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ABSTRACT  

The soil, which provides both the environment and the nutritional requirements for the growth of plants, 

also has a significant number of microorganisms. Therefore, this ecosystem, where both living and non-

living elements are together, must create an absolute balance for good growing. The natural life cycle 

in the soil is carried out especially by the biotic part of the soil, this part also provides the opportunity 

to make plant cultivation haealthier. Non-pathogenic beneficial microorganisms, which occupy an 

important portion in the biotic part of the soil, have taken on the task of being the biggest supporter of 

sustainable-organic-controlled agriculture in recent years. In this review, studies on the possibilities of 

using rhizobacteria and beneficial fungal forms, known as beneficial microorganisms, in fruit growing 

and their mechanisms of action are summarized. 
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Derleme makale 

Yararlı Mikroorganizma İçerikli Biyolojik Gübrelerin Meyve 

Yetiştiriciliğinde Kullanımı  

ÖZ  

Bitkilerin yetişmesi için hem ortam hem de beslenme ihtiyaçlarını sağlayan toprak, önemli miktarda 

mikroorganizma içeriğine de sahiptir. Dolayısıyla hem canlı hem de cansız unsurların bir arada olduğu 

bu ekosistem, iyi bir yetiştiricilik için mutlak dengeyi oluşturmak zorundadır. Topraktaki doğal yaşam 

döngüsü, özellikle toprağın biyotik kısmı tarafından yürütülmekte, bu kısım aynı zamanda bitki 

yetiştiriciliğinin daha sağlıklı yapılabilmesine imkân sağlamaktadır. Toprağın biyotik kısmında önemli 

bir yer kaplayan patojen olmayan yararlı mikroorganizmalar, son yıllarda özellikle sürdürülebilir-

organik-kontrollü tarımın en büyük destekleyicisi olma görevi üstlenmiştir. Bu derleme ile, yararlı 

mikroorganizmalar olarak bilinen bitki büyümesini teşvik eden rizobakteriler ve yararlı mantar 

formlarının meyve yetiştiriciliğinde kullanım imkanlarına yönelik yapılan çalışmalar ve etki 

mekanizmaları özetlenmiştir.  

Anahtar Kelimeler: PGPR, AMF, Trichoderma spp., biyolojik gübre 

© Kırşehir Ahi Evran Üniversitesi, Ziraat Fakültesi 

Introduction  

The extreme changes that have been observed in recent climate events and pose a serious threat 

to agricultural production can seriously affect product quality and quantity by threatening food 

security around the world. Abiotic stress factors caused by climatic changes also make plants 

more vulnerable to pathogen attacks. Especially drought and soil salinization are the most 

important reasons for agricultural losses caused by human-induced climate changes. Basically, 

these reasons result in deterioration in evapotranspiration and photosynthetic activities, which 

play a key role in total biomass production. This situation negatively affects the plant nutrient 

uptake ability both directly and indirectly. 

Increasing world population and food need, and accordingly, more frequently used plant 

production inputs have significantly affected the health of agricultural ecosystems. In 

improving agricultural production, there are significant challenges, such as limited arable land, 

the need to reduce the use of pesticides and chemical fertilizers, and the dissemination of 

sustainable technologies. In order to overcome these limitations, in the last 30 years, useful 

microorganism-containing biological fertilizers, which are effective as plant bio-stimulants, 

have started to be widely used in wider areas. 

Biological fertilizers containing beneficial microorganisms, which are also evaluated as plant 

bio-stimulants, have the capacity to increase or regulate the efficiency of other inputs used in 

plant production, independent of the presence of nutrients in the soil, owing to different 

microorganisms. As a result, these elements, which are considered as bio-stimulant, are 

gradually being included in plant production systems. These elements are not classical nutrients, 

however, they also activate mechanisms that promote the use of nutrients and protect plants 

against different biotic and abiotic stress conditions. Beneficial fungi and bacteria are also 
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considered as the most promising bio-stimulants for sustainable agricultural production (Ruzzi 

and Aroa 2015). 

Beneficial microorganisms fix atmospheric nitrogen, dissolve phosphate, chelate iron with 

siderephore, break down organic residues by decomposition, suppress soil pathogens, increase 

the availability of plant nutrients and contribute to their conversion, produce antibiotics and 

other bioactive substances, reduce heavy metal uptake of plants in heavy metal pollution areas. 

Research results have been reported in different ecosystems for many plant species that have 

many functions such as providing water, increasing soil aggregation with the polysaccharides 

they produce. These types of microorganisms that increase soil fertility and contribute to plant 

growth with these mechanisms are called biofertilizers. 

Soil biology, which is one of the three most important components of soil fertility, is an 

ecosystem of organisms living in the soil and interacting with other components and has a 

highly complex and dynamic structure that varies greatly according to conditions. The very 

limited soil mass around the root, called the rhizosphere, is an environment where 

microorganisms are highly concentrated. Although microorganisms in this field have numerous 

tasks, they have an important place in terms of plant development, yield, and soil fertility. The 

most important microorganisms that increase plant growth are rhizobacteria, arbuscular 

mycorrhizal fungi (AMF), and Trichoderma (Jakoby et al. 2017). 

Rhizobacteria, named as PGPR (Plant Growth-Promoting Rhizobacteria) by Kloepper and 

Schroth and discovered in 1978, provide many benefits to plants by colonizing the rhizosphere 

and phyllosphere of plants (Ram et al. 2013). PGPR directly support plant growth by promoting 

the production of plant growth regulators, facilitating the uptake of soil nutrients, contributing 

to disease control and increasing nitrogen fixation (Alagawadi and Gaur 1992; Antoun and 

Prevost 2006; Bashan and de-Bashan 2005; Çakmakçı et al. 2010; De-Ming and Alexander 

1998; Podile et al. 2006; Zahir and Arshad 2004; Zhang et al. 1996). On the other hand, AMF 

are beneficial fungal species that occur in the root zone of 80%-90% of land plants in a 

symbiosis with all terrestrial plants (Abdel Latef and Chaoxing 2011a,b; 2014). The hyphae 

formed by the AMF in harmony with the plant roots increase the surface area of the roots, 

improve the mineral and nutrient uptake of the plants from the soil, and thus encourage the 

plants to show better growth. It is also reported that AMF contribute to the resilience of plants 

against environmental stresses such as soil salinity, heavy metal pollution, nutrient deficiency, 

and adverse soil pH conditions. (Turkmen et al. 2008). AMF, which have an important place in 

terms of sustainability, are in important interaction with many families in horticultural plants. 

Tricoderma, another beneficial fungus group consisting of two hundred species, are also 

beneficial fungi species that play an important role in plant growth and development, such as 

AMF, and increase the tolerance of plants to environmental stresses (salinity, drought). 

Tricoderma species are also used in seed and seedling production to provide tolerance to some 

root diseases (Balla et al. 2008; Bitterlich et.al. 2018; Studholme et al. 2013). 

With the help of fertilizers containing microorganisms, it is normal that the successes to be 

obtained from cultivation in plant and root development, flower yield and stress conditions 

differ according to the strain used and the genotypic effect of the applied plant (Abdel-Rahman 
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and El-Naggar 2014). For this reason, the diversification of the applications (bacteria or fungi 

species) and the plant species to be applied is a matter directly related to the adequacy of the 

knowledge to be obtained on this subject. 

In this review, the results of the studies conducted to reveal the efficacy of PGPR, AMF and 

Trichoderma species, which are known as beneficial microorganisms, in fruit growing were 

evaluated. 

2. Biological Fertilizers Containing Microorganisms and Terminology 

It is observed that different terms such as bio-stimulant, microbial inoculant, or biopreparate 

are used in studies on biological fertilizers. The content and scope of these terms can be 

schematized as follows.   

 

 

 

Figure 1. Scope of the terms biopreparate, microbial inoculant and biostimulant (Pylak et al. 

2019). 

Biopreparations are products derived from a living organism or its metabolites. They inhibit the 

growth of pathogenic fungi or bacteria. Their effectiveness varies and is largely dependent on 
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ecological factors (Pačuta et al. 2018). Substances other than conventional nutrients (fertilizers) 

that have the ability to promote plant growth even when applied in low amounts are generally 

defined as bio-stimulants (du Jardin 2015). These products can be an important alternative in 

reducing or eliminating the low yield and quality problems in organic fruit growing. As a matter 

of fact, they are defined as any substance or microorganism supplied to plants, regardless of 

soil nutrient content, primarily to increase nutrient uptake efficiency, but also to increase abiotic 

stress tolerance and/or product quality characteristics. They are especially seaweed extracts, 

protein degraders, humic and fulvic acids, chitosan, inorganic compounds and beneficial fungi 

and bacteria (Ruzzi and Aroca 2015). 

 

3. Beneficial Bacteria and Their Use in Fruit Culture 

It is known that conventional agricultural techniques cannot meet the food needs of the 

increasing population in the world, the natural balance is disturbed as a result of these methods, 

and human and animal health is adversely affected by the chemicals used. In addition, these 

methods have led to an increase in production costs and difficulty in reaching food. Therefore, 

in order to reduce such problems, it is tried to adapt environmentally friendly production 

systems to agricultural production. One of the alternative approaches is PGPR, known as 

biological fertilizers. They contribute to high yield increases by contributing to the economic 

use of mobile nutrients in non-renewable resources, stimulating plant growth at lower costs and 

in a sustainable way. (Lucy et al. 2004).  In this group, In addition to symbiotic species such as 

Azorhizobium, Allorhizobium, Bradyrhizobium, Mesorhizobium, and Rhizobium, there are non-

symbiotic nitrogen-fixing bacteria such as Azoospirillum, Azotobacter, Bacillus, Klebsilla, and 

Synorhizobium (Hayat et al. 2010; Bhardwaj et al. 2014). The effectiveness of these species 

extends beyond fixing N2 to include the ability to recycle organic matter. So that they mineralize 

organic nitrogen to nitrate, which can be easily taken up by plants via nitrite. The most studied 

genus in this group is Azospirillum spp. (Miransari 2011).  

The effectiveness of PGPR can be by direct and indirect mechanisms. Although the mechanism 

of PGPR is not fully understood, their mechanism has been clarified; (1) increased root length 

and development, thanks to its ability to produce 1-aminocyclopropane-1-carboxylate (ACC) 

deaminase, an important enzyme for reducing ethylene secretion in the root of developing plants 

(2) auxin, indole acetic acid (IAA), abscisic ability to produce hormones such as acid (ABA), 

gibberellic acid (GA) and cytokinin, (3) symbiotic nitrogen fixation, (4) antagonistic to 

phytopathogenic bacteria by producing siderophore, ß-1, 3-glucanase, chitinase, antibiotic, 

color pigment and cyanide effect, (5) dissolution and mineralization of nutrients (especially 

phosphate compound), (6) increased resistance to drought, salinity, excess water and oxidative 

stress, and (7) water-soluble B group vitamins, niacin, pantothenic acid, thiamine It can be 

summarized as the production of riboflavin and biotin, as well as the removal of toxic 

substances and heavy metals for contaminated soil with plants (Hayat et al. 2010). 

In addition to their contribution to soil nitrogen fixation, PGPR, such as Bacillus circulans, B. 

megaterium, B. polymyxa, B. sircalmous, and B. subtilis, are known to have the ability to 

dissolve phosphate rock in the soil. P in soil are also found in mineral forms such as apetite, 
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hydroxyapetite and oxyapetite, and in organic forms such as inositol phosphate, 

phosphomonoesters, phosphodiesters and phosphotriesters (Khan et al. 2007). Rather than 

fertilizing the soil, which increases productivity and development, mineralization and 

dissolution of phosphorus with the help of phosphate-dissolving bacteria has become an 

alternative to humanity as a more sustainable way (Jeffries et al. 2003). The most important 

mechanism of solubilization of inorganic phosphate through PGPR applications is based on the 

synthesis of lower weight organic acid molecules such as glauconic acid and stric acid 

(Rodriquez et al. 2004). These organic acids of phosphate bind cations with carboxyl and 

hydroxyl groups by cleating them, which causes a decrease in soil acidity and thus the 

dissolution of phosphate (Tao et al. 2008). In addition, some of these bacterial groups have the 

ability to produce plant hormones such as abscisic acid, auxin, cytokinin, ethylene, and 

giberallin (Pylak et al. 2019). With this hormone production, a strong architectural structure 

will be formed in the roots, so the plant will be able to absorb more water and nutrients with 

these roots. As a matter of fact, in a study conducted, root growth increased up to 35% under 

irrigation conditions and up to 43% in drought conditions in Rubus glacus plants, where bacteria 

with known IAA production efficiency were applied (Rubin et al. 2017). In addition to the 

increase in root development and, in parallel with this, more and faster intake of nutrients, 

bacteria such as B. amyloliquefacies, B. brevis, B. circulans, B. coagulans, B. firmus, and B. 

megterium (PGPR) are involved in nitrate transport. It is also known that it upregulates the 

responsible genes (NRT1.1, NRT2 and NAR2.2), which increase nitrogen uptake (Saia et al. 

2015). It was determined that the plants inoculated with Pseudomonas mendocina, which 

promotes plant growth, increased the nitrate reductase activity in the leaves and the capacity to 

stimulate the expression of the genes responsible for the enzymes with these applications. It has 

been determined that enzymes involved in nitrogen assimilation or photosynthesis are more 

affected by these applications (Jannin et al. 2012; Kohler et al. 2008). 

It has been reported that some PGPR have the ability to produce auxin, cytokinin or giberallin 

from plant hormones both in pure culture and in the soil, and also inhibit ethylene synthesis 

(Çakmakçı et al. 2008, 2010; Glick et al. 1994). Bacteria can also increase root elongation and 

development by reducing the amount of ethylene in plant roots with their ability to produce 

ACC deaminase (Penrose and Glick 2001). Especially Enterobacter spp., Rhizobium spp., 

Pseudomonas spp., Variovorax spp., Alcaligenes spp., and Bacillus spp. Thanks to the 1-

Aminocyclopropane-1-carboxylate (ACC) deaminase enzyme activity, which is determined to 

be common in species, it can reduce the negative effects of ethylene caused by different stress 

conditions (Çakmakçı 2009; Glick et al. 1998; Safronova et al. 2006). In plants to which bacteria 

with this activity are applied, resistance to stress conditions is indirectly increased by 

proportionally more root development, especially thanks to low ethylene (Burd et al. 2000). 

Stress factors such as excessive water, drought, low and high temperatures, heavy metals, and 

salinity increase the amount of “plant stress ethylene”. The most effective strategy in reducing 

the stress ethylene formed under abiotic stress conditions is the use of the gene that produces 

the ACC Deaminase activity. When bacteria showing ACC deaminase activity are applied to 

plants, the bacteria act as a receptor for ACC deaminase and the plant ethylene level is thus 

reduced (Glick et al. 1998). PGPR strains; they can also show effectiveness in resistance to 

abiotic stress conditions such as drought and salinity, by stimulating osmolyte regulation 
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mechanisms that control plant cell wall integrity and induce plant tolerance to stress factors (by 

producing osmoprotectants such as proline, glutomat and trehalose) (Koskey et al. 2021). 

Microorganisms have long been widely used as biological control agents. PGPR also have 

important effects on pathogenic microorganisms, insects and nematodes. Most bacterial 

biological control agents are of the genus Bacillus, and Bacillus thuringiensis is the most widely 

used bacterial biocontrol agent against many fungal pathogens and insects. Derivatives of this 

genus are found in more than 70% of bacterial biopesticides. These products, also called 

biological control agents, are easy to apply. They activate the resistance mechanisms in the 

plants they are applied to and increase the yield. This antagonistic effect is achieved through 

antibiosis, secretion of some toxic metabolites, parasitism, and competition for food. The direct 

antagonistic mechanisms of microbial biological agents are assisted by the agents' ability to 

detect enzymes that break down the cell wall (such as catalases, cellulases, chitinases, esterases, 

glucanases, and proteases) (Alori and Babalola 2018). These hydrolytic enzymes facilitate the 

penetration of the pathogen into the cell wall and insect tissues. Bacillus thuringiensis, one of 

the main entomopathogenic bacteria, produces endotoxins that disrupt insect cell structures, 

induce osmotic cell lysis, causing significant ion leakage and loss of functional integrity 

(Azizoğlu 2019; Bent 2006; Köhl et al 2019; Liu et al 2019; Melo et al 2016). 

Agrobacterium, Arthrobacter, Azotobacter, Burkholderia, Pseudomonas, Rhizobium, Serratia, 

and Thiobacillus are other bacterial genera with in vitro and in vivo antibiotic properties. 

Bacterial biopesticides, like most bacterial control agents, are environmentally friendly, 

inexpensive to develop, and can be as effective as synthetic pesticides (Köhl et al. 2019). Apart 

from parasitism, most biological control agents directly suppress pathogens through the 

production of antibiotic compounds that inhibit the proliferation of target pathogens. 

Bassiacridin and beauvericin, produced by Beauveria, have insecticidal properties (McGuire 

and Northfield 2020). Bioactive lipopeptides produced by B. subtilis necrotize insect epithelial 

cells and cause death (Melo et al. 2016; Liu et al. 2019). In their indirect mechanisms, it is 

important that they inhibit the development of other pathogens through competition. Thus, most 

antagonist microorganisms have the ability to colonize aggressively, suppressing pathogens that 

prevent their establishment through competition. This mode of action is incredibly effective in 

controlling necrotrophic pathogens that require exogenous nutrients for their formation. Here, 

it is necessary to express the complexity of antagonistic mechanisms and that microbial 

biological agents can suppress a pathogen through several mechanisms (Tewari et al. 2019). 

The use of PGPR, whose effectiveness was evaluated by these mechanisms, in perennial plants 

such as fruit species, has intensified in the last 20 years, and the results have been more variable 

than annual and herbaceous plants. Study summaries on the activities of different PGPR strains 

on fruit species are given in Table 1. 
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Table 1. The activities of beneficial bacteria in fruit growing 

Fruit species Application effects References 

Strawberry Increase in stolon efficiency between 124-449% Aslantaş et al. 2009  

A positive effect against Phytophytena cacterum and Phytophytena 

fragariae diseases 

Vesteberg et al. 2004 

Yield increase up to 94.9% in salty conditions, increase in N 

content, decrease in Na and Cl content 

Karlıdağ et al. 2011 

The cumulative yield of strawberries grown in organic conditions 

increased between 10.5% and 33.2% in combined applications. 

Titratable acid decreased, while total dry matter and sugar 

increased. 

Eşitken et al. 2010 

All rhizobacteria applied under field conditions in Fern strawberry 

cultivar had a positive effect on yield factors such as fruit amount 

per plant, average fruit weight and first quality fruit ratio. Among 

these bacteria, especially RC19 (Bacillus simplex), RC05 

(Paenibacillus polymxa) and RC23 (Bacillus spp) were identified 

as the prominent isolates in increasing yield in strawberry. 

Erturk et al. 2012 

In San Andreas’ strawberry cultivar, it was determined that with 

different salt concentrations (0, 30 and 60 mM/L NaCl), the growth 

of the strawberry decreased, and the bacteria application at 60 

mM/L NaCl concentration provided the highest curative effect and 

provided the most effective protection against salt stress of the 

plant. The results revealed that the application of bacteria can have 

a curative effect by increasing proline and anthocyanin levels, 

helping it to tolerate the adverse effects of salt stress, which is an 

important abiotic factor in horticultural cultivation. 

Koç et al. 2016 

Banana Hevenk yield, the number of fingers in each hevenk, increased the 

N, P, K contents in the leaf. 

Kavino et al. 2010 

In yield, number of hevenk, significant increases in phosphorus 

uptake from the soil 

Attia et al. 2009 

Hevenk yield (35-51%), root development, Ca, N and Mg uptake 

increased. 

Mia et al. 2010 

It was determined that bacteria application did not increase stem 

circumference and leaf length in Cavendish bananas, but there was 

a significant increase in plant height, leaf number and leaf width. 

The effects of bacterial application on banana cluster weight and 

fruit development were found to be statistically significant. 

Akbaş et al. 2019 

Apricot It was determined that the average yield increase was between 30% 

and 60%, the growth of shoot length increased significantly with 

the application of bacteria in both years, and the N, P, K, Ca and 

Mg contents of the leaves of the treated trees increased compared 

to the control. 

Eşitken et al. 2002, 

2003a; Karlıdağ et al. 

2010 

Hazelnut It was determined that the root formation in cuttings increased 

significantly compared to the control. 

Basil et al. 1991 

Increase in vegetative growth values and leaf nutrient content in 

seedlings 

Ertürk et al. 2010b, 

2011a 

Cherry 

 

Yield per unit trunk area, increase in fruit weight, shoot length, N, 

P, K, Fe, Zn, Mn uptake 

Eşitken et al. 2006 

Increase in total yield and fruit weight Akça et al. 2010 

Sourcherry In Kütahya sour cherry cultivar, Bacillus mycoides T8 and B. 

subtilis OSU-142 flower and leaf applications significantly 

increased the yield per tree, shoot length and leaf area compared to 

the control. The highest shoot length was found in T8+OSU-142 

(51.74 cm) application, and the lowest value was found in the 

control (46.71 cm). 

Arıkan and Pırlak 

2016 

Mulberry Significantly increased mulberry leaf area and quality. Sudhakar et al. 2000 

Apple Increases in yield per unit trunk area (13.3-118.5), fruit weight 

(4.2-7.5%), shoot thickness (9-30.1%), N, P, K, Mg, Ca, Fe, Mn, 

and Zn amounts. 

Pırlak et al. 2007 
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Combined use with low doses of IBA on wood cuttings resulted in 

increases in rooting up to 30%. 

Karakurt et al. 2009 

Pear Inoculation of phosphate-dissolving bacteria in Le Cont pear 

significantly increased shoot length and yield. 

Fawzi et al. 2010 

Tea Applications made in pots and field conditions in different tea 

clones caused significant increases in vegetative growth 

parameters, leaf nutrient content and leaf enzyme activity values. 

Çakmakçı et al. 2009, 

2010a, 2010b, 2011a; 

2011b, 2015, 2017, 

Ertürk et al. 2011b, 

2013 

Rooting increase of 40-76.6% in cuttings Ertürk et al. 2008 

Kiwi It significantly increased the rooting of kiwi wood cuttings (up to 

78%). 

Ercişli et al. 2003 

Rooting increased by 47.50% in semi-woody cuttings and up to 

42.50% in woody cuttings. 

Ertürk et al. 2010a 

Vine 

 

They increased the rooting rate and the success rate of callus 

formation rate, grade and graft set in rootstock-pencil 

combinations, increases up to 93% in graft combinations. 

Köse et al. 2003, 2005 

 

Pistachios Lateral root formation up to 7.8% in seedlings Orhan et al. 2007 

Almond 8.89-9.6% increase in lateral root formation Orhan et al. 2006 

Rosehip It promotes rooting between 65-91% in wood cuttings. Ercişli et al. 2004 

Blueberry Three biocontrol bacteria combination application containing 

Bacillus amyloliquefaciens JC65 and JC65 increased blueberry leaf 

chlorophyll content, net photosynthesis rate by 21.50%, average 

plant height by 13.21% at 30 days and by 2.72% at 69 days. 

Compared to the control, the grafted plants had a yield increase of 

14.56% and an improvement in fruit quality. 

Yu et al. 2020 

Increased leaf area, number of leaves, root dry weight and stem 

diameter, and an increase in P, Zn and Cu content in the leaf 

De Silva et al. 2000 

Blackberry Application of Pseudomonas fluorescens N21.4 to blackberry roots 

(Rubus sp.) increased expression of some flavonoid biosynthetic 

genes, accompanied by an increase in the concentration of selected 

flavonoids in fruits. 

Garci-Seco et al. 2015 

In the study carried out to determine the effect of three PGPR 

strains belonging to the genus Bacillus on the development of 

blackberry (Rubus glaucus Benth.) in semi-cover and field 

conditions (crop systems); In field conditions, the total number of 

branches (7.32), the number of productive branches (7.0), the 

number of flowers per cluster (26.2) and the lowest percentage of 

unproductive branches (6.1%) were higher than semi-covered 

(P<0.001). Significant differences (P<0.05) were obtained in the 

total number of branches over time with bacterial strains. 

Roblede-Brutica et al. 

2018 

 

3. Beneficial Fungi and Its Use in Fruit Culture 

Beneficial fungi, which make positive contributions to plant growth, especially in organic 

agriculture, have the ability to live in a symbiosis with plants. Thanks to the hyphae formed by 

the beneficial fungi and growing towards the plant roots, the surface area of the plant roots 

increases, increasing the root efficiency. In addition, siderophores, which are organic acids that 

chelate iron ions, are produced by these fungal groups and ensure better iron uptake. They also 

have the ability to secrete phosphatase and other organic compounds necessary to increase the 

presence of P in the soil (Rouphael et al. 2015). 

Trichoderma harizanum (T22) is one of the most widely used plant pathogen antagonists in the 

composition of some biological preparations (its activity is fixed against pathogens such as 

Armillaria, Botrytis, Demathophora, Diaportha, Fusarium, Macrophomina, Monillia, 

Phytophtora, Plasmophora, Phytium). Thanks to the secretion of auxin-like hormones in the 
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hyphae of Trichoderma spp, plant development is promoted due to plant root growth (Frac et 

al 2018). In addition to its microparasite function, it also has the ability to produce different 

antibiotics and growth promoting effects. In the studies, Trichoderma sp.; It has been 

determined that viriden also produces some antimicrobial compounds such as peptabol, 

gliotoxin, isontriles and sexterpenes. These substances are known to be toxic enzymes used by 

fungi to inhibit the growth of other competitors in the same ecological niche (Berg et al. 2004). 

Trichoderma spp. induced resistance may contribute to plant breeding through certain 

mechanisms such as mycoparasitism, inactivation of pathogen enzymes, production of 

inhibitory compounds, and nutrient-space competition (Roco and Perez 200?; Yedidia et al. 

2000). 

Thanks to the antibiotic properties produced by some of the Trichoderma species, the 

development of other pathogens in the environment is prevented (Phytoptera pathogens are 

suppressed by the glovirin substance). The hyphae of this group of fungi usually grow into the 

hyphae of other fungi and curl around them, limiting them. Hardware such as hooks and 

appressorium in their hyphae facilitates attachment to fungi (Özbay and Newman 2004). In 

addition, many species belonging to this genus are known to produce high amounts of cell-

degrading enzymes such as α-1-3 gluconases. Studies have shown that some enzymes produced 

by Trichoderma species also inhibit the growth of pathogenic fungal hyphae and spore 

germination (Szekerez et al. 2004). As a matter of fact, Trichoderma coningii (T21) and 

Gliocladium virens (G2 and G8) were used in strawberry cultivation, and they showed activity 

by providing inhibition against Botrytis sineria pathogen (Alizadeh et al. 2007). The 

contribution of this group of fungi to the inhibition of pathogen enzymes is another mechanism 

they use to control the growth of pathogens.  Pectinase, gluconase, cutinase and chitinase 

secreted by pathogens; It is suppressed by the protease enzyme secreted by Trichoderma spp 

(Ela 2000). Some Trichoderma species colonize the roots of the plant and induce a series of 

biochemical and morphological changes (ISR). As a matter of fact, it has been determined that 

it can form systemic resistance against the powdery mildew agent Podosphaera aphanisa in 

strawberry by preventing the growth of the pathogen (Harel et al. 2011). 

Arbuscular mycorrhizal fungi, which are species that can colonize 80% of terrestrial plant 

species, have the capacity to develop a symbiotic relationship with plants. These relationships 

are mutually beneficial, and fungi increase the surface area of the roots and allow them to grow, 

thus improving the plant's water and nutrient uptake. As a matter of fact, nitrogen, and other 

minerals, especially phosphorus, are taken into the plant together with water thanks to the wide 

hyphae network (Pylak et al. 2019). 

Particularly, the effectiveness of the applications in the seedling and sapling period, and the aim 

of rapid and obvious seedling and sapling development make AMF an effective alternative. 

They can also act as biological control agents by direct or indirect mechanisms. Especially 

under stress conditions, the contribution of AMF to growth and development becomes clearer. 

Although many effects on seedlings and saplings such as high retention rate, growth, 

development, increases in fruit yield and quality, obtaining homogeneous fruit, increased 

flowering, early flowering, and induced resistance against stresses vary in different ecologies 
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depending on the host and fungal species, fruit It has been determined by studies on species 

(Pylak et al. 2019). 

Many fruit tree species are dependent on arbuscular mycorrhizal infection for survival and 

growth. Better growth of plants infected with mycorrhiza in this way is associated with a 

generally more efficient uptake of nutrients from the soil (Naik et al. 2018). The purpose of use 

of beneficial mushrooms in fruit growing and summary information about related studies are 

given in Table 2. 

Table 2. Activities of beneficial fungi in fruit growing 

Fruit species Application effects References 

Citrus Positive relationships were determined between AMF colonization 

and growth parameters in mandarins 

Panja and Chaudhri 

2004 

Increase in growth and ion uptake in drought and salinity 

conditions, improvement in fruit quality 

Wu et al. 2010 

Trifoliate mycorrhizal inoculation, increases in fruit soluble sugar 

content and leaf chlorophyll content 

Wu and Zou 2012 

Application of Glomus macrocarpum and G. coledonicum in 

Troyer plant increased plant height, stem diameter and total 

biomass. 

Souza and Souza 

2000 

Banana Grafting at the beginning of the weaning stage in micropropagated 

banana plants significantly increases growth. 

Grant et al. 2005 

Increases in plant height, greener and wider leaves, more fruit 

clusters, higher fruit number per cluster with Glomus fasciculatum 

inoculation in dwarf Cavendish and Robusta cultivars. 

Eswarappa et al. 2002 

Inoculation with AMF and Rhizobacteria alone or together 

(combined) resulted in higher shoot length in micropropagated 

banana plants than in control. 

Mia et al. 2010 

Vine Growth enhancement on different rootstocks and cultivars grafted 

with Gigaspora rosea and Glomus mosseae 

Linderman and Davis 

2001 

 

Olive  

In olive plants inoculated with Glomus mosseae, shoot and leaf 

growth is at maximum levels. 

Renaldelli and 

Mancuso 1996 

Increases in lateral root density Vitagliano and 

Citernesi 1999 

Root and crown growth in grafted seedlings is maximum Porras et al. 2002 

Peach Increase in plant height, root length, number of leaves and SSC in 

peach seedlings inoculated with Glomus macrocarpum. 

Awad 1999, Sharma 

and Bhutani 1998 

Increases in AMF inoculation, nutrient content, and vegetative 

growth in Alderighi cultivar 

Josec 2009 

Apple Increases in leaf area, biomass, and chlorophyll content in AMF 

inoculated apple seedlings under greenhouse conditions. 

Mortin et al. 1994 

A positive correlation was found between AMF inoculation and 

shoot growth, leaf area and yield in apple seedlings. 

Lovato et al. 1994 

Increases in seedling growth parameters with AMF colonization in 

seedling period 

Wang et al. 2001 

Pecans The highest linear and radial growth internodium, number of 

leaves, shoot dry weight, root/shoot ratio and highest 

photosynthesis rates in AMF inoculation to pecan seedlings 

Joolka et al. 2004 

Plum AMF applied with root inoculation in plum seedlings, vegetative 

growth parameters increased at different rates compared to the 

control. 

Slawomir and 

Aleksander 2010 

Pomegranate Increases in fruit yield in 5-year-old pomegranate plants applied in 

combination with Azotobacter chrococcum and Glomus mosseae. 

Aseri et al. 2008 

Guava The combined use of AMF and Bacillus megaterium provided the 

highest shoot length. 

İbrahim et al. 2010 

Strawberry  Strawberry seedlings of Camarosa, Aromas, Camino Real, 

Monterey, Portola, San Andreas and Albion cultivars were 

Wang et al. 2012 
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inoculated with AMF. Increases in pH, SÇKM, titratable acidity, 

phenolic compounds in fruit juice, improvement in quality 

properties after harvest. 

Increases in fruit size and fruit strength in strawberries treated with 

AMF 

Rivera-Chávez et al. 

2012 

While AMF and PGPR applications increased the sugar and 

anthocyanins concentration in strawberry, they decreased the pH 

and malic acid contents. 

 

Todeschini et al. 2018 

 

Conclusion  

The biggest threats to conventional agriculture are high production costs of nitrogen fertilizers, 

decreasing natural P deposits, restrictions on pesticide use, drought and its negative impact on 

safe food. Increasing demand for safe food and better nutrition, developing research 

technologies and interest in sustainable agriculture are increasing the global interest in 

biological fertilizers containing microorganisms. 

Different studies are needed to use beneficial microorganisms effectively in different processes 

of sustainable commercial fruit growing. A better understanding of the application principles 

and benefits of beneficial microorganisms will bring great benefits to sustainable agriculture. 

Understanding the complex plant X microorganism interactions, responses to stress tolerance 

and adaptations influenced by different soil and climatic factors is an important key here. In 

order to identify potential microbial candidates conferring resilience to abiotic stresses, their 

effectiveness in small-scale agro-ecosystems should be tested by employing advanced 

biotechnological tools.  

Inoculation of beneficial microorganisms; Contribution to safe and adequate food production 

and environmental sustainability can be an important pillar. However, more information is 

needed on the effects of climate change and the effects of agricultural practices on the 

biofunctionality of microorganisms in multiple agrosystems. 
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