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RESPONSE OF MAIZE GENOTYPES TO SEVERAL MYCORRHIZAL
INOCULUMS IN TERMS OF PLANT GROWTH, NUTRIENT UPTAKE
AND SPORE PRODUCTION

Ibrahim Ortas and Cagdas Akpinar
Department of Soil Science, Faculty of Agriculture, University of Cukurova, Adana, Turkey

o A greenhouse experiment was conducted at the University of Cukurova, Rhisosphere Lab,
Adana, Turkey, on a growth medium to assess the impact of several selected mycorrhiza including in-
digenous AMIF-maize hybrid combinations on spore production, plant growth and nutrient uptake.
In the experiment, six maize (Zea mays L.) (Luce, Vero, Darva, Pegasso, P.3394, and P.32K61)
genotypes were used. Control, Glomus mossea, G. caledonium, G. etunicatum, G. clarium,
G. macrocarpum, G. fasciculatum, G. intraradices, Dr. Kinkon (Japanese species), indigenous
mycorrhizae (Balcaly series) and cocktail mycorrhizae species spores were used. The growth of maize
genotypes was found to depend on the mycorrhizal species. For shoot and root dry weight production
G. intraradices is one of the most efficient mycorrhiza species on average on all maize genotypes.
Genotypes P.3394 and P.32K61 produced the highest shoot and root dry weight as well. Pagasso
and Darva genotypes compared to the other genotypes have high root colonization percentages. On
average G. clarium inoculated plants also have high percentages of root colonization. It has been
Jfound that the P.32K61 genotype has a high phosphorus (P) % content and Pagasso genotypes have
higher zinc (Zn) content uptake than other genotypes. G. clarium inoculated maize genotype plant
tissues have high P% and Zn content. G. intraradices is also efficient for P and Zn uptake. My-
corrhizal dependent maize genotypes showed variability in P efficiency from inefficient to efficient

genotypes.

Keywords: mycorrhizae species, corn genotype, root infection, spore production, myc-
orrhizal dependency

INTRODUCTION

A major issue in the world today is the burgeoning population and
its consequences on global food security. Fertilizers are extensively used
throughout for commercial crop production and, as a consequence, there
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are environmental concerns. Limited fertilizer resources are under pressure.
As aresult, it is sound to use the soil, plant and microorganism mechanisms
to have a sustainable agriculture for food security.

In general, asis characteristic of the Mediterranean area, in the Cukurova
region of Turkey, due to the high clay and calcium carbonate (CaCOg)
contents, there is a limited soil nutrient level for crops grown in the area
(Matar et al., 1992).

Continued and excessive phosphorus (P) fertilizer applications increase
P accumulation in the soil profile, consequently excessive P may affect the
mycorrhizal inoculation on nutrient uptake (Ortas, 2003). Mycorrhiza is
one of the most efficient mechanisms for P uptake (Ortas et al., 2004; Ortas
and Rowell, 2004). One of the other mechanisms is genetic differences in
some of the efficiency criteria. Fageria and Baligar (1997) showed signifi-
cant differences in corn genotypes for plant growth parameters. Marschner
(1998) suggested the strategy included the potential exploitation of possible
genetic differences associated with mycorrhizal fungi, which are an indirect
extension of root uptake mechanisms.

The mycorrhizal association is postulated to increase the uptake of rel-
atively immobile nutrients such as the micronutrients, zinc, copper and
manganese, as well as P (Kothari et al., 1991; Li et al., 1991; Barea, 1991;
Smith and Read, 1997; Ortas, 2003; Liu et al., 2003; Ortas and Akpinar,
2006). Interactions between crops in relation to mycorrhiza and nutrients
seem to depend on the plant and soil. It has been shown by Baon et al.
(1993) that P-efficient barley cultivars respond less to mycorrhizal infection
than inefficient cultivars.

Advance research in soil biology (Bethlenfalvay, 1992), plant breeding
(Gabelman and Gerloff, 1983), rhizospher mechanisms (Marschner, 1995;
Ortas and Rowell, 2004) to address for future P research from a multi-
disciplinary work is important for better nutrient management. Especially
chemical fertilizers are an expensive production input. For a developing
country such as Turkey, it is important to improve plant root mechanisms by
methods such as using mycorrhizae to encourage efficient nutrient uptake
and to avoid negative environmental impact.

Mycorrhizal dependency is affected by the root and root-shoot ratio of
dry weights (Azcon and Ocampo, 1981). Also mycorrhizal dependency has
been shown to vary with crop species and within species (Ortas, 2003). Miller
(2000) revealed that mycorrhiza can be involved in P in the nutrition of corn.
Furthermore, mycorrhizal species can differ in the benefit that they provide
the plant. Liu et al. (2003) reported that host plant genotypes are favorable
to mycorrhizal development. Also plant genotypes have different capacities
to enhance crop utilization and the uptake of nutrients in less fertile soils.

In all terrestrial ecosystems the introduction of AM fungi into arable land
and plant production requires the production of an inoculum, which can
be easily cultured and applied (Ortas, 1996). Scientists have been unable
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to produce sufficient inoculum for large scale use in agricultural areas. It
is still difficult to produce enough mycorrhizal inoculum under laboratory
conditions.

Maize is a well known host plant for spore propagation. Maize was exten-
sively studied as a host for spore production in our lab. In our previous ex-
periments, sometimes we got plenty of spores through maize host plants and
sometimes less. These differences may come from different maize genotypes
since there are several maize genotypes and the genotypes are significantly
different in terms of efficiency. In addition, it is sound to work on the host
genotype’s effects on spore production.

It was found that G. etunicatum among other VAM fungi provides the
highest percentage of infection in maize roots (Denhel and Backhaus, 1986).
Daniels et al. (1981) showed that G. mossea has the highest inoculum po-
tential with maize under soil conditions compared to five different Glomus
species.

As maize is a very common crop in the Cukurova region, it is sound to
use this host for spore production in relation to plant development. Since
soils of the Mediterranean region are deficient in P and Zn, in order to have
optimum plant growth, heavy fertilizers are used. Very recently, maize has
become one of the major crops in the area after cotton shifted to the Harran
Plain. Several private companies are developing and introducing numerous
maize genotypes. This, unfortunately, is coupled with heavy fertilizer use by
the farmers. As a consequence, there is a growing concern for the environ-
ment. Since arbuscular mycorrhizal fungi (AMF) have a large enhancing
effect on the P and Zn uptake capacity of host plants, it is important to use
mycorrhizae as a biological fertilizer source.

We attempted to study the possibility of using several mycorrhizae species
for several maize genotypes under greenhouse conditions and to observe the
mycorrhizal spore production in relation to plant growth parameters. Also
the aim of this study was to screen the growth response of maize genotypes
to several mycorrhizal species on plant growth, nutrient uptake and spore
production.

MATERIALS AND METHODS

The experiment was conducted under greenhouse conditions at the
University of Cukurova, Department of Soil Science, Adana, Turkey. The
experimentwas performed in Andezitik tuff, soil and compost mixture (7:2:1
v/v) medium. Soil was collected from 0-20 cm depth in Canakgr soil series
(Typic Xerofluandents) in the Cukurova Basin. Soil was sieved through a
2-mm screen and placed in 3 kg-plastic pots. The soil texture was clay loam,
pH 7.52, low organic matter content (1.4%), high CaCOg3 content (28%),
and Olsen sodium bicarbonate (NaHCO3)-extractable P is 3.8 mg kg™! soil.
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The growth medium was sterilized by using an autoclave at 120°C for two
hours.

Six maize genotypes supposed to be efficient (Luce, Vero), intermediate
(Darva, Pegasso), and inefficient (P.32K61 and P.3394) were used. The level
of P efficiency of the genotypes was expected to be different. Ten maize seeds
(Zea mays L. genotypes) were sown per pot and thinned to two seedlings after
a week. The experiment had two factors organized in a random plot design.
The 3 L pots were arranged in a randomized complete block design with
three replications. Distilled water was added daily to maintain moisture at
field capacity. The plants were grown in a greenhouse at 25-28°C and a
relative humidity of 70-80%.

The inoculum (mixture of sand+soil+spores+hyphae) was produced
in pots using sorghum (Sorghum bicolor L.) host plants (Ortas, 1996). 1000
spores from each mycorrhizae inoculum (soil+dry root media) species per
plant. G. mossea, G. caledonium, G. etunicatum, G. clarium, G. macrocarpum,
G. fasciculatum, G. intraradices, Dr. Kinkon (Japan), Indigenous mycorrizae
(Balcali series), Cocktail inoculum-mixture (G. mossea, G. caledonium, G. etu-
nicatum, G. clarium, G. macrocarpum, G. fasciculatum, G. intraradices) consisting
of all mycorrhizae were used and added to the medium 3 cm below the seeds.
Non-mycorrhizal seeds received similar amounts of mycorrhizae spore-free
medium (Table 1).

The pots were periodically watered with deionized water to maintain
the moisture of the medium near field capacity. When the plants required
nutrients, 1/4 diluted Hewitt nutrient solutions were added with irrigation.

Plants were harvested after eight weeks at 0.5 cm from the soil sur-
face. Roots were washed and sub samples taken for root colonization. Plants
were dried and ground for the chemical analysis. Shoot and root samples
were dry-ashed at 500°C overnight and P in the extracted solution was de-
termined calorimetrically (Murphy and Riley, 1962). An atomic absorption
spectrophotometer was employed to determine the zinc content of the plant
samples.

TABLE 1 Mycorrhizal species used in the experiment

Mycorrhizae species Origin

G. mossea England (Rothamstedm Isolate, UK)

G. caledonium England (Rothamstedm Isolate, UK)

G. clarium England (Rothamstedm Isolate, UK)

G. macrocarpum USA (Dr. Sylvia)

G. fasciculatum USA (Dr. Sylvia)

G.intraradices USA (Dr. Sylvia)

Dr. Kinkon (Japan) Japan

Indigenous Myco. (Balcali series) Adana (Turkey)

Cocktail (G. mossea, G. caledonium, G. etunicatum, G. clarium,

G. macrocarpum, G. fasciculatum, G. intraradices)
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Root samples were washed and sub-sampled first to determine mycor-
rhizal infection and root length (Tennant, 1975) and the fresh samples of
roots were saved in a mixture (250:13:15, by volume) of ethanol, glacial
acetic acid, and formalin (Ortas et al., 2004) until the determination of myc-
orrhizal infection, which was based on the procedure by Koske and Gemma,
(1989). The remaining part was dried at 70°C for dry matter determination.

The sub samples of root material treated with mycorrhizal colonization
were taken and cleared in a 10% potassium hydroxide (KOH) solution
(w/v) and stained using trypan blue by the method of Phillips and Hayman
(1970). Mycorrhizal colonization was determined by the grid-line intersec-
tion method (Giovannetti and Mosse, 1980). The percentage of root infec-
tion was calculated as: Infection% = 100 X total mycorrhizal root intercepts/
total root intercepts.

Spores were isolated from the rhizosphere soil samples using the wet
sieving technique (Gerdemann and Nicolson, 1963). The counting of spores
was done by transferring each fraction of soil debris and spores between
53 pm and 500 pum into a nematode counting dish. Spores were counted
under a stereo microscope at a magnification of X25.

Mycorrhizal dependency (MD) was calculated by using the following
formula (Plenchette et al., 1983):

MD = (DryWTmycorrhizal_DryWTnon-mycorrhizal)/ Drthmycorrhizal) x 100

The effects of the mycorrhizal species on corn genotypes parameters were
tested using an ANOVA. Treatments means were compared using the Tukey
procedure. All statistical analyses were performed using the SPSS computer
program (SPSS Inc., Chicago, IL, USA).

RESULTS

Screening and propagating various mycorrhizal fungi on different maize
genotypes (Luce, Vero, Darva, Pegasso, P.3394 and P.32K61) have different
effects on maize growth and nutrient uptake. At harvests mycorrhizal inoc-
ulation statistically made a significant shoot and root dry weight increases.
All the parameters shoot and root dry matter, plant P and Zn content, root
infection and spore production varied among the nine mycorrhizal species
and six corn genotypes. The most visible parameter, shoot and root dry
weight, showed a slight range of responses (Tables 2 and 3). Based on the
genotype’s response to the mycorrhizal inoculation they were categorized as
“efficient” or “inefficient”. Mycorrhizal species have also shown differences
between genotypes. For example, in non-inoculated plants Luce genotypes
produced 17.0 g pot™! but P.3394 genotypes produced 28.6 g pot™! dry
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weight. Genotypes P.3394 and P.32K61 produced more dry weight than the
other genotypes. Generally Luce genotypes produced less dry weight than
others. But Luce genotypes gave a high response to the mycorrhizal inocu-
lum, compared to the other genotypes. Non-inoculated control Luce geno-
types plants produced 17 g pot™! DW, but G. intraradices inoculated plants
produced 40.4 g pot~!. There were fewer differences between mycorrhizal
and non mycorrhizal plants.

Root dry matter was generally similar to shoot dry matter. Root dry weight
tended to be higher with mycorrhizal infection than with the non-inoculated
ones. In Luce genotypes, non mycorrhizal control plants produced 14.1
g pot™! root dry weight. Similarly, in the same genotypes, G. intraradices
inoculated plants produced 31.0 g pot™! root dry weight. Root lengths have
not been measured (Table 3).

In terms of P uptake data, there was again a major effect of genotypes and
mycorrhizal differences. Mycorrhizal inoculated plants’ P percentages were
nearly doubled in some genotypes. On average, P.32K61, Pagasso and P.3394
genotypes have a higher P content than other genotypes. The P.32K61 corn
genotype alone has the highest tissue P% (0.29) content. Genotypes Luce
and Vero have lower P percentages in plant tissue. G. clarium inoculated
plants of nearly all corn genotypes have high P percentages compared to the
other mycorrhizal species (Table 4).

Plant Zn concentrations were analyzed and there were significant differ-
ences between corn genotypes. In P-3394 corn genotypes, control plants had
19.8 mg Zn kg~! DW, but G. mossea inoculated plants had 42.8 mg Zn kg~!
DW (Table 5). Genotypes Pagasso, P.32K61 and Darva plant tissue had the
highest Zn content. Genotypes Luce and Vero tissue had a lower Zn con-
tent than the other genotypes. Mycorrhiza species were different in terms
of responses to plant Zn content. G.clarium corn genotypes have high Zn
content.

Mycorrhizal inoculation significantly infected plant root colonization.
In non-inoculated plants there was nearly no infection. Also there were
great differences between mycorrhizal species. The differences were between
46.7-96.7% in inoculated plants (Table 6). Considering the percentages of
root colonization observed in all genotypes, G.fassiculatum indigenous myc-
orrhiza inoculated plants had less root inoculation compared to the other
genotypes. Inoculated with, G. intrardices, G. etunicatum, G. caledonium and
G. clarium, they had a higher percentage of root colonization compared to
other AM fungi. Corn genotypes also had different root infection percent-
ages. Genotypes Pagasso and Darva had high root infection percentages in
averages over 70%.

Mycorrhizal spore production was analyzed as well. It has been shown that
P.3394, Vero and P.32K61 genotypes produced high spores (Table 7). On
average, Darva and Pagasso genotypes produced fewer mycorrhiza spores.
Mycorrhiza species were different between corn genotypes for high spore
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TABLE 8 Effect of mycorrhiza species on mycorrhizal dependency in different maize genotypes

Luce Vero Darva Pagasso P.32K61 P.3394
Mycorrhizal
species Mycorrhizal dependency (%) Average
G.mosseae 50 14 10 32 43 —4 24
G.etunicatum 42 7 9 40 23 9 22
G.caledonium 54 9 2 -10 26 30 18
G.clarium 36 32 2 =5 15 —54 4
G.fassiculatum 48 13 7 46 27 5 25
G.macrocarpium 68 8 33 21 33 —21 24
G.intraradices 58 21 31 36 24 7 30
Dr. Kinkon 37 -9 15 31 14 —46 7
Indigenous Myco. 51 -4 —14 25 18 -7 11
Cocktail 39 4 4 30 13 —23 11
Average 48 9 10 24 24 -10

production. In general G. etunicatum, G. clarium, G. fasciculatum and G.
intraradices inoculated genotypes produced the highest number of spores
(Tables 2-7).

The mycorrhizal dependencies of mycorrhizal species for each of the
corn genotypes were calculated, as can been seen in Table 8. It has been
shown that there are broad differences between the genotypes. Luce is one
of the more dependent genotypes. The results obtained showed that some
maize genotypes are mycorrhizal dependent (MD) to varying degrees. Luce,
P.32K61 and Pagasso were the more dependent genotypes compared to the
other genotypes. Genotype P.3394 was expected to be one of the efficient
genotypes and they were negative to the mycorrhizal dependency. Neverthe-
less, although genotypes such as Luce have been suggested to be inefficient
genotypes giving high response to mycorrhizae, G. intraradices inoculated
genotype plants produced a high response to the mycorrhizal dependency.

DISCUSSION

There were 10 mycorrhizal species and 6 commercial maize hybrid geno-
types (Zea mays L.). Plant dry mass, root colonization, spore production, P,
Zn content and mycorrhizal colonization was determined at harvest. Those
six genotypes and ten mycorrhizae species were assessed for screening spore
production capacity as well. The genotypes responded differently to myc-
orrhizae species. Our study identified at least two genotypes (P.32K61 and
P.3394) that meet the criteria for production efficiency of plant growth and
nutrient uptake. It was clear from the study that mycorrhizal species differ
between the corn cultivars. Mickelson and Kaeppler (2005) reported that
the effect of mycorrhizal species was significant, as was the mycorrhizae by
maize genotype interaction.
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In terms of plant growth, efficient and inefficient genotypes act as ex-
pected, but in terms of P and Zn uptake there is some deviation among the
genotypes. Pagasso is supposed to be a moderately efficient genotype, but
in percent experiment in terms of Zn uptake it seems to be the efficient
genotype. Our previous work has shown that the inefficient genotypes were
more dependent on mycorrhizae than the efficient ones. One of the ex-
pected efficient genotypes, P.3394, had a negative mycorrhizae dependency.
Also the Luce genotype was one of the less efficient genotypes and has a
high mycorrhizal dependency. The Vero genotype also was expected to be
less efficient and had less mycorrhizae dependency compared to the Luce
genotypes. The decrease in mycorrhizal dependency was more pronounced
for P requirement. Since we do not have more P fertilization, it is difficult to
add to the discussion.

Most of the major plant families are able to form mycorrhiza with the AM
association being the commonest mycorrhizal type involved in agricultural
systems. Given the effects of AM inoculation on plant growth and health
as bio fertilizers and bio protectors, it is accepted that an appropriate man-
agement of this symbiosis would permit a satisfactory reduction of chemical
fertilizer and pesticide inputs which are key aspects for sustainable agricul-
tural plant production.

Mycorrhizae inoculated plants had higher P% concentration than non-
inoculated plants for all maize genotypes. G. clarium and G. intraradices were
the efficient mycorrhizae species that had high P% concentration for all corn
genotypes. Host preference among mycorrhizal fungi has been reported by
earlier workers (McGraw and Schenck, 1981; Vasanthakrishna et al., 1995;
Ortas et al., 2002). Al-Raddad (1987) also researched several mycorrhizae
species on corn plants and found that there was no specific mycorrhizae
preferentiality. P content in genotype P.32K61 is the highest one compared
to the other genotypes. This genotype is expected to be the efficient one.
But P.3394 was also supposed to be the efficient genotype and had less P
content than P.32K61. Hao et al. (2008) reported that root length, specific
root length, and specific phosphorus uptake of maize line P-efficient were
significantly higher than of line P-inefficient one.

Previously, in a similar experiment, several Pistacia genotypes were tested
with those mycorrhizae species by Kafkas and Ortas (2009) and it was found
that Glomus clarium G. etunicatum, G. intraradices, G. caledonium and G. mosseae
species were effective species and enhanced plant growth, P and Zn uptake.

In terms of Zn uptake, Pagasso and Darva genotypes were supposed to be
intermediate genotypes and have a higher Zn content than other genotypes.
Since the P and Zn fertilizer interaction has not been studied, it is not easy to
make further speculations. Singh etal. (2002) reported thatrootand shootP,
and shoot Zn concentrations were significantly higher in AM compared with
non-mycorrhizal plants at various P levels. Also theyindicated that the pattern
of phosphorus and zinc uptake in mycorrhizal and non-mycorrhizal shoots



984 1. Ortas and C. Akpinar

was genotype specific. Although root growth was determined, the other root
parameters were not measured. Other root parameters such as surface area
and root geometry may have some influence on nutrient uptake between
genotypes. That genetics has a major role in determining differences in
growth between crop cultivars has long been established (Bruetsch and Estes,
1976; Marschner, 1998). The root morphology and the extent of mycorrhizal
infection are the main reasons for differences in plant growth (Alves et al.,
2001; Gahoonia et al., 1999; Yan et al., 1995; Azcon and Ocampo, 1981;
Khalil et al., 1994; Ortas et al., 2004; Ortas and Rowell, 2004).

In present experiments in Japan, Dr. Kinkon, a Japanese commercial in-
oculum, was tested. Although it has no effect on shoot and root dry weight,
it has a significant effect on root colonization and spore production. Indige-
nous mycorrhizal inoculum (isolated in Balcali series) and cocktail inoculum
have similar effects on plant growth and root infection. Especially cocktail
mycorrhiza compared to the single mycorrhizal inoculum has less effect on
plant parameters.

CONCLUSIONS

Maize genotypes inoculated with AM fungi grow better than control
plants. Indigenous mycorrhizal inoculation also increased plant growth com-
pared to control plants. The results show that selected mycorrhizal inocu-
lation under greenhouse soil conditions significantly enhances genotype
growth.

On statistical average, G. intraradices is one of the efficient mycorrhiza
species in terms of shoot and root dry weight, root infection and spore
production. Genotype P.3394 and P.32K61, which were supposed to be the
P inefficient genotypes, produced the highest shoot and root dry weight.
Both genotypes produced higher spore numbers than the other geno-
types. The order of effectiveness of the genotypes species is as follows:
P.3394>P.32K61>Pagasso > Darva >Vero >Luce, respectively.

There was a significant difference in plant growth between mycorrhizal
species as well. The mycorrhizal infection of roots increased up to 96.7%
with Dr. Kinkon and 95% with G. clarium mycorrhizal species. Pagasso and
Darva genotypes compared to the other genotypes have high root coloniza-
tion percentages. On average G. clarium inoculated plants also have high
percentages of root colonization.

Efficient and inefficient genotypes were than grown with several mycor-
rhizae species. In terms of P content in plant tissue, the P.32K61 genotype
had a higher P% content than other genotypes. In terms of Zn content,
the Pagasso genotype had a high Zn uptake. G. clarium inoculated maize
genotypes have high P and Zn contents in the tissue. Also G. intraradices is
efficient for P and Zn uptake as well for all genotypes.
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In terms of mycorrhizal dependency, maize genotypes showed variability
in P efficiency from inefficient to efficient genotypes. On average, G. in-
traradices inoculated plants have the highest mycorrhiza dependency. Geno-
types Luce, P.32K61 and Pagasso respectively have a high response to myc-
orrhizal dependency.

In general, P.3394 and P.32K61 genotypes produced high plant dry mat-
ter production. But G. clarium and G .intraradices mycorrhiza inoculated
maize genotypes’ plant tissue had high P and Zn content and produced
more spores. In our previous experiments it has been found that G. clarium
is one of the most effective inoculums. G. clarium spores for further inocula-
tion can be suggested. Also it can be suggested that mycorrhizal inoculation
is necessary for corn growth and mycorrhiza spore production, but it is still
necessary to work further under greenhouse and field conditions. The next
project will be conducted using more genotypes under a different level of P
fertilizer regime for better screening under greenhouse and field conditions.
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