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Abstract: This study aimed to investigate the effect of interaction between 

Trichoderma harzianum and the fungicide Topsin-M on root rot disease that infected 

okra in the field. Three fungi were isolated from the root of okra that infected with root 

rot disease: Fusarium solani, Rhizoctonia solani and Macrophomina phaseolina. The 

pathogenicity of these fungi was tested and found to be they cause root rot disease on 

okra, the disease severity was 41.7, 6.7 and 31.7% respectively. The laboratorial 

experiments showed that T. harzianum had a high antagonism ability with degrees of 1 

and 2 against the pathogenic fungi M. phaseolina, F. solani and R. solani respectively. 

Also, it was found that the fungicide Topsin –M inhibited the growth of all pathogenic 

fungi with a percent of 100%, while it inhibited the bioagent fungus growth with a 

percent of 50.4 %, therefore it be recommended for the interaction experiments. The 

field results showed that using of bioagent T. harzianum and fungicide topsin-M 

significantly reduced the infection percentage and severity disease of the pathogenic 

fungi F. solani, R. solani and M. phaseolina to 65.3, 21.20, 13.20, 46.20, 25.70 and 

18.20%  respectively, compared to each pathogenic fungus alone which were 71.00, 

60.20, 60.20, 66.80, 80.20 and 60.20% respectively. The interaction between the 

bioagent T. harzianum and topsin-M led to increase the plant height, fresh and dry 

weight of shoot and root systems and the fruit productivity of the examined okra plants . 

Keywords: Okra, Fungal disease, Fungicide, Biological control, Basrah. 

Introduction

The okra Abelmoschus esculentus (L.) 

Moench belongs to the Malvaceae family. It 

is believed that African continent is the origin 

of okra, particularly Ethiopia and Sudan. And 

then distributed cross Eastern Mediterranean, 

Arabian Peninsula, India, Europe and 

America during the 13th and 17th centuries 

(Matloob et al., 1989). Iraq ranks fifth 

globally in okra production with rate of 0.102 

million tons (FAO, 2014). Okra is the third 

most cultivated crop in Iraq for summer time, 

after cucumber and watermelon with an area 

of 28401 donum and the sixth in terms of 

production at an average rate of 15833 tons 

(SCO, 2016). The planted area of okra in 

Basrah governorate for the year 2016 was 

estimated at 21948 donum with a productivity 

of 22.99 tons.donum-1, for the year 2017 

estimated at 21948 donum and productivity of 

2402 tons.donum-1 and for the year 2018 was 
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estimated at 21948 donum and productivity of 

2180 tons.donum-1 (Planning & Follow-up, 

2018). 

    Okra is infected with many pests, including 

fungal diseases that have been more virulent 

and spreader under greenhouse conditions. 

One of the most important fungal diseases is 

damping–off, and root rot, which is a 

common disease on okra crop in open fields 

and greenhouses. This disease caused by 

many fungi, including Fusarium spp. 

Rhizoctonia solani and Macrophomina 

phaseolina (Rahim & Dawar, 2015). As a 

result of the increasing damage of plant 

diseases and harmful effect of chemical 

pesticides, biocontrol has been used to 

eliminate several pathogens (Farah & Sahera, 

2016). In recent decades, biocontrol of 

pathogens has obtained a broad interest using 

some bioagents such as fungi and bacteria that 

have high efficiency in inhibiting growth of 

several plant pathogens. These bioagents 

include species of Trichoderma, such as T. 

harzianum which achieved success in the 

field and greenhouse experiments (Zeilinger 

& Omann, 2007). Alwan (2014) found that T. 

harzianum has reduced the infection of 

cucumber root rot disease that caused by M. 

phaseolina. Salih & Al-Maarich (2016) 

indicated that the use of T. harzianum gave 

highest percentage of seed germination and 

lowest percentage of seed rot in wheat that 

caused by R. solani in Northern Basrah. 

Matrood (2018) reported that T. harzianum 

has reduced the rate of Septoria leaf spot in 

eggplant that caused by Cladosporium 

cladosporioides. Chemical control is one of 

the most common methods known against 

plant diseases in the fields and greenhouses. 

These methods include chemical compounds, 

that are toxic and inhibit the germination, 

growth and reproduction of pathogens (Al-

Adel, 2006). El-Habbaa et al. (2016) reported 

that topsin-M reduced the severity of die back 

disease of grape plants and their effect on 

defence-related enzymes. Al-Fadhl & Al-

Janabi (2017) showed the role of topsin-M to 

reduce disease severity of R. solani, that 

causes root rot in Betonia plant in Najaf 

province and led to a significant increase in 

fresh and dry weight. Shailbala & Kumar 

(2017) reported that topsin-M reduced the 

severity of Colletotrichum falcatum, which 

causes red rot on sugar cane and improved 

growth indicators as well as. Al-Kaabi et al. 

(2009) studied the interaction between benlate 

and T. harzianum that gave the best results in 

germination rate with lower infection severity 

and higher dry weight, decreasing the severity 

of infection and increasing the dry weights of 

both shoot and root systems, which differed 

significantly from the comparative treatment 

of pathogenic fungi.  

    Mohammad (2012) reported that using 

coefficients of Trichoderma spp. and benomyl 

have increased the efficiency of biocontrol. 

Salih & Al-Maarich (2016) studied the effect 

of interaction between bioagent T. harzianum 

and moncut on wheat bare patch disease that 

caused by Rhizoctonia solani in Basrah. Al-

Fadhl & Al-Janabi (2017) reported the effect 

of some biological agents and topsin-M on 

root rot disease that caused by R. solani. 

Recently, root rot infections have been 

noticed on okra in different regions of Basrah 

province with serious damages, therefore this 

research was carried out to study the 

following aims: (i) Isolation and identification 

of the fungi causing okra root rot disease, (ii) 

the pathogenicity of the isolated fungi, (iii) 

the effect of T. harzianum on okra root rot 

disease, (vi) the effect of the interaction 

between fungicide topsin -M and bioagent T. 

harzianum on the growth of pathogenic fungi, 

and (v) the percentage of infection and 
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disease severity and the plant growth 

parameters.  

Materials & Methods  

Isolation and identification of the 

pathogenic fungi  

Okra plants were collected from Medinah, 

Faihaa, Garmat-Ali, Hartha, Nashwa and the 

fields of College of Agriculture at Basrah 

province. The roots of infected plants were 

washed with tap water to remove the stuck 

mud, then cut into small pieces 1-1.5 cm. 

After that, the small pieces of roots were 

sterilized superficially for 2-3 minutes by 

10% concentration of sodium hypochlorite 

solution (NaOCl). The pieces were removed 

from the solution and washed with distilled 

water to remove the sterilization effects. Next, 

The pieces were dried using sterile filter paper 

Whatman No.4, and then put in a petri dish (9 

cm diameter) containing sterile PDA with an 

antibiotic chloramphenicol (250 mg.l-1). Five 

pieces per a dish and three replicates were 

applied, after that the dishes incubated at a 

temperature of 25 ± 2 oC for four days. Fungal 

growth were examined, and then isolated 

fungi were purified on the same medium. The 

isolated fungi were identified by phenotypic 

characters based on Parmeter & Whitny 

(1970), Sinclair (1982) and Lesslei & 

Summurel (2006). 

Pathogenicity test  

Pathogenicity of the fungi isolated from the 

roots: F. solani, R. solani and M. phaseolina 

was tested according to Bolkan & Butler 

(1974). The plates containing water agar 

medium were inoculated with a 0.5 cm disk 

from seven days colony of growing fungus 

using PDA medium. Then, these plates were 

incubated at a temperature of 25 ± 2 o C for 

three days. After that, the seeds of okra were 

surface sterilized superficially using a 

solution of 10% sodium hypochlorite 

(NaOCl) and circularly cultured near the edge 

of the plate. Ten seeds per plate and three 

replicates per treatment were applied, while 

the control treatment contained only okra 

seeds. Then the plates were incubated at a 

temperature of 25 ± 2 o C and the results were 

recorded after seven days of planting by 

calculating the percentage of germination as 

the following equation : 

  

Percentage of germination = 
𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒈𝒆𝒓𝒎𝒊𝒏𝒂𝒕𝒆𝒅 𝒔𝒆𝒆𝒅

𝑻𝒐𝒕𝒂𝒍 𝒔𝒆𝒆𝒅𝒔
 X 100 

Evaluation of disease severity was calculated 

according to the examined disease index as 

follow:  

Disease index of the fungus of F. solani 

according to Al-Hasnawy (2017) 

0 = The plant is healthy, and the root system 

is white colour. 

1 = Discolouration 1-25 from the root light 

brown colour. 

2 = Discolouration of more than 25-50 dark 

brown colour. 

3 = Discolouration of more than 50-75 of the 

root in a dark brown colour with yellowing of 

leaves. 

4 = Discolouration of more than 75-100 of the 

root in a dark colour with the death of 

infected plant. 

 

Disease index of the fungus of R. solani 

according to Al-Hasnawy (2017) 

0 = The plant is healthy, and the root system 

is white colour. 
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1 = Discolouration of the root in a yellowish-

brown colour and ulceration with a diameter 

less than 10 mm around the stem. 

2 = Dark brown discolouration of the root and 

canker with diameter of 11-20 mm around the 

stem. 

3 = Reddish-brown canker fully surrounding 

the stem. 

4 = Plant death. 

Disease index of the fungus of M. 

phaseolina according to Fayyadh (1997) 

0 = Healthy plant. 

1 = 1/4 of the root system is coloured 

blackish-brown and yellowing of the lower 

leaves and discolouration of the stem base. 

2 = 1/2 of root system is coloured blackish-

brown and yellow 1/4 shoots system with 

discolouration 2-3 cm from the stem base and 

observation the sclerotia easily. 

3 = Discolouration 3/4 of the root system with 

blackish brown colour and yellowing the 

whole plant with discolouration 4-6 cm from 

the stem base and observation the sclerotia 

easily. 

4 = Discolouration of the root system with 

blackish brown colour and the death of the 

whole plant and observation of sclerotia 

sufficiently in the area of infection. 

    The Mickenny (1923) equation cited from 

Al- Waily (2004) was used to calculate the 

disease severity as the following :  

 

%Disease severity = 
𝑆𝑢𝑚 (𝐼𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑙𝑎𝑛𝑡𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑖𝑛 𝑒𝑎𝑐ℎ 𝑑𝑒𝑔𝑟𝑒𝑒 ×𝑑𝑒𝑔𝑟𝑒𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑙𝑎𝑛𝑡𝑠 ×𝐻𝑖𝑔ℎ𝑒𝑠𝑡 𝑑𝑒𝑔𝑟𝑒𝑒
 ×100 

 

The percentage of infection also, calculated according to the following equation: 

% 𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 =
Number of infected plants

Number of total plants
 𝑋 100 

  

Testing of the antagonism ability of T. 

harzianum against the pathogenic fungi on 

PDA. 

Aghighi et al. (2004) method was followed to 

test the ability of  bioagent T. harzianum 

against the pathogenic fungi F. solani, R. 

solani and M. phaseolina on PDA. A Petri 

dish containing sterile PDA was divided into 

two equal parts, the first part was inoculated 

with a disk (0.5 cm diameter) taken from the 

seven days old colony margin of T. 

harzianum, while the second part was 

inoculated with a disk (0.5 cm diameter) 

taken from the seven days old colony margin 

of each pathogenic fungus, whereas, the 

control treatment was inoculated with a 

pathogenic fungus only. Three replicates for 

each treatment were applied. All Petri dishes 

were incubated at 25±2 oC in the incubator. 

When the fungal growth in the control 

treatment reached to the plate margin, the 

antagonism was calculated according to Bell 

et al. (1982) scale which consists of five 

degrees as following: 

1 The antagonism fungus covers all the plate 

2 The antagonism fungus covers two thirds of 

the plate. 

3 The antagonism fungus covers half of the 

plate. 
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4 The pathogenic fungus covers two thirds of 

the plate. 

5 The pathogenic fungus covers all the plate  

Effect of some fungicides on the growth of 

pathogenic fungi and T. harzianum on 

PDA. 

Four fungicides: betanol, topsin-M, trimax-

plus and rizolex with recommended 

concentrations were applied in this test. The 

medium Potato Dextrose Agar (PDA) was 

prepared, poured in 150 ml conical flasks 

(100 ml for each flask) and sterilized in an 

autoclave at 121oC and 15 pounds.inch-2 for 

30 minutes. The above four fungicides in 

concentrations of 1ml.l-1 for the first fungicide 

and 1gm.l-1 for each of three other fungicides, 

were added to each flask, well homogenized 

and poured in the plates. Then, the plates 

were inoculated with a disk (0.5 cm diameter) 

taken from the seven days old colony margin 

of each fungus with three replicates for each 

treatment. The control treatment was prepared 

by adding distilled water in place of 

fungicides. All plates were incubated at 25±2 
oC in the incubator. When the fungal growth 

in the control treatment reached to the plate 

margin, the radial growth was measured by 

taking an average of two vertical diameters 

passed throughout the reverse of plate centre. 

The inhibition percentage was calculated 

according to Abbott equation (1925) which 

cited from Shaaban & Al-Mallah (1993) as 

the following:  

 

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
Control radial growth − 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑟𝑎𝑑𝑖𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 

Control radial growth
 𝑋 100 

 

Field experiment  

The field experiment was carried out in the 

fields of the College of Agriculture, 

University of Basrah in a greenhouse. The 

greenhouse (12×5m) was prepared and 

divided into four rows (1m between rows) and 

50 cm between plant and another one. T. 

harzianum obtained from Department of Plant 

Protection laboratories was added in an 

average of 1% w/w of grown fungus on millet 

seeds and left for three days with irrigation. 

After that the pathogenic fungi F. solani, R. 

solani, and M. phaseolina  grown on millet 

seeds at 1% w/w individually (Dewan, 1989), 

were mixed with the soil thoroughly and 

continuously  irrigated for three days, a drip 

irrigation system was used. Then five seeds of 

okra (local variety) per each pit were planted. 

    All treatments were performed with three 

replicates, The following treatments were 

applied : 

Control, F. solani (F.s), F. solani + T. 

harzianum (F.s+T.h), F. solani+topsin –M 

(F.s+TM), F. solani + T. harzianum + topsin-

M (F.s+T.h+TM), topsin-M (TM), T. 

harzianum (T.h), T. harzianum + topsin –M 

(T.h+TM), R. solani (R.s), R. solani +T. 

harzianum (R.s+T.h), R. solani + topsin-M 

(R.s+TM), R. solani + T. harzianum + topsin-

M (R.s+T.h+TM), M. phaseolina (M.p), M. 

phaseolina +T. harzianum (M.p+T.h), M. 

phaseolina + T. harzianum (M.p+TM), M. 

phaseolina + T. harzianum + topsin-M 

(M.p+T.h+TM). 

    The percentage of disease severity and 

percentage of infection were calculated after 

four months as prescribed in the previous 

paragraph. 
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Parameters & Features 

The parameters : Plant height (cm), fresh and 

dry weights of shoot and root systems (g), 

fruit number, fruit weight (g) and fruit 

productivity per plant (g.plant-1) were 

measured for each experimental unit at the 

end of the experiment (after four months). 

Statistical analysis 

All experiments were carried out according to 

Complete Random Design (CRD) and the 

mean differences between the averages were 

compared with Least Significant Difference 

(LSD), all treatment were repeated for three 

times (Al-Rawi & Khalaf-Allah, 1980). All 

statistical analyses were conducted by using 

Genstat discovery edition program. 

Results &discussion 

Isolation and identification of pathogenic 

fungi 

Three fungi Fusarium solani, Rhizoctonia 

solani, and Macrophomina phaseolina were 

isolated from infected okra plant roots at 

Basrah province from different regions named 

Medinah, Faihaa, Garmat-Ali, Hartha, 

Nashwa and the fields of College of 

Agriculture (Fig. 1 & Table 1). Their 

morphological and microscopical characters 

agreed with Watanabe & Shiyome (1975), 

Sinclair (1982), and Lesslei & Summurel 

(2006). 

 

 

     Fig. (1): Colonies of fungi isolated from the roots of infected okra plants on PDA.  

A: F. solani, B: R. solani  and C: M. phaseolina.                                           

Table (1): Fungi isolated from the roots of infected okra plants at different regions of Basrah province. 

Fungi                             Region                                 

Fusarium solani 

Macrophomina phaseolina 

1-Medinah 

Fusarium solani 2-Faihaa 

Fusarium solani 

Macrophomina phaseolina 

3-Garmat-Ali 

Fusarium solani 

Macrophomina phaseolina 

4-Hartha 

Fusarium solani 5-Nashwa 

Fusarium solani 

Macrophomina phaseolina 

Rhizoctonia solani 

6-Fields of College of Agriculture  

 

 

 

 

A B C   
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    As shown in the same table above, F. 

solani has appeared in all regions, R. solani 

appeared only in the fields of College of 

Agriculture, while M. phaseolina appeared in 

four regions: Medinah, Garmat-Ali, Hartha 

and the fields of College of Agriculture. Also, 

the three fungi were found in the fields of 

College of Agriculture only . 

Pathogenicity test  

The results of the pathogenicity test (Table 2) 

showed that all the isolated fungi were 

significantly pathogenic compared to control 

treatment, which had 0.00% disease severity. 

The disease severity on okra plants treated 

with F. solani was 41.70%, R. solani was 

6.70% and M. phaseolina was 31.33%. The 

percentage of infection on okra plants treated 

with F. solani was 67.33%, R. solani was 

53.70%, and M. phaseolina was 61.66% 

compared to the control treatment (without 

pathogenic fungus) which was 0.00%. These 

results agreed with Salih & Al-Maarich 

(2016), Radhi et al. (2016), Musawy et al. 

(2017) and Al-Juboory (2018), who 

confirmed that the pathogenic fungi F. solani, 

R. solani and M. phaseolina increased the 

disease severity compared with the control 

treatment. The pathogenic fungi differed in 

their pathogenicity, so this difference may be 

due to their genomes, biochemical effects or 

mode of action, however there were three 

metabolic activities considered as essential 

factors for pathogenicity, including enzymes, 

mycotoxins and growth regulators which 

effect on the host plant either combined or 

individually (Neergaard, 1997). 

 

Table (2): Disease severity and infection percentage (Mean±SD)by Fusarium solani, Rhizoctonia 

solani and Macrophomina phaseolina. 

  % Disease severity  % Infection  Pathogenic fungi 

41.70±10.71 67.33±10.91 F. solani 

6.70±6.79 53.70±3.75 R. solani 

31.33±5.87 61.66±8.08 M. phaseolina 

0.00±9.79 0.00±22.75 Control 

31.93 15.60 L.S.D 

 

Testing the antagonism ability of 

Trichoderma harzianum against the 

pathogenic fungi F. solani, R. solani and M. 

phaseolina 

The results showed that T. harzianum gave a 

high antagonism with degrees of 1 and 2 

against M. phaseolina, F. solani and R. solani 

respectively according to Bell et al. (1982) 

(Fig. 2). This result was in agreement with 

Jasim & Al-Qurani (2012), Alwan (2014), 

Matrood (2015) and Salih & Al-Maarich 

(2016) who reported the high antagonism 

ability of T. harzianum against the pathogenic 

fungi F. solani, R. solani and M. phaseolina. 

The antagonism ability of T. harzianum was 

due to many different mechanisms such as 

direct parasitism, antibiotic exudates, 

degrading enzymes and competition (Sivan & 

Chet, 1989; Limon et al., 1999 and Saad, 

2001). 

Effect of some fungicides on the growth of 

pathogenic fungi and T. harzianum 

The results explained (Fig. 3) that the 

fungicide beltanol inhibited all pathogenic 
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fungi growth in a percent of 100%, while 

trimax–plus has inhibited the growth of R. 

solani and M. phaseolina in a percent of 

100% for each one, but the inhibition 

percentage of F. solani was 85%, whereas 

topsin–M has inhibited the growth of R. 

solani and M. phaseolina with a percent of 

100% for each one, while it inhibited F. 

solani growth with a percent of 72.8 %. Also, 

the results showed that rizolex inhibited the 

growth of R. solani, M. phaseolina and F. 

solani with percent of 100, 93.5 and 0.2 % 

respectively. The results agreed with Wannas 

(2011), Alwan (2014) and Al-Maarich (2015) 

who found that the fungicide beltanol 

 

 

 

 

Fig. (2): Testing the antagonism ability of T. harzianum against the pathogenic fungi F. solani, 

R. solani and M. phaseolina on PDA.A: T. harzianum+F. solani, B: T. harzianum  +R. solani  

and  C: T. harzianum + M. phaseolina                                      

 

A   Control 

B    Control 

C    
Control 
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inhibited the growth of R. solani, F. solani 

and M. phaseolina. These results were also, in 

agreement with Abd-El-Kader et al. (2010) 

and Al-Fadhl & Al-Janabi (2017) who 

confirmed that the fungicide topsin-M 

inhibited the growth of these pathogenic 

fungi. The study also agreed with Smiley et. 

al. (1990) and Jasim (2007) who showed that 

the fungicide rizolex inhibited the growth of 

R. solani with a percent of 100% .On the 

other hand, Fig. (4) showed that the 

fungicides beltanol, trimax–plus, topsin–M 

and rizolex inhibited the growth of bioagent 

T. harzianum with percent of 100, 62.4, 50.4 

and 18.8 % respectively.  

 

 

0.05= 0.01L.S.D 

Fig. (3): Effect of some fungicides on the growth of pathogenic fungi F. solani, R. solani and M. 

phaseolina. 

 

= 0.05 0.01L.S.D 

Fig. (4): Effect of some fungicides on the growth of bioagent T. harzianum. 

    This result was in full agreement with Al-

Maarich (2015) who found that beltanol 

inhibited the fungus growth with a percent of 

100 %, While it had disagreement with the 
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same author who noticed that topsin-M 

inhibited the fungus growth with a percent of 

100%. 

Effect of bioagent T. harzianum and 

fungicide topsin-M and their interaction on 

the percentage of infection and disease 

severity by okra root rot disease. 

The results of table (3) showed that the 

pathogenic fungi F. solani, R. solani and M. 

phaseolina increased the disease severity and 

infection percentage of root rot disease with 

71.00, 60.20, 60.20, 66.80, 80.20 and 60.20% 

respectively compared to the control 

treatment, which was 0.00%. The results in 

the same table also, showed that the 

interaction between treatments of T. 

harzianum and topsin-M with the pathogenic 

fungi F. solani, R. solani and M. phaseolina 

(F.s + T.h + TM, R.s + T.h + TM and M.p+ 

T.h + TM) have reduced the infection 

percentage of root rot to 65.30, 21.20 and 

13.20%, respectively, compared to 71.00, 

60.20 and 60.20% of pathogenic fungi alone.  

 

Table (3): Effect of bioagent T. harzianum and fungicide topsin-M and their interaction on the 

percentage of infection and  disease severity (Mean±SD)of root rot disease on okra plant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F.s : F. solani, R.s   : R. solani, M.p: M. phaseolina, T.h: T. harzianum, TM : topsin–M . 

% Infection    % Disease Severity       Treatments 

71.00±18.67 66.80±16.28 F.s 

60.31±13.01 40.66±3.61 F.s + T.h 

65.30±15.68 46.20±6.28 F.s+ T.h+ TM 

26.00±4.15 20.66±6.38 F.s+ TM 

0.00±17.15 0.00±16.72 T.h 

12.33±10.99 0.00±16.72 T.h + TM 

60.20±13.01 80.20±23.61 R.s 

20.66±6.82 68.00±17.28 R.s + T.h 

21.20±6.32 25.70±4.05 R.s + T.h + TM 

24.00±5.15 10.00±11.72 R.s + TM 

60.20±13.01 60.20±13.61 M.p 

53.33±9.51 43.40±4.78 M.p + T.h 

13.20±10.65 18.20±7.38 M.p + T.h + TM 

25.33±4.49 22.00±5.72 M.p + TM 

0.00±17.15 0.00±16.72 Control 

0.48 0.19 0.05L.S.D 
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    Also these treatments have reduced the 

disease severity to 46.20, 25.70, and 18.20 % 

respectively compared to 66.80, 80.20 and 

60.20 % for the pathogenic fungi respectively. 

These results are agreed with Ghisalberti et 

al. (1990), who reported that T. harzianum 

could produce antibiotics pyrones that inhibits 

pathogenic fungi and thus protect the seeds 

from the pathogenic fungus effect. Al-Murad 

& Al-Taei (2006) found that the using of T. 

harzianum have reduced the rate of damping-

off caused by fungi F. solani and R. solani in 

bean plant. Trichoderma has the potential to 

stimulate plant growth by increasing root 

absorption of nitrogen (N) and dissolving 

nutrients and making it more available for 

plants such as zinc, copper, iron and 

manganese (Altomare et al., 1999). In a study 

conducted by Mukhtar (2008), the results 

showed that the treatment of okra seeds with 

T. viride have increased the yield. Gajera et 

al. (2012) explained that when seven species 

of Trichoderma were used against M. 

phaseolina, they inhibited the growth of 

pathogenic fungus and observed under the 

microscope the Trichoderma fungus wrap 

around the pathogen and penetrate the wall by 

the apressoria and then break it down by 

producing enzymes chitinase, protease, 

cellulose and B-1,3 glucanase. 

Effect of bioagent T. harzianum and 

fungicide topsin-M and their interaction on 

the height of okra plant, the fresh and dry 

weight of the shoot and root system in the 

presence of fungi causing root rot disease. 

Fig. (5) showed that the interaction between 

bioagent T. harzianum and fungicide topsin-

M in the presence of pathogenic fungi led to 

increase the height of okra plants significantly 

in the treatments: F.s+ T.h + TM, R.s + T.h + 

TM and M.p+ T.h + TM up to 37.3, 42.00 and 

39.8 cm respectively compared with the 

pathogenic fungi F. solani, R. solani and M. 

phaseolina alone which were 35.3, 24.7 and 

30.7 cm respectively. As shown in table (4),  

 

 L.S.D 0.05 =16.9 

Fig. (5): Effect of bioagent T. harzianum and fungicide topsin-M and their interaction on the 

height of okra plant in the presence of fungi causing root rot disease.  

F.s: F. solani, R.s: R. solani, M.p: M. phaseolina, T.h: T. harzianum, and TM: topsin –M. 
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Table (4): Effect of bioagent T. harzianum and fungicide topsin M on dry and fresh weight of 

shoot (Mean±SD)and root system of okra in the presence of fungi causing root rot disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F.s: F. solani, R.s: R. solani, M.p: M. phaseolina, T.h: T. harzianum, and TM: topsin –M. 

  

the interaction between T. harzianum and 

topsin-M in the presence of pathogenic fungi 

led to increase fresh and dry weight of shoot 

and root system up to 11.80, 4.61, 6.26, 1.84, 

26.40, 7.42, 10.89, 3.41, 15.70, 4.24, 7.29 and 

1.86 g respectively, compared to the control 

treatment of pathogenic fungi F. solani, R. 

solani and M. phaseolina, which were 10.5, 

1.79, 3.86, 0.71, 8.10, 1.73, 0.71, 0.15, 8.60, 

1.58, 3.96 and 0.82 g respectively. The 

positive effect of T. harzianum on increasing 

plant height rate and the rate of the dry weight 

of root and shoot system may be due to its 

role in increasing nutrient availability in the 

rhizosphere zone (Altomare et al., 1999). 

These results were agreed with Al-Juboory et 

al., (2018) who refer that the decreasing in the 

percentage of infection and disease severity 

were accompanied by a significant increase in 

the rate of shoot and root system length, fresh 

Fresh weight (g) Dry weight (g) Treatments 

Shoot system Root system Shoot system Root system 

10.50±0.12 1.79±1.46 3.86±0.90 0.71±0.42 F.s 

5.10±2.67 0.93±1.08 5.58±0.07 0.92±0.28 F.s+T.h 

11.80±0.43 4.61±0.63 6.26±0.40 1.84±0.16 F.s+T.h+TM 

13.10±1.31 1.60±0.74 4.36±0.50 0.67±0.40 F.s+TM 

12.36±0.88 2.33±0.38 5.50±0.06 0.90±0.28 T.h 

15.10±2.31 1.90±0.59 4.33±0.56 1.26±0.10 T.h+TM 

8.10±1.17 1.73±0.71 0.71±2.33 0.15±0.65 R.s 

9.00±0.70 2.51±0.29 5.06±0.15 0.62±0.43 R.s+T.h 

26.40±7.86 7.42±2.10 10.89±2.55 3.41±0.89 R.s+T.h+TM 

11.40±0.39 2.56±0.26 5.23±0.06 1.33±0.07 R.s+TM 

8.60±1.04 1.58±0.73 3.96±0.78 0.82±0.33 M.p 

5.66±2.47 6.63±1.76 4.92±0.28 3.53±1.03 M.p+T.h 

15.70±2.40 4.24±0.67 7.29±0.96 1.86±0.05 M.p+T.h+TM 

5.70±2.45 0.83±1.13 1.83±1.76 0.43±0.50 M.p+TM 

19.90±4.95 7.36±2.21 12.23±3.43 4.20±1.36 Control 

16.06 4.67 7.47 2.13 0.05L.S.D 
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and dry weight when T. harzianum was 

applied. 

Effect of bioagent T. harzianum and 

fungicide topsin-M and their interaction on 

the production of okra in the presence of 

fungi causing root rot disease 

The results in table (5) showed that the use of 

bioagent T. harzianum and the fungicide 

topsin-M together significantly reduced the 

negative effect of pathogenic fungi. It was 

treatments of pathogenic fungi F. solani, R 

found that the interaction between the. solani 

and M. phaseolina and the bioagent T. 

harzianum significantly increased the number 

of fruits to 2.40, 2.73 and 5.00 fruit 

respectively, compared with the treatments of 

pathogenic fungi alone, which got a number 

of fruits reached 2.00, 0.80 and 0.20 fruit 

respectively, and led to increase fruit weight 

to 3.70, 3.30 and 3.30 g respectively,  

 

Table (5): Effect of bioagent T. harzianum and fungicide topsin M and their interaction on the 

productivity parameters (Mean±SD) of okra in the presence of fungi causing root rot disease. 

Number of fruits. 
1-lantP 

Weight of particular 

fruit (g) 

Fruit production per 

plant (kg) 

Treatment 

2.00±0.04 1.40±0.68 1.20±2.78 F.s 

2.40±0.20 3.70±0.33 7.20±0.26 F.s+T.h 

1.40±0.34 1.20±0.74 1.66±2.62 F.s+T.h+TM 

1.30±0.42 3.60±0.33 4.20±1.23 F.s+TM 

1.76±0.19 2.10±0.36 5.50±0.67 T.h 

3.36±0.61 3.36±0.27 10.43±1.79 T.h+TM 

0.80±0.64 3.40±0.30 2.50±2.10 R.s 

2.73±0.24 3.30±0.48 12.26±2.71 R.s+T.h 

2.30±0.15 4.50±0.83 15.30±4.23 R.s+T.h+TM 

2.13±0.01 3.30±1.13 7.46±0.31 R.s+TM 

0.20±0.04 3.40±0.28 0.50±3.15 M.p 

5.00±1.47 3.30±0.27 12.70±2.83 M.p+T.h 

1.20±0.46 3.20±0.26 3.50±1.60 M.p+T.h+TM 

0.70±0.72 3.40±1.21 0.40±3.22 M.p+TM 

4.33±1.09 4.30±0.73 17.33±5.24 Control 

0.61 0.16 0.17 0.05L.S.D 

F.s: F. solani, R.s: R. solani, M.p: M. phaseolina, T.h: T. harzianum, and TM: topsin –M.
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compared with the treatments of pathogenic 

fungi alone, which were 1.40, 3.40 and 3.40 g 

respectively. Also the fruit yield per plant 

significantly increased to 7.20, 12.26 and 12.7 

kg respectively, compared with the treatment 

of pathogenic fungi alone, which amounted to 

1.20, 2.50 and 0.50 kg, respectively. They 

were followed by the interaction of F.s + T.h 

+ TM, R.s + T.h+ TM and M.p + T.h + TM, 

which where the number of fruits reached 

1.40, 2.30 and 1.20 fruit respectively, and the 

average weight of the fruit reached 1.20, 4.50 

and 3.20 g and the fruit yield per plant also 

increased to 1.66, 15.30 and 3.50 kg 

respectively, compared with the treatment of 

pathogenic fungi alone, which were 

previously mentioned in the above paragraph. 

The results obtained from the experiment 

showed a great compatibility between the 

fungicide and bioagent T. harzianum in 

reducing the negative effects of the pathogens 

and improving plant growth, these results are 

consistent with the results of many researches 

involving the use of these factors against 

many different pathogens (Juber, 1996; 

Mukhtar, 2008). 

Conclusions 

It was found that T. harzianum has an 

antifungal and inhibitory activity against 

pathogenic fungi causing root rot disease of 

okra R. solani, F. solani, and M. phaseolina. 

Also, it was found that there was a possibility 

of using bioagent T. harzianum in the 

programs of biological control for root rot 

diseases in okra. Finally, there was a positive 

effect of interaction between T. harzianum 

and fungicide topsin–M for reducing okra 

root rot disease and increasing the plant 

growth parameters. 
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