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With the increasing demand for safe and clean fruits free of substances harmful to human health, bio-
fertilizers is conceder one of the active factors in this direction. Microorganisms, whether fungi 
(Arbuscular mycorrhiza) or bacteria (Plant Growth Promoting Bacteria) provided enhancing growth, 
development, and fruit quality. Trichoderma harzianum and Bacillus thuringiensis have proven their 
effectiveness in recent times, as it has improving root and vegetable growth and fruits development 
through the secretion of substances that encourage growth on the one hand and materials resistance to 
pathogens on the other hand, as well as preserving the biological and physical properties of the soil. The 
effect of beneficial microorganisms lasts for a length of time in the soil, which increases the long growth 
stimulation period, reduces the use of chemical fertilizers, and conserves the environment clean. In this 
review article, we try to highlight the importance of Trichoderma harzianum and Bacillus thuringiensis for 
plant growth development, especially fruit trees - which did not receive much interest from researchers in 
this regard - as well as their effect on soil characteristics and disease resistance.  
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INTRODUCTION 

Microbial diversity inside the soil constitutes 
one of the most important factors for biological 
control, enhancing growth of different parts of 
plants and developing sustainable agriculture. The 
fungus Trichoderma harzianum is one of the 
effective agents for biological control against soil-
borne pathogens that infect the roots of plants. 
These fungi produce some compounds 
(antibiotics and others) that increase the 
resistance of the roots to pathogens and their 

effect. It remains for a long time, which reduces 
the cost to the producers, so it is widely used to 
control diseases and safely for soil and plants, 
unlike chemical pesticides that harm the soil and 
human health, which promotes root growth and 
plant development (Harman et al. 2004). The soil 
population capacity of Arbuscular Mycorrhiza 
(AM) is affected by soil texture and phosphate 
rate in soil, organic compounds, and soil moisture. 
In Sandy soils, AM populations were lower than 
clay soils (Declerck et al. 1999). The benefits of 

http://www.isisn.org/


Salem et al.              T. harzianum and B. thuringiensis on soil characteristics, fruit growth, and development 

 

    Bioscience Research, 2020 volume 18(1): 763-772                                                             764 

 

mycorrhiza are better with a low level of 
phosphate in soils than high-level soil phosphate 
(Schubert and Hayman, 1986). 

Bacillus thuringiensis is one of the microbes 
that improve plant growth, which is called PGPB 
(plant growth promoting bacteria), these bacteria 
found in low number in the rhizosphere but can 
live for a long time in the soil and their effect on 
growth a result of fixing N, dissolving P and 
producing some growth regulators such as IIA and 
cytokines, also produces inhibitory compounds for 
pathogens that are transmitted through the soil. 

In this review paper, we try to clarify the effect 
of Trichoderma harzianum and Bacillus 
thuringiensis on soil characteristics and the 
growth of fruit trees, which in our opinion there is 
little study in this field, so it is better to expand the 
use of these microbes that have biological control 
agents and the same time develop growth at to 
preserve the environment and human health and 
produce clean fruits.  

Effect of Trichoderma harzianum and Bacillus 
thuringiensis in soil characteristics 

(1) Soil PH 
The addition of Trichoderma harzianum to the 

soil reduced the soil pH due to the production of 
these fungi of organic acids such as Gluoconic 
acid and Citric acid in the region of their diffusion 
around the roots, increasing the transformation of 
insoluble compounds into soluble compounds, 
which led to increased absorption of nutrients 
from the roots the plants (Azarmi et al., 2011). 
Addition of Trichoderma spp. with Bacillus spp. 
and some other microorganisms (Pseudomonas 
spp. and Streptomyces spp.) to the soil with foliar 
fertilization of strawberry plants increased 
rhizosphere pH around roots or root pH (Eligio et 
al. 2006). Mercl et al. (2020), in their study, 
Trichoderma harzianum with Penicillium spp.  was 
added to the acidic soil and the extent to which 
maize plant benefited from the phosphorous 
uptake in the soil solution was determined, the 
results showed that the Trichoderma harzianum 
fungus reduced soil pH and allowing to increase 
the phosphorous absorption by the plant (Figure 
1).  

Bacillus thuringiesis was released to sterile 
hydroponic culture or non-sterile soil and the 
resulting biomass was tracked in both media. It 
was found that the amount of Bt protein obtained 
varies according to the type and amount of the 
clay mineral and pH of the soil, it increased with 
increasing the concentration of potassium and 

decreases with increasing the concentration of 
calcium carbonate, the protein of Bt appeared 
after 40 days in soil that had not adjusted to pH 7. 

 
 

Figure 1: Effectiveness of Trichoderma 
harzianum on soil pH and P uptake (Mercl et 

al. 2020). 
This means that it can modify the pH of the 

surrounding media and continue to grow (Lcoz 
and Stotzky, 2008). On another side, Icoz et al. 
(2008) did not find an apparent difference in water 
content and pH soil in the soil treated with Bacillus 
thuringiensis or soil untreated, where the soil pH 
ranged between 6.1 and 6.7 during their study. In 
addition lime to the soil did not increase pH soil 
which applied with microbes (bio-fertilizers) with 
NPK, this maybe is due to the organic acids 
secreted by microbes which dissolution of the 
overload of calcium in lime materials (Gogoi et al. 
2004). 

2- Soil salinity  
The effectiveness of adding Trichoderma 

harzianum to the soil with high salinity was 
examined (by dripping the soil with sodium 
chloride solution), and the results indicated that 
the fungus significantly reduced the effect of 
salinity on the cultivated tomato plants 
(Daliakopoulos, 2019). Trichoderma spp. 
remediate the pollution in water and soil by toxic 
substances (like cyanide compound) (Harman, 
2006). The same results were obtained after 
cultivating willow in contaminated soil with metals 
(Adams et al., 2007). It found that Trichoderma 
harzianum resisted high concentrations of salt in 
the soil, allowing plants to grow well under salt 
pressure, and also resisted the toxic effect of 
pesticide residues and heavy metals in 
agricultural soils (Mishra et al., 2016). In addition 
Bacillus sp. in coastal sand soil showed strong 
salt tolerance toward 8% of saline soil which was 
planted with Peucedanum japonicum (coastal 
sand dune plant) and improved its growth 
characteristics included root growth (Sun and 
Eun, 2014). The results showed that Bacillus 
thuringiesis is tolerating heavy metals such as Cd, 
Cr, Cu, Pb, and Ni and producing large quantities 
of biomass under conditions of mineral stress, as 
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it absorbs heavy elements in the soil solution and 
the absorption of the elements varies according to 
the pH, type of chemical bonds of the media and 
metal concentration. Hence, it can be said that 
Bacillus thuringiesis can resist heavy elements, 
which reduce the toxic affect them on plants, as 
well as affect the pH of the soil and its 
composition (Oves et al. 2013). 

3-Soil fertility and Soil texture 
The soil population capacity of Arbuscular 

Mycorrhiza (AM) is affected by soil texture and 
phosphate rate in soil, organic compounds, and 
soil moisture (Declerck et al. 1999). It had been 
recorded that adding Trichoderma harzianum to 
the soil increased the rate of phosphate 
dissolution in the soil and rate dissolution of low-
soluble micronutrients in the soil solution such as 
Zn, Cu, Fe, and Mn, also stimulates the activity of 
enzymes in the root zone (Altomare et al. 1999). 
Treatment soil containing insoluble tricalcium 
phosphate with fungi Trichoderma transformed it 
into soluble phosphate, which improved soil 
fertility and had a positive effect on plant growth of 
mangrove (Avicennia marina), (Saravanakumar et 
al. 2013). Josefa et al. (2013) studied the 
variations in the abiotic characteristics of the 
media, such as pH, C, N, and iron levels in the 
soil, they observed variation in all of it, and they 
suggested that Trichoderma made changes in 
both abiotic and biotic characteristics of the 
growing media. Trichoderma harzianum can 
stimulate the plant activity resistant system in 
sandy loam soil and it was more effective in sandy 
loam or loam soil containing 2% organic matter 
and reduced multiplying of the nematode in the 
tested soil textures (Ahmadi et al., 2017). Applied 
Trichoderma harzianum to the soil for studying the 
available nutrients in the soil, it was found a 
significant increase in the elements N, P, and K in 
the soil (Zhang et al. 2019). 

There is evidence that soil inoculation with 
Bacillus sp. in low-nutrient soils is better for plant 
growth than inoculation in nutrient-rich soils 
(Egamberdiyeva, 2007), and this indicates that 
Bacillus improves soil fertility, as the plant can 
only grow better if there are enough nutrients. 
When inoculating clay soil with Bacillus 
thuringiensis and studying its effect on soil 
properties, it was found encouragement soil 
urease, phosphomonostearase, and cellulose 
activity were stimulated, which improves organic 
activity inside the soil (Sun et al. 2006). When the 
soil treated with microbes (bio-fertilizers) and 
NPK, it was observed that increase in the ratio of 

organic carbon and available N, P, and K nutrients 
in the soil (Gogoi et al. 2004). 

 4-Trichoderma harzianum on soil microbial 
community 

Microbial activity can be increased in 
cultivated soils continuously by adding biological 
fertilizers that contain Trichoderma harzianum, as 
it has been proven experimentally that treating 
cultivated or non-cultivated soils with Trichoderma 
harzianum led to the diversification of the 
microbial community within the soil cultivated with 
cucumber plants, which improved the plant's 
resistance to Fusarium wilt disease (Chen et al. 
2012). The effect of soil treatment with 
Trichoderma harzianum on soil microbial 
community activity was evaluated using the 
diversity of metabolic changes inside the soil 
around tobacco roots by using Community-Level 
Response to a Range of Carbon Sources (CLPP), 
the results indicated that the addition of 
Trichoderma harzianum contributes to stimulating 
the growth of specific groups of bacteria, leading 
to good conversion in the microbial community 
(Gasoni et al. 2008). Treatment with Trichoderma 
with Pythium led to increasing the root, 
rhizosphere soil fungal populations and the root 
fluorescent Pseudomonas population (Naseby et 
al.2001). Treatment of seed melon by 
Trichoderma harzianum and cultivate it in soil 
incorporated with brassica materials had a good 
effect on soil microbial biomass and enzyme 
activities (Galletti et al. 2015). The potato plant 
was treated with two types of bacteria (Bacillus 
subtilis and Burkholderia ambifaria) and two types 
of fungi (Trichoderma virens and Trichoderma 
harzianum) with some chemicals (TMC) to find out 
their effect on the microbial community in the soil. 
The treatments showed a difference in the 
population's numbers of microbes in the soil, and 
the fungal colonies were larger than the bacterial 
colonies, Trichoderma harzianum and 
Trichoderma virens increased in the number of 
native Trichoderma colonies, treated with 
Trichoderma harzianum was higher result than 
Trichoderma virens (Larkin, 2016). 

 Trichoderma harzianum was inoculated in the 
root zone of black pepper and studied the 
changes in microbial groups’ community, the 
results showed that Trichoderma harzianum had 
moral effects on numbers of useful bacteria and 
fungi and their functions, bacterial chemical 
affinity increasing showed the functional level 
effectiveness of microbes. These results had a 
significant effect on root growth and other growth 
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factors (Umadevi et al. 2018). The addition of 
Trichoderma harzianum into the soil increased the 
abundance of chemical compounds around roots 
or soil rhizosphere compounds and stimulated the 
microbial community activity in the soil, which 
affected on the development of alfalfa growth. 
Trichoderma spp. resulted in a significant 
enrichment of the genera Pseudomonas, 
Flavobacterium, and Arthrobacter (Zhang et al. 
2019). 

5-Bacillus thuringiensis on soil microbial 
community 

The effect of Bacillus thutringiensis on soil 
water content, microbes population, and 
nematode numbers varies according to soil type 
(percentage of soil contents of sand, silt, and 
clay), the month of year, and temperature 
prevailing (location), under the same conditions of 
the experiment (in France), an increase in soil 
water content was observed in certain months of 
year and its deficiency in others, the same results 
was gotten for microbes population and nematode 
numbers (Griffiths et al. 2005). Treating plants 
with Trichoderma sp. and Bacillus sp. in the 
presence of a high percentage of mineral 
phosphate fertilizer in the soil leads to a decrease 
in mycorrhiza colonization around the roots and 
thus reduces the benefits of these biological 
organism (Carletti, 2000). The effect of Bacillus 
thuringiesis on soil microorganisms was studied in 
pots planted with soybeans in unsterilized soil. It 
was observed that the colonies of bacteria in the 
root rhizosphere increased significantly except the 
heterotrophic bacteria, the highest increase was 
after 45 days of inoculation whether the carbon 
cycling functional groups or N and P cycling 
functional groups, while Bacillus thuringiesis had 
no effect on the number of fungi colonies (Ferreira 
et al. 2003). Inoculating clay soil with Bacillus 
thuringiensis and studying its effect on soil 
properties, results showed improving the microbial 
activity inside the soil and thus increasing the 
enzyme activities (Sun et al. 2006). Applied 
mixed-species Bacillus in the soil increased the 
mycorrhizal colonization around banana roots 
which was cultivated by tissue culture in a 
greenhouse (Kavoo et al. 2013). The results 
showed that the effect of Bacillus thuringiesis on 
the microbial communities and enzyme activities 
depends on the type and age of the plant and the 
environmental conditions, and does not depend 
on the Bacillus Thuringia is genes and their 
products, as it was found that the number of 
organisms using chitin in soil treated with Bacillus 

thuringiesis is much more than untreated soil, 
while not there are significant differences in the 
numbers of other organisms. For the enzyme 
activities, acid phosphatase activity and 
dehydrogenase activity were observed from 
others (Icoz et al. 2008). It has been reported that 
treated soil with microbes (bio-fertilizers) and NPK 
increased the microbial biomass and 
dehydrogenase activity in the soil (Gogoi et al. 
2004). 

Trichoderma harzianum and Bacillus 
thuringiensis on fruit growth and development 

1-Trichoderma harzianum on fruit growth and 
development  

The use of sewage sludge as a source of 
biochar with Trichoderma harzianum led to more 
development of the soybean plant, as it led to an 
increase in the percentage of germination, fresh 
and dry mass, as well as an increase in the 
amount of yield (Silva et al., 2019). Eligio et al. 
(2006) stated that treatment Trichoderma spp. 
with Bacillus spp. and some other microorganisms 
(Pseudomonas and Streptomyces) in the soil with 
foliar fertilization of strawberry plants increased 
the development of root growth, biomass, and 
increased elemental content in the plant. Treated 
willow trees with Trichoderma harzianum showed 
improvement in shoots growth and roots 
development compared to the untreated trees as 
well as increasing biomass (Adams et al. 2007). 
The effect of the Trichoderma harzianum alone or 
with other fungi was studied with reducing the rate 
of fertilization on the growth and development of 
melon under field conditions. It was noted from 
the results that the Trichoderma harzianum 
improved plant growth significantly, as the fresh 
weight of the shoot increased and the highest 
increase was when treating melon with 
Trichoderma harzianum only with the application 
of conventional rates of fertilizers. The content of 
N, P, and K in leaves increased in all treatments 
with Trichoderma harzianum, either alone or with 
other fungi with reducing the fertilization rate, also 
increasing the number of flowers and fruits per 
plants treated with Trichoderma harzianum while 
reducing the fertilization rate (Medina et al. 2011). 
Under field conditions, treating banana plants with 
Trichoderma sp. increased plant size and leaf 
area, it was found an increase in organic carbon 
level and produced a longer and stronger root 
than a non-inoculated plant, which improved its 
function (Kacvoo et al. 2013).   

Treatment of melon seed by Trichoderma 
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harzianum and cultivate it in soil incorporated with 
brassica materials had a significate effect on root 
growth, on flowering stage, and shoot dry weight, 
(Galletti et al. 2015). There was an increase in 
antioxidant activity, DPPH activity, and 
polyphenols content in the plant when okra 
treatment with Trichoderma harzianum alone or 
with Pseudomonas aeruginosa and also improved 
the plant resistance to root diseases (Hafiza et al. 
2015). Trichoderma harzianum improved banana 
seedlings 'Lakatan' growth within increasing plant 
height and pseudostem diameter and good root 
growth and resistance to Fusarium wilt (Castilloet 
al. 2019). In an experiment to study the effect of 
adding some strains of microorganisms on the 
development of growth and quality of strawberry 
fruits, it was observed increase in the number of 
flowers, number of fruits in the treated plants, and 
the weight of fruit differed according to the type of 
strain added to the plant, some strains led to an 
increasing in fruit weight and some did not affect 
in it. It was also found that the dry weight of the 
root, the ratio of root /stem, and the biomass of 
the plant increased in all treated plants, and the 
percentage of chlorophyll a and b increased but, 
the carotene content of the leaves did not differ. 
As for the quality of fruits, the treatment with 
microbes led to a decrease in the percentage of 
acidity in the fruit and an increase in the 
percentage of sugars in some strains than others. 
The content of organic compounds in fruit was 
different according to the type of strain treated 
(Valeria et al. 2018). 

2- Bacillus thuringiesis on fruit growth and 
development 

Inoculation with Bacillus thuringiesis has good 
effects on plant growth through production some 
growth regulators enhancing it.  Bacillus 
thuringiesis had a good effect on shoot growth of 
soybean were improved their weights but, had no 
significant effect on root growth when Bt 
inoculation in non-sterile soil and grown in a 
greenhouse (Ferreira et al. 2003). Soil application 
+ foliar spray with Bacillus sp. on the strawberry 
cultivar 'Selva' led to increasing yield per plant 
and some fruit properties where increased TSS 
and sugar content but, decreased acidity ratio, the 
soil application of bacteria had no important effect 
on fruit weight or fruit pH (Lütfin and Murat, 2009). 
In the banana plant grown by tissue culture 
method, cultivar “Grand 9” was inoculated with 
three strains of Bacillus, the effect of Bacillus sp. 
on plant development was evaluated, were 
increased in root growth was found through an 

increase in the number of adventitious roots and a 
large increase in the length of the pseudostem, 
root, which led to an increase in the total fresh 
weight of the plant, also leaf mineral content of N, 
P and K increased to nearly double for untreated 
plants (Jaizem et al. (2003). Also, in an 
experiment on a banana plant grown by tissue 
culture in different types of soils and during the 
nursery stage, it was found that treatment of 
Bacillus with other bio-fertilizers increased the 
survival rate of plants more than untreated plants 
and increased plant growth significantly through 
leaf area, plant height and dry weight of the plant, 
and also increased length root which may be 
attributed to IAA production by Bacillus (Kavoo et 
al. 2013). 

Treated soil with microbes (bio-fertilizers) and 
NPK improved banana fruit growth and its 
physical characteristics (Gogoi et al. 2004). Dey et 
al. (2005), used other biological soil inputs (two N 
fixers and three P solubilizers) to study their effect 
on physical-chemical properties of guava (Psidium 
guajava) fruit, they found that the bio-fertilizers 
increased the fruit weight, fruit length, and fruit 
diameters, also, it was observed that the 
application of these bio-fertilizers to guava trees 
increased TSS, TSS: acidity ratio and content of 
vitamin C. The treatment of tomato roots with 
some strains of Bacillus thuringiesis increased the 
elongation of the roots and shoots and the total 
plant height, as well as significantly increased 
fresh and dry weight, and the total weight of the 
treated plants than untreated (Jiaheling et al. 
2016).    

Trichoderma harzianum and Bacillus 
thuringiensis on diseases resistant 

1-Effectiveness of Trichoderma harzianum on 
diseases resistant 

Trichoderma fungi are resisted by some other 
fungi by removing genes that cause plant fungal 
diseases by producing substances (antibiotics and 
enzymes) that work to decompose the cell walls of 
these pathogens fungi (Markovich and Kononova, 
2003). This is encouraged the researchers to 
conduct further research and study on how to 
benefit from Trichoderma fungus in resisting fruit 
diseases (Nua and Noor, 2020). The apple plant 
(Marshall McIntosh variety) showed resistance to 
fungal apple scab disease after treating 
transgenic apple plants with genes from the 
Trichoderma fungus, and it was found that there is 
a relationship between disease resistance and 
treatment with fungi, and this was shown by the 
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area of infection in apple leaves, as the area of 
infection is in the leaves of the apple plant 
significantly decreased (Bolar et al. 2001). In the 
same context, it was found that Trichoderma 
harzianum through the transmission of fungus 
genes to lemon and following the genetic 
influence of the affected plant found a positive 
effect on the resistance of lemons to gray rot 
disease which infects citrus trees. In banana 
fruits, destruction of pathogen cells of rot fruit 
disease was recorded by Trichoderma harzianum 
treatment (Mortuza and Ilag, 1999), which 
provides an opportunity to increase the shelf life of 
fruits after harvest. The effect of the Trichoderma 
alone or added with other fungi was studied with 
reducing the melon rate of fertilization on fusarium 
wilt disease, it was recorded reducing in the rate 
of the disease by 60% to non-treated plants 
(Medina et al., 2011). The inoculation with some 
genes from the fungus Trichoderma harzianum 
into transgenic strawberry plants grown in 
greenhouses after acclimatization led to an 
increase in the resistance of plants to fungus 
Rosellina necatrix which is the pathogen of root 
and crown rot disease in strawberry, but at the 
same time a decrease was observed in the yield 
(number of fruits and fruit size) with no scientific 
explanation for that (Mercado et al., 2015). 
Treatment potato plant with two types of bacteria 
(Bacillus subtilis and Burkholderia ambifaria) and 
two types of fungi (Trichoderma virens and 
Trichoderma harzianum) with some chemicals 
(TMC) for studying their effects on the 
development of Rhizoctonia disease, all 
treatments resisted the disease, Trichoderma and 
bacteria showed more effectiveness and 
increased total and marketable yield (Larkin, 
2016). The treatment of strawberry infected with 
anthracnose with Trichoderma and Bacillus 
inhibited the growth of Colletotrichum acutatum 
that causes this disease, as Trichoderma 
harzianum and Bacillus spp. produce volatile and 
non-volatile compounds that resist the pathogen 
fungus, and it was noted that the effectiveness of 
non-volatile substances exceeds that of volatile 
compounds (Es-Soufi et al. 2020).  

It has been reported that soil application of 
Trichoderma harzianum control the root rot 
disease in olive trees (Figure 2). 

 
 

 
 

Figure 2: Effect of Trichoderma harzianum in bio-
controlling root rot disease in olive trees (Maroua et 

al. 2017) 

2-Effectiveness of Bacillus thuringiensis on 
diseases resistant  

 In an experiment on tomato plants, leaves 
were infected with Tuta absoluta larvae which 
feed on the tomato leaves causing disease leaf 
miners which causes tremendous losses to the 
plants. The tomato leaves were treated with 
Bacillus thutringiensis and the rate of larvae death 
was observed. The results showed an increase in 
larvae mortality in treated plants than non-treated. 
This may be due to the that the bacteria secrete 
toxic substances to the larvae that led to their 
death (Giustolin et al., 2001). Bacillus mycoides 
showed a high ability to control bacterial leaf spot 
disease-cause by Cercospora- in sugar beet 
planted in greenhouses and field experiments, 
and this was confirmed by the observed increase 
in the activity of enzymes associated with 
systemic disease resistance such as chitinase, 
glucanase, and peroxidase, as well as all proteins 
related to systemic disease resistance (Bragbus 
et al., 2002). Bacillus thutringiensis produce some 
compounds that inhibit many types of pathogenic 
saprophytic Arbuscular mycorrhiza fungi in 
tropical soil microcosm experiments (Ferreira et 
al., 2003). Bacillus thutringiensis secrete some 
substances that kill insects that infect plants with 
diseases, while this effect of this bacteria is not 
observed on insects that do not infect plants, that 
making Bacillus thutringiensis a safe and effective 
insecticide biocontrol (Bravo et al., 2011). Tomato 
plants were inoculated with Rolstonia 
solanacearum (pathogen) to causing wilt disease 
in the plants under test. The roots of these plants 
were treated with Bacillus thuringiensis, 14 days 
after inoculation, the symptoms of the disease 
appeared clearly on non-treated plants with Bt, 
while the treated plants showed resistance to the 
pathogen and did not show symptoms 
(Hyakumachi et al., 2013). This means that the 
compounds secreted by the bacteria are absorbed 
by the roots and their effect occurs in leaves.  

The results of Wahid et al. (3013) 
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demonstrated that tomato plants infected with 
Fusarium wilt disease treated with Bacillus 
thuringiensis were able to produce disease-
resistant materials, which means that Bacillus 
thuringiensis can resist this disease by producing 
these materials. As the disease severity 
decreased significantly in the treated plants 
compared with the untreated plants by 65.1%. On 
the other hand, the production of disease-resistant 
biochemical compounds and defense enzymes 
activities’ were increased, as the total phenolic 
compounds in plants treated with bacteria were 
much higher than without treatment, and the 
activity of disease-defensive enzymes such as 
peroxidase increased by 1.4 fold, polyphenol 
oxidase by 1.3 fold and phenylalanine ammonia-
lyase by 1.8 fold. The treatment of mulberry trees 
infected with popcorn disease caused by fungus 
pathogen (Ciboria shiraiana) led to significantly 
resist the disease in field conditions, as the 
bacteria attacked the pathogen and destroyed its 
cells (Rozia and Kangmin, 2015). Some Bacillus 
thuringiensis strains showed an effect against 
fusarium wilt disease that affects tomatoes, as the 
results showed that tomato roots inoculated with 
bacteria impeded the growth of the pathogen 
(FOL), which led to a significant reduction in 
disease severity in treated plants from untreated 
(Jiaheling et al. 2016). Bacillus sp. secretes broad 
spectrum antibiotic that inhibits growth of 
Colletotrichum gleosporioides, which causing 
anthracnose disease of Carica Papaya in 
Malaysia (Hailmi et al. 2017; 2020). These results 
give a positive indication of the use of Bacillus 
thuringiensis strains to resist some other bacterial 
diseases that infect fruit trees that cause great 
losses in yield and fruit quality, which leads 
researchers to exert more effort to work in this 
field. 

CONCLUSION 
Trichoderma harzianum and Bacillus 

thuringiesis are promising microorganisms to 
enhance the growth and development of fruit trees 
because of their great benefits in the development 
of root growth, especially for fruit trees with the 
poor root system, as well as improving soil 
properties. In addition to their role in biological 
control, whether for bacterial or fungal pathogens 
or even disease-causing insects, so researchers 
are required to increasing interest in this field and 
conducting more researches on fruit trees. 
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