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The symbiotic interaction with mycorrhizal fungi is of admirable importance for grapevines: it increases water and
nutrient uptake and thus helps to cope with biotic and abiotic stresses. Beside its above mentioned roles, the fungus
has special importance for the phosphorus uptake of the plant. Based on field trials carried out with grapevines grown
on the sandy soil of Szigetcsép (Kunsag wine region, Hungary) we studied the effect of different bud loads combined
with foliar phosphorus sprays on the degree of mycorrhizal colonization. For the determination of endomycorrhizal
colonization, fine root samples of the interspecific wine grape cultivar "Viktéria gyongye' were stained with aniline
blue and investigated under light microscope. The foliar phosphorus sprays resulted in a reduced level of mycorrhizal
colonization in case of the control bud load, but the foliar P spray treatments had a positive effect on the percentage
of the arbuscules in case of the highly bud-loaded and non-trimmed stocks. Control blocks sprayed with phosphorus
showed a lower water balance (ym) compared to the unsprayed control vines.
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Auswirkungen von Schnittstirke und phosphorhaltigen Blattdiingern auf den Mykorrhizapilzbefall der Wein-
rebe. Die symbiotische Wechselwirkung mit Mykorrhizapilzen ist fiir Weinreben von grofler Bedeutung: Sie erhoht
die Wasser- und Nahrstoffaufnahme und hilft so, mit biotischen und abiotischen Belastungen fertigzuwerden. Zu-
satzlich hat der Pilz eine besondere Bedeutung fiir die Phosphoraufnahme der Pflanze. Auf der Grundlage von Feld-
versuchen mit auf dem sandigen Boden von Szigetcsép (Kunség-Weinregion, Ungarn) angebauten Weinreben wurde
der Einfluss unterschiedlicher Schnittstirken in Kombination mit phosphorhaltigen Blattdiingern auf den Grad der
Besiedelung durch Mykorrhizapilze untersucht. Fiir die Bestimmung der Besiedelung durch Endomykorrhizapilze
wurden feine Wurzelproben der interspezifischen Rebsorte "Viktoria gyongye’ mit Anilinblau gefirbt und unter dem
Lichtmikroskop untersucht. Die phosphorhaltigen Blattdiingern fithrten bei der Kontrollvariante zu einer Reduzie-
rung der Mykorrhiza-Besiedelung, wirkten sich aber bei den ungeschnittenen Varianten und bei den Varianten mit
hoher Schnittstirke positiv auf den Anteil der Arbuskeln aus. Die mit phosphorhaltigen Blattdiingern behandelten
Kontrollvarianten zeigten eine geringere Wasserbilanz (ym) im Vergleich zu den ungespritzten Kontrollreben.
Schlagworter: Endomykorrhiza, Weinrebe, Schnittstirke
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Similarly to other host plants, mycorrhizal symbiosis, i.
e. the mutual interaction between fungi and the root of
vascular plants, also has significant importance in case
of grapevines. The fungal partner (mycobiont) sup-
ports the water and nutrient uptake of the host plant,
while the mycobiont gets carbohydrates from the plant
(SmitH and ReAD, 1997). This symbiosis is essenti-
al for the optimal development of the host plants. The
mycorrhiza forming ability of the grapevine was first
recorded by StaHL (1900). This mutualism is of spe-
cial importance for the grape since the plant has fewer
rootlets that cannot intensively net the soil (E1sSEN-
STAT, 1992). Grapevines establish endomycorrhizal
interaction with Glomeromycetes: the hyphae penetra-
te the cell wall of the root cells, and invaginate the cell
membrane thus forming intracellular fungal structures.
Within the cells of the host plant, dichotomously-bran-
ching hyphal endings (arbuscules) and in case of certain
species, storage hyphal endings (vesicles) develop. The
establishment of arbuscules considerably increases the
nutrient translocation surface (interface) between the
fungus and the root cell, so it facilitates the transfer of
nutrients between them (SCHREINER, 2005 ). Therefore,
the effectiveness of the endomycorrhizal interaction is
not revealed merely by the degree of colonization (i. e.
the number of the hyphae living within the roots), but
the number of arbuscules observed in the colonized root
fragments (PINKERTON et al., 2004; SCHREINER, 2005).
Moreover, mycorrhizal fungi have the ability to colo-
nize different plants at the same time to form an inter-
connected physiological system, called common my-
celia network (Francis and REaD, 1984; SELOSSE et
al., 2006). This develops a nutrient and water transport
system between grapes and different cover crop species
(e. g. Vulpia myuros var. hirsuta cv. Zorro (Zorro fescue)
(BAUMGARTNER, 2003; CHENG and BAUMGARTNER,
2005). The nutrient uptake of mycorrhizal plants is
also influenced by the soil characteristics, the soil cul-
tivation method and the nutrient supply. Defoliation
of the grapevines leads to a decreasing production of
carbohydrates which may lead to a decreasing mycorr-
hizal colonization (PINKERTON et al., 2004). The yield
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also closely correlates with the arbuscule number: in an
investigation on the rootstock effect, the varieties with
lower yield (e. g. 101-14 Mgt) proved to have more ar-
buscules (thus more intensely functioning mycorrhizae)
than those with higher yields (e. g. Teleki-Fuhr SO4).
The latter kind of rootstocks usually use more carbohy-
drates at ripening, so there are fewer carbohydrates avai-
lable for the mycorrhizal fungi (SCHREINER, 2003). The
symbiosis has an admirable effect on water and nutrient
thus also the phosphorus (P) uptake of the grapevine
(PossingHAM and OBBINK, 1971; KARAGIANNIDIS
et al,, 1995; RYaAN and GRAHAM, 2002; SCHREINER,
2005). Increasing the P supply can lead to the moderati-
on of the degree of mycorrhizal colonization (GEBBING
etal., 1977; KoIDE and SCHREINER, 1992; LINDERMAN
and Davis, 2001). In soils with abundant phosphorus
content, the carbohydrate demand of the mycorrhiza
is not proportional to the benefits offered by the fun-
gus. Therefore, the degree of mycorrhizal colonization
will be lower here compared to soils with phosphorus
deficiency (BAUMGARTNER, 2003). Experimental re-
sults in vineyards of Oregon resulted in reduced levels
of the mycorrhizal colonization due to foliar P sprays
(SCHREINER and LINDERMANN, 2005). According to
SCHREINER (2010), however, the small negative effect
of foliar P spray treatments on the mycorrhizal coloniza-
tion will likely have little impact on the vine physiology
and fruit quality. The climatic and edaphic conditions
and the trimming system may also influence the plant/
fungus-interaction (SIEVERDING, 1991; BHARDWA] et
al., 1997; PINKERTON et al., 2004; SCHREINER and LIN-
DERMANN, 2005). Nevertheless, the relationship bet-
ween the impacts of the different bud load and canopy
management on mycorrhizal colonization has not been
studied. Therefore, the aim of our open field study was
to investigate the effect of different bud load and canopy
management treatments, combined with foliar P spray
treatments, on the mycorrhizal colonization of grapevi-

ne roots over a two-year period.
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MATERIALS AND METHODS

The experiment was carried out in the Kunsig wine
region, on sandy soil, near Szigetcsép, in the training
vineyard and winery of the Corvinus University of Bu-
dapest, Hungary. The investigated variety was the inter-
specific, disease resistant 'Viktdria gyongye', grafted on
T-K $BB rootstocks. The vineyard was planted in 1997,
the growing space is 3 x 1 m, using single-curtain trai-
ning system. Four different treatments were set up in
the vineyard in four replications in a randomized block
design. Each replication contained 25 vines (n = 100 vi-
nes/treatment). The treatments were as follows:

C) control (low bud load: 9 buds/vine (3 buds/m?))
C+P) control with P-spraying

HL) heavy bud load: 32 buds/vine (10.7 buds/m?)
HL+P) heavy bud load with P-spraying (10.7 buds/
m?).

For foliar P treatments Fosfonin Flow foliar fertilizer
(Sumi Agro Hungary Ltd.; Budapest, Hungary) was
applied three times: at the end of the flowering (BBCH
69), at berry touch (BBCH 77), and at the phenopha-
se of ripening (BBCH 83) (2011: 14™ of June, 17 of
July, 12 of August; 2012: 11 of June, 14" of July, 16™
of August), at the dose of 1.5 1/ha. The foliar fertilizer
contained PO, (72.7 % w/w), K,0 (8.3 % w/w) and
KH,PO4 (81.0 % w/w).

Root samples were taken in spring (at the end of flowe-
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ring) and autumn (before harvest) of the years 2011
and 2012. At each occasion 16 grapevines were sampled
per treatment. Four holes were dug on the four sides of
the vines, and the fine roots (diameter: 1 to 2 mm) were
collected from the soil depth range of 0 to 50 cm. The
roots were cleaned in distilled water and fixed in etha-
nol (70 %). Before evaluation, the roots were cut into
1 cm long pieces (samples), and then the samples were
pooled in one Petri-dish per treatment. Randomly 30
samples per treatment were taken; they were stained
with aniline blue (GiaNINAZzZI and GIANINAZZI-PE-
ARSON, 1991), and investigated under light microsco-
pe using the method of MCGONIGLE et al. (1990) and
SCHREINER (2003). If in the sample arbuscules, ves-
icles, or hyphae were found, we counted it as colonized,
so we determined the mycorrhizal colonization (%).
Moreover, if the root segment contained arbuscules we
calculated arbuscular frequency (%). For 2012 the mid-
day water potential (¥m) of the vines was measured on
9™ and 23" August with a Scholander pressure chamber
instrument (SPKM 4000, Skye Instruments Ltd.; Llan-
drindod Wells, UK) (SCHOLANDER et al., 1964). We
collected from every second vine one (in all eight) sun-
lit, mature and undamaged leaves from each treatment
(ZsOF1 et al,, 2009). All results were statistically analy-
sed with One-Way Anova and Fisher’s exact test using
the software SPSS 22.

Table 1: Arbuscular-mycorrhizal colonization of the roots in the years 2011 and 2012

Treatment Mycorrhizal Arbuscular Mycorrhizal Arbuscular
catme colonization (%) frequency (%) colonization (%) frequency (%)
2011 spring 2011 autumn
C control with low bud load " 71 ab 38a 50 a 38a
C+P  control with P-spraying 61 a 33 a 80 b 34 ab
HL  heavy bud load” 73 b 20D 71¢ 27b
HL+P heavy bud load ? with P-spraying 76 ab 28 ab 50 a 31 ab
Slgn * * * *
2012 spring 2012 autumn
C control with low bud load " 49 28a 62a 32a
C+P  control with P-spraying 48 18b 67 a 22b
HL heavy bud load 52 8¢ 36 b 13 ¢
HL+P heavy bud load ® with P-spraying 50 18b 43 b 26 ab
Sign. n.s. * * *

Ylow bud load: 9 buds/vine = 3 buds/m?; ? heavy bud load: 32 buds/vine = 10.7 buds/m?

* =P <0.05; n.s. = no significant difference
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RESULTS

In the root samples collected in the spring of 2011 (Ta-
ble 1) we found significantly higher arbuscular frequen-
cy (%) of the control plants (C) compared to both the
sprayed control (C+P) and the heavy load treatments
(HL and HL+P). In the case of the mycorrhizal coloni-
zation (%) the C+P treatment showed the least effect.
The results of autumn 2011 show that compared to the
control (C), foliar P-spraying (C+P) had a negative ef-
fect on the degree of arbuscular colonization. However,
in case of the highly loaded blocks (HL and HL+P), the
P treatment increased the percentage of arbuscules (Ta-
ble 1).

For the mycorrhizal colonization we detected the hig-
hest rate in the C+P treatment. In 2012 at the first
sampling we just found significant differences in case
of the arbuscular frequency (%). The results of autumn
2012 revealed that the degree of arbuscular colonization
of the control blocks (C) was significantly higher than
that of sprayed control (C+P) and heavy-loaded (HL)
stocks. Similar to the results of 2011, the arbuscular
colonization of the high-loaded and P-treated stocks
(HL+P) was higher than that of the untreated high-loa-
ded blocks (HL). The indices of the mycorrhizal co-
lonization (%) were the lowest in the case of the C+P
and HL blocks (Table 1). Among the low bud-loaded
(3 buds/m2) blocks (C and C+P) the C+P treatment
showed a lower water balance (Ym), compared to the
unsprayed vines (C) (Table 2).

Table 2: Midday water potential (,,) of the vines

Treatment (h\/lllgla)
09.08.2012
C control with low bud load " -1.24 a
C+P  control with P-spraying -1.36 ab
HL  heavy bud load” -1.46 b
HL+P heavy bud load ? with P-spraying -1431b
Sign. *
23.08.2012
C control with low bud load " -0.925 a
C+P  control with P-spraying -1.09 b
HL heavy bud load -1.1a
HL+P heavy bud load ? with P-spraying -1.18 ac
Sign. *

Dlow bud load: 9 buds/vine = 3 buds/m>
? heavy bud load: 32 buds/vine = 10.7 buds/m’
*=P<0.05
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DISCUSSION

In 2011 the results showed significant differences bet-
ween the control (C), sprayed control (C+P), and heavy
load treatments (HL and HL+P) (Table 1). The effecti-
veness of the plant-fungus interaction is not revealed by
the mere degree of the mycorrhizal colonization, but it is
indicated by the number of arbuscules in the colonized
root fragments (PINKERTON et al., 2004; SCHREINER,
2005). The high bud load treatments (HL and HL+P)
resulted in a lower level of arbuscular colonization than
the low bud load treatments (C and C+P). The reason
is most probably the increased carbohydrate demand of
the plants, due to the increased canopy and number of
bunches. This may have resulted in a decrease in the car-
bohydrate amount available for the fungal partner. An
increased P supply can lead to the decrease of mycorr-
hizal colonization (GEBBING et al., 1977; LINDERMANN
and Davis, 2001), however, SCHREINER (2010) found
that foliar P sprays may have little effect on the degree
of the mycorrhizal colonization of the grapevine. In our
experiment, similarly to the observations of SCHREINER
and LINDERMANN (2005), foliar P sprays resulted in a
reduced level of the colonization in case of the control
bud load (C+P). Our result shows that in case of the
high bud loaded stocks the foliar sprays had positive ef-
fect on the percentage of arbuscules. Most probably the
nutrient content of the sprayed fertilizer compensated
the high nutrient demand of the overloaded vines. It
could have affected beneficially the plants’ physiological
parameters, like the intensity of carbohydrate synthesis.
Drought reduces the photosynthetic activity of both
the berries and the leaves (KOUNDURAS et al., 2008; E1-
BACH and ALLEWELDT, 1984). In case of drought, the
role of mycorrhizal fungi is even more important com-
pared to such situations when enough water is available
(DeLLAMICO et al.,, 2002). A higher colonization rate is
beneficial for the water balance of plants under drought
conditions (PossiINGHAM and OBBINK, 1971; Ka-
RAGIANNIDIS et al., 1995; RyaN and GraHAM, 2002;
SCHREINER, 2005). We found that the heavy loaded
blocks (HL and HL+P) had a lower water balance (m)
than the control (C) (Table 2).

However, the unfavourable conditions (overloaded
stocks, not trimmed canopy) could have been the main
reason for the lower water balance, but the decreased le-
vel of the arbuscules could have contributed to this phe-
nomenon (BAUMGARTNER, 2003; CHENG and Baum-
GARTNER, 2005; SCHREINER, 2005).
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CONCLUSION

The here presented results are derived from a field tri-
al with a sample area representing the soil type and the
climatical conditions of the largest wine region of Hun-
gary, the Kunsag wine region. By studying the effect of
extreme bud load and canopy management treatment
our aim was to investigate how the mycorrhizal inter-
action of the vine responds to the changing leaf area/
photosynthetic ability combined with P foliar fertilizati-
on. Under field conditions we found that heavy bud load
(10.7 buds/m?) resulted in a lower colonization, which
might be explained with the fewer carbohydrates availa-
ble for the fungi. Furthermore, we recorded that foliar P

spraying can lead to the decrease of arbuscular frequen-
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