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Abstract
The global distribution pattern of mycorrhizae hypothesized by Read in 1991 described the
underlying mechanisms in great detail. In 2003 he reevaluated this hypothesis and provided
an review of new evidence for the mechanisms underlying his hypothesis. In this thesis the
Read hypothesis will be evaluated once more. Recent studies will be used in a literature
study to described the underlying mechanisms for the global distribution pattern into further
detail. The literature found, showed that the hypothesis of Read was fairly accurate.
Combining biogeoraphical and plant and fungi physiological evidence were used to create an
overview of the distribution of mycorrhizae.

Introduction
In 1885, A.B. Frank was the first to describe a fungi root symbiosis. He studied the possibility
of truffle cultivation. Following observations and experience he hypothesized that true
truffles establish a connection of the mycelium with living tree roots. Frank found this to be
true and named this phenomenon fungus-root.1 To us fungus-root is known as mycorrhizae,
mykós is Greek for fungus and riza is Greek for roots. Back then little was known about the
importance of these fungi to the (plant)world. Over a hundred years of research have shown
that mycorrhizae do not just provide the beech, hornbeam and oak with nutrients, as
described by Frank. They supply most the plants of this planet with nutrients.
In the last hundred years of mycorrhizal research, a lot of comprehensive literature
summaries were made.2,3 Read (1991) was the first to combine such literature summaries to
theorize a global pattern in the distribution of mycorrhiza.4 The Read theory describes the
global distribution of arbuscular, ericoid and ectomycorrhiza. This distribution is based on
the differences of climatic and edaphic conditions around the world. The climatic factors,
such as the amount of precipitation and differences in temperature, shape a gradient of
decomposition rates and thus of an accumulation of organic matter. The edaphic factors
shape the distribution of mycorrhizae on a smaller level. At the local level, quality of soil
nutrient resource becomes more important than climate. Ericoid mycorrhiza exist on acidic
mor humus soils of high latitudes and altitudes, with high amounts of organic matter.
Ectomycorrhiza occur in forest ecosystems of intermediate latitude and altitude,
intermediate amounts of organic matter can be found here. Arbuscular mycoorhiza live in
symbiosis with herbaceous and woody plants on mineral soils at lower latitudes (fig. 1).
Even though Bundrett (1991) did not create a similar map of global distribution, he
did summarize a extensive amount of data on where mycorrhiza species were found. If
these data were to be mapped, it would show a similar picture as fig. 1. Bundrett concluded
that back in 1991, there was just a little evidence in favour of the hypothesis that climatic
and edaphic factors influence the global distribution of mycorrhizae.

Figure 1. The global distribution of climates, along with their predominant mycorrhiza species.
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In this thesis the theory on the global distribution of mycorrhizae will be discussed.
This theory is based on the fact that climate has an effect on the speed of decomposition
and the therefore dominant form of nutrients, organic or inorganic. Nutrients become
increasingly limited for plants when they are present in an organic form. It is favourable for
plants to become a host of mycorrhizae, because they have a greater ability to take up
organic nutrients. Thus climate has an influence on the distribution of mycorrhizae. The
underlying mechanisms of this distribution will be reassessed once again, as already done by
Read in 2003,5 using new observational and experimental evidence.

The underlying mechanisms of ericoid mycorrhizae
Ericoid mycorrhizae occur in the far north and mountainous regions places of the world. The
high latitude and altitude give rise to climatic conditions which are very stressful for
autotrophs. Low average temperatures, a short growing season, strongly leached and
nutrient poor soils6 are the characteristics of these ecosystems. Nutrients are not absent in
these soils, on the contrary, a lot of nitrogen and phosphorus is present in the humus layer.
However, up to 90 to 100% of the total nitrogen in the soil is organic matter 4. Leaching and
the therefore lowering of the pH ensures an inhibition of the mineralization of nitrogen and
phosphorus. Plant litter is not broken down and the organic acids, as well as the toxic metals
from this litter acidify and toxicify the soil even further. The acidity of the soil slows the
growth of plants and thus plant tissues have low nitrogen content. Another consequence of
the acid soil is that the plants create high amounts of lignin, polyphenol and organic acids. A
low tissue nitrogen content and the plant compounds slow decomposition even further and
the organic acids decrease the pH. The plants create a feedback loop in which the stressful
conditions are safeguarded. This ensures their ability to outcompete other colonizing plants,
that are not adapted to these harsh conditions.

Plants living in the ecosystems of high altitudes and latitudes have adapted to
these harsh conditions. Yet, living without their symbiotic fungi would severely decrease
their ability to grow on these acidic soils. Ericoid mycorrhizal infections grant access to
another source of nitrogen. Ericoid endophytes have the ability to utilize the nitrogen stored
in amino acids, peptides and proteins7,8,9. To some extent, ericoid mycorrhizae are capable
of degrading chitin, lignin, tannin and organic acids, mayor components of organic matter in
humus layers. The latter two are used by the ericoid endophyte as a carbon source. Metal
regulation is one more problem ericoid plants have to deal with. Low soil pH increases the
possibility of metal toxicity, but the organic matter can chelate the metal ions, thus making
them inaccessible to plants. The mycorrhiza has got a high affinity system for metals if
needed. When metals are readily available, this mechanism shuts off.

Saprothropic abilities
In 1991 Read showed the ability of Ericoid mycorrhizae to degrade certain structural
components of dead plant material. In 2003 it had been shown that ericoid endophytes
secrete hydrogen peroxide and hydroxyl radicals to degrade some of these components,
such as lignin, polyphenols and tannin.5 The secretion of hydrogen peroxide and hydroxyl
radicals is similar to the manner in which “brown rot” fungi degrade lignin.10 “Brown rot”
fungi being one of the most common decomposers in the world.
Next to dead plant material, the organic matter which makes up the humus layer also
consists of a lot of fungal necromass. The fungal necromass originated from the mycorrhizae
itself, or “white and brown rot” fungi. An important structural part of the fungal cell wall is
chitin. Kerley & Read showed that Ericoid mycorrhizae can break down chitin and can
assimilate its subunits. The ericoid endophytes even degrade and assimilate fungal
necromass of itself.11
Lastly, Read and Moreno showed experiments with plants that were supplied with
necromass (created by Read and Moreno) grow significantly better when infected with
ericoid mycorrhizae, than plants that are not infected. The nitrogen in the necromass is
almost completely recycled by the ericoid mycorrhizae. The mechanisms described above all
are saprotropic mechanisms which enhance nitrogen availability. Plants infected with ericoid
mycorrhizae are able to skip a decomposition step in reclaiming nutrients from organic
matter, which is the major nitrogen source in these systems

More evidence for saprotrophic abilities
In the decade after Read and Moreno revised the mechanisms underlying the global
distribution of ericoid mycorrhizae, the emphasis is laid on further examination of the
saprotrophic abilities of ericoid endophytes.
It was already known that ericoid fungi have some ability to degrade lignin,
polyphenols and tannin, using hydrogen peroxide. A recent study has shown that ericoid
mycorrhizae are also able to secrete several enzymes such as peroxidase, tyrosinase, laccase
and cellulase.12 Though ericoid mycorrhizal species differ in their capacity to fabricate and
secrete these enzymes, all species seem capable to secrete at least some enzymes. In 2011
genetic evidence for the ability to secrete enzymes was found. Gene sequences for
multicopper oxidases, or polyphenol oxidases, were found in ericoid mycorrhizae.13
Multicopper oxidases are a group of enzymes with very diverse functions, including lignin
degradation14, tissue development and melanin biosynthesis15. A group of important
enzymes of the multicopper oxidases are the laccases. They are thought to be very

important for the decomposition of organic matter in soils and they aid in the release of
nutrients.16
Wurzburger et al. (2011) also found evidence in support of the global distribution
pattern by Read. A greater fungal richness was found on roots in organic horizons than in
mineral horizons. This suggests that the ericoid mycorrhizae have a preference for organic
nutrients.

The underlying mechanisms of ectomycorrhizae
Ectomycorrhizae dominate the forest ecosystems at intermediate latitude and altitude. The
vast forests of the northern hemisphere, as well as parts of the tropics and the southern
hemisphere are home to the ectomycorrhizae.4 Even though the speed of litter
decomposition has increased at these latitudes, it is still relatively slow. Organic matter
accumulates on these soils. The quality of the organic matter varies from acidic mor humus,
through intermediate moder to more alkaline mull humus. The mor soils occur at the higher
latitudes and altitudes and organic layer is complemented with an ericoid understory. At
lower latitudes and altitudes, the alkaline mull soils are shared with arbuscular mycorrhizae.
These soils, as are the ericoid mycorrhizal soils, are not limited in nutrients. However,
mineralization of nutrients is inhibited to some extend and because of this a lack of mineral
nutrients arises. The rate of nitrogen mineralization is so slow that nitrogen becomes the
limiting growth element in these ecosystems.17,18 The rate of mineralization in these
ecosystems is influenced by acidity of the soil and seasonality of climate with low
temperatures and surface drying.
As with ericoid mycorrhizal infections, plants infected with ectomycorrhizae have the
ability to access a nitrogen source other than mineralized nitrogen. Ectomycorhizal fungi can
fabricate polyphenol oxidase19, cellulase20, phosphatase21 and carboxypeptidase. They have
proteolytic capabilities, the possibility to obtain the nitrogen stored in protein.22 However,
the capability to obtain nitrogen from protein differs between species. Some
ectomycorrhizal fungi have a low proteolytic potential and are still dependent upon the
mineralization of nitrogen. Having the ability to recycle proteins is very important in these
nitrogen limiting soils. Almost 20% of the nitrogen in the organic layer is stored in proteins of
fungal necromass.
Although some ectomycorrhizal fungi have proteolytic abilities, in 1991 it was still thought
that ectomycorrhizae were incapable of the degradation of more complex structures, such
as lignin.

Greater decomposing abilities than previously thought
All the ectomycorrhizal studies up to Read (1991) merely hinted at the decomposing abilities
of these fungi. Even though ectomycorrhizae generally demonstrate lower levels of
saprotrophic abilities and some ectomycorrhiza show no decomposing activity at all, they
have been found able to decompose organic matter, extract the nutrients from them and
transport them to their symbiotic hosts.
The fact that DNA sequencing has become more and more available, has enabled
scientists to study the genes associated with the saprotrophic abilities of ectomycorrhizae. A
2001 study found that around 68% of the 40 ectomycorrhiza species examined contain at

least one gene which codes for the enzyme lignin peroxidase and several of these also
contain genes which code for manganese peroxidase.23 These enzymes both have a function
in the degradation of lignin. In 1991 ectomycorrhiza were thought to be incapable of
degrading lignin.
Next to the degradation of lignin, other decomposing capabilities of ectomycorrhizae
were brought to light in the decade following Read (1991). Back then it was already known
that ectomycorrhizae produced cellulase, an enzyme which degrades cellulose in plant cell
walls. Research showed that ectomycorrhizae can also degrade pectin24 and hemicellulose25,
other plant cell wall components, as well as cellobiose26, a disaccharide formed in the
breakdown of cellulose. Ectomycorrhizae were also found to be able to degrade plant
cuticles through the use of fatty acid esterase.27 Observational studies have shown that
ectomycorrhizae do not just have the potential to fabricate these enzymes, they have shown
that infected soils do have enhanced levels of these enzymes. 28,29 Ectomycorrhizae are able
to degrade organic matter in a similar manner in which conventional decomposers seem to
do. However, ectomycorrhizae show far less activity in expression of exoenzymes when
compared to actual decomposers.30 It is thought that ectomycorrhiza therefore exploit
specific parts of the soil, to avoid competition with specialist decomposers. Other than this
very local scale of distribution, the proteolytic abilities of ectomycorrhizae seem to be
following a trend on a larger scale. Studies along a transect from north to south through
Europe have shown that these abilities are strongly expressed in the mor humus soils in the
north and decreases going south, to the mull humus soils.31,32 This trend also occurs in more
local transects in North America.33
Besides the ability of ectomycorrhizae to obtain nutrients from proteins and other
cellular compounds, they have also been shown to be able to degrade more complex
structures, such as pollen34 or necromass. 35 The vast temperate and boreal forests of the
earth have an annual cycle of pollen production. A very small fraction of this pollen is used
in the reproduction of trees. All the pollen that is not used, returns to the ground. The
nutrients stored in the pollen are resorbed by the soil. An experimental study by PerezMoreno and Read hypothesized that pollen could be used as a nitrogen and phosphorus
source for ectomytcorrhizal plants. The nitrogen and phosphorus contents of pollen supplied
to microcosms with mycorrhizal plants was reduced by 75 and 97% after 115 days. For the
nutrient contents of pollen supplied to nonmycorrhizal plants this was just 42 and 35%.
Therefore, it seems that ectomycorrhizae are able to use pollen as a nutrient source.
As was known in 1991, a lot of nitrogen and other nutrients are stored in necromass.
Perez-Moreno and Read tested the ability of ectomycorrhizae to release nutrients from
nematode necromass. Again, ectomycorrhizal infections showed a strong reduction in the
nitrogen and phosphorus content of this necromass, compared to noninfected microcosms.
In 2001 it was suggested that ectomycorrhizae do not only reduce necromass, they also
predate on soilfauna directly. It was observed that collembolan death rate increased in the
presence of the ectomycorrhizal fungus Laccaria bicolor. Observations showed that Laccaria
immobilized the collembolans before infection, possibly using a paralyzing toxin.36

Are ectomycorrhizae saprotropic?
All the studies up to ten years ago were keen on describing the saprotrophic abilities of
ectomycorrhizae. In the following decade these abilities were critically reassessed. It now
seems that there is more to these abilities than previously thought.

The decomposing abilities of ectomycorrhizae were brought to question in an study
by Talbot et al. (2008). Talbot et al. came up with the “Coincidental Decomposer
Hypothesis”.37 This hypothesis states: “that mycorrhizal fungi decompose soil carbon as a
consequence of mining soil for other nutrients.” Experimental evidence is found in favour of
this hypothesis.38 The evidence shows that ectomycorrhizae primarily decompose complex
organic compounds which hold nitrogen. Of course, these compounds are not composed of
merely nitrogen. They also hold other elements such as phosphorus and carbon and thus
take these up by “coincidence”.
Although most ectomycorrhizae take up carbon by coincidence, some of them do
“knowingly” degrade carbon. Seventeen to 54% of the ectomycorhizae tested were able to
produce enzymes that break down carbon-rich biopolymers, to 83 to 90% of the tested
species which could decompose nitrogen containing biopolymers.39 It seems that the
decomposition of nitrogen-rich molecules is a more important function than the degradation
of carbon-rich biopolymers. The amount of carbon degradation by ectomycorrhizae is still
marginal compared to the amount degraded by “true” saprotrophs. Some ectomycorrhizal
species have even been shown to be deprived of genes coding for cell wall degrading
enzymes, others are severely reduced in the number of genes coding for these enzymes.40,41
The saprotrophic capabilities of ectomycorrhizae varies between ectomycorrhiza species.
Thus the ability of a mycorrhizal ecosystem to degrade organic matter is dependent on the
species composition.
It would seem that ectomycorrhizae are not true saprotrophs they were thought to
be in the previous decade. A lot of evidence found in the decade following Reads hypothesis
is based on a few mycorrhiza species which can easily be grown in culture. These abilities still
have to be determined for a lot of species.

The underlying mechanisms of arbuscular mycorrhizae
Arbuscular mycorrhizae become increasingly dominant moving towards the equator. The
lower latitudes, with increasing mean annual temperatures, are home to this form of
mycorrhizae. This is the most abundant mycorrhizal species on earth, up to 80% of all plant
species that can form symbiotic relationships with fungi do so with this form of
mycorrhizae.42 Because of the increasing temperatures and transpiration rates, the leaching
of the soil found in higher latitudes tends to decrease and instead of acid, soils of lower
latitudes become increasingly alkaline. 4 The higher pH and higher temperatures are
favorable for the soil fauna. Numbers and activity of bacteria increase and so does the
decomposition of organic matter. Because of this high rate of decomposition, nitrogen is not
limiting anymore. Phosphorus is the limiting nutrient of these ecosystems, because of the
high pH of the soil. This reduces the availability of phosphorus, with a pH higher than 7,5,
phosphorus forms insoluble compounds with calcium.43 Plants and their symbiotic fungi
thriving here would have to be adapted to these conditions.
Plants forming a relationship with arbuscular mycorrhizae have been shown to be
dependent upon infection with mycorrhiza for a steady supply of phosphorus.44 By
determining the phosphorus to nitrogen ratio, it was found that as seed reserves are being
depleted and P:N ratio drops. Once the infection has spread, P:N ratio stabilizes. The
arbuscular mecelium has a very well developed ability to utilize the available phosphate

resources in the soil. 45 The less accessible phosphate pools are made available using alkaline
phosphatases.46
A secondary function of arbuscular mycorrhizae for infected plants is the increased
uptake of water. A long time this was thought to be a relic of phosphorus uptake. 47 However,
it had been shown that the increased water uptake has nothing to do with the uptake of
phosphorus. Plants of the same size and phosphorus content have been shown to have
greater transpiration rates when infected.48
Arbuscular mycorrhizae have another very striking feature which sets them apart
from the ericoid and the ectomycorrhizae. Using 14CO2, it had been shown that carbon
transfers could occur through the hyphae of arbuscular mycorrhizae.49 This can also be
achieved by the other mycorrhizae. The striking part is that these carbon transfers occurred
from one infected plant to another. This study even showed the transportation of carbon to
have a preference for shaded plants over illuminated plants. It would seem that natural
plant communities are functionally intertwined by their arbuscular mycorrhiza.

Arbuscular saprotrophs?
Arbuscular mycorrhizae seem to function as an extension of the roots. Their abilities being
mineral nutrient and water uptake. Apart from these abilities, no other features were found.
Research in the 1990’s and early 2000’s hints at some novel abilities.
Ericoid and ectomycorrhiza have been shown to be able of at least some form of
saprotrophic degradation of organic matter. However, there is one example of a arbuscular
mycorrhizal specie, Glomus hoi, which increases decomposition organic nitrogen.50 Using 15N
and 13C Hodge et al. showed that the mycorrhiza enhanced the release of 13C and uptake of
15N and the nitrogen gain in the plants could be related to the hyphal density in the organic
matter. A analysis of the microbial community in the soils used, showed no qualitative
differences between the infected and uninfected soils. It was therefore concluded that
Glomus hoi, is involved in the decomposition of organic matter.
Read and Perez-Moreno found it very peculiar that the phosphorus scavenging
abilities of arbuscular mycorrhizae weren’t studied into further detail. As stated, there is at
least one known arbuscular mycorrhizal specie has got saprotrophic abilities, it could very
well be that there are species which have the ability to mobilize phosphorus from organic
matter. The first to show this were Tarafdar and Marschner. 51 They found that arbuscular
mycorrhizal contribution, of Glomus mosseae, to the total phosphorus uptake by
plants(Triticum aestivum), was significantly greater when supplied with organic phosphorus
compared to inorganic phosphorus. In the latter situation, mycorrhiza contributed for 2233% of the total phosphorus uptake, to 48-59% when supplied with an organic source. They
also showed that arbuscular mycorrhizae produces phosphatases, which can degrade
organic phosphorus. However, when repeated by Joner et al. these results were not found.52
Though, it should be said that Joner et al. used different mycorrhiza and plant species. In
2000 another arbuscular mycorrhiza, Glomus intraradices, was found which has the
capability to degrade organic phosphorus sources.53 Jones et al also tested these results and
came to the same conclusion, Glomus intraradices is possible of degradation and transfer of
organic phosphorus.54
Even though sound evidence is found for the fact that arbuscular mycorrhizae do
have some ability to degrade sources of organic phosphorus, it has only been shown in a
couple of species. A lot of species will still have to be examined.

Arbuscular mycorrhizae very able phosphorus scavengers
In the previous decade of research, it was hinted that arbuscular mycorrhizae have got
saprotrophic abilities, though a lot of arbuscular mycorrhizal species were still to be
examined. This decade a lot of those studies have been performed and new evidence has
been found.
A lot of scientific attention had been drawn towards the phosphorus scavenging
abilities of arbuscular mycorrhizae this decade. It has been well established that infection
with arbuscular mycorrhizae often enhances phosphorus uptake of plant roots and thus
improves plant growth.55 A significant amount of the phosphorus in soils is unavailable to
plants because of the strong adsorption of phosphate to aluminum and iron hydroxides. 56
Arbuscular mycorrhiza can increase the phosphorus uptake from these insoluble sources. 57 It
seems that arbuscular mycorrhizal plants rely strongly on their symbiotic fungi for the
uptake of this plant growth limiting nutrient. Fitter proposed the C-for-P hypothesis.58 Plants
and mycorrhizae exchanged their “products” at the arbuscular interface. Plants provide the
fungi with photosynthates and the mycorrhizae supply plants with phosphorus.
It was already known that at least some arbuscular mycorrhizae are able of the
capture of organic nitrogen compounds.50 This decade, more studies have shown arbuscular
mycorrhizal abilities to mobilize nitrogen from organic sources.59,60 However the same
problem arises as in the last decade, the studies showing these results are mostly based on
one family of fungi, namely the Glomeraceae. When tested in the fungal family of the
Gigasporaceae, these abilities were not found.61 Though some arbuscular mycorrhizae are
capable of the capture of organic nitrogen, they do not have direct saprotrophic
abilities.Fout! Bladwijzer niet gedefinieerd. It is possible that these mycorrhizae affect the
degradation of organic matter indirectly, through modification of the microbial community.62
Some arbuscular mycorrhizae, as those in the family of the Gigasporaceae, remain
dependent on saprotrophic microorganisms for the decomposition of organic matter and
release of inorganic nitrogen ions. It has been shown that arbuscular mycorrhizae obtain
nitrogen from the soil and transfer a substantial part of it to the roots of the host plant.
However studies trying to show the direct benefits for plants of mycorrhizal nitrogen uptake
find little evidence for these benefits. Plants infected with arbuscular mycorrhizae showed
no increase of nitrogen gain or plant biomass.63
Arbuscular mycorrhizae have evolved to be very effective phosphorus scavengers and
can take up this nutrient in numerous forms. They also have the ability to take up nitrogen.
Though for the decomposition of organic matter, still rely on saprotrophic microorganisms.

Global patterns of nutrient availability
As described, rates of decomposition and nutrient limitation are very important in
determining the species of mycorrhizae. These factors have forced the mycorrhizae to
evolve specific means of nutrients absorption and potential saprotrophic abilities.
Studies using global data sets of leaf nitrogen and phosphorus have shown that
nitrogen phosphorus ratio decreases with an increase in latitude and the N:P ratio increases
with increasing mean annual temperature.64,65 This shows that phosphorus is indeed limiting
in the tropics, probably because the tropic soils are very old.66 Nitrogen becomes more and
more limiting as one progresses towards the poles. The limitations of nitrogen and
phosphorus have an effect on the nutrient resorption in leaves. When nutrients are limiting,

plants minimize nutrient losses by resorption of nutrients from senescent leaves. Yuan and
Chen showed that the nitrogen resorption efficiency (the percentage difference in nitrogen
concentration between green and senescent leaves) increases with latitude. The phosphorus
resorption efficiency decreases with latitude.67 Nutrient resorption by leaves has its effect on
litter. The quality of the litter decreases, because of the resorption of nutrients. The quality
of litter, along with a few other factors, such as mean annual temperature and total nutrient
elements determines the rate of decomposition.68 Though the quality of the litter is the
most important factor. The rate of decomposition decreases with latitude.

Discussion and conclusion
The cycling of nutrients has been thought to be a relatively simple system of producers,
consumers and decomposers. Symbiotic fungi such as mycorrhizae were thought to enhance
the capability of producers to obtain nutrients. These nutrients were provided by the
decomposers, saprotrophic microorganisms. Evidence found over the last twenty years
seems to point in a different direction. Nutrient cycling is not as simple as previously
thought. Symbiotic fungi, as the arbuscular mycorrhizae, have been shown to be able to
direct the saprotrophic microorganisms involved in the decomposition of organic matter.
Others, ericoid and ectomycorrhizae, are able of these decomposing capabilities themselves.
The mycorrhizae are well adapted to their environment. Because of slow decomposition
rates in the high and intermediate latitudes, ericoid and ectomycorrhizae must degrade the
organic matter, to obtain nutrient. Arbuscular mycorrhizae do not have these abilities, their
environment is one of a fast rate of decomposition.
Nutrient limitation has had similar selective effects on the symbiotic relationship of
plant and mycorrhizae. Evidence shows that mycorrhizae are specialized in the uptake of the
nutrient which is limiting in its habit. Mycorrhizae are adapted to their habit in such a way
that they utilize it to the fullest. Ectomycorrhizae growing in the vast boreal and temporal
forests utilize the nutrients stored in the pollen which is produced annually in very large
quantities. Arbuscular mycorrhizae have the ability to create a hyphal network connecting
different plants with one another. This provide an extra dimension to the already complex
nutrient cycle in the tropics.
The global distribution of mycorrhizae and the underlying mechanisms by which this
distribution is created, has received a lot of support from evidence found over the last two
decades. The plant and fungal physiological capabilities of this symbiosis have been charted
more and more.

Ericoid mycorrhizae
The ericoid mycorrhizae are most important to plants in their ability to take up nitrogen.
They are saprotrophic, they have a variety of enzymes to degrade complex plant and fungal
necromass. Because of their saprotropic nature, they have a preference for the availability of
organic nutrients. The ericoid mycorrhizae are well adapted to their environment. The high
latitudes at which they exist are home to slow rates of decomposition and these latitudes
are nitrogen limiting. The slow rate of decomposition ensures an accumulation of organic
matter, which can readily be degraded by the ericoid mycorrhizae. The limitation of nitrogen
has made these fungal symbionts almost indispensible to plants.

Ectomycorrhizae
As with ericoid mycorrhizae, the main nutrient to be supply to plants by ectomycorrhizae is
nitrogen. Ectomycorrhizae are also saprotrophic, though the saprotrophic abilities vary
widely. A north to south decline is found in these abilities. Ectomycorrhizae are able to
degrade plant and fungal necromass, such as pollen, as well as faunal necromass. At the
intermediate latitudes, nitrogen is the limiting plant nutrient, though nitrogen becomes less
limiting towards the lower latitudes. This is also seen in the north south gradient of
saprotrophic capabilities of ectomycorhizae. The ability of ectomycorrhizae to degrade
necromass as pollen is an neat attribute in forest ecosystems where a lot of pollen is
produced annually.

Arbuscular mycorrhizae
Phosphorus uptake is the main characteristic of arbuscular mycorrhizae, when compared to
the other two mycorrhizae. Arbuscular mycorrhizae are very capable of the uptake of
phosphorus, even in insoluble forms. Though they themselves do not possess saprotrophic
capabilities, they are able to stimulate saprotrophic microorganisms to degrade the organic
matter. The outstanding ability of arbuscular mycorrhizae to take up phosphorus is of great
importance in the phosphorus limiting ecosystems of the earth. The fact that arbuscular
mycorrhizae have not evolved saprotrophic abilities, is the consequence of the fast turnover
rate of these latitudes.
It seems that the evidence over the last twenty years has piled up in favour of Reads
hypothesis. When linked to biogeographical evidence, the global distribution pattern
described by Read in 1991 becomes apparent (fig. 2).

Figure 2. The patterns of nutrient availability and underlying mechanisms of mycorrhizae summarized.
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