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ABSTRACT

Mycorrhizal symbiosis is the one of the most important relationship between microbiota and
plants to sustain plant nutrition in relatively unfavourable conditions. Somehow this relation is
threatened by time, therefore, definition of the factors effecting mycorrhizal symbiosis has
become essential. The aim of this study was to determine the differences in specific
mycorrhizal parameters such as sporulation and soil-plant environment conditions in three
different regions of Turkey. During 1996—2002, 53 soil series were selected from natural and
agricultural plant communities in three different agro-ecological zones of Turkey: Central
Anatolia (CA), the Southeastern Anatolian (SA) project area and the Coast of Mediterranean
(CM). The arbuscular mycorrhizal fungus (AMF), spore numbers and mycorrhizal root
colonization were related to the annual average precipitation, soil characteristics and host
plant identity.

In the CM zone (average annual precipitation of 650 mm), soils found under natural vegetation
contained a maximum value of 108 spores g~', with bare soils containing a minimum number of
0.1 spores g™ In the CA zone (330 mm annual average precipitation), the maximum number of
spores in the soil samples was 46.5 spores g~ with aminimum of 6.8 spores g~ and in the SA soil
samples (380 mm annual average precipitation), a maximum of 48.4 spores g~' and a minimum
of 14.2 spores g~ were recorded. The overall mean number of mycorrhizal spores g~ soil was
15.5+14.4, 22.2 + 8.6 and 27.9 + 25.4 for the CA, SA and CM zones, respectively. Mean spore
numbers differed in only two of the three zones, with the third zone being intermediate.
Precipitation was the most affecting factor on the sporulation of AMF. Also host plant species
and certain soil parameters, such as positive correlations with CaCO; and N-min and a
negative correlation with organic matter, have an influence on sporulation.

The key finding is that the cropping system has a large impact on spore numbers/abundance.
Seventeen standing crops as well as bare soil, fallow and natural areas were compared. There are a
large number of factors which can affect mycorrhizal development; in the present work, it seems
that soil and crop management, and environmental factors (such as precipitation) affect
sporulation and root colonization. Covering land surface with mycorrhiza-dependent cover
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crop, irrigation and less soil till may increase indigenous mycorrhizal spores.

Introduction

Arbuscular mycorrhizal fungi (AMF) form a wide-
spread and ecologically important symbiosis with
plants in land ecosystems (Schwarzott et al. 2001).
This symbiosis is recognized as a key component
of sustainable agro-ecosystems (Barea et al. 2011),
particularly in decertified landscapes, due to its
essential role in sustaining vegetation. AMF is
dependent upon plants and cannot survive for
long periods without a host; the mycorrhizae
benefit the vegetation by increasing the plant’s
ability to survive in a nutrient-poor and water-
deficient environment (Yang et al. 2011).

Sylvia (1989) tested the effect of AMF on plantation
establishment and found that the presence of AMF can
be of great importance for plant establishment and
growth. Similarly, Koske (1975) indicated that mycorrhi-
zal hyphae bind sand grains, which facilitates dune
stabilization. Mycorrhizal relationships also occur in dis-
turbed ecosystems. Desertified and mismanaged eco-
systems are fragile, and subject to progressive
disturbance of the vegetation cover and rapid
erosion. Requena et al. (1996) reported that the loss
or reduction of mycorrhizal propagules in the agricul-
tural soil results in a subsequent reduction in the
mycorrhizal inoculum potential. Burkle and Belote’s
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(2015) results showed that the relationships between
productivity and diversity varied among pioneer treat-
ments and mycorrhizal amendments. This means that
soil and crop management is related to the existence
of mycorrhizae. Soil degradation causes changes in
the mycorrhizal fungal population, which is reflected
by a decrease in the number of AMF propagules
(Ortas 2006). Thus, a feedback cycle can develop
during which desertification results in erosion and
loss of cover, leading to a loss in mycorrhizal coloniza-
tion potential, which in turn leads to further erosion
and loss of vegetation. AMF spore diversity and spore
abundance were found to be higher in the larger
forest fragments (Grilli et al. 2012).

Karasawa et al. (2002) showed that the cultivation of
mycorrhizal host crops increases the AM inoculum
potential of the soil and the mycorrhizal colonization
of subsequent plantings in corn. Santos et al. (2008)
indicated that the symbiotic efficiency of mycorrhizae
is related to AMF genotypes and plant species, as
well as to environmental conditions and different man-
agements (Bedini et al. 2013) that may affect the
expression of symbiotic relationships. If the mycorrhizal
inoculum potential is low or ineffective, it may also limit
the successful re-establishment of native plants.
Despite the logic of this linkage, Gianinazzi-Pearson
et al. (1985) compared propagule numbers, root coloni-
zation and plant growth parameters, and found no sig-
nificant relationships among them. Similarly, Sylvia and
Jarstfer (1997) noted that the distribution and function
of diverse mycorrhizal symbiont associations with com-
peting plant species are still unknown, and moreover,
factors controlling the distribution and function of
mycorrhizal fungi in the field are not well understood.
Among the factors affecting the activity and develop-
ment of mycorrhizal relationships are extractable P,
pH, organic matter content, salinity, water content
and above-ground plant biomass (Yang et al. 2011).
Stress factors were also reported to inhibit germination
of AMF spores and colonization of plants by the fungi
(Thompson 1987; van der Heijden et al. 1998; Barea
et al. 2011). It was also shown that among the severe
environmental stress conditions, for instance, in saline
soils, there could be other factors, that is, the previous
precipitation also becoming the most crucial environ-
mental factor of the summer periods (Fuzy et al. 2008).

Conventional farming systems commonly have
lower numbers of mycorrhizal spores per unit soil
volume than low-input sustainable systems, presum-
ably due to chemical fertilizers having negative
effects on AMF (Douds & Millner 1999; Ortas 2003;
Lekberg et al. 2008). The AMF spore density is increased
by fertilization at low soil N and decreased at high soil

N and thus, the magnitude of the effects of fertilization
on mycorrhizal formation varies as a function of soil
properties, including texture, pH and available N and
P (Baum et al. 2002). Under long-term soil fertility man-
agement systems, it has been reported that legume
residues (obtained from plots under cowpea residue)
significantly increased the spore population, resulting
in the highest spore count comparable with control
treatment (Emmanuel et al. 2010).

Under semi-arid conditions, seasonal interruptions in
plant cover as a result of discontinuous crop rotations
may also affect the mycorrhizal inoculum potential. In
Australia, crops sown immediately after a long fallow
period grew poorly and showed P and Zn deficiency
(Thompson 1987). Since long fallow systems reduce
mycorrhizal effectiveness, the result was attributed to
the decline in propagules of AM in the soil and a
reduction of the colonization of plant roots (Ortas 2003).

The maintenance of sustainable agricultural pro-
duction in the face of desertification is a major issue
in the Eastern Mediterranean today; therefore, we
sought to understand what role the AMF of both
native and agricultural soils of the region might play
in this situation. The sporulation of the AMF is also
highly correlated with the variability of the biotic and
abiotic environmental factors. The environmental
factors which affect sporulation are mainly biotic
(plant and fungal) rather than abiotic. The hypothesis
for this work was ‘Under different agro-ecological
zones mycorrhizal abundance/existing may be affected
by soil and climate parameters mainly by precipitation.’
Thus, the objective of this study was to examine the
mycorrhizal spore abundance and mycorrhizal coloni-
zation of agricultural and native plants in three ecologi-
cal zones of Turkey, in relation to plant community
types, cropping system, soil types and climate factors,
mainly precipitation.

Materials and methods
Studied sites

During 1996, 1998 and 2002, 53 soil series (consisting
of pedons having soil horizons similar in soil color,
soil texture, soil structure, soil pH, consistency, and
mineral and chemical composition) were selected
from natural and agricultural plant communities from
three different agro-ecological zones of Turkey
(Figure 1): Central Anatolia (CA) (8 soil series), the
Southeastern Anatolian (SA) project area (26 soil
series) and the Coast of Mediterranean (CM) (19 soil
series). The zones are different from each other in
terms of climate, natural vegetation and plant



Downloaded by [Cukurova Universitesi] at 01:07 30 March 2016

ACTA AGRICULTURAE SCANDINAVICA, SECTION B - SOIL & PLANT SCIENCE . 371

Sampling Area  GPS locations Precipitation
CA 39°46' 35.45" N, and 30° 30" 52.73" E 330 mm
SA 36°42'39.60" N, and 38° 56’ 22.80" E 380 mm
CM 37°00" 54.31" N, and 35° 21' 21.56" E 650 mm

Central Anatolia (CA)

Cost of Mediterranean (CM)

The SA region
[

Adana

Figure 1. Sampling area: CA, SA project area and CM. GPS location and precipitation for each location are presented.

species. A total of 148 individual plant and soil samples
were collected from those soil series to determine the
number of mycorrhizal spores and the root coloniza-
tion rate.

Soil environmental factors

Soil samples from CA, CM and SA were collected at 0-
20 cm depth during the autumn of 1996, 1998 and
2002, respectively, since the sporulation happens at
the late physiological status of plant or the environ-
mental stress-situation soil and plant root sampling
was done in September. For every soil series, existing
plant species and their rhizosphere soil and roots
were sampled. For natural vegetation, mainly annual
(Latryus cicera, Crepis sancta, Cyperus capitatus, Medi-
cago scutella, Medicago marina, Bromus sp., Ainsworthia
trachycarpa, Fumaria densiflora, Sinapis arvensis and
Phacelia tanacetifolia) and perennial weeds (Ornithoga-
lum orthophyllum, Sorghum halepense, Convolvulus
arvensis, Cakile maritima, Trachomitum venetum and
Echinops viscosus) species were randomly sampled.
The CM region usually consists of natural vegetation
and crops such as maize (Zea mays), cotton (Gossypium
hirsutum) and other arable land plants. Anatolian
project area (SA) region is a semi-dry area where
humidity is low and evaporation is high, and lentil
(Lens culunaris L.), wheat (Triticum aestivum L.), cotton
(Gossypium spp.) and pistachio (P. vera) are the main
cultivated plants.

Sub-samples were combined and around 1 kg of soil
was allocated for analysis. At the time of sampling, all
plant species present in the area were sampled for
root colonization. Roots from at least 10 plants were

collected for root colonization analyses. Collected rhi-
zosphere soils (0-20 cm) were dried and sieved using
a 4-mm screen. The pH value was analysed using a
1:2.5 soil:water suspension according to Richards
(1954). Soil extractable P and K were performed with
the method described by Olsen et al. (1954) and
Page et al. (1982), respectively, and organic C determi-
nation was performed according to Nelson and
Sommers (1982). The particle size distribution was
determined using the Bouyoucos hydrometer method
(Bouyoucos 1962). Micronutrients were determined in
the diethylene triamine pentaacetic acid soil extraction
with an atomic absorption spectrophotometer (Lindsay
& Norvell 1978). Mineralized inorganic nitrogen was
determined according to Wehrmann & Scharpf (1979).

Mycorrhizal colonization and spore isolation

In the laboratory, the root samples were washed care-
fully and preserved in a mixture of ethanol: glacial
acetic acid: formalin at a proportion of 92:2:6 (v/v).
After collecting all the roots from the field, the root seg-
ments were evaluated for colonization. Root clearing
and staining were carried out according to the
method described by Koske and Gemma (1989). The
percentage of AMF colonization was calculated as the
number of segments infected out of the 100 segments
that were examined under a stereomicroscope at 20x
magnification (Giovannetti & Mosse 1980).
Mycorrhizal spores were isolated from the rhizo-
sphere soil samples by wet sieving (53 um mesh); fol-
lowing this, the extracted samples were centrifuged
with sucrose and decanted as per the technique of
Gerdemann and Nicolson (1963). Spore densities
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were expressed as the number of spores per g~ soil on
a dry weight basis. The spore number was checked in
the original soil and was calculated to 1 g of dry soil.

Statistical analysis

All statistical analyses were conducted using the SAS
(2008) software. The differences in spore numbers/
root colonization among the three ecological zones
were tested by t-test, followed by Fishers’ Least Signifi-
cant Difference (LSD) multiple comparison test
(p <.05). Correlation coefficients were calculated to
evaluate the strength of the relationship between the
number of spores, AMF root colonization, and specific
soil chemical and physical properties.

Results
Soil properties of ecological zones

The general soil properties of the 53 soil series (the
number of soil samples for CA, SA and CM was 8, 26
and 19, respectively) in the three zones tested are pre-
sented in Figure 2. The soil texture varied from sand to
heavy clay, and most soils were low in organic matter.
In general, the soils contained relatively low organic
carbon (C), N-min (mineralized N) and plant available
phosphorus (P), and high inorganic C. The organic C
concentrations were lower in arable land than in
natural vegetation. The factors limiting crop production
in the agro-ecosystems of these zones (in order of
importance) were heavy clay texture, and low avail-
ability of P, Zn and Fe due to high pH, wind erosion
and in certain areas, shallowness and slope.

The factors affecting spore density of AMF

The soils of the three ecological zones differed from
each other in terms of spore number, with CM having
the greatest number (p <.05) (Table 1). In contrast,
roots of plants grown in the three zones had similar
mycorrhizal colonization rates (p <.05). The lowest
spore number recorded was 0.1 spore g~ soil in the
bare area of CA, whereas the highest spore number
recorded was 108.0 spores g~ soil in the natural veg-
etation (mainly pasture) of CM.

The spore number was directly proportional to pre-
cipitation (Figure 3); the root colonization rate (%), in
contrast, was not significantly affected by precipitation
(p <.05). The number of mycorrhizal spores was not
correlated to organic C and available P, but was posi-
tively correlated with available K (p <.05) and nega-
tively correlated with Fe (p<.05) and Zn (p<.01).

Mycorrhizal colonization was not significantly affected
by soil parameters, with the single exception of Cu
(p<.01).

The number of spores was also strongly related to
host plant species (Figure 4). The highest spore
numbers were counted in soil covered by natural veg-
etation, at 78 spore g~ soil, compared with 4 spore
g~! soil under fallowing management.

The plant species in different ecological zones

The dominant plants in the SA area are usually legumes
grasses/cereals and pistachios, whereas in CA they are
usually grasses, with considerable bare soil also
present. The area where garlic (Allium sativum), pepper
(Capsicum annuum), natural vegetation, tobacco (Nicoti-
ana tabacum) and lentil (Lens culinaris) were grown had
statistically higher colonization rates than the other crop
species tested, though there was no significant differ-
ence among those five species/groups.

Root colonization (%) of plant species

As can be seen in Figure 4, the mycorrhizal root coloni-
zation ratio changed between plant species. The
highest root colonization was determined in garlic
(78%), green pepper (75%), lentil (73%) and natural
vegetation (73%). The lowest root colonization was
determined under bare soil and fallowing manage-
ment. Tomato (Lycospersicon esculentum), wheat (Triti-
cum aestivum), barley (Hordeum vulgare), wheat
stubble, watermelon (Citrullus lanatus) and citrus
(Citrus aurantium) were all less heavily infected, with
averages of <50% of root length infected (Figure 4).

Interrelation between sporulation and
mycorrhizal root colonization

Despite these differences, there was a strong, signifi-
cant relationship between spore density and the
mycorrhizal colonization of plant roots (Table 2);
spore numbers/root colonization also related to the
physical properties of the soil, that is, soil texture.
There is a significant correlation between root coloniza-
tion and spore number (Table 2). Although root coloni-
zation was not significantly correlated with spore
density in the CA region, there was a significant
relationship (p <.05) between them in the SA and a
highly significant relationship (p <.001) was present
in the CM. Correlation analysis demonstrated that
spore density colonization increased with an increase
in precipitation. Under water-limited CA region soil
conditions, colonization was not significant, even
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Figure 2. Some physical and chemical properties of the soils of CA, SA and CM regions (CEC, cation exchange capacity; OC, organic
carbon; CaCOs, calcium carbonate; N-min, mineral nitrogen; K,0O, available potassium; P,0s, extractable P; Cu, copper; Mn, manga-

nese; Fe, iron; Zn: zinc). For each sampling, minimum, maximum
average value of parameters.

where there was significant mycorrhizal spore abun-
dance (Figure 5).

Discussion

The results show that spore numbers are significantly
influenced by the proportion of different vegetation
types as well as plant diversity within each ecological
zone. As the three regions studied differed in climate
(especially precipitation) and the richness of natural
vegetation, it was not surprising that the density of
spores varied within as well as among regions. As can
be seen in Figure 3, CA had lower precipitation (330
mm annual average precipitation), and less diverse

and average of data are presented. Bars indicate standard error of

plant communities than the other regions, and also
had lower mycorrhizal spore numbers; the maximum
number of spores in the soil samples was 46.5 spores
g™, with a minimum of 6.8 spores g~' (average 15.5
spores g~ '). In the CM zone (average annual precipi-
tation of 650 mm), soils found under natural vegetation
contained a maximum value of 108 sporesg™’
(average spore number 27.9 spores g”). SA zone has
low precipitation (380 mm annual average precipi-
tation) and has a maximum of 48.4 spores g~' and a
minimum of 14.2 spores g~ (average 22.2 spores g~ ).

The sporulation of AMF is dependent on the soil/
plant nutrition, the eco-physiological status of the
hosts, the climate, that is, the previous precipitation,
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Table 1. The mean number of mycorrhizal spores and root colonization rate for the region of CA, SA and CM.

The mean number of mycorrhizal spores

The mean mycorrhizal colonization rate (%)

Sampling area  Number of observations Mean spore number/10 g soil

t group*  Number of observations Mean colonization rate (%) t group*

CA 20 15.5

SA 69 222

@] 43 27.9
*LSD: 10.5

9 47.1 NS
53 544 NS

A** 38 523 NS
LSD: 9.8

Note: NS, non-significant;

CA, Central Anatolia;

SA, Southeastern Anatolian Project Area;

CM, The Coast of Mediterranean.
*denotes/indicates the significance level of 0.05.

**Means with the same letter are not significantly different at the alpha level of .05.

and also the sampling seasons. In Spain, the data
obtained in the work of Montes-Borrego et al. (2014)
indicated that the general AMF composition might be
influenced primarily by soil type and climate and to a
less extent by host plant features. Uhlmann et al.
(2006) analysed soil and root samples from three arid
sites in southern Namibia for the presence of AMF,
and found that species composition appeared to be
influenced by geographic distance and land utilization
regimes. As the natural vegetation is composed of the
best adapted species to the local environment and soil
conditions, the symbiosis between the plant and soil
microorganisms is expected to be more efficient than
that found in culturally modified plant cover. The
impact of different vegetation types and soil manage-
ment on AMF abundance is important for soil quality
and to increase the agronomic yield. Similarly, Tchabi
et al. (2008) and Li et al. (2007) indicated that spore
density was generally higher in the natural vegetation

C—"IMean spore number EZZAcolonisation e===precipitation

3’?100 1000
I
@ 90 900
c
K=l
‘g’ 80 800
.g 70 700 =
° £
S pu £
E 60 600 .19:
£ / E
3 50 L 500
o 8
2 40 - 400 5
[T
2 30 s - 300
20 - 200
10 4 - 100
0 - T T 0

CA SA CM

Figure 3. Spore numbers, colonization rates (%) and precipi-
tation values for CA, SA and CM regions. The differences
among the means according to LSD multiple comparison test
at p<.05 (error bars indicate standard error). Number of
sample for CA is 8, for SA is 26 and for CM is 19.

than at the other cultivated sites and lowest under
intensively managed cotton. Jefwa et al. (2012) indi-
cated that mean spore abundance was significantly
different in cropped systems and soil management
(Sale et al. 2015). Barea et al. (2011) and Burkle and
Belote (2015) reported that disturbance of the target
semi-arid ecosystems decreases the density and diver-
sity of mycorrhizal fungus populations. In general, the
sporulation of AMF is dependent on the soil/plant
nutrition, the eco-physiological status of the hosts,
the climate, that is, the previous precipitation, and
also the sampling time . However, in the present exper-
iment since this was a case detection and investigation
work, the soils were sampled once. If we were able to
seasonally examine sampled soils and plant, more
meaningful relationships between the three ecological
zones would be found.

Precipitation was considerably higher in CM; conse-
quently, there was a diversity of plant species which
may have been responsible for the higher numbers
of mycorrhizal spores. In generally, there are five
systems in the three zones: natural vegetation,
pasture, crops, fallowing and bare soil. The influence
of host plant or composition of plants (crops individu-
ally, diversity on pasture, diversity on fallowing and
diversity on natural vegetation) on AMF colonization
and sporulation is also very important. The differences
in spore numbers among different zones could have
been (at least partially) caused by the different abun-
dance of obligatory (mycorrhizal dependent) and facul-
tatively (not necessarily mycorrhizal dependent)
mycorrhizal and non-mycorrhizal plant species. A
high number of spores were extracted from the rhizo-
sphere soil of strongly mycorrhiza-dependent lentil,
garlic and pepper plants.

As water is a limiting factor for agricultural pro-
duction in the SA region, intensive agricultural prac-
tices have not been used; thus, the soil is relatively
less contaminated by agro-chemicals than in the CM
where conventional agricultural practices have been
used. Spore density was greater in agricultural soils of
the CM zone than in the soils from the other zones.



Downloaded by [Cukurova Universitesi] at 01:07 30 March 2016

ACTA AGRICULTURAE SCANDINAVICA, SECTION B - SOIL & PLANT SCIENCE . 375

100 -
LSDspore number* 19.34
90 - LSDcqonisation ratet 13-20
la A
80 A

A A

S8 2§ 5 8 & 8 %
W2 © = o 2
= 5 § & £ 3 2 ® T
=15, S o § Q > w0 = ©
T O O o © m
o) o
Z o oz
> 3

—

[©)

AMF spore number (per g soil)
Colonisation rate (%)

= -O— Number of observations (AMF)
=t Number of observations (Colonisation)

AB

Tomato
Tobacco
Sesame
Peanut

Wheat stubble
Watermelon
Pistachio
Fallowing

Figure 4. Arbuscular mycorrhizal fungi (AMF) spore density and mycorrhizal colonization (infection) rates (%) with respect to plant
communities (means followed by the same letters are not significantly different among the means according to Fishers’ Least Sig-
nificant Difference (LSD) multiple comparison test at p <.05). The number of AMF spore and root colonization observations are

presented.

As can be seen from Figure 2, CM soils have high sand
content; it seems that there is a high correlation
between soil texture and spore numbers, which is an
important factor in mycorrhizal ecology. Harikumar
(2015) indicated that under low-input cropping
systems, soil characteristics appear to have an influ-
ence on the composition and species richness of
AMF. Njeru et al. (2015) reported that under the Medi-
terranean environment, the great AMF diversity is
explained by the field history.

The macro- and micronutrient content varied
greatly among the soil series, though in general, micro-
nutrients, especially available zinc (Zn) and iron (Fe)
concentrations were below critical levels. Generally,
there is a negative correlation between the number
of spores and micronutrient concentration (Table 2).

The highest spore density under natural vegetation
could also be related to the lower level of soil disturb-
ance and/or fertilization. Since the CA region of Turkey
has considerable areas covered by bare soil, the lowest
number of spores was counted. Although the diversity
of mycorrhizal spores was not quantified, in general, a
low diversity of spores was expected due to the high
erosion. No significant statistical difference was
observed in mycorrhizal colonization rates among
zones, but there was a close relationship between
plant community and mycorrhizal spore density.

The presence of a cover crop seems to be highly
effective in maintaining both AMF spore numbers
and colonization rates. As reported by Bedini et al.
(2013), diversity of AMF was affected by the different
management systems. In natural ecosystems, succes-
sion is a result of alteration to the soil and microbial
community by the plants that previously grew there.
Agro-ecosystems represent a form of artificial succes-
sion whereby the selection of cover crops may be uti-
lized to enrich the soil community for the subsequent
crop. The rotation of mycorrhiza-dependent and non-
dependent crops would sustain the soil mycorrhizal
potential more than in areas where only non-depen-
dent species are grown. Reynolds et al. (2003)
suggested that the positive response between plants
and soil microbes plays a central role in early succes-
sional communities, and the relation of this dynamic
results from changes in the soil community generated
by the specificity of plant-microbe interactions. Almaca
and Ortas (2010) also reported that farming practices
which maintain AMF populations will result in more
efficient use of nutrient uptake from the soil.

In general, cultivated soils had fewer spores than
uncultivated soils, presumably due to the high P con-
centration and mismanagement (e.g. heavy use of pes-
ticides, heavy fertilizer applications and unsuitable
irrigation methods) (Ortas 2006). The one exception
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£ i to this was the relatively high spore densities associ-
E f.;’ ated with lentil cultivation. Since lentil is a leguminous
E‘,— “ plant, its N-fixing bacterial symbionts (e.g. Rhizobium
sp.) and other associated soil and rhizosphere microor-
ganisms may have interacted with and stimulated the
ie AMF, thereby resulting in greater spore densities than
s O m .
ne that found in other crops.
Bare soils and exposed soils which contain support-
ing ions exhibited the lowest numbers of spores
i, (Figure 4). Similarly, fewer spores per gram of soil
& N8 were found under AMF-dependent citrus and pistachio
H trees (Figure 4). Since farmers plow and destroy the
vegetation under the citrus and pistachio trees, and
5 use agro-chemicals for the control of weeds and patho-
= Q] 8|5>|’ gens, it was not surprising that spore densities were

low in these soils. Based on the overall results, it
seems that the cropping system has a much higher

2 s % impact on spore numbers/abundance than soil par-

2|3 SR3R% imi - - i

g SMR=I ameters. Similar results were obtained in earlier

g studies (Lekberg et al. 2008; Watrud et al. 2011).

T . One possible reason why some species of plants
* * H B

E’ 3 58rB83 enhance the mycorrhizal community better than

S T others may be due to root systems and exudates.
T th be due t t syst d dat

3 Different crop plants may produce different exudates

g and this may also influence which species of AMF are

o . . . .

z £ N :és SR=88 dominant in the soil when the next crop is planted

5= Trrr (Ortas 2003; Ortas 2012). If the dominant AMF species

5 are not good hosts for that crop, then it could reduce

= . . . . .

8 .. colonization rates, or crop yields, which are issues

c

ol N ook Ao that are very relevant to many ecosystems.

g|a N5IRggnn .

> CT TR Although the greatest spore numbers were found in

<] . . o

o natural vegetation, higher root colonization rates were

9_"5 observed in garlic, pepper and lentil plantations than in

8 < foivwobiowm native vegetation. The results of Burkle & Belote (2015)

T|° A 'f? 23 SI <3 % 2 showed that enrichment of soil mycorrhizae can

< modify the influence of pioneer species and their pri-

o . . . .

3 ority effects on species diversity. In present work

g g RBLNBIRELL there was a significant relationship between spore

=3 [ N R R R u o C ization i

5|8 number and % root colonization in the SA and CM

€ (Figure 5) because CA soil has less spores and the cor-

=} . .

c relation between number of spore and root coloniza-

< fod . .

g 3 N tion is small (R?=.2646). Brundrett and Ashwath

210 8¥2RI5=N8K|]E (2013) also reported that spore numbers were well cor-

@ SR H related with bioassay measurements of inoculum

5] levels. However, there is still a strong requirement to

= . . . .

£ s = establish the relationship between soil parameters

L= > T . :

Sl T% % QBRA *E BAx&ERITE? and the indigenous mycorrhizal spore population and

c ! AN 3 v — . .

S Forrrrrrr T rrss8 root colonization. In the ecosystem, the plant-

kS e,V . s . .

= via microbe-soil interactions are an important force for fer-

£ Qo . o .

S L _|BE o tility and sustainability. There is also a strong need to

= c . . . .
~ §§ EEE establish a relationship between soil parameters and
o = . . . . .

2 I = vE|EED mycorrhizal density, root colonization and the relation-

< uesdEo ¢ SEIR=E

[ U858=2L332 88819 ¢ ship between spore density and agronomic yield,
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Figure 5. Relationships between spore number and colonization rates (%) for the regions and correlation equations of CA, SA and
CM (the number of observation was 9, 53 and 38 for CA, SA and CM, respectively). Figure (a) presents CA, (b) presents SA project

area and (c) presents CM.

especially with reference to optimizing future fertilizer
application in different ecological zones with different
soil and crop management systems.

Finally the data presented in this study support the
following conclusions:

(1) Soil covered by natural vegetation had the greatest
spore numbers in all three zones. Comparing agri-
cultural soils, spore numbers were highest in the
CM zone, likely due to higher annual precipitation.
Perhaps the natural ecosystems would be more
comparable with each other, which needs to be
investigated.

(2) The mycorrhizal density depends on the present
plant species and soil parameters. Also, spore
density was related to precipitation, host plant
and certain soil parameters and locations.

(3) Spore numbers, but not root colonization, differ in
relation to annual rainfall.

(4) The results of correlation highly support the orig-
inal hypotheses that the relationship between the
spore numbers of various plants of the three
main regions and some soil environmental par-
ameters are interrelated.
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