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ABSTRACT 
 

Strawberry is one of the most important crops in Egypt for exportation due to the good 
characteristics and early appearance in market. Several fungi have been reported to attack strawberry 
roots i.e. Rhizoctonia solani, Fusarium solani, F. oxysporum and Macrophomina phaseolina causing 
root rot diseases. These diseases cause economic losses in strawberry and a wide range of other 
cultivated plants. Isolates of Trichoderma as “Trichoderma album, T. harzianum, T. viride, T. 
hamatum” and commercial preparations “Plant Guard” were used in this study in vitro against 
isolated root rot pathogens. Maximum growth inhibition of tested pathogens was achieved by T. 
harzianum (74.67 mm) followed by T. album (71.29 mm) meanwhile, T. hamatum recorded lowest 
antagonistic effect (57.21 mm). All tested antagonists were used as suspension (30×106 spore/ml) and 
reduced the incidence of root rot disease under field conditions. T. harzianum, T. album, T. viride and 
Plant Guard were the most effective antagonists as shown by the highest efficacy in plants survival, 
where they gave 77.0, 72.0, 72.0 and 45.0% in season 2015/16 whereas they gave 67.2, 63.4, 56.7 and 
51.5% in season 2016/17, respectively as well as those treatments scored highest best fruits yield 
under field conditions. Moreover application of these antagonists recorded the highest increase in total 
phenols, total nitrogen percentage and total chlorophyll of strawberry in comparison with the control. 
On the other hand, T. hamatum showed the lowest effect. This trend was true during the two 
successive growing seasons 2015/16 and 2016/17.  
 
Key words: Strawberry (Fragaria ananassa), Trichoderma spp., commercial biological control 

preparations, Rhizoctonia solani, Fusarium solani, F. oxysporum,  Macrophomina 
phaseolina. 

 
Introduction 
 

Strawberry (Fragaria ananassa Duch.) is one of the most economically important crops 
worldwide. It is grown under a wide  range  of  climatic  conditions  as  wild  and  cultivated  plants  
producing  small delicious  fruits (Kurze et al., 2001).  Strawberries are appreciated worldwide for 
their unique flavor, importance as a source of macronutrients and beneficial dietary compounds 
(Bianco et al., 2009) with benefits on neurodegenerative and cardiovascular (Bombarely et al., 2010). 
Strawberry plants reported to be infected by several soil borne pathogens causing root rot (Fang et al., 
2012).  Black  root  rot  is  a  complex  disease  caused  by  one  or  more  of  fungal  pathogens,  
including  Fusarium oxysporum  (Juber et  al., 2014 ), Macrophomina phaseolina  (Madkour and Aly, 
1981 and Hutton et al. , 2013), Pythium  spp. (Abdel-Sattar et al., 2008),  Phytophthora  spp. 
(Mingzhu, 2011) and  Rhizoctonia spp. (Fang et al., 2013). This complex disease is characterized by 
feeder rootlet killing, deterioration and blackening of the main root system, and a decline in vigor and 
productivity of the plant stand causing damage to the host and considerable reduction in the yield 
(Abdel-Sattar et al., 2008; Fang et al., 2012; Ceja-Torres et al., 2014). 

Although chemical control, sometime achieves considerable results, though it causes negative 
impact to environment and human health. This enforces operators to work hard to avoid these toxic 
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chemicals and replace them with safe products. Biological control is one of the most promising and 
safe measure in this respect. Biocontrol agents work through different mode of actions. This helps 
biocontrol agent to be more durable, more effective and without any chemical residues in human food 
chain (Hennis et al., 1983; Choudhary and Johri, 2009 and Ahmed, 2013). Trichoderma harzianum 
can be considered as ideal biocontrol agent for its good characteristic. This antagonist is very easy to 
be isolated and it grows rapidly on organic stuff. T. harzianum acts through different modes of action 
i.e. mycoparasitism (Lumsden et al., 1995; Abada, 2002 and Ahmed, 2013), production of antifungal 
substances (Robinson et al., 2009), also it owns an enzymatic system that causes destruction of the 
pathogens (Elad and Kapat, 1999 and Ziedan et al., 2005). In addition to these modes of action, 
Trichoderma also acts as inducer for resistance in treated plants against certain pathogens (Homer, 
1993; Harman, 2006 and Ahmed, 2005) and can grow within wide range of temperature and other 
environmental conditions (Bailey et al., 2008; Singh et al., 2010 and Zaman et al., 2015).  The 
pathogenicity of the selected four isolates of R. solani was evaluated against strawberry and isolate 
SR1 was selected as the test pathogen due to its highest virulent (95.47% mortality) characteristics 
(Zaman et al., 2015).  

Using T. harzianum and T. viride as seedling dressing for strawberry suppression of root rot and 
improving yield components has long been tried (Sullivan, 2004). This synergistic effects is due to the 
dual effect of bioagent which produce growth regulators (Karlidag et al., 2012) in addition to the 
chemical effect of antioxidant which play a clear role in improving plant physiology and metabolism 
(Hernandez et al., 2011). Trichoderma asperellum, Bacillus megaterium and B. laterosporus showed 
in vitro the high significant in inhibiting radial growth of M. phaseolina and F. solani by more than 
36%. T. asperellum was also the most effective for reduction of crown and root rot caused by F. 
solani (up to 100% in a greenhouse and up to 81% under field conditions) (Pastrana et al., 2016). 
Trichoderma album, T. hamatum, T. harzianum and T. viride were reported to significantly reduce the 
mycelial growth of F. solani and R. solani. In addition, it gave the highest plant survival percentage 
and improved yield component. Results showed that the levels of chitinase, peroxidase and 
polyphenol oxidase activity were highly increased in treated strawberry plants compared to un-treated 
ones (Cherif et al., 2007; Latha et al., 2009; Saksirirat et al., 2009 and Prlak and Kose, 2009). 
Treatments with high effect on plant protection and disease reduction were combined with increase in 
amount of total phenols and protein (El-Rifai et al., 2003; Cherif et al., 2007 and Sriram et al., 2009) 
in addition to, increase in amount of total sugars and chlorophyll. 

The present work aimed to decrease using of fungicides in agriculture to produce high quality 
food in sufficient quantity and to enhance biodiversity system. In addition, an attempt was tried to 
find out the most suitable bio agent that has the ability to protect strawberry plants against some 
soilborne fungal diseases. 

 
Materials and Methods 
 
1- Laboratory studies: 

 
1-1- Isolation of the root rot pathogens: 

 
Samples of diseased strawberry plants were collected from Mitt Kenana village, Toukh, 

Qalyubia Governorate, Egypt. The infected roots were washed, air dried, surface sterilized in 1% 
sodium hypochloride solution for 3 minutes, washed several times with sterilized distilled water and 
dried between two sterilized filter papers. The sterilized root fragments were aseptically transferred to 
plates containing gliotoxin fermentation agar (GFA) medium (Brian and Hemming, 1945). Plates 
were incubated at 25C for seven days. The developed mycelial growth was picked up and transferred 
onto new GFA medium. Purification of each isolated fungus was carried out using the hyphal tip 
technique (Brown, 1924 and Hawker, 1956). Identification of the isolated fungi were carried out 
according to their cultural and morphological characteristics described by Gilman, (1957); Barnett and 
Hunter (1987) and Singh (1982). Stock cultures were maintained on GFA slants and kept in a 
refrigerator at 5C for further studies. 

 
 



Middle East J. Appl. Sci., 7(3): 482-492, 2017 
ISSN 2077-4613 

484 

1-2- Isolation of the antagonistic microorganisms: 
 
Roots of apparently healthy strawberry plants collected from heavily infested field. Their 

rhizospheric soils were used to isolate different antagonistic microorganisms using the method 
described by Ahmed (2005). One gram of rhizosphere soil was added aseptically to 99 ml sterile 
water (to make stock dilution of 1/100) and was shacked periodically for approximately 15 minutes 
and serial dilutions up to 10-4. Autoclaved peptone dextrose agar + rose Bengal + streptomycin 
medium (Johnson et. al., 1960) was used for isolating the antagonistic fungi.  

One ml of each dilution was aseptically transferred to sterilized Petri-dishes; containing about 10 
ml of melted warm agar medium and three plates were used for each dilution. All plates were 
incubated at 25±1°C for 4 days. The isolated microorganisms, which grew in separate colonies, were 
selected, purified then sub-cultured and identified according to their morphological, cultural 
characters (Comm, 1955; Rifai, 1969 and Schleifer, 2001). Identification was confirmed at the Dept. 
of Mycology and Plant Disease Survey Research, Plant Pathology Institute, ARC, Egypt. 

 
1-3- Pathogenicity tests: 

 
Pathogenicity tests were carried out in a greenhouse located at Moshtohor Farm, Fac. of 

Agriculture, Benha University. Plastic pots 20 cm diameter were sterilized by dipping in 5% formalin 
solution for 5 min and then left in open air till dryness. Disinfected clay loam soil (with 5% formalin) 
was distributed in plastic pots (3.0 kg sterilized soil and infested by 10 g of corn sand meal (CSM) 
medium inoculated by Rhizoctonia solani, Fusarium solani, F. oxysporum and Macrophomina 
phaseolina separately. CSM medium enriched with 0.2% peptone solution (Ahmed, 2005 and Ahmed, 
2013). Soil infestation was performed 10 days before sowing tested crop. Festival cultivar of 
strawberry transplants obtained from Horticulture Institute, ARC, Giza, were used in this experiment. 
Transplants were transplanted in the potted infested or non-infested (control) soil at the rate of two 
transplants per pot and each replicate contained twenty plants in ten pots. Three replicates were used 
for each treatment. Planted pots were kept under normal open greenhouse conditions. Strawberry 
plants were examined periodically (every week for seven weeks). Percentages of dead plants show 
damping off symptoms were recorded to determine virulence of each pathogen under test. Pathogenic 
fungi were re-isolated from infected plants and Koch's postulates were followed. Data were recorded 
as percentage of disease incidence in each treatment. 

 
1-4- Antagonistic potentiality of the antagonists against soil-borne pathogens: 

 
The effect of different antagonists e.x. isolated Trichoderma spp. and commercial preparation 

“Plant Guard” which, consists of Trichoderma spp. 30x106 spore/ml (was obtained from Bio Egypt, 
Sadat City, Menofia Governorate, Egypt) were screened against the linear growth of the isolated 
pathogenic fungi under laboratory conditions. Trichoderma album, T. harzianum, T. viride, T. 
hamatum isolated from rhizospheric soil of healthy strawberry plants and commercial preparation 
“Plant Guard” were evaluated during this study. Unless otherwise mentioned, the gliotoxin 
fermentation agar (GFA) medium was used for growing fungi. The antagonistic fungi and the 
commercial preparation suspensions were added to warm sterilized GFA medium at the rate of 10% 
and poured before solidification into Petri dishes (10 ml/plate). Each of the treated plates was 
inoculated at the center with discs obtained from the periphery of 5 days old cultures of R. solani, 
Fusarium solani, F. oxysporum and Macrophomina phaseolina. Plates contained media without 
antagonists and inoculated only with abovementioned pathogens were served as control treatment. 
Three plates were used for each particular treatment. Inoculated plates were incubated at 25±1C.  

The experiment was terminated when mycelial mats covered the medium surface in control 
treatment, all plates were examined and percentage of reduction in mycelial growth of pathogenic 
fungi means were calculated using the formula suggested by Ahmed (2005) and Ahmed (2013) as 
following: 
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Where: G1: growth of pathogenic fungi in plates inoculated with the pathogen alone, G2: growth 
of pathogen against antagonist. 

 
2- Field experiments: 

 
All field experiments, unless otherwise indicated, were carried out under field conditions during 

2015/16 and 2016/17 growing seasons at El Sobky farm, Mitt Kenana village, Toukh, Qalyubia 
Governorate, Egypt, where soil is light loamy textured with natural infestation. Nile water is available 
in this area with drip irrigation system. Plots (each of 1.2 x 5m) were used as replicate. Three 
replicates were used for each treatment in addition to, control treatment were used. Each replicate 
contains 100 strawberry transplants. All strawberry transplants received the same fertilizers and 
irrigation regime. In all experiments strawberry cultivar Festival was used and dipped in diluted (1:50) 
as recommended dose of different bio agent preparation as suspension at concentration of 
30×106spore/ml separately for 30 minutes then mixed with 5% Arabic gum and 5% potassium soap to 
increase adhesive capacity and improve distribution of bio agent on the surface of treating transplant, 
just before transplanting. Transplants were soaked in water only for the same period to act as control. 
All experiments were designed in complete randomize plots design.  

 
3- Disease and total yield assessments:  

 
In greenhouse and field experiments; percentages of disease incidence of root rot diseases were 

determined 7-weeks post transplanting (49 days from transplanting) according to the method 
described by Ahmed (2005) and Ahmed (2013) as follow:-  

Disease incidence of root rot % = 100 X 
plants ofnumber  Total

plants rottedroot  ofNumber  

The survived plants were counted, uprooted and used for determining the yield components of 
strawberry. The total strawberry yield (ton/feddan) for each treatment was recorded for each growing 
season. 

 

4- Determination of biochemical components: 
 

The survived plants were counted, uprooted and used for determining the yield components of 
strawberry. Leaves samples of treated plants were collected from each treatment to study the 
biochemical contents (total phenols, total sugar, total nitrogen percentage and total chlorophyll) in a 
trial to correlate these components with disease incidence. Collected samples were prepared to 
determine total sugars using method developed by Thomas and Dutcher (1924), and were expressed 
as milligram glucose per gram dry weigh (mg/g DW) for each treatment. Total phenols were also 
determined using method developed by Simons and Ross (1971), and were calculated for each 
treatment as milligrams of gallic acid per one gram dry weight (mg GA/g DW) according to standard 
curve of gallic acid. Protein (total nitrogen %) and chlorophyll content also determined using method 
developed by Nornai (1982). All bio-chemical analysis of strawberry plants was carried out at the 
Plant Pathology Department, Faculty of Agriculture, Benha University, Egypt. 

 

5- Statistical analysis: 
 

Data were subjected to statistical analysis and compared according to the least significant difference 
(L.S.D.) as mentioned by Snedecor and Cochran (1989).  

 

Results and Discussion 
 

1- Laboratory studies: 
 

1-1- Isolation and identification of strawberry root rot pathogens: 
 
Data in Table (1) indicate that isolated fungi are Fusarium oxysporum, F. solani, Rhizoctonia 

solani and Macrophomina phaseolina. Rhizoctonia solani was the most frequently isolated fungus 
(40.0%) from the rotted samples of strawberry plants collected from El Sobky farm, Mitt Kenana 
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village, Toukh, Qalyubia Governorate, Egypt. Identification was carried out according to the cultural 
and morphological characters and confirmed at the Dept. of Mycology and Plant Disease Survey 
Research, ARC, Egypt. This because these fungi do prefer the high temperature 25-40 °C according to 
Geng et al., (2012). 
 
Table 1: Frequency (%) of isolated fungi from the rotten roots of strawberry which collected from Qalyubia 

Governorate 

Isolated fungi 
Frequency of isolated fungi 
No. % 

Fusarium oxysporum (Schlecht) 5 16.7 
F. solani (Mart.)  6 20.0 
Rhizoctonia solani (Kuhn) 12 40.0 
M. phaseolina (Tassi) Goid 7 23.3 
Total 30 100 

 
1-2- Pathogenicity tests: 

 
Data in Table (2) shows that the most dangerous effects of R. solani, M.phaseolina, F.oxysporum 

and F.solani have occurred after 49 days from transplanting. R. solani caused the highest effect on 
root rot incidence (63.67%), followed by M.phaseolina (54.67%), respectively. The opposite trend 
was recognized for F. solani that showed the lowest records (34.33%) for root rot diseases and 
showed the highest percentage 65.67% on standing plants (7-weeks post transplanting). These 
variations might be due to different root rot exudates produced by different varieties. These root 
exudates act as stimulator or suppressor for the saprophytes in the rhizosphere of plants consequently 
it increase number of saprophytes around roots and protect root from infection or clean up the 
saprophytes and prepare stage for pathogen to invade healthy root causing root rot (Xue Jing et al., 
2011). 
 
Table 2: Pathogenicity test of isolated fungi on strawberry (cv. Festival) under greenhouse conditions 49-days 

post transplanting 
Tested fungi Disease incidence (%) Plant survival (%) 
Fusarium oxysporum (Schlecht) 45.33 54.67 
F. solani (Mart.)  34.33 65.67 
Rhizoctonia solani (Kuhn) 63.67 36.33 
M. phaseolina (Tassi) Goid 54.67 45.33 
Control "Untreated" 0.00 100.00 
L.S.D at 5% 1.915 1.915 

 
1-3- Effect of some antagonists on the linear growth of the pathogenic fungi: 

 
Data in Table (3) shows variation in antagonism between all the isolated antagonists, plant guard 

and the pathogenic fungi in concern. The highest decrease in growth of F. solani, F. oxysporum, M. 
phaseolina and R. solani was produced by T. harzianum where, the reduction in growth was 83.43, 
78.53, 67.10, and 69.50%, respectively. The corresponding figures of growth reduction produced by 
T. album were 77.53, 72.67, 66.53, and 68.43%. T. hamatum however, showed less antagonistic 
effects (55.70, 63.27, 56.53 and 53.33%) compared to these produced by either T.harzianum or, T. 
album, T.viride, and similar trend may be recognized by Plant Guard. This phenomenon might be 
explained in the light of fact that different pathogens own different defense mechanisms against 
enzymes and toxic substances that produced by different antagonists (Tuner, 1971; Ahmed, 2005; 
Abdollahi et al., 2012 and Ahmed, 2013). Many researchers demostrated that  Trichoderma spp. 
degraded the cell wall of pathogen due to the production of lytic enzymes such as chitinases, 
peroxidase, polyphenoloxidase and glucan 1-3 β-glucosidases (Pieta and Pastucha, 2004; Mausam et. 
al., 2007 and Ahmed, 2013) or viridian by T. viride (Webster and Lomas, 1964 and Mishra, 2010). 
 
 



Middle East J. Appl. Sci., 7(3): 482-492, 2017 
ISSN 2077-4613 

487 

Table 3: Effect of some antagonists on the reduction in linear growth (%) of the pathogenic fungi after 
incubation at 25±1°C for 5 days 

Antagonists 
%  Reduction in growth of pathogenic fungi 

F. solani F. oxysporum M. phaseolina R. solani Mean 
T. album 77.53 72.67 66.53 68.43 71.29 
T. harzianum 83.43 78.53 67.10 69.50 74.64 
T. viride 74.57 70.03 65.47 61.23 67.83 
T. hamatum 55.70 63.27 56.53 53.33 57.21 
Plant Guard 63.30 61.30 64.80 60.67 62.52 
Control "Untreated" 0.00 0.00 0.00 0.00 0.00 
Mean 59.09 57.63 53.41 52.19  
L.S.D at 1% for  
Pathogenic fungi (P) = 0.064  Antagonists (A) = 0.097 
A x P  = 0.387    

 

2- Field experiments during 2015/16 and 2016/17 growing seasons: 
 

2-1-  Effect of some antagonists on disease incidence and plant survival (%): 
 
Data in Table (4) indicate that all tested biological control treatments significantly reduced 

disease incidence and increased the percentage of strawberry survived plants in both growing seasons 
2015/16 and 2016/17. In this regard, the different antagonistic isolates varied in their effect against 
disease incidence. T. harzianum showed the highest efficacy bioagent (77.0 and 67.2%) followed by 
T. album (72.0 and 63.4%) in controlling root rot of strawberry plants during two seasons 2015/16 and 
2016/17, respectively. On the other hand, T. hamatum showed the lowest efficacy in controlling the 
diseases during both growing seasons, being 27.0 and 29.9%, respectively.  

The results may be explained according to the dual effect of bioagent which produce growth 
regulators (Karlidag et al., 2012) in addition to the chemical effect of antioxidant, which play a clear 
role in improving plant physiology and metabolism (Hernandez et al., 2011). Trichoderma spp. is 
known to act through different mechanisms ranging between mycoparasitic (Matei and  Matei, 2008) 
or through production of antifungal substances such as Endo chitinase, β-glucosidase, α-1,3-glucanase 
and trichodermin (Balode, 2010), other isolates compete for space or nutrients. 

 
Table 4: Effect of some antagonists on disease incidence and plant survival (%) of strawberry 49-days post 

transplanting under field conditions during 2015/16 and 2016/17 growing seasons 

Antagonists 

2015/16  growing season 2016/17  growing season 
Disease 

incidence 
(%) 

Plant 
survival % 

Efficacy* 
% 

Disease 
incidence (%) 

Plant 
survival % 

Efficacy* 
% 

T. album 9.33 90.67 72.0 16.33 83.67 63.4 
T. harzianum 7.67 92.33 77.0 14.67 85.33 67.2 
T. viride 9.33 90.67 72.0 19.33 80.67 56.7 
T. hamatum 24.33 75.67 27.0 31.33 68.67 29.9 
Plant Guard 18.33 81.67 45.0 21.67 78.33 51.5 
Control 33.33 66.67 0.0 44.67 55.33 0.0 
LSD at 5% 1.621 1.621 ------ 1.494 1.494 ------ 

* % Efficacy of plant survival = ((control-treatment)/control)×100 
 
2-2- Effect of some antagonists on bio-chemical components of treated strawberry plants: 

 
Data obtained from these analysis are presented in Table (5-a, -b & -c) beside data previously 

mentioned about effect of these bioagents on root rot just to correlate and understand the role of these 
bioagents in changes may be occurred in plant components “chlorophyll, protein, total phenols and 
total sugars” and reflection of these changes on degree of resistance or increase in yield. Data in Table 
(5-a, -b & -c) show that T.harzianum was the highest effective treatment concerning to “chlorophyll, 
protein (total nitrogen %), total phenols and total sugars” led to the highest amount of yield (ton/fed) 
in comparing with control treatment during the two successive growing seasons 2015/16 and 2016/17. 



Middle East J. Appl. Sci., 7(3): 482-492, 2017 
ISSN 2077-4613 

488 

In the contrary, T. hamatum show the least effective treatment led to the least content in yield rather 
than control treatment. No clear trend can be deduced when treatments with slight differences in 
efficacy correlated with any of used chemical analysis under test. These results are in harmony with 
those obtained by Sullivan, (2004); Cherif et al., (2007); Latha et al., (2009); Saksirirat et al., (2009) 
and Prlak and Kose, (2009). Treatments with high effect on plant protection and disease reduction 
were combined with increase in amount of total phenols, total protein, total sugars and total 
chlorophyll (El-Rifai et al., 2003; Cherif et al., 2007 and Sriram et al., 2009).  
 
Table 5-a: Effect of some antagonists on phenol content of treated strawberry plants under field conditions 

during 2015/16 and 2016/17 growing seasons 

Antagonists 
2015/16  growing season 2016/17  growing season 
Total phenols (mg/g DW) Total phenols (mg/g DW) 

Free Conjugated Total Free Conjugated Total 
T. album 32.56 26.43 58.98 32.33 25.24 57.57 
T. harzianum 33.62 30.21 63.83 33.20 29.11 62.31 
T. viride 32.24 30.08 62.32 32.46 28.23 60.69 
T. hamatum 31.23 24.24 55.48 31.14 21.18 52.32 
Plant Guard 31.41 25.24 56.65 32.44 22.88 55.32 
Control 15.11 21.01 36.12 15.14 21.19 36.33 
LSD at 5% 0.055 0.063 0.095 0.099 0.004 0.099 

 
Table 5-b: Effect of some antagonists on sugar content of treated strawberry plants under field conditions 

during 2015/16 and 2016/17 growing seasons 

Antagonists 

2015/16  growing season 2016/17  growing season 
Total sugars (mg/g DW) Total sugars (mg/g DW) 

Reduced Non Reduced Total Reduced 
Non 

Reduced 
Total 

T. album 2.85 1.44 4.29 2.76 1.26 4.01 
T. harzianum 3.45 1.34 4.79 3.18 1.57 4.75 
T. viride 2.84 1.73 4.57 2.63 1.55 4.19 
T. hamatum 2.34 1.64 3.98 2.14 1.68 3.83 
Plant Guard 2.52 1.61 4.13 2.34 1.20 3.54 
Control 1.63 0.53 2.15 1.64 0.55 2.20 
LSD at 5% 0.005 0.001 0.006 0.001 0.040 0.040 

 
Table 5-c: Effect of some antagonists on total chlorophyll and total nitrogen % of treated strawberry plants 

under field conditions during 2015/16 and 2016/17 growing seasons 

Different 
antagonists 

2015/16  growing season 2016/17  growing season 
Total Chlorophyll 

(mg/g FW) 
Total nitrogen % 
(mg/100g DW) 

Total Chlorophyll 
(mg/g FW) 

Total nitrogen % 
(mg/100g DW) 

T. album 32.62 2.24 32.13 2.12 
T. harzianum 38.54 3.36 36.32 2.53 
T. viride 36.02 2.64 34.12 2.42 
T. hamatum 28.88 1.83 26.51 1.72 
Plant Guard 29.25 2.05 28.63 1.94 
Control 22.03 0.98 22.17 0.93 
LSD at 5% 0.022 0.215 0.013 0.012 

 

2-3- Effect of some antagonists on total fruit yield of treated strawberry plants: 
 
Table (6) shows that, applying any of the tested antagonists for strawberry transplants increased 

the determined yield parameters with no significant difference in 2015/16 growing season than in 
2016/17 which significantly differenced in comparing with control treatment. T. harzianum caused the 
highest increase in the yield by 36.84% in the 2015/16 growing season and gave 25.22% in 2016/17 in 
comparison with the control. On the other hand, T. hamatum was the lowest effective one during the 
two growing seasons. These results are in harmony with those obtained by Cherif et al., (2007); 
Saksirirat et al., (2009) and Prlak and Kose (2009). The increase of yield also might be due to either 
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healthy root system that absorb and supply adequate amount of raw nutrient or the syntheses of these 
raw nutrient materials effectively in presence of high amount of chlorophyll and protein, that led to 
more fruit yield (Shoresh and  Harman, 2008 and Akladious and Abbas, 2012). 

 
Table 6: Effect of some antagonists on fruit yield of treated strawberry plants under field conditions during 

2015/2016 and 2016/2017 growing seasons 

Antagonists 
2015/16  growing season 2016/17  growing season 

Yield 
(ton/fed.) 

* Change % 
Yield 

(ton/fed.) 
* Change % 

T. album 4.13 20.76 3.92 13.62 
T. harzianum 4.68 36.84 4.32 25.22 
T. viride 4.63 35.38 4.20 21.74 
T. hamatum 3.92 14.62 3.71 7.54 
Plant Guard 4.42 29.24 3.72 7.83 
Control 3.42 0.00 3.45 0.00 
LSD at 5% NS ------ 0.064 ------ 

* Change % = [(Treatment – Control) / Control] x 100 
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