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The Influence of Use of Different Rates of
Mycorrhizal Inoculum on Root Infection,
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Adana, Turkey

ABSTRACT

Sorghum and leek plants were used as hosts in order to test the effectiveness
and infectiveness of four mycorrhizal species on spore production, plant
growth and phosphorus (P) uptake. When sorghum was used as a test plant,
Glomusmosseae,Glomusetunicatum, and Glomuscaledonium, respectively,
gave the highest number of spores, while on leek, G. etunicatum,G.mosseae,
and G. caledonium,respectively, resulted in higher spore production. Glomus
intraradices produced the least amount of inoculum among the four species.
Based on relative spore production and root infection, G. mosseae and G.
etunicatum were determined to be the two best fungi as sources of inoculum
for further use in the experiment. It is very important to know the minimum
amount of inoculum in order to reach the maximum percentage of infection.
Thus different amounts of inoculum were applied to determine optimum rates
of inoculation. Sorghum and leek plants were infected with 0, 6, 12, 18, and
24 g G. mosseae and G. etunicatum of mycorrhizal inoculum per pot in a low
P content and natural soil. As the inoculum rate increased, plant parameters
and the percent of infection gradually increased with increasing rate to 18 g.
Higher inoculum rates did not stimulate growth on infection percentage.
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INTRODUCTION

Vesicular-arbuscular mycorrhizal (V AM) fungi exist in obligatory symbioses,
which are the most common type of mycorrhizal associations formed on almost
90% of the plants (Harley and Smith, 1983). The importance of this type of
symbiotic fungal infection for mineral plant nutrition, and plant health (Smith
and Gianinazzi-Pearson, 1988), makes it one of the potentially more useful
biological resources of assuring plant production with a minimum input of chemical
fertilizers or pesticides. The benefits of VAM fungus inoculation includes
improvement of nutrient uptake, water relation, and protection against root diseases
(Jeffries and Dodd, 1991), along with resistance to salinity, pollutants, and
reclamation of mine soils. Effectiveness of those activities vary widely among
the plant species, soil, climate, and VAM fungal species (either indigenous or
introduced). Until recently, agricultural production did not consider endo­
mycorrhizae, but most growers are now becoming aware of the fact as a new
means for ensuring plant production. Accordingly, several private enterprises
are presently producing the VAM inoculum. This situation, together with the
present concern about man's impact on the environment, is creating the need and
the conditions for introducing and rationally using VAM in plant production
systems. In all terrestrial ecosystems the introduction of VAM fungi into arable
land and plant production requires the production of an inoculum, which can be
easily cultured and applied. Scientists have been unable to produce sufficient
inoculum for large scale use in agricultural areas. Marschner (1995) indicated
that potential use ofV AM fungi as biofertilizers has potential in agriculture. Since
mycorrhizal spores cannot be grown in pure culture, it is necessary to produce the
inoculum via plant cultures. There is a great potential for the utilization of the
VAM fungal inoculum in agriculture in Germany. "Terragreen" could be a suitable
carrier for the fungal propagules of VAM fungi.

Infectiveness and effectiveness of different mycorrhizal species may differ
according to mycorrhizal spores adaptable to the host plant and soil conditions
(Bagyaraj, 1991). The amount of the starter inoculum required for the maximum
inoculation is very crucial because the number of spores per seed depend on the
effectiveness and infectiveness of the spores. According to Sieverding (1991),
200 spores for a single seed are sufficient for inoculation.

The aims of this research are (1) to produce adequate amounts ofVAM spores
to use in large scale experiments, (2) to select the best inoculum among these in
terms of infective ness and effectiveness, and (3) to determine the optimum amount
of inoculum for maximum plant growth and P uptake.
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MATERIALS ANDMETHODS

Experiment 1

Production of VAMycorrhizal Inoculum
Terragreen (granular expanded clay) was used for the multiplication of VA

mycorrhiza. The VAM inoculum was produced in pots using sorghum [Sorghum
bicolor (L.) SSV2 genotype] and leek (Alliumporrum L.)plants which were easily
infected by. mycorrhizal fungi (Miranda, 1985). In order to keep the inoculum
alive as a continuous source, the experiment was repeated for three consecutive
periods. Each treatment had three replications. The mycorrhizal species and
their sources were as follows:

Glomus mosseae (Nicolson and Gerdemann), isolated from Rothamsted, UK
Glomus etunieatum (Becker and Gerdemann), Nutri-Link Isolate, USA
Glomus ealedonium (Nicolson and Gerdemann), isolated from Rothamsted, UK
Glomus intraradiees (Schenck and Smith), Nutri-Link Isolate, USA

Plant Growth Conditions
The experiment was conducted using plastic pots under greenhouse conditions.

Pots were surface sterilized with ethanol (96%) prior to filling with I kg Terragreen.
The autoclaved Terragreen (121°C, 30 min) was saturated with Hewitt's (1966)
nutrient solution (114 strength, minus P) and placed in the pots. The seeds were
surface-sterilized before sowing by shaking in a sodium hypochlorite solution
(1% available chlorine) for 10min, rinsed three times, and then soaked in distilled
water for severaltimes. Four sorghum seeds or ten leek seeds were sown in each
pot and 5 days after the seeds germinated, the seedlings were thinned to one plant
per pot for sorghum and four plants per pot for leek. The plants were grown in a
growth chamber at 21°C and a relative humidity of 50-70%, with a 16-h day
photoperiod under a light intensity of 50 umol m-2s-l•

The pots were randomly rearranged twice per week. Distilled water was added
daily to maintain moisture close to field capacity for normal plant growth. Water
use was recorded by the volumes of water added to each pot during a period of
two months. Additional nitrogen (N) was added as urea once a month (25 mg kg"
N) with 114 strength Hewitt's nutrient solution. Two months after sowing, the
tops of the plants were harvested and the remaining parts were retained in the pots
for about a month, in order to stimulate spore maturation (Sieverding, 1991). The
roots were then chopped using scissors and mixed with Terragreen. The mixtures
of roots and inoculum were stored at 5°C for future use.
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Extraction of Mycorrhizal Spores

The numbers of spores per volume of inocula mixture were counted using the
wet sieveextractionmethod(GerdemannandNicolson, 1963). Countingof spores
was done by transferring each fraction of soil debris and spores between 53 J.1m
and 500 J.1minto a nematode counting dish. Spores were counted under a stereo
microscope at a magnification ofX25.

Infection of Mycorrhizae

Roots werewashed after separation fromthe soil in running tapwater, followed
by distilled water, after which roots were dried with tissue paper. Before drying
the roots, small sampleswere taken and preserved in amixture of ethanol, glacial
acetic acid, and formalin (Miranda, 1985) for determination of root length and
mycorrhizal infection. A small proportion of preserved roots was stained and
examined for the presence and degree ofmycorrhizal infection, assessed from the
number of vesicles and the percentage length of roots infected with mycorrhizal
hyphae. The percentage of VAM infection was calculated as the number of 10-
mm long root segments out of 100contained on slides identified as infectedunder
a stereo microscope at a magnification of X20. The root clearing, staining
procedure, and the degree ofmycorrhizal infection in the root cortexwas assessed
by the method ofKoske andGamma (1989). Percentage of colonization ofVAM
was measured by the slide techniques (Gioannetti and Mosse, 1980).

Experiment II

Use of Different Rates of Inoculum

Sorghum and leek plants and the sorghum inoculumwere used in a low P and
high pH soil collected fresh at a depth of 5 to 20 cm. A mixture of 750 g of
partially sterilized soil and 250 g of sand were placed in a closed PVC tube. A
basal fertilizer application of 50 mg P kg", as Ca(H2P04) and 100mg N kg" as
ammonium sulphate were used. Additional nutrients were used as described in
the previous experiment.

The second experiment consisted of two host plants in factorial combination of
two inoculumswith five levels of inoculum. Each treatment had three replicates.
Different amounts of inoculum were applied to determine optimum rates of
inoculum addition. Control (inoculum free), 6, 12, 18, and 24 g of inoculum
(mixture of root, hyphae, and Terragreen) per pot were placed 30 mm under the
seed. Five seeds were sown per pot and thinned to one seedling one week after
planting. The seedswere sown 30 mm over the inoculum so that the germinating
seeds would grow into the inoculum.

The pots were randomly rearranged two times per week. Distilled water was
added daily to the pots to preserve moisture near field capacity for ideal plant
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growth. The plants were harvested40 days after planting. Shootswere cut 0.5 em
above the soil. After washing carefully several times, the roots were dried using
soft tissue paper and the fresh weight was immediately recorded.

Root Length

After estimation of the root infection, the remaining fresh roots were removed
from each preserved tube into water in a shallow transparent dish (30 x 15 x 3
em). The dish was placed over a grid and the length of roots was estimated by the
Tennant's (1975) modified line intersect method. After counting the number of
root segments (10 mm) intersecting grid lines, the subsample was dried at 75°C
overnight and weighed. The root lengths were determined according to the
following equation:

L=1tNA/2H

Plant Analysis

After drying the plants at 75°C, the plant material from each pot was ground
using a Tema mill. Then 0.2 g of ground plant material was weighed into a 100-
em digestion tube to which 4.4 ml of an acid catalyst mixture was added. After
the digestion of the plant material, the concentration of P (Murphy and Riley,
1962) in dry matter in this solution was determined by an auto-analyzer.

Statistical Analysis

All statisticalanalyseswereperformedusing a StatisticalAnalysisSystem(SAS,
1987) computer package.

RESULTS ANDDISCUSSION

Experiment I

Cultivation of Mycorrhizal Inoculum

The experiment was set up on two plants and four VAM spore species. When
sorghumwas used as a test plant, G. mosseae,G. etunicatum, and G. caledonium,
respectively, gave the highest number of spores, while with leek, G. etunicatum,
G. mosseae, andG. caledonium, respectively,resulted inhigher spore production.
Glomus intraradices produced less inoculum among the four species. Glomus
caledonium produced intermediate amounts of spores on either plant species.
Glomus mosseae and G. etunicatum were the mycorrhizal fungi producing the
highest number of spores per volume of Terragreen substrate (1784 spores/lOg
substrate) on sorghum plants (Figure 1). The results of Simpson and Daft (1990)
indicatedthatmore sporeswereproducedwhen sorghumwasahostplant compared
to legumes and other cereal plants. In the present experiment, numbers of spores
in the Terragreen substrate were difficult to count due to the development of
heavy sporocarp clusters.
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FIGURE1. Numberof sporesin thedifferentVAMspeciesinoculumwhichhasgrown
in sorghumandleekplants.Verticalbarsindicatestandarderror.

The inoculum from the third production was selected for use in subsequent
experiments. The first and second inocula productions with the sorghum plant
root infected with G. mosseae, yielded the highest number of spores (Figure 1).
The higher spore density may be due to the more intensively rooted medium by
the sorghum plants. Poor formation or less spores in the third inoculum on both
plant roots may result in poor development of mycorrhizal plant growth or a
portion of the spores may lose effectiveness. Spore production is usually high in
the first multiplication, but declines after the following multiplication.

There is little literatureconcerningthe number of sporesper amount of substrate
and the relationshipwithVAMfungiinoculation. Giannazziet al. (1989)produced
highly infective inoculum in both field and pot cultures in Dijon, France.

The yield of spores per unit of inoculum varies from soil to soil and with
particular conditions. Sieverding (1991), working in Colombian tropical soils,
found that this number can vary from 125 spores/l00 g soil (considered a low
VAM spore density) to 10,000spores/l 00 g soil (in VAM inoculumproduction).
According to Sieverding (1991), the critical deficient level of VAM fungal
propagates in soils is that level below which inoculation with VAM fungi
significantly increases yields. He also found for a particular situation that VAM
concentrationinthe field isdeficientfor cassavaproductionat levels<1300 inactive
VAM propagules found per 100 g soil.

According to Dehne and Backhaus (1986), spores which are formed in the
pores of the expanded clay can retain viability and infectivity for long periods
since an air-dried inoculum carrier prevents environmental deterioration. The



INFLUENCE OF MYCORRHIZAL INOCULUM 2941

application of mycorrhizal inoculum directly into the seed row promotes
mycorrhizal infection (Pacovsky et aI., 1986). Alternative methods of inoculation
include VAM fungal inoculum pellets and the coating of seeds (Sieverding, 1991)
and the use of glass beads which could be used for sophisticated research purposes
since the inoculum produced is easily monitored. .A recent application of the
V AM inoculum technology in agriculture includes "Nutri-link" with 1000 spores/
mL substrate composed of G. intraradices and used in the horticultural industry
in the United States (Jeffries and Dodd, 1991). "Bio Growth", a company in
Florida, has produced a patented process to convert colonized roots into inocula
with a propagule density of over 100,000 propagules per gram. Other practical
uses of VAM yielding positive results have been reported for different plant
production systems (Jeffries and Dodd, 1991).

It was concluded that G. mosseae and G. etunicatum were the VAM species
selected to be used for plant inoculation in the next phases of the research for the
relative spore production and root infection.

Experiment II

The Effect of Different Rates of Inoculum on Plant Parameters
Different amounts of inoculum were applied to determine optimum rates of

inoculum addition. For this purpose, sorghum and leek plants were infected with
0, 6, 12, 18, and 24 g G. mosseae and G. etunicatum mycorrhizal inocula in a low
P content soil. Glomus mosseae and G. etunicatum inocula increased shoot growth
compared to control plants (Table 1). Sorghum plants inoculated with G.
etunicatum between 12 and 24 g inoculum use exhibited less shoot growth,
compared with G. mosseae. As the inoculum rate increased, plant growth gradually
increased up to 18 g. Higher rates of inoculum did not stimulate growth and
infection percentage. Relative root growth was not affected by inoculation with
VAM fungi; G. mosseae and G. etunicatum similarly promoted root growth in the
pot culture as well (Table 1). Glomus mosseae and G. etunicatum inoculated
plants had relative root lengths between 40 and 46 m for sorghum and 27 and 35
m for leek plants. The inoculum rate was positively correlated with the percentage
of mycorrhizal infection at a constant P level. The highest increase in infection
and plant growth occurred with the 6 g inocula levels. Sorghum, receiving between
12 and 18 g inoculum of G. mosseae had a higher root infection ratio than G.
etunicatum. Leek had the highest percentage of root infection with G. etunicatum
at all inoculum levels than did G. mosseae (Figure 2). When the host plant was
leek, G. etunicatum had a higher mycorrhizal infection. It was found that G.
etunicatum among other VAM fungi provides the highest percentage of infection
in maize roots (Dehne and Backhaus, 1986). Daniels et al. (1981) show that G.
mosseae has the highest inoculum potential with maize under soil conditions
compared to 5 different Glomus species.
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TABLE 1. The effect of VAM species and inoculum rate on plant gro~.

Host Amount of Dry Weight of Shoot Dry Weight of Root Shoot:Root ratio
Plants VAM (g/pot) (g1pot)

inoculum
(g1pot)

G. G. G. G. G. G.
mosseae etunicatum mosseae unicatum mosseae etunicatum

Control 1.38±O.1I 1.35:1:0.10 1.61±O.14 1.45±O.08 0.86 0.93

6 I.74±O.13 1.70±0.11 1.64±O.19 1.57±O.08 1.06 1.08

Sorghum 12 1.91±O.16 1.85±O.23 I.67±O.13 1.70±0.17 1.14 1.09

18 2.36±O.13 2.20±0.14 1.80±0.25 1.71±0.11 1.31 1.29

24 2.33±O.20 2.18±O.14 1.74±O.19 1.67±0.12 1.34 1.31

Control 1.22±0.06 1.26±0.10 1.38±O.13 1.32±O.12 0.88 0.95

6 1.58±O.12 1.44±O.lO 1.50±0.15 1.34±O.11 1.08 1.07

Leek 12 1.71±O.09 1.68±O.15 1.57±O.13 1.48±O.19 1.08 1.14

18 2.18±O.19 2.15±O.19 1.54±O.20 1.52±0.14 1.42 1.41

24 2.17±O:12 2.14±O.15 l.57±O.17 l.58±O.21 1.38 1.35

Means of three replicates. Brackets indicate standard error. 0
~>Q.I

<:'T1
_. 'T1 Z(1) ......
::l ......

;:l0 P content of plant (mgIP pol)
(;>0 Mycorrhlullnoculum (%) 'T1_. c:: ~c:: r-

Rfg 1° - '" to> .... til CD .... CD CD ~. fg 10 0 ~ ~ e 2l B Cj 2l c::
I

~I

I I I ~[~ _1 fII <:!'-> __r==:=::: 0
III 0 (1) fII tTl- .":1 :J.._, S! '"'



RTA$ INFLUENCE OF MYCORRHIZAL INOCULUM

Sorghum
10 Leek

flO

10

10

o __---+----~--~--~--~
ConIroI • 12 ,. 24

_ of YAM Inoculum (g/poI,

flO

50

20
--G.MosseH
_- G.Etunlcalum

10

O __---r--~----~--~--~
ConIroI • 12 18 24

lIMe. of YAM Inoculum Ig/poII

2943
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With higher rates of mycorrhizal inocula, the mycorrhizal infection ratio
increasedand theP contentof thedrymatter increased(Figure3). Themycorrhizae
root infection positively correlated with the amount of inoculum used. From
these results, 18g and 24 g of the inoculum yielded the same response in plants;
hence 18 g of inoculumwas used for further experiments. Although more than
1000 spores per pot were used, previous work suggested that 100 to 200 spores
are sufficient to inoculate agronomic crops and significantly infect plant roots
(Sieverding, 1991). It is suggested that the relationshipbetween the colonization
density of external hyphae and the P uptake is neither simple nor proportional.
The high amounts of inocula required for maximum infection ratios may be due
to less effective inocula used in this study compared to the ones used by Dehne
and Backhaus (1986), or the inhibition of infection due to high soil P levels or
initial soilpH. Ithas been reportedby severalresearchersthat there is a significant
correlation between increasing soil P level and a decrease in the infection ratio
(Sanders and Tinker, 1973;Miranda et aI., 1989). Inhibition ofmycorrhization
by high levelsofP supply isprobablyplantmediated(Mengeet al., 1978). Graham
et al. (1981) pointed out that P deficiency increases the efflux of root exudate
which may stimulate fungal growth.

The addition of mycorrhizal inoculum increased the shoot and root ratio of
plants in both substrates. In the control plants, the ratio of shoot and root was <1,
but, with the addition of the mycorrhizal inoculum, this ratio was >1 (Table 1).
According to Smith and Gianinazzi-Pearson (1988), the ratio of shoot and root is
usually higher inmycorrhizal infected plants. The VAM fungi increase the rates
of growth of plants and influence the partitioning of biomass between the shoot
and the root. This effect is related to enhanced nutrient uptake and is followed by
nutrient translocation to the shoots which increases the utilization of the
photosynthate in the aerial part of the plant (Bagyaraj, 1991;Barea et al., 1987).
Shoot root ratios tend to increase with decreasing nutrient stress in sorghum
(Pacovsky et al., 1986). The formation of an extensive network of mycorrhizal
mycelium may be related to higher P uptake and P depletion of the substrate
(Kothari et al., 1991). Accordingto Robson et al. (1993), the spread of hyphae
differs between VAM fungi species. The VAM fungi may also differ
physiologically in their ability to enhance P uptake and growth of the host plant
even when the extent of root colonization is similar (Graham et al., 1982). In
addition to the complexityof theVAMfungal relationshipwith plants, the relative
efficiency of a particular mycorrhizal species may be an additional important
fact.
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