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Grape vines require very specific climate and 
soil conditions for optimal growth. Along the 
northern margin of the wine-growing  zone suc-
cessful wine production is restricted to those 
sites with outstanding soil properties and cli-
mate. 

Nevertheless, grape yield and quality fluctu-
ates substantially from year to year and site to 
site. Winegrowers must take site conditions into 
account when selecting grape varieties and root-
stocks.

In addition to this, intensive grape produc-
tion has a profound impact on the landscape. 
Winegrowers must take on the responsibility for 
adopting sustainable viticultural practices, with 
particular emphasis on soil conservation. Grow-
ing wine on steep slopes increases the erosion 
risk. In the past, intensive tillage and excessive 
nitrogen fertilization has resulted in the pollu-
tion of groundwater with nitrate. Today, erosion 
and nitrate leaching can be reduced by cover-
cropping. However, cover crops also draw on the 
natural water supply consisting of precipitation 
and water stored in the soil during the winter. 
This can lead to water stress in dry years on lo-
cations with low soil water reserves. The posi-
tive sustainable aspects of cover–cropping with 
respect to soil conservation can therefore collide 
with the legitimate demands of the winegrowers 
for ensuring high yields and quality.Current leg-
islative framework concerning water protection 
and soil conservation emphasizes the importance 

of safeguarding natural resources.
The methodical survey of the wine-growing  

regions in the Federal State of Hesse dates back 
to 1947. The first soil survey was carried out by 
H. ZAKOSEK and completed in 1960. The climate 
survey of the wine-growing regions in Hesse was 
initiated in the 1950s. The first viticultural atlas 
at a scale of 1 : 50.000 was published by ZAKOSEK 
et al. (1967). Additional site investigations re-
vealed new aspects in relation to the influence 
of soil and climate on grape vine growth. The 
results obtained by BECKER (1967), HOPPMANN & 
SCHALLER (1981) and HOPPMANN (1988) are espe-
cially worth noting in this context.

Many viticultural requirements have changed 
since the publication of the first edition of the vi-
ticultural atlas in 1967 (ZAKOSEK et al. 1967). The 
increased focus on soil conservation and water 
protection require winegrowers to pay more at-
tention to soil management – without neglecting 
qualitative aspects. HÜSTER (1993) addressed the 
issue concerning the water demand of vines and 
produced a water budget model to estimate wa-
ter stress in clean-cultivated vineyards and those 
implementing a cover-cropping system. In this 
context, it is necessary to note that the Rheingau 
is a very dry wine-growing region with less than 
550 mm annual rainfall.

Further site investigations, new water budget 
models and a survey of available water contents 
(AWC) formed the basis for producing a quality 
map of the Rheingau (HOPPMANN 1999).

1.  Introduction
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The present publication aims to collect the 
experiences gathered over the past decades and 
the results of scientific investigations of the 
wine-growing regions in Hesse and publish these 
in the form of a set of maps.  

The wide range of topics provides winegrow-
ers with the necessary information to optimize 

the quality of their vineyards and help to protect 
and manage the soil as a natural resource.

This set of maps is also aimed at political deci-
sion makers to ensure that site conditions are 
not neglected in future revisions and creation of 
laws and regulations.
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2.  Site climate maps

Grape vines are particularly demanding with 
respect to temperature. Production is therefore 
restricted to those locations with a favorable cli-

mate: high solar radiation coupled with a low risk 
of wind or cold air.

2.1  Radiation

The temperature regime of a location is mainly 
determined by solar radiation. Sites that are opti-
mally inclined to receive solar radiation will heat 
up more rapidly than less optimally inclined lo-
cations. The viticultural atlas published in 1967 
includes a map of the astronomical maximum po-
tential radiation. However, these radiation values 
do not take into account the reduction of radia-
tion by the atmosphere or the fluctuating cloud 
cover at the location. Further developments, 
which take into account atmospheric parameters 
have led to the “Offenbach Evaluation Scheme” 
(BRANDTNER 1973). This makes it possible to cal-
culate the solar radiation for any given time and 
location in relation to slope and aspect, latitude, 
sunshine duration and atmospheric turbidity. 
Long-term radiation measurements revealed that 
the turbidity values used in the scheme were too 
low and subject to seasonal variation. In addition 
to this, turbidity has increased in the past de-
cades. The revised radiation model takes these 
aspects into account. However, the fundamental 
observation that must weights are closely corre-
lated to solar radiation does not depend on the 
basic values (HOPPMANN & SCHALLER 1981). The 

phenological development proceeds faster on fa-
vorably exposed slopes, allowing grapes to ripen 
over a longer period of time. Thus, the onset 
of flowering in a level vineyard may be delayed 
by an average of 5 to 7 days when compared to 
grapes growing on a S-facing slope with a 20° 
gradient. This results in a difference in must 
weights by 4–6 °Oechsle (HOPPMANN 1988). Ra-
diation Map I (see chapter Radiation) depicts the 
effect of exposure on the radiation value. How-
ever, solar radiation does not account for all the 
qualitative differences between the vineyards. 
Although radiation increases with elevation, the 
thermal conditions for viticulture rapidly deterio-
rate with height. Elevation is the limiting factor 
determining grape production. The upper limit 
for late ripening varieties on favorably exposed 
vineyards lies between 230 and 250 m above 
sea level in Hesse. The upper limit for early 
ripening varieties such as the Müller-Thurgau 
group on favorably exposed slopes is 300 m 
above sea level. The temperature decrease can 
be integrated into the radiation model using a 
statistical procedure. The effect of elevation is 
equated with a reduction of the available energy 
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from direct solar radiation (Radiation map II) (see 
chapter Radiation) HOPPMANN & SCHALLER (1981) 
investigated the overall effect of elevation and 
radiation for the Rheingau. The results indicate 
that 40 % of the observed must weight variation 
between vineyards can be explained by the fac-
tors radiation and elevation. An increase by 3 
kJoule/(cm²×vegetation period) corresponds to 
a must weight increase by about 1 °Oechsle and 
a reduction of acidity by 0.2 %. Because of the 
confirmed effect of radiation and elevation on 
must weight, the reduced radiation was used to 

define vineyard locations (compare Map of exact 
demarcated vineyards) 

Many vineyards extend over a large range of 
elevations. In a few cases, slope aspect may also 
vary within a single vineyard. Therefore, radia-
tion may differ considerably within a single vine-
yard (see Table 3, chapter Radiation). As a result, 
it is unrealistic to make a single evaluation of 
the climate for any given vineyard (see Vineyard 
map). Similarly it is impossible to assign a par-
ticular vineyard to a specific quality class.
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2.2  Cold air and wind risk 

The cold air risk for the wine-growing regions 
of Hesse is available as a map produced accord-
ing to the survey guidelines of the Weather Ser-
vice. The frost risk maps reveal the risk of expe-
riencing late and early frosts. Late frosts (–2 °C) 
are particularly important since these threaten 
the young leaves of the vine. However, the fre-
quency of April and May frosts has dropped con-
siderably in the past decades (Table 19).
Even though the risk of frost in May is much 
lower than 30 years ago, the maps (–2 and –4 
°C Frost probability) illustrate the relative dif-
ferences in terms of cold air hazard within the 
region. Frost probability is still very high in small 
areas near Hochheim and Wicker as well as in 
the Bergstrasse. The phenological records over 
the past two decades indicate that the timing of 
bud break has continually moved forward to an 
earlier date (about 10 days). Consequently, the 
frost risk has shifted from early May to the sec-
ond half of April. The clear night cold air streams 
have a detrimental effect on quality (see Chap-

ter 6.2). The information presented on the cold 
air risk map is also important for assessing the 
effects on plant health. Cooler vineyards tend 
towards early dew formation during the night, 
which increases the risk of infection with downy 
mildew (Plasmopara viticola). Such sites are pre-
disposed to early infestations by the peronospora 
since the leaves dry much slower after rain or 
dew formation. Cold air locations are not so well 
aerated.
Cover crops should be kept short in cold air lo-
cations during frosts. Figure 1 shows how long 
grass has lead to frost damage of the young vine 
shoots.

 1931–60 67 11

 1951–80 71 4

 1961–90 56 2

Tab. 1.  Frequency of frosts during a period of 30 
years in Geisenheim (April and May)

 Period of time April May
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Mapping wind risk was a much greater chal-
lenge. Buildings, vegetation cover and terrain all 
change the direction and speed of wind result-
ing in a highly variable flow pattern even within 
small distances. Clear day wind speeds and direc-
tions are particularly important from an ecologi-
cal point of view.

For this reason, E-facing slopes are less suit-
able for growing wine in the Rheingau than W-
facing slopes. E-facing slopes will benefit from 
planting windbreaks. Daytime temperatures on 
clear days are about 2 – 3 °C lower in wind-
exposed locations than in protected vineyards 
(HOPPMANN et al. 1987). The Lower tempera-
tures can result in a deterioration of quality by a 
maximum of 3 °Oechsle (HOPPMANN 1988). The 
frequency of east winds should also be taken 
into account when planning vineyard layout (row 
aspect). Generally a north- south orientation of 
the rows is to be preferred. 

From the viticultural point of view, the risk 
of infection is lower in wind-exposed locations, 
since the vines dry quicker after rain or dew for-
mation. However, in general, quality-reducing 
factors prevail.

Fig 1.  Frost damage of young wine shoots

2.3  Overall evaluation of site climate

The maps are useful for estimating the posi-
tive and negative influences of climate (radiation, 
frost and wind). However, they do not contain 
the necessary information for specifying the po-
tential quality of a vineyard – they provide a first 

rough orientation. The maps also provide useful 
information concerning soil management, plant 
health risks and evaporation in combination with 
high radiation values.

3.  Water budget and soil
3.1  Grape vine water demands 

As early as 1892, MÜLLER-THURGAU recom-
mended using the specific reaction of grape vari-
eties to water supply as a criterion for cultivation 
suitability. CURRLE et al. (1983) drew attention to 
the difference between water consumption and 
water demand, since the vine possesses regula-
tory mechanisms, which enable the plant to ad-
just consumption to the supply.

This capability for adaptation plays a central 
role in the appearance of stress situations. How-
ever, at present there is still a lack of informa-

tion concerning the amount of water the grape 
vine requires to achieve specific yield or quality 
targets.  

Water budget calculations are the first step 
towards understanding the water supply in a 
vineyard. Table 2 presents the water budgets 
for the location Mäuerchen in Geisenheim. The 
data was calculated using a water budget model 
for clean-cultivated vineyards and those imple-
menting a cover-cropping system (HÜSTER 1993). 
The results reveal a substantial negative climatic 
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water balance, confirming that this location is 
known to be one of the driest places in Germa-
ny. According to this investigation, grape vines 
may evaporate up to 405 mm water providing 
they are adequately supplied with water. 

Cover crops require an additional 150 mm. 
However, the grape vines cannot meet this po-
tential demand. The actual evaporation from 
clean-cultivated sites is 27 % lower than the 
potential values. On sites with cover crops, the 
difference is 51 %. This example shows how 
adaptable the grape vine responds to new en-
vironmental conditions. In addition to this, the 
increasing drought causes the cover crops to 
wilt and die. The vine responds to decreasing 
soil water contents by reducing transpiration. 
GRIEBEL (1996). carried out pot experiments with 
vines and obtained similar results. He recorded a 
39 % reduction in evapotranspiration when soil 
water contents decreased of from 100 % AWC to 
30 % AWC. This experiment also shows how 
vines are able to adapt the actual evapotranspi-
ration to the soil water supply. However, it is 
necessary to consider that higher radiation on fa-
vorably exposed slopes means that these require 
up to 20 % more water than level locations (see 
Radiation Map I). Since these slopes are often 
covered by thin or rocky soils, water deficit can 

be a problem for vine growth. In contrast, the 
high available water contents of the deep soils 
of the level locations results in a clear positive 
water balance. These locations are suitable for 
long-term cover crop systems. A final evaluation 
of water stress cannot be based on long-term av-
erages (see Chapter 3.3). 

The data concerning the total water demand 
varies considerably and depends on variety and 
location. The German average water demand var-
ies between 300 and 400 l/m². SCHMID (1997) 
used the xylem flow measurement method to 
record the water demand of the variety “Weisser 
Riesling” during the period between flowering 
and harvest in 1995. The results show that vines 
only use between 91 and 139 l/m² stand area. 
Water consumption varied considerably between 
individual plants. However, the water consump-
tion per leaf area is constant at 50.4 to 51.9 l/m² 
(SCHMID 1997).

The critical stage in terms of water stress is 
the early phase of berry growth. A lack of wa-
ter during this phenological phase significantly 
reduces yield. A good water supply during the 
ripening phase positively affects sugar formation 
and anthocyanin concentration and therefore the 
intensity of berry color (GUROVICH et al. 1996).
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Tab. 2.  Average value of the water budget in clean-cultivated and cover-cropped vineyards ( l/m2)
Geisenheim Mäuerchen, 1935–1991 [(May to October; Calculation by HÜSTER (1993)]

 Water budget  Water budget
 potential evaporation actual evaporation

    Cultivation

 clean-cultivated cover-cropped clean-cultivated cover-cropped

Precipitation 292 292 292 292

Evapotranspiration 405 550 319 363

Climatic water budget –113 –258 –27 –71

Available soil  144 144 144 144
water capacity

total water budget 31 –114 117 73
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3.2  Soil water storage capacity (AWC values) 

Soil type plays an important role in the soil 
water budget and therefore in the selection of 
a soil management system. In addition to this, 
soil type must be taken into account during the 
vineyard planning phase since it has an effect on 
row spacing and rootstock and variety selection. 

The current regional soil type maps and the 
closely related maps of available water capacity 
(AWC) are a useful source of basic information 
for obtaining site-specific advice, which princi-
pally affects the optimization of the water bal-
ance. Increasing dryness in the post-flowering 
phase during the past decade has resulted in a 
deterioration of must weights, an increase in 
wine faults and changes in the composition on 

soils with low available water contents. A par-
ticularly negative example is the production of 
2-aminoacetophenone, a wine fault that known 
as “untypical ageing flavor”. Therefore, one of 
the most important aspects of viticultural prac-
tices is the adjustment of the production system 
to suit the local water budget and therefore soil 
type.

The soil type and available water capacity 
maps can also help in the decision process in 
relation to irrigation planning. The introduction 
of irrigation systems to maintain soil fertility and 
improve the soil water budget in vineyards with 
cover crops will become increasingly important 
in the future.

3.3  Water stress risk estimation 

Standard tolerance values and averages cannot 
be used to determine the suitability of a site for 
planting cover crops. Water stress also depends 
on yield, grape and rootstock variety, cover crop 
system and the vine training system. This is why 
the present vineyard site maps can only be used 
to evaluate the risk of water stress.

The risk assessment is based on the percent-
age of years in which the mean water content 
of the soil to a depth of 1 m falls below 40 mm 
during the 40-day period after flowering (HOF-
MANN 1996). This period was selected because 
the demand for water by the vine is highest in 
this phase (HOFÄCKER 1976, BETTNER 1979, GU-
ROVICH et al. 1996).

The potential risk of water stress is very high 
for all vineyard locations with an available water 
capacity < 100 mm. Such sites are not suitable 
for permanent cover-cropping. These sites may 
experience low water contents (< 40 mm) dur-

ing the post-flowering period in more than 50 % 
of the years. This class includes thin soils (< 60 
cm) and very stony soils. These soils are found 
locally throughout the Rheingau, covering < 5 % 
of the total vineyard area – their role in viticul-
ture is insignificant (ZAKOSEK et al. 1967). GRIEBEL 
(1996) concluded that only those locations in 
the Rheingau with an AWC <100 mm cannot 
be recommended for permanent cover-cropping. 
These conclusions could not be substantiated in 
the present survey. They apply only for the Berg-
strasse region, which receives 150 to 200 mm 
more precipitation than the Rheingau.  

Any risk assessment of the other soils with an 
AWC > 100 mm must take into account location 
as well as slope aspect and gradient. Because of 
this variability, it is impossible to base the risk 
assessment on the AWC alone. The possibility 
of yield loss and quality deterioration increases 
with each higher risk class. The consumption 
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of water can be lowered in these locations by 
reducing the area under cover crops as well as 
frequent mulching. Planting winter cover crops 
or applying straw are possible management alter-
natives for these vineyards.

However, an abundant water supply causes 
the vine to react by increasing leaf production. 
Such conditions occur on a regular basis. The as-
sociated effects of this prolific vegetative growth 
on plant physiology, vine health and other viti-
cultural aspects has a negative effect on quality. 
This particularly affects those vineyards located 

in valleys under cold air influence (see Chapter 
2.2) 

Any plan to implement a cover crop system 
must take into account target yields and qual-
ity objectives. Pruning, canopy management and 
green harvesting measures all have an influence 
on quality and yield. For example, despite the 
relatively high water stress risk, the vineyards 
of the State Winery Assmannshausen have been 
planted with cover crops for decades. The vines 
produce lower yields but suffer less from water 
stress than those with high yield targets.
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3.4  Influence of cover crops on water and nutrient budget 

Endeavors to introduce cover crop systems in 
the Rheingau must take into consideration the 
competition for nutrients and water between the 
cover crop and vine under the regional climatic 
conditions (rainfall and rainfall distribution pat-
terns). The conditions are more favorable in the 
Bergstrasse region. For this reason, the new edi-
tion has been extended to include an evaluation 
of the water budget.

The most important components of the evalu-
ation are the map of plant available water ca-
pacity (AWC map) and the mathematical water 
budget model for computing the water budget 
of a vineyards and estimating the risk of water 
stress. However, this information is inadequate 
for assessing the influence of water stress on 
grape yield and quality. Much of the published 
information concerning the effect of increasing 
water stress on yield and the formation of valu-
able constituents is inconsistent. 

According to the results of the present sur-
vey, negative effects on wine quality induced by 
water stress must be expected on sites with an 
AWC < 150 mm (see Chapter 6.1). The proba-
bility of water stress is very low in vineyards with 
an AWC over 200 mm. In general, these find-
ings suggest that whole-scale permanent cover-

cropping systems are not recommended for sites 
with low plant available water capacities. Cover 
crops should be planted in alternative alleys in-
stead, to facilitate trafficability. Vineyard manag-
ers can achieve a further reduction in water con-
sumption by selecting mesic grassland mixtures. 
There is no indication that a vegetative ground 
cover in winter, whether natural or planted has a 
negative on water budgets on these sites.  

Water stress evaluation is particularly impor-
tant in vineyards producing white wine varieties. 
A clear distinction must be made in this context 
between red and white wine varieties. While 
yield and must weights are affected by water 
stress during the later stages of the vegetation 
period, the formation of quality reducing con-
stituents poses a much greater problem.  

Water stress can have a positive effect on the 
quality of red wines. Since phytochemicals such 
as phenols are involved in protecting the vine, 
stress can stimulate their formation and accumu-
lation. The accumulation of pigments is a qual-
ity criterion in red wines. The response to stress 
factors can lead to a higher resistance. 

The introduction of cover-cropping systems in-
creases the competition for water and nutrients 
within the vineyard. Of course this does not al-
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ways affect vine growth. The evaluation of stress 
due to reduced floor management must take into 
account the manifold and effective natural adap-
tation mechanisms of the grape vine (LÖHNERTZ et 

al. 1998), variation in the distribution of precipi-
tation and especially the different water storage 
capacities of the soils in the Rheingau and Berg-
strasse wine-growing regions.  
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3.5  Erosion control

Without doubt, cover crops are the most ef-
fective erosion control measure. However, most 
vineyards on steep slopes are only covered with 
a thin layer of soil and therefore have a problem-
atic water budget. These are often very dry loca-
tions especially since economic constraints mean 
that most winegrowers do not irrigate despite an 
existing exemption. Basically, all locations with 
a slope gradient >18 % are highly susceptible 
(EMDE 1992), except those with a high degree of 

stoniness. Erosion control measures are neces-
sary on these sites especially during the months 
with a high risk of strong rain events. All factors 
contributing towards lowering the kinetic en-
ergy, such as vegetation cover, mulching, coarse 
tillage reduce the erosion risk. The calcaric rego-
soles on loess are of particular interest in this 
context being both a highly valued substrate for 
producing wine and very susceptible to erosion.
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4.  Soil nitrate 
4.1  Nitrate leaching

Nitrate dynamics in vineyards is very different 
from that in other annual agricultural cropping 
systems. In particular, vineyard soils are tilled 
throughout the year. Until the 1980s, vineyard 
management in the Rheingau consisted of in-
tensive mechanical tillage combined with regu-
lar herbicide applications to the rootstock. This 
is the reason for the elevated levels of nitrate 
leached from these sites. In contrast to annual 
cropping systems, the vineyard soil is not com-
pletely depleted of nitrate at the end of the veg-
etation period. Consequently, the risk of post-
harvest elevated soil nitrate content is high. In 
clean-cultivated, intensively managed soils, this 
surplus nitrate content usually exceeds the 

45 kg NO3-N/ ha limit stipulated by  the 
SCHALVO (conservation and compensation regu-
lation). The fraction of clean-cultivated sites with 
surplus nitrate contents above this threshold is 
relatively high. Consequently, it is recommended 
to encourage site managers to plant cover crops 
at the end of the vegetation period and cease 
mechanical tillage operations during the grape-
ripening phase. As an alternative, a natural veg-
etation cover (weeds) is usually sufficiently ef-
fective. This floor management scheme can also 
be implemented irrespective of the soil water 
storage capacity. SCHALLER et al. (1994) docu-
ment the results of numerous extensive studies 
on nitrate formation and leaching.

4.2  Nitrate supply

Soil nitrate content in permanently cover-
cropped vineyards are lower and less subject to 
fluctuations during the year (BERTHOLD 1991). As 
a rule, these vineyards do not accumulate high 
surplus nitrate contents at the end of the vegeta-
tion period. 

However, permanently cover-cropped vine-
yards may suffer from N shortage especially in 
combination with water deficits during the veg-
etation period. The shallow root system of the 
cover crops reduces percolation during the veg-
etation period thus diminishing the input into 
the root zone of the grape vine.

While N-fertilization is recommended during 
the initial development phase of the cover crop 
system to increase biomass, fertilizing an estab-
lished cover crop system produces no significant 
positive effect.  

A special problem occurs when perennial cov-
er crops are incorporated into the soil at the end 
of the lifecycle. This procedure releases large 

amounts of organic bound nitrogen by miner-
alization. This potential contamination is espe-
cially high for leguminous cover crops. 

Nitrogen fertilization must be adjusted to suit 
the demand. This is especially important on soils 
with a low available water storage capacity. On 
such soils, fertilization should be restricted to 
two periods: one application during the budding 
phase and one after flowering. Any application 
of higher quantities of fertilizer for example as 
a reserve, or in conjunction with potassium, 
magnesium and calcium fertilization must be 
avoided.   

Before introducing a cover crop system, it is 
necessary to weigh the positive effect of reduc-
ing the surplus nitrate content at the end of the 
vegetation period against the possibility of an 
inadequate plant available nitrogen supply. The 
effect on wine quality is one of the main consid-
erations in this context.
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The viticultural atlas enables the user to opti-
mize the specific demands of rootstock and grape 
varieties to suit the location. The maps are also 
a valuable tool to help vineyard managers select 
between vigorous and less vigorous rootstocks.  

In the continuing trend towards increasing the 
vineyard area planted with red wine varieties, 
winegrowers will find important information in 
the water stress and quality maps. Water stress 
is less of a concern for red wine varieties since 
the resulting accumulation of substances does 
not have the same negative effect on quality. 
Thus, the “untypical ageing flavor” due to phe-
nol accumulation does not occur in red wines. 
Consequently, planting Pinot Noire on dry loca-
tions is a very wise decision, whereas growing 
red wine varieties on soils with a high available 
water storage capacity must be seen as critical. 
The potential for Botrytis and other fungal infec-
tions on these sites is high. The most suitable 
locations for red wine production are therefore 
those with favorable temperature conditions and 
low soil water storage capacity. 

The current set of maps can also help to lo-
cate sites for producing international red wine 
varieties such as Cabernet Sauvignon or Merlot. 
These varieties can only be produced on areas of 

exceptional “quality”. 
Soil type and soil group play a central role for 

the evaluation of vineyard water and nutrient 
budgets. However, the importance of soil group 
is somewhat lessened due to the long-term in-
tensive vineyard management practices, which 
sometimes date back centuries. Deep-cultivation 
to incorporate additional substrate and intensive 
fertilization have changed the influence of the 
soil group. Soil type has a pronounced effect on 
the water budget and therefore on floor manage-
ment, spacing and rootstock and scion selection.  

Modifying the floor management scheme of-
ten conflicts with vineyard targets especially on 
soils with a low available water capacity. The ap-
pearance of stress-induced faults – more than 
possible yield losses – is an incentive to adapt 
cover crop management practices to suit the 
specific site conditions. Not all locations within 
the wine-growing  regions are suitable for peren-
nial cover-cropping systems In some cases there 
will be a conflict of interests between ecologi-
cal necessity and sustainable, quality-orientated 
management. This conflict remains. The present 
data material can serve as a valuable aid in the 
decision making process. 
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5.  Overall evaluation of water budget and soil 

6. Qualitative vineyard evaluation
6.1 The map of potential must weights

Vineyard classification is a widely discussed 
topic in all German wine-growing regions. A 
subjective approach is favored in most cases. 
However, the Association of Winegrowers in the 
Rheingau has decided to follow a different path. 
As early as 1994, a private initiative of wine-
growers produced a map of  “Erstes Gewächs” 
– primary quality wines. The authors did not dis-
close the criteria for the classification. This move 

encouraged the association to specify objective 
and verifiable criteria for a future classification 
scheme. For the Rheingau this means adopting 
a scientific approach with an emphasis on soil 
and climate criteria. The scientific approach is 
therefore based on the Vineyard Site Atlas of the 
Wine-Growing Regions of Hesse and the refined 
models. This approach means that it is only pos-
sible to use quality criteria that have been re-
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corded over a long period. At the current state 
of knowledge, only the must weights fulfill these 
conditions. 

The Rheingau is the first wine-growing region 
in the world to be classified according to scientif-
ic principles. However, this approach is subject 
to intense discussions among professionals since 
quality is not only determined by must weight. 
The quality of a wine in the glass is characterized 
by taste, character, constituents as well as flavor 
and fragrance. Within each vineyard quality class, 
these characteristics are determined by the culti-
vation of the vineyards and the winemaking pro-
cedure itself. The influence of the soil, for exam-
ple the plant available water storage capacity or 
nutrient supply and viticultural components have 
a profound effect on the valuable components of 
wine such as the aroma compounds. The yields 
on high-quality sites must be reduced to achieve 
the desired qualities of the grape.

This is not really a problem for the wine-
growers on steep locations with shallow, stony 
soils such as the slopes near Rüdesheim and 
Assmannshausen since the naturally low wa-
ter reserves of these soils preclude high yields 
(HOPPMANN & SCHALLER 1981). Controlling yields 
is far more problematical on deep, fertile soils. 
These locations are often found on the lower 
slopes for example near Hochheim, which are 
covered by residual loess. Because of their rela-
tively high available water storage capacity (AWC 
map), these vineyards are also distinguished as 
favorable sites on the map of potential must 
weights. A good nutrient and water supply re-
sults in high yields but also promotes leaf pro-
duction on these sites. A dense canopy increases 
the risk of infection, so that these sites require 
special floor and canopy management practices 
(thinning, leaf removal) in order to gain full ben-
efit from the favorable soil and climate. 

The map of potential must weights is an im-
pressive verification of the Rheingau as one of 
the best wine-growing  regions. The favorable 
climate and soil properties make it possible to 
achieve must weights in excess of 80 °Oechsle 

on 50 % of the vineyard area in a 30 year period. 
Only 14 % of the vineyard area will potentially 
achieve less than 75 °Oechsle.

The favorable situation in terms of soil and cli-
mate is based on various factors:

The favorable exposure of the slopes towards 
S and SW results in high energy gains from solar 
radiation. Less than 5 % of the total vineyard area 
is located on unfavorably exposed slopes. 

The heights of the Rheingau are covered by 
forest. In contrast to farmland and grassland, for-
est obstructs the nightly downward flow of cold 
air into the lower vineyards. In addition to this, 
there are only a few extensive side valleys that 
can channel cold air flows towards the lower 
vineyards. 

The soils provide best conditions for produc-
ing grapes. In dry years, rainfall often does not 
meet the demand of the vines for water. Howev-
er, more than two thirds of the soils in the Rhe-
ingau can store over 150 l/ square meter during 
the winter half-year as a reserve for the summer. 

Readers of this edition of the Vineyard Site 
Atlas will note that the presence of the Rhine 
plays absolutely no role in the evaluation of the 
vineyards – despite the accepted standpoint of 
the “professionals” that the Rhine functions as 
a heat store and radiation reflector. These opin-
ions cannot be substantiated by objective investi-
gations. The flowing water of the Rhine is cooler 
than the surrounding landscape during the veg-
etation period, thus it actually acts as a heat sink, 
absorbing heat from the vineyards. 

The albedo from the Rhine is insignificant: 
only 6 % of the incoming shortwave radiation 

is actually reflected to the surroundings. 
However, bare dry soils can reflect about 15 

% of the incoming radiation and 24 % if they are 
covered with vegetation. Snow covered ground 
has the highest albedo at 90 %. The specular 
reflection of radiation from the surface of the 
Rhine is highest when solar altitude is lowest. In 
this case, up to 80 % of the radiation can be re-
flected. However, the vineyards can benefit from 
this only a few minutes per day. The importance 
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of the Rhine for growing wine in the Rheingau is 
however undisputed. When it changed direction 
behind Mainz and Wiesbaden a long time ago, it 
cut a deep gorge into the landscape and sculpted 

the south facing slopes of the Rheingau. Their 
other beneficial properties have already been ex-
plained.
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6.2 Influence of soil and climate on yield and quality

Temperature, solar radiation, relative humid-
ity and water supply all affect the growth of the 
grapes after flowering. In addition to this, yield 
is also affected by the weather of the preceding 
year, the development of flowers in the previous 
and current year as well as plant health, frost and 
hail in the current year. The favored locations 
with respect to yield are warm with a high avail-
able water storage capacity. Thus, the best sites 
are the slightly inclined, south exposed slopes 
with high AWC values. Water stress during berry 
growth reduces yield.  The vine can compensate 
moderate water stress. Initially water budget is 
only of minor importance. Only a large deficit 
will cause a reduced yield. 

Long-term observations actually reveal that 
yields are higher in the Rheingau during dry 
years. Table 3 shows that the vineyards at 
Schloss Johannisberg yielded an average of 68 hl/
ha per year in the ten “best quality” years (aver-
age 93 °Oechsle) between 1945–1990. This is 7 
hl/ha higher than that of the ten lowest quality 
years (average 61 °Oechsle) (HOPPMANN & LÖH-
NERTZ 1996).

This example shows that yield is not only de-
termined by water budget but also reflects the 

variability of the annual thermal conditions. The 
table compares yield and quality data with pre-
cipitation surplus and deficits for each year. 

The top years such as 1947, 1949, 1953, 
1959, 1971 and 1976 are years with a high pre-
cipitation deficit. However the yield losses in 
comparison with the long-term average are insig-
nificant. The yield in poorer years such as 1956, 
1957, 1965, 1968 or 1980 is actually lower than 
the long-term average, despite a precipitation 
surplus.

Similar results were found by STEINBERG (1988) 
for the previously described locality Mäuerchen 
(AWC 0–80 cm=144 mm) in the Rheingau. On 
average soil management has an insignificant ef-
fect on yield. Years with a precipitation deficit 
are characterized by higher temperatures and 
longer sunshine hours. 

The soil and climate maps of the Vineyard 
Site Atlas reveal details concerning the expected 
quality, which is represented by the parameters 
must weight and acidity. The low-lying locations 
with a good water supply, which are often ex-
posed to cold air are expected to produce more 
acid dominated wines. Acidity also increases 
above an elevation of 200 m above sea level 
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(HOPPMANN & SCHALLER 1981). The warm steep 
locations with their shallow soils produce less 
acid wines – in dry years the acidity may be so 
low that this may lead to quality problems. This 
pattern is reversed for must weights. Optimum 
must weights are achieved on sites located be-
tween 30 and 50 m above the valley floor, and 
drops by 3 – 4 °Oechsle per 100 m elevation  
(HOPPMANN 1979).

Investigations in the Rheingau (HOPPMANN 
1978) have also revealed that must weights can 
be reduced by as much 6 °Oechsle on sites with 
a high risk of cold air influence. Here grape rip-
ening may be delayed in comparison to warmer 
sites. High wind risk can reduce the must weight 
by 2 – 3 °Oechsle. 

There is little evidence to support the prem-
ise that soil type has an influence on qual-
ity parameters such as must weight and acid-
ity (HOPPMANN & SCHALLER 1981). However, it is 

feasible that a variable water supply, different 
thermal conditions, different nutrient supply, 
especially micronutrients can affect quality. Yet 
available water capacity does have an effect on 
quality. HOPPMANN (1999) showed that an AWC 
increase by 80 mm increases the must weight by 
3 °Oechsle.

Quality cannot be exclusively based on mea-
surements of must weight and acidity. A reduc-
tion of sugar content can only be observed as a 
result of extreme water stress of nitrogen defi-
cits, because sugar reduction is compensated by 
lower yields. In addition to this, vineyards with 
a reduced vegetative growth are known to be 
less likely to be infected with Botrytis. Conse-
quently, the losses due to infection are reduced. 
The slight increase in acidity in vineyards planted 
with cover crops should not be overrated. 

The frequency of defects in a number of white 
wines from different wine-growing  regions has 
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1945 108 231 +3 1954 61 84 +16

1947 88 70 –170 1956 55 52 +46

1948 85 78 +28 1965 53 48 +61

1949 97 55 –73 1968 62 63 +192

1950 86 68 +88 1974 65 72 +48

1953 95 68 –65 1977 65 68 –32

1959 97 88 –102 1978 60 59 –7

1971 89 74 –36 1980 65 251 +34

1976 97 72 –130 1984 56 70 +93

1989 86 88 +10 1987 65 65 +117

Average 10 years 93 68 –45 Average 10 years 61 61 +57

Long-term average 75 71 338(*) Long-term average 75 71 338(*)

Explanation:
* = average sum of precipitation (April–October), 1951–1980
1 = years with frost demage
°Oe = Quality (Degree Oechsle)
Ert. = Yield (hl/ha)
RR Diff. = Difference  percipitation to the long-term average (*) April–October

Tab. 3.  Comparison of 10 years with „best quality“ and 10 years with „lowest quality“ on Schloss Johannis-
berg (Rheingau) 1945–1990

 Best quality years Lowest quality years

Years °Oe Yield RR Diff. Years °Oe Yield RR Diff.
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increased in the last few years. These have been 
correlated to stress situations during the vegeta-
tion period. Water and nitrogen deficiency, soil 
management, as well as yield and the harvest 
date are the main causal factors currently discus-
sion in this context. 

These defective wines have been observed 
to age differently than normal wines (untypical 
ageing). This unfavorable alteration of the flavor 
during ageing has been observed with increas-
ing frequency for wines from the Franken region 
since 1988 (CHRISTOPH et al. 1995). Initially de-
scribed as a “Naphthalene note” or “Mediter-
ranean note”, the fault is now known as a “un-
typical ageing off-flavor”. Up to 20 % of wines 
from a range of wine-growing regions that were 
rejected in quality wine tests in 1994 showed 
evidence of this defect.  

Current research indicates that the compound 

2-aminoacetophenone, first identified by RAPP 
et al. (1993), is linked to the negative effects 
of “untypical ageing off-flavor” on the bouquet 
of the wine. There is also evidence to suggest a 
correlation with indole acetic acid concentration, 
which is directly related to the reaction of the 
vine to water stress.

The formation of such “off-flavor” compounds 
due to water and nitrogen deficiency can have an 
enormous economic effect on individual winer-
ies. This is the reason why winegrowers in many 
wine-growing  regions have a very reserved atti-
tude towards permanent cover-cropping systems.

Study results showing a positive effect of mod-
erate water stress must be viewed with caution, 
especially in the case of white wines (SMART 
1984). The Water Stress Map reveals those loca-
tions where permanent cover-cropping may cause 
a significant increase in the risk of water stress.
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6.3  The Vineyard Site Atlas as a basis for defining terroir in the wine-growing 
regions of Hesse

The information contained in the new and 
revised edition of the Digital Atlas of the Wine-
Growing Regions of Hesse can form the scientific 
basis for defining a terroir. No other wine-grow-
ing region in the world can boast comparable 
data.  

The French term terroir embodies the “soil, 
geology, origin, location, vineyard”. The inten-
tion behind defining a terroir is the desire to de-
scribe the origins of a wine (vineyard, location) 
to accentuate the individual characteristics.  

“Terroir describes the natural surroundings 
of a vineyard: the interaction between soil and 
topography and the macro-and mesoclimate of 
the location” (The Oxford Companion to Wine). 
These natural surroundings are described in the 
Vineyard Site Atlas. 

“Terroir means much more than just that what 

is happening in the soil. The term embraces the 
entire ecology of the vineyard and includes all 
aspects from the rock substrate to late frosts and 
autumn mists, even vineyard management and, fi-
nally, the soul of the winegrower” (Hugh Johnson).

One can expect that the natural aspects of a 
location will also affect the quality of the wine. 
This idea to use these as a basis for evaluating and 
classifying vineyards is not new and was first intro-
duced in France. Here, the geographic and quali-
tative categorization is known as a “terroir”. The 
Appellation (A.O.C.) provides many examples for 
this. The most famous example is the evaluation 
of the Bordeaux wines in 1855. Brokers from the 
Bordeaux region evaluated the wines according 
to the soil, reputation of the vineyards and price. 
Although soil and climatic aspects vary little over 
time, changing ownership can have a profound ef-
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fect on quality and therefore price. The classifica-
tion has been revised several times since then. 

In Germany, there is a tendency towards select-
ing a scientific approach. The Digital Atlas of the 
Wine-Growing Regions of Hesse is the result of 
a scientific approach. The importance of the soil 
for evaluating the suitability of a location for wine-
growing  varies considerably in different regions. 
While some regions have focused on implement-
ing the terroir concept, others have reduced the 
importance of the soil to a few properties such as 
water budget, nutrient supply and pH.  

In the northern wine-growing regions, the term 
terroir signifies much more than just the evalua-
tion of the soil with respect to its viticultural suit-
ability. In the Rheingau region, there has been a 

notable shift of emphasis from the soil to the cli-
matic conditions when compared to the French 
terroir. Climate plays an important role in deter-
mining wine quality along the northern boundary 
of wine production. The noticeable differences 
between vintages and locations are a persuasive 
example of the effects of climate on grape qual-
ity. Temperature and radiation are less important 
in the Mediterranean regions, where water budget 
has the greatest effect. Here soil factors are impor-
tant in determining quality. A description of the 
natural conditions helps the winegrower to obtain 
the optimum quality for his vineyard. For this, he 
can use the Vineyard Site Atlas as a decision mak-
ing tool in vineyard management (selecting variety, 
canopy management, pruning, yield control etc.).
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7.  Summary

The present set of maps provides the wine-
grower with the fundamental knowledge for de-
cisions in the vineyard with respect to: 
• selection of vine and rootstock varieties,
• vine training and canopy management,
• soil management and fertilization,
• qualitative evaluation of the vineyard.

Obviously, a differentiated analysis of the vine-
yard leads to an optimal management practice. 
Thus, the leaves of vines growing on lower sites 
with deep soils and affected by cold winds will 
require more frequent trimming than those on 
drier locations. In contrast, the latter will require 
a more intense yield control and a good soil man-

agement system. The site maps enable a better as-
sessment of the potential risks that may incur by 
changing the soil management system. The neces-
sary modifications for reducing potential nitrate 
leaching and erosion are presented for the whole 
area. Individual sites may be evaluated using the 
maps or by implementing the described assess-
ment and evaluation procedures. 

Because of the low precipitation in the Rhein-
gau region, not all sites are suitable for permanent 
cover-cropping. In these cases, the winegrower 
will need to introduce alternative measures to re-
duce erosion and nitrate leaching. 
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