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Abstract: The role of mycorrhizal fungi has special importance in the case of low soil 
moisture because the colonization of vine roots by mycorrhiza increases water and nutrient 
uptake and thus aids the avoidance of biotic and abiotic stresses of grape. Our aim was to 
investigate in the Eger wine region the changes of mycorrhizal colonization, water 
potential, and yield quality and quantity of grape roots at three altitudes, along a changing 
soil moist gradient. Our results show that the degree of mycorrhizal colonization is higher
in drier areas, which supports the water and nutrient uptake of the host plant.
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1. Introduction

The changing climate can have adverse effects on agriculture. A quite serious 
effect is the increased length and frequency of extremely hot and dry periods 
during the summer, what may considerably alter the fruiting yield of the grape. 
Due to drought, the photosynthetic activity of the berries and the leaves is reduced 
[11, 14]. Poni et al. (1994) found that drought stress causes more serious damage to 
the youngest vines. Mycorrhizal colonization is really important for plants like 
grape for this plant species has fewer fine roots that cannot net the soil intensively 
on their own [12]. The fungal partner (mycobiont) supports the water and nutrient 
uptake of the host plant while the mycobiont gets the carbohydrate necessary for 
their metabolism from the plant [31]. In the case of grape, the fungus colonizes the 
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roots intracellularly, and it forms dichotomously-branching invaginations 
(arbuscules), i.e. the roots bear arbuscular mycorrhizae (AM). The large surface 
area of the arbuscules ensures robust nutrient exchange between the plants and the 
fungus and vice versa [28]. The efficiency of the symbiosis can be described not 
only through the degree of colonization but also with the number of arbuscules on 
the colonized root stage [22, 28]. Mycorrhizal fungi are able to colonize different 
plants at the same time to form an interconnected physiological system, called 
common mycelia network [13, 30]. This develops a nutrient and water transport 
system between the several species of the vineyard [3, 7]. Typically, there is 
sufficient fungus already in the soil of the vineyards, but we can deliberately 
increase the level of colonization of the rootstocks used for the grafting.
Consequently, artificial inoculation of grafting rootstock is suggested to increase 
adaptation to the plantation site, which results in stronger initial growth [2, 15, 21].
This is especially important in the first year of the vineyard development [10].
Mycorrhizal fungi are normally occurring in the soil [6], but inoculation can 
directly increase the number of mycorrhiza near plant roots [4]. Inoculation plays a 
significant role in the success of plantation development, especially under dry 
edaphic and climatic conditions, as water and nutrient uptake are increased for the 
young vines. If soil sterilization has occurred previously, inoculation of new 
rootstock may also be recommended [18]. Inoculation of older, already producing 
plantations is not necessary. If the soil contains inoculates of the native mycorrhiza 
fungi, the artificial inoculation is not worthwhile [19]. Native mycorrhiza species 
are more effective than the artificially available inoculants, presumably because the 
native species have adapted to the local circumstances. A successfully producing 
vine indicates sufficient mycorrhizal colonization [29]. In extreme weather 
conditions – especially in case of drought –, the role of mycorrhizal fungi is more 
important: mycorrhizal colonization changes the physiological nature of vines [9].
Mycorrhizal colonization is inversely related to soil moisture:  as soil moisture 
increases, the incidence of arbuscules decreases [29]. With mycorrhizal 
colonization, grapes have a higher tolerance to drought [8, 16]. The effect on 
drought tolerance is related to the increased supply of soil moisture to the plants, 
osmotic regulation at the roots, and the altered hormone synthesis and transport [1].
In case of drought stress, the mycorrhizal colonization of the grapes increases [20, 
25]. Where there are dry steep slopes and less fertile soils, there is a higher demand 
for mycorrhizal fungi to produce quality wines than in the case of more fertile or 
gently sloping soils having a more optimal retention of soil moisture [26, 32]. The 
aim of our experiment was to investigate the effect of inland water inundation – as 
a stress factor – of a two-year period (2011 and 2012) on the mycorrhiza 
colonization of grape roots, to study the effects of the inland water as stress factor, 
under field conditions.
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2. Materials and methods

The Eger wine region is situated on 22,160 hectares in the northeast part of 
Hungary. The Eger wine region has almost 1,000 years of grape growing tradition. 
Our experiment was carried out in a plantation next to the city of Eger, which is the 
centre of the wine region. Three sets of experimental blocks were delineated at 
three different elevations along the slope of the sample vineyard (Fig. 1.). Samples 
were taken from the same plots in the spring and autumn. In addition to 
mycorrhizal colonization, yield and the stum quality were measured. The vine 
variety investigated was a Pinot Noir grafted on Teleki-Kober 125 AA rootstock, 
planted in 2001. The lowest part of the plantation had not been cultivated for 
decades before the vine establishment because the roughly 1000 m2 area was often 
covered with standing water. The soil of the plantation is a Ramman brown soil, 
which is a clay type. Due to the high level of precipitation in 2010 (Tab. 1.), the 
low-lying area was covered with inland water until the end of 2012.

Tab. 1. Meteorological parameters

Monthly precipitate (mm) Yearly 
precipitate 

(mm)

Solar 
heat       

(Tmax 
30°C)Year March April May June July August

2010 10.2 53.5 167 98.9 166.4 62.5 924.6 24
2011 35.6 10.5 26.2 68.9 90.2 20.7 349.2 25
2012 0 40.1 38.8 75 107.6 5.4 493.5 42

Reference: www.metnet.hu

Block I was near the part of the vineyard covered with standing water. Blocks 
II and III were set progressively higher up the slope with the last one near the top 
of the vineyard, i.e. the crest of the slope. Each block contained four replications 
(4x25 vines in each block).
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Fig. 1. The experimental blocks in the Eger wine-region

In 2011 and 2012, fine root samples were collected from 16 vine plants from 
each block after flowering and in the autumn (so, altogether 196 grapevines were 
sampled). The fine root segments were washed in distilled water, and stored in 
70% ethanol. Before examination, the root sections were stained with aniline blue. 
Mycorrhizal colonization was determined on randomly selected root fragments 
using the method described by McGonigle et al. (1990) as modified by Schreiner 
(2003). The roots were mounted in parallel lines on the microscope slides. The 
proportion of colonization was determined under light microscope by assessing 
intersections between root fragments and the eyepiece micrometer at 2.5 mm 
increments. If the fragment contained hyphae and/or arbuscules, it was defined as 
colonized. Because the efficiency of the symbiosis can be described best by the 
number of arbuscules on the colonized root stage [22, 27], we also documented the 
number of arbuscules together with the colonization evaluation for the investigated 
root sections. For 2012, the water potential of the grapes was measured at the three 
different elevations [24]. We used the SPKM 4000 (Skye Instruments Ltd.) 
pressure chamber instrument, which can measure between 0 and 4 mPa. The 
measurement was carried out in the summer of 2012, on a hot, sunny midday. We 
collected eight leaves from each block.

The results were statistically analysed with the SPSS programme’s One-Way 
Anova and Fisher’s exact tests.
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3. Results and discussion

However, the precipitation of 2010 (Tab. 1.) induced inland water till the end 
of 2012; the standing water and high water table destroyed all the grape plants in 
this area. The lowest lying block (Block I) was adjacent to this area so as to 
describe the significant differences regarding water potential of the plants between 
the three blocks (Tab. 2.). This is evident in the relief photo of the area. 

Tab. 2. Water potential of the leaves (2012.08.19.)

Blocks Water potential (mPa)

I. 1.31

II. 1.41

III. 1.54

Sign. 1 I-II I-III II-III

+ * * *
1Difference between the averages investigated with Tukey-test (p<0.05)

n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0.005

The results show that in the spring of 2011 there was difference in the number 
of arbuscules between blocks (Tab. 3). The mycorrhizal and arbuscular 
colonization did not differ significantly.

Tab. 3. Investigation of the root segments, 2011 spring

Blocks Colonization (%) Arbuscular colonization
(%)

Number of arbuscules 
(pieces)

I. 76 30 59
II. 79 36 78
III. 81 34 81

Sign. 1 I-II I-III II-III I-II I-III II-III I-II I-III II-III

n.s. n.s. n.s. n.s. n.s. n.s. + + n.s.
1Difference between the averages investigated with Tukey-test (p<0.05)

n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0.005

During the investigation of the roots sampled in the autumn of 2011, we found 
significant difference in colonization between blocks I and II, I and III, and in the 
number of arbuscules we again found difference between blocks I and II and I and 
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III (Tab. 4). The arbuscular colonization percentage did not show significant 
difference between the blocks.

Tab. 4. Investigation of the root segments, 2011 autumn

Blocks Colonization (%) Arbuscular colonization
(%)

Number of arbuscules 
(pieces)

I. 53 58 91
II. 64 66 158
III. 73 62 140

Sign. 1 I-II I-III II-III I-II I-III II-III I-II I-III II-III

+ + n.s. n.s. n.s. n.s. * * n.s.
1Difference between the averages investigated with Tukey-test (p<0.05)

n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0.005

We found differences between the blocks in the spring sampling of 2012 
(Tab. 5). Our results show significantly higher rates of the mycorrhizal 
colonization and number of arbuscules in the higher altitude blocks than in the 
lowest lying block near the moist area of the vineyard.

Tab. 5. Investigation of the root segments, 2012 spring

Blocks Colonization (%) Arbuscular colonization
(%)

Number of arbuscules 
(pieces)

I. 46 31 48
II. 62 37 97
III. 64 38 105

Sign. 1 I-II I-III II-III I-II I-III II-III I-II I-III II-III

* ** n.s. n.s. n.s. n.s. * * n.s.
1Difference between the averages investigated with Tukey-test (p<0.05)

n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0.005

Our results are in agreement with those of [26, 32]: the grape definitely needs 
the support of the mycorrhizal colonization on dry and sloped sites, as well as on 
those of low humus content. The results also confirm those [8, 16] who observed 
that drought periods with low precipitation can increase the amount of mycorrhizal 
colonization and therefore contribute to the vine tolerance of drought stress. 
Almost every investigation has found a higher number of arbuscules at higher 
elevations of the slopes. At the beginning of our work, the first block was adjacent 
to the inland-water-covered part of the vineyard, so, the soil water content was high 
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and the soil gas content was low for the grapevines. These conditions have 
probably contributed to the low colonization level of these vine roots as well. Here,
the vine plants may not need the help of the fungus to improve their water uptake. 
As soil moisture content is more available to the vines, the frequency of the 
arbuscules decreases [29]. Mycorrhizal colonization is less common in the case of 
irrigated vineyards where soil moisture is maintained near an optimal level [27].
Supporting water uptake is not the only function of the hyphae. The arbuscular-
mycorrhizal fungus has an effect on the water storage capacity of the soil and the 
stability of soil aggregates by the ability of fungal hyphae to entwine the soil 
particles with the aid of a special compound, glomalin, produced by arbuscular 
mycorrhizal fungi [34]. 2012 was a dry year in Eger and the standing inland water 
evaporated from the lowest part of the vineyard. In the autumn of 2012, we did not 
measure significant difference in the number of arbuscules between the three 
blocks, but in terms of arbuscular colonization we saw significant differences in the 
favour of Block I. (Tab. 6).

Tab. 6. Investigation of the root segments, 2012 autumn

Blocks Colonization (%) Arbuscular colonization
(%)

Number of arbuscules 
(pieces)

I. 75 44 72
II. 74 32 69
III. 82 30 75

Sign. 1 I-II I-III II-III I-II I-III II-III I-II I-III II-III

n.s. n.s. n.s. + * n.s. n.s. n.s. n.s.
1Difference between the averages investigated with Tukey-test (p<0.05)

n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0.005

Table 7 shows us the comparison of the initial and the last examined periods. 
The changes marked in bold numbers in the case of Block I are quite important in 
the context of the decrease of the inland water during the two-year period. In 
accordance with [25], the frequency of the arbuscules tends to indicate the 
efficiency of interaction between grape and fungus. Due to the mycorrhizal 
colonization, grapes have a higher tolerance to drought [8, 16]; so in the case of our 
open-field trial, the results are confirmed.
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Tab. 7. Comparison of the investigated blocks

2011 spring and 2012 autumn

Examined indices
2011 / 
spring

2012 / 
autumn

2011 / 
spring

2012 / 
autumn

2011 / 
spring

2012 / 
autumn

I. I. II. II. III. III.
Mycorrhizal 

colonization (%) 76 75 79 74 81 82

Arbuscular 
colonization (%) 30 44 36 32 34 30

Number of 
arbuscules (pieces) 59 72 78 69 81 75

Most likely, the decrease of the soil moisture content contributed to the 
increased arbuscular colonization. Moreover, because of the previously 
unfavourable soil conditions, the nutrient uptake was limited in the first two years, 
and the increased AM colonization enabled the uptake of the previously 
unavailable nutrients (due to the saturated state of the soil) to nutrients available to 
the vines. Our results regarding the mycorrhizal colonization correlate with the 
measured yields. In 2011, the yield, the number of bunches and the average bunch 
weight was significantly lower in the case of Block I than the in the case of the 
others (Tab. 7). The differentiation of buds occurs in the previous year (Bényei et 
al. 1999), so the unfavourable circumstances in 2010 (lack of air in the soil, inland 
water inundation and less sunlight (due to overcast and cloudy skies)) had a 
negative effect on the number of bunches and yield in the following year.

Tab. 8. Yield, 2011

Blocks Averaged weight 
of the bunches (g)

Number of bunches 
(bunch/vine)

Yield of 16 vines 
(kg)

I. 106.4 11.4 19.4
II. 138.3 18.4 40.9
III. 148.3 15.6 37.1

Sign. 1 I-II I-III II-III I-II I-III II-III I-II I-III II-III

* ** n.s. *** ** n.s. ** ** n.s.
1Difference between the averages investigated with Tukey-test (p<0.05)

n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01; ***=p<0.005
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Tab. 9. Yield, 2012

Blocks Averaged weight of 
the bunches (g)

Number of bunches 
(bunch/vine)

Yield of 16 vines 
(kg)

I. 75 44 72
II. 74 32 69
III. 82 30 75

Sign. 1 I-II I-III II-III I-II I-III II-III I-II I-III II-III

n.s. n.s. n.s. + * n.s. n.s. n.s. n.s.
1Difference between the averages investigated with Tukey-test (p<0.05)

n.s. = no significant difference; + = p<0.1; * =p<0.05; **=p<0.01 ; ***=p<0.005

Micorrhyza fungi help not only water uptake but nutrient uptake as well [25]; so,
the low number of arbuscules correlates with the reduced differentiation of the 
buds. The drier weather of 2011 and the disappearance of the inland water had a 
positive effect on bud differentiation. Yet, more bunches were observed at higher
altitudes than were counted on the inland-water-covered block, but the yield was
not found to be significantly different (Tab. 9). The regeneration of the vine is 
indicated by increases in the number of bunches and so the increased activity of the 
mycorrhiza measured as the number of arbuscules.

4. Conclusion

The results of our experiment were confirmed by results from other experts, 
which had been carried out in most cases under greenhouse conditions. Our work 
was a field trial and its importance is that mycorrhizal colonization was 
investigated under the effect of more extreme conditions and predictions from 
controlled experiments were confirmed in the actual vineyard site and across its
variable soil. The results show the relevance of the microorganisms (in this case,
the mycorrhizal fungi) in the balanced life of the grapevine, especially under 
extreme weather and site conditions, and in the practice of the organic farming.
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