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Nutrition
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LA  MYCORHIZE, 
UNE ENTRAIDE

PLANTE CHAM-
PIGNON

Sucres, vitamine B

Eau et sels
minéraux (N, P, K)

Un organe mixte racine+champignon, 
présent chez 90% des plantes
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Attaque de Phytophthora cinnamomi par inoculation sur 
Chamaecyparis lawsoniana avec ou sans Gloméromycètes.
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LA  MYCORHIZE, 
UNE ENTRAIDE

Des échanges nutritifs réciproques :

PLANTE CHAM-
PIGNON

Sucres, vitamine B

Eau et sels
minéraux (N, P, K)

Protection contre les agressions
physiques et biologiques
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Fig. 3. Quercetin content in two vegetative parts of four grape varieties.

As far as mycorrhizal treatments are concerned, the most
quercetin content estimated in stem tissues of Asgari plants inoc-
ulated with mixed AMF  strain that was significantly higher than
control as well as other fungi treatments. In Khalili, the leaf tis-
sues of grapevines inoculated with G. fasciculatum and mixed strain
and stem tissues of grapevines inoculated with G. mosseae and G.
intraradices contained significantly more quercetin as compared to
control non-inoculated plants. The significantly lowest quercetin
content in Khalili variety attributed to stem tissues of individuals
inoculated with mixed strains and G. fasciculatum. In Keshmeshi
variety, the highest quercetin content was assessed in stem tissues
of plants treated with G. mosseae and its difference with both leaf
and stem tissues of non-inoculated control plants was significant.
In the same variety, there was no significant difference between
the quercetin content of leaf and stem tissues of each AMF  treat-
ment and even compared to control plants. In Shahroodi variety,
the quercetin content in stem tissues of non-inoculated, control
plantlets was significantly higher than the rest of fungal treated
ones but the same plants inoculated with G. mosseae exhibited more
quercetin in their leaf tissues (Fig. 4).

The recorded results for interaction of grape variety and fungi
strain are shown in Fig. 5. Generally, AMF-inoculated Shahroodi
plants contained significantly higher quercetin as compared to
non-inoculated plants and the highest amount was  found in G.
mosseae-inoculated vines. On the contrary, in Asgari and Khalili
varieties, various AMF  species revealed insignificant difference
with control plants with regard to their quercetin levels. Also,
inoculated Keshmeshi vines demonstrated significantly higher
quercetin content as compared to control vines. However, the same

Fig. 5. Quercetin content of mycorrhizal grape varieties. Means followed by the
same letter(s) are not significantly different (P < 0.05) as determined by LSD test
(n  = 3).

plants treated with mixed AMF  strain had the same quercetin levels
equal to non-inoculated ones (Fig. 5).

To investigate the effect of drying plant materials on quercetin
yield, extraction was carried out from fresh as well as oven-
dried leaf tissues. Though most of the dried samples apparently
developed more quercetin yield but statistically both fresh and
dried materials were proved to be similar in this regard. It is also
evident that in Keshmeshi variety, dried materials evolved signifi-
cantly more quercetin yield as compared to fresh leaf tissues (Fig. 6).
Hence, it can be concluded that oven-drying at 40 !C for 72 h may
be considered as a useful postharvest procedure to encourage high
quercetin production.

4. Discussion

Phenols are important components of plant defense mechanism
against diseases. Phenolic compounds occur naturally in plant sys-
tem and owing to their antimicrobial properties inhibit fungal spore
germination and toxin production by pathogens (Vidhyasekaran,
1973).

In the present study, grape leaf tissues inoculated with mixed
AMF  strain showed higher quercetin content than control plantlets
as well as other AMF  treatments. This indicates the existing com-
patible AMF  communities with their host plants (Krishna et al.,
2005). The results presented in Fig. 2 demonstrated the significantly
different root colonization among four grape varieties as com-
pared to control, with highest level in Shahroodi variety. Though
the same variety revealed the highest quercetin content following

Fig. 4. Quercetin content in leaf (black) and stem (white) of four grape varieties (A, Asgari; B, Khalili; C, Keshmeshi; and D, Shahroudi) inoculated with four AMF  strains.
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Nutrition, protection et physiologie
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Mais… inoculum local et adapté ?
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Nous savons aujourd’hui que les microbes ne doivent plus seulement 
être associés aux maladies ou à la décomposition. Au contraire, ils 
jouent un rôle en tout point essentiel : tous les organismes vivants, 
végétaux ou animaux, dépendent intimement de microbes qui contri-
buent à leur nutrition, leur développement, leur immunité ou même 
leur comportement. Toujours pris dans un réseau d’interactions micro-
biennes, ces organismes ne sont donc… jamais seuls. 
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Fig. 1. AMF spore viability (%) under different rates of glyphosate, 10 and 30 days
after application. Values are means ±SE for 5 replicates. The same letter above bars
indicates that values do not significantly differ among the six treatments.

analyzed in a three-way MANOVA. When MANOVA showed sig-
nificant results, we used univariate ANOVA analysis to determine
which of the response variables were most affected by treatments
(Scheiner, 2001). Percent data was arcsine square-root transformed
(y = arcsine

!
x) before carrying out each analysis to obtain homoge-

nous variances. The significance level was set at ˛ = 0.05. Treatment
means were compared using Tukey test when significant F values
were found.

3. Results

3.1. Spore viability

Glyphosate application significantly reduced AMF spore via-
bility (F[2,24] = 85.60; P < 0.0001) (Fig. 1). The spore viability in
herbicide untreated soils was between 5.8- and 7.7-fold higher
than in treated soils. Although the impact of glyphosate applica-
tion on survival rate of L. multiflorum was statistically different
among the three rates tested (Table 1), the AMF spore viability
was not significantly different between rates of 0.8 and 3 l ha"1.
Neither sampling date (F[1,24] = 1.23; P = 0.2801), nor the interac-
tion between glyphosate rate and sampling date (F[2,24] = 0.07;
P = 0.9312) were significant, indicating that the magnitude of this
reduction was similar after 10 and 30 days of herbicide application.

3.2. Root colonization

A significant effect of sampling date and glyphosate rate was
found (but not of the interaction between them) on fungal traits
(MANOVA, Table 2). Univariate ANOVA showed that the percent-
age of root colonization was significantly lower in plants grown in

Table 2
Results of multivariate analysis of variance (MANOVA) for the effects of sampling
date and glyphosate rate on fungal traits (total root colonization, percentage of
arbuscules and percentage of vesicles).

Effect Pillai’s
trace

d.f. (numerator,
denominator)

F P-level

Sampling date (S) 0.74 3.22 21.30 <0.0001
Glyphosate rate (GLY) 0.74 6.46 4.53 0.0011
S # GLY 0.29 6.46 1.27 0.2878

Pillai’s trace was used as the multivariate criterion. For means and SE of the original
variates, see Fig. 2.

Fig. 2. Percentage of root colonization by AMF (A), arbuscules (B) and vesicles (C)
under three different rates of glyphosate, 10 and 30 days after application. Values
are means ±SE for 5 replicates. The same letter above bars indicates that values do
not significantly differ among the six treatments according to ANOVA and Tukey’s
test (P $ 0.05).

soil treated with glyphosate than in untreated soils (F[2,24] = 21.14;
P < 0.0001) (Fig. 2A). An effect of sampling date, with a higher per-
centage of root colonization 30 days post-application was also
found (F[1,24] = 61.82; P < 0.0001). No interaction occurred between
glyphosate rate and sampling date for mycorrhizal root coloniza-
tion (F[2,24] = 1.25; P = 0.3071).

Analyzing the different structures of the fungus within the
root, a decrease in percentage of arbuscules was found in plants
grown in treated soils (F[2,24] = 14.36; P < 0.0001). This reduction
was significant only between untreated soils and highest level
of glyphosate treatment (Fig. 2B). In this case, we also found an
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