Strategies for increasing biodiversity, thus improving terroir
quality

by Hans Peter Schmidt, (Delinat Institute)

There are unmistakable signs that grape aroma, even in renowned terroirs, is
deteriorating, while at the same time the susceptibility of vines to disease is
continually calling for new pesticides. Against this background, European wine-
growers are beginning to rethink their strategies, questioning established
conventions, re-discovering the ecological context of their work and adopting a "back
to the roots" strategy based on the natural principles governing terroir quality.

The core principle underlying the new methods used in quality-driven wine-growing
involves specifically promoting biodiversity. Though the visible signs of this shift - a
carpet of fragrant flowers covering the vineyard - are not insignificant, the main
aspect of the new methods is an understanding of a vineyard as an ecosystem
whose ecological balance is dependent on a complex network of biological diversity.
The presence of large numbers of butterflies, beetles, bees and birds are the visible
signs of the whole system being in balance. The core factor lies however in the soil.
The biological activation of soil life is the key to a stable wine-growing ecosystem.
Soil biodiversity is the decisive factor behind terroir quality and a vine's resistance to
disease.

The importance of soil life

Vines are not machines converting NPK fertilisers into grape juice, and in doing so
extracting a few trace elements from dead rock. They are instead living organisms
dependent for their well-being and prosperity on their symbiosis with numerous other
organisms. The energy created by a vine through photosynthesis is not just used to
produce leaves, grapes, new shoots and roots. Some 30% of it is also used for
producing root exudates, the function of which is to supply a fully-grown vine in
healthy soil with up to 5 trillion micro-organisms (more than 50,000 different species,
for the most part bacteria, fungi, protozoa and nematodes), from which it receives in
exchange for carbohydrates important mineral nutrients, water and protection against
parasites.

When this complex and extremely diverse network of micro-organisms in the
rhizosphere of the plants is destroyed or permanently weakened by herbicides,
pesticides, fertilisers and tilling, the vine's entire biological system loses its balance.
This in turn results in increased susceptibility to parasites and other pathogens (e.g.
nematodes and mildew), reduced resistance to negative environmental influences (in
particular water stress and nutrient shortages), lower life expectancy (a vine's
average life expectancy is 100 years), as well as the loss of the wine's bouquet.
Characteristic terroir wines can only develop when the vine's roots are able to uphold
their symbiotic interaction with the wide range of species found in the soil and
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enabling the vine to organise its own nutrient system on the basis of a wide range of
different nutrients.

Promoting soil biodiversity

A vine reigns over the microflora in its rhizosphere like a king over his kingdom. For
this 'kingdom' to be established however, the requirements for a stable nutrient cycle
need to be fulfilled throughout the soil system. Earthworms, arthropods, bacteria and
fungi need a steady diet of organic matter (leaves, straw, twigs, branches, roots,
bones, faeces, meat, exudates) which they decompose before storing and
distributing them in the soil. Where this diet is not available - with spraying having
killed off most of it, with soil ploughed up and compacted by tractors and/or when
nutrients have been eroded and leached out of the soil -, soil life becomes doomed to
a slow death.

To promote soil activity, a plethora of different plant species is required. Their
different contents and life cycles are needed to supply the soil with nutrients
throughout the year, thus stimulating soil activity. This is the reason why a large
number of 'companion’' plants are needed alongside the vine, not just providing green
cover and protection for the soil, but also fulfilling the following functions:

1) Building up humus;

2) Distributing nutrients, aerating the soil and protecting it against erosion through
roots spread out in all directions;

3) Storing mineral nutrients through symbiosis with bacteria and mycorrhiza;
producing natural fertilisers (in particular nitrogen and phosphorus) available to
plants;

4) Producing secondary phytochemicals important for balanced soil health;

5) Increasing the soil's capability to store water;

6) Degrading and adsorbing toxic substances in the soil;

7) Promoting insect diversity through flowers and leaves.

In accordance with these criteria, the Delinat Institute has developed a range of seed
mixtures tailored to different types of soil and climate conditions. Over the last 5
years, these have been tested in different vineyards, looking at the effect they have
on vines, wines and the ecosystem in general. The seed mixtures contain some 40 -
50 different plant species, whereby the maijority are legumes with varying root lengths
and growth rates (alfalfa, red clover, common sainfoin, birdsfoot trefoil, hop clover,
vetch and vetchling).

The importance of legumes in supplying vines with nutrients

When nitrogen-fixing rhizobia colonise a legume's roots, vines gain access to all the
nitrogen they need. Within just two years of sowing, the nitrogen cycle becomes
stabilised at a level no longer requiring any supplementary nitrogen fertilisers (1).

Legumes have a high phosphorus requirement, which is mostly met through
symbiosis with mycorrhiza. Through their exudates, the legumes stimulate the growth
of mycorrhiza. This in turns benefits the vines, as they similarly enter into a symbiosis
with the same species of mycorrhiza, basically linking up to the same network. This
symbiosis with mycorrhiza enables a vine to increase the size of its rhizosphere by
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ten times, thus greatly improving its supply of nutrients and water, protecting it
against pathogens and stabilising the soil.

The powerful, deep-going roots of the legumes with their ability to promote the
activity of micro-organisms deep down in the soil also help aerate the soil, creating
aerobic situations conducive to increased microbial activity in the areas surrounding
the vine's roots and thus helping the vine to make better use of the terroir's specific
quality.

As this type of cover crop also greatly helps the soil to better retain moisture, winter
and spring rainfall can be used much more efficiently. Despite the competition for
water through the cover crop, the vine's overall water balance is improved, even in
dry summers.

Whereas a spontaneous green cover crop, often found in organic vineyards, has
been proved to lead to major competition for nutrients and water, our tests with sown
crops provide impressive proof that the seed mixtures developed in line with the
above-mentioned criteria can guarantee a permanent and independent supply of
nutrients to the vines. Soil and leaf analyses, fertility and biomass measurements
have shown that the vitality of a vine can be maintained at a stable level without any
supplementary fertilisers even after 5 years. At the same time, susceptibility to
disease is reduced and grape quality greatly improves (1).

Although in wine-growing regions with high rainfall the competition for nutrients and
water in a vineyard with spontaneous green cover is low, it is still better to promote
deeper and more diversified rooting, thereby oxygenating and micro-biologically
activating the deeper soil strata with their decisive importance for the vines. For rich
soils with an high humus content in high-rainfall regions, the proportion of legumes in
the cover crop mixture can be reduced in favour of a higher proportion of cereal and
nectar plants.

Plant diversity as an indicator of healthy soils

The legumes with such decisive importance for supplying vines with nutrients
account however for only three-quarters of the seed mixture content. The remaining
quarter is made up of 30-40 different species of nectar plants. Their purpose is to
attract butterflies, bees, beetles and other insects, but also to enrich soil diversity
through secondary phytochemicals. These seed mixtures with their wide ranges of
different plant species help soils that have been subjected to pesticides for decades
to quickly recover. Taking the Delinat Institute's own vineyard as an example, more
than 150 species of wild flowers were counted between the vines just 4 years after
sowing. Though no longer sprayed with herbicides, comparable plots not benefiting
from the Delinat seed mixtures only came up with 28 species of wild flowers, whereby
the proportion of grass was very high.

A cover crop displaying great diversity does not only have a positive effect on soil life,
but also promotes biodiversity above ground. It has been estimated that each
species of plant supports 10-20 different animal species (4). Arthropod diversity
increases quickly in line with the development of botanical diversity, meaning that the
upgraded area can be quickly colonised.

The more different species and functional groups (primary producers, parasites,
decomposers, etc.) there are in an agricultural ecosystem, the lower the danger that
pests can spread unhindered. Potential pathogens are kept in check by their natural
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enemies and competitors for food and living space. This in turn means that the
application of pesticides can be reduced in the medium term. The success of such
biodiversity-boosting measures in a vineyard are however greatly dependent on its
natural surroundings (for instance, the existence of source populations).

Cover crop management

Delinat created three different seed mixtures for each vineyard. In the area directly
underneath the vines (50cm on each side of the vines), low-growing plants (max.
height = 20cm) are sown. In the middle of the aisles higher-growing and deeper-
rooting legumes and nectar plants are sown. This sandwich technique provides a
perennial cover crop that only needs to be mown once a year to stop plants possibly
becoming too bushy. At the start of the dry season, the cover crop in the aisles can
be rolled over using a bladed roller (rolojack). In doing so, plant stalks are not cut but
just broken, leaving behind a slowly rotting mulch that will protect the ground from
drying out, while at the same time preventing new seeds from germinating (2). Where
vineyards are too steep to allow the use of machines, one alternative is to sow the
low-growing seeds not just under the vines, but also in the aisles. The third seed
mixture consists mainly of flowering nectar plants and is sown around the sides of the
vineyard and in smaller hotspots.

Cover crops and their influence on wine quality

A meta-study on the effects of cover crops in vineyards has shown that these are
practically nearly all positive with regard to reducing pathogens on vines. Vine health
can thus be boosted and with reduced use of pesticides, grape quality can be
influenced positively.

Through reduced pathogen pressure, vines become able to steadily improve their
immune systems. This in turn allows further reductions in the amounts of pesticides
needing to be sprayed, in the best case creating a self-reinforcing virtuous circle. An
improved immune system leads to the increased production of secondary
phytochemicals, again having a positive effect on grape and wine quality.

Where the vineyard soil is rich, selected cover crop strategies can help establish
healthy competition, thereby regulating yields and improving grape quality. Induced
moderate shortages force the vines to develop partnerships with soil micro-
organisms (e.g. mycorrhiza fungi or rhizo-bacteria). These in turn can improve the
availability of energy-rich nutrients. The result is an autonomous and, insofar as the
right balance has been achieved between moderate stress and improved soil fertility,
balanced diet for the vines, again having a positive effect on grape quality.

Stabilising the ecosystem through plant and insect diversity

Although promotion of biodiversity begins with soil reactivation (90% of all animal
species live in the soil, and in one gram of healthy soil up to one billion micro-
organisms and up to 60,000 different species can live), soil life is however not
completely detached from the biodiversity visible above ground.

Plants constitute the link between habitats underground and above ground. In order
for them to be able to effectively exercise this linkage function in the long term, they
enter into a wide range of partnerships with their natural surroundings not just in the
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dark realms of their roots but also above ground. Just as they need the help of the
wind or insects for pollination, they also need partnerships with beneficial organisms
to fight their natural enemies.

The greater the plant diversity is, the greater the variety of insects, birds, reptiles, etc.
living in self-regulating competition. Where plant diversity is destroyed by
monocultures, a negative selection of bacteria, fungi, insects, etc. will occur, with only
those species able to feed on the remaining plants in a position to retain their natural
habitat. As their natural enemies are unable to develop on account of the one-sided
focus of the crop, the few remaining species adapted to the monoculture are able to
multiply unhindered, developing into pests and becoming a plague. Pesticide and
insecticide spraying provides only short-term relief, as this encourages the negative
selection, meaning that new pesticides and insecticides in increasingly high dosages
need to be applied.

Further measures for promoting vineyard biodiversity

A high level of vineyard biodiversity is not just a way of controlling pests through the
promotion of their natural enemies, but also helps strengthen a vine's own immune
system. In addition to stipulating a cover crop with abundant diversity between the
vines, the Charter for Vineyards with High Biodiversity sets forth the following
supplementary measures:

1) Planting shrubs at the ends of each row, in places where they do not interfere with
work. Criteria for the selection of shrubs include their attraction for butterflies and
other insects, the provision of nesting opportunities, root symbiosis, and the use
of any fruit. Native species are to be preferred.

2) Interspersing hedges with the vines. Dependent on local circumstances, there
should be at least 2 20-metre hedges per hectare. Hedges constitute biological
hotspots, acting as corridors linking up ecological areas. Moreover they constitute
a natural barrier preventing the spread of harmful fungi.

3) Planting fruit trees as a way of improving vertical diversity. The presence of trees
in the middle of a low-growing and little-structured field/vineyard is a great way of
attracting birds, insects and other groups of animals. They are also a way of
promoting the long-term colonisation of an ecosystem. At least one tree per
hectare should be planted amidst the vines, and no point of the vineyard should
be further than 50 metres away from a tree.

4) The provision of compensatory areas (at least 50 m2 per hectare) as diversity
hotspots both within and on the perimeter of a vineyard. These areas become the
home of aromatic herbs and wild flowers.

5) The provision of structural elements, such as piles of stones or wood. These
provide a habitat for reptiles and insects. The provision of nesting aids for bees,
insects and birds. These can be integrated into trellis posts. Perches for birds of
prey, with the latter helping to keep the rodent population in check.

6) Instead of grubbing up old vineyards and completely replanting them, vines that
have become too old are replaced individually. The young vines are taken from
the vineyard using massale selection and grafted onto existing root structures on-
site. In doing so, selection perfectly adapted to the terroir takes place over
generations. The thus achieved genetic diversity reduces the likelihood of
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infections through pests, boosts wine quality and also improves vine resilience to
prevailing conditions.

The economic benefits of biodiversity

The intelligent use of resources and material cycles in wine-growing and agriculture
can make a decisive contribution to protecting the environment, the climate and
biodiversity, without negatively influencing productivity. The most visible sign (even
for non-experts) of an incipient restoration of harmony in the vineyard is the number
of different types of butterflies. Whereas five years previously (before conversion to
the above-discussed methods) only two types of butterflies were to be found on the
Delinat Institute's vineyards, 2010 saw some 60 different types being counted. The
following arguments are however probably of greater importance to wine-growers:

1) The disease resistance of the vines has greatly improved over the last five years,
with the consequence that neither chemical pesticides nor sulphur are needed
any longer.

2) Although fertilisers and herbicides are no longer applied, vine vitality and yields
have stabilised at a high level.

3) With sulphites and other oenological supplements no longer being used, the
ageing potential of the wines has increased significantly.

4) The increased labour costs are compensated by the savings in fertilisers and
pesticides (costs for pesticides and fertilisers: EUR 150 / ha).

5) The motivation of the people working in a bio-diversified vineyard is much higher,
as shown by their increased efficiency and their willingness to take over
responsibility.

6) The aesthetic and ecological quality of the vineyard can be used as an important
marketing argument vis-a-vis customers.

And last but not least, wine-growers will find themselves rediscovering pride in their
work, creating great terroir wines in partnership with nature.
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