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ABSTRACT 
Canola root and crown rot caused by Rhizoctonia solani Kühn are among the most damging 
Canola diseases all over the world. Various measures have been taken to control and reduce the 

amount of damages. The current research evaluates the impact of a number of useful 
microorganisms added to compost on reducing the diseases and improving Canola’s seedling 

growth. First, an in vitro test was performed to examine antagonistic potential of 88 strains of 

microorganisms in dual culture and volatile. The microorganisms are: Pseudomonas fluorescens 
 ،Baillus subtilis  ،Trichoderma harzianum and Talaromyces flavus.  The obtained results showed 

that most of the microorganisms significantly reduce R. solani growth. In the end, nine top 

microorganisms (Pf.5 ،Pf.9 ،Pf.13 ،Pf.21 ،Pf.24 ،Bs.19 ،Tr.3 ،Tf.38) are selected for greenhouse 
experiments. In this experiment, with completely random design, combined effect of compost 

and useful microorganisms suspension on plant growth and disease is evaluated in four replicates 

among 18 samples (8 samples include not-composted suspended microorganisms, 8 samples 
include composted suspended microorganisms,  1 control sample, and 1 infected sample). The 

samples are tested in terms of germination rate, seedling infection rate, and root and shoot dry 

weight.  Our findings indicate that all composted microorganisms no only significantly reduced 
damping-off, but also improved seedling growth to even more than control sample. 
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INTRODUCTION 

 

 Canola (Brassica napus L.) roots and crown rot is an important common disease in most of the Canola 

growing regions. The disease is reported in Canada, Finland, Australia, and America. In Iran, it has so far been 

reported in Markazi, Fars, Kurdistan, Kukiluye Boyer Ahmad, Golestan, and Khuzestan (Afshari- Azad et al., 

2008).      

 In some regions of Canada, Alberta, crown and root rot cause by this pathogen has reached to 80-100% 

which affects even up to 100% of products. In America, Indiana, the estimated damages have reached to 8-12%. 

(Huber et al. 1992). 

 R. solani is a wide host range pathogen. The host range differs depending on its anastomosis. So far, 

different strains of R. solani , of anastomosis groups, have been isolated from Canola’s crown and root. Some of 

them affect Canola more than others while some affects other plants than Canola, as well. Anastomosis groups 

(AGs) reported on Canola are: AG2-1, AG4, AG8, and AG10 (Khangura et al., 1999). Most of the strain 

collected from six regions in Iran (Markazi, Kurdistan, Kermanshah, Golestan, Fars, Kohkiloye Boyer Ahmad) 

belong to Ag2-1 and only one strain, in Kurdistan, belongs to Ag8 (Afshari-Azad, & sharifi, 2008).    

 To control this disease, it is usually recommended to observe crop rotation, to remove previous crop 

residual, hygiene, and to use antagonists (Soon et al., 2005). Among useful microorganisms that help controlling 

pants’ crown and root rot are: Pseudomonas fluorescens, Bacillus subtilis, Trichoderma harzianum, Talaromyces 

flavus (Vinale et al., 2008, Naragi, 2013). 
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 Of performance problems of useful microorganism in controlling soil-borne plant diseases, we can refer to 

its lack of adequate stability from production to consumption and not settling around plant root. In this regard, to 

prevent rapid population decrease, some supplements should be added to biomass of useful microorganisms. 

Compost is a natural organic compound that positively contributes is this regard (Hoitink & Boehm, 1999). 

Therefore, current research is an attempt to add useful microorganisms to compost and combine their useful 

properties in order to find influential and environment friendly solutions to control plants disease and improve 

their performance.      

     

MATERIALS AND METHODS 

 

Sources of Strains: 

 Microorganisms used in this experiment include: an R. solani strain AG2-1, 28 Pseudomonas fluorescens 

strains (coded Pf.1 to Pf.28), 28 Bacillus subtilis strains (coded Bs.1 to Bs.28), 22 Trichoderma harzianum  

strains (coded Tr.1 to Tr.22) and 10 Talaromyces flavus strains (coded Tf.1 to Tf.10). The microorganisms are 

collected from Canola and cotton farms of different regions. All mentioned microorganisms are obtained from 

Research Institute of Plant Protection in Tehran, Iran. 

   

Strain Selection: 

 Antagonist screening performed based on dual culture and volatile tests of microorganisms in in vitro 

condition and the test results on seedling growth (in the absence of pathogens) were assessed.   

 To perform dual culture test, we used NA media plates. P. fluorescens and B. subtilis strains were cultured 

linearly along the plate diameter. Two discs containing mycelium of 24 hours culture of R. solani placed around 

bacterial colony. Again, the plates were kept in incubator at 25 . Non-bacterial plate used as a control 

experiment. Finally, inhibitory rate of each bacterium was calculated by measuring colony radius of R. solani in 

the following formula: 

Pi= r1-r2/r1×100 

Pi= inhibitory rate 

r1 = radius of fungi pathogens in the control plate 

r2= radius of fungi pathogens in the plate containing antagonists 

 Antagonist fungi assessed in dual culture PDA medium containing two disks, antagonist fungi and R. solani 

fungi, placed at 1cm from the rim of the plate. Added to this, to assess antagonistic potential of fungal strains, 

besides measuring colony radius of R. solani , antagonist fungi growth on pathogenic mycelium and sporulation 

level of antagonist fungi were considered as well.  

 In order to evaluate the effect of volatile microorganisms on growth rate of R. saloni root, the selected 

antagonistic bacteria were placed in NA medium plate and pathogenic Bactria of R .saloni were placed in 

another plate containing PDA medium. Then, the plate lids were removed under a sterile hood and one plate 

were put on the other while sealing the rim of the plates with parafilm. Another PDA medium plate containing 

pathogenic R. solani fungi without antagonists was considered as a control treatment. 5 days after incubating the 

plates at 25 , colony radius of pathogenic fungi was measured and the inhibitory effect of pathogenic fungi 

colony was compared to control treatment. The procedure was repeated as for the antagonist fungi explained 

above with the exception that the selected antagonist fungi cultured in PDA medium plate.      

 

The Effect of Microorganisms on Canola’s Seedling Growth: 

 A total of 40 antagonistic microorganisms, selected after laboratory studies, evaluated in terms of effects on 

plant growth (shoot and root length and dry weight) in the absence of pathogens and greenhouse conditions.  In 

this regard, a number of suspensions (10
9
 bacteria cell* mL for bacteria and 10

8
 spore*mL for fungi) of 

antagonist strains were provided and after planting Canola seeds (10 seeds per each pot for each cycle), 10 mL 

was added to each pot. A completely random designed experiment was performed with 41 samples (40 

treatment containing microorganisms and 1 sample without microorganisms as a control treatment) and 3 

replicates. 

 

Preparing R. solani Inoculum: 

 To prepare R. solani inoculum, chopped wheat was mixed with washed sand and water. After 24 hours, the 

remaining water was emptied and autoclaved sand and water. Then, five R. solani fungi mycelia were placed in 

flasks. They were kept for 2 weeks. Every few days, they were shaken to observe integrated fungi growth. After 

formation of microsclerotia, inoculum was transferred to a refrigerator to be used in the experiment.      

 

Proliferation of Antagonist Microorganism and Enriched Compost: 

 In order to proliferate strains of B. subtilis and P. fluorescens, at first, they were placed in NA medium plates. 

After a while, sterile distilled water was added to each plate and the bacterial colony was isolated from culture 
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medium using sterilized scalpel. After preparing an integrated suspension, using Hemacytometer Lam, 

concentration of suspension was determined was set at about 10
9 
Cb*mL. 

 Strains of T. harzianum and T. flavus were cultured in PDA medium kept at 25  for 2 weeks. After 

sporulation, sterile distilled water was added to each plate shaved with sterilized scalpel. Using Hemacytometer 

Lam, concentration of suspension was determined was set at about 10
8 

Spore*mL. At last, to prepare enriched 

compost, suspension of microorganisms was added to compost. 

 

Evaluating Indicators of Seedling Growth and Crown and Root Rot: 

 8 strains of antagonist were selected to perform the final experiment, including 5 strains of Pseudomonas 

fluorescens, 1 strain of Baillus subtilis, 1 strain of Trichoderma harzianum, and 1 strain of Talaromyces flavus.  

Accordingly, our experiment consisted of 18 samples: 8 samples include not-composted suspended 

microorganisms, 8 samples include composted suspended microorganisms, 1 control sample, and 1 infected 

sample). A completely random experiment was designed with 4 replicates. At the beginning, 10 g pathogen 

inoculum was added to a 1 Kg pot containing soil (1/2) and sand (1/2). Then, 10 g suspension of selected 

antagonists added to each pot; for composted samples, the amount increased to 50 g in each pot. 10 Canola 

seeds (Hyola-401) cultured in each pot (each replicate). The samples were evaluated based on the number of 

germinated seedlings (2 weeks after culture), seedling infection rate, root and aerial organ dry weight (15, 30, 

45, 60 days after culture).      

 

Statistical Analysis: 

 Finally, data obtained from a completely randomized experiment were analyzed using SPSS software 19 based 

on Duncan test.  

RESULTS AND DISCUSSIONS 

 

Dual Culture of Bacterial Agents: 

 Analysis of 28 strains of B. subtilis and 28 strains of P.  fluorescens indicated that there is a significant 

difference (at 1%) between these two in terms of inhibitory rate. Among Bacillus samples, the highest inhibitory 

rate belongs to Bs.18 strain (75.5%) and the lowest inhibitory rate belongs to Bs.13 strain (15.5%). As regards, 

inhibitory rate of 21 out of 28 strains of B. subtilis were more than 50%. Among Pseudomonas strains, the 

highest and lowest inhibitory rate observed in Pf.15 (84.4%) and Pf.3 (15.5%), respectively.  This indicates that 

19 out of 28 P.  fluorescens  strains had more than 50% inhibitory effect.  

 

Dual Culture of Fungi Agents: 

 Analysis of 22 strains of T. harzianum   and 10 strains of T. flavus by dual culture method indicated that 

there is a significant difference (at 1%) between these two in terms of inhibitory rate. Among Trichoderma 

samples, the highest inhibitory rate belongs to Tr.3 strain (72.5%) and the lowest inhibitory rate belongs to Tr.16 

strain (35%). As regards, all strains of T. harzianum, except Tr.16, that is 21 out of 22, had more than 50% 

inhibitory effect.  

 Among T. flavus  samples, the highest inhibitory rate belongs to Tf.35 strain (42.5%) and the lowest 

inhibitory rate belongs to Tf.55 strain (22.5%). As regards, due to lower growth rate of T. flavus rather than R. 

solani, inhibitory effect of the former strains did not exceed 42.5%.  

 

The Effect Volatile Microorganisms on R. solani Root Growth: 

 The experiment was conducted to test the effect volatiles on 88 selected strains of microorganisms. 

According to obtained results, all antagonists produced volatile materials except Pf.8. Analyzing the inhibitory 

effect of Volatile microorganisms indicated that the strains differ significantly at 1%. Among different strains of 

Trichoderma, Talaromyces, Pseudomonas, and Bacillus, the highest inhibitory rate observed in Tr.22 (51.8%), 

Tf.38 (30.1%), Pf.5 (30.1%), and Bs.19 (34.9%), respectively.   

 

The Effect of Microorganisms on Canola’s Seedling Growth: 

 Suspension of 40 strains of microorganisms was added to the pot so as to observe its effect on the seedling 

growth. Analyzing test results obtained from measuring dry weight of seedling treated with microorganisms 

indicated that treatment impacts differ significantly at 1% (table 1).  

 
Table 1: The effect of selected microorganisms on dry weight of seedling. 

Dry Weight Ave. (Gr) Microorganism ID No. Dry Weight Ave. (Gr) Microorganism ID No. 

2/48     efghij Bs.18 22 p 1/12 Pf.16 1 

4/49      efghi Bs.16 23 p 9/12 Control 2 

6/50      efgh Pf.12 24 p 7/13 Tf.1 3 

2/51      efgh Pf.20 25 op     4/14 Tf.35 4 

5/52      efgh Pf.15 26 nop8/16 Tr.17 5 
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5/53     cdefgh Bs.21 27 mnop 5/20 Tr.22 6 

5/53     cdefgh Bs.23 28 mnop     3/22 Tf.38 7 

3/55      cdefg Pf.7 29 7/26      mnop Bs.24 8 

1/63      bcdef Pf.13 30 4/28     klmnop Tr.2 9 

8/63      bcdef Pf.14 31 8/30    klmno Tr.3 10 

8/64      bcde Pf.26 32 2/32     ijklmn Bs.25 11 

2/69        bcd Pf.4 33 5/36     hijklm Bs.20 12 

3/69       bcd Bs.27 34 7/36     hijklm Pf.22 13 

2/70       abc Pf.9 35 2/37     hijklm Pf.8 14 

2/70      abc Pf.24 36 4/39      ghijkl Pf.2 15 

7/76        ab Pf.25 37 2/42      ghijkl Bs.26 16 

7/78        ab Bs.19 38 8/43      ghijkl Bs.28 17 

9/78        ab Pf.5 39 1/44      ghijk Pf.11 18 

a4/86 Pf.27 40 2/44       ghijk Bs.10 19 

5/86           a Pf.21 41 1/47        fghij Bs.2 20 

   6/47     efghij Pf.6 21 

There are 3 replicates for each treatment. Based on Duncan test, treatment with at least 1 common letter do not differ significantly (P<0.01).  

 

 Based on the obtained results so far, among different microorganisms, 8 top strains are selected to perform 

the final test: Pf.21, Pf.5, Bs.19, Pf.24, Pf.9, Pf.13, Tr.3, and Tf.38.  

 

Evaluating the Indicators of Seedling Growth and Crown and Root Rot: 

 In the final experiment, with completely random design, combined effect of compost on useful 

microorganisms’ suspension on plant growth and disease is evaluated, in four replicates, among 18 samples (8 

samples include not-composted suspended microorganisms, 8 samples include composted suspended 

microorganisms,  1 control sample, and 1 infected sample). The samples are tested in terms of germination rate, 

seedling infection rate, and root and shoot dry weight (table 2 and 3).  Our findings indicate that most of the 

treated samples differ significantly with the control sample in terms of germination rate. Tf.38 and Pf.24 

formulation did not positively impact germination rate while the composted compound of these microorganisms 

significantly improved the results. Although all the treated samples differed significantly with the infected 

sample (d), in terms of healthy germination rate, not-composted Pf.13 and Tr.3 and composted Pf.9, Pf.13, 

Pf.24, Tr.3 had the healthiest germination rate and took place in group A. Evaluation of root dry weight two 

month after culture indicated that all the treated samples containing useful composted microorganisms differs 

significantly with infected and control samples. +Pf.5 composted sample owned the heaviest dry root weight. 

Measurements of shoot dry weight indicated that all composted samples differ significantly with not-composted, 

control, and infected samples. All composted microorganisms not only significantly reduced damping-off but 

also exceled the control sample in terms of seedling growth rate (Fig. 1). 

        

Evaluation of Compost Enriched with Useful Microorganisms on Canola’s Seedling Growth and Root Rot: 
Table 2: Combined effect of composted microorganisms on seedling germination and disease control. 

Control Sample Seedling Ave. Germination Ave. Treatment No. 

Composted Not-composted Composted Not-composted 

77/5        bcd 95                  ab 87/5         abc 95       ab Pf.5 1 

100             a 87/5           abcd 100              a 92/5                 ab Pf.9 2 

100             a 100                  a 100               a 100                    a Pf.13 3 

92/5        abc 82/5           abcd 95              ab 87/5               abc Pf.21 4 

100             a 70                    d 100             a 70                     c Pf.24 5 

95             ab 75                  cd 95              ab 75        c Bs.19 6 

100             a 97/5  a 100              a 97/5                  a Tr.3 7 

77/5        bcd 70                    d 77/5          bc 70                     c Tf.38 8 

100        a 100    a Control Sample 9 

70         d 70       c Infected sample 10 

 

Table 3: The effect of different compounds and microorganisms on Canola’ seedling dry weight (Ave.). 

Average Shoot Dry Weight (mg) Average Root Dry Weight (mg) Treatment No. 

Composted Not-composted Composted Not-composted 

8270        a 2900         cd 4570           a 1670           f Pf.5 1 

7700        a 2920         cd 3560       bcd 2040          ef Pf.9 2 

7980        a 3540          c 3400       bcd 2050          ef Pf.13 3 

8320        a 3360          c 4320         ab 2830         de Pf.21 4 

7930        a 2700         cd 3220        cd 1650           f Pf.24 5 

7820        a 3380          c 2870        de 2180          ef Bs.19 6 

7370       ab 3100         cd 3370       bcd 2020          ef Tr.3 7 

6720         b 2350        de 4030       abc 1780          f Tf.38 8 

2120      de 1610        f Control Sample 9 

1640       e 1330        f Infected sample 10 

There are 4 replicates for each treatment. Based on Duncan test, treatment with at least 1 common letter do not differ significantly (P<0.05).  
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 Based on the research objectives, we began with examining the inhibitory effect of 88 strains of R. solani 

antagonists with dual culture method. Usually, antagonist microorganisms are chosen through screening method 

assuming that initial screening of antagonists in laboratory is useful for further research in natural or greenhouse 

condition. Dual culture test of bacterial antagonists and pathogenic fungi indicated that 12 out of 28 B. subtilis 

strains and 15 out of 28 P. fluorescens strains showed more than 60% inhibitory effect on growth rate of 

pathogenic fungi. Other researchers confirmed the inhibitory effect of these bacteria on R. solani (Czech Shoda, 

2004; Naraghi 2012). Dual culture test of antagonist fungi and pathogenic fungi indicated that 2 out of 22 strains 

of T. harzianum    and 2 out of 10 strains of T. flavus showed the highest inhibitory effect. Other researchers 

have also confirmed the inhibitory effect of these fungi on R. solani (Shahiri Tabarestani, 2005). Another 

inhibitory indicator of antagonist microorganisms is the production of volatile material. Volatiles production by 

strains of B. subtilis, P. fluorescens, T. harzianum, T. flavus is confirmed in other researches, as well Baraket et 

al. 2013; Pitel et al. 2012; Fiddaman & Rossall, 1994 ،Défago & Haas, 1990 ،Patil et al., 2012  ، Barakat et al., 

2013). Using antagonist microorganisms requires knowledge of their interaction mechanism. This is the only 

way to understand the significance of environmental factors and their roles in antagonist pathogen- system 

which helps to improve this understanding. The most important mechanisms of direct pathogen –antagonist 

interaction are antibiosis, competition, and hyper-parasitism. But, indirect impact of microorganisms on seedling 

growth and induced resistance should also be considered.   

 According to Baker (1968), among the above mentioned mechanisms, antibiosis plays a key role in the 

ecology of soil borne microorganisms. Several antagonistic mechanisms are proposed for Flourescent 

Pseudomonas, the most important antagonist bacteria in soil (Cabrefiga et al., 2007; Baker, 1968;  Defago & 

Hass, 1990). Considering secondary metabolisms produced by this bacterium, it can be concluded that 

Flourescent Pseudomonas are useful agents in biological control. By contributing in soil physical structure, 

enrichment of soil borne microorganisms (Yasir, 2009), adding plant hormones (such as auxin and Gibberllic 

Acid), adding enzymes such as alkaline and cellulose, modifying water-holding capacity, compost can improve 

seedling growth rate (Dickerson, 2001). In choosing useful microorganisms, added to their powerful 

antagonistic properties, plant growth stimulant properties are important criteria. Therefore, before the final 

experiment, we tried to examine the effect of microorganisms on plant growth in greenhouse condition. There 

are different comments with regard to stimulating impacts of some bacteria (PGPR) and useful fungi (PGPF) on 

plant growth indicating that these microorganisms improve plant growth by producing hormones or other 

materials (Glick, 1995,  De Weger, 1995,  Lucy et al., 2004,  Lugtenberg & Kamilova, 2009, Masunaka et al., 

2011). 

 To control crown and root disease, added to antagonistic microorganisms that restrict pathogens activity, 

germination and seedling growth are important factors to be considered. As the seedling growth rate improves, 

the possibility of infection decreases. Thus, some measures are required to be taken into account so as to 

increase seedling growth rate, particularly early in growing season. For instance, adding useful microorganisms 

with powerful antagonistic properties and plant growth stimulating properties to soil is among the measures 

needed to be taken. Also, adding some natural materials to soil may increase plant growth rate. Adding compost 

to farm soil not only increases Canola’s growth level and performance, but also decreases the need for fertilizers 

(NPK). Kazemeini et al. (2006) concluded from their research that adding compost to soil results in improved 

Canola growth and performance. Compost has been said to have anti-fungal properties. By inducing resistant 

potential, this compound protects the plant against environmental stress and disease by inducing resistance 

(Singh, 2003).  

 In the final experiment, we examined the combined effect of natural compounds (compost) and useful 

microorganisms’ suspension on plant growth and disease control.  

 Most the treatments showed significant difference in germination rate when compared with infected 

samples.  

 When compared with Tf.38 and Pf.25, the most infected seedlings, most of the treatments showed 

significant difference. 

 Evaluation of root dry weight two month after culture indicated that all the treated samples containing 

useful composted microorganisms differs significantly with infected and control samples. +Pf.5 composted 

sample owned the heaviest dry root weight.  

 Measurements of shoot dry weight indicated that all composted samples differ significantly with not-

composted, control, and infected samples. 

 Kharbanda & Yang (2001) investigated the effect of seed treatment with Paenibacillus polymyxa PKB1 and 

adding compost to soil on 3 significant Canola disease (blackleg, Sclerotinia stem rot, Rhizoctonia root rot). The 

experiment results indicated that although compost can significantly control blackleg, no inhibitory effect 

observed in damping-off of the farm. The main limitation in bio-control the experiment was environmental 

condition.    
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Fig. 1: The effect of enriched compost and P. fluorescens suspension on seedling growth and crown and root  

disease.  
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