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Abstract

Mycorrhizal fungi are able to create hyphal networks between the roots of the
plants in natural ecosystems, having an important role in the transfer processes and the
regulation of nutrient allocation and providing a major nutrient-absorbing interface

between plants and soil.

Oscillating values of colonization and development structures can be linked
into clusters, providing a realistic image of the mycorrhizal development inside the root

cortex of clover.

Colonization in roots of Trifolium repens is composed of a strong colonization
phase, a transfer phase simultaneously with a strong development of mycorrhizal
structures in roots, and a restrictive phase for colonization.

Keywords: mycorrhizal colonization,

vegetation sequences.
INTRODUCTION

Mycorrhizal associations vary
in structure and function, being
necessary symbionts in the roots of
most  evolved plants. Many
cultivated species from a total of
80% of higher plants are able to
develop symbiotic partnership with
fungi colonized plants having a
development at least three times
faster than the uncolonized ones
(TRESEDER, 2013, STOIAN,
2011).

Through hyphal networks
developed by mycorrhiza is created
an interface between plant and soil
(JOHNSON et al., 2001), the main
benefit for the host plant, being the
increase in assimilation of nutrients,
especially phosphorus which is

controlled environment, fungal strategy,

hardly accessible (KAISER et al.,
2014). Also, vesicular-arbuscular
mycorrhizas can increase nitrogen
accumulation in the tissues of the
host plant as a result of hyphae
competition for mineralized organic
nitrogen.

At a large scale mycorrhizas
are able to reduce inputs in
ecosystems, optimizing the
nutritional cycles, reducing negative
environmental impact and ensuring
increased production. During the
concomitant evolution with higher
plants mycorrhizal fungi became an
indispensable component of
ecosystems (DU et al., 2009,
McCORMACK et al, 2014,
XIANG et al., 2014).
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MATERIAL AND METHOD

The experiment was placed
in the controlled environment of
greenhouse  of  University of
Agricultural Sciences and
Veterinary Medicine Cluj in order
to observe mycorrhizal colonization
parameters. Symbiotic parameters
were analyzed separately on short
sequences of vegetation in order to
create a complete image on
installing and progress of fungal
hyphae in roots of Trifolium repens
plants.

RESULTS AND DISCUSSIONS

Between frequency,
intensity of colonization and
arbuscules abundance in the root
system of plants Trifolium repens
and vegetation sequences is created
a series of connections highlighting
the behavior of mycorrhizal fungi in
relation to the root system of the
host plant (figure 1). At 10 days
after emergence mycorrhizal fungus
colonize takes about half of the root
system (F = 52.22%) but with an
intensity of only 2.07% and 0.11%
arbuscules abundance. An increase
of colonization parameters sequence
vegetation is seen from 20 days
reaching a value of frequency of
100%, which remains stable up to
70 days after emergence. During the
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For the established
experiment variants harvesting was
done gradually at an interval of 10
days of each other starting at 10
days from plant emergence,
covering a period of 150 days.

For the establishing of
experiment a terra rosa soil type
was used.

For the elaboration of
dendrogram all experimental data
were processed with  Statistica
software (STATSOFT, 2012).

same period, the intensity of the
colonization increase up to 76.17%
at 20 days and 71% at 30 days, then
decreasing to a value of 42.28% at
70 days after emergence of the
plants, while the arbuscules
abundance increases up to a value of
28.60% at 20 days and 35.84% after
30 days, but falls to 0.13% during
the 50-day sequence, and increases
again to a value of 14.66% at 70
days. Compared to the decreasing
trend of colonization intensity, the
sequence of 60 days make an
exception, with values of 62.67%
(higher than the sequences of 50 and
70 days), but with a lower
arbuscules abundance of only
0.13%.
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Fig. 1. Values of frequency (F%), intensity (1%) and arbuscules abundance (A%)

The moment of
colonization establishment in the
root system is evidenced by the low
values of frequency and intensity of
colonization,  respectively  the
arbuscules abundance. With the
growth and development of plants,
the absorption of nutrients relies
mostly on mycorrhizas and causes a
steady growth of the root system.
This phenomenon positive affect
mycorrhizal colonization, increasing
the frequency with which fungi
colonize newly formed roots and
reaching a 100% presence of the
hyphal network on the surface of
root endoderm within 20-70 days
after emergence (figure 1). As for
the intensity of the colonization at
the same period, the values fall
between 40 and 80%, decreasing
from the value recorded in the
sequence of 20 days, while the
increase  in  the  arbuscules
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abundance in the system during
vegetation sequences 2 and 3, which
highlight the maximum
developmental stage of the root
system and mycorrhizal symbiont.
The high percentage of arbuscules
in the system indicates an intense
process of transfer of nutrients
between the two symbionts. The
interval 80-120 days is marked by a
decrease in the frequency of
colonization, compared with the
previous quarter, up to a value of
66.67% for 80 days sequence, rising
to 100% range value 90-120 days.
Colonization intensity fluctuates
from a value of 8.87% for 80 days,
increasing to a value of 64.60%
within 90 days, decreasing to a
value of 20.11% (to 100 days) and
reaching the from 76.11% at 120
days after germination, while high
values of arbuscules abundance
were registered at sequences of 90
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and 120 days (36.69% and 52.07%),
and low values at 80 and 100 days
(2.42% and 1.61%).

Fluctuation of colonization
parameter values indicate a series of
transformations in the life cycle of
the symbionts, structures production
during sequences of 70, 90 and 110
being oriented to arbuscules more
than hyphae. The sequences of 80
and 100 days were characterized by
vesicles formation and storage of
nutrients accumulated in these
structures. Vegetation sequences
from 130 to 150 days marked a
decline in the colonization of root
system, the frequency values is
between 55% - 75%, while the
intensity of the colonization is less
than 5%, with no arbuscules
production. This indicates a change
in the structures produced by the
symbionts, which is preparing for a
sporulation stage in order to
complete the life cycle.

Dendrogram in Figure 2
shows a group of sequences of
vegetation, based on Euclidean
distances and the complete linkage
of the values of frequency, intensity
of colonization and arbuscules
abundance in the root system. From
the 15 vegetation sequences
analyzed were obtained a series of
clusters based on the relationship
between the mycorrhization values
of each sequence, respectively
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linkage between sequences. To
simplify the analysis model was
chosen  just large  clusters,
containing several pairs of related
sequences respectively their sub-
clusters that are primary subordinate
components.

Cluster A consists of two
sub-clusters primary subordinate.
Sub-cluster Al is formed from a
single growth sequence, the 100
days after emergence, differentiated
from the other sequence by high
value of the colonization frequency
and a low intensity and percentage
of arbuscules. The second sub-
cluster, A2, contains sequences
corresponding to periods of 40, 50,
60 and 70 days, grouped on the
basis of high levels of frequency
and intensity related to the low rate
of colonization of arbuscules.
Analyzing the development of
fungal  structures during the
sequences in the cluster A give it a
colonization character, fungi being
developed both at the surface and
deep in the root system. The low
arbuscules percent proves that the
interface for the transfer of nutrients
between the two symbiotic partners
has a small development, which
means that during all these
sequences between the two partners
exist a particularly intimate contact
at intercellular level, but a is very
low intracellular contact.
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Fig.2. Cluster dendrogram of vegetation sequences based on colonization parameters

Cluster B is composed of
five sequences of vegetation. On the
basis of these sequences can be
concluded that this cluster has both
colonization and a  transfer
character. The frequency values are
100% corresponding to vegetation
sequences of 20, 30, 110 and 120
days, respectively, 96.67% from the
sequence of the 90 days after
emergence (figure 1, figure 2). In
terms of the intensity of
colonization in the root system, the
value at 90 days is 64.60%,
exceeding the 70% values of other
sequences. In terms of the transfer
of nutrients, the high percentage of
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arbuscules at all sequences indicates
an intense process of transfer
between the two partners. The
increased intimate contact between
the two partners at intercellular and
intracellular levels proves that
during these sequences both
partners need to better growth and
development.

The analysis of cluster C
sequences highlight a regression
phenomenon rendering the fungal
symbiont  colonization to the
development of the root system of
the host plant. Lower colonization
frequency with values in the range
50-75%, the intensity of the
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colonization by an amount less than
10% and little percentage or
absence of arbuscules in the root
system indicates  an early
colonization at 10 days, a process of

CONCLUSIONS

For  Trifolium  repens
species colonization frequency have
maximum values during early
development stages of the root
system, but with a reduced intensity
of development in root cortex. The
arbuscular circuit fluctuates
significantly throughout the entire
vegetation period, the intracellular
interface oscillating according to the
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storage of nutrients in vesicles at 80
days and a preparation for
sporulation and the formation of
new vesicles in the interval 130-150
days after emergence.

requirements of plant nutrients. The
process of colonization in the root
system of Trifolium repens plants
consists of a phase marked by
strong colonization, a phase of
powerful transfer of nutrients
between symbionts simultaneously
with colonization of fresh roots and
a restrictive phase for the
development of the fungus.
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