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Abstract 

The study aimed to isolate and diagnose pathogens of fig root rot 

disease in addition to evaluation effect of the biological control 

agents Trichoderma harzianum and Penicillium cyclpium in control 

of the pathogens of fig root rot. It was found fungi accompanying 

the roots of fig plantlets. Fusarium solani was the most frequent 

pathogenic fungus, followed by Rhizoctonia solani. The results 

showed a high effectiveness of biological agents in inhibiting the 

growth of pathogenic fungi, as the percentage of inhibition of the 

fungus T. harzianum against the fungus F. solani reached 100%. 

The percentage of inhibition against the pathogenic fungus R.solani 

was 89.99%. As for the bioagent P. cyclopium, the results displayed 

its high antagonistic ability against the two pathogenic fungi. As 

well as, the test results revealed the antagonistic ability of the mi-

croorganism EM-1 formula against the pathogenic fungi F.solani 

and R.solani that cause the root rot disease of fig plantlets.  

Keywords: Penicillium cyclopium, Trichoderma harzianum, Fig, 

Root rot diseases. 

 

Introduction  

     Fig fruits are characterized by their high mineral content about four times of iron 

and copper compared to fresh and dry vegetables and fruits [1]. They are also rich in 

vitamin E and antioxidants such as phenols that abound in dark-colored varieties, as 

well as vitamin C necessary for iron absorption [2]. The statistics of the International 

Food and Agriculture Organization of the United Nations indicated that the area 

planted with figs in Iraq for the year 2017 amounted to 463 hectares with a production 

capacity of 3349 tons [3]., The number of fig trees in Iraq have reached 412,859 trees, 

and the average productivity of one tree reached 22.58 kg / tree, and the total produc-

tion is 9.322 tons and its relative importance to production has reached 1.09, and the 

rate of change in production has reached 0.62 . Figs are like other plants that are ex-

posed to many agricultural pests, such as insects and pathogens, which cause diseases 

of, roots rot, wilt and others. The progression and success of root rot pathogens de-

pends on the availability of the conditions of the epidemiological triangle, [4,5]. Root 

rot diseases caused by some fungi are among the most important and widespread en-

demic diseases in the soil, and the amount of loss resulting from infection is related to 

a greater degree to the density of the pathogenic fungus inoculum present in the soil 
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and the presence of environmental factors, sensitive hosts and planting date [6] and 

[7]. Because of the large number of diseases that affect plants in general, farmers have 

taken the method of control by using chemicals to avoid infection by plant pathogens. 

However, we cannot consider them as a strategic solution, as their uses have led to 

many environmental and health problems for humans and animals. Besides the devel-

opment of new pathogenic strains that are resistant to the effect of these pesticides 

[8,9,10]. Recently, attention has been focused on biological control factors through the 

application of microorganisms that are not pathogenic to plants and inhibit the patho-

genic organisms in the cultivated soil without affecting the remaining groups of mi-

croorganisms. These organisms have different mechanisms, such as competition for 

nutrients and direct parasitism on pathogens, as well as the production of secondary 

metabolites such as mycotoxins and antibiotics, and induction of systemic resistance 

in plants [11,12]. Among those microorganisms used in biological control are Tricho-

derma spp for its ability to improve root growth and development, resistance to various 

environmental conditions, and an increase in crop yield and nutrient uptake [13] and 

[14]. Additionally, the biological preparation EM-1 was used as one of the best agents 

used in preparing bokashi biofertilizer, which was used against fungal and bacterial 

pathogens due to the microorganisms contained in this preparation that compete with 

the pathogen and produce secondary metabolites, growth regulators and antifungal 

materials during its growth. It has a role in stimulating the systemic resistance of plants 

against many pathogens [15,16]. The results of adding the biological preparation EM-

1 showed a high inhibitory activity and reduced the rate and severity of infection to 

the pathogens of seed rot and plantlet death of eggplant caused by the pathogenic fungi 

R. solani and F. solani [17]. Due to the lack of studies related to the application of 

biological control agents that keep pace with modern agricultural directives in com-

bating the root rot disease of the fig plant and the importance of this disease. The study 

aimed to isolate and diagnose some pathogens of fig root rot disease Moreover, the 

study planned to evaluate the effectiveness of biological factors Trichoderma, Peni-

cillium cyclpium and EM1 against the pathogens of fig root rot under laboratory con-

ditions. 

 

Materials and Methods 

Isolation and identification of fungi accompanying the roots of fig plantlets in-

fected with root rot disease 

   The process of isolation was carried out from each of the samples collected from 

the infected roots of fig plantlets. The plantlet was gathered from some regions of 

middle provinces of Iraq (Table 1), which showed symptoms of infection on the day 

following the survey process. Then it was sterilized by immersing it in a solution of 

sodium hypochlorate (minor) 1% free chlorine for two minutes, then washed with 

sterile distilled water for a period ranging between 2-3 minutes, then the water was 

removed using sterile filter paper and 4 of the pieces were then transferred by sterile 

forceps to Petri dishes. Plates contain a medium culture of potato dextrose agar 
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amended with Tetracycline antibiotic at a concentration of 250 mg/liter after sterili-

zation of the medium with an autoclave device, the dishes were incubated at a tem-

perature of 25±1 °C for three days [18]. The different fungal isolates were purified 

and examined under the compound microscope, and the genera and species were di-

agnosed with the help of Dr. Ahed Abd Ali, and based on the approved taxonomic 

keys [19,20,21,22]. The percentage of appearance of the studied fungi was calculated 

according to the following equation: 
 

%** repeat the fungus in the sample = (The number of fungus appeared in dishes\To-

tal number of pieces used in the sample)x 100. 
 

Detection of pathogenic isolates of Fusarim solani and Rhizoctonia solani using 

cabbage seeds  

     The pathogenicity of three isolates of F. solani and three isolates of R. solani was 

tested according to the method of [23], Petri dishes with a diameter of nine cm were 

prepared and sterilized with an osmosis device for 20 minutes and supplemented with 

the antibiotic Tetracycline at a concentration of 250 mg/L, and after solidification of 

the medium The plates were inoculated in the center with a 0.5 cm drop disc taken 

from near the edges of the colony of F. solani and R. solani. At five days of age, the 

plates were incubated at a temperature of 25 ± 1 °C for three days after which the 

seeds were sown (pre-tested for germination) sterilized surface with sodium hypo-

chlorite solution (1% free chlorine) and in a circular motion near the edge of the used 

plate and at a rate of 10 seeds per plate. Three plates were used for each isolate used 

as replicates, in addition to the comparison treatment without pathogenic fungi. The 

plates were placed in the incubator at a temperature of 25 ± 1 °C. Then the results 

were taken after Seven days, calculating the percentage of germination and according 

to the following equation: 

 

% Germination = (Number of seeds grown / Total number of seeds) ×100. 

 

Examination the antagonistic ability of Trichoderma harzianum and Pencillium 

cyclopiu against Fusarium solani and Rhizoctonia solani  

    The biological fungi Trichoderma harzianum and Pencillium cyclopium were ob-

tained from the Plant Pathology Laboratory / Mussaib Technical College. The antag-

onistic ability was tested against selected isolates of F. solani and R. solani by double 

culture method, where a 9 cm diameter Petri dish was divided into two equal parts, 

The first part of the dish was inoculated with the pathogenic fungus, both individually. 

0.5 cm disc was taken from the fungus culture at the age of seven days, while the 

other part of the dish was inoculated with a 0.5 cm disc at the age of seven days from 

the cultures of the biological control fungi used. The experiment was carried out with 

three replications. Placing the dishes in the incubator at a temperature of 25±1 °C for 

a week, then estimating the antagonistic ability according to the scale of  [24], which 

consists of 5 degrees, and the biological agent is considered antagonistically effective 
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when showing a degree of antagonism equal to 2 or less with isolates of pathogenic 

mushrooms . 

 

Test the antagonistic ability of EM1 against pathogenic fungi on PDA medium 

    The biological preparation EM1 was obtained from University of Al-Qadisiyah / 

College of Agriculture in a plastic bottle of 1 liter. 90:5:5 (water : EM1: molasses:) 

Dissolve the molasses well with warm sterile water, then add EM1 solution to it and 

mix well, and then put it in a warm and dark place away from sunlight for two weeks, 

during which time the package was opened from the time to another in order for the 

gas formed to escape until a layer of precipitate is formed at the end of the package 

[25]. The antagonistic susceptibility of the previously prepared microorganism EM1 

preparation against the pathogenic fungi F.solani and R.solan was tested on PDA cul-

ture media by adding the preparation (EM1) grown on the medium using 3 concen-

trations of 10, 20, 30%, respectively, through Add 10, 20, 30 ml of the EM1 prepara-

tion to beakers containing 70, 80, and 90 ml of cooled PDA culture medium, stirring 

well to ensure a homogeneous distribution of the mixture, then pour it into Petri dishes 

with a diameter of 9 cm. After the medium solidifies, a 0.5 cm diameter disc is placed. 

From a culture of pathogenic fungi F.solani and R. solani growing on PDA culture 

media and with an age of seven days in the center of the dish. Each treatment was 

repeated 3 times, leaving 3 dishes without adding the preparation as a comparison. 

For each fungus, the dishes were incubated at a temperature of 25 + _1 C for 7 days 

[26]. The growth rate of the pathogenic fungus and the percentage of inhibition were 

calculated according to the following equation: 
 

% Inhibition = [(R – r)/ R] × 100. 

Where, r is the radius of the fungal colony against the bioagents and R is the radius 

of the fungal colony without the bioagents. 
 

Results and Discussion   

Isolation and identification of fungi accompanying the root rot of fig plantlets 

  It was found through microscopic examinations of the fungal growths that appeared 

through planting the infected plant pieces on the PDA medium (Table 1)and the pres-

ence of types of fungi accompanying the roots of fig plantlets. The fungus F. solani 

was the most frequent type of pathogenic fungus, as its rate of appearance reached 

between 56.5% and the highest percentage of its appearance reached 34.5%. It was 

followed by the fungus R.solani with an appearance rate of 30.7%, and the highest 

percentage of its appearance was 47%. The results of the diagnosis showed the pres-

ence of many fungi accompanying the roots of fig plantlets, such as Penicillium spp. 

T. harzianum, Aspergillus nigeria, Alternaria alternate, Sclerotia sclerotium, Helmin-

thosporium sp, Botrytis sp. and Cladosporium tenuissimum. These results are in 

agreement with what [27] found that F. solani and R. solani were among the most 
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frequent pathogenic fungi found in samples of pepper plantlets infected with root rot 

disease . 

Table (1): Fungi accompanying the roots of infected fig plantlets, their locations 

and their frequency in samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Examination the pathogenicity of isolates of the pathogenic fungi Fusarium 

solani and Rhizoctoni solani using cabbage seeds on Water Agar medium 

       The results of (Table 2) showed that all tested fungi isolates induced a significant 

reduction in the percentage of germination of cabbage seeds compared to the control 

treatment in which the percentage of seed germination reached 96.67%. %. Two iso-

lates of Fusarium solani Fus1, Fus6, recorded a percentage of 16.67% germination, 

while the percentages of germination for the rest of the isolates ranged between 40.00, 

23.33%, and the results indicated that all tested isolates of the fungus R. solani . The 

isolates varied among themselves in reducing the percentage of germination, where 

the isolate (Rh1) outperformed which reached 10.00%, followed by isolate Rh6 which 

had a germination rate of 13.33% while the percentages of germination in the rest of 

the isolates ranged between 36.67, 23.33% . 

 

 

 

 

 

Fungus No. Samples 

Fungi Appearance rate (%) 

High ratio of 

appearance  
Appearance 

rate (%) 

Fusarium solani 1-9 56.5 34.3 

Pencillium cyclopium 1 ,6 ,5 ,7 15.2 5.2 
Rhizoctonia solani Kuhn 1-9  47 30.7 
Alternaria alternate 6,4,3 28.5 9.4 

Stemphylium sp 4,1 5.7 3.4 

Aspergillus niger 7,5,4,2,1 13.8 3.1 
Botrytis sp 6,2 5.6 3.7 

Cladosporium tenuissimum 1 2.5 2.1 

Helminthosporium sp 6,2,1 5.2 2.6 
Sclerotia sclerotium 4 ,3,1 3.5 2.5 
Trichoderma harzianum Rifai 7,5,1 13.8 2.3 
Fusarium oxysporum 4,1 1.4 1.10 



Journal of Kerbala for Agricultural Sciences Issue (3), Volume (9), (2022) 

  

144 
 

Table (2): Detection of pathogenic isolates of Fusarium solani and Rhizoctoni 

solani using cabbage seeds on PDA medium 

No. Region Isolates No. germinated 

seeds 

Germination 

(%) 

control 9 96.67 

1-  Karbala / Hussainiya Fus1 2 16.67 

2-  Karbala / Hussainiya Fus2 4 40.00 

3-  Karbala / Khan Al-Nass Fus3 2 23.33 

4-  Babylon / Al-Kifl Fus4 3 26.67 

5-  Babylon / Al Siahi Fus5 3 26.67 

6-  Babylon / Bani Muslim Fus6 1 13.33 

7-  Baghdad- Al-Grayat Fus7 2 23.33 

8-  Baghdad- Al-tajeiat Fus8 2 16.67 

9-  Baghdad-Al-Jazeera Fus9 4 36.67 

10-  Karbala / Hussainiya Rh1 1 10.00 

11-  Karbala / Hussainiya Rh2 4 36.67 

12-  Karbala / Khan Al-Nass Rh3 2 23.33 

13-  Babylon / Al-Kifl Rh4 3 26.67 

14-  Babylon / Al Siahi Rh5 3 26.67 

15-  Babylon / Bani Muslim Rh6 1 13.33 

16-  Baghdad- Al-Grayat Rh7 3 26.67 

17-  Baghdad- Al-tajeiat Rh8 3 26.67 

18-  Baghdad-Al-Jazeera Rh9 3 33.33 

L.S.D0.05 - 3.50 

Each number in the table represents an average of three replicates, Fus = Fusarium solani , Rh = Rhizoctonia solani , 

The number near the isolate symbol represents the isolate number 
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    The reason for the variation of isolates in influencing the percentage of germination 

of cabbage seeds may be due to the difference in isolates in their ability to secrete 

pectin- and cellulose-dissolving enzymes, phosphatas pectinase, lyasepectin and cel-

lulase in the early stages of infection, and these enzymes play a role in penetrating the 

host and in its pathogenicity to the fungus, or due to genetic variation. Among the 

fungi isolates collected from different regions. From the results of this test, the two 

isolates that reduce the germination of cabbage seeds, which are Fus6, Rh1 isolates, 

were selected for subsequent tests . 

Examination the antagonistic ability of Pencillium cyclopium and Trichoderma 

harzianum against the pathogenic fungi Fusarium solani and Rhizoctonia solani  

       The results of (Table 3) test the antagonistic ability of the biological control fungi 

P.cyclopium and T.harzianum against the pathogenic fungi F. solani and R. solani 

showed a high effectiveness of biological factors in inhibiting the growth of patho-

genic fungi, as the percentage of inhibition of the fungus T. harzianum against the 

fungus F. solani reached 100% The percentage of inhibition against the pathogenic 

fungus R.solani was 89.99% successively after seven days of double culture com-

pared with the treatment of pathogenic fungi alone, which had a inhibition rate of 

0.00%. The antagonistic ability of T.harzianum biological control fungus is due to the 

various mechanisms By which it affects the pathogenic fungus by direct parasitism 

by wrapping the mycelium of T. harzianum around the pathogenic fungus hyphae and 

penetrating it and absorbing the cellular contents or through the food and place and 

the secretion of antibiotics and some enzymes that degrade the walls of the cells of 

pathogenic fungi such as Protase, glucanase and 1,3-B and others [28]. As for the 

fungus P. cyclopium, the results showed its high antagonistic ability against the path-

ogenic fungi F.solani and R. solani on the PDA culture medium. It worked on those 

isolates with rates of 87.37, 92.22 for each of them sequentially after seven days of 

double cultivation compared to the treatment of pathogenic fungi. alone, which 

amounted to 0.00%. This is due to the ability of the fungus P.cyclopium to produce 

antibiotics, including Viomellein, Penecillic acid, and Vioxanthin, which have an ef-

fective role in inhibiting the growth of pathogenic fungi on PDA culture medium, in 

addition to many secondary compounds that have a high ability to inhibit the growth 

of many pathogenic fungi. of the plant [29]. 
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Table (3): Antagonistic ability of Pencillium cycloplum and Trichoderma harzi-

anum against pathogenic fungi Fusarium solani and Rhizoctonia solani . 

Fungus Colony 

diameter.cm 

Inhibition (%) 

Fus 9.00 0.00 

Fus+ Th 0.00 100.0 

Fus+Pi 1.08 87.37 

Rh 9.00 0.00 

Rh+ Th 0.90 89.99 

Rh+ Pi 0.70 92.22 

L.S.D 0.05 0.18 1.85 
Each number in the table represents an average of three replicates, Fus = Fusarium solani , Rh = Rhizoctonia solani. 

Th= Trichoderma harzianum, Pi= Pencillium cycloplum 

Antagonistic ability of Effective Microorganism EM-1 preparation against path-

ogenic fungi 

      The test results of the antagonistic ability of the microorganism EM-1 preparation 

against the pathogenic fungi F.solani and R.solani that cause the root rot disease of 

fig plantlets (Table 4) showed a high antagonistic ability of the microorganism EM1 

against the tested isolates of all pathogenic fungi, as the preparation completely pre-

vented their growth. Where the percentage of inhibition was 100% and for all con-

centrations used 10, 20, 30, respectively. It was stated [16] stated that the mechanism 

of inhibition of EM1 is due to what it contains of microorganisms that are anti-path-

ogens, and the microorganisms are characterized by their production of fungi-inhib-

iting substances such as antibiotics that kill or inhibit the growth of pathogens [25]. 

The results with what was reached by a previous study [17] that the antagonism of the 

microorganism preparation EM1 against the pathogenic fungi R.solani, F.solani, and 

M.phaseolina that cause eggplant seedling death disease on PDA culture media at 

concentrations of 15, 10, 5%, respectively, has exceeded The concentration of 15% 

in the inhibition rates for pathogenic fungi ranged between 94.44-98.15% compared 

to the comparison treatment in which the percentage of inhibition appeared to be zero. 
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Table (4): Antagonistic susceptibility of microorganism EM1 against the patho-

genic fungi Rhizoctonia solani and Fusariun solani. 

Treatment  Concentration 

% 

Colony 

diameter.cm 

Inhibition 

(%) 

Em-1 + Fs 0 9   00. 0 

10 0 100.00 

20 0 100.00 

30 0 100.00 

Em-1 + Rh 0 9 00. 0 

10 0 100.00 

20 0 100.00 

30 0 100.00 

L . S .D 0.05 - 0.3 3.33 
Each number in the table represents an average of three replicates, Fus = Fusarium solani , Rh = Rhizoctonia solani. 

EM1 = Effective Microorganisms.  

  Fusarium solani and Rhizoctonia solani was the most frequent pathogenic fungus, 

which were the major causes of Fig root rot disease. The inhibitory activity of EM-1 

and the bio-fungi P.cyclopium, T.harzianum against causes of Fig root rot disease. 
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