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Introduction

Mycorrhizal associations between a fungus and a plant root are ubiquitous in the natural
environment. By far the most common type of association is that of the vesicular-arbuscular
mycorrhiza (VAM). The VAM association is the most ancient and probably aided the first
land plants to colonisc by scavenging for phosphate (Simon et al., 1993). Approximately two-
thirds of all land plants form the VAM type of association, in sharp contrast with the
relatively small numbers of fungi involved, all of which are members of the order Glomales
(Zygomycotina) comprising only approximately 150 described taxa (Smith and Read, 1997).
Phosphorus (P) is one of the most essential plant nutrients. Its availability to plants is
controlled mainly by soil pll, soluble Al, Fe and Ca and organic matter content. It is maximal
at soil pH between 5.5 and 7.0 (Engelstad and Terman, 1980). It is well established that VAM
symbiosis improves phosphorus nutrition, but since the work of Sanders and Tinker (1973),
numerous cxperiments have also shown that increasing phosphate availability decreases the
mycorrhization level, suggesting that VAM fungi might play a minor role in natural
ecosystems or agriculture {ields with high P availability (e.g. Ryan and Graham, 2002). In this
study, we analysed the variance and correlation between the abundances of free spores and
sporocarps with the contents of plant available phosphorus fraction in five different soils.

Methods

Six topsoil samples were collected from five different soil types in the environs of Debrecen,
Hungary. Soils were sampled with a stainless steel cylinder. Topsoils were taken in each case
from 0—15 cm. Soil samples were air-dried, sieved through 2 mm, stored at room temperature,
and were analysed, following standard methods. Soil pH was dctermined in distilled water
and 1 M KCI solution using a 1:2.5 soil/solution ratio. The plant available soil P was
mcasured after extracting the soil samples with 0.1 M ammonium lactate - acetic acid solution
(Egner ez al., 1960). The content of orthophosphate (PO;-P) of the soil solution was analysed
spectrophotometrically using the molybdate blue method of Murphy and Riley (1962).

The free spores and sporocarps of the VAM fungi were extracted from 5 g of soil from each
sample at each site (N = 6) by sucrose flotation (Allen et al., 1979). Spores and sporocarps
were counted under a stereoscopic microscope. Permanent slides in polyvinyl alcohol (PVLG)
and PVLG-Meltzer’s rcagents were made for taxonomic determinations, as described by
Schenck and Pérez (1990) and at the INVAM Web site. (The analysis of fungi species
diversity is not the subjcct of this paper). We used a one-way analysis of variance (ANOVA)
with Tukey’s post test to analyze the potential differences in the measured values in the
different soils. We also examined the relations between the contents of phosphorus in the soils
on the abundance of the arbuscular morphotypes (spores and sporocarps) by Pearson’s
correlation analysis.

All analyses were done using SPSS 9.0 and GraphPad Prism 3.0. Means and standard error
(S.E.==) are reported throughout and P < 0.05 is considered significant.
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Results And Discussion

We summarize the investigated soil types, the mean numbers of intact free spores, the mean P
concentration values and the mean values of pH measured in distilled water and in KCI
solution in Table 1.

Table 1. General characteristics of the soils; number of spores, mean value of P and pH in
distilled water and in KCl solution (N=6)

Spore number P . pH
. . pH in .
Soil types as counts per | concentration dowater | D
5g soil mg.100g™! : KCl
I | Meadow chernozem soil 98+32 93.15£231 | 736 | 7.23
(Kismacs)
2. Sall-.allc'cled solonchak soil 351451 19.87+0.47 911 708
(Hortobagy)
3. | Acidic sandy brown forest soil <1in o<
(Nagyerdé, Debrecen) 54+30 6.43+0.18 476 | 4.55
4. | Blownsand (Pallag) 61+37 20.194+0.91 6.97 | 6.73
5. | Calcarcous chernozem
(Experimental Garden of the 319+£59 162.83+8.08 7.54 | 7.43
University, Debrecen)

The abundance of intact free spores ranged from 20 to 431 spores per 5 g of soil. The greatest
numbers of spores were counted in the case of Salt-affected solonchak soil (2. soil) and the
Calcarcous chernozem soil (5. soil). On the basis of ANOVA test it can be concluded that
means of the spore numbers in the 2. and the 5.s0il were significantly identical. At the same
way, the 1., the 3., and the 4. soils were not different. The P concentration was the highest in
the 5. soil. The lowest P amounts were measured in the case of the 3. and the 2. soil. Under
acidic soil conditions, soluble P reacts with aluminium and iron to form compounds that
precipitate out of solution (Lee et al., 1990; Holford, 1997), while in alkaline soil conditions,
it reacts with Ca to form insoluble precipitates (Iyamuremye and Dick, 1996) which are less
available to plants. The 2. soil was alkaline (pH dw.= 9.11). On the other hand the 3. soil was
acidic. The results are perhaps best displayed in graphs such as the examples in Fig. I for the
contents of phosphorus, spore numbers and pH values.
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Figure 1. Graphs of counts of VAM spores, concentrations of phosphorus, and pHyc values.
Table 2. shows the corrclations between spore numbers and the contents of the phosphorus
and pllkct values. Most of the correlation coefTicients () lay in the

Table 2. Valucs of the correlation coefTicient (r)

Values ol the corrclation coellicient
Soil types )
Sporc /P | P/ pHkel | Spore/ pHe
| Mecadow c_hernozem soil 0,1 03 0,1
(Kismacs)
2 Salt-affected solonchak soil (FHortobagy) 0,1 -0,6 -0,6
3 Acidic sandy brown forest soil (Nagyerdd, 03 0.6 0.9
Debrecen)
4 Blownsand (Pallag) 0,5 -0,5 -0,5
Calcareous chernozem
5. (Experimental Garden of the University, -0,6 0,1 0,2
Debrecen)

range ~0.6 to 0.2 with no common pattern, and we attribute them to sampling fluctuation. But
the correlation among spore numbers and the pHgc) values was strong in the case of the acidic
sandy brown forcst soil. Read e al. (1976) found little variation in mycorrhizal colonisation
in natural soils covering a wide range of pH. However, VAM fungal sporulation is influenced
by the pH and nutrient status of the soil (Coughlan e al., 2000).

Conclusion

We have demonstrated that VAM sporulation differs in the examined five different soils. The
soils with lower concentrations of P have tended to increase mycorrhizal sporulation.
Sporulation of VAM fungi may be stimulated by increased or decreased soil pH, whercas

others do not respond to soil pH. It is, however, to be expected that each VAM fungal
community is adapted to its native soil.
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