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ABSTRACT  
 

Common bean rust caused by Uromyces appendiculatus  (Pers.) Unger is the major limiting 
factor influencing the green bean yield. The use of appropriate fungicides is the main control measure 
against this disease. The negative effects of fungicides on the environment make the search for 
friendly materials inevitable consequence. In this study different concentrations of compost tea (1 
kg/2 L water, 1 kg/4 L water, 1 kg/6 L water and 1 kg/8 L water), calcium silicate (200, 400, 600 and 
800 ppm) and two concentrations (106 and 108 conidia/ml) of seven Trichoderma isolates, i.e. T. 
harzianum (TZ1, TZ2, TZ3, TZ4); T.viride (TV1, TV2) and T.hamatum were tested for their efficacy 
against the fungus U. appendiculatus in the lab and in the greenhouse. The results showed great 
variation among the tested Trichoderma isolates in reducing the urediospores germination in the lab 
(69.2% urediospore germination on the average for T. hamatum and 14.9% urediospore germination 
on the average for T. harzianum TZ4) and the disease severity in the greenhouse (43.84% disease 
severity on the average for T. hamatum as the lowest effective isolate and 27.34% disease severity on 
the average for T. harzianum TZ4 as the best isolate). Also, compost tea was more effective than 
calcium silicate in reducing the urediospore germination in the lab (21.67% urediospore germination 
for compost tea and 57.0% urediospore germination for calcium silicate), but calcium silicate was 
more effective than compost tea in reducing the disease severity in the greenhouse (25.33 and 23.33% 
disease severity, respectively). The efficiency of the tested treatments in reducing the urediospore 
germination and the disease severity was increased by increasing the tested concentrations. Moreover, 
spray the plant leaves with the most effective Trichoderma isolates (TZ4 and TZ2) combined with 
compost tea plus calcium silicate not only reduced the disease severity either in the greenhouse or in 
the field during 2016 and 2017 growing seasons but also increased the pod number/plant, pod fresh 
weight (g), yield/plant (g) and protein content during the two seasons. Meanwhile, they exerted no 
significant effect on the plant content of the total soluble solids (TSS%) in both seasons. In 
conclusion, the select of active Trichoderma isolates can be a promising approach to design a program 
included compost tea and silicon source to control common bean rust disease and improve the plant 
growth and yield.  

 
Keywords: Common bean rust, compost tea, Trichoderma spp., total soluble solids, protein and 

Uromyces appendiculatus  

Introduction 

Common bean (Phaseolus vulgaris L.) is an important vegetable crop around the world because 
of its richness in protein and other nutrients (Saleh et al. 2018). Also, it improves soil fertility through 
soil nitrogen fixation (Abiot, 2018). The global cultivated area of green beans is about 1,557,233 
hectares produced 23,595,714 tons. In Egypt, 2875,575 tons of green beans were produced from 
272.90 hectares (FAO, 2016).  

Common bean rust disease caused by Uromyces appendiculatus (Pers.) Unger is the most 
important limiting factor influencing the green bean yield, especially in humid tropical and 
subtropical areas (Souza et al. 2008). Control of bean rust is mainly depends on the application of 
fungicides, host resistance and cultural practices. Chemical control by using appropriate fungicides is 
effective in controlling common bean rust (Azmeraw and Hussien, 2017), but excessive use of 
fungicides may cause negative effects on the environment, animal and human health. So, searching 
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for friendly materials as alternative means to fungicides is an inevitable consequence to overcome the 
problems of using fungicides in agriculture. 

Compost tea is a type of compost reach in beneficial microorganisms which help in suppressing 
plant diseases and improving plant health and quality (Kim et al., 2015). The production factors can 
affect the disease control by using compost tea. Generally, compost with high microbial populations 
and nutrients is most appropriate for the production of compost tea with high plant disease 
suppressive properties (Martin, 2014). Thus, the improving of compost tea with biocontrol agents 
and/or nutrients is a trend for many researchers in the field of plant disease management (Siddiqui et 
al., 2008). Possible mechanisms of disease suppression by composts are inhibiting the spore 
germination, competition, antibiosis, hyperparasitism and induced systemic resistance in plants 
(Deepthi and Reddy, 2013). 

On the other hand, silicon comprises up to 70% of the soil components. So, it is considered the 
second most important element after oxygen, in the earth’s crust (Wang et al., 2017). Also, it has 
beneficial effects on the growth and production of a wide range of plant species. Applied silicon 
through foliar spray alleviates plant disease through different physical and chemical responses, where 
silicon dries on the leaves, then polymerizes to form an amorphous layer on the cuticle, thus prevents 
the pathogen to penetrate into cells. Also, silicon drops from the treated leaves to the ground, where 
the plants absorb them through the roots and transported to shoots, where it can play a role in internal 
plant defense pathways (Zellner, 2017). Furthermore, increasing the activity of oxidative-reductive 
enzymes is involved in these responses (Qin and Tian, 2005).  

Trichoderma spp. are known for many years with their antagonistic activity against soil borne 
and foliar diseases. They have direct and indirect mechanisms in competing the plant pathogens. The 
indirect effect was through competing for nutrients and spaces, producing of antibiotics and secondary 
metabolites and promoting plant growth and elevating the plant defense. Meanwhile, the direct effect 
was through mycoparasitism (Naher et al. 2014).  

This work aims to evaluate the potentiality of Trichoderma isolates, compost tea and calcium 
silicate each alone or in combinations in combating the fungus U. appendiculatus, the causal of 
common bean rust as well as their effect on the plant growth parameters. 
 
Materials and Methods 
 
Collection of common bean rust pathogen: 
 

The urediospores of the fungus U. appendiculatus were collected from naturally infected 
common bean leaves grown in a field located at Saft Al- Laban village, Giza, Egypt during winter, 
2015.  
 
Isolation, purification and identification of the Trichoderma isolates: 
 

The Trichoderma isolates were isolated from the surface of healthy leaves of common bean 
plants collected from different fields located at Giza governorate using the serial dilution plate 
technique on PDA medium. The emerged Trichoderma colonies were purified by hyphal tip technique 
and then identified according to their cultural and microscopic characteristics (Rifai, 1969) 
 
Compost-tea preparation 
 

Compost tea was prepared according to the methods described by Zaki et al. (2011) with some 
modifications where, 1 kg mature compost was added to each of 2, 4, 6 or 8 litter water and soaked in 
large woody containers for preparing four different concentrations of compost-tea. The containers 
were kept at room temperature for four days then the compost solutions were filtered through a sieve 
and a cheesecloth, then appropriate amount of molasses and yeast extract were added and stirred at 
25º C for one day to get the compost-tea. The chemical analysis of the compost is shown in Table (1). 
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Table 1: Chemical analysis of compost 

EC 1:10 

dS/m 
PH (1:5) O.M (%) O.C (%) C/N ratio N (%) P (%) K (%) 

2.67 7.53 27.13 22.0 13.11 0.95 0.37 0.74 

 

Effect of the Trichoderma isolates, compost tea and calcium silicate on urediospore germination 
of U. appendiculatus 
 

The potentiality of the Trichoderma isolates, compost tea and calcium silicate in inhibiting the 
urediospore germination of U. appendiculatus was examined in vitro. Trichoderma isolates were 
allowed to grow into 250 ml. flasks containing 100 ml. of sterilized gliotoxin fermentation medium 
(GFM) (Brain and Hemming, 1945) and incubated at 24º C for 10 days then filtrated through three 
cheesecloth layers and the spores were adjusted by sterile distilled water to be 106 and 108 conidia/ml 
using a haemocytometer. 

On the other hand, different concentrations of compost tea (1 kg/2 L water, 1 kg/4 L water, 1 
kg/6 L water and 1 kg/8 L water) and calcium silicate (200, 400, 600 and 800 ppm) were prepared to 
examine their effect on the urediospore germination in vitro. 

Freshly urediospores were separately added to each concentration of the tested Trichoderma 
isolates, compost tea and calcium silicate. One m1. of  the urediospore suspension was suspended on 
sterilized slide, borne on two glass rods in a sterilized Petri-dish (two slides in each Petri-dish) 
containing a piece of cotton wetted with sterilized distilled water to provide high humidity. The 
control treatment was a spore suspension mixed with distilled sterilized water only. Preparations were 
incubated at 24±1°C for 24 hours. Three Petri dishes for each treatment were used as replicates. The 
mean percentages of germinated urediospore were counted in a total of 100 urediospore for each 
treatment. 
 
Greenhouse experiments 
 
  The effect of the Trichoderma isolates, compost tea and calcium silicate on common bean rust 
control was evaluated under greenhouse located at the Plant Pathology Department, Faculty of 
Agriculture, Giza, Egypt. 

Eight healthy green bean seeds were sown in plastic pots (30 cm diameter), filled with a 
sterilized clay soil. The emerged seedlings were thinned into five plants in each pot, 10 days after 
sowing. Pots were kept in the greenhouse. Plants aged 25 days were sprayed to run-off by 105 
urediospores/ml using an atomizer (Lopes and Berger, 2001). The inoculated plants were covered 
with polyethylene bags for 48 h. then sprayed with the tested treatments at the desired concentrations, 
i.e.  Trichoderma spp.  (106 and 108 conidia/ml), compost tea (1 kg/2 L water, 1 kg/4 L water, 1 kg/6 
L water and 1 kg/8 L water) and calcium silicate (200, 400, 600 and 800 ppm). One drop of tween 20 
was added to the tested materials before treatment. Plants inoculated with the urediospores and 
sprayed with water mixed with one drop of tween 20 were kept as control treatment. The treated 
plants were observed daily for 15 days.  

Disease severity was rated on the primary leaves of each plant based on the scale of 6 grades 
described by Steadman et al. (2002) where,  1 = no symptoms; 2 = necrotic spots without sporulation; 
3 = pustules undergoing sporulation with a diameter of less than 300 μm; 4 = pustules undergoing 
sporulation with a diameter ranging from 300 to 499 μm; 5 = pustules undergoing sporulation with a 
diameter ranging from 500 to less than 800 μm; and 6 = pustules undergoing sporulation with more 
than 800 μm. in diameter. The following formula was used to calculate the disease severity for each 
treatment. 

Disease severity (%) = £n×v/6N×100 
Where: n = Number of infected leaves in each category; v = Numerical values of each category and N 
= Total number of the infected leaves. 
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Field experiments 
 

The field experiments were carried out in a field located at Saft Al- Laban village, Giza, Egypt 
during two successive growing seasons of 2016 and 2017. The experiment was conducted to study the 
effect of the tested treatments at the most effective concentrations each alone or integrated with each 
other on the common bean rust control under field conditions. 

A piece of land was divided into plots of 4.2 m2. Each replicate plot was divided into ridges (70 
cm width). The seeds of common bean plants (cv. Paulista) were sown at a distance of 15 cm in two 
rows on the ridge at the rate of two seeds for each placement. The experimental treatments were 
arranged in complete randomized blocks design with three replicates The experimental setup 
consisted of 9 treatments: compost tea (CT) at 1kg/2 L water; calcium silicate (CS) at 800 ppm; CT 
(1kg/2 L water) + CS (800 ppm); T. harzianum (TZ4) at 108 conidia/ml; T. harzianum (TZ2) at 108 
conidia/ml; CT (1kg/2 L water) + CS (800 ppm) + TZ4 (108 conidia/ml); CT (1kg/2 L water) + CS 
(800 ppm) + TZ2 (108 conidia/ml); Tilt 25% fungicides (25 cm3/l) and Control. 

The plants were sprayed three times with the tested treatments, once every 10 days where, the 
first spray was started after the appearance of the first disease symptoms. The control plants were 
sprayed with water only. The disease severity for each treatment was determined according to the 
procedures described by Steadman et al. (2002) as mentioned before. 
 
Effect of T. harzianum isolates (TZ4 and TZ2), compost tea and calcium silicate alone or in 
combination on common bean yield and quality characters 
 

 The pods were harvested weekly (60 days after sowing) for four times. Five plants representing 
each replicate were randomly chosen to determine weight and number of pods per plant. Total soluble 
solids (TSS) were measured using the Digital refractometer. Protein contents (%) was determined 
according to A.O.A.C (2005). 
 
Statistical analysis 
 

The obtained data were subjected to statistical analysis using MSTAT-C. The least significant 
difference (L.S.D., p = 0.05) for comparison between the means of the treatments was used as 
mentioned by Gomez and Gomez, (1984). 
 
Results 
  
Effect of Trichoderma spp. on urediospore germination of U. appendiculatus 
 

Data presented in Table (2) show that all the tested Trichoderma isolates significantly reduced 
the urediospore germination of the U. appendiculatus tested. T. harzianum (TZ4) was the most 
effective isolate followed by T. harzianum (TZ2) then T. harzianum (TZ3) being, 14.9, 21.9 and 
27.2% on the average, respectively. Meanwhile, T. viride (TV2) and T. hamatum gave the highest 
urediospore germination, being 58.5 and 69.2% on the average, respectively. The efficiency of the 
tested isolates in reducing the urediospore germination was increased by increasing the tested 
concentration.  
 
Effect of compost tea and calcium silicate on the urediospore germination of U. appendiculatus 
 

Data presented in Figures (1 and 2) indicate that compost tea and calcium silicate significantly 
reduced the urediospore germination of the tested fungus. Compost tea was more effective than 
calcium silicate in reducing the uredial germination. In general, increasing the tested concentrations of 
both compounds resulted in reducing the urediospore germination. The urediospore germination due 
to using compost tea ranged between 77.33% in control treatment to 21.67% at the highest tested 
concentration (1 kg/2 L water) (Fig. 1). Meanwhile, urediospore germination due to using calcium 
silicate ranged between 77.33% in control treatment to 57.0% at the highest tested concentration (800 
ppm) (Fig. 2). 
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Table 2: Effect of different concentrations of Trichoderma isolates on the urediospore germination 
(%) of U. appendiculatus. 

Trichoderma  isolates 
Urediospore germination (%) for Trichoderma spp. 

concentrations  Mean 
106 conidia/ml 108 conidia/ml 

T. harzianum (TZ1) 51.0 38.0 44.5 
T. harzianum (TZ2) 26.0 17.7 21.9 
T. harzianum (TZ3) 32.7 21.7 27.2 
T. harzianum (TZ4) 18.0 11.7 14.9 
T. viride (TV1) 52.3 46.0 49.2 
T. viride (TV2) 61.0 56.0 58.5 
T. hamatum 72.0 66.3 69.2 
Control 79.7 79.7 79.7 
Mean 49.1 42.1 - 

LSD0.05 for:   Treatments   (T) = 5.6;   Concentrations (C) = 2.8   and  T × C  = 7.9 

. 

 

Fig. 1: Effect of compost tea at different concentrations on urediospore germination. 

 

Fig. 2: Effect of calcium silicate at different concentrations on urediospore 
germination. 
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Effect of Trichoderma isolates on severity of common bean rust under greenhouse conditions 
 

Data presented in Table (3) show that all tested Trichoderma isolates significantly reduced the 
severity of common bean rust disease in comparison to the control treatment. T. harzianum (TZ4) was 
the most effective isolate followed by T. harzianum (TZ2) followed by T. harzianum (TZ3). The 
corresponding mean values of the disease severity were 27.34, 30.0 and 34.0%, respectively. 
Meanwhile, T. hamatum and T. viride (TV2) gave the highest disease severity, being 43.84 and 42.0% 
on the average, respectively. The efficiency of the tested isolates in reducing the disease severity was 
increased by increasing the tested concentrations of Tichoderma isolates tested. 

 
Table 3: Effect of different concentrations of Trichoderma isolates on severity of common bean rust 

under greenhouse conditions. 

Trichoderma  isolates 
Disease severity (%) for Trichoderma spp. 

concentrations Mean 
106 conidia/ml 108 conidia/ml 

T. harzianum (TZ1) 40.00 36.00 38.00 
T. harzianum (TZ2) 34.67 25.33 30.00 
T. harzianum (TZ3) 38.33 29.67 34.00 
T. harzianum (TZ4) 29.67 25.00 27.34 
T. viride (TV1) 41.33 36.33 38.83 
T. viride (TV2) 45.33 38.67 42.00 
T. hamatum 47.67 40.00 43.84 
Control 51.33 51.33 51.33 
Mean 41.04 35.29 - 

LSD.0.05 for:   Treatments   (T) = 2.16;   Concentrations (C) = 1.08   and  T × C  = 3.05 

 

Effect of compost tea and calcium silicate on severity of common bean rust under greenhouse 
conditions  
 

Data illustrated in Figs (3 and 4) indicate that compost tea and calcium silicate significantly 
reduced the severity of common bean rust disease. Calcium silicate was more effective than compost 
tea in reducing the disease severity. The efficiency of the tested compounds in reducing the disease 
severity was increased by increasing the tested concentrations. The disease severity due to compost 
tea ranged between 41.67% in control treatment to 25.33% at the highest tested concentration (1 kg/2 
L water). Meanwhile, disease severity due to calcium silicate ranged between 41.67% in control 
treatment to 23.33% at the highest tested concentration (800 ppm concentration). 

 

Fig. 3: Effect of compost tea at different concentrations on severity of common bean 
rust under greenhouse conditions. 
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Fig. 4: Effect of calcium silicate at different concentrations on severity of common bean rust under 
greenhouse conditions. 

 
Effect of T. harzianum isolates (TZ4 and TZ2), compost tea and calcium silicate alone or in 
combinations on severity of common bean rust disease under greenhouse conditions. 
 

Data presented in Table (4) reveal that disease severity in plants treated with water only 
(control) was higher than any of the tested treatments, being 33.40%. In general, the combined 
treatments were more effective than each alone treatment in reducing the disease severity. For all 
treatments tested, disease severity ranged from 33.40 to 14.60 %. Tilt fungicide was the most effective 
treatment, where it reduced the disease severity by 64.07%. T. harzianum isolate TZ4 and  T. 
harzianum isolate TZ2 combined with compost tea plus calcium silicate ranked the second, being 
56.29 and 53.29% reduction in the disease severity, respectively. Compost tea alone was the lowest 
effective treatment, being 34.73% reduction in the disease severity. 
 
Table 4: Effect of T. harzianum isolates (TZ4 and TZ2), compost tea and calcium silicate alone or in 

combinations on severity of common bean rust under greenhouse conditions. 

Treatments % disease severity % Efficacy 

Compost tea (CT) 21.80 34.73 
Calcium silicate (CS) 20.40 38.92 
CT+CS 19.60 41.32 
T. harzianum (TZ4) 18.20 45.51 
T. harzianum (TZ2) 19.60 41.32 
CT+CS+ TZ4. 14.60 56.29 
CT+CS+ TZ2 15.60 53.29 
Tilt  12.0 64.07 
Control 33.40 - 
LSD0.05 1.55 - 

 
Effect of T. harzianum isolates (TZ4 and TZ2), compost tea and calcium silicate alone or in 
combinations on severity of common bean rust under field conditions. 
 

Data presented in Table (5) reveal that all treatments significantly reduced the disease severity 
in comparison to the control treatment during 2016 and 2017 growing seasons. In the first season, 
disease severity on plants treated with water only (control) was higher than any of the tested 
treatments, being 17.78%. In general, the combined treatments were more effective than any of the 
single treatments in reducing the disease severity. For all treatments tested, disease severity ranged 
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from 17.78 in the control to 5.56%. Tilt fungicide was the most effective treatment, where it reduced 
the disease severity by 68.73%. T. harzianum isolate TZ4 combined with compost tea plus calcium 
silicate was in the second rank, being 51.57% reduction in the disease severity. Compost tea alone 
was the lowest effective treatment, being 28.12% reduction in the disease severity without significant 
difference with calcium silicate, calcium silicate + compost tea, T. harzianum isolate TZ4, T. 
harzianum isolate TZ2 and compost tea + calcium silicate + T. harzianum TZ2. The same trend was 
observed in the second season (Table 6). 

 
Table 5: Effect of T.harzianum isolates (TZ4 and TZ2), compost tea and calcium silicate alone or in 

combinations on severity of common bean rust under field conditions during 2016 and 
2017 growing seasons. 

Treatments 

2016 growing season 2017 growing season 

Disease severity 
% 

Efficacy % 
Disease severity 

% 
Efficacy % 

Compost tea (CT) 12.78 28.12 16.11 23.69 
Calcium silicate (CS) 11.94 32.85 14.72 30.27 
CT+CS 11.39 35.94 14.17 32.88 
T. harzianum (TZ4) 10.83 41.62 12.78 39.46 
T. harzianum (TZ2) 11.11 37.51 14.44 31.60 
CT+CS+ TZ4. 8.61 51.57 10.0d 52.63 
CT+CS+ TZ2 10.28 42.18 12.50 40.79 
Tilt  5.56 68.73 8.06 61.82 
Control 17.78 - 21.11 - 
LSD0.05 2.61  2.77  

 
Effect of T. harzianum isolates (TZ4 and TZ2), compost tea and calcium silicate alone or in 
combinations on some agronomic parameters of common bean plants under field conditions. 
 

Data presented in Table (6) show that the tested treatments significantly increased the number 
of pods/plant, pod fresh weight (g) and yield/plant (g) in comparison to the control treatment during 
2016 and 2017 growing seasons. In general, the combined treatments were more effective than the 
single treatments. In most cases, the highest values of pods/plant, pod fresh weight/plant (g) and 
yield/plant (g) were recorded due to application of T. harzianum isolate TZ4 and T. harzianum isolate 
TZ2 combined with compost tea plus calcium silicate. Meanwhile, the lowest values, in most cases, 
were recorded for T. harzianum isolate TZ2 as single treatment. 
 
Effect of T. harzianum isolates (TZ4 and TZ2), compost tea and calcium silicate alone or in 
combinations on total soluble solids and protein content (%) of common bean plants under field 
conditions. 
 

Data presented in Table (7) show that all tested treatments exerted no significant effect on the 
total soluble solids (TSS%) during the two growing seasons of 2016 and 2017. Meanwhile, all 
treatments increased plant protein content in comparison with the control. The combined treatments 
were more effective than the single treatments during the two growing seasons. In the first season, 
protein content ranged from 1.351% in the control treatment to 1.526% in plots treated with T. 
harzianum isolate TZ4 combined with compost tea plus calcium silicate without significant difference 
with T. harzianum  isolate TZ2 combined with compost tea plus calcium silicate, compost tea plus 
calcium silicate and compost tea, being 1.512, 1.500 and 1.498%, respectively. The same trend was 
observed in the second season. 
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Table 6: Effect of T. harzianum isolates (TZ4 and TZ2), compost tea and potassium silicate alone or 
in combinations on some agronomic parameters of common bean plants during 2016 and 
2017growing seasons under field conditions. 

Treatments No. Pods/ Plant 
Pod fresh 

weight/plant (g) 
Yield/Plant (g) 

                        First season 
Compost tea (CT) 10.0 3.74 34.96 
Calcium silicate (CS) 9.80 3.50 33.92 
CT+CS 10.20 3.70 35.97 
T. harzianum (TZ4) 9.40 3.34 32.25 
T. harzianum (TZ2) 9.20 3.24 32.75 
CT+CS+ TZ4. 10.40 3.80 36.67 
CT+CS+ TZ2 10.20 3.74 35.88 
Tilt  9.60 3.45 33.15 
Control 7.40 2.77 27.93 
LSD0.05 1.00 0.20 0.36 

                         Second season 
Compost tea (CT) 8.20 3.19 31.57 
Calcium silicate (CS) 8.20 3.29 33.49 
CT+CS 9.00 3.25 32.46 
T. harzianum (TZ4) 8.00 2.98 30.80 
T. harzianum (TZ2) 7.60 2.93 30.34 
CT+CS+ TZ4. 9.80 3.32 34.46 
CT+CS+ TZ2 9.40 3.24 33.56 
Tilt  8.60 3.29 33.49 
Control 6.80 2.28 25.48 
LSD0.05 1.11 0.19 0.97 

 
Table 7: Effect of T. harzianum isolates (TZ4 and TZ2), compost tea and calcium silicate alone or in 

combinations on total soluble solids and protein content (%) of common bean plants 
during 2016 and 2017 growing seasons under field conditions. 

Treatments % TSS % Protein 
                        First season 

Compost tea (CT) 3.544 1.500 
Calcium silicate (CS) 3.541 1.453 
CT+CS 3.545 1.498 
T. harzianum (TZ4) 3.540 1.402 
T. harzianum (TZ2) 3.539 1.393 
CT+CS+ TZ4. 3.546 1.526 
CT+CS+ TZ2 3.545 1.512 
Tilt  3.541 1.391 
Control 3.534 1.351 
LSD0.05 ns 0.040 

                         Second season 
Compost tea (CT) 3.537 1.516 
Calcium silicate (CS) 3.532 1.475 
CT+CS 3.537 1.533 
T. harzianum (TZ4) 3.528 1.474 
T. harzianum (TZ2) 3.527 1.452 
CT+CS+ TZ4. 3.542 1.562 
CT+CS+ TZ2 3.540 1.551 
Tilt  3.530 1.505 
Control 3.523 1.377 
LSD0.05 ns 0.056 
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Discussion 
 

Efficacy of different Trichoderma isolates as well as compost tea and calcium silicate at 
different concentrations were examined against causal fungus of bean rust, Uromyces appendiculatus 
the causal of common bean rust disease. The role of biological control and silicon sources in 
competing the plant pathogens both in vitro and in vivo is well documented by different investigators 
(Burmeister and Hau, 2009; De Curtis et al. 2012; Naher et al. 2014 and Tegegn, 2017). Spraying 
plant leaves with the tested Trichoderma spp., compost tea and calcium silicate two days’ post-
inoculation with the urediospores of the pathogen was found to be effective in reducing the disease 
severity in the greenhouse. The potentiality of T. harzianum as biocontrol agent in protecting bean 
plants against the common bean rust had been reported by Burmeister and Hau (2009). Great variation 
among the tested Trichoderma isolates in reducing the disease severity was observed during the entire 
work. In general, the disease severity was decreased from 51.33% in the control treatment to 27.34% 
in the T. harzianum (TZ4) treatment. Trichoderma spp. are known with their antagonistic activity 
against soil borne and foliar diseases either indirectly through competing for nutrients and spaces, 
producing of antibiotic and secondary metabolites and promoting plant growth and elevating the plant 
defense or directly through mycoparasitism (Naher et al. 2014). The ability of the tested Trichoderma 
isolates  in reducing the urediospore germination of the pathogen in vitro may be due to producing 
volatile secondary metabolites able to inhibit the urediospore germination and germ tube elongation 
(Bhattacharjee and Dey, 2014). 

Compost tea preparations are well known for its positive effect in controlling a wide range of 
foliar diseases (Tegegn, 2017). In this work, the disease severity was lower than that of the control 
treatment due to treatment with compost tea. Compost tea efficiency in reducing the disease severity 
was increased by increasing the tested concentration. The suppressive effect of cow and horse dung 
compost teas against three faba bean diseases, i.e. chocolate spot caused by Botrytis fabae, Ascochyta 
blight caused by Ascochyta fabae and bean rust caused by Uromyces fabae was reported by Tegegn 
(2017). He reported significant reduction in the severity of the three diseases due to application of 
cow and horse dung compost teas. The efficiency of compost tea in competing the plant pathogens 
may be attributed to its richness in the microorganisms that act by different mechanisms such as 
competition for nutrients, production of antibiotic and lytic enzymes, parasitism and induction of 
systemic acquired resistance (Tegegn, 2017). 

On the other hand, foliar spray with calcium silicate significantly reduced the severity of 
common bean rust disease in the greenhouse. The disease severity was decreased from 41.67% in the 
control treatment to 23.33% due to using the highest tested concentrations. The lower effect of 
calcium silicate in reducing the urediospore germination in vitro through this study clearly 
demonstrates that silicon didn't directly act on the pathogen but indirectly through other mechanisms. 
In this respect, silicon suppresses the foliar diseases through different physical and chemical 
responses, where silicon dries on the leaves then polymerizes to create a physical barrier on the 
cuticle, thus may prevent the pathogen to penetrate into cells. Also, silicon can play a role in the 
enhancement of the plant defense (Zellner, 2017). Furthermore, increasing the oxidative-reductive 
enzymes activities is involved in these responses (Qin and Tian, 2005).  

Combined application of compost tea, calcium silicate and T. harzianum significantly enhance 
the plant protection against the common bean rust in the greenhouse and in the field during two 
successive seasons of 2016 and 2017. Our results are not in agreement with those obtained by 
Manoharan (2013) who reported that application of potassium silicate combined with compost tea did 
not affect the susceptibility of creeping bentgrass (Agrostis stolonifera L.) and perennial ryegrass 
(Lolium perene L.) to dollar spot disease caused by Sclerotinia homoeocarpa in the greenhouse. This 
may be attributed to the differences of compost tea sources and the pathogens. It is well known that 
production factors can affect the disease control by using compost tea. Generally, compost with high 
microbial populations and nutrients is most appropriate for the production of compost tea with high 
plant disease suppressive properties (Martin, 2014). Also, selection of Trichoderma isolate with great 
potentiality in competing the pathogen is very important to obtain positive results when applied alone 
or integrated with compost tea and/or silicon. The increasing of Trichoderma efficiency in controlling 
common bean rust when combined with silicon and compost tea may be attributed to elicitation of 
biochemical defense responses in the treated plants (De Curtis et al. 2012).   
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On the other hand, application of compost tea, calcium silicate and T. harzianum alone or in 
combination significantly increased the number of pods /plant, pod fresh weight/plant (g), yield/plant 
(g) and protein content during 2016 and 2017 growing seasons under field conditions. The combined 
treatments were more effective than the single treatments in most cases. It is worth to note that the 
tested treatments exerted no effect on the total soluble solid (%). Abo-Sedera et al. (2016) reported 
that snap bean plants treated with compost tea, seaweed extract (Algreen) and micronized calcium 
carbonate (Lithovit) alone or in combinations significantly improved the yield and its components as 
well as pod quality as compared with the control. The positive effects of the tested treatments on the 
plant growth and yield may be attributed to the decrease of the disease severity as observed in this 
work. Also, may be attributed to the presence of active secondary metabolites and hormones in the 
tested treatments that are directly influence the plant physiological processes such as respiration, 
photosynthesis, protein synthesis and oxidative phosphorylation. Furthermore,  silicon might 
improved the photosynthetic activity which enables the plant to accumulate sufficient photosynthates 
which increased dry matter production and these together with efficient translocation resulted in more 
number of the yield attributing characters (Jan et al. 2018). Thus,  silicon may play a vital role in plant 
primary metabolism, growth and development (Frew et al. 2018).  
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