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Arbuscular-mycorhizal fungi (AMF) from melon plants grown in Van province, were studied by nested-
PCR method to establish colonization ratio of related fungi in plants and to detect the fungi at species
level. From 10 different locations, a total of 100 soil samples were taken from rhizosphere area of
melon plants. It was also determined that 52% of these plants were colonized by arbuscular-mycorhizal
fungi and were able to establish symbiotic relationship in variable ranges (4.5 to 37.8%) Glomus
intraradices and Glomus mosseae were two identified AMF.
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INTRODUCTION

Turkey is an important melon producer in the world with
1.74 million tons of production on 115 thousands ha area
(FAOSTAT, 2008). Moreover, Turkey is located in the
secondary gene center for melon lying from minor Asia
to Japan (Pitrat et al., 1999). There are rich sources of
melon germplasm in Turkey because beside modern
production methods, traditional farming techniques
relying on their own seed sources are still alive among
some small scale melon producers. Therefore, melon
germ-plasm collections by various studies in Turkey
have been carried out in order to introduce and utilize
unique landraces or genotypes for many desirable
horticultural characteristics (Kucuk et al., 2002).

One of the melon germplasm collections has been
carried out by our team in the Lake Van Basin of Turkey.
Lake Van is the largest body of water in Turkey and is
the fourth largest inland lake of the world with 3.713 km™
of area (Degens and Kurtman, 1978). It has an interior
basin and shores at Central, Edremit, Ercis, Ercek,
Gevas and Muradiye towns of Van province (Demir et
al., 2006). In Lake Van Basin, besides many agricultural
crops and some commercial melon cultivars, many
melon landraces are produced in relatively large
amounts. Lake Van Basin is also the origin of cantaloupe
melon largely produced in France, Germany, Italy and
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Spain. Zhukovsky (1951) and Gunay (1993) reported
that melon had been brought to Europe from Anatolia —
especially cantaloupes had been taken from Lake Van
Basin by Roman missioners. Therefore, there is a wide
variation of melon genotype in the basin of Lake Van
both due to the reason that melon farming has been
carried out since the ancient times and the fertilization
biology of the melon.

Arbuscular mycorrhizal fungi (AMF) in the soil are
accepted to be one of the most important factors that
determine the quality of the soil. There is a great
interaction between these fungal symbionts which have
key role in rhizosphere and plant which are their hosts
and they influence each other in different senses
(Duhoux et al., 2001; Kjgller and Rosendahl, 2000, 2001;
Janos 2007). Moreover, mycorrhizal dependency of
plants influences the population structure and dynamic of
plants importantly. In this context, determining AM fungi
which are colonized in different plant types and
expressing the difference and similarity of these species
would be useful in order to carry out plant development
both in natural and agricultural ecosystems (Klironomos
et al., 2000). In order to do this descriptive procedure
faster and safer, it has become compulsory to use
molecular technigues. Considering all these facts; part of
the studies that have been carried out in recent years
have focused on the determination of these rhizosphere
elements with molecular techniques (techniques based
on PCR) and the relationship between host plant-
symbiont (Gardes and Bruns,1993; Van Tuinen et al., 1998
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Figure 1. Schematic representation of ribosomal RNA gene and the positions of priming sites.

Jacquot et al., 2000; Kjgller and Rosendahl, 2000;
Burleigh, 2001; Alkan et al., 2004; Demir et al., 2011).

This study was aimed to identify melon AMF symbiotic
relationship both with classical and molecular methods,
detect colonization density and express relationship
between melon species and AMF types in basin of Lake
Van, one of the gene centers of melon and rich genetic
variety area in Turkey.

MATERIALS AND METHODS
Sampling

Survey was conducted in the districts of Van province (Gevas, Ercis,
Muradiye and Ercek towns) including the central area. During surveys,
considering the fact of influencing possible AMF population negatively,
sampling areas which are not intervened chemically were chosen for
soil types of melon species.

Soil samples belonging to rizosfer area of melon (Cucumis melo L.)
were collected at a depth of 0 to 30 cm in late July and beginning of
September. Soil samples were collected from the root zones of 100
different plants from 10 locations. In the laboratory, the species of the
individual sampled plants were identified. Fungus isolations from sail
samples were made using trap plant as corn (Zea mays L.). Corn
plants were grown in disinfected plastic pots (18 x 18 cm) containing a
sterilized mixture of soil and sand (1/1, v/v). Seeds of corn were
surface sterilized with procholaraz solution for 30 min (Leopold, 1990)
before sowing them into a 5 cm depth of growth media. The plants
were grown in a greenhouse under natural photoperiods (23.5/18°C
day/night, 4000 to 6000 lux light intensity) for 10 weeks during which
only distilled water was applied.

Analysis of root colonization

Melon roots were dyed to detect AMF presence, which was
determined using a modification of Phillips and Hayman (1970)
method, and the percentage and intensity of mycorrhizal colonization
was estimated using the grid line intersect method (Giovanetti and
Mosse, 1980). Intraradical colonization and extraradical hyphae
development were determined using an intensity rating system for
structures (arbuscules, vesicles, internal hyphae and external
hyphae), as follows: (0) structures absent; (1) present but scarce; (2)
abundant throughout root piece; (3) densely packed throughout root
piece (Linderman and Davis, 2004).

Reference AMF species

Four reference AMF isolates, representing two species, were used as
positive controls in nested-PCR reactions. They were selected
because they were putatively identified in a previous survey of field
sails in Van.

DNA preparation

Individual 1 cm long trypan blue stained mychorrhizal root fragments
were rinsed in sterile H>O, crushed in 40 pl TE buffer (10 mM Tris
HCIl, pH 8 1 mM EDTA) and heated at 100°C for 1 min in the
presence of 10 pl 20% Chelex 100 (BioRad). The crude DNA
suspension was separated from cellular components by centrifugation
at 8.000 rpm for 5 min and 5 pl supernatant was used as target DNA
in the first set of amplification (Van Tuinen et al., 1998).

Nested PCR

A two step PCR procedure (nested PCR) was performed as
described by Jacquot et al. (2000) with slight modifications. The first
step PCR was performed with the eukaryotic-specific primer LR1 (5'-
gcatatcaataagcggagga-3’) (Van Tuinen et al.,, 1998) and with the
fungal-specific primer FLR2 (5-gtcgtttaaagccattacgtc-3’) (Figure 1)
(Trouvelot et al., 1998).

A final volume of 25 pl PCR mixture contained: 2 pl of DNA extract,
2.5 pl of 10X reaction buffer (200 mM Tris-HCL pH: 8.4, 500 mM
KCI), 1.5 pl of MgCl, (25 mM), 0.5 pl of dNTPs (10 mM each), 0.5 pl
of each primer (100 pmol/pl), 0.2 pl of Tag DNA polymerase and 17.3
pl of RNase free sterile water. The amplifications were performed in a
thermal cycler (Eppendorf Mastercycler) programmed as follows:
initial denaturation cycle at 95°C (3 min), annealing at 60°C (1 min),
extension at 72°C (1 min) followed by 30 cycles of denaturation 93°C
(2 min), annealing at 60°C (1 min) and extension at 72°C (1 min); the
last cycle was followed by a final extension at 72°C for 5 min. A 5 pl
aliquot of this first amplification, diluted 1/100, served as template for a
second PCR reaction using taxon-specific primers in combination with
FLR2-5.23 (50-gtacggttagtcaacatcg-30) for Glomus mosseae
(Trouvelot et al., 1998) and FLR2-8.23 (50-gttcggttgatcagatccgct-30)
for Glomus intraradices (Van Tuinen et al., 1998). Amplification
conditions were as mentioned earlier. Aliquots of 10 pl PCR products
were separated on 1% agarose gel in TAE buffer (40 mM Tris pH 7.8,
20 mM acetic acid, 2 mM EDTA) and DNA was visualized after
ethidium bromide staining (Sambrook et al., 1989).

RESULTS
Determination of AM fungi
Classical method

In the scope of this study, soil samples were gathered
from the rhizosphere area of 3 types and 100 melons that
are different from each other from 10 locations in total. As a
result of the isolation carried out by using trap plant,
arbuscular mycorrhizal fungus was detected in 52 melons
(Table 1). It was detected that of all the melons in which
AM formation was detected, 26 of them belong to



Cantaloupe species, 19 of them belong to Kirkagac and 7
belong to Kirkagac 637 species. While AMF colonization
rates range between 4.5 to 37.8% (Table 1), it was
detected that mycorrhizal melon species are located in
the heights of 1630 to 1844 m (Table 1). During AMF
isolation, identification and determination of colonization
rates with classical methods, fungal structures that
mycorrhizal fungi form in the roots of trap plants (internal
and external hyphae, vesicle, arbuscul and
chylamydospores placed inside or outside the root) were
considered. All the basic structures of mycorrhizal fungi
were examined in the roots of melons in which AM
formation was detected. During the detection of AM
formation with classical methods, both the species and
type identification of fungi were done by using detection
keys. However, when observed structures; arbuscule
structure, inner and outer spores and wall structure of
spores, internal and external hyphae, connection points
of hyphae, existence of vesicle are considered, it can be
said that Glomus type fungi exist as fungal symbiont in
all the plant in which mycorrhizal life is observed.

Molecular method

Molecular detection of AM fungi are carried out not from
directly rhizosphere soil, but from potting soil prepared
from soil of rhizosphere area and diluted with sand and
developed by using trap plants (corn, leek, marigold,
etc.), due to the difficulty of purification of AMF spores
(Kjaller and Rosendahl, 2001; Van Tuinen et al., 1998).
In this study, molecular detection of SM fungi were done
not by using directly rhizosphere soil, but by using corn
as trap plant and with DNA extraction from plant roots
and nested-PRC technique following it.

Originally, the extraction method as defined by van
Tuinen et al. (1998) was used to extract DNA from root
samples. The method yielded enough PCR products to
use as positive control. Upon sequential amplification
with the LR1/FLR2 and FLR2/8.23 (5-
gttcggttgatcagatccgct-3°) and FLR2/5.23 (5-
gtacggttagtcaacatc G-3’) primer pairs, for the detection of
G. intraradices and G. mosseae the PCR products of the
expected size (574 and 264 bp, respectively) were
observed for all the reference isolates tested.

Four of the 100 samples processed had prominent
PCR bands of G. intraradices and seven of G. mosseae
(that is, bands within mobility range of reference bands)
(Figures 2 and 3). The presence of both AMF species
was confirmed in the rhizosphere soil of the surveyed
melon fields (Table 2). In approximately 21.15% of 52
melons in which AMF formation was detected with
classical methods; arbuscular mycorrhizal fungi could be
detected in the basis of species molecularly.

DISCUSSION

One of the main purposes of this study is to detect
mycorrhizal formation of melons and the other is to do
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the detection of these fungi with the help of molecular
methods. Therefore, during the detection of AM
formation with classical methods, both the species and
type identification of fungi were not done by using
detection keys. However, when observed structures are
consi-dered, it can be said that Glomus type fungi exist
as fungal symbiont in all the plant in which mycorrhizal
life is observed. Schenck and Smith (1982) and Morton
and Bentivenga (1994) indicated that Glomus species
are the most common AM fungi in the sense of
propagation on earth and that G. mosseae, G.
intraradices and Glomus occultum are the species which
have the highest aggres-sivity. In this study, 11 melons
(21.15%) in which AMF formation was detected were
determined molecularly as a result of nested-PCR
practices and 7 of these fungi (63.6%) are of G. mosseae
species and 4 of them (36.4%) are of G. intraradices
species. In many studies concerning the detection of
AMF fungi both with PCR and nested-PCR techniques, it
was detected that fungi of Glomus genus are determined
and they are generally of G. intraradices, G. mosseae,
Glomus versiforme ve Glomus caledonium species
(Jacquot et al., 2000; Redecker, 2000; Renker et al.,
2003; Stukenbrock and Rosendahl, 2005).

In classical methods, it was detected that there is a
mycorrhizal life in nearly 52% of total plant number and
in nearly 21.15% of this rate AM fungi could be detected
in the level of species molecularly. When the numerical
parameter is considered, it can be said that among 52
plant which have arbuscular mycorrhizal life, fungi in 11
of them are detected molecularly. Stukenbrock and
Rosendahl (2005) stated that of all the 812 root samples;
186 of them respond nested-PCR positively and that this
value corresponds to 22.7% in total.

As a result, as it is mentioned in this study, since
studies concerning identification and detection, molecular
techniques based on PCR (conventional PCR, nested
PCR, real-time Scorpion PCR, etc.) enable fast charac-
terization and faster and safer identification of soil types,
they draw great interest in the detection of AM fungi.
Another point that draws attention in addition to this is
that the study was carried out in Van vicinity which is
regarded as the second most important gene center of
melon. It is an indispensable truth that variation of AMF
accommodation is similarly high in melon which is also
rich in the sense of genetic variation. Considering this
fact, some of the AMF isolates which was detected as a
result of the study and whose efficiency will be detected
in further studies are regarded to be quite useful in the
practice of melon farming considering the species-AMF
accommodation.
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Table 1. Melon species colonized by AM fungi, intensity rating system for structures, colonization rates of mycorrhizal fungi,
GPS and altitude (m) values belong melon species determined arbuscular mycorrhizal formation in Van and its districts.

Plant Species of Intensity rating system  Colonization GPS value Altitude

code melon for structure* (%) (m)
ERGAL  Kirkagac 1 10.5 ggégg 1661
ERGA2  Kirkagac 1 17.2 ggégé; 1663
ERGA4  Kirkagac 1 16.8 ;‘Zéééé 1660
ERGA6  Kirkagac 2 22.6 ggégég 1630
ERGA8  Kirkagac 1 14.2 ggégég 1658
ERGA9  Kirkagac 1 18.6 ggggég 1652
ERP4 Kirkagac 1 8.6 gggé‘g 1662
ERP6 Cantaloupe 1 21.8 gggéig 1667
ERP7 Cantaloupe 2 16.8 gggégg 1675
ERP11  Cantaloupe 1 12.4 ggé;gé 1676
ERINI Cantaloupe 1 14.4 ggég;i 1686
ERIN3 Cantaloupe 1 11.8 gg:ég:gg, 1676
ERAGL  Cantaloupe 2 28.5 ggégg 1683
ERAG2  Cantaloupe 1 16.6 ggégg 1684
ERAG3  Cantaloupe 2 23.0 ggég;g 1685
ERAG4  Cantaloupe 1 8.3 ggégg 1686
ERAG5 Cantaloupe 1 5.5 43°30'40" 1687

38°59'29"
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ERU1

ERU3

ERU4

ERUS

ERPGAS

ERPGA4

ERPGA5S

ERPGA7

ERA1

ERA2

ERA3

ERAS

ERI1

ERI2

ERI3

ERI4

ERI8

ERI10

Kirkagac

Kirlagac 637

Kirkagac 637

Kirkagac 637

Kirkagac 637

Kirkagac 637

Kirkagac 637

Kirkagac 637

Kirkagac

Kirkagac

Kirkagac

Kirkagac

Cantaloupe

Cantaloupe

Cantaloupe

Cantaloupe

Cantaloupe

Cantaloupe

8.0

26.8

36.2

24.4

11.0

8.3

9.5

11.7

18.4

16.4

14.6

13.4

8.6

21.7

8.3

27.6

15.4

13.0

43°30'40"
38°59'27"

43°30'40"
38°59'26"
43°30'40"
38°59'26"

43°30'40"
38°59'26"

43°21'41"
38°59'14"

43°21'40"
38°59'14"

43°21'39"
38°59'14"

43°21'41"
38°59'14"

43°31'13"
38°59'24"

43°31'13"
38°59'24"

43°31'14"
38°59'26"

43°31'15"
38°59'27"

43°21'48"
38°59'24"

43°21'48"
38°59'24"

43°21'48"
38°59'23"

43°21'48"
38°59'24"

43°21'41"
38°59'22"

43°45'49"
38°56'23"

1665

1662

1659

1662

1669

1667

1666

1669

1672

1675

1676

1679

1668

1671

1676

1678

1661

1666

6477
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Table 1. Continue.

43°45'48"

MY1 Kirkagac 2 25.6 38°56/22" 1698
MY4 Kirkagac 1 9.4 gg:gg:gg; 1692
MY5 Kirkagac 2 21.6 gg:gg:g?; 1703
MY7 Kirkagac 1 12.8 gg:gg:gg: 1702
MY8 Kirkagac 2 32.6 gggggz 1703
MY9 Kirkagac 1 16.8 gg:gggi: 1701
MY13 Kirkagac 1 7.8 gggggg 1709
ERC6 Cantaloupe 1 9.5 gg:gggé 1839
ERC7 Cantaloupe 1 4.5 gg:gg:gé 1832
ERC8 Cantaloupe 2 31.8 gg:gg:gé 1844
ERC9 Cantaloupe 2 26.0 gg:gg:gé 1842
ERCI1  Cantaloupe 1 14.6 gggggé 1844
ERC14 Cantaloupe 1 8.2 gg:g?:g;: 1834
ERC17 Cantaloupe 1 134 gg:g?:gg: 1824
ERC19 Cantaloupe 1 15.6 gg:gg:g; 1841
ERC22 Cantaloupe 2 37.8 gg:gggé: 1843
ERC25 Cantaloupe 2 23.6 gg:gg:gé: 1828

Intensity rating systemfor structures (arbuscules, vesicles, internal hyphae, external hyphae), as follows: (0) structures absent; (1)
present but scarce; (2) abundant throughout root piece; (3) densely packed throughout root piece.
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264 bp—p-

Figure 2. Detection of G. mosseae by nested-PCR in root samples of melon species. M: DNA ladder, P. positive control,
N: negative control, 1-5 and 1-3 tested samples.

574 bp—»

Figure 3. Detection of G. intraradices by nested-PCR in root samples of
melon species. M: DNA ladder, P. positive control, N: negative control, 1-2
and 1-4 tested samples.

Table 2. Species of melon determined mycorrhizal formation and AM fungi by

nested-PCR.

Plant code Species of melon Speceis of AMF

ERU1 Kiragac 637 Glomus intraradices

MY5 Kirkagac Glomus intraradices

ERI4 Kantalop Glomus intraradices

ERPGA4 Kiragac 637 Glomus intraradices

ERPGAS5 Kiragac 637 Glomus mosseae

MY8 Kirkagac Glomus mosseae

MY4 Kirkagac Glomus mosseae

ERGA6 Kirkagac Glomus mosseae

ERIN1 Kantalop Glomus mosseae

ERIN3 Kantalop Glomus mosseae

ERI10 Kantalop Glomus mosseae
REFERENCES Research and Exploration Institute of Turkey, Ankara, 169: 38-43.

. o Demir S, Sipahioglu HM, Kaya I, Usta M, Savur OB (2011). Detection of
Alkan N, Gadkar V, Cobum L, Yarden O, Kapulnik Y (2004). Quantification arbuscular mycorrhizal fungi within colonized roots of the Gramineae
of the arbuscular mycorrhizal fungus Glomus intraradices in host tissue family members by nested-PCR. Arch. Phytopathol. Plant Protec.,
usinf realtime polymerase chain reaction. New Phytol., 161: 877-885. 44(11): 1061-1067.

Burleigh S (2001). Relative quantitative RT-PCR to study the expression of Demir S, Turkmen O, Sensoy S, Akkopru A, Erdinc C, Yildiz M, Kabay T
plant nutrient transporters in arbuscular mycorrhizas. Plant Sci., 160: 899- (2005). Reactions of melon landraces grown in the Lake Van Basin to
904. the physiologic races (Race 1 and Race 2) of Fusarium oxysporum f.sp

Degens ET, Kurtman F (1978). The Geology of lake Van. The Mineral melonis. Euro. J. Hortic. Sci., 71(2): 91-95



6480 Afr. J. Biotechno

Duhoux E, Rinaudo G, Diem HH, Auguy F, Fernandez D, Bogusz D
(2001). Angiosperm Gymnostoma trees produce root nodules colonized
by arbuscular mycorrhizal fungi related to Glomus. New Phytol., 149:
115-125..

FAOSTAT (2003). Statistic Database. http://faostat.fao.org/.

Gardes M, Bruns T (1993). ITS primers with enhaneed speeifieity for
basidiomycetes application of mycorrhizae and rusts. Mol. Ecol., 2: 113-
118.

Giovanetti M, Mosse B (1980). An evaluation of techniques for measuring
vesicular arbuscular mycorrhizal infection in roots. New Phytol., 84: 489-
500

Gunay A (1993). Special producing of vegetable, Vol. 5, Ankara- Uni.,
Agric. Fac., Ankara, (in Turkish).

Jacquot E, Van Tuinen D, Gianinazzi S, Gianinazzi-Pearson V (2000).
Monitoring species of arbuscular mycorrhizal fungi in planta and in soil
by nested PCR: application to the study of the impact of sewage sludge.
Plant Soil, 226: 179-188.

Janos D (2007). Plant responsiveness to mycorrhizas differs from
dependence upon mycorrhizas. Mycorrhiza, 17: 75-91.

Kjsller R, Rosendahl S (2000). Detection of arbuscular mycorrhizal fungi
(Glomales) in roots by nested PCR and SSCP (Single Stranded
Conformation Polymorphism), Plant Soil, 226: 189-196.

Kjgller R, Rosendahl S (2001). Molecular diversity of glomalean
(arbuscular mycorrhizal) fungi determined as distinct Glomus specific
DNA sequenees from roots of field grown peas. Mycol. Res., 105(9):
1027-1032.

Klironomos JN, McCune J, Hart M, Neville J (2000). The influence of
arbuscular mycorrhizae on the relationship between plant diversity and
productivity. Ecol. Lett., 3: 137-141.

Kucuk A, Abak K, Sari N (2002). Cucurbit genetic resources collections in
Turkey. First Ad Hoc Meeting on Cucurbit Genetic Resources. 19
January 2002, Adana, Turkey, pp. 46-51.

Leopold HJ (1990). Beimfung von Klee mit VA - Mykorrhiza und Rhizobium
zur Ertags und Qualittssteigerung, Thesis of PhD, University of GieBen,
Germany.

Linderman RG, Davis AE (2004). Varied response of marigold (Tagetes
spp.) genotypes to inoculation with different arbuscular mycorrhizal
fungi. Sci. Hortic., 99: 67-78.

ng taxonomic and non- taxonomic groups. Plant Soil, 159: 47-59.

Morton JB, Bentivenga SP (1994). Levels of diversity in endomycorrhizal
fungi (Glomales, Zygomycetes) and their role in defini

Phillips JM, Hayman DS (1970). Improved procedure for cleaning roots
and staining parasitic and vesicular-arbuscular mycorrhizal fungi for
rapid assesment of infection. Trans. Br. Mycol. Soc., 55: 158-161.

Pitrat M, Chauvet M, Foury C (1999). Diversity, history and production of
cultivated cucurbits. Proc. 1% Int. Symp. on Cucurbits. Eds. K. Abak &
S. Blyukalaca. Acta. Hortic., 492: 21-28.

Redecker D (2000). Specific PCR primers to identify arbuscular
mycorrhizal fungi within colonized roots. Mycorrhiza, 10: 73-80.

Renker C, Heinrichs J, Kaldorf M, Buscot F (2003). Combining nested
PCR and restriction digest of the internal transcribed spacer region to
characterize arbuscular mycorrhizal fungi on roots from the field.
Mycorrhiza, 13: 191-198.

Sambrook J, Fritsch EF, Maniatis T (1989). Molecular Cloning. Cold
Spring Harbor Laboratory, New York.

Schenck NC, Smith GS (1982). Additional new and unreported species of
mycorrhizal fungi (Endogonaceae) from Florida. Mycologia, 74(1): 77 -
93.

Stukenbrock EH, Rosendahl S (2005). Distribution of dominant arbuscular
mycorrhizal fungi among five plant species in undisturbed vegetation of
a coastal grassland. Mycorrhiza, 15: 497-503.

Trouvelot S, Van Tuinen D, Hijri M, Gianinazzi-Pearson V (1998).
Visualisation of DNA loci in interphasic nuclei of glomalean fungi by
fluorescence in situ hybridization. Mycorrhiza, 8: 203-206.

Van Tuinen D, Jacquot E, Zhao B, Gollotte A, Gianinazzi-Pearson V
(1998). Characterization of root colonization profiles by a microcosm
community of arbuscular mycorrhizal fungi using 25S rDNA-targeted
nested PCR. Mol. Eco., 7: 879-887.

Zhukovsky YP (1951). Agriculture constitution of Turkey (Anatolia). Sugar
Factory of Turkey, Publ., 20: p. 887.



