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ABSTRACT 
 
Eleven isolates belonging to genus Trichoderma were isolated from the 

rhizosphere of watermelon roots grown at different localities in Egyptian soil. They 
were morphologically identified as T. harzianum, T. hamatum, T. glaucum, T. reesei 
and T. viride. These five species comprised different eleven isolates which were 
originated from different localities. significant differences in radial growth of the 
different pathogens tested. Also, there was a significant difference between the 
pathogens in dual culture and the control treatment which include the pathogen only.  
Results lead us to conclude that DNA based RAPD provide a reliable method for 
grouping isolates of Trichoderma spp. In addition, analyzing phyllogenetic similarities 
among isolates based on DNA pattern according to RAPD technique. Genomic DNA 
prepared from the eleven Trichoderma spp. isolates was used to screen primer for 

readily detectable and reproducible polymophic PCR amplifications. The PCR 
conditions employed, allowed amplification of many bands on the agarose gel. Bands 
present in each sample were scored for presence and absence of amplification 
products. UPGMA cluster analysis divided in two subclusters; the first one included 
the T. harazianum isolates.  However, the second cluster included the T. hamatum 
and T. glaucum isolates. Meantime, each isolate of T. reesei and T. viride fall in one 
another subcluster showing the lowest similarity with other isolates. Results conclude 
that the differences in DNA profiles among isolates of Trichoderma species not related 

to their geographic origin or biocontrol ability. The biocontrol ability of the tested 
isolates of Trichoderma species under greenhouse condition, against the different 
pathogens using the susceptible watermelon cultivar Giza 1 were studied. Results 
obtained showed the effectiveness of all isolates of Trichoderma species in this 
respect. Results also showed the superiority of T. harzianum and T. hamatum isolates 
as well as T. reesei in some cases against the tested pathogens.   
Keywords: Trichoderma spp., root rot, watermelon, RAPD. 

 

INTRODUCTION 
 
Biological control offers a save alternative approach to the chemical 

control of phytopathogens. biocontrol means reduction in survival or activity 
of the pathogen or a pest resulting from interaction(s) with living organisms it 
plays an important role in pathogen inoculum reduction by attacking pathogen 
structures. Mechanism of biocontrol activity has most often involves one or 
more natural processes e.g. antibiosis, parasitism, competition or lyses. 
Thus, biocontrol agents have become one of the most important components 
of plant disease control. Also, under field conditions, many soil borne fungi 
affect the activity of other fungi. Such fungi influence the natural balance of 
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the soil borne microorganisms. Therefore, such fungi of antagonistic 
characters have been used in the biocontrol of the soil borne pathogens. One 
of the most important biocontrol agents in the soil borne fungi are 
Trichoderma spp. which were isolated from plant rhizosphere as soil borne 
fungi.  There are numerous reports on the use of Trichoderma spp. in 
controlling root rot pathogens (Xue et al. 1995; Miller and Bruton, 1998; El-
Desouky et al.2000; Patricio et al. 2001; Ji et al. 2002; Howell, 2003 and Xue, 
2003). Use of random amplified polymorphic DNA (RAPD based-PCR) to 
asses the genetic diversity and phylogenetic relationships between different 
Trichoderma spp. isolates as well as to distinguish the variation in 
antagonistic ability of the different Trichoderma spp. isolates were reviewed 
by many investigators (Sivakumar et al. 2000; Salama et. al.2002 and 
Maymon et al. 2004) 

Therefore, the present investigation aims to study the antagonistic 
activity of Trichoderma species isolates in dual culture against different root 
rot pathogens of watermelon. Random amplified polymorphic DNA (RAPD 
based PCR) studies were carried out on DNA patterns of different 
Trichoderma spp. isolates using random amplified polymorphic DNA (PCR-
based RAPD). Also, antagonistic activity against some pathogens in pots 
under greenhouse condition was carried out. 

 
MATERIALS AND METHODS 

 
Isolation of the root rot fungi: 

Diseased roots of watermelon plants showing root rot symptoms 
were collected from different growing locations in Egypt. Isolation was done 
using tissues excised from cortical lesions of tap root and lateral roots. The 
surface sterilized samples were plated on potato dextrose agar (PDA) 
medium and incubated at 25˚C for 3-5 days. The growing fungal colonies 
were transferred to PDA. Pathogenic fungi were identified using the 
morphological and microscopical characteristics according to Barnett (1960); 
Domsch et al. (1980) and Nelson et al., (1983). 
Isolation of Trichoderma species: 

The Dilution Plate Method (DPM) was used for the isolation of 
Trichoderma spp. Soil and rhizosphere samples were taken from watermelon 
fields by uprooting the infected plants with great care to obtain most of the 
intact root system. The root system was shaken gently to get rid of most of 
the adhering soil particles. Trichoderma Selective Medium (TSM) was used 
for isolation of Trichoderma species from soil (Elad et al., 1981). The 
developed colonies were marked and transferred onto PDA slants. 
Trichoderma spp. were identified after growing them on 20% malt extract 
agar which they were incubated for two days at 25°C according to Rifai 
(1969) and Bissett (1991). 
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Random amplified polymorphic DNA analysis of Trichoderma spp. 
isolates: 

This experiment was carried out in the Fingerprinting laboratory, 
Plant Pathology Research Institute, Agricultural Research Center, Giza, 
Egypt. 
DNA extraction from Trichoderma spp. isolates: DNA isolation of 
Trichoderma spp. was performed according to the procedures of Al-Samarrai 
and Schmid (2000). For fungal growth synthetic complete medium Anjani and 
Panda (1995). Then 50 ml of medium in 100 ml flask was inoculated with 
each single spore isolate and incubated for 3 days at 28 ºC with shaking. 
Then mycelium was harvested by vacuum and washed with distilled water 
and immersed in liquid nitrogen. 250 mg of fresh weight mycelium were 
ground to a fine powder in liquid nitrogen using a pre-cooled pestle. The 
ground mycelium was transferred to an Eppendorf tube and re-suspended 
and lysed in 500 µl of lysis buffer by pipetting with a Gilson P 1000 pipetman 
(set to 1000µl) until the viscosity of the suspension was significantly reduced. 
Then the formation of froth indicated the detachment of DNA from 
polysaccharides. RNase A (2 µl of 10 mg/ml) was added and the mixture was 
incubated for 5 min. at 37 ºC. To facilitate the precipitation of most 
polysaccharides, protein and cell debris, 165 μl of 5 M NaCl solution was 
added and the components mixed by inverting the tubes several times. The 
suspension was centrifuged at 14000 rpm for 20 min at 4 ºC. The 
supernatant was immediately transferred to a fresh tube and 400µl 
chloroform and 400 µl phenol were added. The solution was mixed by gently 
inverting the tube until the solution becomes milky (usually >50 times). After 
centrifugation for 20 min., the aqueous phase was transferred to a fresh tube 
and extracted with an equal volume of chloroform. The DNA in the aqueous 
supernatant was precipitated with two volumes of 95% ethanol. To free the 
DNA from polysaccharide, the precipitate was re-suspended in 500 µl of lysis 
buffer and mixed by gentle pipetting. Then 165 µl of 5 M NaCl solution were 
added and the tube gently inverted several times. The suspension was then 
chloroform-extracted as described above. Usually, after centrifugation for l0 
min, the aqueous phase was clear and the DNA was precipitated with 95% 
ethanol. On rare occasions, the aqueous phase was still cloudy, in which 
case it was re-extracted with on volume of chloroform before the DNA 
precipitation. The precipitated DNA washed three times with 70% ice-cold 
ethanol, dried and dissolved in 50 µl deionized water and stored at -20 ºC.  
RAPD procedure: RAPD technique based on the polymerase chain reaction 
(PCR) was used to detect RAPD markers using arbitrary 10 - mer primer 
according to Williams et al.   (1990).  The primer was selected randomly from 
a group of sequences with a 60% to 70% (G+C) content and no self-
complementary ends.  Because this primer is 10 nucleotides long, it has the 
possibility of annealing at a number of locations in the genome.  Sequence of 
this primer was as follows: 5’GTTTCGCTCC3’ 
Preparation of PCR reactions: Ready-To-GoTM PCR Beads (Amersham 
Pharmacia Biotech) were used for PCR reactions.  10 ng of genomic DNA 
template, 20 microliter of the primer and sterile distilled water were added to 
a total volume 25 µl to the bead.  Reactions were carried out according to the 
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methods of Williams et al. (1990), with some modifications.  Amplification was 
carried out in a DNA themocycler (PCR unit II Biometra). 
PCR program and temperature profile: The thermal cycler programmed as 
follows: 1- An initial strand separation cycle at 95 °C for 5 minutes. 2- The 
next 45 cycles were composed of a denaturation step at 95°C for 1 min, an 
annealing step at 36°C for 1 min and polymerization step at 72 °C for 2 min. 
3- The final cycle was a polymerization cycle performed at 72 °C for 5 min. 
Amplification product analysis: The PCR products analyzed by 
electrophoretic separation in 1% agarose gel in 1X TAE buffer.  The samples 
were loaded into the wells of the gel and marker DNA (PCR Promega 
G317A) was loaded on the side of the gel to determine the sizes of the DNA 
pattern.  The PCR size marker produces fragments with precisely known 
molecular weights namely; 1000, 750, 500, 300, 150 and 50 base pairs.  Gel 
was run at 75 volts for 3-4 hours and was stained with ethidium bromide. 
Finally, the RAPD patterns were visualized with an UV- transilluminator and 
photographed by a Polaroid camera.  

 Differences among patterns were scanned for band Rf using gel 
documentation system (AAB Advanced American Biotechnology 1166 E. 
Valencia Dr. Unit 6C, Fullerton CA 92631).  The mobility of each fragment 
was measured and recorded and the size in bp of each fragment produced 
was estimated.   
DNA Data analysis: Data analysis was conducted using the Numerical 
Taxonomy and Multivariate Analysis system, Version 2.1 (NTSYSpc) 
according to Rolhf, (1993). Cluster analysis was then conducted on the 
genetic similarities matrix with un-weighted pair-group method based on 
arithmetic average (UPGMA) to develop a dendrogram. 
Antagonistic ability of Trichoderma species in dual culture:  

The antagonistic ability of 11 isolates of Trichoderma spp. was tested 
against seven root rot pathogens of watermelon in dual culture. Cultures were 
incubated in the dark at 25ºC until the growth of the pathogen covered 
completely the check plates. The inhibition of pathogen(s) growth was taken 
as an index of antagonistic ability, which was calculated by comparing radial 
growth of the pathogen colony directly to the biocontrol fungi colony with 
maximum radial growth according to Zhou and Reeleder, (1990);    

Inhibition % = [(R1 – R2) / R1] x 100 where,  
R1 = is the maximum radius of the pathogen colony.  
R2= is the radius of the pathogen colony directly opposite the biocontrol 
agent colony.  

Antagonistic ability of Trichoderma spp. against some root rot 
pathogens in pots under greenhouse conditions:  

Different isolates of each of five Trichoderma species were selected 
to study their effect(s) as biocontrol agents against some watermelon root rot 
pathogens i. e. F. solani and R.  solani under greenhouse conditions. 
Preparation of inocula of the different isolates of the pathogens and 
Trichoderma spp. was done as mentioned before. Two weeks before 
sowing,inocula of Trichoderma spp. isolates were individually mixed 
thoroughly with non-sterilized field sandy loamy soil at the rate of 3% of soil 
weight (w/w).Soil was infested with the individual isolates of the pathogens, 
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one week before sowing.The infested soil was watered and covered with 
plastic sheets in the shade under greenhouse conditions.Soil infested with 
the individual isolates of Trichoderma spp. isolates and pathogens isolates as 
well as their combinations was placed in plastic pots (25 cm diameter). Check 
treatment was infested soil only with individual isolates of pathogens. Seven 
watermelon seeds of the cv. Giza 1 were sown in each pot and each 
treatment was replicated 4 times. Disease incidence was recorded as root rot 
severity (Aegerter et al., 2000) and disease severity index (Kobriger et al., 
(1998) as well as number of surviving plants were estimated at the end of the 
growing period. 

 
RESULTS 

 
Trichoderma spp. isolates obtained were identified as T. harzianum, 

T. hamatum, T. glaucum, T. reesei and T. viride. These five species 
comprised different eleven isolates which were originated from different 
localities as follows:  
1- T. harzianum was the most frequent specie which represented by six 

isolates obtained from different localities i.e. isolates TZ1 and 2 from 
Queisna (Minufiya); isolate TZ3 from Sadat (Minufiya); isolate TZ4 from 
El-Kasassin (Ismailiya); isolates TZ5 and 6 from El-Kanater (Qalubiya). 

2- T. hamatum was represented by two isolates i. e. isolate TM1 selected 
from the isolates obtained from Minufiya governorate (Queisna 
province). While isolate TM2 selected from isolates obtained from El-
Kanater province (Qalubiya). 

3- T. glaucum was represented by one isolate (TG1) obtained from Nubariya 
(Beheira). 

4- T. reesei was represented by one isolate (TR1) obtained from El-Kasassin 
(Ismailiya). 

5- T. viride was represented by one isolate (TV1) obtained from Queisna 
(Minufiya). 

 
Antagonistic activity of Trichoderma species in dual culture: 

The effect of different isolates of five Trichoderma spp. i.e. T. 
harzianum, T. hamatum, T. glaucum, T. reesei and T. viride on radial growth 
and the percentage of inhibition toward the different watermelon root rot 
pathogens was studied in dual culture in Petri dishes. Different isolates of 
each Trichoderma spp. were tested individually against seven root rot 
pathogens i. e. F. solani, R.  solani, F. oxysporum f. sp. nevium, F. 
moniliforme, M. phaseolina, M. cannonballus and P. aphanidermatum (Table, 
1).  

Results given in Table (1) showed significant differences in radial 
growth of the different pathogens tested. Also, there was a significant 
difference between the pathogens in dual culture and the control treatment 
which include the pathogen only. 
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             All T. harzianum isolates showed percentage of radial growth 
inhibition reached less than 50% with different pathogens. T. harzianum 
isolate (TZ4) showed the lowest percentage of radial growth inhibition with F. 
oxysporum f. sp. nevium (27.76%). On the contrary TV4 and TV5 showed the 
highest percentage of inhibition (57.64 and 52.22%, respectively) with the 
pathogen F. moniliforme. All isolates of T. harzianum showed moderate effect 
on the percentage of radial growth inhibition with other pathogens.  

On the other hand, T. reesei and T. viride isolates showed the 
highest percentage of inhibition reached more than 50% in many cases. and 
TR1 showed 61.14% and TV1 showed 64.63 respectively with M. 
cannonballus as well as they showed 60.27% and 56.06 with F. moniliforme 
and 50.17 and 50.90%  with P. aphanidermatum. Meanwhile, they were less 
than 50% with the other four pathogens i. e. F. solani; R.  solani; F. 
oxysporum f. sp. nevium and M. phaseolina.   

Two isolates of T. hamatum showed moderate effect on the inhibition 
of the pathogens growth which showed the high effect on F. moniliforme 
where TM1 and TM2 showed 54.30 and 56.05%, respectively. But the 
percentage of inhibition was lower with the other pathogens; it reached 35.40 
and 40.89% on F. solani; 43.28 and 37.88% on M. cannonballus; 40.02 and 
38.78 on P.  aphanidermatum. Moderate effect was obtained on R. solani 
(47.62 and 48.01%); on F. oxysporum f. sp. nevium (46.92 and 49.21%); on 
M. phaseolina (47.63 and 47.13). On isolate of T. glaucum (TG1) showed 
moderate effect on the inhibition of the pathogens growth. It showed inhibition 
percent started from 28.64% on F. solani and 35.26% on M. phaseolina. But 
it reached more than 40% on other different pathogens. 
Random amplified polymorphic DNA (RAPD) analysis of Trichoderma 
spp. isolates: 

In the present work, we used random amplified polymorphic DNA 
analysis obtained by electrophoretic techniques. Also, we used a 
computerized program for cluster analysis to differentiate among DNA 
profiles of eleven Trichoderma species isolates obtained from the rhizospher 
of watermelon roots grown in different localities in Egypt. These banding 
patterns of Trichoderma species isolates RAPD are shown in (Fig. 1). 

Genomic DNA prepared from the eleven isolates of Trichoderma 
species was used to screen primer for readily detectable and reproducible 
polymorphic PCR amplifications. The PCR conditions employed in this study 
allowed amplification of many bands on the agarose gel. Bands present in 
each isolate were scored for presence and absence of amplification products. 
The primer was chosen to screen the eleven Trichoderma spp. isolates. This 
primer is widely used in the RAPD experiments which had proven to detect 
polymorphism in the absence of specific nucleotide in Trichoderma species 
isolates (Fig. 1).  To illustrate the genetic distance among Trichoderma 
species isolates, a phylogenetic tree was obtained using UPGMA clustering 
method. The dendrogram (Fig. 2) indicated that the clustering of Trichoderma 
species isolates were consistent with the data obtained from the 
morphological identification of Trichoderma species isolates.  

The dendrogram constructed based on similarity levels (SLs) 
generated from cluster analysis of RAPD showed in Fig. (2). The dendrogram 
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arranged isolates of T. harzianum which they belonged to remotely related 
one subcluster. Also isolates of T. hamatum and T. glaucum belonged to 
relate another subcluster, while the isolates of T. viride and T. reesei were not 
related to them and showed low similarity to the two subclusters mentioned 
before.  

The dendrogram was divided into two subcluster (SL = 53.40). The 
higher the SL, the more closely isolates of T. harzianum which were isolated 
from Queisna and Sadat (Minufiya) from El-Kasassin (Ismailiya) and El-
Kanater (Qalubiya) which formed a single subcluster, while the isolates of T. 
hamatum and T. galacum formed the another subcluster. The isolates of T. 
viride and T. reesei showed to be not related to them. But TR1 showed low 
similarity to the two subclusters mentioned before (SL = 39.83%), while, 
isolate TV1 showed very low similarity to other all isolates (SL = 34.56%).  

The observed variation among isolates show that grouping of 
Trichoderma species isolates in these subclusters was not related to their 
geographic origin of isolates.  

Isolates of T. hamatum (TM1 and TM2) showed higher SL, the more 
closely isolates (SL = 94.65%) although they were originated from different 
localities. Isolate TM1 from Minufiya governorate (Queisna province) and 
TM2 from El-Kanater (Qalubiya province). T. glaucum (TG1) obtained from 
Nubariya (Beheira) were related to the two isolates of T. hamatum showing 
SL = 63.25% which all they were related to the six isolates of T. harzianum 
showing SL = 53.40%.  

Also, the observed variation in DNA profiles among isolates was not 
related to their biocontrol ability.     For example, isolates of T. harzianum 
nos., TZ 1, 2, 3, 4, 5 and TZ 6 showed different levels of biocontrol ability 
showing different values of inhibition % with different root rot pathogens; 
however, they belonged to remotely related subclusters. Another example 
was the belonging of isolate of T. viride TV1 obtained from Queisna 
(Minufiya) was not related to other subclusters, although it showed almost the 
same biocontrol ability with TR 1. Also the isolate of T. reesei; TR 1 obtained 
from El-Kasassin (Ismailiya) which occupied one subcluster and were not 
related to other subclusters, although they showed almost the same 
biocontrol ability with TV 1. Results led us to conclude that the differences in 
DNA profiles among isolates of Trichoderma species were not related to their 
geographic origin or biocontrol ability.  
Antagonistic ability of Trichoderma spp. against root rot pathogens in 
pots under greenhouse conditions:  

In this experiment, four species representing eleven isolates of the 
biocontrol agents Trichoderma spp. i. e. T. harazianum, T. hamatum, T. 
glaucum,  T. reesei and T. viride were tested as soil treatment for their effects 
against the most virulent isolates of seven root rot pathogens of watermelon 
i.e. F. solani (isolate No. 3) and R.  solani (isolate No. 2) as shown in  (Tables 
2 and 3). They were tested as biocontrol agents against root rot incidence of 
the susceptible watermelon cv. Giza 1 in pot experiments under greenhouse 
condition. Soil used in this experiment was a non-sterilized field sandy loamy 
soil infested with each pathogen separately. The check treatment used was 
naturally soil inoculated with each pathogen in a separate experiment. 
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Generally, all species of Trichoderma significantly affected the 
incidence of the disease in terms of the number of healthy and infected 
plants. Also, disease index values were assessed.  

  

 
Fig. (1): Polymorphic DNA bands for eleven Trichoderma species 

isolates amplified with random primer and 
electrophoresed in 1% agarose gel.  

M = DNA marker; 1 to 6 = isolates of T. harzianum; 7&8 = two 
isolates of T. hamatuum; 9 = one isolate of T. glaucum; 10 = 
one isolate of T. reesei; 11 = one isolate of T. viride. 

 
Fig. (2): Association among eleven isolates of Trichoderma species 

isolated from rhizosphere of watermelon roots grown in 
different localities in Egypt revealed by UPGMA cluster 
analysis calculated from RAPD data.  
TZ1 to TZ6 = isolates of T. harzianum; TH1 & 2 = two isolates 
of T. hamatuum; TG1 = one isolate of T. glaucum; TR1 = one 
isolate of T. reesei; TV1 = one isolate of T. viride. 
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The results obtained showed that biocontrol agent, Trichoderma spp., 
significantly reduced the root rot incidence and increased the number of 
survival plants (Tables 2 and 3). In general, all tested isolates of Trichoderma 
species tested significantly reduced the values of the disease severity 
indexes and increased the total number of surviving plants. The results 
obtained can be explained as follow: 
A – Fusarium solani:  

This pathogen was the most frequent fungus all over the different 
pathogens and was very aggressive showing high value of disease index 
(91.67). This pathogen was affected by Trichoderma spp. isolates which they 
were tested for their role as biocontrol of root rot incidence on the watermelon 
cv. Giza 1 in pot experiment. Results given in Table (2) showed that 
Trichoderma spp. were effective in reducing the incidence of the disease and 
increasing the total number of survival plants.  
 
Table (2): Effect of different isolates of Trichoderma spp. as biocontrol 

agents against F. solani, one of the root rot fungal 
pathogens, on watermelon cv. Giza 1 in pots under 
greenhouse conditions. 

 
Trichoderma 
spp. 

Mean frequency of healthy and infected plants  
Total 

Survivals 

 
 

Disease Z 
index 

 
Healthy 

(Type 0)Y 

Infected 

Survivals 
(Type 1, 2, 3) 

Dead 
(Type 4) 

No. % No. % No. % No. % 

T. harazianum 
TZ1 
TZ2 
TZ3 
TZ4 
TZ5 
TZ6 

 
0.00 

0.670.
000.0
01.33
2.00 

 
0.00 
7.14 
0.00 
0.00 
19.05 
28.57 

 
4.33 
4.33 
6.67 
6.67 
3.67 
2.33 

 
61.90 
61.90 
95.24 
95.24 
52.38 
33.33 

 
2.67 
2.00 
0.33 
0.33 
2.00 
2.67 

 
38.10 
28.57 
4.76 
4.76 

28.57 
38.10 

 
13 
15 
20 
20 
15 
13 

 
61.90 
71.43 
95.24 
95.24 
71.43 
61.90 

 
41.93 
55.95 
50.00 
50.00 
55.95 
34.71 

T. hamatum 
TM1 
TM2 

 
0.670.

67 

 
9.52 
9.52 

 
2.33 
2.00 

 
33.33 
28.57 

 
4.00 
4.33 

 
57.14 
61.90 

 
9 
8 

 
42.86 
38.10 

 
69.05 
73.81 

T. glaucum 
TG1        

 
0.00 

 
0.00 

 
4.00 

 
57.14 

 
3.00 

 
42.86 

 
12 

 
57.14 

 
67.86 

T. reesei  
TR1 

 
2.67 

 
38.10 

 
3.67 

 
52.38 

 
0.67 

 
9.52 

 
19 

 
90.48 

 
29.76 

T. viride  
TV1 

 
1.33 

 
19.05 

 
3.00 

 
42.86 

 
2.76 

 
38.10 

 
13 

 
61.90 

 
58.33 

Check (F.  solani) 0.00 0.00 2.33 33.33 4.67 66.67 7 33.33 91.67 

L. S. D. at 5  % 0.31  0.26  0.45    0.88 
YInfection Types (IT): 0 = no symptoms. 1 = few lesions (covering < 10 % of root), 

secondary root rot slight; 2 = rot of secondary roots or lesions covering approximately 
25% of the root; 3 = lesions covering at least 50% of the root and dead secondary roots; 
4 = general root rot, most of the root affected, also including pre and post emergence 
damping–off, (Aegerter et al., 2000).  

 Z Diseas Index (D I) = [sum of (disease class × number of plants in class) x 100] ÷ [(total 
plants) × 4], (Kobriger et al., 1998).   

 
The biological effect was clearly reflected on the values of disease 

index. However, there was some difference in the effect of the different 
species of the biocontrol agents as well as between different isolates of 
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species. Different isolates of T. reesei, T. harzianum and T. viride were the 
most effective ones in reducing the disease incidence and consequently the 
values of disease index. In general, all isolates of T. reesei, T. harzianum and 
T. viride reduced the values of disease index to more or less 50%. T. reesei 
TR1showed disease index value (29.76%) while, T. harzianum isolates 
showed disease index ranged from 34.71 to 55.95% and isolate of T. viride 
TV1 showed 58.33% respectively. Two isolates of T. hamatum and one 
isolate of T. glaucum were the least effective ones in reducing the amount of 
disease incidence and consequently the values of disease index. They 
showed high disease index values and low number of total survival plants.  
B- Rhizoctonia solani: R. solani, the soil borne pathogen of root rot, was 
affected by some of the biocontrol agents. Generally, all isolates of different 
Trichoderma spp. tested were effective in reducing the amount of the disease 
compared with check treatment (pots inoculated with R. solani only). Isolates 
of T. harzianum were the most effective ones in reducing the disease index 
values which ranged from 36.90 to 55.95 and consequently increased the 
total number of survival plants. However, isolates of T. hamatum, T. glacum, 
T. reesei and T. viride were less effective which showed disease index more 
than 60%(Table,3). 
 

Table (3): Effect of different isolates of Trichoderma spp. as biocontrol 
agents against R.  solani, one of the root rot fungal pathogens, 
on watermelon cv. Giza 1 in pots under greenhouse 
conditions. 

 
Trichoderma 
spp. 

Mean frequency of healthy and infected plants  
Total 

Survivals 

 
 

Disease Z 
index 

 
Healthy 

(Type 0)Y 

Infected 

Survivals 
(Type 1, 2, 3) 

Dead 
(Type 4) 

No. % No. % No. % No. % 

T. harazianum 
TZ1 
TZ2 
TZ3 
TZ4 
TZ5 
TZ6 

 
0.670.
001.3
31.33
0.330.

00 

 
9.52 
0.00 
19.05 
19.05 
4.76 
0.00 

 
3.67 
5.67 
4.33 
4.33 
5.00 
3.00 

 
52.38 
80.95 
61.90 
61.90 
71.43 
42.86 

 
2.67 
1.33 
1.33 
1.33 
2.00 
4.00 

 
38.10 
19.05 
19.05 
19.05 
28.57 
57.14 

 
13 
17 
17 
17 
16 
9 

 
61.90 
80.95 
80.95 
80.95 
76.19 
42.86 

 
49.52 
55.95 
36.90 
36.90 
55.95 
55.00 

T. hamatum 
TM1 
TM2 

 
0.000.

67 

 
0.00 
9.52 

 
3.00 
4.33 

 
42.86 
61.90 

 
4.00 
2.00 

 
57.14 
28.57 

 
9 

15 

 
42.86 
71.43 

 
69.05 
60.33 

T. glaucum 
TG1        

 
0.33 

 
4.76 

 
4.00 

 
57.14 

 
2.67 

 
38.10 

 
13 

 
61.90 

 
61.24 

T. reesei 
TR1 

 
0.00 

 
0.00 

 
3.67 

 
52.38 

 
3.33 

 
47.62 

 
11 

 
52.38 

 
65.00 

T. viride 
TV1 

 
0.00 

 
0.00 

 
3.00 

 
42.86 

 
4.00 

 
57.14 

 
9 

 
42.86 

 
63.81 

Check(R.  solani,) 0.00 0.00 2.67 38.10 4.33 61.90 8 38.10 86.90 

L. S. D. at 5  % 0.22  0.28  0.12    2.19 
YInfection Types (IT): 0 = no symptoms. 1 = few lesions (covering < 10 % of root), 

secondary root rot slight; 2 = rot of secondary roots or lesions covering approximately 
25% of the root; 3 = lesions covering at least 50% of the root and dead secondary roots; 
4 = general root rot, most of the root affected, also including pre and post emergence 
damping–off, (Aegerter et al., 2000).  

 Z Diseas Index (D I) = [sum of (disease class × number of plants in class) x 100] ÷ [(total 
plants) × 4], (Kobriger et al., 1998).  
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DISCUSSION 
 
The most widely used biocontrol agents in the world are belonged to 

the fungal genus Trichoderma. Trichoderma spp. have been used with 
success against soil borne, seed borne, phyllosphere and storage rot 
diseases (Chet, 1987; Tronsmo and Hjeljord 1998 and Elad, et al., 1998). 
This has culminated in the commercial production of several Trichoderma 
species for the protection and growth enhancement of a number of crops in 
the United States (McSpadden Gardener and Fravel, 2002), and in the 
production of Trichoderma species and mixtures of species in India, Israel, 
New Zealand, and Sweden (Howell, 2003). 

Trichoderma species have many advantages as active biocontrol 
agents against many fungi. They have rapid growth rate in culture, produce of 
numerous spores (conidia) and great arsenal of inducible polysaccharides-
degrading enzymes. Thus, it can be propagated on a wide variety of carbon 
sources, so it is easy to find a reasonability cheap substrate for biomass 
production of the biocontrol agent (Amer, and El-Desouky, 1999). It is now 
possible to design media and growth conditions that stimulate these fungi to 
produce the type of biomass appropriate to the intend application (Tronsmo 
and Hjeljord 1998; Amer and El-Desouky, 1999 and Vinzant et al., 2001). 
Another advantage is the wide range of environmental conditions tolerated by 
the various Trichoderma species and isolates (Tronsmo and Hjeljord 1998). 

In the present study, T. harzianum, T. hamatum, T. glaucum, T. 
reesei and T. viride were isolated from the rhizosphere of watermelon plants 
and from the surface of infected root tissues and differentiated on the basis of 
conidiophores patterns and conidial morphology described by Rifai, (1969) 
and Bissett (1991). Results obtained In vitro showed that all Trichoderma 
species reduced radial growth of the different pathogens in dual culture. T. 
reesei and T. viride isolates showed the highest percentage of inhibition 
reached more than 50% in many cases while T. hamatum and T. glaucum 
isolates showed moderate effect on the inhibition of the pathogens growth. 
Meantime, all T. harzianum isolates showed percentage of radial growth 
inhibition reached less than 50% with different pathogens. 

DNA analysis obtained by RAPD technique in the identification and 
taxonomy of filamentous fungi was used with Trichoderma spp. In the present 
investigation results lead us to conclude that DNA based RAPD provide a 
reliable method for grouping isolates of Trichoderma spp. Also, there was a 
positive correlation between degrees of dark bands which appeared in the 
picture after staining according to RAPD technique  

We are now testing the biocontrol ability of Trichoderma spp. isolates 
collected from different localities in Egypt with their reaction to root rot 
pathogens of watermelon and analyzing phyllogenetic similarities among 
isolates based on DNA pattern. These studies will provide a basis for 
evaluating the biocontrol ability of isolates specialization in Trichoderma spp. 
taking into account the impact of geographic isolation and distribution in 
relation to their DNA patterns. Moreover, Phyllogenitic relationship between 
isolates not related to their geographic origin or biocontrol ability. 
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RAPD markers made it possible to observe genetic variability in the 
DNA sequences.  RAPD method offers great potential for generating large 
numbers of markers representing a random sample of the genome and has 
efficiently been used to give reliable and reproducible results for estimating 
the genetic variation. 

The primer showed a high number of scorable bands.  This number 
of fragments is expected because the number of different amplification 
products for each primer depends upon the primer sequence, the genomic 
sequence and the genome size. 

Genomic DNA from two different individuals often produces different 
amplification fragment patterns. A particular DNA fragment which is 
generated for one individual but not for another represents a DNA 
polymorphism and can be used as a genetic marker.   

The dendogram showed two clusters; the first one included the T. 
harazianum isolates.  However, the second cluster included the T. hamatum 
isolates. This indicates the ability of the RAPD similarity technique to 
differentiate among Trichoderma species isolates according to their genetic 
similarity levels. This indicates that biocontrol ability of Trichoderma species 
isolates understudy not related with the genetic similarities among isolates. 
Therefore, it is important for the researcher to prescreen the genetic 
similarities among the Trichoderma species isolates before their involving in 
large scale programs of application. 

The use of RAPD based-PCR to asses the genetic diversity and 
phylogenetic relationships between different Trichoderma species in relation 
to their variation in antagonistic ability was used by many investigators 
(Lexova et. al., 1998; Muthumeenakshi et. al., 1998; Yli-Mattila et. al., 1999; 
Abbasi-Pervaiz et al., 1999; Sivakumar et al., 2000; Salama et. al., 2002 and 
Maymon et al., 2004).    

Trichoderma species are active as hyperparasites. Generally, all 
species of Trichoderma species significantly affected the incidence of the 
disease in terms of the numbers of healthy and infected plants. Also, disease 
index values were assessed. Trichoderma spp. which significantly reduced 
the root rot incidence and increased the number of survival plants. Under 
greenhouse condition, the effectiveness of the boiagents was tested against 
the different pathogens using the susceptibe watermelon cultivar Giza 1. 
Results obtained showed the effectiveness of T. harzianum in this respect. 
Results obtained showed the superiority of T. harzianum isolates against the 
most of the tested pathogens and were varied in their effects on the seven 
pathogens. Successful biological control of soil borne pathogens by infesting 
the soil with cultures of Trichoderma spp. has been described (Wells et al., 
1972 and Elad et al., 1981). Generally, the application of biocontrol agents 
reduced the incidence of root rot and increased the survival plants. T. 
harzianum were the most effective in biocontrol of different soil borne 
pathogens. Similar findings were obtained by (Kurzawinska, 1992; Zhao et 
al., 1998 and Ji et al., 2002). 

It could be concluded that, Trichoderma species are easily isolated 
from the rhizosphere of rotted plants and from the surface of infected root. 
They are now present as soil borne fungi and established in the Egyptian soil 
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which affects the prevalence of many pathogens. In addition, the efficiency of 
its effect of these biocontrol fungi can be increased by increasing their 
population in the soil and / or selecting and applying the effective isolates 
which finally increase their efficiency against most pathogens. But, handling, 
carriers, storage, formulation and delivery system of these biocontrol agents 
remains the major problem in the application at large scale. 
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ننع يينب سييتام تنتيل ييحن لي ييون لاييووهنوتف  ل يي لفطييتنتت دومت يي نتوصيي أنواييو  ن 

  لبط خنفىنجذوت ل سبب تن تون فنن
نون3،ن  جيييييمدن ي يييييمن لتيييييو جتهن2،نشيييييومىن ي يييييمن لمسيييييومىنن1 ي يييييمنوي يييييمن يييييوو

ن2شت أن ي من لجا  اى
نوتنـن صتدل ةن لزت  ةنـنج  عةن ل اوف ةنـنشب نن لد -1
 ـن لج زدنـن صتن ع منبيوثنو ت ون لاب تنـن تدزن لبيوثن لزت   ةن -2
نوم ةلسعلعتب ةن  ـن ل  لدهنن ل دت ةنقتهنـن دهـنج  عةنوتن لنللط لب تندل ةن لعلوتن لتطب ق ة -3

ن

 تحت ظروف الحقلليعتبر البطيخ من أهم محاصيل الخضر القرعية التي تزرع في مصر 
 ناف عاليةاستخدام العديد من الأص من رغمبالو .لسد احتياجات المستهلك فيةالمفتوح في العروة الصي

ن ملأو المجموع الخضري تحد  المحصول في الزراعة إلا أن الإصابة بالأمراض سواءً على الجذور
تلدد   التلي دلدر وبالعديد من الأمراض الخطيرة واسلعة الانتالا البطيخالإنتاجية حيث تصاب نباتات 

سة هذه الدرا توتركز .نقص واضح في المحصول يدد  الى اتات ودلة عددها وبالتاليإلى موت النب
لفطريلات التضلاد الحيلوي ملن  فلاق ودراسلة التطفلل ال أملراض عفلن الجلذور الفطلر مسلببات عللى 

 تلخصت نتاقج هذه الدراسة فيما يلى: وددجنس تريكودرما على هذه المسببات. 
  كفلر ناط  مختلفة املت محافظات القليوبيلة  المنوفيلةجمع عينات نباتية مصابة من متم  

ة ات الممرضلحيث تم عزل الفطري ، دمياط، المنيا، الأسماعيليه، امال سيناءالايخ  البحيرة  الددهلية
   كاقن التضاد الحيلو . Trichodermaبالأضافه للفطريات من الجنس  وكذلك الفطريات المصاحبة
 :فطرياتالأوضحت الدراسة عزل 
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Fusarium solani, Fusarium oxysporum f.sp. nevium, Fusarium 
moniliforme, Monosporascus cannonballus, Fusarium equesti, 
Fusarium chlamydosporum, Rhizoctonia solani, Pythium 
aphanidermatum, Macrophomina phaseolina, Fusarium 
chlamydosporum and Trichoderma spp., Alternaria spp., Aspergillus 

spp. and   Rhizopus spp. 
تريكودرملا وهلي:  فطر تريكودرماالجنس  خمسة أنواع منبين عزلات  ضادالتدراسة تم  

ي فل  يكودرملا ريسلا  ، تريكودرملا فيلرد هارزيلانم ، تريكودرملا هاملاتم ، تريكودرملا جللوكم ، تر
 وهي: بعهالس الممرضه ضد الفطريات المزارع المزدوجة على أطباق بتر 

F. solani, R. solani, F. monoliforme, F.oxysporum f. sp. nevium, 
Monosporascus cannonballus, Macrophmina phaseolina, and Pythium 
aphanidermatum 

 يلاتفلي ذللك الفطر هارزيلانم يليلهالفطلر تريكودرملا ودد أوضحت النتاقج المعمليلة تفلوق .
 .تبرةالمخفطريات الممرضة لبية العن بادي الفطريات ضد غاتريكودرما هاماتم ، تريكودرما جلوكم 

عزله من  11عدد  ودد إستخدم في هذه الدراسة  DNAمحتوي الحمض النوو   ةسادرتم 
م إسلتخد RAPDوأجري تحليل ودراسة الحزم الناتجلة علن التفريلد بطريقلة  تريكودرماأنواع الفطر 

لتطفلل علزلات عللى ابكفاءة هذه المرتبط  Markerفيها البادئ المناسب لإظهار الفروق لإيجاد معلم 
عللن بعضللها الللبعض مللن حيللث  عللزلاتودللد أظهللرت النتللاقج اخللت ف ال . الفللاق  والتضللاد الحيللو  

نلوع ل كلعلزلات لالمتالابهة دعً وامالاحتواقها على مناط  الاخت ف أو التاابة ودد أمكن الكاف عن 
نلاء بهلذه العلزلات  أسللوب التحليلل العنقلودي لتصلنيف أيضا تلم تطبيل و تريكودرمامن أنواع الفطر 

 مودللد انقسلل وتللم التعبيللر عللن النتللاقج فللي فينللوجرام. DNAعلللى مابينهللا مللن درجللة درابللة فللي أنمللاط 
م تريكودرمللا ةهارزيللان الفطللر  إلللى مجمللوعتين االلتملت المجموعللة الأولللى علللى عللزلات فينللوجرامال

 ،كودرمللا جلللوكم تري. أمللا الفطريللات  تريكودرمللا هامللاتم والمجموعللة النانيللة علللى عللزلات الفطللر
ن قللد ودللع كللل منهللا فللي مجموعلله منفللردة بعيللدة القرابللة عللتريكودرمللا ريسللا  ، تريكودرمللا فيللرد  ف

تصلللح  RAPDطريقلة المفكلك بواسللطة  DNAأظهللرت الدراسله أن أنمللاط المجموعلات الأخلر .  
ت فات فى خأن الا و ى ع دة القرابه بين هذه العزلاتبناء علتريكودرما  للتفرده بين عزلات  الفطر

على  عار تحت الدراسه ليست مرتبطه بمنااها الجغرافى أو ددرتهاحدىبين العزلات الأ DNAأنماط 
 .التطفل الفاق  والتضاد الحيو 

تحلت ظلروف  تريكودرما فطرالأحد  عارة عزله تحت الدراسه من  تأنيرودد تم اختبار 
ودلد  (1)جيلزة القابل للإصلابة  يخبطصنف ال الممرضه على بعض الفطريات الصوبة الزجاجية ضد

يلات وأنله دلد اختلفلت جميلع فطر الحيويلهأوضحت النتلاقج كفلاءة تللك الفطريلات فلي عمليلة المقاوملة 
و هارزيلانم تريكودرملا الفطلر  علزلات ملع تفلوق التضاد الحيو  في تأنيرها حسب الفطلر المملرض

  .تريكودرما ريسا  لفطرا يليه فى بعض الحالات عزلات تريكودرما هاماتم الفطر عزلات
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Table (1): Radial growth and percentage of inhibition of seven watermelon root rot pathogens using eleven isolates 
of Trichoderma spp. in dual culture on PDA media. 

 
Trichoderma 
spp. 

Pathogens / Radial growth inhibition %Y 
 

F.  solani RG Z      
% 

inhibition 

R. solani 
 

RG        % 
inhibition 

F oxysporum 
f. sp. nevium 

RG         % 
inhibition 

F.moniliforme 
 

RG        % 
inhibition 

M. 
phaseolina 
RG        % 
inhibition 

Monosporascus 
cannonballus 

RG        % 
inhibition 

P. 
aphanidermatum 

RG        % 
inhibition 

T. harazianum 
TZ1 
TZ2 
TZ3 
TZ4 
TZ5 
TZ6 

 
4.97      40.58 
4.97      41.65 
4.70      41.87 
4.77      39.44 
4.93      36.26 
5.03      41.79 

 
4.53      45.50 
4.53      45.67 
4.40      43.80 
4.20      38.94 
4.57      35.04 
4.47      41.05 

 
4.17      40.79 
4.00      39.17 
3.80      42.59 
4.17      27.76 
4.13      39.49 
3.20      45.70 

 
3.27 30.57 
3.63 38.26 
2.97 37.50 
3.07 57.64 
3.20 52.22 
3.07      61.95 

 
4.83 44.60 
4.90 42.21 
4.63 42.44 
4.37      46.00 
4.73      37.35 
5.20      38.53 

 
3.50     45.12 
4.13     42.74 
4.23      30.98 
4.77      36.94 
4.63      35.17 
4.20      41.26 

 
4.07 48.19 
4.10 47.07 
4.03 42.21 
4.10 37.45 
4.13 41.95 
4.07      37.72 

T. hamatum 
TM1 
TM2 

 
4.80      35.45 
4.30      40.89 

 
4.13      47.62 
4.03      48.01 

 
4.13      46.92 
4.00      49.21 

 
3.00      54.30 
2.73      56.05 

 
4.63      47.63 
4.53      47.13 

 
3.70      43.28 
4.30      37.88 

 
3.93 40.02 
4.03      38.78 

T. glaucum 
TG1        

 
5.50      28.64 

 
4.33      41.08 

 
4.37      44.26 

 
3.97      48.76 

 
5.30      35.26 

 
3.83      48.70 

 
3.83      41.07 

T. reesei 
TR1 

 
5.13       35.17 

 
4.03       47.83 

 
4.43      41.36 

 
3.03      60.27 

 
4.30      41.91 

 
2.67      61.14 

 
4.00      50.17 

T. viride 
TV1 

 
4.87      37.04 

 
4.47      41.67 

 
4.10      49.63 

 
3.03      56.06 

 
4.93      43.39 

 
2.10      64.63 

 
3.43      50.90 

Control 
LSD at 5% 

9.00 
0.55 

9.00 
0.37 

9.00 
0.36 

9.00 
0.37 

9.00 
0.43 

9.00 
0.43 

9.00 
0.97 

Y Percentage inhibition of radial growth was calculated by (R1 – R2) / R1 x 100, where R1 is the maximum radius of the pathogen colony and R2 is 
the radius of that part of the pathogen colony directly opposite the biocontrol agent colony (Zhou and Reeleder, 1990).    

Z Radial growth (cm) was measured when the control treatment covered the Petri dish. 

 


