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Abstract

Soil tillage may reduce the rate of arbuscular mycorrhiza (AM) establishment
markedly by breaking up living AM fungal mycelium. No till or reduced till
management can allow earlier AM formation because less damage occurs to
mycelium.

Work under field conditions in a Mediterranean climate clearly confirmed
that wheat plants cultivated under no-till system had a 6 fold greater mycorrhizal
colonization than those grown using a conventional tillage system.

Pot experiments were initiated to determine the benefit of the timing of
colonization on plants. Soil disturbance induced by tillage practices was simula-
ted by passing the soil through a 4 mm sieve at the start of each successive period
of 3 weeks plant growth cycles. After 4 cycles of plant growth with winter wheat,
significant effects in all colonization parameters were detected. Arbuscular,
vesicular and hyphal colonization were clearly higher in undisturbed soil.

To gain a global overview of the diversity of Glomeromycota under the 2
cultivation systems in the experimental field, IDNA sequences from the fungi
have been amplified successfully from DNA extracted directly from field soil. In
total, 87 sequences were analysed, half from each kind of soil (undisturbed and
disturbed). Based on differences observed in the frequency of the ribotypes
present in soils under different tillage treatments, the results support the view
that AMF are differently vulnerable to soil disturbance, not only in terms of
diversity, but also in terms of the community structure.
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Introduction

Arbuscular mycorrhiza (AM), the most widespread plant-fungus symbiosis on
earth, is formed by soil fungi of the Phylum Glomeromycota and roots of a ma-
jority of the terrestrial plants. More than 70% of all plant species in both agri-
cultural and natural environments form mycorrhizal associations and they can be
found in a wide range of habitats (Smith and Read, 1997), including deserts,
lowland tropical rainforests, high latitudes and altitudes and aquatic ecosystems.
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The AM is a mutualistic symbiosis where the fungus gains all of its carbon
from the plant, between 10% and 20% of the photosynthates they produce
(Graham, 2000). The extensive extraradical mycelium produced constitutes a
link between the plant roots and the soil environment and, in exchange, trans-
ports mineral nutrients from the soil to the plant. This is particularly important
for minerals that are transported through the soil by slow diffusion processes and
are easily immobilized, such as P. The extraradical mycelium increases the soil
volume accessible for mineral nutrient uptake, beyond the phosphorus depletion
zone (Clark and Zeto, 2000) that is established around actively absorbing roots.
Besides this, many other benefits are recognised for AM plants: water stress
alleviation, protection from root pathogens (nematodes and fungi), tolerance to
toxic heavy metals, tolerance to adverse conditions such as very high or low
temperature, high salinity, high or low pH, better performance during
transplantation shock and aggregation of soil particles (Gupta et al., 2000).

Changes in the chemical, physical and biological variables in the soil, that are
important for the formation and function of arbuscular mycorrhizas, may be
caused by human activities such as agriculture. Soil tillage has been shown to
reduce the rate of mycorrhiza establishment by breaking up the living AM
fungal mycelium in the soil, which can colonise roots of plant seedlings more
rapidly. If the extraradical mycelium is disrupted, new AM formation will
depend mainly on the slow growth of infective hyphae from spores or colonised
root fragments. In soils that are less disturbed, the increase in AM colonization is
commonly, though not always (McGonigle et al., 1999) associated with a
comparative advantage to plants in the early growth period.

Agricultural practices that maximise utilisation of naturally occurring
symbiotic organisms such as arbuscular mycorrhizal fungi (AMF) are desirable,
due not only because of the impracticality of inoculating on large scale in a
relatively harsh environment but also to aid development of a greater under-
standing of the significance of AMF diversity in the Mediterranean region
(Abbott et al., 1995).

Some of the most important challenges in AM research include the need to
find good and practical methods to describe communities and the identification
and evaluation of functional fungal biomass in relation to effectiveness in
nutrient acquisition. The need for strategies involving cross-disciplinary research
for solving these questions becomes increasingly evident, and results are now
emerging which are based on integration of molecular, physiological and
ecological approaches (Jakobsen et al., 2004).

Our research investigated if conventional tillage and no-tillage regimes
produce any effect on the mycorrhizal colonization of winter cereals in
Mediterranean climate under a particular rotation (wheat, triticale, sunflower).
We used a combination of field trials, pot experiments and molecular biology
studies to determine the effects of soil cultivation on plant performance, AM
colonization and on the AMF diversity. The data from this work will help to
inform on the best soil management practices to improve the natural occurring
inoculum, thereby establishing a hopefully more productive and definitely more
sustainable agriculture systems.
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Material and methods
Experiment 1

In Alentejo region (southern Portugal, 38°28 N - 7°28 W) a field experiment was
conducted to examine the effect of conventional tillage (CT) versus no-till (NT)
on the evolution of AM colonization of wheat and triticale as winter crops of a
particular rotation, during the vegetation period. The soil is a Luvisol (pH 5 to 6,
P content 14 to 28 ppm in CT, 18 to 44 ppm in NT) and the experiment was
design as a split plot design with tillage as main treatment, 6 plots replicated 3
fold. Four plants were sampled from each plot every two 2 weeks from March to
June. AMF % root colonization was accessed (Giovanneti and Mosse, 1980) in 3
sub-samples.

Experiment 2

Field and climatic variability limit the ability to isolate the influence of each
factor contributing to the plant development. To understand if the differences in
colonization observed under field conditions have any effect on plant
performance, the use of pot experiments under controlled conditions was adop-
ted. In pot experiments the objective was to promote indigenous mycorrhizal
development within the soil and to establish a differential potential through
contrasting soil disturbance by passing the soil through a 4 mm sieve
(McGonigle and Miller, 2000).

The soil was collected on the field experiment site (pH 6,2, P - 25 ppm, total
N% - 0,06, NO; - 14 ppm, OM % - 0.6 ), air dried and sieved (4mm). The
experiment was conducted under greenhouse conditions with 6 1 plastic pots.
Four pre-germinated wheat seeds were sown into each of the 24 pots and 5 days
later thinned to two plants per pot. Three weeks after emergence shoot high and
dry weight were evaluated. In half of the pots the soil was removed as two 10 cm
layers and passed separately through a 4 mm sieve. All root material separated
on the sieve was cut into 2 cm long segments and mixed into the soil of the
appropriate layer. Soil was repacked in the pots and arranged in the same two
layers. In the other twelve pots the soil remains undisturbed. More pre-
germinated seeds were then added to each of the 24 pots and a new cycle
initiated. In each cycle, except the last, one week after transplant, ammonium
nitrate (50 pug N/g dry soil) was applied (1.7 ml of 1M solution of NH4;NO;
diluted on 100ml of distilled water). After the last cycle AMF % root
colonization (McGonigle et al., 1990) was accessed in 3 sub-samples per pot.

Experiment 3

Recently rDNA sequences from the Glomeromycota have been amplified
successfully from DNA extracted directly from field soil (van Tuinen et al.,
2004). It may be assumed that this novel approach gives a more global view of
the diversity of fungi belonging to the Glomeromycota, as it avoids the
biological bias introduced when trap cultures are used to isolate AMF (Jansa et
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al., 2002). This approach was used in order to give a global overview of the
Glomeromycota diversity in the experimental field.

Soil samples were taken from 2 adjacent field plots. The first one was
disturbed (D) with a conventional tillage and the second undisturbed (U) with no
tillage for the last 9 years. For each plot, ten soil cores of 200 ml (0-15 cm) were
mixed together in order to have a composite sample. This sample was sieved and
a subsample kept at 4°C until use.

Three 200 mg sub-samples of each plot were used to isolate total DNA
according to Martin-Laurent et al. (2001). Purified DNA was used to perform
the first PCR amplification of the 5° end of the LSU rDNA with the eukaryotic
specific primers LR1 (van Tuinen et al., 1998) and the fungal specific primer
FLR2 (Trouvelot et al., 1999). The amplification product was diluted and used
as template for the second PCR with the AMF specific primer FLR4 (Gollotte et
al., 2004) in combination with LR1. PCR amplification products were cloned
into the vector TOPO (TOPO TA Cloning Kit for Sequencing, Invitrogen)
according to the manufacturer’s instructions. Plasmid preparation was done
using the Nucleo-plasmid kit (Macherey-Nagel) and sequencing performed by
MWG Biotech-AG (D). All sequences were checked for the presence of
chimeric sequences, and aligned with ClustalW. The alignment was optimized
manually using the Se-Al v 2.0 software (University of Oxford). Phylogenetic
analyses were performed using the neighbour joining (NJ) algorithm included in
the ClustalW programme, using Mortierella multidivaricata as an outgroups.
Positions with gaps were ignored and the reliability of the internal branches of
the NJ tree was assessed using the bootstrap method with 1,000 replicates. Tree
files were drawn using njplot (http://biom3.univ-lyonl.fr) and the sequences
grouped together in ribotypes.

Results
Experiment 1

The results obtained indicate that plants cultivated on NT plots had a higher
mycorrhizal colonization and triticale appeared to be more mycotrophic then
wheat (Fig.1). In NT plots colonization rose gradually until late spring and
dropped thereafter for both crops, following a typical colonization pattern.
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Fig. 1: Wheat and triticale AMF % root colonization in field conditions. Error bars are
standard error of mean.
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Experiment 2

After 4 cycles there was an effect of differential soil disturbance on plant height
and shoot dry weight (Fig.2). On undisturbed soil plants were significantly
higher and shoot dry weight greater.
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Fig. 2: Plant height (cm) and shoot dry weight (g) over the 4 cycles. Error bars are
standard error of mean.

Differential soil disturbance significantly affected all colonization parameters
(Fig. 3). Arbuscular (AC), vesicular (VC) and hyphal colonization (HC) were
clearly higher in undisturbed soil. The differences observed on AC and VC on 3
weeks old plants indicate that in undisturbed soil, where the extraradical
mycelium is not broken, the colonization takes place more efficiently / rapidly
(vesicles are produced only when the colonization is well stabilised) and in
greater extension.

Colonization
0,25
02
5
T 018 ® Undist.
S Dist.
L2 o1
: I
0,05 Fig. 3: Colonization parameters.
I AC - Arbuscular Colonization,
0 VC - Vesicular Colonization,
AC vC HC HC - Hyphal Colonization.
type of colonization Error bars are standard error of
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Experiment 3

After the alignment of the 5° end of the large ribosomal sub-unit covering the D1
D2 region (616 bases) of the 87 sequences, 11 ribotypes, with different frequen-
cies, were detected (Fig. 4). With the exception of one ribotype, identified as a
Scutellospora, all the other ribotypes belonged to the Glomineae, and mainly to
Glomaceae. Four ribotypes could be identified at the species level, namely G.
mosseae, G. intraradices, G. claroideum-etunicatum and G. occultum. The
ribotype corresponding to Glomus intraradices was the most abundant ribotype
found in both experimental conditions. According to the data obtained only 3 of
the ribotypes found (G. mosseae, G. intraradices and Glomus II) were present in
both soil types, 6 could only be found in undisturbed soil and 2 only in disturbed
soil.

Ribotypes Distribution

G. occult.
Scutellospora sp.
G. claroid.-etuni.
Glomus VI
Glomus V

G. intraradices
Glomus IV
Glomus I

Glomus |I
Glomus | Disturbed

G. mosseae m Undisturbed

Ribotypes

0 5 10 15 20 25 30 35

Frequence

Fig. 4: Total ribotypes found in each type of soil and its frequencies.

Discussion/conclusion

Several studies have confirmed that disrupting the living extraradical mycelium
of AMF has an influence on the subsequent rate of root colonization on plants
(Fairchild and Miller, 1990; Douds Jr. et al., 1995; Martins and Read, 1997;
Goss and de Varennes, 2002). Most of these studies also state the need to verify
this trend under field conditions, which the results obtained on experiment 1
seem to confirm.

The “mise au point” of the methodology of disturbance cycles overcame the
edaphoclimatic variability of the field work. Another important advantage of this
approach is to use the natural occurring AMF inoculum, enclosing all the
diversity and forms.

Presently the methodology of disturbance cycles is being used to evaluate
different aspects of the mycorrhization such as survival of inoculum over
summer and its ability to start new colonization in the crop season.
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The molecular data obtained so far seem to confirm that AMF are differently
vulnerable to soil disturbance, not only in terms of diversity (Oehl et al., 2003),
but also in terms of the community structure (Franke-Snyder et al., 2001), con-
sidering the differences observed in the frequency of the ribotypes present in
both soils. The ribotype diversity found in the undisturbed system is clearly
higher when compared to the disturbed system indicating that species richness
may be reduced by soil disturbance. The data obtained will allow the generation
of ribotype specific primers (Turnau et al., 2001), which will give the oppor-
tunity to follow in a more detailed study the distribution of selected taxa or
ribotypes in the roots of the plants through out the growth season.
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