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Abstract
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A two year-experiment was carried out to study an effect of root inoculation with arbuscular mycor-
rhizal (AM) fungus on soil mineral concentrations and soil microbial activity in grapevine (Vitis vini-
fera) cv. “Cabernet Sauvignon” cultivated in Chile. Plants were inoculated with a commercial granu-
lar inoculant (Mycosym Tri-ton’) and cultivated in 20 L plastic pots filled with an unsterilized sandy
clay soil from the Vertisols class under climatic conditions of Curicé (34°58” S; 71°14” W; 228 m ASL),
Chile.

Soil analyses were carried out at the beginning of the study and after two years (four samples of
rhizospheric soil for each treatment) to assess the effects of mycorrhizal infection on soil mineral
concentration and physical properties. Soil microbial activity was measured by quantifying the soil
production of CO, in ten replications of 50 g of soil from each treatment. Root mycorrhizal infection
was assessed through samples of fresh roots collected during 2005 and 2006. Fifty samples for each
treatment were analyzed and the percentage of root length containing arbuscules and vesicles was
assessed.

During both years (2005 and 2006) all treatments showed mycorrhizal infection, even the Control
treatment where no AM was applied. Mycorrhizal colonization did not affect the soil concentrations
of N, P, K, Ca, Mg, K, Ca, Mg, Mn, Zn, Cu, Fe, B, organic matter, pH/KCl and ECe. Soil CO,-C in vitro
production markedly decreased during the period of the study. No significant differences where de-
tected among treatments in most cases.

VA-mycorrhiza, Vitis xvinifera, inoculation, soil microbial activity.
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The study and management of microbial interac-
tions in the soil-plant interfaces plays a key role in
modern low-input-based agro-technologies (Barea
et al., 2002). Among these new technologies we can
find the use of microbial inoculants like arbuscu-
lar mycorrhizal (AM) fungus, which can be applied
as bioprotectors, phytostimulators or biofertilizers
(Gianinazzi et al., 2002). Grapevines form mutua-
listic symbioses with arbuscular mycorrhizal (AM)
fungi. The fungal symbiont becomes a major inter-
face between the soil and plant, playing an essen-
tial role in plant nutrient acquisition/development
and in plant/soil protection against environmental
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stresses (Gianinazzi et al. 2002). The beneficial ef-
fects of arbuscular mycorrhizal inoculation with re-
spect to grapevine growth, yield and the nutritional
status have been reported by several authors (Caglar
and Bayram 2006, Karagiannidis and Nikolaou 1999,
Biricolti et al., 1997, Karagiannidis et al., 1995). My-
corrhizal fungi have shown to be specially impor-
tant in sustainable agriculture systems like organic
or integrated production. In these kinds of systems
effective production requires the crop to have access
to nutrient and water and to be maintained relatively
free of the adverse impact of pests and diseases, but
with minimal recourse to added inputs (Atkinson et
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al., 2002). Microbial activity can play a key role in sus-
tainable agriculture systems due its potential to recy-
cle nutrients, improve plant nutrition, and reduce
or substitute the application of industrial fertilizers
(Alarcén et al., 2002; Velasco et al., 2001). Microbial
activity is regulated among other factors by the na-
ture and composition of the microbial community
of soils (Alexander, 1991).

The objectives of the investigation were to study,
for grapevine (Vitis vinifera) cv. “Cabernet Sauvignon”,
the effects of root inoculation with mycorrhizal
fungi (genus Glomus) on soil mineral concentrations
and soil microbial activity in Chile.

MATERIALS AND METHODS

Location

The study was carried out between 2005 and 2006
at the Experimental Station of the Department of
Agronomy and Forestry, Universidad Catélica del
Maule, located in central Chile (34° 58~ S;71° 14" W;
228 m ASL). An unsterilized sandy clay soil from
the Vertisols class with a total humus content of
631 %, ECe: 0.173 dS mand pH/H,O 5.62 was used
for the study. The soil was sieved (2 mm) and mixed
with sand at a ratio of 1:1.20 kg of the resulted sub-
strate was employed for every plant. The mineral
content of the soil (mg kg!) was: P-Olsen (35.0), K
(149.0), Ca (672.0), Mg (102.0), Fe (113.5), Mn (3.18),
Cu (2.78) and B (1.24). Organic matter: 631 %, ECe:
0.173 dS m™. The soil was not fertilized. Vines were
planted during late March 2005 in 20 L plastic pots.
10 plants cv. “Cabernet Sauvignon” (one-year-old)
were utilized for every treatment. Plants were ino-
culated with a commercial granular inoculant (My-
cosym Tri-ton’). The inoculant was composed of AM
from the Glomus genus and was made with spores
and small pieces of mycorrhizal roots fixed on a mix
of perlite and sand. The inoculant was mixed with
the soil at different depths to assure a direct con-
tact with the roots. The following treatments were
applied: Control, T1.- Inoculant 2.5 ml/plant, T2.-
5.0 ml/plant, T3.- 10.0 ml/plant.

Measurements

1. Root mycorrhizal infection. Samples of fresh
roots were taken on 28. 09. 2005, 28. 11. 2005 and
16.01.2006 and cutinto 1.0 cm segments. All seg-
ments of each treatment were massed together,
cleared with 2% KOH, and stained with tripan
blue (Phillips and Hayman, 1970). Fifty samples
for each treatment were analyzed and the per-
centage of root length containing arbuscules and
vesicles was assessed by the gridline-intersect
method (Giovanetti and Mosse, 1980), mounted
on microscope slides and estimated by observa-
tion with 200 X magnification.

2. Soil chemical and physical analyses. Soil analy-
ses were carried out at the beginning of the study
and after two years (four samples of rhizospheric
soil for every treatment) to assess the effects of

mycorrhizal infection on soil mineral concentra-
tion and physical properties. Analysis included:
N total (micro-Kjehldahl with salicylic acid), P
(NaHCO,-extractable, 0.5M, pH 8.5), exchan-
geable K, Ca and Mg (CH,COONH,, pH 7), Zn,
Fe, Cu, Mn (DTPA method), soluble B in boiling
water, organic matter (H,SO, and K,Cr,0, oxi-
dation), pH/KCI and electrical conductivity of
the saturated paste extract (ECe).

3. Soil microbial activity. Microbial activity in
the soil was measured by quantifying the soil
production of CO, in ten replications of 50 g of
soil from each treatment. The soils were deposi-
ted in glass flasks with screw-on covers and incu-
bated at 25 °C for four weeks. The soil moisture
was adjusted to 35 % at the beginning of the as-
say and after cach reading. CO, was measured
every week. 5 ml NaOH 1N and a small strip of
filter paper were used for the absorption of CO,.
These were placed in a test tube inside the glass
jars. New solution and paper were used for each
determination. Carbonate was precipitated with
2% barium chloride, and the excess of NaOH
was titrated with hydrochloric acid, using phe-
nolphthalein as indicator (Pochon and Tardieux,
1962). The quantity of CO, produced was ob-
tained using the formula of Stotzky (1965) and
was expressed in mg of C-CO, for g of soil. Based
onthe C-CO, produced and the percentage of or-
ganic matter of every sample, the rate of minerali-
zation for every week was calculated.

Experimental design and statistical analysis.

A completely randomized experiment was de-
signed for the study. Four different treatments were
carried out. Every treatment consisted of ten plants,
with each single plant as replication. The obtained
results were subjected to analysis of variance, and
Tukey's multiple range test was employed in the case
of significant differences. All statistical analyses were
performed using the TMP Statistical Software.

RESULTS AND DISCUSSION

Root mycorrhizal infection

During both years (2005 and 2006) all treatments
showed mycorrhizal infection, even the Control
treatment where no AM were applied (Tab. I). These
results reflected the presence of native mycorrhizas
in the soil of the study, with activity in roots of grape-
vines. The greater degree of root infection was ob-
served in treatment T3 (Highest doses of innoculum).
The percentage of root length infected increased
markedly during the second yearin most of the cases,
even in the control treatment (6.0 % — 16.8 %). These
results indicated that the natural population of my-
corrhiza of the soil may increase from year to year if
appropriate conditions are given (minimal soil dis-
turbance, no application of soil herbicides, adequate
fertilization among others). According to the results
of this study the AM fungus contained in the inocu-
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lant seems therefore to be able to infect grapevine
roots, and the responses are significantly greater
than the control without application. One applica-
tion of the inoculant at the moment of plantation
appears to be sufficient, if colonization has ocurred
successfully, to secure mycorrhizal root coloniza-
tion, butno great differences (increase or decrease of
the infection) occur from year to year once the pro-
ducts have been applied.

Soil chemical and physical properties

Mycorrhizal colonization did not affect the soil
concentrations of N, P, K, Ca, Mg, K, Ca, Mg, Mn, Zn,
Cu, Fe and B (Tab. IT and I1I).

These results agree with those of Xinshu and Run-
jin (1990), who worked with an unsterilized soil cul-
tivated with Malus hupehensis seedlings and inocu-
lated by AM mycorrhizal fungi (Glomus versifome and
Glomus macrocarpum). Mycorrhizal inoculation also
did not influence most of the minerals concentra-
tion in the soil of this study.

T: Mean mycorrhizal infection in roots of grapevine cv. “Cabernet Sauvignon” (various dates)

Date of evaluation
Treatments
28.09.05 28.11.05 16.01.06
Control 6.0b 8.0c 16.8 bc
T1:2,5 ml/plant 6.0b 17.2b 14.8 ¢
T2:5,0 ml/plant 144 a 29.6a 23.2b
T3:10 ml/plant 17.6a 24.0 ab 34.8a

Values marked by the same letters in column are not statistically different (P <

0.05) according to Tukey’s test.

IT: Mineral content (macroelements) in the experimental soils

Macroelements (mg kg-!)
Treatments
N P K Ca Mg
Control 8.6a 34.0a 125.6 a 1160 a 1342 a
T1:2,5 ml/plant 13.6a 34.0a 141.0a 1200 a 146.4 a
T2:5,0 ml/plant 123 a 33.6a 1523 a 1180a 13424
T3:10 ml/plant 1232 31.6a 147.0a 1240 a 146.4a

Values marked by the same letters in column are not statistically different (P <

0.05) according to Tukey’s test.

I11: Mineral content (macroelements) and some physical properties in the experimental soils

Microelements (mg kg') Physical properties
Treatments
Mn Zn Cu Fe B O.M. pH CE(dSm™)
Control 29a 73a 3.0a 1193 a 12a 5.8a 5.62 0.la
T1:2,5 ml/plant 3.8a 9.4a 2.8a 1113a 1lla 55a 57a 0la
T2:5,0 ml/plant 3.82a 9.8a 29a 110.1a 12a 55a 5.6a 0la
T3:10 ml/plant 33a 89a 2.8a 1075a 12a 59a 57a 0la

Values marked by the same letters in column are not statistically different (P < 0.05) according to Tukey‘s

test.

Microbial activity

Results are presented in figures 1 and 2. Soil
CO,-C in vitro production markedly decreased du-
ring the period of the study. No significant diffe-

rences were detected among treatments in most of
the cases. In some cases Soil CO,-C production was
lower in soils from inoculated plants. These results
are difficult to interpret. More research is needed in
this area.
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CONCLUSIONS the studied elements and the aforementioned physi-

cal properties of the soil. In most cases inoculation
did not influence soil CO,-C in vitro production and
the rate of mineralization.

The studied biopreparation has the capacity to
colonize and persist in the roots of grapevine (Vitis
vinifera) cv. “Cabernet Sauvignon”. Mycorrhizal co-
lonization have no effect on soil concentrations of

SOUHRN
Obsahy mineréalnich zZivin v ptidé€ a ptidni mikrobidlni aktivita u vinné révy naockované
arbuskularni mykorhizni houbou (AM) v Chile

Dvoulety experiment byl uskute¢nén s cilem zjistit efekt inokulace kofenti arbuskuldrni mykorhiz-
ni houbou (AM), jeji vliv na koncentraci zivin v padé a ptidni mikrobidlni aktivitu u vinné révy (Vitis
vinifera) cv. ‘Cabernet Sauvignon’ p&stované v Chile. Rostliny byly nao¢kované granulovanym inoku-
lantem (Mycosym Tri-ton®) a kultivovany ve 20L plastovych nddobach s nesterilizovanou pis¢ito-ji-
lovitou ptidou z t¥idy vertisolti v klimatickych podminkach mé&sta Curicé (34° 58 j.3,; 71° 14" v. d.;
228 mn.m.), Chile.

Analyza ptidy byla provedena na po¢itku pokusu a po dvou letech (¢tyti vzorky rhizosferni ptidy
z kazdé varianty) z dtivodi zjisténi vlivu mykorhizni infekce na obsah Zivin v ptid€ a n&které fyzikal-
nivlastnosti. Piidni mikrobidlni aktivita byla uréena pomoci mé¥eni produkce ptidniho CO,, a to de-
setkrit z 50 g ptdy z kazdé varianty. Infekce kofentt mykorhizou byla zkoumana ze vzorkt éerstvych
koFenti odebranych béhem let 2005 a 2006. Bylo analyzovino padesét vzorki z kazdé varianty a byla
procentudlné vyhodnocena délka kofenti majici arbuskuly a vesikuly.
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Béhem obou let (2005 a 2006) byla prokdzana mykorhizni infekce, i pfes to, Ze u kontrolniho vzorku
nebyla mykorhiza aplikovana. Mykorhizni kolonizace neovlivnila koncentraci zivin v ptidé - N, P, K,
Ca, Mg, K, Ca, Mg, Mn, Zn, Cu, Fe, B, organické hmoty, pH/KCl and ECe. Ptdni CO,-C in vitro produk-
ce se viditeln€ snizila béhem pritb&hu pokusu. Ve vEtsing pFipadt nebyly pozorovany signifikantni

diference mezi variantami.

VA-mycorhiza, Vitis xvinifera, inoculace, ptidni mikrobidlni aktivita
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