Do horticultural tree plant species depend on
mycorrhizal inoculation under marginal soil
conditions?
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Abstract

Since 1995, several field experiments were conducted to search effect of selected
and indigenous mycorrhizal spores for horticultural plant species production and
nutrient uptake in the Mediterranean region. The effect of several mycorrhizal species
such as Glomus mosseae, G. etunicatum, G. intraradices, G. macrocarpium, G. caledonium,
G. margarita, G. clarium and their cocktail and indigenous mycorrhizae inoculation on
seedling survival and plant growth was studied. Mycorrhizal species were studied for,
citrus, banana, fig, olive, and cherry tree plant species. Mycorrhizal dependency and
growth response of several plants were calculated under several P level applications
with several selected exotic mycorrhizal species. Seedling quality, seedling survival
under field conditions, and yield response to mycorrhizae were tested. Moreover,
relationships between plant growth and root colonization were studied. Plant tissue P,
Zn, and other nutrients were determined. Results revealed that indigenous
mycorrhizae successfully infect plant roots resulting in better plant growth. The effect
of mycorrhizal inoculation on plant growth is changed by the effectiveness of inoculum
and time. G. mosseae, G. caledonium, G. clarium, and indigenous mycorrhizae
significantly inoculated plant roots and had a significant effect on plant growth and
nutrient uptake. In horticultural seedlings, quality and survival of the seedlings are
important factors. With mycorrhizae inoculation, seedlings P and Zn concentration
significantly increased. In general, horticultural plants are mycorrhizal dependent
plants. Dependency is pronounced more for P nutrition rather than Zn nutrition.
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FRUIT TREE PLANTS AND THEIR NUTRITION WITH MYCORRHIZAL FUNGI

Fruit tree species are well adapted to arid, semi-arid and tropical regions and commonly
used by farmers. Recently, in order to obtain the highest yield from a unit of an area in many
sub-tropical areas, mainly in coast of Mediterranean countries, there has been a tendency for
intensification of fruit tree cultivation. Under nutrient deficient soils, arbuscular mycorrhizal
fungi (AMF) are known to promote plant growth by enhancing mineral uptake especially less
mobile nutrients (phosphorus (P), zinc (Zn), cupper (Cu)) in soil. The results of Guissou et al.
(2016) shown that the fruit trees benefited from mycorrhizal inoculation with increased
nitrogen (N), P and potassium (K) mineral uptake in aerial parts. Since horticultural tree
seedlings are grown in nurseries and then transplanted to field soil it is hypothesized that use
of arbuscluar mycorrhizal fungi (AMF) would be advantageous. Usually micro-propagated
plantlets grow very slowly during the acclimatization phase, possibly because AMF and
rhizospheric organisms are absent. Plants with coarsely branched roots and with few or no
root hairs are expected to be more dependent on AMF than are plants with finely branched or
fibrous roots. Janos (1980) defined mycorrhiza dependency as “host inability for growth
without AMF at a given soil fertility”. Plants which do not survive to reproductive maturity
without being associated with AMF in the soils (or at the fertility levels) of their natural
habitats (Janos, 1980) are mycorrhizal dependent.
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Mycorrhizae can be a strong supporter to help symbiosis-needed plantlets. Mycorrhizal
fungi seems to act in three ways:

1. help plants achieve best performance,

2. buffer stress during acclimatization,

3. improve overall plant and soil health.

The majority of plant species are naturally arbuscular mycorrhizae (AM) dependent.
Nearly 80% of plants have symbiotic relationships with soil fungi AM belonging to
Glomeromycota (Schussler et al, 2001). The association of roots with AMF is a very
widespread strategy by which plants facilitate their acquisition of mineral elements from the
soil (Marschner, 1995).

Since horticultural tree seedling are grown under nursery conditions and then
transplant to field soils, we hypothesize that the use of AMF would be beneficial. Usually micro
propagated plantlets grow very slowly during their acclimatization phase, possibly because
AMF and rhizosphere organisms are absent. It is easy to use AMF by introducing inoculum
into potted plant root systems compare to application in the field. Application of AMF on fruit
trees in nurseries is expected to bring about high and uniform yield. Since tree seedlings
grown under controlled conditions but then transferred to widely various and changing
conditions in the field, AMF inoculation may play an important role in seedling adaptation to
new habitats and new soil conditions. Under nursery conditions, positive effects of AMF
inoculation on survival and growth were observed in micro propagated plants and rootstocks
in previous studies (Grange et al., 1997; Borkowska et al., 2008).

Pistachio

Pistachio cultivars are mycorrhizal-dependent (Kafkas and Ortas, 2009). Salehi et al.
(2006) showed that, in the Iranian Kerman and Zarand pistachio production areas, AMF had
a symbiotic relationship with roots of Pistacia vera L. and mycrrhizal inoculation decreased
with soil phosphorus concentration. Under the field conditions, pistachio rootstocks used in
California were heavily colonized with AMF (Ferguson et al.,, 1998). Estaun et al. (1990), under
Spanish conditions for pistachio crop management, showed that AMF inoculation is important
in the initial phase. AMF inoculation has been shown to help pistachio growth in several ways
such as; growth, success of grafting, and water and nutrient uptake (Abbaspour et al., 2012).
Bagheri et al. (2011) additionally showed that the adverse effects of water stress were
significantly reduced by AM inoculation. Aznarte-Mellado et al. (2014) indicated that AMF
inoculation under drought conditions increased uptake of slowly diffusing ions such as P042-
and Zn?*. They also concluded that AMF inoculation improved drought tolerance in pistachio
cultivars. G. mosseae and G. intraradices inoculated pistachio plant leaves had higher P, K, Zn
and Mn concentrations than non-inoculated plants (Bagheri et al.,, 2012).

In a case study, Kafkas and Ortas (2009) tested ten different mycorrhizal species with 8
different Pistacia species for plant growth and nutrient uptake. There were significant
differences between Pistacia species in growth, nutrient uptake and percentage of
mycorrhizal infection. In their work, pistachio cultivars were found to be AMF dependent with
G. mosseae and G. fasciculatum AMF enhancing plant growth, and G. clarium most efficient in
terms of P and Zn uptake (Kafkas and Ortas, 2009). P. eurycarpa Type | had the highest
dependency 97%, Pistachio vera kirmiz cultivar 84% and P. terebinthus Type II had 60%
dependency. Compared to other varieties, P. atlantica had the lowest mycorrhizal dependency
(MD) (Table 1). AMF species are also diverse in term of dependency. G. clarium inoculated
pistachio cultivars had a mean of 71% of dependency and G. mosseae inoculated variety had
63% dependency. An AMF Cocktail inoculated variety had less AMF dependency of only 23%.
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Table 1. Effects of different pistachio cultivars infected with different AMF species on
mycorrhizal dependency. Dependency calculated on data of Kafkas and Ortas (2009).

Mycorrhizae P.vera P. eurycarpa P. atlantica P. terebinthus

Species (%) Kirmizi  Siit  Typel Typell Typel Typell Typel Typell Mean
G. mosseae 96 48 109 86 31 34 30 67 63
G. caledonium 55 41 108 63 32 33 12 65 51
G. etinicatium 86 26 129 39 41 28 45 74 58
G. clarium 91 54 132 62 66 36 33 92 71
G. fasciculatum 110 39 86 24 27 29 34 70 52
G. intraradix 102 36 81 102 41 25 20 40 56
G. margarita 85 28 71 68 33 1 24 56 47
G. macrocarpum 69 37 89 67 36 -4 30 38 45
Cocktail 63 19 67 18 8 -14 -9 36 23
Mean 84 36 97 59 35 20 24 60 52

Mean of three replicates.

Citrus

Mycorrhizae inoculated plants had higher shoot and root dry weight and greater
nutrient uptake than non-mycorrhizal plantlets. Roots of inoculated plantlets were densely
colonized with AMF species. Since native indigenous AMF spores were eliminated due to soil
sterilization, strongly AMF dependent sour orange (Citrus aurantium L.) seedlings were
stunned and did not respond to P and Zn supply in non-AMF inoculated soils.

Roots of inoculated plantlets were densely colonized with AMF species. Miranda et al.
(2018) tested several citrus rootstocks such as Rangpur lime, Swingle citrumelo and Sunki
mandarin and they found significant interaction between rootstocks and AMF species. Plant
shoot and root growth, root length, stem diameter and percentage of root inoculation were
investigated. AMF inoculation significantly increased plant P and Zn uptake. AMF dependency
of a range of tree species was assessed. The decrease in mycorrhizal dependency was more
pronounced for P requirement rather than Zn requirement. Since AMF inoculated plants have
high Zn content compared to the non-inoculated plants, it is not clear whether AMF
inoculation helps plant Zn uptake or simply causes stronger plant growth (Ortas and Ustuner,
2014; Ortas et al., 2015).

In another case study, under greenhouse conditions, MD was determined according to
(Plenchette etal., 1983). Soil was sterilized by autoclaving and seedlings grown for six months.
Under greenhouse conditions, mycorrhizal dependence was evaluated in terms of P and Zn
requirements. Compared to non-inoculated control plants, AMF inoculation increased dry
matter of plants. Sour orange was found to be strongly MD. Nevertheless, with increasing P
and Zn supply, MD was gradually decreased (Figure 1). In the present experiment, AMF
inoculation increased plant Zn and P uptake, and citrus seedlings were found to be much more
mycorrhizal dependent regarding P nutrition. So far, all the experiments conducted have
shown similar results.

Phosphorus treatments generally reduced mycorrhizal dependency, but Zn application
did not lead to any difference (Figure 2). It seems MD was less affected by Zn supply than the
P supply and since the non-inoculated plants did not respond to P and Zn supply, it can be said
that citrus plants strongly depended on mycorrhizal infection.

Banana

Mycorrhizae dependent plants are commonly defined as needing AMF colonization for
survival. Since micro propagated banana plantlets are currently produced under sterile
conditions, there is no naturally surviving AMF and no rhizosphere microorganisms. Survival
of micro propagated plantlets is low when transplanting into sterile soil, therefore use of AMF
and other rhizosphere organisms is beneficial to support plantlet survival and growth (Ortas
etal, 2017). At the beginning of weaning stage, growth response of micropropagated banana
plantlets depends on AM fungal inoculation (Declerck et al., 1995). Declerck et al. (1995)
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reported that bananas respond positively to AMF inoculation. They found a large variation in
relative mycorrhizal dependency (RMD), which was observed in between seven banana
cultivars. Glomus species inoculated banana plants RMD was varied (Declerck et al., 1995).
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Figure 1. Effect of P and Zn interaction on mycorrhizal dependency for citrus (Ortas,

unpublished data).
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Figure 2. Mycorrhizal dependency of the inoculated and non-inoculated banana plants under
two different growth media (GM). GM I, (Andesitic tuff + soil + compost (6:3:1
v:viv)), GM 1], (soil) (Ortas et al., 2017).

In an in vitro and subsequent greenhouse study, the acclimatization and performance
of banana (Dwarf Cavendish) plantlets grown on two substrates inoculated with different AM
fungi (G. caledonium and G. macrocarpun) were studied and the plantlets’ dependency on
inoculation for phosphorus (P) and zinc (Zn) uptake was evaluated (Ortas et al.,, 2017).
Banana plantlets were found to be highly MD and soil-grown banana plantlets more MD than
plants grown in Andesitic tuff + soil + compost (6:3:1 v:v:v) growth medium (Figure 2). AMF
inoculation seemed to be a significant factor in decreasing mortality and increasing
production of high-quality banana plantlets under micropropagation conditions.

Fig

Fig (Ficus carica L.) is manly grown under Mediterranean climate conditions. In a case
study using micro propagated Fig genotype 01-IN-06 plantlets to screen for the most suitable
arbuscular AMF such as G. mosseae, G. etunicatum, G. intraradices, G. macrocarpium, G.
caledonium, G. margarita, G. clarium and their cocktail, effects on plant growth and nutrient
uptake mycorrhizal dependency were assessed. All plants were tested with and without AMF
inoculation (Comlekcioglu et al., 2008) (Table 2). Compared to the control and other species,
G. caledonium and G. margarita species responded highest to plant growth and P and Zn
uptake. There is not more information about fig AMF relationships in the literature and it is
therefore to continue work on this exotic plant.
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Table 2. Effects of different banana cultivar and AMF species on mycorrhizal dependency.

Mycorrhizae species Mycorrhizae dependency (%)

G. mosseae 8
G. etinicatum 15
G. intraradices 31
G. macrocarpium 13
G. caledonium 23
G. margarita 33
G. clarium 28

Table was produced based on data from Comlekcioglu et al. (2008).

Cherry

Sweet cherry (Prunus avium L.) is an economically important crop, especially in
Mediterranean regions. Kapoor et al. (2008) reported that inoculation of AMF to the roots of
micro propagated cherry plantlets played a beneficial role in their post-transplanting
performance. In another research, AMF inoculation reduced the length of the micro
propagated plant production cycle from 18 to 10 weeks (Salamanca et al., 1992). The effect of
AMF on growth and nutrient uptake of micro propagated cherry rootstocks was investigated
during acclimatization and plant establishment (Aka-Kacar etal., 2010). For this study various
AMF and growth mediums were used. The results revealed that the use of AM fungi could
make a useful contribution to horticultural plant seedling growth and quality. AMF inoculated
plants in the nursery staged increased seedling growth and improved nutrient uptake.

Aka-Kacar et al. (2010) showed that micro propagated cherry rootstocks such as
Edabriz and Gisel A5 were significantly inoculated with several AMF species in several growth
media. G. mosseae is the one of the most efficient AMF species for both genotype and growth
media. They indicated that the Gisel A5 rootstock plants had higher P and Zn contents than
Edabriz rootstock. Although AMF inoculation increased plant yield, the increases were not
always related to nutrient uptake, since plant nutrient content (P, Zn, Cu, Fe, Mn) were often
greater than critical levels. The results suggested that the use of AM fungi is useful to agro-
forestry plant seedling growth and development.

Mycorrhizae dependency of cherry plants was calculated with several AMF species
(Table 3). There was high diversity among the AMF species. G. mosseae inoculated plantlets
give 268% of mycorrhizal dependency. However, cocktail AMF inoculated MD was negative.
This may be due to competition between species. Indigenous AMF inoculation also had 33%
MD. It seems that G. mosseae inoculum was most efficient genotype and indigenous AMF had
significant influence on cherry plant development.

Table 3. Effects of different AMF species on cherry plantlets mycorrhizal dependency.

Mycorrhizae species Mycorrhizae dependency

(%)
G. caledonium 10
G. clarium 33
G. etunicatum 7
G. intraradices 30
G. mosseae 268
Indigenous mycorrhizae 33
Cocktail -10

Table produced based on data from Aka-Kacar et al. (2010).

Olive

The olive tree is a temperate climate plant benefiting from mycorrhizal colonization for
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adaptation to stress conditions. Since a majority of agroforestry plant roots live in symbiosis
with AMEF, agroforestry plant species such as olive were tested using several endomycorrhizal
species. There is a great difference in between olive cultivars. Ferreira et al. (2015) showed
that AMF inoculated cultivar MGS GRAP 541 produced greater shoot and root dry matter
weight and high MD compared to treatments without fungi, however the cultivars MGS GRAP
541 had low MD and lower production of shoot dry matter weight.

A case study was performed under greenhouse conditions and plant growth and
mycorrhizae dependency of olive seedlings plant were calculated for several mycorrhizae
fungi species (Table 4). Olive seedlings were found to be strongly MD. AMF species have
diverse effects on MD of olive plant. G. mosseae and G. clarium inoculated seedlings had 67%
MD. Cocktail AMF inoculated plant had less than 36% MD. Indigenous mycorrhiza also had
54% of MD. Since indigenous AMF inoculation had high MD, indigenous mycorrhizae should
be managed for sustainable horticulture production.

Table 4. Effects of different AMF species on olive seedling mycorrhizal dependency.

Mycorrhizae species

Mycorrhizae dependency (%)

G. caledonium 52
G. clarium 67
G. etunicatum 48
G. intraradices 60
G. mosseae 67
Indigenous mycorrhizae 54
Cocktail 36

EFFECTS OF SEVERAL MYCORRHIZA SPECIES ON MD

Under nursery conditions, seedlings of six different horticultural plants: citrus, banana,
vineyard, cherry, fig and pistachio; were inoculated with seven mycorrhizae species including
mix of selected mycorrhiza and indigenous collected mycorrhizae. All AMF species and plant
seedlings were grown in a mix growth medium (Andesitic tuff + soil + compost (6:3:1 v:v:v)),
MD of plant species was calculated, showing that citrus seeding is definitely and highly
mycorrhizal dependent (Figure 3).
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Figure 3. Effect of different plant and mycorrhizal species on mycorrhizal dependency.

Other plants were also mycorrhizal dependent with G. mosseae, G. caledonim and G.
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clarium species generally given high MD. Cherry and pistachio indigenous AMF gave high
response. Cherry plants were less MD and cocktail mycorrhizae responded negatively. This
indicates that management of soil indigenous AMF is very important AMF strategy for future
agriculture.

CONCLUSIONS

AMF must be considered for promoting horticulture plant health and productivity. Since
horticultural plants are produced in nursery beds, containers or by tissue culture, AM
biotechnology or soil biotechnology are feasible and beneficial, especially for crops that are
transplanted into soil. With efficient AMF species and a careful selection of compatible
host/fungus/substrate combinations, maximum benefits can be obtained from AMF
inoculation.

Finally, horticultural plants have shown different responses with different AMF species.
Large differences were found between plant species in term of mycorrhizal species selection.
The effect of AMF inoculation on plant growth is changed by effectiveness of inoculum and
time. Moreover, the effectiveness of AMF inoculation seems to be much more dependent on
soil fertility and mycorrhizal effectiveness. AMF inoculation may have some other benefit to
the plant other than nutrient uptake such as increasing resistance against water deficiency,
disease, pathogen and other stress factors. In general, horticultural plants are suitable and
sound to produce inoculated seedlings.

In general, the earlier AMF inoculation or seedling produced with AMF infection at the
appropriate stage of seedling production can supply a greater benefit. The selection of
suitable fungi species and tree species always gives high response. Mycorrhizal inoculation
significantly increases the availability of horticultural plant nutrition especially P and Zn.
Under semi-arid soil conditions, most horticultural plants are strongly mycorrhizal
dependent.
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