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ABSTRACT

The arbuscular mycorrhizal fungi (AMF) are
obligated to the host plant, thus sufficient and
healthy mycorrhizal inoculum production through
the host plant is important. Growth mediums are
also crucial for mycorrhizal spore propagation. The
aim of this research is to determine the suitable
mycorrhizal spore doses and root infection percent-
age for optimum plant growth at various host plants
at different harvest times, along with mycorrhizal
species and application doses. Three different plant
family groups such as graminae (maize, sorghum),
alliaceae (leek, onion), leguminosea (clover and
alfalfa) were used as host plants and Funneliformis
mosseae and Claroideoglomus etunicatum Were
used as mycorrhiza species with different spore
doses (Control, 500-1000 and 2000 spore pots™).
Plants were harvested the 3, 4%, 5" and 8" weeks
following sowing for determining root infection
percentage (%), and spore production.

Mycorrhizal inoculation positively affected
the host plants growth, root colonization and spore
production. It has been determined that root coloni-
zation and spore production significantly depends
on plant groups rather than mycorrhizal species.
Leguminosea family plant alfalfa and clover were
determined to be the most suitable host plants for
spore production. Results revealed that in both
mycorrhizal species inoculations, maize has the
highest root colonization followed by alfalfa, onion
and leek. Alfalfa produced high spore which was
followed by clover, maize and onion. Although,
both mycorrhizae species increased root infection
level however, F. mosseae is more effective than C.
etunicatum. The highest root infection and spore
production were determined at the 4" and 5" weeks
after sowing. The application of 500 spore plant?
was found to be sufficient for root infection and
spore production.
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INTRODUCTION

Mycorrhizal fungi play a crucial role in nutri-
ent cycling and ecosystem function. Consequently,
plant production should be based on the optimum
use of biological resources, such as arbuscular
mycorrhiza (AM). Since AM fungi are obligate
symbionts, they have not been produced on an
artificial nutrient medium and they need host plants
to complete their life cycle. Several authors tested
different host-fungus combinations for spore pro-
duction [1, 2, 3]; Ortas [4] along with the influence
of environmental conditions on sporulation [5, 6].
AM fungi have a wide host range, but certain com-
binations of hosts and fungi are more effective than
others for both the fungus and the host [7, 8, 9].

Sporulation of AM fungi was influenced by
inoculum dosage [10], temperature [11], light [5],
pot size [10] and soil quality [12] at greenhouse
conditions. Light quality and irradiance, soil water
content, and temperature markedly influence root
colonization and spore production [13].

Bagyaraj and Manjunath [14] tried to select a
suitable host for the maintenance and mass produc-
tion of mycorrhiza using sudan grass which does
not grow well under Bangalore conditions. The
authors determined that Guinea grass is a better
host because it is more susceptible to infection and
supported higher spore production by AM fungus,
Rhizophagus fasciculatus. Simpson and Daft [15]
found that in host species inoculated with R. clarus,
more spores were produced on the cereals (maize,
sorghum, millet) than the legumes (chickpea,
groundnut). Struble and Skipper [2], reported that a
Bahia grass>corn> sudangrass>soybeans host
plants sequence for increasing the AM spores
where soybean is the least suitable. Bagyaraj and
Manjunath [14] found that R. fasciculatus produced
the highest number of spores with guinea grass
(Panicum maximum Jacq.) compared to seven dif-
ferent grass species. Ferguson [10] reported that
there were no differences in spore production by R.
fasciculatus within seven different plant species.
Similarly, Hetrick and Bloom [1] observed that
while the hosts plants, asparagus, marigold, red
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clover, sudangrass and tomato, influenced the spore
production of R. fasciculatum, F. mosseae and G.
macrocarpum Were not affected.

Rhodes grass (Chloris gayana) was found to
be the best host plant for root colonization and
spore production and the infective propagules of the
potball [16]. Alraddad [17] found that the highest
spore amounts were achieved in the rhizosphere of
barley followed by chickpea and beans whereas the
lowest were determined in the rhizosphere of corn
and okra. The type of crop as well as the harvest
period significantly influenced the size of the spore
population and the extent of the root colonization of
F. mosseae.

Production of inoculum for large scale field
inoculation is often considered a bottleneck by AM
application in practical agriculture, because AM is
an obligate symbiotic and cannot be produced in
laboratory media [18]. Effectiveness can vary dra-
matically among AM isolates, so screening studies
should be undertaken before the production of large
quantities of inoculum. Thus, the aim of this work
was to examine the effect of several levels of my-
corrhizal inoculations F. mosseae and C. etunica-
tum, on spore production root colonization in rela-
tion to the host types and the period of harvesting.

MATERIALS AND METHODS

The experiment was carried out in a
greenhouse at the Department of Soil Science and
Plant Nutrition, Cukurova University, Adana,
Turkey. Three plant family such as graminae
(maize (Zea mays L.), (Sorghum bicolor (L.)),
Alliaceae ((leek (Allium porrum L.), onion Allium
cepa)) and leguminosea ((clover (Trifolium
alexandrinum L) and alfalfa (Medicago sativa L.))
were used as host plants. Also Funneliformis
mosseae (Nicolson and Gerdemann) isolated from
Rothamsted, and Claroideoglomus etunicatum
(Becker and Gerdemann) Nutri-Link Isolate were
used as mycorrhiza species with the different spore
doses which are 0, 500, 1000, 2000 spore plant?
and applied below 30 mm of seeds.

Growth Media. The experiment was performed
in andesitic tuff, soil and compost (6:3:1 v/v)
mixture. Ortas et al. [3] reported high spore
production and root infection by C. Etunicatum and
F. mosseae, respectively, which were determined to
be the best fungi for sources of inoculum. The
authors, also found that a 6:3:1 v/v ratio of sand
mixture :soil: organic manure is the best growth
medium for spore production in semi-arid
Mediterranean conditions.

Soil material was collected from surface hori-
zons of clay loam Menzilat soil series (0-20 cm)
(Typic Xerofluvents) in Cukurova Basin (S. Turkey)
with, 7.98 pH, and 0.5 M NaHCOs (pH=8.5) ex-
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tractable 87.6 kg ha® P. Growth medium was auto-
claved at 121°C for 2 hours prior to use. 3 L con-
tainer pots were used at greenhouse conditions. Pots
were surface-sterilized with ethanol before filling
with growth medium. The seeds were surface-
sterilized before sowing by shaking in sodium hypo-
chlorite solution (1% available chlorine) for 5 min,
rinsed three times and then soaked in distilled water
several times.

All the pots were irrigated daily with distilled
water in order to maintain moisture at field capacity.
Pots were harvested 4 times at the 3', 4™, 5" and 8™
weeks following sowing. At each harvest, root
infection and the number of spores were measured.
At harvest, roots were separated from the soil by
washing with running tap and distilled water. Roots
were dried on tissue paper. Prior to drying, small sub
samples were taken from roots and preserved in a
mixture of ethanol, glacial acetic acid and formaline
to determine the root length and mycorrhizal infec-
tion. Mycorrhizal spores were isolated from the
growth medium sub samples by wet sieving [19].
The root staining procedure described by Koske and
Gemma [20] The percentage of AMF colonization
was identified by method of Giovanetti and Mosse
[21] .

Statistical analysis. The effects of treatments
on plant parameters were statistically analyzed using
the analysis of variance (ANOVA) procedure in
SAS [22] program to assess the effects of plant
species, mycorrhizae species and inoculum doses.
Last significance differences (LSD) at P= 0.05 were
tested to determine the significant differences
between treatment means.

RESULTS AND DISCUSSION

The plants were harvested 4 times at the 3",
4™ 5t and 8" weeks following seeds sowing. After
all harvesting times, root colonization ratio (%) and
the numbers of spores were determined.

Root infections (%) were significantly affect-
ed by plant species. And there were differences
between harvesting times as well. Root colonization
in 3 week’s harvest was generally low (Figure 1)
root colonization ratio (%) increased with the har-
vesting time and statistically there is a significant
difference among harvesting times (Table 1).

The graminae (maize, sorghum) group’s root
colonization started at the 3 ™ and 4™ harvest after
sowing time. The maize plant at the 3 week’s
harvest had the lowest root colonization but after
the 4" week’s harvest, it had the highest root colo-
nization for both mycorrhiza species (Figure 1 and
2) [23, 24]. Alraddad [17] reported that the percent-
age of root length infected increased rapidly up to
10 weeks after sowing.
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FIGURE 1
The effect of different harvest time and mycorrhizal spore doses (F. mossea) on maize, sorghum, leek,
onion, alfalfa, clover plant root infeciton

TABLE 1
Significant of F-values (probability) from analysis of variance for different plant species (maize, sorghum,
leek, onion, clover, clover)

Treatments df  Maize _ Sorghum Leek Onion Alfalfa  Clover
Root colonization
Harvest 3 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Mycorrhizae 1 0.0495 0.0001 0.0001 0.0001 0.0528  0.0515
Mycorrhizae Dose 3 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Harvest X Mikoriza 3 0.0001 0.0001 0.0001 0.0001 0.0083 0.0337
Harvest X Dose 9 0.0001 0.0004 0.0001 0.0001 0.0001 0.0001
Mycorrhizae x Dose 3 0.0001 0.0003 0.0432 0.0043 0.0001 0.0185
Harvest X Mycorrhizae X Dose 9 0.0001 0.0002 0.0773 0.3332  0.2113 0.0086
Spore Number

Harvest 3 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Mycorrhizae 1 0.0001 0.0001 0.0001 0.0001  0.0979 0.1136
Mycorrhizae Dose 3 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Harvest X Mikoriza 3 0.0012 0.0001 0.0001 0.0001 0.0001 0.3701
Harvest X Dose 9 0.0001 0.0001 0.0001 0.0001  0.0002 0.0001
Mycorrhizae x Dose 3 0.0001 0.0083 0.0001 0.0001 0.1620  0.0001
Harvest X Mycorrhizae X Dose 9 0.0530 0.0440 0.0683 0.1887 0.0001 0.0001

Depending on growth medium, environmental
conditions such as moisture and temperature spore
germination and hyphal development can be
changed. AM spores germinate under appropriate
water and temperature conditions and hyphae grow
for about 2-3 weeks.

Although statistically mycorrhiza dose in-
crease is significantly affect root colonization, in-
creasing the inoculum level from 500 to 1000 and

2000 spore plant? application did not make a sig-
nificant difference.

In maize, there was no statistically significant
relationship between colonization ratio and spore
production. Similarly Alraddad [17] found that
maize plant rhizosphere have lowest mycorrhizae
spores, however have highest root colonization.
Since maize have high root colonization this situa-
tion was explained with host specificity. C. etunica-
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tum inoculated maize plant had increased root in-
fection up to 97 % with 2000 spore/plant mycorrhi-
za applications. Saif [25] found that twenty one
days following sowing or transplanting, 0-24 % of
the roots were infected, but the proportion increased
rapidly to a more or less constant value of 55-92 %
in the vegetable crops.

Sorghum plants have the lowest infection level
with F. mosseae and C. etunicatum mycorrhiza
inoculation for all harvest times. However, the
highest root colonization was determined as F.
mosseae With 2000 spore plant? mycorrhiza appli-
cation (47 %). After the 4" and 5" weeks, mycor-
rhiza inoculated sorghum plant root infection in-
creased. Reddy et al. [26] shown that the sorghum
roots were highly efficient trap plants for R. fascic-
ulatus and its multiplication. Ortas [4] indicated
that as the inoculum rate increased, the percent of
infection gradually increased.

Leguminosea (clover and alfalfa) group plants
root colonization started at 4 weeks after sowing,
but the highest root colonization was achieved at 5"
and 8" weeks harvesting time following sowing
times (Figure 1 and 2). Alfalfa plant root coloniza-
tion ratio higher than clover plant root colonization
for both mycorrhize species. The alfalfa and clover
plants has a similar pattern on root infection which
was determined at the 4" week following sowing
and spore production also increased at the 5"
week’s harvest (Figure 1, 2, 3, 4).

In general, mycorrhiza inoculated Liliaceae
group onion plant have higher root colonization
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than leek plants. Albrechtova et al. [27] reported
that there is a strong correlation between the growth
response of onion and AM colonization. Root infec-
tion of Leeks inoculated with F. mosseae has high-
er root infection compared to the C. etunicatum
inoculated ones. Leek and onion plants had root
colonization at the 4™ week but reached a maximum
at the 5 and 8" week harvests. Similarly, Sorensen
et al. [28] determined that the AM colonization of
leeks increased from 40 % to 70 % during the sec-
ond month following transplant to field conditions.
However, for both mycorrhizae species 2000
spores/plant dose leek and onion plants root coloni-
zation in the 3™ week’s harvest was higher than the
other plant species. This should be related with
plant species coarse root system.

Plant groups had the greater effect on spore
number and root colonization. Leguminosea group
(alfalfa and clover) produce the highest number of
mycorrhizae spores followed by Liliaceae group
(leek, onion) and graminae group (maize and sor-
ghum) plants (Figure 3 and 4). The highest spore
numbers were found in alfalfa grown growth media
and the lowest spore number were determined in
sorghum plant grown growth media. Previously the
results of Alraddad [17] shown that highest spore
were produced in leguminosea group chickpea and
beans plant and lowest spores were found in rhizo-
sphere of corn plant. Plenchette et al. [29] and Ortas
[4] reported the leek plant as a suitable host plant
for AM spore production.
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FIGURE 2

The effect of different harvest time and mycorrhizal spore doses (C. etunicatum) on maize, sorghum, leek,
onion, alfalfa, clover plant root infeciton
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FIGURE 3

The effect of different harvest time and mycorrhizal spore doses (F. mossea) on maize, sorghum, leek,
onion, alfalfa, clover plant spore production
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FIGURE 4
The effect of different harvest time and mycorrhizal spore doses (C. etunicatum) on maize, sorghum, leek,
onion, alfalfa, clover plant spore production

Mycorrhizal species have different influences
on spore production. In F. mosseae inoculated alfal-
fa, clover, onion and leek plant species growth media
produced the highest spore amounts respectively.
However in C. etunicatum inoculated, alfalfa, clover
and maize grown media produced the highest num-
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ber of spores. The highest rate of sporulation had
occurred at 5" and 8" weeks following leek, onion,
alfalfa and clover seeds sowing. In mycorrhiza
inoculated maize and sorghum plant grown media
sporulation were started at the 3" week. Simpson
and Daft [15] found that maize varieties reached the
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stable phase prior to 7 weeks after sowing, whereas
sorghum continued to increase the percentage of
infection between 7 and 9 week harvests. Alraddad
[17] shown that the highest rate of sporulation were
obtained at 7 and 10 weeks after planting.

The spore production of F. mosseae inoculat-
ed plants was higher than the plants inoculated with
C. etunicatum (Figure 3). Spore production also
increased with F. mosseae mycorrhizal inoculation
at the 51 week.

Also the number of spores increased with my-
corrhizae species and inoculation doses. Alfalfa and
clover gave a higher response to F. mosseae than
C. etunicatum mycorrhizae species at all inoculum
doses of 500-1000-2000 spores plant?®. The most
suitable mycorrhiza doses for the host plant was as
follows; Maize C. etunicatum 2000 spore plant?,
Sorghum F. mosseae 2000 spore plant?, Leek F.
mosseae 2000 spore plant®, Onion F. mosseae 2000
spore plant?, Alfalfa F. mosseae 500 spore plant?,
Clover F. mosseae 500 spore plant*. However, 500
and 1000 spore plant* was sufficient for maximum
root colonization and spore production. Since it is
very difficult to produce adequate amounts of inoc-
ulums for large agricultural land, 500 spore plant?
seems enough for optimum root infection and spore
production.

CONCLUSION

Our results revealed that plant families differ
from each other in their root colonization and spore
production. Onion and leek have a similar pattern
for root colonization and number of spore produc-
tion. The maize plant has the highest root coloniza-
tion followed by alfalfa and onion. However my-
corrhiza inoculated maize plant mycorrhiza spore
production was not as high as root colonization. All
the host plants were affected positively by mycor-
rhiza inoculation in all levels of treatment and the
percentage of colonization increased at the 4" and
5% weeks of harvest. Root infection and spore pro-
duction were determined to be at high level after
the 5" and 8" weeks harvest from sowing times.
The most suitable host plants were alfalfa and clo-
ver for spore production. In general, alfalfa, clover,
onion and maize have the highest spore production.
In generally there is a relationship between root
colonization and number of spores in between plant
species rather than mycorrhizal species differences.
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