Role of mycorrhizae on mineral nutrition of fruit trees
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Abstract

Citrus, cherry, plum, peach, apple, pear, nectarine, apricot, grape, Kiwifruit,
pomegranate, fig, olive and pistachio along with several native fruits such as wild
black cherry and pecan are important temperate horticultural fruit species which are
of keen interest to farmers. The roots of these species are naturally inoculated with
mycorrhizal fungi. As the harvest time of fruits under Mediterranean climatic
conditions is earlier than in many other regions, consequently there is an economic
advantage for horticultural producers. Many soils in the Mediterranean region are
deficient in plant nutrients (such as N, P, Zn, Fe and Mn) due to high clay and lime
contents, often coupled with alkaline pH and limited water resources. To achieve an
optimum plant growth, and obtain good fruit yield, chemical fertilizers are used.
However, the excess use of chemical fertilizers negatively affects viable soil
microorganisms, especially mycorrhizal fungi. Recent trends for the protection of the
environment and the demand for healthy and ecologically-produced food, suggest
minimal or no use of chemicals in agricultural production. Mycorrhizal fungi can
promote plant root growth in marginally poor soils and under environmental stress.
Mycorrhizal inoculation can contribute to the production of high quality fruit trees
with balanced mineral nutrient uptake. In this work, the effect of mycorrhizal fungi on
growth and nutrient uptake of micro-propagated cherry, grapevine, fig and banana
rootstocks were investigated during acclimation and plant establishment. Banana and
fig plantlets were also produced through micro-propagation. Several types of
mycorrhizal fungi were used. Mycorrhizal inoculated plants had high shoot and root
dry weight, greater nutrient uptake than non-mycorrhizal plantlets. Under field
conditions, the effect of several mycorrhizal species on orange, mandarin and lemon
trees was successfully demonstrated. Mycorrhizal inoculation also significantly
increased the P and Zn uptake. Different mycorrhizal fungi differentially affected
nutrient uptake and this effect depended upon the species. Mycorrhizal dependency
of a range of tree species was assessed. It has been found that many plants, including
citrus, pistachio, cherry, banana and grapevine rootstocks are dependent on
mycorrhizae for P nutrition. Overall, it is concluded that utilizing AM fungi can make a
useful contribution to horticultural plant growth, nutrient uptake and also fruit
quality.
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INTRODUCTION

Agriculture is highly dependent on ecological variables such as climate and soil
conditions. In the Mediterranean area, soils are generally poor in organic matter and
nutrients, and in addition, water is scarce and the risk of salinization and aridification is
high. Therefore, nutrient supply and irrigation are necessary for healthy crop production. In
large agricultural plants, low water and nutrient availability limit plant growth. With an
increasing human population, food demand has increased and further intensification is
required in agricultural production. Industrialized agriculture uses intensive irrigation and
fertilization to produce a high quantity of yield. Intensive fertilizer demand and use have
generated serious environmental problems, such as salt accumulation and degradation of
soil quality. As fertilizer sources are limited and fertilizer is very expensive, and causes soil
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and environmental pollution, using root-soil surface (rhizosphere) mechanisms and
techniques can provide important alternatives.

Plant roots can alter their immediate environment (in the root-soil interface, called
the rhizosphere), by absorbing nutrients and releasing exudates. Nutrient and water uptake,
root respiration, root exudate and pH changes (either increases or decreases) can occur in
this thin soil layer. The rhizosphere soil differs from non-rhizosphere soil, chemically,
physically and biologically (Ortas, 1997). These differences depend on plant species, mineral
supply and the nutrient status of the soil. As soil fertility is affected by rhizosphere
interactions, the presence of mineral nutrients, soil microorganisms, especially N»-fixing
bacteria and mycorrhizae fungi, and soil texture directly affect rhizosphere dynamics.
Rhizosphere dynamics and rhizosphere management are very important for soil
development, plant nutrient acquisition and soil-borne disease control.

Microorganisms that benefit the soil/plant systems

Soil, the natural habitat of plants, contains many diverse populations of
microorganisms such as bacteria, fungi, protozoa and viruses. The roots stimulate the
development of microorganisms in the soil. One g of soil contains billions of organisms and
these organisms are mainly concentrated at the root-soil surface (rhizosphere).

The most important interactions that develop in the rhizosphere can be classified into
three main groups:

1) plant-plant interactions,

2) root-microorganism interactions,

3) microbe-microbe interactions.

Microorganisms play an important role in plant, soil and environmental sustainability.
Soil beneficial microorganisms can be divided into saprotrophs (which need the organic
compounds released by the plant in order to live) and symbionts (which live intimately with
the plant, colonizing the roots without damaging them). Many saprotrophs and symbionts
carry out activities such as: stimulating the germination of seeds; improving root
architecture; increasing the availability of less mobile nutrients; improving the soil structure
and increasing physical fertility; protecting the plant from biotic and abiotic stresses
(salinity, drought, nutrient deficiency, heavy metals, pathogens, etc.) (Barea et al,, 2011); and
fixing and keeping the organic carbon in the soil. The main symbionts, the N».fixing bacteria
(nodules in legumes) and mycorrhizal forming fungi, can be used as biofertilizers. These
symbioses have significant benefits to plant health and soil quality (Table 1).

Table 1. Type of microorganisms and their role on plant and soil.

Type of microorganisms Results of the interaction
No-fixing bacteria (biofertilizers) N; fixation, N cycling for some fruit trees
Mycorrhizal fungi (biofertilizers) Nutrient and water uptake and improved soil quality
for nearly 90% of plant species
Phosphorus solubilizes (biofertilizers) P-cycling, use of rock and organic phosphates
Rhizobacteria (PGPR) Plant growth and healthy promotion and regulation of
diversity of the microbial population in the rhizosphere
Plant hormone producers (phytostimulators) Rooting and establishment of seedlings
Biological control agents of plant diseases Increased resistance/tolerance to root diseases and
(bioprotectors and biopesticides) soil-borne disease

The symbiotic association between plant roots and mycorrhizae is the most common
mutualistic symbiosis between soil-borne fungi and plant roots. This symbiosis is just one
facet of the complex microbial interactions that occur in the rhizosphere (Azcon-Aguilar and
Barea, 2015; Azc6n and Barea, 1997). Numerous plants and microorganisms cannot survive
without undergoing association with beneficial microorganisms, in particular, mycorrhizal
fungi.
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Mycorrhizae - a powerful mechanism for plant growth

Almost 80% of plant species are engaged in symbiotic relationships with mycorrhizal
fungi (Brundrett, 2002). Mycorrhizal associations are the predominant microbial group that
infect the majority of plant species and mycorrhizal fungi-root associations have been
known since 1885 (Smith and Read, 2010). Several different types of association (defined by
the structure of the fungus:plant interface) exist among plant species. The term
“mycorrhizae” means “fungus root”, “Myco” is fungus and “rhiza” is root. Mycorrhizae are
highly evolved, mutualistic associations between soil fungi and plant roots, and provide a
critical linkage between the plant root and soil. Symbiosis is often used to describe these

highly interdependent mutualistic relationships (Figure 1).
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Figure 1. Relationship between the soil, plant and mycorrhizae.
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The relationship of this fungus with plants is mutually beneficial, with the fungi
receiving energy in the form of carbohydrates from the host plant. These fungi can benefit
plants by enhancing the nutrient-absorbing ability of roots. Fungi are better than plants at
acquiring mineral nutrition (P, K, N, Zn, Cu, Ca) from the soil. In addition, fungi improve a
plant’s access to water, and carbon from the leaves to the rhizosphere benefits both sides.
Carbon is very important for sustainable life in terms of nutrient uptake and balance. Plants
get carbon from atmospheric carbon dioxide (CO2). Since industrial revelation atmospheric
CO; was increased and it is important to reduce atmospheric CO; trough photosets to plants.
The most efficient method of carbon dioxide mitigation is a photosets mechanism which can
transfer the atmospheric CO; to the rhizosphere soil.

Fungi are better than plants at acquiring nutrients because fungi have digestive
enzymes that plants do not have, and can turn inorganic phosphorus and nitrogen sources
into forms usable by plants. Because fungi secrete their enzymes outside of their cells (into
the soil) they can use enzymes which produce too many free radicals to use inside cells. They
improve the diversity of plant communities and plant succession. As each plant is
compatible with a particular type of mycorrhizal fungus, this ensures the conservation of
fungal diversity, which in turn benefits plant diversity and succession (Smith and Read,
2010).

This enhancement of nutrient uptake is a result of the extensive system of hyphae and
mycelia that pervade the soils, which improves rooting, via the production of hormones,
vitamins and other phytoactive substances by the fungi. In addition, AMF improve the soil
structure, as a consequence of the contribution of the mycorrhizae in the formation of stable
aggregates. Mycorrhizae are especially important in facilitating the retention of more
organic carbon in the soil for soil quality and soil fertility (Ortas et al., 2017a).

Mycorrhiza also alter the quantity and quality of the secondary metabolism of plants.
AMF also interfere with the phytohormone balance of host plants, as a bioregulator, and
mycorrhiza act as a bio-protector by inducing tolerance to soil and environmental stresses.
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When inoculated with mycorrhizae plant feeding is enhanced, resulting in better growth,
and mycorrhizal plants are often more competitive in taking up nutrients and better able to
tolerate environmental stresses than non-mycorrhizal plants. AMF aid plants by reducing
the need for chemical fertilizers and biocides to obtain maximum benefits; in this way,
plants, especially tree plants, obtain a practical benefit for farmers. The successful
application of mycorrhizae can be important for tree seedlings on degraded and low-input
agricultural soil.

The role of mycorrhizae on plant growth, nutrition uptake and soil quality

Mycorrhizal inoculation promotes plant growth; enhances nutrient absorption;
enhances tolerance of adversity to drought, heavy metal stress, salt stress, high temperature,
flooding, diseases and insect pests. Mycorrhizal colonization increases the number of
flowers; improves fruit quality; enhances plant growth; modifies root development,
architecture and hair. Mycorrhizae have many other benefits for plants such as: promoting
the uptake of nutrients, especially phosphates. In addition, mycorrhizae foster the
development of the healthy seedlings, increase yields and the survival rate at transplanting;
strengthen plants against biotic (Azcon-Aguilar and Barea, 2015; Barea et al., 1996) and
abiotic stresses (Swaty et al., 2004). The mycorrhizal symbiosis contributes to the biological
control of pathogens and also increases the plant’s resistance/tolerance to salinity, drought,
nutrient deficiency, excess of heavy metals, soil degradation, etc. (Azcon-Aguilar and Barea,
2015; Zaefarian et al., 2013). Mycorrhizal symbiosis results in reduced nutrient stress, and
can also reduce other environmental stresses, such as drought, which can benefit plant
growth.

Mycorrhiza can also enhance soil stabilization and soil physical fertility and improve
soil structure by producing glomalin and hyphae. Under natural tree plant plantations, if soil
erosion is pronounced, the scarcity of microbial propagules in such ecosystems may be a
serious handicap to plant establishment and survival. In such cases, it may be necessary to
inoculate with indigenous fungal species or augment the natural AM fungi already present
within the rhizosphere of indigenous leguminous plants (Ortas and Coskan, 2016).

Role of mycorrhiza on horticultural plant growth and nutrient uptake

The effects of mycorrhizal fungi on horticultural plant growth have been extensively
studied (Lovato et al.,, 1999; Ortas, 2012b). Many studies have shown the positive influence
of AM symbiosis on horticultural production (Gianinazzi et al.,, 1989; Lovato et al., 1999).
Tree fruit crops benefit through AMF by an increased uptake of phosphorus and other
nutrients, and also an increased resistance to biotic and abiotic stress compared with other
plant species. The interest of horticulturists in AM technology is due to the ability of AMF to
increase nutrients, in addition, it is easy to inoculate tree plants and obtain enhanced
responses. Furthermore, it is easier to use mycorrhizal inoculation for horticultural plants
than annual field crop plants (Ortas, 2012b). The results of Holste et al. (2017)
demonstrated that early inoculation with AMF increased the nutrient content of tree plant
tissue.

The micropropagation production of plantlets is important in the biotechnology
industry. Nowadays, micropropagation is a successful technique for the mass production of
many woody plants, which are highly dependent on mycorrhizae. Early mycorrhizal
inoculation of micro propagated plantlets had a beneficial effect on plant survival (Ortas et
al, 2017b). According to Azcén-Aguilar and Barea (1997) and Ortas et al. (2017b)
mycorrhizal inoculation and inocula production techniques need to be improved for the
proper application of AM biotechnology in commercial horticultural plant production
systems. In particular, for woody horticultural plants that are difficult to root in vitro,
mycorrhizal dependency is known to improve their survival rates and quality. Mycorrhizae
can play a crucial role in symbiosis-requiring plantlets.

The acclimation stage is a stressful period for micropropagated plants (Vestberg et al.,
2002), and Pinochet et al. (1997) indicated that early inoculation with G. intraradices
appeared to enhance the growth of banana plants by enhancing nutrient uptake. Salamanca
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et al. (1992) showed that mycorrhizal inoculation reduced the length of the
micropropagated plant production cycle from 18 to 10 weeks. Plant production via
micropropagation techniques can benefit from mycorrhizal utilization. Since, under
controlled conditions, the growing period of micropropagated plantlets is short, in order to
enhance rhizosphere organism development, it is logical and crucial to inoculate plantlets
with rhizosphere organisms such as mycorrhiza. This obviously affects the beneficial
organisms, such as AMF, and after transplantation to the outside or into the field, plant
mortality decreases.

It has been demonstrated that AMF improves biopriming of micropropagated plantlets
and plays a significant role in ensuring the health of plantlets (Rai, 2001). However, these
practices provide the most rewarding situation for the application of mycorrhizal
biotechnology by reintroducing appropriately selected AMF at suitable stages of the plant
production schedules (Lovato et al., 1999). Inoculation of arbuscular mycorrhizal fungi (AM)
to the roots of micropropagated plantlets plays a beneficial role on their post-
transplantation performance (Kapoor et al,, 2008). Mycorrhizal fungi appear to act in 3
ways: 1) helping plants attain the best performance; 2) buffering stress during
acclimatization; and 3) improving overall plant and soil health.

Uptake and transfer of soil nutrients

Arbuscular mycorrhizal fungi (AMF), as a biofertiliser, supports plant nutrition by
absorbing and translocating mineral nutrients beyond the depletion zones of the plant
rhizosphere. One of the most dramatic effects of mycorrhizal infection on the host plant is
the increase in phosphorus (P) and Zn uptake, mainly due to the capacity of mycorrhizal
fungi to absorb nutrients from soil and transfer it to the host roots. In addition, mycorrhizal
infection results in an increased uptake of other macro- and micronutrients and water. When
a nutrient is deficient in the soil solution, the root parameters such as surface area, length
and nutrient exchange capacity control the uptake. If a plant is mycorrhizal dependent or
infected with mycorrhizae, the hyphae of mycorrhizal fungi can increase the absorbing
surface area of the root (Ortas, 2012d). Li et al. (1991) reported that hyphae of AM fungi
contributed 70% (Cambisol) or 80% (Luvisol) to the total P uptake of mycorrhizal plants. It
has been calculated that extra radical hyphae of mycorrhizae could contribute to the uptake
of up to 80% of plant P, 25% of plant N, 10% of plant K, 25% of plant Zn and 60% of plant Cu
(Marschner and Dell, 1994).

Biicking and Kafle (2015) investigated the nutrient uptake by root hair and
mycorrhizae hyphae (Figure 2). In another work, George et al. (1992) reported that
mycorrhizal hyphal uptake was 49% of the total phosphate and 35% of the total nitrogen
uptake by mycorrhizal plants. Generally, there are three mechanisms responsible for
enhanced P uptake in mycorrhizal plants: 1) the hyphal network of AM fungi extends the
plant root system, 2) AMF release organic acids that solubilize phosphate from insoluble Al-
P, Fe-P and Ca-P complexes, and 3) AMF produce phosphatase and exudate them to the
rhizosphere accelerating the mineralization of organic P to inorganic phosphate. Nye and
Kirk (1987) indicated that plant roots increase soil P availability in neutral or alkaline soils,
which decreases the pH at the root-soil interface and thereby mobilizes sparingly soluble
calcium phosphates.

The external hyphae of AM fungi extend well beyond the depletion zone, accessing
supplies of nutrients at a distance and in narrow soil pores. As the hyphae develop around
the root, distributed beyond the root area, nutrient uptake is high and the nutrient depletion
zone is extended. When nutrients are removed from the soil solution more rapidly, a nutrient
depletion zone develops and that nutrient can be replaced by diffusion (Li et al,, 1997). For a
poorly mobile ion, such as phosphate, a sharp and narrow depletion zone develops close to
the root.
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Figure 2. Mycorrhizal effect on nutrient uptake and phosphorus depletion (Biicking and
Kafle, 2015). Yellow symbols: transporters for nutrient uptake in root hair; red or
green symbols: fungal transporters; orange symbols: mycorrhiza-inducible plant
transporters.

In addition, some microorganism may act with mycorrhiza fungi to release immobile
forms of P to the soil solution. P is one of the critical minerals for plant growth and makes up
about 0.2% of the dry weight, but it is one of the most difficult nutrients for plants to acquire
(Smith et al, 2011). Smith et al. (2011) indicated that the major advantage of the AM
symbiosis for plants in acquiring P is that AM fungi provide a very effective pathway by
which P is scavenged from large volumes of soil and rapidly delivered to the cortical cells
within the root, bypassing direct uptake. Phosphorus in soil can be organic (20 to 80% of P
in soils is found in the organic form) and inorganic forms. Most of the organic P is in the
phytic acid (inositol hexaphosphate) form. According to Holford (1997), the inorganic P
fraction contains 170 mineral forms. Since P concentration and availability in the soil
solution is low, the plant uptake from the bulk soil is also limited. It is well known that 80%
of applied fertilizer P remains in the bulk soil and is less mobile. Since AM exploits a large
volume, the soil AM pathway can reduce the impact of Pi depletion in the rhizosphere and so
improve plant P nutrition and growth (Smith et al,, 2011)

The role of mycorrhizae in fruit tree fertilization

Many fruit trees are grown in tropical and sub-tropical areas. Fruit trees are
traditionally and intensively cultivated for fruits, seeds, medicines and fodder (Ambé, 2001).
For their high nutritive and economical added value, fruit trees are often alternative crops,
both in agroforestry and orchards systems. Fruit trees help to overcome nutritional
problems and significantly contribute to food security. In addition, they are a very important
source of revenue for small farmers (Akinnifesi et al., 2004; Leakey et al., 2005).

Recently, in order to obtain the highest yield from a unit area, in many sub-tropical
areas, mainly on the coast of Mediterranean countries, there has been a tendency to intensify
fruit tree cultivation. Up until recently, most fruit tree plants were grown on soils
characterized by a low organic matter concentration and with reduced available nutrients.
Under less fertile soil conditions, plants require arbuscular mycorrhizal inoculation.

Nutrient deficiency is a common nutritional problem in crop production in the
Mediterranean region. Due to nutrient deficiency, particularly N, P, K, Zn and Fe and low
organic matter, high clay and CaCOz content and high pH, fruit trees grow slowly. Soil and
crop management affects indigenous mycorrhizae efficiency, which has the most impact on
plant growth and nutrient uptake. In addition, soil management and indigenous mycorrhizae
have an effect on soil quality (Ortas and Coskan, 2016).
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When the soil cannot supply a sufficient amount of nutrients to feed the plant for
optimum yield, fruit trees should be fertilized. Fertilizer use can be determined on the basis
of soil fertility, plant requirements and plant nutritional status. Since tree orchard soils are
often well fertilized, the evaluation of indigenous and selected mycorrhizal inoculation
should be better managed for maximum benefit from mycorrhizae.

Fertilizer recommendations are very difficult as they depend on soil, plant species and
critical nutrient ranges according to the probability that plants respond to the addition of
nutrients (Brunetto et al, 2015). For inorganic fertilizers, finding recommendation is
relatively easy. For organic fertilizers it is more difficult and it is necessary an extensive
search to find the critical concentration for each nutrient. In particular, since mycorrhizae
give different response to different elements, for any ecological soil parameters and plant
species there is a need to do specific research. Optimized fertilizer recommendation is also
becoming more important due to marketing and customer demands in terms of organoleptic
characteristics. Brunetto et al. (2015) indicated that the practice of fertilization may also
affect fruit quality in terms of morphological, physical, chemical and organoleptic properties.
In most cases, without considering soil and tissue analysis, an excessive use of fertilizers also
causes environmental problems. In addition, excessive nutrient availability, especially N,
compared with plant requirements, caused negative results on fruit quality, excessive plant
vigour, fruit skin colour and abortion of flowers (Brunetto et al., 2015; Martin et al., 2004).
Excessive fertilizer use can also increase the incidence of fungal diseases on leaves and fruit
(Huber and Jones, 2013).

For many plant species, mycorrhiza dependency is directly related to P fertilizer
application and P demand, which is always less than non-mycorrhizal plants (Koide, 1991).
As can be seen in Figure 3, mycorrhiza inoculation can lead to significant P fertilizer
reduction. In addition, high P content and excessive P fertilizer application conditions have a
negative effect on plant growth and nutrient uptake (Ortas 2012a; Ortas et al,, 2016). Under
high fertilizer and high soil fertility conditions, mycorrhizal inoculation is not well developed
the efficiency of mycorrhiza may be reduced. Previously, Ellouze et al. (2016) showed that
AM root colonization was significantly affected by the concentration of phosphorus in the
soil solution.
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Figure 3. Increasing P fertilizer level on plant growth under mycorrhizal and non-
mycorrhizal conditions (Ortas, 1994). This response curve was produced by
growing mycorrhizal plants of the many plant species at a range of soil P levels.

Mycorrhizal inoculation or the indigenous potential of mycorrhizae in soil is a critical
factor in crop production under a low supply of P and Zn (Ortas et al.,, 2015; Ortas and
Ustuner, 2014a). Under semi-arid conditions, mycorrhizae contribute to overcoming mineral
nutrient deficiencies. The mycorrhizal root system seems to be able to selectively absorb
mainly phosphorus, zinc, copper and NH4-N from deficient soils (Liu et al., 2003; Ortas,
2012b).

3 277
N

ISHS



Advantages of mycorrhizal dependency to horticultural plant growth and nutrient
uptake

Since the majority of plant species roots are inoculated with mycorrhizae species, the
possible degree of mycorrhizae dependency (plant response to mycorrhizal inoculation in
term of plant growth and nutrient uptake) differs (Table 2). Mycorrhizal dependency and
mineral nutrition potential have been focused on by many researchers and it has been
indicated that the benefits of AM fungi on plant growth could vary widely between plant
species, and even between cultivars or species from different geographic locations
(Plenchette et al, 2005; Sousa et al, 2013). In addition, mycorrhizae dependency is
controlled by soil ecological conditions. Gerdemann (1975) and Menge et al. (1978) defined
mycorrhizal dependency as “the degree to which a plant species is dependent on the
mycorrhizal condition to produce its maximum growth at a given soil fertility”. Mycorrhizal
dependency has often been quantified by calculating the yield between mycorrhizal and
non-mycorrhizal control plants grown in a particular soil at a single soil P level (Koide et al,,
1988; Manjunath and Habte, 1991). Also, mycorrhizal dependency (MD) is usually defined as
the growth response of mycorrhizal (M) versus non-mycorrhizal (NM) plants at a given
nutrient level; MD = ((M - NM) / NM) x 100 (Plenchette et al., 1983).

Table 2. Mycorrhizal dependent horticultural tree plants and their families.

Family Genus Species common name Mycorrhizal type
Actinidiaceae Actinidia Kiwi Endomycorrhizae
Annonaceae Asimina Pawpaw Endomycorrhizae
Berberidaceae Mahonia Oregon grape Endomycorrhizae
Elaeagnaceae Elaeagnus Russian olive Endomycorrhizae
Fagaceae Castanea Chestnut Ectomycorrhizae
Juglandaceae Carya Hickory, pecan Endomycorrhizae
Juglans Walnut Endomycorrhizae

Pterocarya Wingnut Endomycorrhizae

Moraceae Maclura Osage orange Endomycorrhizae
Morus Mulberry Endomycorrhizae

Rosaceae Cotoneaster Cotoneaster Endomycorrhizae
Crataegus Hawthorn Endomycorrhizae

Cydonia Quince Endomycorrhizae

Exochorda Pearlbush Endomycorrhizae

Filipendula Meadowsweet Endomycorrhizae

Geum Avens (Geum) Endomycorrhizae

Kerria Kerria Endomycorrhizae

Malus Apple Endomycorrhizae

Prunus Almond, peach, plum, apricot, cherry Endomycorrhizae

Pyrus Pear Endomycorrhizae

Vitaceae Vitis Grapevine Endomycorrhizae

Plants with coarsely branched roots and with few or no root hairs are expected to be
more dependent on mycorrhiza than plants with finely branched root systems (Smith and
Read, 2010). Baylis (1975) hypothesized that MD is largely controlled by the root system
architecture. As can be seen from Table 3. Brundrett and Abbott (1991) summarized the
relationship between the root systems and the degree of mycorrhizae dependency. In
general, if the roots are coarse, the mycorrhizal dependency is high. Mycorrhizal inoculated
plant roots have extensive hyphae which increases the capacity of the plant’s absorptive
surface area. Accordingly, the external hyphae take up nutrients from the soil solution and
transport them to the root and other parts of the plant. As mycorrhizal plants obtain more
nutrients and water they are more competitive and better able to tolerate environmental
stresses than non-mycorrhizal plants. Many plant species are mycorrhiza dependent in
terms of soil fertility level and plant species genetics.
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Table 3. Effect of root parameter related with plant mycorrhizae dependency.

Mycorrhizal dependency of plant

Root feature High Low

A. Root surface area Low High

1. Root system surface area Low High

2. Branching orders of lateral roots Few Many
3. Branching frequency Sparse Frequent
4. Root hair abundance and length Few/short Many/long
B. Root activity Slow Fast

1. Root growth rate Slow Fast

2. Response to soil conditions Slow Fast

3. Primary root lifespan Long Short
4. Protective structural features Strong Weak
5. Root exudation 7 Less ? More
C. Mycorrhizal formation Efficient Inefficient or inhibited

This table is based on differences in root system properties between plants of different mycorrhizal status in
Canadian forests (Brundrett and Abbott, 1991). From https://mycorrhizas.info/roles.html#.

Janos (2007) also defined mycorrhiza dependency as “host inability for growth
without mycorrhizae at a given soil fertility”. A measure of the benefit provided by
mycorrhizae will depend on the relative contribution of root- and mycorrhizal-mediated
nutrient uptake to plants (Janos, 2007).

Plants will not survive to reproductive maturity without being associated with
mycorrhizal fungi in the soils (or at fertility levels) of their natural habitats (Janos, 1980),
and the sour orange plant (Ortas, 2012c) is an example of being obligate dependent.

Facultative mycorrhizal plants depend on plant nutrient demand, soil nutrient levels
and other ecological conditions. Plants benefit from mycorrhizal associations in some of the
least fertile soils in which they naturally occur (Janos, 1980, 2007). In addition, almost all
fruit tree plant species are mycorrhizae dependent for growth and nutrient uptake (Fitter et
al, 2011; Kungu et al, 2008; Ortas, 2012a). Some horticultural plants are obliged
mycorrhizal, whereas some are facultative mycorrhizal. However, the majority of
horticultural plant species are strongly mycorrhizal dependent. Horticultural plants usually
exhibit a high response to mycorrhizal inoculations, which is well known in many widely
grown horticultural tree plants such as pear, avocado, fig, banana, almond, cherry, apple,
citrus, olive, persimmon, pistachio, etc.

Mycorrhizal dependency for representative plant species is a key factor. It has been
found that there is a big difference between plant species in terms of mycorrhizal species
selection. Moreover, the effectiveness of mycorrhizal inoculation seems to be much more
dependent on soil fertility and the effectiveness and number of spores. The mycorrhizal
dependency of plants is dependent upon the soil, plant and inoculum species. Usually, plant
species are mycorrhizae dependent in terms of P nutrition (Ortas, 2012a). Since mycorrhizal
inoculated plants have a high Zn content compared with non-inoculated plants, it is not clear
whether mycorrhizal inoculation helps plants to increase Zn take up or this is just a result of
stronger plant growth (Ortas et al., 2015; Ortas and Ustuner, 2014b).

The degree of plant dependence is of great practical and ecological interest for plant
nutrition. Furthermore, mycorrhizal dependency of the host crop is dependent on soil
fertility and fertilizer levels (Ortas, 2012a, d). Hoepfner et al. (1983) found that root
colonization of G. mosseae-inoculated apple seedlings ranged from 11 to 41%, depending on
the soil fertility. For the practical use of mycorrhizae, the soil properties, plant species and
their interaction should be considered.

CONCLUSIONS
Many world soils have low fertility and productivity. To achieve the optimum plant
growth, and obtain good fruit yield, chemical fertilizers are being used. Since excess use of
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chemical fertilizers negatively affects viable soil microorganisms, especially mycorrhizal
fungi, mycorrhizae-dependent horticultural trees are negatively affected. Many horticultural
fruit species (for example citrus, cherry, plum, peach, apple, pear, nectarine, apricot, grape,
kiwifruit, pomegranate, fig, olive, pistachio, wild black cherry and pecan) are strongly
mycorrhizal dependent. Roots of these plant species are naturally inoculated with
arbuscular mycorrhizal fungi. Since recently, many tree plant plantlets are produced with
micropropagation techniques in which there is no rhizosphere soil organisms and
mycorrhizae spores. After seedling transplanting to the field the mortality is high.
Mycorrhizal fungi can promote early plantlets root growth before transplanting to the
marginally poor soils and under environmental stress conditions. Mycorrhizal inoculation
can contribute to a balanced mineral nutrient uptake. Mycorrhizal-inoculated plants have
greater nutrient uptake than non-mycorrhizal plantlets. Different mycorrhizal fungi also
differentially affect nutrient uptake. It is concluded that using selected mycorrhizal fungi can
be used to produce horticultural seedlings for better growth and improved nutrient uptake.
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