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Executive Summary: 
I.HUNGARY 

The aim of the project is to develop fertigation methods for improving grape 
production, fruit and wine quality and vine cold hardiness. The specific research objectives are 
to study the effect of various irrigation and fertigation regimes on plant productivity, 
canopy development, wine quality (special emphasize on aroma compounds), cold 
hardiness of buds and canes. 

Following a dry spring in 1998, an extremely rainy late summer and autumn occurred in 
Hungary. The annual rainfall was far higher than the 35 years' average. 

Two methods for soil moisture measurements -tensiometer and gravimetry- were 
compared in 1998. Tensiometer readings follow more sensitively soil moisture changes, than 
gravimetric method however, the compact soil type of Eger can cause reading errors of 
tensiometers because of high swelling and shrinking capacity. 

Despite of the rainy year, irrigated and fertigated vines gave about 20 % higher yield 
than control plots. Must sugar content was slightly reduced and there was a moderate increase 
in acid content of treated vines. 

Comparing the results of two soil extraction methods (Electro-ultra-filtration and water 
saturation extract) it can be concluded, that the composition of water saturation extract 
represented the current nutrient element concentration of the soil solution, EUF extraction 
mobilized those nutrient elements fractions of the soil which were available for the plants 
during the growing season. Each method has its own advantages, but since in Hungary 
grapevine fertilization technology is based on EUF method, its results can be easier interpreted. 

Irrigation enhanced soil nutrient element availability for the plants. High phosphorus 
fertilizer doses only resulted in a small effect, a repeated liming may improve the utilization of 
phosphorus fertilizer in 1999 growing season. Because of the lower level ofN and K in the leaf 
blades at ripening, N and K fertilizer doses ought to be increased this year to. Most of N 
should be distributed earlier in the season. 

Similarly to last year (1998) there was not marked difference in the photosynthetic 
assimilate production of individual leaves of either treatment. However, greater leaf surface, 
especially at fertigated vines, contributed to higher yield of irrigated or fertigated plots. The 
difference in canopy size of the treatments was not that pronounced in 1998 due to very high 
precipitation in the second half of the growing season. 

Summarizing the observations on the volatile content of the juices (1997): There are 
practically no changes in the groups of C6 alcohols due to the treatments. Terpenenalcohols 
show some fluctuations, but the reasons are very likely not in accordance with the treatments. 

As the volatiles components of wines (1997) are concerned, the treatments did not 
cause essential changes. In certain of the esters we have observed a slight decrease at the 
samples originated from irrigated parcels, but the fertigation seems to compensate these 
differences. There are practically no alterations in the terpene compounds. 

In 1998 higher terpenealcohol contents was observed in the juices, than in the previous 
years. There are not essential changes in aldehydes, C6 alcohols and aromatic alcohols with the 
irrigation and fertigation even in cases of the longer treatments (V2, T2). 

The freezing chamber test proved to be a well working method to characterize winter 
frost tolerance of dormant buds. The T2 and the non-irrigated control remained most hardened 
at the end of the winter. This suggests that under these climatic conditions only a fertigation 
treatment may be advantageous in relatively droughty years like 1997. In 1998/99 the T2 
treatment seemed to be most balanced retaining its freezing tolerance at a relatively acceptable 
level. 
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Microwave cane water measurements well reflected vine water supply during the 
growing season and the dormancy period, although the differences were not very large in 
absolute values. Irrigation or fertigation slightly retarded cane ripening in August and 
September, although it did not have long-lasting harmful effect for the winter. 

There was no close correlation between freezing tolerance chamber test results and 
DTA determined ML TE values, but a more refined sampling practice, a more careful DTA 
measurement, a more detailed data collection and a greater mass of data (repetition) may help 
to solve this problem. There were no striking differences between treatments in BSP content 
during the 1997/98 winter and samples of the 1998/99 winter are being analyzed for BSP. 

A) Research Objectives: 

1, The overall aim of the project is to develop fertigation methods for improving grape 
production, fruit and wine quality and vine cold hardiness. The specific research objectives are 
to study the effect of various fertigation regimes on plant productivity, canopy 
development, wine quality (with special emphasize on aroma compounds), cold hardiness of 
buds and canes. 

2, Objectives for the present year (1998): 
a, description of the climatic data, the experimental plot and the 

irrigationlfertigation schedule, 
b, comparison of soil moisture measurements (gravimetry, tensiometer), 

technological data (ripening dinamics of grapes, yield), 
c, routine measurements of soil and leaf nutrients, (comparision of electro-ultra 

filtration with water saturation extraction method) 
d, canopy measurements (canopy structure, light penetration, photosynthetic 

machinery and water status of leaves during the growing season according to 
treatments, 

e, microvinification of grapes, sensory evaluation and aroma compound 
analysis, 

f, investigation on winter frost tolerance of vines (freezing test in climate 
chamber, free and bound water relations in canes, DTA and BSP analysis), 



5 

B) Research Accomplishments: 

a, description of the climatic data, the experimental plot and the irrigation/fertigation 
schedule, 

a,l. Climatic data 

Climatic data of 1998 are presented in figure a,I.1.. Figure illustrates rainfall amount and 

mean temperature data per month, and also the average values of the last 35 years. The amount 

of rainfall was 661.1 mm between October 1997 and October 1998. Figure a,I.I. shows that 

the amount of rainfall in the winter period was as average. In spring however, hardly any 

rain fell. Following the dry weather period, precipitation was higher than many years' 

average in the period from bud burst to harvest. From April to the end of September the 

rainfall amount was 450.2 mm in the region. The data of 94.1 mm in July and 117.5 mm in 

September are particularly high. 

The temperature values show that the 'dry' months were hotter than average at the same time. 

As for the temperature in the growing season, the monthly temperature data may be regarded 

as average. 

mm rainfitll 

120 

Fig. a, 1.1. The total monthly rainfall and the monthly temperature average 
between October 1997-October 1998 and the last 35 years average 
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Figures a,1.2. to a,I.14. show the detailed meteorological data, daily amount of rainfall and 

the mean daily temperature per month. According to it there was hardly any period during the 

year without at least seven days of rainy weather. There were a total of 47 rainy days in the 
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period from bud burst in mid April to harvest. It means a rainy day on every third day on 

average. 

Table a,l. shows the days in the growing season (April through September) on which the 

amount of rainfall was over 10 mmper day. 

Table a,I.: Number of days with an amount of rainfall over 10 mm. 

Date Rainfall (mm) 

April 6 13.2 

April 20 19.8 

May 4 12.1 

MayS 35.2 

May 18 18.1 

June 12 20.3 

June 29 12.5 

July 8 15.0 

July IS 18.9 

July2S 40.0 

August S 29.1 

September 6 47.0 

September 13 26.0 

September IS 10.2 

In the ripening period, i.e. from August 20 to September 30, the total amount of rainfall was 

133.9 mm and also a heavy Botrytis infection hampered the ripening of healthy, high quality 

fruits. 
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Fig. a, 1.5.: Arnowt of rainfall (mm) and mean 
daily temperature (0C) In Jan. 1998 
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Fig. a, 1.6.: Arnowt of rainfall (mm) and mean 
daily temperature (0C) In Feb. 1998 
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Fig. a. 1.7.: AmO\llt of rainfall (mm) and mean 
daily temperature (0C) in March. 1998 
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Fig. a, 1.9.: Amomt of rainfall (mm) and mean 
daily temperature (0C) in May. 1998 
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Fig. a. 1.8.: Amomt of rainfall (mm) and mean 
daily temperature (0C) in Apr. 1998 
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Fig. a, 1.1 0.: ArnO\llt ofrainfall (mm) and 
mean daily temperature (0C) in J\Ile. 1998 
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mean daily temperature (0C) in Jul. 1998 
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Fig. a, 1.13.: AmOWlt of rainfall (mm) and 
mean daily temperature (0C) in Sept. 1998 
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Fig. a, 1.12.: AmOWlt of rainfall (mm) and 
mean daily temperature (0C) in Aug. 1998 
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Fig. a, 1.14.: AmOWlt of rainfall (mm) and 
mean daily temperature (0C) in Oct. 1998 
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Evaporation was being measured continuously at the experimental site by using a class A pan , 

a measuring device commonly used. The results are shown on figure a,I.15. The diagrams 

show the data (weekly evaporation, weekly summation of rainfa11, and weekly mean 

temperature) registered in the period between early July and late September. The evaporation 

values were higher than the rainfall data up to early September. Starting from the first week of 

September however, the weekly rainfall was higher than the evaporation Accordingly, no 

irrigation was used from that point on, as shown in figure a,2.1. 

e 
e 

Fig. a, 1.15.: The evaporation rate and the amount of rainfall 
per week in the growing season 
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a, 2. The irrigation/fertigation schedule. 

Irrigation data: 
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The treatments in the experimental plot are randomized according to the 'Latin square' 

arrangement commonly used in field experimentation. 

The various treatments are marked as follows: 

Control- traditional treatment, no drip irrigation with regular fertilization 

VI - irrigation from blooming until the must concentration reaches 12-14 must degree, 

V2 - irrigation from blooming until the preceeding two weeks to the vintage, 

T 1 - fertigation from blooming until the must concentration reaches 12-14 must degree, 

T2 - fertigation from blooming until the preceeding two weeks to the vintage, 

The irrigation system was geared with GALCON automatics in order to ensure a weekly 

irrigation cycle. 
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The nutrient solution [TOMASOL (N : P2 Os : K20 = 5 : 20 : 10)] was added to the irrigation 

water using a DOSATRON-16 device, making a 1% solution. Figure a,2.1. shows the weekly 

rainfall figures of the period from blooming to harvest, and also the amount of irrigation and 

nutrient solution used. At the beginning of the irrigationlfertigation cycle the full flush out of 

the nutrient solution suppling pipes required the discharge of a higher water volume (on one 

occasion only). The amount of irrigation water per week was determined on the basis of the 

evaporation and precipitation data. Figure a,2.1. also shows that only the minimum amount of 

water required for discharging the nutrient solution was used during the rainy period starting 

on 20, August. 

Fig. a, 2.1. : Amount of rainfall, irrigation and fertigation 
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b, comparison of soil moisture measurements (gravimetry, tensiometer), technological 
data (ripening dinamics of grapes, yield) 

b,1. Measuring soil water content: 

The results of two methods used for soil moisture measurements were compared in 1998 

(tensiometer and gravimetry). 

In the experimental plots, tensiometers were stuck 30, 60 and 90 cm deep in the soil, at a 

distance of20 and 40 cm from the dripers. Figures b,l.l a, - b, 1.1.f, show the data of the soil 

moisture content measured by tensiometer from early July to the harvest. The diagrams clearly 

illustrate the wide gap between the soil moisture of control plots and that of irrigated plots. 

Tensiometers that are closer to the dripers (20 cm) and the surface (30 cm) of the ground will 

react more quickly to natural rainfall and values show high deviation according to fast changes 

of soil moisture. Measurement using tensiometers allows a more frequent data collection. 

(control tensiometer readings are missing on fig. b.1.1.£ because of broken device.) 

Classical gravimetric method was also used. Soil samples were taken with an auger from 3 

different depths (0-30 cm, 30-60 cm and 60-90 cm) at a distance of 20 and 40 cm from the 

dripers. After drying the samples in oven, the moisture content was expressed in percentage of 

the total weight of soil as listed below. Figures b, 1.2.a, - b, 1.2.f, show the average values of 

four repetitions. Figures b, 1.1.a, and b, 1.2.a, compare values that were measured in the 

same spot and depth with the two methods. It can be seen on the figures that the soil moisture 

content increased from the end of August because of the more precipitation. 

As one can conclude tensiometer readings follow far more sensitively soil moisture 

changes, than gravimetric method however, it has to be taken into consideration, that 

this type of soil has a high swelling and shrinking capacity. Due to it, very dry soil may 

result in error of the readings, when rainy periods suddenly occur. The tensiometer and 

soil contact becomes not perfect due to soil shrinking. Precipitation, or any other way of 

soil moisture increase could introduce water fast and directly to the tensiometers' sensor 

head without crossing soil layer above the measuring device. 
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b, 2. Ripening dynamic data of the grapes 

Degree of fruit ripening was measured during the ripening period. From August 19 to 

September 30 (harvest), the effects of the treatments on the sugar and acid content of must and 

the volumes of berries were measured every week. The results are shown in figures b, 2.1.a,

c. This year (in contrast of 1997) the acid content and berry volume measured in the non

irrigated plots were higher than in the irrigated plots (except for VI treatment on 23 

September) presumably due to high precipitation rate from late August and as result a fast 

swelling of the control vines' berries. The exceptional VI treatment can only explained with 

some measurement error. The must sugar content of the berries was higher in the control 

plots either. 

b, 3 Date of the harvest 

The harvest of the experimental plots was on the 30th September. Figures b,3.1. - b,3.3. show 

the average results of repetitions of treatments and the deviation of data. Irrigated and 

fertigated plots had a crop quantity 20% higher than that of the control plot (n.b. crop 

loading included 2 canes for control and 3 canes for treated vines). Figure b,3.1.b, shows the 

yields of the different repetitions in detail. 

Figures b,3.2. and b,3.3. illustrate the effects of the treatments on must sugar and acid 

content. Sugar content is somewhat higher in the control plot than in the irrigated or fertigated 

ones, but this difference is not commensurable with the additional yield due to the treatments. 

The conclusion is that irrigated or fertigated plots have a higher yield from 1 m2 than 

the control, with their crop quality being more or less the same. 



250 

200 

150 
~ 

S 

100 

50 

a 

250 

200 

150 

~ 
100 

50 

a 

30 

25 

20 

S 15 

10 

5 

a 

r-

Fig. b, 2.1.a,: Changes in 100 berry weight (g) during ripening 

-
-

- -~-

-:
o 

--
r-

r-- ~---

-
I--

-;. ~-

-, -
I-- -.-

r- r"'" 
-r-

r"'"r-
r--

r-- ~~ r-- -
-

~ 

f;:'" 
I-- 0 I-- -- -

I-- I-- -- -

-~ 

'- '--
-,-1..... __ 

'--r- - '- ...;.;: '-'-

17.sept 

L...,-'- '- '-

1S.aug 27.aug 04.sept OS.sept 23.sept 

Fig. b, 2.1.b,: Changes in must sugar content during ripening 

,.... 
-..,. - --~ r-

- '-

- r- r-r"'" 

1--
r-_ 

-- r-- f-- - ~ - -
r-

-f--
~ -

- ~ - - - - ,--

I...... -'- -'- '-- '- 1......- 1....,-1...... 1......'- -- - - -
1S.aug 27.aug 04.sept OS.sept 17.sept 23.sept 

17 

C1control 

• irrigation 1 
I 

I 0 irrigation2 
I 
10 fertigation1 

I_ fertigation2 

C1control 

• irrigation 1 

o irrigation2 

o fertigation1 

• fertigation2 

Fig. b, 2.1.c,: Changes in musttitrable acidity content during ripening 

r-

-r= r-

-- r--- -
I--

c-- : - f--

- f---

'- -I...... ,"--I...... '-_ ~ "-- ~ "--

1S.aug 27.aug 04.sept OS.sept 

r--
f--

_. 

f-- - f--

..::.:. '--

17.sept 

--
r;:" 

c....; "-_ 

23.sept 

[Jcontrol 

_ irrigation 1 

o irrigation2 

o fertigation1 

_fertigation2 

I 
I 
i 

I 



18 

Fig. b, 3.1.a,: Average yield (kg/m2
) in 1998 
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2 
c, routine measurements of soil and leaf nutrients (comparision of electro-
ultra f"I1tration with water saturation extraction methods 

The principles and schedule of the irrigation and fertigation, the total amount of fertilizer 
were the same as in the last year. In fertigated parcels (their total area was about 0.15 ha) 100 
dm3 Tomasol containing 5 % N, 20 % P20 S, 10 % K20 fertilizer was applied during the 
fertigation period after gradual dilution on about 0.1 ha treated area. To avoid the formation of 
precipitation, the stock solution contained 1 % HN03• Although the dose of nitrogen was 
smaller, than generally used, the previous data of soil and plant analysis reflected a sufficient 
nitrogen supply of the experimental plantation. The mineralizable nitrogen reservoir of the soil 
(organic nitrogen compounds in low molecular weight) seemed to provide enough nitrogen by 
their decomposition to nitrate during the growing season. 

For characterization of the plant available nutrient element concentration of the soil, two 
indirect methods were applied, instead of extraction of soil solution by soil extractors. The use 
of soil water saturation method based on an assumption that the composition of the liquid 
phase of the water saturation extract was similar to that of the solution extracted by soil 
extractor from the water saturated soil. The second method: electro-ultrafiltration (EUF) is 
suitable for the extraction of nutrient element fractions bound by different strength. The first 
fraction (EUF 20°C) is considered as containing the plant available nutrients of the soil. This 
method is wide spread in Hungary for determination of nutrient supply of vineyards. 
Comparing the data of two soil analysis methods and plant analysis a complex information can 
be gained concerning on the effect of irrigation and fertigation on the plant available nutrient 
element concentration of the soil. 

The sampling of soil and plants was similar than in the last year. Samples were taken at a 
distance of 40 cm from the dripers from 0-30 cm, 30-60 em and 60-90 cm depth in each block 
at flowering (16 June) and after harvest (29 October). The samples of the same treatment were 
mixed, homogenized, dried, ground and than analyzed for determination of the nutrient supply 
and pH. The water saturated soil samples (50 m1 water was added to 100 g air-dried soil) 
were stored in closed pots at room temperature for two weeks to rich equilibration of liquid 
and solid phases, than centrifuged and the upper water solution was analyzed. Beside the 
usually measured elements: P, K, Ca, Mg, Na, Fe, Zn, Mn, two nitrogen fraction, N03 and N
total were determined colorimetrically. N-total means the sum of nitrate and organic nitrogen 
fraction which has lower molecular weight than 20.000 and considered as mineralizable 
nitrogen fraction. Organic nitrogen compounds were oxidized to nitrate in the presence of 
K2S20 g and UV -irradiation and than the nitrate concentration was measured. 

Leaf samples were gathered three times: at flowering (17 June), at veraison (14. August) and 
at ripening (22 September). Leaf blade and petioles were separated immediately after cutting 
from the plants. The samples of each block were analyzed separately according to the standard 
methods and the average values ofN, P, K, Ca, Mg, Zn, Fe and Mn concentrations are shown 
on the figures. 
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Results 

c,l. Soil analysis 

In spring the order of macro element concentrations in the water saturation extract (Figure 
c, 1.1.) was similar to the values of last autumn except the organic nitrogen, which was about 
four times lower (0.7-1.2 ppm) probably as a consequence of the seasonal dynamics of this 
component. The effect of the treatments of previous year manifested in the higher organic 
nitrogen concentration in the soil of the irrigated and fertigated plots, which showed 
homogeneous distribution in the 0-90 cm soil depth. During the growing season N03 

concentration increased significantly, about ten times higher values (1.0 -7.6 ppm) were 
measured in autumn (Figure c, 1.2.).The nitrate ions accumulated mainly in the 30-60 cm soil 
layer but their downward leaching to the 60-90 cm soil depth could be detected, especially in 
T2 treatments. Since N03 ions do not interact with the soil and concentrated at the front of 
wetted soil layer, the conclusion can be drawn that irrigation water also got to this depth. 
Organic nitrogen concentration of water saturation extract was similar to the results measured 
in last autumn (3.8-9.2 ppm N). The soluble phosphorus concentration of different treatments 
had the same trend in 0-60 cm soil layer (Figure c, 1.1.). The lower values ofTI and T2 plots 
in spite of the high P level in the irrigation water indicated on one hand the weakness of the 
extracting solution (water), on the other hand the immobilization of P fertilizer in the soil, 
which can be the effect of liming last year and the low soil pH. The highest potassium fertilizer 
doses of T2 in last year reached the 30-90 cm depth at springtime (Figure c, 1.l.). 
Potassium concentration declined with 20-30 % in the 0-60 cm layer until October (Figure c, 
1.2.) probably because of the depletion by plants and its fixation in the clay fraction of the soil. 
At flowering calcium and magnesium solubility in the 0-30 cm of the irrigated and fertigated 
plots (not shown) was about twice higher (Ca: 97-125 ppm, Mg: 14-17 ppm) than that of 
control ones (Ca: 58 ppm, Mg: 9 ppm). This phenomenon shifted to the lower soil layers 
(30-90 cm) till autumn. We have to notice that the soil results of VI treatments could not be 
discussed very well in many cases because of its unexpected low values. 

From the data of electro-ultrafiltration (EUF) soil extraction only the results of first fraction 
(EUF 20°C) are shown (Figure c, 1.3. and c, 1.4.), since it is considered as the plant available 
nutrient element fraction. At flowering (Figure c, 1.3.) the effect of fertigation of previous year 
resulted higher N03 concentration in 30-90 cm depth. The 2.3-4.3 mg Ntotal/l00 g soil values 
reflected sufficient N supply of the plantation. The lower N03 and organic nitrogen 
concentration after harvest (Figure c, 1.4.) was the consequence of mineralization of organic 
nitrogen compounds, the downwards movement of N03 ions and the depletion of the soil by 
plant uptake. The most obvious differences could be realized in phosphorus levels, it was 2-3 
times higher in the 0-60 cm soil layer of V2, Tl, and T2 treatments compared to the control 
plots. The extraction force of this method was enough to mobilize the weekly bound P fraction 
of the soil. The low P levels of 60-90 cm indicated that mobility of this ion was slower 
compared to nitrate. The P concentration of control samples (l.35 mg P/IOO g soil in 0-30 em 
and 1.11 mg P/IOO g soil in 30-60 cm) was near to the lower limit of optimal range (1-3 mg 
/100 g soil EUF P 20°C depends on soil type) ofP supply (Eifert at al.). The rainy period 
before soil sampling in ~ember, contributed to the increased and equilibrated P level of the 
different 
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Figure e,l.l. Nutrient element concentration of water saturation extract of the soils at 
flowering. 
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Figure c, 1.2. Nutrient element concentration of water saturation extract of tbe soils at 
ripening. 
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Figure c, 1.3. Nutrient element concentration of EUF 20 °C fraction of the soil at 
flowering. 
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Figure c, 1.4. Nutrient element concentration of EUF 20°C fraction of the soil at 
ripening. 
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treatments in the 0-60 cm soil depth and the increased P mobility of 60-90 cm soil layer (Figure 
c, 1.4.). According to the potassium concentration in the first fraction of EUF extraction 
(17 -28 mg Kl1 00 g soil) the soil was well supplied by K in the 0-60 cm soil depth at flowering 
(Figure c,1.3.). The low doses ofK fertilizer did not appear in the results ofT1, T2 treatments. 
These values decreased with 30-50 % till ripening, especially in the 30-60 cm layer (Figure c, 
1.4.) probably because of plant uptake. Although 5 t/ha lime was spread in last summer to 
increase the Ca concentration and pH of the soil, EUF-Ca 20 Co values were in the range of 
16-29 mg Ca/lOO g soil at flowering and 14-20 mg Cal100 g soil at ripening. Each of them 
was under the lower limit (35-mg Cal100 g soil) of optimal range. In spite of liming, the pH of 
the soil did not increase; it was in the 4.9-5.7 (KC) and 5.5-6.0-(H20) interval. 

Comparing the effectiveness of the two soil extraction method, about one order higher 
amount of nutrient elements were extracted by EUF method than by water saturation of the 
soil. The great difference can be the consequence of soil type and its properties. The high clay 
content, the 1.5-2 % humus and the slightly acidic pH influenced the ion mobility. During the 
EUF extraction application of 200 V voltage on cell containing soil suspension, the continuously 
renewing extraction solution (by a crossflow of water thorough the sample cell) contributed to 
the mobilization of the ions bound in different form in the soil colloid. In the water saturation 
extract appeared only the free and easily dissociable ions. The order of the concentrations was 
0.1-60 ppm in water saturation extracts and 1-300 ppm in EUF fraction. Similar tendencies 
could be observed in the results of two methods measured at ripening, when the effects of 
treatments even manifested in the soil condition. 

Summarizing the results of the two soil extraction methods it can be concluded, that 
the composition of water saturation extract possibly represented the current nutrient 
element concentration of the soil solution, EUF extraction mobilized those nutrient 
elements fractions of the soil which were available for the plants during the growing 
season. Each method has its own advantages, but since in Hungary the grapevine 
fertilization technology is based on EUF method, its results can be easier interpreted. 

c,2. Leaf analysis 

In a good agreement with the soil results, analysis data of leaf blades at flowering (Figure 
c,2.1.) reflected sufficient nutrient supply of the plantation. The small difference in the N, P, K 
and Ca concentration in the leaf blades of control, irrigated and fertigated plants could be the 
consequence of the equalizing effect of the winter and spring period on the soil condition 
resulting about the same plant availability of these nutrient elements. Nitrogen content of leaf 
blades (3.6-3.8 %) was higher than considered as optimal range at flowering (2.8-3.3 %) but 
characteristic in the vineyards of this region. Irrigated and fertigated plants accumulated a little 
bit more phosphorus in their leaf blades (0.27-0.29 %) than in the control plants (0.26 %) and 
each of them fit into the optimal range (0.25-0.30 %). The three times difference between 
EUF-P 20°C of the soil samples of control and P fertigated plots did not manifested in the P 
content of leaf blades verifying that 1 mg PIlOO g soil EUF-P 20°C under optimal 
circumstances (water status of the soil) provided sufficient phosphorus supply for grapevine. 
Potassium concentrations of leaf blades (1.23-1.32 %) were a little bit lower than in the last 
year, although the EUF-K 20°C was higher. 
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Figure c,2.1. Nutrient element concentration in leaf blades at flowering. 
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Figure c,2.2. Nutrient element concentration in leaf blades at veraison. 



Figure c, 2.3. Nutrient element concentration in leaf blades at ripening. 
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The more intensive Ca uptake (2.0-2.3 % in leaf blades) as a consequence of the liming in last 
summer could cause the decline of K content because of K, Ca and Mg interaction. The 
increasing Fe concentration in irrigated and fertigated plants showed similar tendency as it was 
in last autumn. 

From flowering till veraison (Figure c,2.2) nitrogen levels decreased by 1 % and there was 
not any difference between the treatments. Phosphorus concentration of leaf blades showed 
about the same shape as at flowering in the 0.18- 0.22 P % range. Although calcium 
concentration of leaf blades rose above 3 %, K content also increased (1.30-1.41 %) during 
this first period and the highest values in V2 and T2 treatments were measured. The trend of 
magnesium concentration did not change, in control leaves was the highest (0.35 %) and it was 
near to 0.3 % in treated plants. 
The same nitrogen status of the plantation at ripening (Figure c,2.3.) reflected that the applied 
amount ofN fertilizer could not exert any effect on N levels (2.11-2.23 %) which were with 
10-20 % lower than last year, but they were above the optimal range (1.76-2.10 %). 
Phosphorus concentration in control plants (0.14 %) decreased under the optimal level, but it 
was very close to it (0.16- 0.23 %). Irrigation and fertigation ensured sufficient P supply (0.16-
0.17 %) but the large amount of P fertilizer did not affected the P content of leaf blades. The 
enhancement of irrigation and fertigation on K availability was diminished by the increasing Ca 
accumulation in the leaf blades resulting lower but even optimal K levels (0.97-0.99 %) 
compared to control ones (1.14 %). 

Nutrient element content of petioles at flowering (Figure c,2.4.) showed the same tendency 
as it was in the leaf blades, there was not significant difference between the treatments. 
Nitrogen concentration changed 1.36-1.56 %. Phosphorus (0.23-0.26 %) and calcium (2.12-
2.40 %) level was similar as measured in leaf blades. Potassium (1.95-2.71 %) and magnesium 
(0.44-0.50 %) concentration was about two times higher than in the leaf blades. Till veraison 
(Figure c, 2.5.) irrigated and fertigated plants accumulated more (with 20-40 %) N, P and Ca 
in their petioles than control plants. The highest differences were formed between the control 
and treated plants at veraison compared to the results of flowering and ripening. In this most 
intensive developing phase of the plants the N, P and Ca availability of control parcels was 
insufficient for the plants and it could be improved by irrigation and even more by fertigation. 
The data of ripening (Figure c, 2.6.) showed the increasing effect of the longer duration of 
irrigation and fertigation on N, P, K concentration of the petioles. In V2 and T2 plots higher 
concentrations were formed than in VI, TI ones. The actual nutrient element concentration of 
petioles was more responsive to the treatments than there were in leaf blades. 

In Hungary analysis of leaf blades is generally used for determination of nutrient status of 
vineyards and the fertilization recommendation based on these results. Petiole analysis rarely 
applied, mainly in the research works. 

Summarizing the results of soil and plant analysis it can be concluded that irrigation 
enhanced nutrient elements availability of the plants in the soil. High phosphorus 
fertilizer doses resulted only in a small effect, a repeated liming may improve the 
utilization of phosphorus fertilizer. Because of the lower level of Nand K in the leaf 
blades at ripening, Nand K fertilizer doses ought to be increased next year. 
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Figure c, 2.4. Nutrient element concentration in petioles at flowering. 
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Figure c, 2.5. Nutrient element concentration in petioles at veraison. 
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Figure c, 2.6. Nutrient element concentration in petioles at ripening. 
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d, canopy measurements (canopy structure, light penetration, photosynthetic machinery 
and water status of leaves during the growing season according to treatments) 

d,l. Differences and changes in canopy structure during the growing season was described by 
Point quadrat method and using sunfleck ceptometer according to Smart and Robinson (1991). 
Changes in canopy gaps, leaf layer number (LLN), percent of interior leaves and clusters, 
canopy width was recorded several times during the season (Figures d.I-6.) The ratio ofLLN 
and canopy width as for characterization canopy compactness was also calculated. 

Percentage of canopy gaps was close to optimal values for each treatment during the whole 
season. LLN for all treatments was slightly higher than optimal (above 3). For most of the 
verasion period fertigated treatments showed higher LLN, than irrigated ones, or the control 
plot however, this difference disappeared for harvest time. Denser canopy of fertigated 
treatments was also manifesting in consequently higher percentage of interior leaves and 
clusters especially for T2 treatment. Slight differences among treatments were recorded 
concerning canopy width being higher for T2, T1 and V2 for most of the season and lower for 
VI and control. Ratio between LLN and canopy width also supported the observation, that T2 
treatment developed the densest canopy. Analyzing this observation with other physiological 
and technological data in the conclusion we will advice to change the composition of our 
nutrient cocktail for the next year. We suggest distributing nitrogen differently during the 
growmg season. 

Although data of light measurements within the canopy -as naturally- have high deviations, it 
is obvious that T2, Tl and V2 treatments result in very low PAR values for most of the season, 
which also support our hypothesis that their canopies are slightly denser than optimumal 
(Figure d.I.7.). 
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Figure d.l.5. 
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d,2. Pressure chamber was used for measuring midday leaf and stem water potential 
according to Scholander et aL (1965) data are presented on figures d.2.1. and d.2.2. During 
the growing season there was a slight decreasing tendency of midday leaf water potential data 
towards July (up to about -1,3 MPa) for all treatments and a clear increase (up to about -1,0 
MPa) during veraison and beginning of harvest time for all irrigated or fertigated treatments. 
Control vines only, showed midday leaf water potential close to stress limit in the first part of 
August due to dry weather conditions and this handicap did not disappear even later, when 
rainy periods started in the region. Midday stem water potential data show clearer the same 
difference among treatments. Although both leaf and stem water potential data emphasize the 
difference between water supply of control and treated vines, it seems that neither control 
vines showed any clear drought stress effect in 1998, due to rainy weather conditions in the 
second half of the season. 
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d,3. Photosynthetic parameters as leaf transpiration, stomatal conductance, net 
photosynthesis and photosynthetic electron transport were recorded several times during the 
season for all treatments. For gas exchange measurements PPSystem CIRAS-l instrument was 
used. Photosynthetic electron transport was detected with Hansatech Photosynthetic Efficiency 
Analyzer. 

Leaf transpiration data of the different treatments are shown in figure d.3.1. The gradual decline 
in the values from the beginning of August till early September for all treatments are due to leaf 
aging. Slight difference among treatments (control versus irrigated or fertigated ones) is 
manifested early August. Leak of rainfall between 25 July and 5 August followed by relatively high 
daily temperature values resulted in lower transpiration rate of control vines during this period. 
This effect is more clearly reflected in leaf stomatal conductance (Figure d.3.2.), being 
significantly lower for control vines, than for treated ones. 28 rom rainfall on the 5th of September 
cleared up this difference among the treatments. Extremely high stomatal conductance was 
detected for V' treatment on 10th of September. Since this phenomena can not be explained by 
experimental conditions, we presume it is a measurement error. Lower stomatal conductivity of 
control vines during August did not cause dramatic variance in net photosynthesis (P) of the leaves 
(Figure d.3.3.). Although P was slightly depressed early August for control vines, this did not 
seem to be significant. Further in the season control and irrigated or fertigated treatments 
exhibited similar leaf net photosynthetic rate. 
Changes in photosynthetic electron transport rate (FvlFm) during the season are given in figure 
d.3.4. Data do not show any stress of the photosynthetic light reaction. A close to 0,8 ratio ofFv 
(variable fluorescence) and Fm (maximum fluorescence) presumes optimal conditions for the 
photosynthetic electron transport within the chloroplast of each treatment for the whole season. A 
mild decrease of the values at ripening time predicts general leaf aging processes. 

One can conclude that similarly to last year (1998) there was not marked difference in the 
photosynthetic assimilate production of the individual leaves of either treatment despite of 
the difference in wine water supply. However greater leaf surface, specially at fertigated 
vines, contributed to higher yield of irrigated or fertigated plots. The difference in canopy 
size of the treatments was not that pronounced in 1998 due to very high precipitation in the 
second half of the growing season. 
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Figure d.3.2. 
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e, microvinification of grapes, sensory evaluation and aroma compound analysis, 

Harvest time: 30.09. 1998. 

Temperature of grapes : 13-15°C 

Vinification, wine making 

Processing of grapes: by electric stemmer. Neither the grapes nor the mash were sulphited. 

Pressing immediately after mash-making by a small-size manual press with a wooden basket 

and a ''Rock-head''. 

Must processing - Sulphur dioxide- 40 mg/l 

- Enzyme - Lallzyme OE - 1,5 g/ hI 

- Silicic acid( -sol) - 30 % solution, 20 ml/h1 

- Gelatine - 10 g/hl 

The must was treated immediately after pressing than cooled to +6°C in a cooling chamber 

where it was settled for 24 hours. Next day (lst October) the almost brilliantly clear must was 

racked off the deposit and it was inoculated with a dried selected yeast strain Uvaferm 228 in a 

ratio of 40 g/hl. We made the must warm up to the temperature of +16°C. Fermentation 

started. After 5 days the must was cooled again to +9°C for 20 hours, then from the cooling 

chamber (type Tyler) it was taken to a wine cellar with a temperature of + 12°C where further 

fermentation took place. The time of fermentation of the must in different glass containers 

varied between 10 to 15 days. Completion fermentation was checked through measuring sugar 

content and when residual sugar content was 4 gil, they were filled up and sulphited ( 40 mg/l ). 

The first racking was made on the 6th of November. 
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Wine treatment and sensory analysis (1997 vintage) 

The wines - just as last year - were stored in 25 dm3 glass containers in the wine cellar of the 
research institute in Eger. They were treated according to the normal practice of the winery 
(clarification with gelatine and silicasol, free S02 level 30 mgldm3 

). 

The sensory evaluation of the wines was carried out in November by an 8 member expert panel 
according to a 20 point scoring system: 

Color 
Clarity 
Aroma 
Flavor(by mouth) 

max. 2 points 
max 2 points 
max 4 points 
max 12points 

Prior to the sensory assessment all wines were held at about 15°C. 

Table e,l. shows the results of sensory analysis. There were not significant differences among 
the scores given to the samples of different treatments. However fine aroma and flavor 
differences cannot be expressed by this evaluating system. All wines were found fresh and 
fruity. Some differences in acidity were observed. Most of the samples were balanced. Acidity 
was higher in K4, V2/2, TII2, TIll and T2/4 samples and less in K3, V2/1 and T1/3 samples. 
Most of the members of the panel found TIll, T2/1 and V2/4 wine samples the best. Especially 
aroma of TIll and T211 was very excellent, typical Chardonnay, floral with some honey 
character. 

In conclusion we can state that irrigation and fertigation did not cause decrease of the 
quality. Though the differences were not significant, the highest scores were given to 
three wines from the irrigated or fertigated parcels by the sensory evaluating panel. 

Table e,l. The results of the sensory analysis of the wines (1997 vintage) 

Repetitions Control VI V2 Tl T2 
Scores Stdev. Scores Stdev. Scores Stdev. Scores Stdev. Scores Stdev. 

1 17.69 1.05 17.13 0.35 17.5 0.52 17.96 0.8 18.03 0.74 
2 17.24 0.45 16.63 0.72 17.55 0.57 17.61 0.69 
3 16.83 0.49 16.95 0.46 16.71 0.99 16.94 0.91 17.31 0.42 
4 17.09 0.36 17.55 0.45 17.68 0.58 16.44 0.52 

Average 17.21 0.36 16.90 0.25 17.33 0.41 17.55 0.43 17.26 0.80 
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Aroma analysis of juices (1997 vintage) 

The free volatile content of juices was determined by means of GC-MS (Hewlett Packard 
5972). Pretreatment of samples and methodology of analysis was the same as in 1997). Juice 
samples were extracted with trichloroflouromethane using a continous liquid-liquid extraction 
system. 3-0ctanol was added to the samples as internal standard prior to extraction. The 
components were identified on the basis of their mass spectra and by comparing retention times 
with those of reference substances. 

Table e, 2. lists the volatile components identified in the juices. Values in the table are relative 
amounts ( peak areas related to the internal standard peak area * 1 00). It can be seen that 
differences of the relative amounts of the components within a treatment are scarcely less than 
differences because of the treatments. 

In Figure e, 1. a, b, c, the effect of the treatments are shown in case of some compound 
groups. Irrigation increased a little the formation of two oxidized compounds (hexanal, y
butirolacton), whereas the amount of2-hexenal seems to slightly decrease. 

There are practically no changes because of the treatments in the groups of C6 alcohols. 
These components together with C6 aldehydes give vegetative, grassy flavor to wines. The 
amount of benzeneethanol shows some increase because of irrigation and some decrease 
because of fertigation. 

Interesting fluctuations were observed in the terpenealcohol content. In one sample (VI/4) 
unexpected high linalool and linalool oxid contents were measured, in an other sample (T1I4) 
the a-terpineol content was high. The a-terpineol content was in all T2 samples below the 
detection limit of the GC-MS instrument. To give a good explanation to this observation 
experiences of a longer period are necessary, but the reasons are very likely not in accordance 
with the treatments. 

Summarizing the observations on the volatile content of the juices (1997): There are 
practically no changes in the groups of C6 alcohols due to the treatments. 
Terpenenalcohols show some fluctuations, but the reasons are very likely not in 
accordance with the treatments. 
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Table e, 2.a: Free volatile components in the juices (1997 vintage). 

Components Controll Control2 Control3 Control4 Average V1/2 

hexanal 1.450 0.350 0.998 l.l71 0.992 0.254 

3-methyl-butan-l-ol 1.733 2.072 4.557 10.679 4.760 7.436 

2-hexenal 2.539 3.032 8.357 6.096 5.006 6.248 

hexsnol 65.656 63.018 66.608 59.615 63.724 100.616 

trans-3-hexen-l-ol 2.103 1.373 0.233 2.008 1.429 3.364 

cis-3-hexen-l-ol 1.626 3.357 2.251 3.010 2.561 2.678 

trans-2-hexen-l-ol 31.423 26.475 50.656 39.426 36.995 47.800 

cis-2-hexen-l-ol 3.778 l.l35 1.911 0.889 1.928 2.037 

benzaldehyde n.d. 0.051 n.d. n.d. 0.013 n.d. 

linalool n.d. n.d. n.d. 0.167 0.042 0.171 

'Y-butyrolactone n.d. 0.088 0.961 0.570 0.405 1.631 

a-terpineol n.d. 0.152 0.140 n.d. 0.073 0.132 

linalool-oxid n.d. n.d. n.d. 0.231 0.058 0.439 

benzene methanol 0.902 1.859 1.349 0.870 1.245 3.055 

benzeneethanol 1.863 3.738 6.646 7.013 4.815 11.940 
----.--------~----.------------

values in table: peak areas related to the peak area of the internal standard * 1 00 
n.d.:not detected 
tr.:traces 

V1I3 V1/4 Average 

0.509 0.336 0.366 

2.657 1.076 3.723 

2.018 0.719 2.995 

57.868 33.316 63.933 

1.826 0.786 1.992 

1.712 0.837 1.742 

33.085 23.490 34.792 

2.005 1.158 1.733 

n.d. n.d. n.d. 

n.d. 4.234 1.468 

0.650 0.321 0.867 

n.d. 0.085 0.072 

n.d. 1.671 0.703 

1.068 0.727 1.617 

3.558 10.188 8.562 
------_ .. _---



Table e,2.b: Free volatile components in the juices (1997 vintage). 

Components TIlt Tl/2 Tl/3 Tl/4, Average Ttl1 Tt/2 

bexanal 2.243 0.946 1.275 0.028 1.123 2.243 0.946 

3-metbyl-butan-1-ol 2.302 1.172 3.875 2.999 2.587 2.302 1.172 
2-bexenal 3.611 3.556 4.752 3.053 3.743 3.611 3.556 

bexanol 52.346 65.321 60.910 52.024 57.650 52.346 65.321 

trans-3-bexen-1-o1 0.978 1.802 1.553 1.140 1.368 0.978 1.802 
cis-3-bexen-1-ol 0.984 1.753 1.896 1.493 1.532 0.984 1.753 

trans-2-bexen-1-ol 34.829 40.012 46.780 37.312 39.733 34.829 40.012 

cis-2-bexen-1-ol 0.332 0.327 1.492 1.467 0.905 0.332 0.327 
benzaldebyde 0.034 0.051 n.d. 0.043 0.032 0.034 0.051 

Iinalool 0.000 n.d. 0.243 0.043 0.072 n.d. n.d. 
y-butyrolactone 0.219 0.230 1.042 0.366 0.464 0.219 0.230 

a-terpineol 0.059 n.d. 0.995 1.056 0.528 0.059 n.d. 
Iinalool-oxid 0.000 n.d. 0.130 n.d. 0.033 n.d. n.d. 

benzenemetbanol 0.815 2.159 0.828 1.267 0.815 2.159 

benzeneetbanol 3.365 5.029 4.376 4.257 3.365 5.029 

values in table: peak areas related to the peak area of the internal standard * 100 
n.d.:not detected 
tr.:traces 
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Tt/3 Tt/4, Average T21t T2/2 T2/3 T2/4 Average 

1.275 0.028 1.123 2.009 1.101 0.709 0.940 1.190 

3.875 2.999 2.587 1.039 2.715 5.044 4.997 3.449 
4.752 3.053 3.743 2.331 2.594 1.415 3.748 2.522 

60.910 52.024 57.650 63.114 68.893 60.234 44.567 59.202 
1.553 1.140 1.368 1.286 2.385 1.547 1.442 1.665 
1.896 1.493 1.532 1.403 1.749 2.128 1.183 1.616 

46.780 37.312 39.733 44.323 46.308 51.163 31.813 43.402 
1.492 1.467 0.905 2.021 2.668 2.118 1.485 2.073 

n.d. 0.043 0.032 0.041 tr. n.d. 0.088 0.043 
0.243 0.043 0.072 n.d. n.d. n.d. 0.049 0.012 
1.042 0.366 0.464 0.089 0.376 0.732 0.461 0.415 
0.995 1.056 0.528 n.d. n.d. n.d. n.d. 0.000 
0.130 n.d. 0.033 n.d. n.d. n.d. n.d. 0.000 

0.828 1.267 1.337 0.920 0.852 0.821 0.983 
4.376 4.257 4.060 2.794 3.434 3.280 3.392 
------~-~ -------- -
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Figure e, La. The relative amounts of aldehydes and y-butirolactone in the juices (1997 
vintage. 
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Figure e, l.b. The relative amounts ofC6 alcohols in the juices (1997 vintage). 

reI. peak area 

70.0 

60.0 

50.0 
40.0 

30.0 

20.0 

10.0 

r-- --- - - I 
,.... I- __ 

I-

0.0 --!'-1-...J....Jw.L-

"0 
~ 
:< 
Ql 

..c 

- -

- -

- -

I 
t""l 

I 
en 
~ 
.l: 

- - - - - - - -

- - - - - - - -

- - - - - - - -

I I - I -I I 
I: t""l I: "0 I Ql en Ql 
:< 'u :< 
Ql Ql 

..c ..c 

- - - -

- - - -

- - - -

I 
I -N I I 

I I: "0 
N 

"0 '" I 
I: Ql en 
as :< 'u .l: Ql 

..c 

- -
- -

- -

I -I 
I: 
Ql 
:< 
Ql 

..c 

- -

- -

- -

"0 

~ 

" 
-

DC 

OVI 

OV2 

OTl 

BT2 

Figure e, 1. c. The relative amounts of some terpenoids and aromatic alcohols in juices (1997 
vintage). 
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Aroma analysis of wines ( 1997 vintage) 

Pretreatment of wines prior to GC-MS analysis was the same as it was applied to juices. 

Totalionchromatograms contained about 150-200 peaks, about half of those could have been 
identified. In spite of the slow temperature program applied in the GC-MS analysis we could not 
achieve the complete separation of some compounds. Tables e, 3. a, b, c, d, e, list the relative 
amounts of the identified components. 

Most of the compounds are fermentation alcohols and esters, but some of the component groups 
originated from grape ( C6 alcohols, terpene compounds etc. ). Unfortunately, linalool content 
of wines could not be measured because of some other components, which gave overlapping 
peaks with linalool. 

Figure e, 2. a, b, represent the influence of irrigation and fertigation on the relative amounts of 
some alcohols and esters. The values for alcohols show no significant variations with the 
irrigation and fertigation of the vineyard. Only the isobutanol contents fluctuate in a smaller 
degree. 

In certain of the esters we have observed a small decrease at the samples originated from 
irrigated parcels. However, this decrease is smaller at the samples originated from fertigated 
parcels ( see ethyl-octanoic acid ethyl ester, decanoic acid ethyl ester, butandioic acid hydroxy
diethyl ester). 

In Figure e, 3.a. the C6 alcohols, in Figure e, 3.b. the terpene compounds are shown. It is 
known that these components originate from the juices. The differences among the five samples 
in the demonstrated components seem to be unessential. A slight increase is found in certain 
components with T2 treatment. 

Summarizing the influence of the treatments on the volatiles of wines (1997):The 
treatments did not caused essential changes. In certain of the esters we have observed a 
slight decrease at the samples originated from irrigated parcels, but the fertigation seems 
to compensate these changes. There are practically no changes in the terpene compounds. 
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Table e, 3 a: Free volatile substances from wines (1997 vintage) Treatment: Control 
( Values in table are relative amounts ). 

No Compounds Cl C2 C3 C4 C average 
1 Acetic acid ethyl ester 5,354 4,542 2,665 4,080 4,160 
5 Propanoic acid ethyl ester 0,077 0,059 0,055 0,071 0,066 
6 Prop. acid,2-methyl, ethyl ester 0,112 0,094 0,130 0,119 0,114 

10 Acetic ac.,2-met1!YlpJop. ester 0,082 0,074 0,102 0,091 0,087 
12 Butanoic ac.,ethyl ester 0,290 0,249 0,302 0,306 0,287 
16 1-Propanol,2-methyl 0,762 0,867 1,124 1,016 0,942 
17 1-ButanoI,3-methyl,-acetat 1,895 1,835 2,488 2,261 2,120 
20 I-Butanol 0,067 0,066 0,043 0,064 0,060 
23 I-Butano~ 3-methyl 13,419 13,741 16,791 16,119 15,017 
24 Hexanoic ac., ethyl ester 0,863 0,766 0,898 0,830 0,839 
29 Acetic ac., hexyJ ester 0,104 0,136 0,125 0,121 0,121 
30 2-Butanone,3-hydroxy 0,029 0,024 0,014 0,040 0,027 
35 I-Pentanol, 3-methyJ 0,054 0,062 0,072 0,074 0,065 
37 Prop. ac., 2-hydroxy-,ethyl ester 2,069 1,824 1,961 2,153 2,002 
38 I-Hexanol 0,798 0,846 0,734 0,739 0,779 
40 trans-3-Hexen-l-01 0,040 0,031 0,032 0,038 0,035 
42 I-Propanol, 3-ethoxy 0,024 0,020 0,033 0,032 0,027 
43 cis-3-Hexen-l-01 0,042 0,039 0,032 0,044 0,039 
45 cis-2-Hexen-l-01 0,001 0,002 0,002 0,002 0,002 
47 Octanoic acid ethyl ester 1,481 1,374 1,644 1,524 1,506 
49 Linalool oxid 0,006 0,008 0,006 0,005 0,006 
51 Heptanol 0,083 0,123 0,043 0,061 0,078 
54 2-Furancarboxaldehyde 0,036 0,006 0,005 0,004 0,013 
59 Butan.ac.,3-hydroxy-, ethyl ester 0,051 0,077 0,097 0,082 0,077 
63 1-0ctanol 0,026 0,035 0,032 0,028 0,030 
76 Decanoic acid, ethyl ester 0,591 0,499 0,680 0,630 0,600 
77 2(3H)-Furanone,dihydro 0,619 0,534 0,666 0,679 0,624 
81 Butandioic acid,diethyl ester 1,975 1,993 2,182 1,763 1,978 
83 Ethyl-dec-9-enoate 0,298 0,468 0,341 0,248 0,339 
84 alpha-Terpineol 0,011 0,039 0,009 0,004 0,016 
86 I-Propanol, 3 -(methylthio)- 0,082 0,104 0,117 0,095 0,099 
91 Acet. ac.,2-phenylethyl ester 0,132 0,165 0,301 0,253 0,213 
92 Damascenone 0,014 0,008 0,015 0,006 0,011 
94 Hexanoic acid 2,337 2,523 2,657 2,324 2,460 
95 N-(3-methylbutyl)-acetamid 0,063 0,291 0,454 0,189 0,249 
97 Benzenemethanol 0,035 0,115 0,057 0,033 0,060 

101 Benzeneethanol 3,653 4,522 6,206 4,838 4,805 
104 Butandioic ac., hydroxy,-diethyl ester 2,251 2,301 2,369 2,258 2,295 
106 Octanoic acid 3,984 4,275 4,761 4,333 4,338 
127 Decanoic acid 1,893 2,222 2,118 1,857 2,022 
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Table e, 3 b Free volatile substances from wines (1997 vintage) Treatment: VI 
( Values in table are relative amounts). 

No Compounds VlIl V1I2 Vl/3 V1I4 VI average 
1 Acetic acid ethyl ester 5,018 5,875 4,186 5,285 5,091 
5 Propanoic acid ethyl ester 0,060 0,051 0,048 0,061 0,055 
6 Prop. acid,2-methyl, ethyl ester 0,080 0,065 0,071 0,058 0,069 

10 Acetic ac.,2-methylprop. ester 0,120 0,080 0,076 0,106 0,096 
12 Butanoic ac.,ethyl ester 0,258 0,239 0,240 0,251 0,247 
16 I-Propanol, 2-methyl 1,210 0,675 0,697 1,040 0,906 
17 1-Butanol,3-methyl, -acetat 2,226 2,130 1,917 2,247 2,130 
20 I-Butanol 0,102 0,051 0,061 0,102 0,079 
23 I-Butanol, 3-methyl 13,356 12,167 11,066 15,584 13,043 
24 Hexanoic ac., ethyl ester 0,701 0,744 0,794 0,745 0,746 
29 Acetic ac., hexyl ester 0,203 0,128 0,146 0,120 0,149 
30 2-Butanone, 3-hydroxy 0,015 0,011 0,004 0,021 0,013 
35 I-Pentanol, 3-methyl 0,046 0,041 0,049 0,053 0,047 
37 Prop. ac., 2-hydroxy-,ethyl ester 1,352 1,265 1,494 2,212 1,581 
38 I-Hexanol 0,822 0,753 0,704 0,665 0,736 
40 trans-3 -Hexen-l-01 0,029 0,032 0,027 0,032 0,030 
42 I-Propanol,3-ethoxy_ 0,012 0,009 0,019 0,027 0,017 
43 cis-3-Hexen-l-01 0,033 0,029 0,031 0,042 0,034 
45 cis-2-Hexen-l-01 0,002 0,008 0,001 0,001 0,003 
47 Octanoic acid ethyl ester 1,238 1,140 1,490 1,417 1,321 
49 Linalool oxid 0,006 0,003 0,004 0,012 0,006 
51 Heptanol 0,129 0,023 0,048 0,160 0,090 
54 2-Furancarboxaldehyde 0,003 0,003 0,003 0,005 0,003 
59 Butan.ac.,3-hydro~ __ , et1!yl ester 0,032 0,027 0,044 0,056 0,040 
63 1-0ctanol 0,022 0,024 0,028 0,029 0,026 
76 Decanoic acid, ethyl ester 0,433 0,403 0,607 0,491 0,484 
77 2(3H)-Furanone, dihydro 0,324 0,243 0,513 0,713 0,448 
81 Butandioic acid,diethyl ester 1,211 1,053 1,410 1,771 1,361 
83 Ethyl-dec-9-enoate 0,347 0,096 0,281 0,427 0,288 
84 alpha-Terpineol 0,016 0,002 0,003 0,026 0,012 
86 I-Propanol, 3-(methylthio)- 0,063 0,037 0,077 0,103 0,070 
91 Acet. ac.,2-phenylethjrl ester 0,226 0,107 0,182 0,193 0,177 
92 Damascenone 0,011 0,001 0,009 0,005 0,006 
94 Hexanoic acid 2,064 2,096 2,475 2,462 2,274 
95 N-(3-methylbutyl)-acetamid 0,089 0,081 0,118 0,181 0,117 
97 Benzenemethanol 0,028 0,031 0,032 0,049 0,035 

101 Benzeneethanol 3,259 2,906 3,658 4,058 3,470 
104 Butandioic ac., hydroxy,-diethyl ester 1,705 1,697 2,192 2,492 2,022 
106 Octanoic acid 3,955 4,080 4,315 4,285 4,159 
127 Decanoic acid 1,630 2,389 2,010 1,703 1,933 

- .. 
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Table e, 3 c: Free volatile substances from wines (1997 vintage) Treatment: V2 
( Values in table are relative amounts ). 

No Compounds V2/1 V2/2 V2/3 V2/4 V2 average 

1 Acetic acid ethyl ester 5,232 6,172 5,176 6,190 5,692 
5 Propanoic acid ethyl ester 0,060 0,064 0,062 0,078 0,066 
6 Prop. acid,2-methyl, ethyl ester 0,077 0,088 0,121 0,126 0,103 

10 Acetic ac.,2-methylprop. ester 0,138 0,092 0,112 0,138 0,120 
12 Butanoic ac.,ethyl ester 0,268 0,250 0,313 0,333 0,291 

16 I-Propanol, 2-methyl 1,084 1,073 1,182 1,311 1,162 
17 I-ButanoI,3-methyl,-acetat 2,336 2,056 2,325 2,576 2,323 
20 I-Butanol 0,085 0,092 0,047 0,063 0,072 
23 I-Butanol, 3-methyl 13,310 14,925 15,785 17,355 15,344 
24 Hexanoic ac., ethyl ester 0,734 0,652 0,783 0,775 0,736 
29 Acetic ac., hexyl ester 0,251 0,153 0,146 0,120 0,167 
30 2-Butanone, 3-hydroxy 0,009 0,022 0,033 0,065 0,032 
35 I-Pentanol, 3-methyl 0,046 0,048 0,058 0,073 0,056 
37 Prop. ac., 2-hydroxy-,ethyl ester 1,241 1,928 1,543 1,956 1,667 
38 1-Hexanol 0,897 0,749 0,646 0,663 0,739 
40 trans-3-Hexen-l-01 0,028 0,036 0,028 0,026 0,029 
42 I-Propanol, 3-ethoxy 0,009 0,024 0,026 0,032 0,023 
43 cis-3-Hexen-1-o1 0,029 0,043 0,035 0,029 0,034 
45 cis-2-Hexen-l-01 0,003 0,002 0,002 0,001 0,002 
47 Octanoic acid ethyl ester 1,311 1,239 1,346 1,404 1,325 
49 Linalool oxid 0,002 0,006 0,003 0,006 0,004 
51 Heptanol 0,101 0,099 0,046 0,075 0,080 
54 2-Furancarboxaldehyde 0,002 0,006 0,011 0,005 0,006 
59 Butan.ac.,3-hydroxy-, ethyl ester 0,030 0,059 0,075 0,078 0,060 
63 1-0ctanol 0,025 0,035 0,035 0,030 0,031 
76 Decanoic acid, ethyl ester 0,454 0,446 0,416 0,368 0,421 
77 2(3H)-Furanone, dihydro 0,276 0,498 0,392 0,574 0,435 
81 Butandioic acid,diethyl ester 1,083 1,269 1,224 1,439 1,254 
83 Ethyl-dec-9-enoate 0,288 0,208 0,205 0,278 0,245 
84 alpha-Terpineol 0,003 0,012 0,005 0,010 0,008 
86 1-Propano 1, 3-( methylthio )- 0,046 0,080 0,064 0,089 0,070 
91 Acet. ac.,2-phenylethyl ester 0,217 0,179 0,218 0,264 0,220 
92 Damascenone 0,004 0,011 0,009 0,008 0,008 
94 Hexanoic acid 2,250 2,174 2,485 2,584 2,373 
95 N -(3-methylbutyl)-acetamid 0,115 0,099 0,255 0,406 0,219 
97 Benzenemethanol 0,038 0,041 0,025 0,046 0,038 

101 Benzeneethanol 3,373 4,003 4,830 5,163 4,342 
104 Butandioic ac., hydroxy,-diethyl ester 1,644 2,541 2,153 2,010 2,087 
106 Octanoic acid 4,190 4,328 4,713 4,607 4,460 
127 Decanoic acid 1,842 1,714 2,569 1,485 1,903 
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Table e, 3 d: Free volatile substances from wines (1997 vintage) Treatment:T1 
. (Values in table are relative amounts). 

No Compounds T1Il TI/2 T1I3 T1I4 Tl average 

1 Acetic acid ethyl ester 5,007 4,603 3,872 5,108 4,647 
5 Pro~anoic acid ethyl ester 0,058 0,065 0,044 0,056 0,055 
6 Prop. acid,2-methY4 ethyl ester 0,100 0,116 0,067 0,067 0,087 

10 Acetic ac.,2-methylprop. ester 0,100 0,086 0,067 0,123 0,094 
12 Butanoic ac.,ethyl ester 0,251 0,315 0,203 0,246 0,254 
16 1-Propano4 2-methyl 1,396 1,175 0,920 0,952 1,111 
17 1-ButanoL3-methYL-acetat 2,234 2,158 1,759 2,329 2,120 
20 I-Butanol 0,125 0,107 0,089 0,063 0,096 
23 1-Butano43-methyJ 15,361 17,665 13,257 11,999 14,571 
24 Hexanoic ac., ethyl ester 0,766 0,873 0,613 0,771 0,756 
29 Acetic ac., he~l ester 0,133 0,124 0,117 0,143 0,130 
30 2-Butanone, 3-hydroxy 0,008 0,034 0,032 0,010 0,021 
35 1-Pentano!, 3-methyl 0,053 0,060 0,048 0,042 0,051 
37 Prop. ac., 2-hydroxy-,ethyl ester 1,813 2,321 1,865 1,315 1,829 
38 1-Hexanol 0,696 0,801 0,648 0,586 0,683 
40 trans-3-Hexen-1-o1 0,030 0,039 0,033 0,024 0,032 
42 I-PropanoL 3-ethoxy 0,014 0,034 0,025 0,015 0,022 
43 cis-3-Hexen-1-o1 0,039 0,054 0,044 0,028 0,041 
45 cis-2-Hexen-1-o1 0,001 0,001 0,002 0,000 0,001 
47 Octanoic acid ethyl ester 1,434 1,590 1,168 1,414 1,401 
49 Linalool oxid 0,005 0,004 0,005 0,004 0,005 
51 Heptanol 0,108 0,030 0,076 0,070 0,071 
54 2-Furancarboxaldehyde 0,000 0,006 0,005 0,003 0,004 
59 Butan.ac.,3-hy_droxy-, ethyl ester 0,042 0,081 0,058 0,033 0,053 
63 1-0ctanol 0,036 0,048 0,067 0,028 0,045 
76 Decanoic acid, ethyl ester 0,556 0,507 0,435 0,479 0,495 
77 2(3H)-Furanone,dihydro 0,375 0,955 0,608 0,294 0,558 
81 Butandioic acid,diethyl ester 1,346 1,789 1,383 1,236 1,439 
83 Ethyl-dec-9-enoate 0,301 0,247 0,220 0,285 0,263 
84 alpha-Terpineol 0,007 0,007 0,023 0,004 0,010 
86 I-PropanoL 3-(methylthio)- 0,060 0,074 0,084 0,057 0,069 
91 Acet. ac.,2-phenylethyl ester 0,202 0,149 0,135 0,209 0,174 
92 Damascenone 0,002 0,007 0,004 0,006 0,005 
94 Hexanoic acid 2,136 2,912 2,036 2,438 2,381 
95 N-(3-methylbutyl)-acetamid 0,291 0,239 0,172 0,146 0,212 
97 Benzenemethanol 0,078 0,070 0,071 0,008 0,057 

101 Benzeneethanol 3,588 3,848 3,247 3,641 3,581 
104 Butandioic ac., hydroxy,-diethyl ester 1,743 2,268 2,117 1,874 2,000 
106 Octanoic acid 4,701 4,986 3,576 4,212 4,369 
127 Decanoic acid 2,636 2,533 1,874 1,932 2,244 
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Table e, 3 e: Free volatile substances from wines (1997 vintage) Treatment:T2 
(Values in table are relative amounts). 

No Compounds T2/1 T2/2 T2/3 T2/4 T2 average 

1 Acetic acid ethyl ester 5,689 3,475 5,416 4,886 4,867 
5 Propanoic acid ethyl ester 0,061 0,053 0,067 0,049 0,058 
6 Prop. acid,2-methyL ethyl ester 0,090 0,170 0,092 0,068 0,105 

10 Acetic ac.,2-methylprop. ester 0,079 0,125 0,081 0,069 0,089 
12 Butanoic ac.,ethyl ester 0,259 0,370 0,248 0,230 0,277 
16 I-PropanoL 2-methyl 0,926 1,356 0,701 0,801 0,946 
17 1-ButanoL3-methyL-acetat 2,074 2,562 1,990 1,686 2,078 
20 I-Butanol 0,099 0,094 0,072 0,084 0,087 
23 I-ButanoL 3-methyl 16,268 16,393 15,013 11,654 14,832 
24 Hexanoic ac., ethyl ester 0,806 0,805 0,695 0,768 0,768 
29 Acetic ac., hexyl ester 0,117 0,154 0,073 0,109 0,113 
30 2-Butanone, 3-hydroxy 0,021 0,009 0,054 0,010 0,024 
35 1-PentanoL 3-methyl 0,051 0,081 0,056 0,048 0,059 
37 Prop. ac., 2-hydroxy-,ethyl ester 2,120 2,220 2,089 1,313 1,935 
38 1-Hexanol 0,796 0,705 0,631 0,697 0,707 
40 trans-3-Hexen-1-o1 0,040 0,051 0,037 0,038 0,041 
42 I-Propanol, 3-ethoxy 0,020 0,048 0,019 0,015 0,026 
43 cis-3-Hexen-1-o1 0,047 0,053 0,038 0,039 0,044 
45 cis-2-Hexen-1-o1 0,000 0,002 0,000 0,001 0,001 
47 Octanoic acid ethyl ester 1,484 1,575 1,450 1,341 1,462 
49 Linalool oxid 0,005 0,002 0,009 0,005 0,006 
51 Heptanol 0,053 0,111 0,089 0,044 0,074 
54 2-Furancarboxaldehyde 0,004 0,007 0,005 0,004 0,005 
59 Butan.ac.,3-hydroxy-, ethyl ester 0,043 0,123 0,055 0,028 0,062 
63 1-0ctanol 0,036 0,042 0,038 0,028 0,036 
76 Decanoic acid, ethyl ester 0,572 0,848 0,539 0,562 0,630 
77 2(3FO-Furanone,dihydro 0,696 0,816 0,502 0,363 0,594 
81 Butandioic acid,diethyl ester 1,576 1,768 1,699 1,333 1,594 

Ethyl-dec-9-enoate 0,210 0,512 0,346 0,278 0,337 
84 alpha-Terpineol 0,006 0,015 0,002 0,008 0,008 
86 1-Propano L 3 -( methylthio )- 0,078 0,127 0,068 0,054 0,082 
91 Acet. ac.,2-phenylethyl ester 0,139 0,262 0,162 0,126 0,172 
92 Damascenone 0,010 0,016 0,006 0,007 0,010 
94 Hexanoic acid 2,616 2,370 2,414 2,156 2,389 
95 N -(3-methylbutyl)-acetamid 0,200 0,316 0,230 0,084 0,208 
97 Benzenemethanol 0,066 0,020 0,071 0,026 0,046 

101 Benzeneethanol 0,131 4,439 4,023 3,059 2,913 
104 Butandioic ac., hydroxy,-diethyl ester 2,297 2,770 2,059 2,012 2,285 
106 Octanoic acid 4,774 4,509 4,567 4,251 4,525 
127 Decanoic acid 1,950 1,835 1,445 2,133 1,841 



51 

Figure e, 2. a: Influence of the treatments on the relative amounts of some alcohols in wines 
(1997 vintage). 
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Figure e, 2.b: Influence of the treatments on the relative amounts of some esters in wines (1997 
vintage). 
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Figure e, 3. a. The effect of the irrigation and fertigation treatments on the relative amounts of 
C6 alcohols in wines (1997 vintage). 
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Figure e, 3. b. The effect of the irrigation and fertigation treatments on the relative amounts of 
some terpene compounds and y-butirolacton in wines (1997 vintage). 
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Aroma analysis of juices (1998 vintage) 

Pretreatment of samples (liquid-liquid extraction) and methodology of analysis (GC-MS) was 
the same as by juices of 1997. 

Table e, 4.a, b, list the identified volatile components. Values in table are peak areas related to 
the internal standard peak areas * 100. In Figure e, 4.a, b. c. some components are shown as 
function of the different treatments. 

Similarly to the juices of 1997 the variations of the amounts of the components within a 
treatment are the same or even greater than those among the different treatments. It seems clear 
that there are not essential changes in aldehydes, C6 alcohols and aromatic alcohols with the 
irrigation and fertigation even in cases of the longer treatments (V2, T2). The l-octene-3-01 
content of the juices relates to fungal infection of the grape. 

There are interesting changes in the terpenealcohol contents compared with the data of the 
previous years. Citronellol was not found and only the traces of geraniol were sometimes found 
in the samples of 1997 and 1996. Also the a-terpineol content was higher in 1998 than in the 
preVIOUS years. 

Both increases (a-terpineol, citronellol, geraniol) and decreases (linalool oxid) were observed 
with the treatments. Because of the great fluctuations and the low relative amounts of these 
components evaluation of these data is unsure. 

Summarizing: In 1998 we observed higher terpenealcohol contents than in the previous 
years. There are not essential changes in aldehydes, C6 alcohols and aromatic alcohols due 
to the irrigation and fertigation even in cases of the longer treatments (V2, T2). 
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Table e, 4. a. The free volatile components of juices (1998 vintage). 

Components Control 1 Controll Control4 Average VlIl 

hexanal 2.359 0.471 0.727 1.186 0.739 

3-methyl-butan-l-ol 3.795 2.982 5.173 3.983 5.506 
2-hexenal 13.748 3.818 5.141 7.569 7.508 
pentanol 0.459 0.242 0.357 0.353 0.311 
hexanol 81.031 54.869 75.808 70.569 75.663 
trans-3-hexen-l-ol 2.236 1.577 1.420 1.744 2.102 
cis-3-hexen-1-ol 13.054 7.385 12.723 11.054 13.082 
trans-2-hexen-1-ol 52.539 37.070 48.287 45.965 47.890 
cis-2-hexen-1-ol 2.127 1.790 1.720 1.879 2.841 
1-octen-3-ol 2.601 0.244 0.367 1.071 0.611 
benzaldehyde 0.200 0.157 0.411 0.256 0.240 
linalool 0.580 tr. 0.669 0.416 tr. 
'Y-butyrolactone 0.629 0.100 0.640 0.456 0.497 
a-terpineol 0.608 0.100 1.292 0.667 0.451 
linalool-oxid 0.200 n.d. 0.298 0.166 n.d. 
citronellol 0.200 n.d. 1.115 0.438 0.100 
geraniol 0.136 n.d. 0.207 0.114 n.d. 
hexanoic acid 15.447 6.933 8.106 10.162 4.391 
benzenemethanol 2.696 1.627 4.325 2.883 2.130 
benzeneethanol 10.4~0 6.375 13.662 10.152 1O.1~ ._----------- ------ ---.---~--------

V1I2 

1.040 

4.580 
6.401 
0.335 

94.297 
2.299 

11.881 
59.606 
3.460 
0.590 
0.200 
0.850 
0.877 
3.260 

n.d. 
2.636 
0.842 

13.530 
11.917 
30.860 

VI/3 V1I4 Average V211 V2/2 V2/3 V2/4 Average 

0.871 0.653 0.826 1.212 1.018 0.859 0.893 0.996 
3.811 5.908 4.951 3.985 2.674 5.580 3.087 3.832 
5.723 2.837 5.617 7.367 5.860 6.121 5.603 6.238 
0.208 0.427 0.320 0.264 0.254 0.294 0.288 0.275 

69.893 71.502 77.839 80.304 77.589 78.875 77.083 78.463 
2.140 1.711 2.063 1.693 1.898 1.768 2.023 1.846 

10.742 13.624 12.332 10.741 10.514 12.516 16.061 12.458 
47.211 52.561 51.817 48.477 54.418 54.162 55.189 53.062 

3.022 3.293 3.154 2.858 5.551 1.892 3.434 3.434 
0.554 0.547 0.576 0.650 0.222 0.476 0.292 0.410 
0.300 0.100 0.210 0.672 0.200 0.500 0.682 0.514 

tr. 0.230 0.270 0.504 tr. 0.199 0.340 0.261 
0.436 1.055 0.716 0.261 0.379 0.732 0.368 0.435 
0.516 0.361 1.147 1.991 0.396 0.816 0.430 0.908 

n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
n.d. n.d. 0.684 1.322 n.d. 0.300 n.d. 0.406 
n.d. n.d. 0.211 0.301 n.d. 0.059 n.d. 0.090 

8.561 10.215 9.174 8.807 7.004 7.475 8.126 7.853 
2.022 2.167 4.559 3.965 1.841 3.215 1.924 2.736 
7.109 9.452 ....... ~~.3~1 14.423 4.974 12.081 5.357 9.209 
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Table e, 4. b. The free volatile components of juices (1998 vintage). 

Components T1/1 T1/2 T1/3 T1/4 Average 
hexanal 1.038 1.038 0.998 0.774 0.962 

3-methyl-butan-l-01 5.429 2.928 3.664 4.947 4.242 
2-hexenal 10.771 5.042 5.371 5.819 6.751 
pentanol 0.359 0.239 0.263 0.316 0.294 
hexanol 81.833 80.641 82.097 77.077 80.412 

trans-3-hexen-l-01 2.457 2.164 1.912 2.086 2.155 
cis-3-hexen-l-01 19.604 11.879 13.995 8.588 13.517 

trans-2-hexen-l-01 55.936 56.560 54.797 57.514 56.202 
cis-2-hexen-l-01 4.014 2.458 3.001 2.588 3.015 

l-octen-3-o1 1.249 0.230 0.330 0.197 0.502 
benzaldehyde 0.200 0.200 0.247 0.244 0.223 

Iinalool 0.450 tr. tr. 0.100 0.138 
y-butyrolactone 0.709 0.253 0.498 0.399 0.465 

a-terpineol 0.142 0.400 0.490 0.200 0.308 
Iinalool-oxid n.d. n.d. n.d. tr. n.d. 

citronellol tr. tr. tr. n.d. tr. 
geraniol n.d. tr. nd. tr. tr. 

hexanoic acid 13.814 7.289 9.849 5.974 9.232 
benzenemetbanol 2.154 1.812 2.245 1.811 2.006 

benzeneetbanol 10.500 6.739 6.59~ 6.882 7.679 
----- ---

T2/1 T2/3 T2/4 Average 
0.896 1.167 0.691 0.918 
4.623 6.992 7.366 6.327 

13.096 7.723 3.909 8.243 
0.344 0.392 0.395 0.377 

79.183 76.407 69.870 75.153 
1.965 2.287 1.922 2.058 

20.072 14.701 11.382 15.385 
56.196 57.929 47.020 53.715 

2.832 3.010 1.692 2.511 
0.830 0.612 0.116 0.519 
0.200 0.200 0.150 0.183 
0.250 0.250 0.120 0.207 
0.823 0.500 0.435 0.586 
0.531 0.900 0.272 0.568 

n.d. 0.010 n.d. 0.003 
tr. 0.727 tr. 0.242 
tr. 0.279 n.d. 0.093 

10.473 15.330 4.450 10.084 
2.164 3.213 2.320 2.566 
8.615 13.~?~ 9.581 10.689 



56 

Figure e, 4. a. The influence of the treatments on some aldehydes and y-butirolactone in the 
juices (1998 vintage). 
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Figure e, 4. h. The influence of the treatments on the C6 alcohols of juices (1998 vintage). 
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f, investigation on winter frost tolerance of vines (freezing test in climate chamber, free 
and bound water relations in canes, DTA and BSP analysis) 

Injurious freezing temperatures occur frequently enough during the dormant season to threaten 
the production of certain European wine grape cultivars in central Europe (Carpathian Basin, 
Hungary). The dormant bud is usually the part of the vine most susceptible to freezing injury 
so it is reasonable to test this organ to frost tolerance. Four independent methods were applied 
in characterizing the dormancy period of buds: (1) the freezing chamber test evaluating buds 
survival at a given temperature (e.g. -17°C or -19°C), (2) microwave technique testing free 
and bound water content of canes, (3) determination of the median value of low temperature 
exotherms detected in differential thermal analyzer (DT A) system, and (4) estimation of the 
level of boiling stable proteins (BSP) in buds using SDS PAGE technique. Because of the 
shifted timing of sampling for these measurements, as compared to physiological measurements 
in the growing season, results of the previous winter together with this winter data will be 
presented in this annual report in the case of freezing chamber tests and DT A measurements, 
however, only BSP levels found during the previous winter period are shown due to the longer 
lasting process of SDS PAGE analyses. 

f,1. Freezing chamber test for determination of winter frost tolerance of buds 

Winter frost tolerance tests of buds were carried out monthly in a Brabender programmable 
climate chamber using a slow gradual cooling down to the test temperature (-17°C in 
November and March, but -19°C in December, January and February) and a 24 hour freezing 
cycle at that temperature. Buds are visually evaluated after a subsequent warming up period 
and keeping them at room temperature for 1 day. Canes from node 5 to 10 were collected 
from the treatments (15 per treatment) then they were cut into one-bud cuttings and 
randomized. One-third of them was used to characterize the actual field status and the other 
two-third to perform chamber test. 

Both the 1997/98 and the 1998/99 winters were relatively mild not showing frost extremes and 
this was reflected by the high levels of bud survival in the field (generally 90% or more). 
However, the potential levels of freezing tolerance (Figs. f.1.1. and f.1.2.) showed a different 
pattern during dormancy. 

1997/98 winter: 
The well-known bell-shaped hardening curves showing their maxima in January or February 
can be normally observed in all treatments (Fig. f.1.1.), however the T2 and the non-irrigated 
control remained most hardened at the end of the winter. This suggests that under these 
climatic conditions only a fertigation treatment may be advantageous in relatively droughty 
years like 1997. In general, these freezing tolerance patterns are in well accordance with the 
temperature profiles registered in our district (Figs. f.1.3. and f.1.4.). 

1998/99 winter: 
There was a remarkable time lag in cane maturity (see also fig. 2.a-d.) due to the tembly wet 
September reflected by the unusual hardening behavior of the buds in all treatments 
(Fig.f.1.2.). Although, the non-irrigated control showed the best starting values in November 
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and December there was an early decline in January and February. All irrigated or fertigated 
plots also showed a similar pattern, but at a lower level. Perhaps, T2 treatment seemed to be 
most balanced retaining its freezing tolerance at a relatively acceptable level. 
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Fig.f.l.I. Results of freezing chamber tests during the 1997198 winter period. Frost 
tolerance was tested at -17°C in November and March and at -19°C in December, 
January and February. 
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Fig.f.1.2. Results of freezing chamber tests during the 1998/99 winter period. Frost 
tolerance was tested at -17°C in November and March and at -19°C in December, 
January and February. 



October 1997 
30,0 

25,0 ",,-I 

••••••. Daily min. (0C) 

- - - - Daily max. (0C) 
---Daily mean (0C) 

1 

r"'" \ 20,0 -' I 
,.. 1\ 

15,0 I 'I \ '''-/\\",-"\ , 
". " -\ ., \ I UIOO, .••• ,' •. , ...... --"" ° , . 

5,0 

00 1 .•••. , ,," I 
, iiil'i'llii'ltll.iijC"\i'\~'i 

.... f ... 

-5,0 

-10,0 

15,0 

10,0 

5,0 

4 7 10 13 16 19 22 2S '~8 11 

January 1998 

f"'\ 

~ ... ' 
days 

••••••. Daily min. (0C) 

- - - - Daily max. eC) 

- Daily mean eC) 

~ 0,0 1/, ,.,.; ,-, ,",',', ,',' , , ,',\, ,., \. 

-5,0 

-10,0 

-15,0 days 

...... . 

20,0 

15,0 

10,0 

~ 5,0 

November 1997 ..••.•. Daily min. (0C) 
- _ - - Daily max. (0C)' 
---Daily mean (0C) 

0,0 I " "\,-,.~.:,, 
10 13 16 19 42~ 25 28 .' 

·5,0 

-10,0 

20,0 

15,0 

10,0 

I ./4\: 7 -. . 

Felruary 1998 

. 
days 

" r' j\,~-
V '\ __ I '\-' 

\ I 

" , . 5,0 
. .. . : ...... \ ,' .. 

UOO I ~ ~" .. ~ " o , 'F 1~)~\'I,Jj II ,I ... ill"', i 

i-i 13 IS 17~19 21 23 25 27 -5,0 

-10,0 

-15,0 j -, .. 

-20,0 

.••.••. Daily min. (OC) 

- - - - Daily max. eC) 

---Daily mean eC) 

days 

Fig. f.l.3. Daily temperature data from October 1997 till March 1998 

15,0 

10,0 

5,0 
U 
o 

December 1997 •.•••.. Daily min. (oq 
- - - - Daily max. eC) 
---Daily mean (0C) 

0,0 I ,'; ''\'\ ,'J,',"; ',~ ~, ,f, I YI 

-5,0 

·10,0 

20,0 

15,0 

10,0 

5,0 
u 

March 1998 

... 
days 

•.•••.. Daily min. (0C) 

- - - - Daily max. (OC) 

---Daily mean eC) I 
t...J 
I " ,.., 

I \ \ I " '""' '\-"" " 'f' 

o 0,0 I:'" ,\ I A I~I ';1 f'V. I-I I I I 
"'-'V' ,', .... ,... _ -.~ •. . 

-5,0 

-10,0 

4 7 Itl I~ "16 •• 19")~· "'250

' 28 31 
"" . ,,' ,. 
\' .... 't 
.,' 

-15,0 days 

0'1 
N 



October 1998 •...... Daily min. (0C) 

25,0 l - - - - Daily max. (0C) 
November 1998 ....... Daily min. (0C) I 

--Daily mean eC) 
15,0 - - - - Daily max. (0C) 

20,0 j " ,,' , I • 10,0 " ... \ 0-\ 
., 

15,0 j ... /" 'I,M.'" , \ -\ 'A \ ,-' 
5,0 

\ ., 
U - " .. '_.. ," A \ I ...... •. , "r.-.., ,/ \ , 

\ .-
° 

10,0 J . "V ····VW\ I£-> 0,0 
" . ' , # \ .. • \ ' , , 'V. , I . . .. '\: '. \ 

, 
" 

5,0 ",: ~ / \, -._, 4 7 10 
I '. o. , -5,0 , 

0,0 I , , '4' , '7' , ~~ , ~~ 'lis' ~9~' ~~ ";~ , ~~ I ... . 
-10,0 

. , , . 

1 -15,0 days 

January 1999 February 1999 
••••••. Daily min. (OC) I 10,0 l 

IS,O 1 
5,0 ~ /\l\ - - - - Daily max. (0C), 

A , .. . 10,0 --Daily mean eC 
~ 
1\ ,- I 

0,0 
5,0 u 1/\ ' ...... _,' '. " '-' r-

° u 
-5,0 

.. 
° , . , 0,0 

:'21 t3"~~};' ' 1 
.. 

-IO,O~': 
••• - - •. Daily min. (0C) ~. 

- - - - Daily max. (0C) 
, 

-5,0 , , 
~. '. -'. ," ..... 

--Daily mean eC) 
• . 

-15,0 j " . 
days -10,0 days 

Fig. f.l.4. Daily temperature data from October 1998 till March 1999 

10,0 

5,0 

0,0 

I £->-5,0 

-10,0 

1-
15

,0 J 
-20,0 

20,0 

15,0 

10,0 

I £-> 5,0 

1 

0,0 

II 
-5,0 

I -10,0 ' 

December 1998 

.. '. 
) 

. 

March 1999 

4 

.••..•. Daily min. eC) 

days 

. - - .. - . Daily min. eC) 
- - - - Daily max. (0C) 

---Daily mean eC) 

days 

0\ 
W 



64 

f,2. Determination of cane bound water content using microwave technique 

The determination of dielectric constant using microwave technique is a suitable method 

providing direct information on interaction between water molecules. For measuring the 

dielectric constant a microwave cavity resonator was developed. Data of cane, xylem water 

content, dielectric constant were measured and cane water state (bound water/total water) 

was calculated from July 1998 till March 1999. 

Figure f.2.a. illustrates changes in cane total water content of the different treatments. As a 

result of a dry spring and early growing season, control vine canes exlnbited lower water 

content, than treated ones. This alteration was masked later -towards harvest period- due to 

extremely high precipitation from the second half of August 1998. It is yet remarkable that 

during winter time the slightly lower cane water content of the control treatment is manifesting 

again. The tendency of changes in xylem water content is very similar to total water content 

(fig. f.2.b.), besides it is more obvious. A mild difference between control and the other treated 

plots is present during the whole winter. The ratio of bound water to total water content (fig. 

f.2.d. and the supporting data of dielectric constant on fig. f.2.c.) reflect, similarly to last year, 

a slightly retarded cane ripening till October 1998 however, later this deviation disappears. 

After 2 years of experimental data (1997/98 and 1998/99) we may suppose that cane 

water measurements well reflect vine water supply during the growing season and the 

dormancy period, although the differences are not very large in absolute values. We 

would also stress that in our circumstances irrigation or fertigation slightly retarded 

cane ripening in August and September compared to control, although it did not have 

long-lasting harmful effect for the winter. There was not obvious alteration among 

irrigation and fertigation. 
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f.3. Differential thermoanalysis (DTAl of buds for determination of low-temperature 
exotherms of primary buds 

Survival of some tissues in many woody species depends on supercooling of water in cells of 
those tissues. Dormant buds of several higher plant species deep supercool and this mechanism 
offreezing resistance is also exhibited by dormant buds of Vilis riparia Michx. (pierquet et al., 
1977), Vitis labruscana B. and Vilis vinifera L. or several Vitis hybrids as well (Andrews et 
al., 1984; Bourne et al., 1991; Pierquet and StushnoH: 1980). 
Hardening process of primary buds under dormancy seems to be well reflected by the median 
low temperature exotherm (ML TE) values determined by means of DT A. These temperatures 
are considered to be the characteristic killing temperatures of the primary buds of several plant 
species (see e.g. Weiser, 1970; Ishikawa and Sakai, 1981; Ashworth, 1990; Wolf and Cook, 
1994; Kang et al., 1998) when primordia injury results from intracellular ice formation. 

A three-channel instrument was constructed upon the literature (Andrews et al., 1983) using 
15x15 mm thermoelectric modules as sensors. A semiconductor cascade (peltier-effect) cools 
the chamber containing the sensors. Both the control of the cooling program and the data point 
collection are performed by a computer running specially designed measuring software. Rate of 
cooling was usually in the range of 4 to 6°C per hour and freezing curves were followed down 
to -24°C or -36°C. One to six buds were placed onto each thermoelectric module during the 
first testing season (winter 97/98), but only three buds were applied this winter. Silicon grease 
was used to ensure a good thermal contact between the buds and the surface of thermoelectric 
module. 

In the January to March 1998 period the cane samples collected for DT A analysis in Eger were 
transported to Kecskemet by car (175 km) and the analysis lasted about 2 to 3 weeks after 
sampling while the canes were stored at 7°C. This winter (98/99) the DTA analysis was carried 
out in Eger so the samples were waiting for analysis less than a week. This means that there 
were probable de-hardening effects due to the longer storage above O°C last winter, but in 
1998/99 this effect would not be so significant. 

Hardening and de hardening processes can be well followed on the graphs demonstrating 
MLTEs of buds during the 1997/98 or 1998/99 winter periods (measurements of March have 
not been completed), but not showing significant differences between treatments in the former 
season (Fig. f.3.1.). There was no close correlation between freezing tolerance chamber test 
results and DT A determined ML TE values. This may be due to the fundamentally different 
approaches of the two methods: (l) we use cane segments in freezing chamber tests, while in 
DT A only the buds are present, and (2) bud survival evaluated at a certain freezing 
temperature in freezing chamber, while individual killing temperatures of single buds are 
detected in DTA machine. The details of the roles of the bud and the underlying woody tissue 
(and of the interface between them) have not been ascertained. A more refined sampling 
practice, a more careful DTA measurement, a more detailed data collection and a greater mass 
of data may help us to solve this problem. 
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buds of Chardonnay as determined by DTA (-6°CIh). 



68 

f.4. Gel-electrophoretic quantification of boiling stable proteins (BSP) in buds 

Buds from the node 4 (approx. 100 mg per treatment) were collected from November to 
March in every two weeks throughout the winter of 1997 and are continued during this winter. 
Total protein was extracted and the boiling stable protein fraction was isolated and quantified 
on SDS-PAGE as follows: Bud samples were weighted and put into 20 mM Tris-HCI pH 7 
buffer (1:8 w/v) and purified sand was added. The buds were homogenized with a pestle and 
mortar and then centrifuged at 10,OOOg for 15 min. The supernatant was removed and proteins 
precipitated with 3 volumes of cold acetone overnight. The protein was separated by 
centrifugation at 1O,000g for 15 min, dried in vacuum and stored desiccated at -20°C until 
analysis. The pellets were dissolved in 300 III 20 mM Tris-HCI pH 8 buffer, boiled for 10 min 
in a water bath and the precipitated non-boiling stable proteins were separated by 
centrifugation at 10,000g for 15 min. The boiling stable protein fraction was precipitated by 3 
volumes of cold acetone as above and the pellet was re-dissolved in sample application buffer 
and analyzed by 15% SDS-PAGE. A single protein band of approximately 50 kDa BSP was 
observed and quantified by gel-densitometry (graph of averages of the 1997/98-winter see Fig. 
f.4.1.). Maximum levels of this BSP component were observed in November-December and in 
March, however, there were no remarkable differences between treatments in BSP content. 
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Fig. f.4.1. Boiling stable protein contents of dormant buds of Chardonnay vines after 
different irrigation-fertigation treatments in the growing season. 

A clear tendency of BSP accumulation in November and the first half of December can be 
observed and, after a uniform decline in the January-February period the BSP content 
increased in March on a fresh weight basis. Generally, there were no definite effects of 
treatments on BSP content of buds, however, the enrichment in BSP in March seems to be 
more pronounced in irrigatedlfertigated treatments compared to the non-irrigated control. 
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Conclusions 

The freezing chamber test proved to be a well working method to characterize winter 
frost tolerance of dormant buds. 
The T2 and the non-irrigated control remained most hardened at the end of the winter. 
This suggests that under these climatic conditions only a fertigation treatment may be 
advantageous in relatively droughty years like 1997. 
In 1998/99 the T2 treatment seemed to be most balanced retaining its freezing tolerance 
at a relatively acceptable level. 
There was no close correlation between freezing tolerance chamber test results and DTA 
determined MLTE values, but a more refined sampling practice, a more careful DTA 
measurement, a more detailed data collection and a greater mass of data (repetition) 
may help us to solve this problem. 
There were no striking differences between treatments in BSP content during the 
1997/98 winter and samples of the 1998/99 winter are being analyzed for BSP. 
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Executive Summary 
2. Israel 

The objective of this project is to develop irrigation and fertigation methods for 
improving grape production, fruit and wine quality and vine cold hardiness. 
The specific objectives of this year (1998) were: 

a. Further development of the computerized irrigation and fertigation system and 
study the efficiency of controlling soil water and mineral content by continuous 
monitoring of soil water potential and composition and concentration of the minerals 
in the irrigation water. 

b. The efficiency of the system is also examined in its effect on crop production and 
quality of the fruit and the wine. 

c. The effect of three levels of fertilization and two levels of irrigation on various 
ripening parameters and chemical constituents of aroma and flavor. 
d. Study the effect of the various irrigation and fertilization treatments on boiling 
stable protein content in the buds as indicators for cold hardiness and other possible 
stresses. 

The computerized irrigation system performance was very good and both the soil 
water potential and the soil mineral content were fully controlled. 
The soil analyses showed that the fertilization treatments have well affected the 
minerals particularly in the 60 cm depth soil profile. 
The lowest fertilization treatment was lower in most minerals whereas the mineral 
concentrations in the medium and the high fertilization treatments did not always vary 
significantly. 
Major differences were found in the less mobile elements such as K and P as well as 
in a few micro elements, whereas less significant differences were found among the 
nitrate which is mobile. The low nitrate concentrations along the soil profile at the end 
of the season is an indication of the high efficiency of the irrigation system in 
controlling the fertilization rates according to the rate of consumptive use. 
These achievements have important implications in regard to environment 
preservation and ensure minimal contamination of the ground water. 
The mineral leaf analyses showed a clear effect of the fertilization treatments both at 
bloom time and before harvest. Petiole analyses showed more significant effects of 
than blade analyses. 
No significant effects on crop yield production were apparent but the effect of high 
fertilization treatment on pruning weight and crop to pruning weight ratio was 
significant. These results indicate a possible effect on the next year's yield. In addition 
there were significant effects of the irrigation and fertilization treatments on the must 
production per weight unit, on must pH and fruit sugar content. 
Significant effects of both irrigation and fertilization treatments were apparent in a 
few volatile aroma compounds concentrations both in the must and in the wine. 
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Research accomplishments 

a. Performance of a field experiment 

Five irrigation and fertigation treatments were applied throughout the 1998 season to a 16 

years old vineyard at the experimental farm of the Faculty of Agriculture of the Hebrew 

University of Jerusalem located at Rehovot in the coastal area ofIsrael. 

The vines -Cabemet sauvignon on 1613 rootstock were spaced at 3x1.5 meter distances. 

Each treatment consisted of 7 vines with two guard rows replicated four times in a 

randomized block design. The irrigation system consisted of one lateral per row of 4IJh 

pressure compensated drippers. Fertigation was applied by an "Amiad" fertilizer injection 

pump. 

The fertigation system was controlled by an irrigation computer using a Mir 5000a 

irrigation computer. 

The fertigation - irrigation treatments were as follows: 

Tl- Fertilizer application from bud break till veraison at a rate of 150 ppm of pure Nand 

corresponding P20 S and K20 at a ratio of 7-3-7. The total amount for the season was 180 

kglha pure N, 77kg P20s and 180kglha K20. 

T2 -Fertilizer application from bud break till veraison at a rate of 75 ppm of pure N and 

corresponding P20 S and K20 at a ratio of 7-3-7. The total amount for the season was 90 

kglha pure N, 37kg P20s and 90kg K20. 

T3 - Fertilizer application from bud break till veraison at a rate of 35 ppm of pure N and 

corresponding P20 S and K20 at a ratio of 7-3-7. The total amount for the season was 

45kglha pure N, 18kg P20S and 45kglha K20. The two irrigation treatments 4 and 5, 

operated by the electrotensiometers 

T4 - Irrigation at -15 Kpa soil matric potential threshold at 30 cm depth 

and distance from the dripper- Fertilization as in T2 

T5 - Irrigation at -18- Kpa soil matric potential threshold at 30 cm depth 

and distance from the dripper- Fertilization as in T2 

The irrigation regime ofT4 and T5 were controlled by a Mir 5,000a 

irrigation computer software (Motorola) which continuously monitored the soil 



matric potential using three electrotensiometers (irrometer 

USA), per treatment as soil water sensors, averaged them and actuated 

the irrigation system till the matric water potential dropped down to -8 

Mpa. 

Fertigation was accomplished by an Amiad injection pump controlled 

by the irrigation computer in a proportional mode. A composite liquid 

fertilizer 7:3:7 (N:P205:K20) consisting of 50% N03-N and 50% NH4. 

N. 

Measurements and analyses 

1. A complete ICP soil mineral analyses of macro and micro elements of 4 soil layers in 

the profile ofO-120cm at the beginning (April) and the end (October) of the season 

2. A complete ICP blade and petiole mineral analyses of macro and micro 

elements at the beginning (April) and the end before harvest (August) 

3. Yield, fruit composition at harvest. 

4. Wine by minivinification of all experimental plots. 

5. Sensory evaluation of wines by the professional wine tasting panel of the wine 

institute. 

6. GC-MS analysis of wines made in 1997 

6. GC-MS analysis of must made in 1998 

6. Boiling Stable Proteins (BSP) of buds sampled at one week intervals along the 

season. 
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RESULTS AND DISCUSSION 

Figure 1 shows the amount of water and fertilizers applied to the various treatments. The 

three fertilizer treatments received similar amounts of water as planned about 250 mm 

which comprises an average seasonal coefficient of 0.18 whereas the high irrigation 

treatment lIT which was kept at 12 Kp at 40cm depth by the received 300 mm which is a 

total seasonal coefficient of 0.22 whereas the low automated IL which was irrigated 

with 200mm, namely a seasonal coefficient of 0.15 out of the 1340 mm of the total 

seasonal evaporation as measured by a weather station (Campbell, USA) at the 

experimental site (Fig. 2). The NPK fertilizers applied are presented in figure 2. The 

effect of the irrigation and fertilization amounts on the mineral composition of the leaves 

and the soil, the yields and quality of the fruit and the wine will be further dealt in this 

report. 
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Fig. 1 AMOUNT OF WATER AND FERTILIZERS APPLIED IN THE FIELD 

EXPERIMENT 
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SOIL MINERAL CONTENT IN THE 1998 SPRING 

The mineral content at the various soil depths is presented in figures 3-34, All samples 

were taken at 40cm distance and 30, 60, 90 and 120 cm depths, Only the figures which 

show statistical significant differences are presented. 
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Figs. 3-10. Show the effect of the various irrigation and fertilization treatments on the soil 

mineral content in the spring before the initiation of the seasonal fertilizer injection. It 

seems that the NPK content at the 30 cm depth was the highest in the medium 

fertilization treatments. This was probably due to the gradients normally formed in the 

irrigated onion shaped soil volume. 

At the 60 cm depth, N03-N, Iron and Mn, were still higher in the medium fertilized 

treatment. However Phosphorus and potassium were higher in the I the Higher 

fertilization treatment FH. The Zinc content of the soil was inversely related to the 

amounts of fertilization applied (Figs 11-16). 

The mineral content at the 90 cm depth is presented in Figs. 17- 27. It is apparent that 

N03-N, Copper Ca, Mg, and Sulfor soil content have increased with increasing 

fertilization whereas Zinc have decreased. 

The mineral soil content at 120cm depth and 40 cm distance from the drippers is 

presented in Figs. 28-34. Most minerals were high in the high fertilization treatments FH 

and low content in the low fertilization treatment FL. Nitrate nitrogen concentration was 

almost the same in all treatments. 

The soil Nitrate nitrogen content at 30 cm depth in the autumn (Figs. 35-42) was in 

general higher than that of the spring. The low fertilization treatment had always lower 

concentration of all elements while the medium fertilization treatment FM did not have 

lower mineral concentrations than the high fertilization treatment FH. 

The mineral concentration of 4 elements - Nitrate nitrogen, , Potassium and Silicon were 

well correlated with the fertilization intensity and the lower fertilization treatment FL was 

always the lowest. 

The mineral concentration at 60 cm depth in the autumn (Figs. 43-46) was in general 

higher than in the 30 cm layer. The content of Phosphorous, Potassium and Silicon were 

well correlated with the intensity of fertilization. 

The mineral concentration at 90 cm depth (Figs. 47-52) was lower than in the 60 cm 

layer. The concentration of all mineral elements except AI. Were the highest in the high 

fertilization treatment FH and also in the low irrigation treatment. This high 

concentration may be a consequence of low soil moisture at this depth in this treatment. 
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The mineral concentration at the 120 cm depth layer in the autumn (Figs. 53-59) was in 

general similar to that of the 90 cm layer. Nitrate nitrogen and K concentration were 

correlated with the fertilization level. 

It may be concluded that the high (FH) and low (FL) fertilization treatments have 

significantly affected the mineral concentration in most depths both in the spring and the 

autumn measurements. The medium fertilization treatment resulted in varying mineral 

concentrations which were not always significantly different from the high fertilization 

treatment FR. 
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Leaf mineral Analyses 

1. Blade analysis at bloom 

The Phosphorous and Potassium blade content at the spring sampling were significantly 

higher in the high FH than in the Medium and the low FL fertilization treatment. 

Sodium, Boron and Zinc content were higher in the low fertilization treatment FL. (Figs 

60-64). 

2. Petiole analysis at bloom 

Nitrate nitrogen, Phosphorous and manganese petiole concentrations were well correlated 

with the fertilization treatments (Figs. 65-73). The levels of the minerals were within the 

range recommended by the Israeli extension service. 

3. Blade analysis at harvest 

Phosphorous concentration was well correlated with the levels of the fertilization 

treatments while the Potassium concentration of the low fertilization treatment was the 

lowest among all five treatments (Figs. 74-77). 

4. Petiole analysis at harvest 

Petiole Nitrate nitrogen, Phosphorous and Potassium and M,anganese contents before 

harvest were well correlated with the levels of the fertilizat~ treatments (Figs 78-86). 

The levels of Phosphorus and Potassium were relatively high even in the low fertilization 

treatment (FL). 
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Fig.61 EFFECT OF IRRIGATION AND 
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Fig.65 EFFECT OF IRRIGATION AND 
FERTILIZATION TREATMENTS ON 
N03-N CONTENT OF PETIOLES AT 
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Fig.67 EFFECT OF IRRIGATION AND 
FERTILIZATION TREATMENTS ON 

POTASIUM CONTENT OF PETIOLES 
AT BLOOM 

35000 

34000 
33000 

E 32000 
8: 31000 

30000 

29000 

a 
a 

a 

a 

a 

28000 +-'--'--,---.L.....;L,~..L-,.-----L-L,--l'-......1--, 

FH FM FL IH 

TREATMENT 
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Fig.S6 EFFECT OF IRRIGATION AND 
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Fig.70 EFFECT OF IRRIGATION AND 
FERTILIZATION TREATMENTS ON 

CALCIUM CONTENT OF PETIOLES AT 
BLOOM 
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Fig.71 EFFECT OF IRRIGATION AND 
FERTILIZATION TREATMENTS ON 
IRON CONTENT OF PETIOLES AT 

BLOOM 
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Fig.74 EFFECT OF IRRIGATION AND 
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Fig.72 EFFECT OF IRRIGATION AND 
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Fig.75 EFFECT OF IRRIGATION AND 
FERTILIZATION TREATMENTS ON 
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Fig.76 EFFECT OF IRRIGATION AND 
FERTILIZATION TREATMENTS ON 
BLADE BORON CONTENT BEFORE 

HARVEST 
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Fig.76 EFFECT OF IRRIGATION AND 
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Fig.BO EFFECT OF IRRIGATION AND 
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Fig.a6 EFFECT OF IRRIGATION AND 
FERTILIZATION TREATMENTS ON 

PETIOLE ZINC CONTENT AT~j 
If a-t Vo/"' 

120 
a 

100 ,..... 

80 

[ 60 b 
b b 

,..... 
Q. b r-,..... 

40 ,..... 

20 

o 
FH FM FL IH IL 

TREATMENT 

22 



23 

YIELDS AND FRUIT COMPOSITION 

Yields were significantly higher in the high irrigation treatment (rn, Fig 87). It is too 

early to conclude that the amount of irrigation water was the limiting factor of this 

experiment since such an effect was not apparent in the first and the second 

experimental years. The relatively low pruning weight of the high irrigation treatment 

(Fig. 96) and the high yield to pruning weight ratio (Fig. 97) indicates a high crop 

load due to low vigor and high crop, probably due to high bud fertility. This may lead 

to a lower yield in the next year. The lowest crop load was obtained in the high 

fertilization treatment FH due mainly to a high pruning weight which represent high 

vegetative growth (Fig. 97). 

The high and medium fertilization treatments FH, FM had higher must volume to fruit 

weight ratio than the low fertilization treatment FL and the low irrigation treatment 

IL(Fig. 88). The must titratable acidity was significantly reduced in the high irrigation 

treatment and did not differ among the fertilization treatments (Fig. 89). The pH of the 

low irrigation treatment IL was significantly higher than that of the high FH and low 

FL fertilization treatments (Fig.90). The must sugar content (Brix) was negatively 

correlated with the level of fertilization and the irrigation (Fig. 91). This effect seems 

to be a direct effect since no such correlations were found in the pruning weight and 

crop levels. 

The must Potassium content was significantly lower in the FH than in the rest of the 

treatments(Fig. 92). Berry weight was significantly higher in the FH treatment than in 

the rest of the treatments. Berry volume was negatively correlated with the 

fertilization levelg(Fig 94). Weight to volume ratio was significantly lower in the FM 

treatment (Fig. 95). 
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Fig.93 EFFECT OF THREE 
FERTILIZATION AND TWO 

IRRIGATION TREATMENTS ON 
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WINE AND MUST COMPOSITION 

The wine and must composition of the 1998 harvest went through a procedure of standard 
wine analysis. These data will not be reported here due to the size of the file but are 
available upon request. 
The volatile content of the 1998 must and the wines was extracted by a headspace solid 
phase extraction (SPME) and analyzed by GC-MS as follows. 

Juices: berries minus the stems from approximately 750 grams of grapes were crushed 
with a hand held potato masher in a large plastic beaker. The juice was quickly strained 
through six layers of gauze and allowed to settle for ten minutes. Clear juice was then 
placed in 20-milliliter scintillation vials and frozen at -20 degrees C until needed. Juices 
samples were thawed at +4 degrees C. As soon as all ice crystals had disappeared, 
samples were shaken and 1.2 ml was added to a chilled sampling vial containing 120 mg 
of NaCI to stop all enzymatic activity. The vial was given an eight-second flush with 
Nitrogen gas, sealed, and placed in the sampling carrousel of the Gas Chromatograph -
Mass Spectrometer. 

Wines: wines were prepared by the Israeli Wine institute. Chilled (4 degrees C) samples 
were opened and 1.2 ml was immediately added to a chilled sampling vial, given a 
Nitrogen flush, and sealed. 

After the first sample had been allowed to stand for at least two hours at room 
temperature, sampling was commenced using a ten-minute absorption of volatile 
compounds by immersing a 100micrometer polydimethylsiloxane-coated optical fiber 
using a Supelco Solid Phase Micro Extraction fiber assembly operated by the computer 
controlled Varian 8200 autosampler. Desorption in the Injector port was at 210 degrees 
C. for three minutes. One injection was performed every half-hour until all the vials were 
sampled. 

Gas Chromatograph: Varian 3400CX. 

Gas Chromatograph cycle: 3 minutes at 40 degrees, ramping to 220 degrees at 20 
degrees per minute, and followed by 4 minutes at 220 degrees. 

Column: J & W Scientific DB-Wax 30 meter fused silicon column, with an 
internal diameter of 0.32 ifun, and a coating of25 microns. 

Carrier gas: Helium, 99.999% pure, 12 psi head pressure 

Mass Spectrometer: Varian Saturn 3 

Mass Spectrometer ~ettings: Ion range from 39 to 395 MW, filament emission 
current at a constant 18microArnperes to allow for baseline and bleed comparisons. 
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All quantitation values are in total ion count of one or several ions (not always the 
same ion) which is sufficiently reserved to the compound in question to allow separation 
of peaks and isolation thereof 

Identification by computer assisted libraries of Spectra including the Wiley library 
and the NIST92 library. Monoterpenes and some alcohols were confirmed by elution 
times and comparison with spectra of known compounds injected by us. 
Numerous aroma compounds were identified and a few of them varied significantly 
among the musts and the wines of the various fertigation treatments. A" JMP" software 
was used for the statistical analysis of variance based on 4 replicates per treatment. 
A few examples of ab few important volatiles which were significantly affected by the 
experimental treatments are presented in this annual report. 
Fig. 99 shows 6 aroma compounds in the must which were significantly affected by the 
irrigation treatments. Hexanal and 2- Hexanal were dramatically increased by the high 
fertilization treatment and was significantly reduced by the lower fertilization treatments. 
The low irrigation treatment has significantly increased the must content of 2- Hexen 
-1-01, Acid hexanoic and hexyl ester acetic acid (Fig. 100). Wine aroma compounds 3 
methyl butyl octanoic acid and Ethyl ester decanoic acid were positively affected by the 
low irrigation treatments. Table 1 shows a comparison between aroma compounds in the 
must and in the wine. It seems that some compounds were higher in the wine and some in 
the must and some interations with the experimental treatments were apparent. 
Tables 2 and 3 show the list of aroma compounds found in the wine and in the must. 
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MUST CABERNET SAUVIGNON FACUL TV FARM 1998 

FERTILIZATION EXPERIMENT 

6 

Fertilization Hexanal Hexanoic Acetic acid Benzeneethanol 2-Hexenal 1-Heptanol j 
level acid hexyl ester 
high 5.4595 0.5114 0.4309 0.1451 2.3065 0.0918 
medium 0.7634 2.3488 3.6601 0.6605 1.2898 0.2051 
low 1.1484 1.6875 3.7751 1.1071 0.0389 0.3920 

Fig. 99. Effect of fertilization treatments on aroma compounds in Cabernet Sauvignon 
must (Faculty farm) 
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0\ IRRIGATION EXPERIMENT 
N 

Irrigation 2Hexen-1-ol Hexanoic 
level acid 

high 1.2216 0.4440 
low '--- 2.2935 1.2191 
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Fig. 100. Effect of irrigation treatment on aroma compounds in Cabernet Sauvignon 
from Faculty 
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WINE CABERNET SAUVIGNON FACUL TV FARM. 1998 

Octanoic acid Decanoic acid i 

3methyl butyl ethyl ester i 

0.345543 1.387999 
0.624994 3.111592 

Fig. 101. Effect of irrigation treatments on aroma compounds of wine 
Cabernet sauvignon faculty farm 1998 
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Table 1. Comparison between aroma compounds in must and wine of Cabernet Sauvignon from Faculty farm 

1-Hexene Acetic acid pentyl ester Hexanoic acid Benzeneethanol 
TREATM. wine must wine must wine must wine must 
fertilization [mean % Area] [mean % Area] 

HIGH 8.992 14.160 14.376 0.000 0.537 0.510 4.426 0.1401 
MEDIUM 10.306 38.700 14.842 1.120 0.880 2.350 4.620 0.660 

LOW 8.369 39.320 15.361 1.730 3.502 1.680 6.368 1.110
1 

irrigation 
HIGH 8.948 10.670 15.493 0.048 1.355 0.440 0.725 0.180 1 

LOW 5.748 28.480 13.623 0.045 0.223 1.220 0.057 0.4801 
- - -~ - -~ -- - - ----

~. 
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TABLE 2. COMPOUNDS LIST IN MUST, 
CABERNET SAUVIGNON FACUL TV FARM, 1998 

peak no. NAME 
1 ACETIC ACID ETHYL ESTER 
2 1-PENTANOL 
3 HEXANAL 
4 2-HEXYN-1-0L 
5 2-HEXENAL 
6 2-HEXEN-1-0L 
7 1-HEXENE 
8 ACETIC ACID PENTYL ESTER 
9 1-HEPTANOL 
10 HEXANOIC ACID 
11 ACETIC ACID HEXYL ESTER 
12 LlMONENE 
13 BENZENEETHANOL 
14 NONEDIENAL 
15 NONENAL 

Ret.time 
1.69 
2.91 
3.96 
4.76 
4.87 
5.14 
5.19 
5.34 
7.08 
7.2 

7.83 
8.18 
9.62 
10.24 
10.35 

TABLE 3. COMPOUNDS LIST IN WINE CABERNET 
SAUVIGNON, FACUL TV FARM, 1997 

peak no. NAME Ret.time 
1 ETHANOL 4.08 
2 BUTANOIC ACID 4.74 
3 BUTANOIC ACID 3-METHYL ETHYL ESTER 4.83 
4 1-HEXENE 5.09 
5 ACETIC ACID PENTYL ESTER 5.28 
6 ACETIC ACID 2-ETHYL HEXYL ESTER 5.87 
7 BENZENEETHANAMINE 6.6 
8 HEXANOIC ACID 7.1 
9 HEXANOIC ACID ETHYL ESTER 7.49 
10 BENZENEMETHANOL 8.15 
11 BENZENEETHANOL 9.49 
12 BUTANEDIOIC ACID 10.58 
13 OCTANOIC ACIDETHYL ESTER 10.89 
14 OCTANOIC ACID 2-ETHYL BUTYL ESTER 11.68 
15 ACETIC ACID 2-PHENYL ETHYL ESTER 11.77 
16 ETHYL 9-DECENOATE 13.66 
17 DECANOIC ACID ETHYL ESTER 13.78 
18 1-0CTANOL 15.21 
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The effect of different fertigation treatments on seasonal changes in buds 
boiling stable protein (BSP) 
Buds were collected from early summer throughout the winter of 1998. BSP 
was extracted and analyzed as we have already described in the 1997 report, 
accept that the polyacrylamide gel was at a concentration of 12.5% which 
enabled the detection of novel BSP having a molecular mass of 12 kDa. This 
new protein was probably present in samples collected in the previous years 
but was not detected due to its relatively low molecular weight. The level of 
the 12 kDa BSP fluctuated along the season. Nevertheless, a general trend of 
accumulation was observed particularly in treatments HF MF and LF. 
Treatment LI, which was the driest treatment, showed the highest rate of 
fluctuation, which could probably be attributed to water stress (Fig 3). 

As observed in 1996 and 1997, a general trend of accumulation ofBSP 50 
was also observed at 1998. However accumulation started very early in the 
season, and fluctuations were much more significant as compared with the 
preVIOUS seasons. 
IfBSP 50 could be serve as a molecular marker for cold hardiness, than the 
results indicate that treatments HF and MF resulted in higher levels ofBSP50 
at December compared with treatments LF and LI. Thus, low level of 
nitrogen (treatment 3) and relatively low levels of irrigation (treatment 4) are 
likely to negatively affect cold hardiness in grapes 
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Fig 1 02. Changes in BSP (12 kDa) level in buds during 1998. (treatment 
I-HF, treatment 2- MF, treatment 3- LF, treatment 4- LI) 
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Fig. 103. Changes in BSP (50 kDa) level in buds during 1998. (see Fig. 102 
for treatments details). 
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Figl04. SDS-PAGE after silver staining. Treatment LI. - Aug. and Sept. 
samples 


