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DO MAIZE AND PEPPER PLANTS DEPEND ON MYCORRHIZAE

IN TERMS OF PHOSPHORUS AND ZINC UPTAKE?

Ibrahim Ortas

Department of Soil Science, University of Cukurova, Adana, Turkey

� Nutrient deficiency, especially zinc (Zn) and phosphorus (P), is a common nutritional problem
for the production of some crops in Turkey. This problem results in the application of increasing
amounts of several fertilizers. Mycorrhizal inoculation or the indigenous potential of mycorrhizae in
the soil is a critical factor in crop production under low supply of Zn and P. The effects of selected my-
corrhizal inoculation on growth and Zn and P uptake of maize and green pepper were investigated
in Zn- and P-deficient calcareous soils from Central Anatolia. Soils were sterilized by autoclaving
and plants were grown for 7 weeks in pots under greenhouse conditions with inoculation of two
selected arbuscular mycorrhizal (AM) species (Glommus moseea and G. etunicatum) at three
rates of P (0, 25, 125 mg P kg−1 soil) and two rates of Zn (0 and 5 mg Zn kg−1soil). Without
mycorrhizal inoculation, shoot and root dry matter production were severely affected by P and Zn
deficiencies, and supply of adequate amounts of P and Zn significantly enhanced plant growth.
When the soil was inoculated with mycorrhizal inoculation, the increasing effects of P and Zn fer-
tilization on plant growth remained less pronounced. In accordance with growth data, mycorrhizae
inoculation enhanced P and Zn concentration of plants, especially under low supply of P and Zn.
The results obtained indicate that maize and green pepper are highly mycorrizal{dependent (MD)
plant species under both low P and Zn supply and mycorrhizae play an essential role in P and
Zn nutrition of plants in P and Zn-deficient soils. Although addition of P and Zn increased plant
growth and plants are mycorrhizal dependent on P and Zn nutrition however dependence is much
more dependent on P nutrition.

Keywords: mycorrhizae dependency, phosphorus, zinc deficiency and efficiency, maize,
green pepper

INTRODUCTION

Zinc (Zn) and phosphorus (P) deficiency are common nutritional prob-
lems in crop production in Turkey (Cakmak et al., 1999; Ortas, 2003).
This problem results in the application of increasing amounts of P and Zn
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1640 I. Ortas

fertilizers. In the last ten years, Zn fertilizer use increased from 50 thousand
tons to 350 thousand tons per year (Cakmak, 2008). It is estimated that this
has produced a benefit of nearly $100 million. Also there is a very rapid
increase in the production of Zn-containing mix fertilizers.

Since using a large amount of fertilizer is expensive and has a nega-
tive influence on the environment and soil quality, it is wise to use natural
sources, such as mycorrhizae fungi. Under semiarid conditions, mycorrhiza
contributes to overcoming mineral nutrient deficiencies and seems to be
a suitable agricultural strategy. Arbuscular mycorrhizal (AM) symbiosis is
widely spread in roots of higher plants and plays a key role in nutrient cy-
cling (Varma and Hock, 1998). Based on plant ability to grow with or without
mycorrhizae at different levels of nutrients, plants can be separated into two
major groups: non-mycotrophic and mycotrophic. Mycotrophic plants are
also classified according to their degree of dependence on the mycorrhizae
from obligatory to facultative. Mycorrhizal inoculation or indigenous poten-
tial of mycorrhizae in soil is a critical factor in crop production under low
supply of P and Zn. There is increasing evidence showing that growth of
plants under low P and Zn supply can be increased greatly when plants are
sufficiently inoculated by mycorrhizae (Goh et al., 1997; Marschner, 1998,
1995; Liu et al., 2000; Cavagnaro, 2008; Ortas and Akpinar, 2006; Garg and
Chandel, 2010; Ortas, 2010). One of the most dramatic effects of mycor-
rhizal infection on the host plant is the increase in phosphorus (P) uptake
(Ortas, 2003) and Zn (Kothari et al., 1991; Ortas et al., 2001), mainly due
to the capacity of the mycorrhizal fungi to absorb phosphate from the soil
and transfer it to the host roots (Asimi et al., 1980). In addition, mycorrhizal
infection results in an increase in the uptake of other macro and micronutri-
ent (George et al., 1995; Garg and Chandel, 2010). Cavagnaro et al. (2010)
has shown that mycorrhizae colonization was not significantly impacted by
soil Zn addition, the growth of plants and tissue Zn concentration were.

Plants get benefits from mycorrhiza by enhancing nutrient and water
uptake and other benefits, such as resistance to stress factors. Plants neither
benefit from this symbiosis nor the factors responsible for different degrees
of mycorrhiza formation and host dependence are well-defined and under-
stood. Mycorrhizal dependency for a representative plant species is a key
factor for horticultural plants (Ortas et al., 2002; Ortas and Akpinar, 2006;
Ortas and Varma, 2007; Kafkas and Ortas, 2009). Sensoy et al. (2007) re-
ported that a great variation in mycorrhizal colonization dependency was
observed among the eight different pepper genotypes. Mycorrhizal depen-
dencies are higher when plants are grown in low-P soils than plant growth
in ill soil with P levels typical of highly productive agricultural soils (Gemma
et al., 2002). The mycorrhizal dependency is linked with a given level of soil
fertility because it is well known that phosphorus is the element which is
the most involved in mycorrhizal development and efficiency (Menge et al.,
1978). Thompson (1996) demonstrated a greenhouse experiment to show

D
ow

nl
oa

de
d 

by
 [

C
uk

ur
ov

a 
U

ni
ve

rs
ite

si
] 

at
 0

1:
20

 2
4 

Ju
ne

 2
01

3 



Plants Depend on Mycorrhızae 1641

the role of long-fallow field soil on nutrient deficiency and the role of myc-
orrhizal inoculation on P and Zn uptake. However, no information related
to the mycorrhizal dependence of excess Zn application on root infection
was obtained.

There is extensive literature showing the AM symbioses are critical to the
P nutrition of many plant species, and that mycorrhizal benefits are usually
inversely related to P availability (Smith and Read, 2008; Marschner, 1995;
Grant et al., 2005). It is known that some plants are strongly mycorrhizal
dependent on P nutrition, but less is known about the mycorrhizal depen-
dence on Zn nutrition. In the present study we attempted to study the role
of mycorrhizal inoculation on growth of maize and pepper in two calcareous
soils having both Zn and P deficiency. Thus, we hypothesize that mycorrhizal
dependency may be positively correlated with Zn level as well as P level in the
soil. In the present study we attempted to study the mycorrhizal dependence
of several plants grown under greenhouse conditions.

MATERIALS AND METHODS

Two widely distributed Zn- and P-deficient calcareous soils from Central
Anatolia were used in the experiment. General soil properties are presented
in Table 1. Concentration of sodium bicarbonate (NaHCO3)-extractable P
and diethylenetriaminepentaacetica acid (DTPA)-extractable Zn were very
low, and below the critical deficiency level (i.e., 32 kg P2O5 ha−1 and 0.15 mg
Zn kg−1 soil). Soil was sterilized by autoclaving, and maize and green pepper
plants were grown for seven weeks in pots under greenhouse conditions at
three rates of P (P0 = 0, P1 = 25, P2 = 125 mg P kg−1 soil), two rates of Zn

TABLE 1 Selected physical, chemical and biological properties of soils

Properties Unit Sultanönü Konya

Clay % 50.6 44.6
Loam 30.6 40.4
Sand 18.8 15.0
CaCO3 15 32
Organic matter 0.7 1.2
Salt (soluble) 0.08 0.06
B(1) mg B kg−1 soil 1.2 23.7
pH (H2O) 8.04 8.01
CEC Cmolc kg−1 38 26
P2O5

(2) kg ha−1 40.37 30.28
Zn(3) (mg kg−1) 0.19 0.15
Fe(3) 2.64 2.03
Mn(3) 2.13 4.68
Cu(3) 0.95 0.42
Indigenous mycorrhizae Spores number/10 g dry soil 57 39

(1) CaCO2/Mannitol; (2) 0.5 N NaHCO3 extractable; (3) DTPA extractable.
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1642 I. Ortas

(Zn0 = 0 and Zn1 = 5 mg Zn kg−1soil) in 2 kg soil pot−1 and inoculation of
two selected arbuscular mycorrhizal (AM) species. The soil was treated with
200 mg N kg−1 soil {100 mg kg−1 soil N- ammonium sulfate [(NH4)2SO4],
100 mg kg−1 soil N- potassium nitrate (KNO3)} and, 5 mg kg−1 soil Fe
[Fe- ethylenediamine-N,N’-bis(2-hydroxyphenylacetic acid) (EDDHA)] was
applied.

G. mossea (Nicolson and Gerdemann; Rothamsted Isolate, Rothamsted
Experimental Station, Harpenden, UK) and G .etunicatum (Becker and
Gerdemann; Nutri-Link Isolate, Nutri-Link Ltd, Newton Abbot, UK) were
used as mycorrhizal inoculum. Approximately 1000 spores at 5 cm below
the seed bed were applied. Non-inoculated pots received the same amount
of non-mycorrhizal spore inoculum. For maize 5 seeds/pot were sown and
thinned in two plants and for pepper plants two seedlings were transplanted
to the pots. Maize and pepper plants were harvested when they were 51 days
old. After drying the leaves, they were ground, ashed and in the ash solu-
tion P and Zn concentrations were determined by Murphy and Riley (1962)
method by using spectrophotometer and atomic absorption spectropho-
tometer, respectively.

Mycorrhizal Infection

The root samples were also taken after harvest and a small proportion of
the roots were stained as described by Koske and Gemma (1989), to examine
the presence and degree of mycorrhizal infection according to Gioannetti
and Mosse (1980).

Mycorrhizal dependency (MD) was determined by expressing the differ-
ence between the dry weight of the mycorrhizal plant and the dry weight of
the non-mycorrhizal plant as a percentage of the dry weight of the mycor-
rhizal plant (Plenchette et al., 1983).

MD = DW Mycorrhizal Plant − DW Non Mycorrhizal
DW MycorrhizalPlant

× 100

All statistical analyses were performed using the Statistical Analysis System
(SAS Institute, Cary NC, USA).

RESULTS

Pepper

Pepper seedlings were grown in small containers and then transplanted
to pots with and without mycorrhizal inoculation. Mycorrhiza inoculation
significantly increased the plant shoot and root dry weight.
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Plants Depend on Mycorrhızae 1643

FIGURE 1 The effect of mycorrhizal inoculation, P and Zn rate on green pepper shoot growth (color
figure available online).

In both Sultanönü and Konya soils, plants gave higher responses to myc-
orrhiza in P0 treatment than P2 treatments. Plants also gave high responses
to Zn application. The P0Zn0 treatment produced 0.4 g pot−1 DW how-
ever P0Zn1 treatment produced 2.1 g pot−1 DW (Figure 1). In general, G.
mossea inoculated plants produced more shoot dry weight than the plants
inoculated with G. etunicatum. When the host plant was green pepper, in-
creasing P and Zn addition significantly increased plant growth. Compared
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1644 I. Ortas

to P supply, the effect of Zn on plant growth was much greater, especially at
higher P rates. In accordance with the growth data, mycorrhizae inoculation
enhanced P and Zn concentration of plants, especially under low supply of
P and Zn and with G. mosseae.

Mycorrhizal inoculation, P and Zn application increased root dry weight
as well (Table 2). Increasing P addition and also mycorrhiza inoculation
increased plant root length. In Sultanönü soil P0Zn0 treated plants produced
15 m root length, G. etunicatum inoculated plants produced 39 m and G.
mosseae inoculated plants produced 68 m (Table 2)

Mycorrhizal inoculation significantly affected root colonization. Control
plant roots had between 3-10% of colonization, but G. etunicatum inoculated
plants had between 41-72% and G. mosseae inoculated plants have between
30-75% root colonization (Table 2).

Increasing P addition and mycorrhiza inoculation increased tissue P
concentration. Pepper tissue Zn concentration significantly increased with
Zn addition. Non-inoculated and P0Zn0 treated plants had 7 mg Zn kg−1

DW, however P0Zn1 treated plants had 10.2 mg Zn kg−1 DW. Mycorrhiza
inoculated plants had 15.2 mg Zn kg−1 DW (Table 3).

Statistically, mycorrhiza inoculation, P and Zn application significantly
increased (P < 0.0001) shoot and root growth. Also mycorrhiza inoculation
statistically increased root length, P and Zn concentration (Table 4).

Maize

In both Sultanönü and Konya soils increasing P and Zn application in-
creased maize dry weight. Without mycorrhizal inoculation, shoot and root
dry matter production of maize were severely affected by P and Zn deficiency,
and increases in supply of adequate amounts of P and Zn significantly en-
hanced plant growth (Figures 2 and 3). When the soil was inoculated with
mycorrhizal inoculation, P and Zn fertilization could only slightly increase
plant growth. Mycorrhiza inoculation significantly increased shoot growth,
especially in P0 and P1 treatments. In Sultanönü soil G. etunicatum and in
Konya soil G. mossea inoculation increased maize shoot dry weight.

When the host plant was maize, there were fewer differences in plant
growth between the doses of P fertilization. By contrast, Zn addition signifi-
cantly increased plant growth, irrespective of P addition (Figure 2).

Compared to P supply, the effect of Zn on plant growth was much greater,
especially at higher P rates in Sultanönü soils. But in the Konya soil, because
of high B concentration, mycorrhizal inoculation and nutrient supply did
not make a significant contribution. In this case mycorrhizal inoculation
had a slightly higher effect than the nutrient supply. In greenhouse experi-
ments, mycorrhizal inoculation of G. etunicatum and G. mosseae significantly
increased plant growth in Sultanönü and Konya soils.
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TABLE 4 Significance of P-values (probability) from analysis of variance for different plant parameters

Source SD
Shoot
DW

Root
DW

Infection
%

Root
length P%

mg
P/plant Zn

Soil 1 0.0931 0.1279 0.0100 0.5616 0.0001 0.0093 0.8778
Mycorrhizae 2 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Soil × mycorrhizae 2 0.3250 0.6685 0.0578 0.1757 0.1100 0.9289 0.1503
Zinc 1 0.0001 0.0001 0.1785 0.0001 0.0001 0.0001 0.0001
Soil × zinc 1 0.5800 0.9214 0.3630 0.0403 0.0256 0.8328 0.0508
Mycorrhizae × zinc 2 0.1723 0.0731 0.7167 0.4419 0.0342 0.1334 0.0004
Soil × mycorrhizae × zinc 2 0.0644 0.4477 0.2234 0.7150 0.0971 0.5477 0.4538
Phosphorus 2 0.0001 0.0001 0.6105 0.0001 0.0001 0.0001 0.8924
Soil × phosphorus 2 0.0725 0.2334 0.9881 0.0716 0.0362 0.8927 0.3244
Mycorrhizae × phosphorus 4 0.4224 0.4186 0.7963 0.2386 0.3155 0.8761 0.7708
Soil × mycor. × phosphorus 4 0.4891 0.4097 0.9161 0.1346 0.0721 0.5634 0.7006
Phosphorus × zinc 2 0.0001 0.0001 0.7590 0.0007 0.0071 0.0017 0.0503
Soil × phosphorus × zinc 2 0.4423 0.2435 0.9438 0.1436 0.0040 0.6872 0.2206
Mycor. × phosphorus × zinc 4 0.0423 0.1779 0.7606 0.7042 0.4048 0.2153 0.4118
Soil × mycor × phos. × zinc 4 0.9599 0.7763 0.4462 0.0215 0.5965 0.6141 0.5947

Mycorrhiza inoculation and P addition increased dry root weight (Table
5). Mycorrhizal inoculation and P addition increased root length. Increas-
ing Zn treatment increased root length as well. Non-inoculated Sultanönü
soil with Zn0 had 18m but Zn1 treated plants had 47 m root length. On the
other hand, G. etunicatum inoculated and P0Zn0 treated plants had 102 m
root length (Table 5).

Mycorrhiza inoculation statistically increased root colonization of maize
plants. Control plants had between 1-2% root colonization. However, mycor-
rhiza inoculated plants had between 70-94% root colonization (Table 5). In
noninoculated plants, increasing P addition and mycorrhiza inoculation in-
creased plant P concentration. Increasing Zn addition also increased plant P
concentration (Table 6). Mycorrhizae inoculation increased plant tissue Zn
concentration. Mycorrhiza, P and Zn treatment statistically increased plant
growth (P < 0.0220) (Table 7). Statistically mycorrhiza inoculation and P
treatment significantly increased plant tissue Zn concentration (P < 0.004).

Mycorrhizal Dependency

The results shown in Table 8, indicated that maize and green pepper
are highly mycorrizal-dependent plant species under low P and Zn supply,
and therefore inoculation of mycorrhizae in soil with P and Zn deficiency is
a critical factor in crop production and P and Zn uptake of plants. Mycor-
rhiza dependency was calculated and it was found that increasing P addition
reduced MD.

Zn treatment also had an influence on MD, but contribution of P treat-
ment was much higher than Zn application. As can be seen in Table 8, for
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1648 I. Ortas

FIGURE 2 The effect of mycorrhizal inoculation, P and Zn rate on maize shoot growth (color figure
available online).

soils, plants and inoculums, mycorrizal dependency is higher in Zn0 treat-
ments then Zn1 treatments. G.mosseae inoculated pepper plant have higher
mycorrhizae dependency then G. etunicatum inoculated plants. Especially in
G. etunicatum inoculated plants increasing P and Zn addition had lower MD
then in Zn0 and P0 treatments (Table 8).
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Plants Depend on Mycorrhızae 1649

FIGURE 3 Effect of P and Zn application on maize growth with and without mycorrhizal inoculation
(color figure available online).
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TABLE 7 Significant of P-values (probability) from analysis of variance for different plant parameters

Source SD
Shoot
DW

Root
DW

Infection
%

Root
length P%

mg
P/plant Zn

Soil 1 0.0021 0.0059 0.6527 0.0071 0.1602 0.0120 0.2126
Mycorrhizae 2 0.0001 0.0001 0.0001 0.0551 0.0001 0.0001 0.0010
Soil × mycorrhizae 2 0.0001 0.0059 0.9252 0.0001 0.0076 0.3052 0.2579
Zinc 1 0.0001 0.0001 0.6782 0.0031 0.0002 0.0706 0.0001
Soil × zinc 1 0.6704 0.9725 0.9939 0.7339 0.6028 0.3983 0.0001
Mycorrhizae × zinc 2 0.4219 0.0838 0.3024 0.0123 0.9255 0.9721 0.0001
Soil × mycorrhizae × zinc 2 0.3567 0.8178 0.8170 0.3341 0.5929 0.6869 0.5114
Phosphorus 2 0.0001 0.0001 0.0001 0.0004 0.0303 0.0024 0.0676
Soil × phosphorus 2 0.4263 0.2784 0.4352 0.6671 0.9326 0.8586 0.6506
Mycorrhizae × phosphorus 4 0.1488 0.4390 0.0187 0.9919 0.6163 0.7911 0.0041
Soil × Mycor. × phosphorus 4 0.0186 0.4963 0.5843 0.9302 0.4841 0.3671 0.4077
Phosphorus × zinc 2 0.2875 0.3772 0.2745 0.2568 0.3558 0.5352 0.6696
Soil × phosphorus × zinc 2 0.5042 0.5290 0.1205 0.6323 0.9184 0.3870 0.7102
Mycor. × phosphorus × zinc 4 0.0775 0.6386 0.6223 0.9972 0.8001 0.8015 0.6431
Soil × mycor. × phos. × zinc 4 0.0220 0.2512 0.4854 0.9382 0.6843 0.4787 0.4537

DISCUSSION

The growth of both plant species was lower in the absence of AMF
whereas AMF inoculation enhanced plant growth. Inoculation with spores
of an isolate of G. etunicatum and G. mosseae resulted in higher mycorrhizal
colonization and higher shoot growth for the two plants in both soils.

TABLE 8 Effect of mycorrhizal species and P and Zn interaction on mycorrhizal dependence for maize
and pepper plants

Mycorrhizal dependence (%)

Sultanönü Konya

Mycorrhizae species P and Zn supply (mg kg−1 soil) Maize Pepper Maize Pepper

G. etunicatum
P0 83 74 60 70
P1 Zn0 66 41 51 70
P2 39 29 29 27
P0 72 87 40 54
P1 Zn1 50 9 39 7
P2 34 6 45 4

G. mosseae
P0 83 82 60 76
P1 Zn0 64 42 54 73
P2 31 34 58 47
P0 64 92 57 48
P1 Zn1 49 15 51 15
P2 19 18 47 17
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Mycorrhizal species were different in their effect on plant growth; bene-
ficial effects were higher with G. etunicatum inoculation than with G. mosseae
inoculation. In the present experiment although mycorrhizal inoculation
increased plant Zn uptake, the plants were found to be much more myc-
orrhizal dependent on P nutrition (Ortas and Akpinar, 2006). So far, all
the experiments conducted have shown similar results (Ortas et al., 2002).
Santos et al. (2008) similarly reported that the benefits of mycorrhizal fungi
varied according to isolates and plant species.

Non-mycorrhizal plants responded poorly to either P or Zn doses alone
but showed a marked synergistic response to the combination of both el-
ements for both soils and plant species. Without mycorrhizal inoculation,
shoot and root dry matter production were severely affected by P and Zn defi-
ciency, and increases in supply of adequate amounts of P and Zn significantly
enhanced plant growth. In the present experiment, mycorrhizal inoculation
regarding P addition significantly increased the P uptake even in Konya soil
while soil inoculated with mycorrhizal species, P and Zn fertilization could
only slightly increase plant growth.

Without mycorrhizal inoculation, shoot and root dry matter productions
were affected by P and Zn deficiency, and increases in supply of adequate
amounts of P and Zn significantly enhanced plant growth, especially for
Sultanönü soil. When the soil was inoculated with mycorrhizal species, P
and Zn fertilization could only slightly increase plant growth. Mycorrhizal
species were different in their effect on nutrient uptake; G. mossea was little
higher than G. etunicatum.

Compared to non-inoculated control plants, mycorrhizal inoculation
increased plants P and Zn concentration. Mycorrhizal inoculation was able
to increase plant P and Zn concentration two-fold when compared with
the non-inoculated plants (Tables 2 and 5). In accordance with growth
data, mycorrhizae inoculation enhanced P and Zn concentration of plants,
especially under low supply of P and Zn. Mycorrhizae inoculated plants
had high Zn content compared to the non-inoculated plants. Especially Zn
uptake was markedly important for Zn deficient semi-arid soil conditions.
Similar results were also reported for wheat growing in calcareous soil (Goh
et al., 1997). It is clear that mycorrhizal inoculation helps plants to have
more Zn uptake, especially for maize and pepper plants. In general, in field
experiments mycorrhizae inoculated plants had high Zn content compared
to non mycorrhizal plants (Ortaş, 2008).

Mycorrhizal inoculation significantly infected plant roots colonization.
For maize plants up to 94% and for pepper up to 75% of mycorrhizal
infection was observed (Tables 2 and 5). In term of root colonization G
mossea inoculated plans have less% than G. etunicatum inoculated plant
roots. In general maize plants had high root infection compared with
pepper plants. Yocom (1985) reported that pepper plants significantly in-
oculated with mycorrhizae. Dodd et al. (1983) reported that under field
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conditions mycorrhiza and P addition increased pepper yield under Is-
raeli conditions. In present experiment Zn addition did not made any
change on root colonization, however changed plant growth and Zn con-
centration. The founding results are agree with Cavagnaro et al.’s (2010)
results.

Considering the plant-fungus interaction, it is to be expected that the
extent of mycorrhizal colonization of the root system and related plant
responses will vary in different plant-fungus combinations (Smith and Read,
2008). Nevertheless, the study of host response to inoculation with a single
fungus isolate can provide useful information. This is particularly true where
the inoculating fungus exhibits a broad host range, as is the case for the G.
mossea and G. etunicatum isolate used in this study. Mycorrhizae species are
different in root colonization and dependence ratio in a low-fertility soil with
increased P and Zn application (Ortas et al. 2001). This may be the effect of
soil ecological parameters on root infection.

Mycorrhizal inoculation in soil with P and Zn deficiency is a critical factor
for MD in crop production as well as in P and Zn uptake (Ortaset al., 2002).
From the present results (Table 8), it seems MD was less affected by Zn supply
than the P supply and since the non-inoculated plants did not respond
to P and Zn supply, it can be said that maize and pepper plants depend
strongly on mycorrhizal infection. Phosphorus treatments generally reduced
mycorrhizal dependency, but Zn application did not lead to any difference.
It seems that mycorrhizal dependence is an inherent characteristic for which
plant nutrient requirement and uptake efficiency are important parameters,
especially for P requirements. Considering the importance of mycorrhiza
dependence for plant survival, it is of great interest to categorize species
according to this characteristic.

Increasing P addition reduced mycorrhiza dependency while Zn addition
slightly reduced mycorrhiza dependency. In general, in Zn1 treated soil G.
mossea inculated plants have high MD than that in G. etunicatum inoculation.
(Giri et al., 2004) observed that mycorrhizal dependency differed with AM
fungal isolates. However, influence of P addition on MD is much higher
than Zn application effect (Table 8). Since mycorrhizae inoculated plants
have high Zn content compared to the non-inoculated plants, it is not clear
whether mycorrhizal inoculation helps plants to have more Zn uptake or if
it is just a result of higher plant growth (Ortas et al., 2002). This definition
is mostly pronounced for P requirement but not for other nutrients such as
Zn (Ortas and Akpinar, 2006; Ortas et al., 2001).

CONCLUSIONS

Based on our results, it can be concluded that the inoculation of sev-
eral plants with G. etunicatum or G. Mossea and the application of P and Zn
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Plants Depend on Mycorrhızae 1655

fertilizer could improve plant growth as well as Zn and P uptake. Also, inoc-
ulation with mycorrhiza has a significant effect on mycorrhizal dependency.
Maize and pepper plants are strongly mycorrhizal dependent in term of P
and Zn nutrition. However, this can be pronounced in terms of P nutrition
rather than Zn nutrition.
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