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Root-rot and wilt diseases of green bean (Phaseolus vulgaris L.) induced by soilborne fungi causing 
serious losses in both plant stand and yield production. Therefore, field experiments were conducted for 
two successive growing seasons to evaluate the efficacy of the Benzoic acid, Salicylic acid, Humic acid 
and Rhizobium leguminosarum bv. phaseoli individually or in combinations as seed dressing treatments 
followed by foliar spray with Benzoic acid, Salicylic acid, Humic acid for controlling root rot and wilt 
diseases incidence of green bean caused by Fusarium oxysporum f. sp. phaseoli and Rhizoctonia 
solani, respectively. The fungicide Rhizolex- 50 WP was applied as comparison treatment. The applied 
treatments resulted in announcement effect against root rot and wilt disease incidence of grown green 
bean and increased yield as well. Higher effect of seed dressing was observed at salicylic, benzoic and 
humic acids acid combined with Rhizobium leguminosarum bv. phaseoli comparing with each of them 
individually and the fungicide as well. Superior effect on diseases incidence and produced yield was 
observed at treatments of seed dressing followed by foliar spray. The highest effect was noticed at seed 
dressing followed by foliar spray treatments of salicylic benzoic and Humic acids, in respective order. 
The produced yield of green bean pods followed the same trend over untreated control treatment. The 
present research revealed utilizing a scheme of inducible plant defenses could provide protection 
against such soilborne diseases. 

Keywords: Bean, Benzoic acid, Fusarium oxysporum f. sp. phaseoli, humic acid, Rhizobium leguminosarum bv. Phaseoli, 
Rhizoctonia solani, root rot, salicylic acid, wilt. 

 
INTRODUCTION 

Green bean (Phaseolus vulgaris L.) is a 
worldwide food-secure and nutritious crop which 
considered as an important human food in 
developing countries. Bean is attacked by 
pathogenic soilborne fungi causing root-rot and 
wilt diseases, which seriously affect both plant 
stand and yield production. Fusarium solani, 
Sclerotium rolfsii and Rhizoctonia solani were 
recorded to cause root rot disease of bean 
plants(Abdel-Kader, 1997, El-Mougy et al., 2007, 

El-Mougy and Abdel-Kader, 2018). Fusarium 
oxysporum f. sp. phaseoli is the main pathogen 
responsible for wilting in beans (Burnchara and 
Camacho, 2000; El-Mougy, 2001). Root rot and 
wilt diseases disease occur during the growing 
season of crops from emergence above the soil 
surface to seedling stage, and may infect seeds 
causing pre-emergence infection lead to the 
necessity of replanting the missed hills or dead 
plants. In Egypt, where faba been produced for 
centuries, due to consecutively cultivation on the 
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same land referring to the economic importance of 
green bean, this could leads to a high buildup of 
pathogen inocula, and causes serious yield 
losses. Although there is an intensive use of 
fungicides, they don’t give satisfactory control of 
the root disease. Recently there is increasing 
interest for the use of fungicide alternatives, which 
have fungicidal effect on disease incidence, to 
avoid the negative effect on human health and 
environment. In this regards, chemical elicitors 
(inducers) seem to predispose the original 
defense mechanisms in plants against diseases 
or produce some new compounds supporting it. 
Many investigators (Ziadi et al., 2001; Dmitrier et 
al., 2003, Achuo et al., 2004) used several 
chemical or natural compounds known to induce 
plant resistance including salicylic, benzoic, citric 
and oxalic acids. 

The present study aimed to determine the 
efficacy of non-fungicidal methods using 
rhizobacteria Rhizobium leguminosarum bv. 
phaseoli and some chemical inducers, i.e. 
Benzoic, salicylic and humic acids individually as 
seed dressing or integrated with foliar spray 
against bean root rot and wilt incidence under 
natural field conditions. 
 
MATERIALS AND METHODS 

Tested materials 
Green bean (Phaseolus vulgaris L.)seeds cv. 

Giza 3 obtained from Vegetables Crop Research 
Department, Agricultural Research Centre, Giza, 
Egypt. The tested chemicals; Benzoic acid, 
Salicylic acid and Humic acid purchased from Al-
Gamhoria Company Ltd. for chemicals and 
medicinal instruments, Cairo, Egypt. Rhizobium 
leguminosarum bv. phaseoli obtained from Soil 
Microbiology Dept., NRC, Egypt.  

Field experiments 
Field trials performed at Researches and 

Production Station, National Research Centre, 
Nobaria region, Beheira governorate, Egypt for 
two successive growing seasons (March and 
September, 2017). This experiment was carried 
out to evaluate the efficacy of the Benzoic acid, 
Salicylic acid, Humic acid and Rhizobium phaseoli  
individually or in combinations as seed dressing 
treatments followed by foliar spray with Benzoic 
acid, Salicylic acid, Humic acid for controlling root 
rot and wilt diseases incidence of green bean. The 
fungicide Rhizolex- 50 WP applied as positive 
control treatment. 

Soil infestation in the experimental field 
characterized with semi homogeneous distribution 
with root rot pathogens mainly Fusarium solani, 
Fusarium oxysporum, Sclerotium rolfsii and 
Rhizoctonia solani (Abdel-Kader and El-Mougy, 
2016). 

The experimental field comprised of plots 
(2×15 m), each comprised of 10 rows. At the 
same field green bean seeds Giza, 3 cv. were 
sown in all treatments at the rate of one 
seed/hole. Seed dressing was carried out before 
sowing, meanwhile foliar spray was applied three 
times with 15 days intervals starting at 30 days of 
sowing.  

The experimental field applied with the 
proposed treatments which designed as following:  

Seed dressing: 
Rizobium (6x106/ml) 
Benzoic acid (0.5 g/100g seeds) 
Salicylic acid (0.5 g/100g seeds) 
Humic acid (5 ml/100g seeds) 
Rizobium + Benzoic acid 
Rizobium + Salicylic acid 
Rizobium + Humic acid 

Seed dressing + foliar spray 
Benzoic acid (0.5 g/100g seeds) + Benzoic 

acid (0.5 g/100ml) 
Salicylic acid (0.5 g/100g seeds) + Salicylic 

acid (0.5 g/100ml) 
Humic acid (5 ml/100g seeds) + Humic acid (5 

ml/100g seeds) 
The fungicide Rhizolex WP 50% at the rate of 

3 gm/Kg seeds. 

Untreated control  
Five replicates used for every specific 

treatment and untreated control as well. All plots 
were conducted in completely randomized block 
design. The traditional agricultural practices, that 
is, soil plowing, fertilization, irrigation, etc., were 
followed at all experimental plots. Monitoring and 
scouting for diseases incidence in all cultivated 
plots were preformed weekly (El-Mougy, 2001). 
Percent of root rot disease incidence was 
recorded after 15 days from sowing date referring 
to the numbers of sown seeds and wilt disease 
incidence after 45 days referring to the numbers 
of emerged seedlings. Samples of growing bean 
plants showing root rot or wilt diseases symptoms 
were collected and subjected to isolation trails for 
the causal organisms. 

The field experiments were carried out at the 
same field for two successive spring (March) and 
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winter (September) growing seasons, 2017. Then, 
average of both diseases incidence for the two 
seasons was calculated. 

Statistical analysis 
The obtained data subjected to analysis of 

variance using IBM SPSS software version 14.0. 
Mean separation performed using Duncan’s 
Multiple Range Test at P ≤ 0.05 by the MSTAT-C 
software 

 
RESULTS 

Efficacies of rhizobacteriaRhizobium 
leguminosarumbv. phaseoli, Benzoic, salicylic and 
humic acids individually as seed dressing or in 
combination as foliar spray against bean root rot 
and wilt diseases incidence under natural field 
conditions.  

The pathogenic soilborne fungi Fusarium 
oxysporum f. sp. phaseoli and Rhizoctonia solani 
were isolated from growing bean plants showing 
root rot or wilt diseases symptoms, respectively. 
The isolated fungi were identified based on 
morphological and microscopic characteristics 
according to Barnet and Hunter (1972) and 
Nelson et al., (1983). 

Presented data in Table (1) show that all 
applied treatments showed significant efficacy for 
suppressing root rot and wilt diseases incidence 
and increase of accumulated harvested green 

pods yield comparing with the fungicide and 
untreated control treatments. 

At seed treatment the highest effect of seed 
dressing with tested chemicals against root rot 
and wilt diseases incidence was observed at 
Salicylic acid (0.5 g/100g seeds) combined with 
Rhizobium leguminosarum bv. phaseoli treatment 
as 4.6, 10.6%, followed by 6.1, 12.2% at individual 
treatment of Salicylic acid (0.5 g/100g seeds), 
respectively. They reflected in the obtained 
accumulated yield as 1.800 and 1.650 Kg/plot. 

Moreover, seed dressing with Rhizobium 
leguminosarum bv. phaseoli plus humic acid 
revealed root rot and wilt diseases incidence as 
10.7, 13.8% and 1.600 Kg/plot of accumulated 
green pods weight.Also, it was noticed that 
Rhizobium leguminosarum bv. phaseoli plus 
Benzoic acid treatment showed 15.3, 15.3% 
diseases incidence and yield of 1.450 Kg/plot, 
meanwhile individual treatments of Rhizobium 
leguminosarum bv. phaseoli revealed 13.8, 
13.8%, 1.150 Kg/plot and Benzoic acid treatment 
showed 18.4, 15.3 and 1.300 Kg/plot for root rot, 
wilt and accumulated green pods yield, in 
respective order. Seed dressing with Humic acid 
showed diseases incidence and yield as 13.8, 
15.3% and 1.050 Kg/plot comparing with 16.9, 
20.1% and 1.030 Kg/plot at the fungicide Rizolex-
T treatment, in respective order.  

 
Table 1: Average suppressive effect on root rot and wilt diseases of bean using fungicides 

alternatives for two successive growing seasons under natural field conditions * 

Treatment Diseases incidence % 
Accumulated  
yield (Kg/plot) 

Seed dressing Foliar spray Root rot Wilt 

Rizobium  (6x106/ml) - 13.8 ± 0.95 e 13.8 ±1.24 d 1.150±0.14 b 

Benzoic acid (0.5 g/100g seeds) - 18.4 ±0.72 b 15.3 ±1.44 c 1.300±0.22c 

Salicylic acid (0.5 g/100g seeds) - 6.1 ±1.60 g 12.2 ±1.90 e 1.650±0.08e 

Humic acid (5 ml/100g seeds) - 13.8 ±3.21 e 15.3 ±1.05 c 1.050±0.9a 

Rizobium + Benzoic acid - 15.3 ±0.95 d 15.3 ±2.26 c 1.450±0.22d 

Rizobium +  Salicylic acid - 4.6 ±1.53 i 10.6 ±1.01 f 1.800±0.04f 

Rizobium + Humic acid - 10.7 ±1.45 f 13.8 ±1.37 d 1.600±0.05e 

Rizolex –T WP 50% (3g/Kg seeds) - 16.9 ±1.25 c 20.1 ±1.00 b 1.030±0.55a 

Benzoic acid (0.5 g/100g seeds) Benzoic acid (0.5 g/100ml) 15.3 ±0.75 d 7.4 ±0.65 h 2.300±0.29h 

Salicylic acid (0.5 g/100g seeds) Salicylic acid (0.5 g/100ml) 7.6 ±1.30 h 4.2 ±1.05 i 2.500±0.13i 

Humic acid (5 ml/100g seeds) Humic acid (5 ml/100ml) 10.0 ±1.44 f 9.0 ±1.31 g 2.150±0.28g 

Control 20.0 ±1.25 a 23.3 ±2.10 a 1.000±0.14a 

Means ± standard deviations within a column followed by the same letter are not significantly different Duncan Multiple Range Test 
at P < 0.05. 
* percentages of both root rot and wilt incidence as well as accumulated yield were calculated as average of collected data for the 
two successive growing seasons, March and September 2017. 
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On the other hand, superior effect on 
diseases incidence and produced yield was 
observed at treatments of seed dressing followed 
by foliar spray. Illustrated data in Fig. (1) 
Revealed that the highest effect was noticed at 
treatment of Salicylic acid (seed dressing followed 
by foliar spray which reflected in reduction in root 
rot and wilt diseases incidence calculated as 62 
and 81% and increase in produced yield by 250%, 
respectively over untreated control treatment. 

Meanwhile, 23, 68% and 50, 50% reduction in 
root rot and wilt incidence were recorded at seed 
treatment followed by foliar spray with Benzoic 
and Humic acids, in respective order. The 
produced yield of green bean pods for the two 
previous treatments followed the same order 
whereas the produced 2.300 and 2.150 Kg/plot 
calculated as 230 and 215% increase over 
untreated control treatment. 

 

 

 
 

Figure 1: Average reductions in root rot and wilt diseases of bean in response to fungicides 
alternatives for two successive growing seasons under natural field conditions 
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DISCUSSION 
The obtained results in the present study 

revealed efficacy of bioagents Rhizobium 
leguminosarum bv. phaseoli as well as Salicylic, 
Benzoic and Humic organic acids to reduce root 
rot and wilt diseases incidence and subsequently 
increase the produced yield of green bean when 
applied as seed dressing or seed dressing 
followed by foliar spray under natural field 
conditions. In this regards, saprophytic 
rhizosphere bacteria are present in large numbers 
on the plant root surface using root exudate and 
lysate as nutrients for growth. Certain of these 
bacteria can stimulate plant growth through 
releasing secondary metabolites which facilitate 
the uptake of certain nutrients from the root 
environment, so they are referred to as plant 
growth promoting rhizobacteria (PGPR) as well as 
suppressing soil-borne pathogens in the 
rhizosphere (Bakker and Pieterse, 2007). It is well 
known that beneficial micro-organisms inhabiting 
different soils and plants are important 
determinants of soil fertility and plant health. In 
organic farming, nitrogen-fixing Rhizobium well 
known for symbiosis with leguminous crops is of 
crucial importance. Besides being plant growth 
promotion, rhizobia can also inhibit fungal 
pathogens. Rhizobium is reported to produce 
rhizobitoxine which may be responsible for 
restricted invasion of parasitic fungi into tissues 
(Chakraborty and Chakraborty, 1989). The 
colonization of plant roots by plant growth 
promoting rhizobacteria and other factors and 
treatments can elicit the host defense against 
various pathogens as indicated by a reduction of 
disease incidence and severity which constitute a 
state of induced systemic resistance in the plants 
to subsequent pathogen attack (Van Loon, 2004, 
Al-Ani et al., 2011). Also, significant reduction in 
charcoal rot disease caused by Macrophomina 
phaseolina was recorded when soybean 
seedlings bacterized with Rhizobium (Chakraborty 
and Purkayastha, 1984). In addition biocontrol of 
Rhizoctonia solani, Fusarium solani, and 
Fusarium oxysporum of faba bean was found 
when cultural filtrates of Rhizobium 
leguminosarum integrated with arbuscular 
mycorrhizal fungi (AMF) as synergistic potential 
effect (El-Batanony et al.,2007). Furthermore, Al-
Aniet al., (2012) reported that the rhizobia 
Rhizobium japonicum induced a high reduction in 
F. solani and M. phaseolina fungal radial growth 
on a culture medium as well as promoted plant 
growth under greenhouse and field conditions. On 
the other hand, soybean root rot severity caused 

by these pathogens was also reduced by the 
addition of rhizobia to the contaminated soil. They 
added that, the biocontrol attributed to mechanism 
activity of rhizobia by means of using root 
exudates for its growth and subsequently 
synthesizing metabolites which could protecting 
the roots against the pathogens F. solani and M. 
phaseolina through antibiosis, degrading 
pathogenicity and inhibiting spore germination as 
well as induction of plant defense mechanisms. 
They conclude that these results indicate that 
rhizobia could be an important element in root rot 
disease management. Similar results were also 
recorded in our investigation that rizobia 
Rhizobium leguminosarum as bean seed dressing 
either alone or in combination reduce root 
diseases incidence in a range between 31- 77% 
and 40-54% for root rot and wilt, respectively. 
These results could explained by Sharif et al., 
(2003) who reported that rhizobia live in the 
plant's rhizosphere may prevent the root invasion 
by pathogenic fungi through covering hyphal tips 
of the fungus and produce antibiotics leading to 
the lysis of fungal hyphae. 

The present study demonstrate that the 
applied treatments with salicylic, benzoic and 
humic organic acids resulted in announcement 
effect against root rot and wilt disease incidence 
of grown green bean and increased yield as well 
(Table, 1 and Fig. 1). In this concern, salicylic acid 
(SA) and Acetylsalicylic acid (ASA) have been 
found to be active, as antimicrobial, in various 
trials as disease resistance inducers. These have 
been reported for inducting resistance against 
several plant pathogens, i.e. TMV (Wieringa- 
Brants and Schetes, 1988) bacterial soft rot 
(Palva et al., 1994) bacterial wilt (Abdel-Said et 
al., 1996) soilborne fungal root rot and wilt 
pathogens (Chen-Chunquan et al., 1999), as well 
as fungal foliar diseases (Walters et.al., 1993; 
Cameron, 2000). Salicylic acid is a natural 
compound with no detectable aroma and is 
present in many plant tissues. It is considered as 
a phytohormone (Hayat and Ahmad 2007) since it 
plays a pivotal role in important physiological 
processes such as photosynthesis (Khodary, 
2004), growth, development and ion uptake 
(Glass, 1973). However, its most critical role is 
inducing systemic acquired resistance (SAR) in 
different plant tissues (Amborab´e et al., 2002). 
When the fungal pathogen possesses all the tools 
for overcome the plant defenses, then the disease 
infection can occur (Hahn et al., 2014). Indeed, 
during the infection process the plant has the 
potential to mount a very effective defense for 
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killing/confining its aggressor. In this process, the 
plant immune response to the pathogen is 
induced by a key signal of plant hormone salicylic 
acid (SA), and is therefore of great interest in 
plant pathology and crop protection. This hormone 
is responsible for controlling critical aspects of 
both basal and resistance gene based immunity, 
and for promotion of the long lasting, broadly 
effective immunity termed systemic acquired 
resistance (SAR) (An and Mou, 2011). Dieryckx et 
al., (2015) reported that salicylic acid, amain plant 
hormone, inhibits fungal growth in vitro. 
Comparative proteomics from treated vs. control 
fungal mycelia showed that the presence of 
salicylic acid affected both intracellular and 
extracellular proteomes. Several mechanisms 
which could potentially account for the observed 
fungal growth inhibition were suggested according 
to these previous data. Also, Panahirad et al., 
(2013) stated that salicylic acid significantly 
reduced Aspergillus growth at all concentrations, 
and at 9 mmol L−1 growth was completely 
suppressed. In vivo evaluation showed relatively 
high levels of inhibition, though the intact treated 
pistachio fruits as compared with the injured 
treated fruits demonstrated higher inhibitory 
effects. Also, Amborab´e et al., (2002) reported 
that Salicylic acid prevented the mycelia growth of 
Eutypalata, which causes a deep-seated wood rot 
of the trunk or arms of grapevines and apricots. 
They added that in vitro evaluations showed that 
salicylic acid derivatives also have antifungal 
properties.  

On the other hand, in many areas of plant 
production, enhancing natural resistance against 
plant diseases and pests could be achieved by 
Humic acid application which act as a plant 
growth stimulant or soil conditioner (Scheuerell 
and Mahaffee, 2004 and 2006). In addition, plant 
growth increased through cell division, optimized 
uptake of nutrients and water as well as 
stimulation the soil microorganisms by application 
of Humic acid (Gerik, 2005; Scheuerell and 
Mahaffee, 2004). Several reports indicated the 
efficiency of humic acid in reducing some plant 
diseases. In this respect, application of compost 
tea plus kelp extract and Humic acid were the 
most effective treatments for suppression gray 
mould disease caused by Botrytis cinereain 
Geranium plants (Scheuerell and Mahaffee, 
2006). Also, Charest et al., (2005) stated that two 
compost bacteria, Rhizobium radiobacter 
(Agrobacterium radiobacter) and Pseudomonas 
aeruginosa influenced by humic substances (HS) 
could inhibit the growth of Pythium ultimum in 

vitro. They found that HS enhanced the microbial 
antagonism when added to a culture medium. 
Also, Prakash et al.,(2010) reported that 
biocontrol efficacy against phytopathogenic 
organism and plant growth was enhanced by 
biosolubilization of humic acid. Furthermore, 
benzoic acid occurs certainly in numerous plants 
and acts as an intermediate inside the 
biosynthesis process of many secondary 
metabolites. Its salt, benzoate has been known 
that inhibits fungal growth and because of its 
antifungal action it has been widely used for the 
preservation of acid foods such as fruit juices, and 
pharmaceutical preparations. In a wide range of 
preservative applications, sodium benzoate and 
benzoic acid are employed because of their 
combination of bactericidal and bacteriostatic 
action with their properties of being nontoxic and 
tasteless. They are the most effective 
preservatives against yeast and mould. In this 
concern, El-Mougy et al., (2008) evaluated the 
efficacy of some organic acids (ascorbic, benzoic, 
citric and sorbic) and salts (potassium sorbate and 
sodium benzoate) against lemon fruits mold fungi 
Geotricum candidum, Penicillium digitatum and P. 
italicum under in vitro and in vivo conditions. They 
found that all tested chemicals had significant 
inhibitor effect against fungal growth and fruits 
decay incidence. Moreover, it was reported that 
derivatives of benzoic or cinnamic acids as natural 
compounds had capacity alternatives to traditional 
antimicrobial agents (Florianowicz, 1998). Also, 
Kim et al., (2010) reported that under in vitro 
bioassays, a number of benzoic acid analogues 
showed antifungal activity against the causative 
agents of human aspergillosis, Aspergillus flavus, 
A. fumigates and A. terreus. Inhibition of a variety 
of enzymes in vitro as a mechanism of action has 
been reported for benzoic acid. Krebs et al., 
(1983) suggested that benzoic acid inhibited the 
growth of Saccaromyces cerevisiae by lowering 
the intracellular pH, which inhibited glycolysis, 
specifically by inhibition of phosphofructokinase. 
similarly, Warth (1999) suggested that the primary 
action of benzoic acid in the yeast 
Zygossaccaromyces bailii is to cause ATP 
decline, reduction in itracullular pH, inhibition of 
phosphofructokinase, several other glycolytic 
enzymes and a general energy loss. 
 
CONCLUSION 

Our present research focused on finding 
compounds that are safe to human and 
environment which provide protection against root 
rot and wilt disease of bean plants. In conclusion, 
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utilize plant resistance inducers as fungicide 
alternatives could provide protection against a 
wide spectrum of phytopathogenic 
microorganisms. However, for more successful 
protection against such soil-borne diseases more 
detailed studies are required to elucidate 
formulations of alternative fungicides.  
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