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Due to the expansion of phylloxera into European vineyards rootstocks became an integral part of
successful modern growing of grapevine. Breeding of rootstocks and their selection for resistance
against both biotic and abiotic factors can be classified as a biotechnology. In this respect, the capa-
bility of grapevine plants to adapt themselves to pedological conditions, especially to drought and
a high content of lime (or factors inducing their chlorosis) represents a very important breeding goal.
In this survey possible causes of lime-induced chlorosis and drought damage and their consequences
are analysed. Some important drought-and-lime induced chlorosis-related properties of some se-

lected rootstocks are mentioned as well.

rootstock, drought, lime-induced chlorosis, resistance, lime

In the grapevine propagation, the use of root-
stocks is not a new matter. The evidence of the use
of rootstocks can be found out even in works written
by the Roman author Columella who occupied him-
self with agriculture and viticulture.

However, the use of rootstocks obtained a new di-
mension after the phylloxera calamity, which de-
stroyed European vineyards in the second half of
the 19t century.

Rootstocks were introduced to Europe after
the phylloxera invasion, a pest which rapidly spread
through vineyards and destroyed large areas of sen-
sitive cultivars. At present, grafting European va-
rieties on pathogen-resistant rootstock is a normal
procedure and many rootstock varieties have been
developed by plant breeders and selectionists (AR-
RIGO and ARNOLD, 2007).

Although the resistance to phylloxera is the most
important criterion when breeding and selecting
rootstock, it is not the subject of this study.

The main ideas of breeding and selection of root-
stocks were formulated by BUCHANAN and WHIT-
TING (1991).

When choosing a suitable rootstock it is important
to select one with a good tolerance to phylloxera and
well as being to the specific climatic conditions and
soil characteristics of individual vineyard sites.

The rootstock connects the grafted plants with
soil and influences mutual relationships. The root
system of the rootstock enables the uptake of water
and nutrients from soil. The rootstock also shows
a marked effect on the growth intensity of grafted
plants. When selecting a suitable rootstock, it is im-
portant to consider characteristics and parameters
of the site. The most important of them are the fol-
lowing: depth of the soil horizon, water-holding ca-
pacity of soil, slope and exposure of the site, and
climatic conditions. The architecture of the root sys-
tem of the plant is also very important for its resis-
tance/tolerance to drought.

In the case of grapevine, selection and use of
a suitable rootstock may help to solve problems of
plant protection and of overcoming extreme soil
conditions. Adaptability of plants to environmental
conditions, e.g. their tolerance to lime, drought, low
soil pH, soil humidity, salts etc., is very important.

This review tries to summarise data about the ada-
ptation of rootstocks to soil (pedological) condi-
tions, viz. their resistance to lime-induced chlorosis
and drought. Regarding the global warming, these
properties of rootstocks are very important also un-
der conditions of the Central European viticulture.
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Tolerance of grape rootstocks to lime-induced
chlorosis

A high content of active and total lime in soil may
result in the occurrence of grapevine chlorosis and
show a negative effect on its growth, and fertility as
well as on the quality of grapes. On the one hand,
lime present in soil shows a very significant effect on
sensory properties of wine. From geological point of
view, this element represents an important compo-
nent of the terroir and influences directly the cha-
racter of wine. Wine growing regions situated on
calcareous subsoil may be considered as very im-
portant from the viewpoint of making top quality
wines. As a typical example is it possible to men-
tion the Champagne wine growing region in France
and/or Palava wine growing region in the Czech Re-
public. A considerate choice of suitable rootstocks
represent one of the possibilities how to respond
to an increased of lime in soil with regard to grape
quality.

Lime-induced iron chlorosis, i.e. the condition of
a reduced availability of soluble iron to the grape-
vine plants due high concentrations of bicarbon-
ate ions in calcareous soils, can seriously impair
the health condition of vines. The lime-induced
chlorosis affects yield and quality of grapevines
growing in lots of calcareous areas world-wide (BA-
VARESCO et al., 1994).

Deficiency symptoms of lime-induced chlorosis

An exact diagnosis of lime-induced chlorosis is
a primary precognition of a successful fight against
this physiological discase.

Iron deficiency chlorosis is one of the major prob-
lems affecting a variety of crop species grown in cal-
careous soils (GRUBEN and KOSEGARTEN, 2002).

Iron deficiency causes various morphological and
physiological changes in plants (BERTAMINI and
NEDUNCHEZHIAN, 2005).

Symptoms of lime-induced chlorosis may be ob-
served on the whole vine but the most important
ones occur on the leaf surface.

Iron-deficient plants are characterized by the de-
velopment of a pronounced intervenial chlorosis
similar to that caused by magnesium (Mg) deficiency
but occurring first on the youngest leaves. Interve-
nial chlorosis is sometimes followed by chlorosis of
the veins, causing the whole leaf to become yellow.
In severe cases, the leaves become white with ne-
crotic lesions (ABADIA, 1992).

Typical symptoms of lime-induced chlorosis are
the inter-vein yellowing of leaves and a decrease in
plant biomass because, under conditions of iron (Fe)
deficiency, a decreased photosynthetic performance
of plants is induced by a lower content of chloro-
phyll in leaves (BAVARESCO and PONT, 2003).

MENGEL, BUBL, SCHERER (1984) characterises
chlorosis as a disease manifesting itself by yellow-
ing of young leaves, whereas more mature leaves are
frequently green. Plant growth is often considerably

depressed, independent of whether young leaves
are chlorotic or green.

KOSEGARTEN et al. (1998) suggested that the im-
paired formation of new leaves and restricted leaf
growth is a typical and more sensitive symptom of
Fe-deficiency than is leaf chlorosis.

Chlorotic symptoms also vary from year to year
as a result of environmental variables, like yields,
temperature, rains. In soils where shallow layers
are less rich in CaCO, than deeper layers, it is likely
that vines develops chlorosis only when the age and
roots explore layers with poor conditions for Fe up-
take (TAGLIAVINI and ROMBOLA, 2001).

As lime-induced chlorosis results from relation-
ships existing between soil conditions on the one
hand and root system of on the other, it influences
also growth properties of vines.

BAVARESCO, GIACHINO, PEZZUTTO (2003)
mentioned that, lime-induced chlorosis of grape-
vine was characterized by a dramatic reduction of
shoot growth, grape production and leaf Fe content,
and a distribution of dry matter towards roots more
than to the clusters.

Vines growing on high-bicarbonate soil signifi-
cantly reduced the dry matter production of indi-
vidual organs and the total plant weight. Lime stress
conditions increased the percent distribution of dry
matter in the stem and roots and decreased that one
in the fruit (berries and cluster stems) (BAVARESCO
and PONT, 2003).

A high content of lime mostly causes a low avai-
lability of iron, which is a result of its non-solubi-
lity occurring in soils showing higher values of pH.
Under such conditions, iron cannot be uptaken by
roots of plants (HELL and STEPHAN, 2003).

This lime-induced iron deficiency shows a strong
effect not only on grapevine plants but also on some
other economically important fruit species culti-
vated on calcareous soils. It is quite common also in
peach, pear, quince-tree, kiwi, and citrus fruit plan-
tations (TAGLIAVINT and ROMBOLA, 2001).

Lime-induced stress conditions show a strong ef-
fect on production of grapes and reduce the yield
of grapes per vine. When growing grapevine on
calcareous soils, a lower number of grapes per an-
nual shoot depends on stress conditions existing
in the preceding growing season (when the flower
buds were differentiated) while a small size of grapes
and berries is a consequence of iron deficiency in
the current year (BAVARESCO, PRESUTTO, CI-
VARDI; 2005).

The occurrence of lime-induced chlorosis in-
fluences above all the growth of vines and the size
of photosynthetising leaves as well as yield and qua-
lity of grapes, it can be concluded that the iron de-
ficiency is caused mainly by increased levels of cal-
cium carbonate and the resulting high contents of
bicarbonates in soil. These high levels of bicarbo-
nate ion are typical just for these calcareous soils
(PESTANA, FARIA, DE VARENNES, 2004; MEN-
GEL, BREININGET, BUBL, 1984).
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Under such conditions, the occurrence of chloro-
sis symptoms is quite common and for that reason
this type of chlorosis may be defined as a lime-in-
duced iron chlorosis or, abbreviated, lime-induced
chlorosis (PESTANA et al., 2004).

Identification of chlorosis symptoms directly in
the vineyard is therefore very important because
it enables to implement the protection of plants
against mechanisms, which induce this discase.

Causes of the occurrence of lime-induced chlorosis

Although the reasons of the occurrence of this
type of chlorosis seem to be quite, the inducing
mechanism of this phenomenon is still not clearly
defined.

Various forms of iron present in soil and thein ac-
ceptability for plants contribute significantly to to
induction of this type of chlorosis. Iron represents
one of those minerals, which are utilised by plants to
assure their sound growth. Iron is used by plants in
two forms, viz. as Fe?* and Fe?.

Iron also plays an important role in activities of
the enzymatic system of plants: it actively partici-
pates in photosynthetic reduction-oxidation reac-
tions, respiration, biosynthesis of proteins and chlo-
rophyll, biological binding of atmospheric oxygen,
and in reduction of nitrates and nitrites (TAGLIA-
VINT and ROMBOLA, 2001).

Cultivated plants differ in their susceptibility to
Fe deficiency in calcareous soil; some are not much
affected while others show severe leaf symptoms of
chlorosis (TAGLIAVINI and ROMBOLA, 2001).

The total content of lime in soil is not very useful
for predicting the development of the occurrence
of this type of chlorosis. Active carbonates (active
lime) is more reactive and, therefore, able to build
and maintain high levels of HCO-; for that reason it
is amore reliable indicator (TAGLIAVINI and ROM-
BOLA, 2001).

TAGLIAVINI and ROMBOLA (2001) mentioned
that individual genotypes may tolerate higher levels
of active lime if amounts of available iron in the soil
increase to a certain level. This concept resulted in
the so-called “chlorotic power index” (CPI) (JUSTE
and POUGET, 1972. In: HUGLIN and SCHNEIDER,
1998). This means that the amount of active lime is
related to the amount of Fe extracted by ammonium
oxalate. Table I show degrees of chlorosis intensity
in relation to different values of CPI (LUPASCU et al.,
2009).

1: Degrees of chlorosis intensity in relation to different values of CPI
(LUPASCU et al., 2009)

CPIvalue Intensity of chlorosis
0 None
<5 Small
6-15 Medium
16-35 High
236 Very high

The content of active lime in soil is a parameter,
which is frequently used when selecting rootstocks
for cultivation of grapevine plants in calcareous
soils (CHAMPAGNOL, 1984).

The susceptibility to chlorosis is the most impor-
tant selection criterion for rootstocks in many Euro-
pean wine-growing regions where such a condition
is prevalent due to occurrence of highly calcareous
soils.

According to BAVARESCO (1990), there are two
basic strategies how to classify grapevine plants ac-
cording to their capability to adapt themselves to
conditions, under which the lime-induced chlorosis
can occur:

e Strategy I involves four types of response in
the roots as follows: a) enhancement of H-ions re-
lease, b) formation of rhizodermal or hypodermal
transfer cells, ¢) enhancement of ferric iron reduc-
tion to ferrous iron, d) enhancement of release of
reducing/chelating compounds e.g. phenols.

e Strategy 11 is characterized by an enhancement of
release of non-proteinogenic amino acids and by
a high affinity uptake system.

BAVARESCO (1990) formulated the following hy-
pothesis: the response mechanism of tolerant grape-
vine rootstocks corresponds probably with Stra-
tegy I (BAVARESCO et al., 1989) however, the vines
are normally grafted and the behaviour of the whole
plant towards lime-induced chlorosis is governed
by the following two properties: (i) by the ability
of roots to satisfy iron requirement of leaves; (ii) by
the iron requirement of leaves to secure a normal
iron nutrition of the plant (POUGET and OTTEN-
WALTER, 1973).

The reason that Fe deficiency results in a rapid in-
hibition of chlorophyll formation is not fully under-
stood, even though this problem has been studied
for many years (BERTAMINI and NEDUNCHE-
ZHITAN, 2005).

The reduction of plant biomass of suscepti-
ble plants is related to a reduced root growth due
to soil bicarbonate and to a lower photosynthesis
rate which also depends by a decrease of leaf chlo-
rophyll, under Fe stress conditions (BAVARESCO,
GIACHINO, PEZZUTTO; 2003).

According to MARSCHNER (1995), the growth
rate of sink tissues and such organs as the roots,
shoot apex, fruits and storage organs can be limited
by supply of photosynthates from the source leaves
or by alimited capacity of the sink to utilize the pho-
tosynthates.

In some cases, lime-induced chlorosis is related to
a low Fe uptake and its translocation to leaves (BA-
VARESCO et al., 1992), in others to a high content of
Fe in leaves, which has to be somehow inactivated
(MENGEL, BREININGET, BUBL, 1984; BAVA-
RESCO ¢t al., 1993).
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Tolerance to lime-induced chlorosis in wild species
and rootstocks varieties

Rootstocks represent a very important part of
the concept of prevention of lime-induced chlorosis
in vineyards. A perfect knowledge of soil conditions
and of resistance of individual rootstocks to lime
enables to optimize their selection of with regard to
soil conditions.

Use of genotypes tolerant to chlorosis induced by
iron blocking is areliable tool how to solve problems
of chlorosis occurrence (JIMENEZ et al., 2008).

Breeding also contributes significantly to se-
lection of lime-resistant rootstocks. Breeding ef-
forts to get proper genotypes included success-
fully crossing between wild grape species, and some
chlorosis-resistant rootstocks are now available for
the grapevine growers of the many calcareous areas
worldwide (FREGONI, 1980; POUGET, 1980; BA-
VARESO, FRASCHINI, PERINO, 1993).

Lime-tolerant grapevine rootstocks have some
specific physiological mechanism to overcome chlo-
rosis when grown on calcareous soils, including and
improvement of root Fe uptake and reducing ca-
pacity (VARANINI and MAGIONI, 1982; BAVA-
RESCO, FREGONI, FRASCHINI, 1991).

Vitis riparia and Vitis rupestris are very important
species in the history of the rootstock breeding ac-
tivities. These two species are not very tolerant to
calcareous soils. Vitis berlandieri is recognized for
adaptation to calcareous soils. Vitis vinifera is species
tolerant to calcareous soils (COUSINS, 2005).

Knowing the characteristics of the important pa-
rental species and rootstock varieties used in root-
stock development helps us to understand the viti-
cultural attributes of individual rootstocks families.

Data about the tolerance of rootstocks to lime-in-
duced chlorosis, as mentioned by COUSINS (2005)
and CHAUVET and REYNIER (1979) are presented
in Tab. IL.

PAVLOUSEK (2008) presented results of an eva-
luation of lime tolerance of rootstocks registered in

the Czech Republic. From the viewpoint of the re-
sistance to chlorosis, the rootstocks registered in
the State Variety Book of the Czech Republic can
be ranked from the most resistant to the most sen-
sitive as follows: Craciunel 2 - SO 4 - Kober 125 AA -
Kober 5 BB - Teleki 5 C - Amos — LE-K-1. These results
are very important from the viewpoint of the use of
rootstock varieties for propagation and growing of
grapevine in the Czech Republic.

In Tab. III, the classification of rootstock variety,
content of active lime and values of CPI are de-
scribed (JUSTE and POUGET, 1972 In: HUGLIN
and SCHNEIDER (1998).

1I1: Classification of rootstocks on the base of the content of active
lime and CPI (JUSTE and POUGET, 1972. In: HUGLIN and
SCHNEIDER, 1998).

Content of active

1I: Tolerance of rootstocks to chlorosis (after COUSINS, 2005, CHAUVET and REYINER, 1979, HOFACKER, 2004)

Rootstocks

SO 4
Borner
420 A

Kober 5BB
SO4

140 Ruggeri

1103 Paulsen
110 Richter

Fercal

S04, Binova, Teleki 8B, 140 Ruggeri, 1103 Paulsen, Richter 110, 26 G,

Georgikon 28

Kober 5 BB, Kober 125AA, Richter 99, 41B
Schwarzmann, Borner, Rici, Cina

3309 Couderc

Rootstock lime (%) CPIvalue
Vialla - 2
Riparia Gloire 6 5
196-17 6 -
101-14 9 10
216-3 9 -
44-53 10 -
3309 11 10
1616 11 -
Rupestris du Lot 14 20
99R,110R,1103P,SO4 17 30
5BB,420A, 34 EM 20 40
161-49 25 50
140 Ru 25 90
41B 40 60
333 EM 40 70
Fercal - 120

Tolerance to chlorosis Reference
Medium
COUSINS (2005)
Low
Good
Medium
Yty Coud IS&?%}E(TS%)
Medium
Very Good
Good
Medium HOFACKER, 2004
Low

Very Low
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Tolerance of grape rootstocks to drought

Drought stress is one of the most important abio-
tic stress factors which are generally accompanied
by heat stress (ZULINI et al., 2007).

In recent decades it is possible to observe changes
in the character of global climate. Warm years and
longer period soil drought are more and more fre-
quent. This means that modern viticulture must
react effectively to this increasing frequency of
the occurrence of drought periods.

Grapevine (Vitis vinifera) has developed various
physiological and morphological mechanisms how
to maintain its growth and fertility even under con-
ditions of lack of water.

In Europe, varieties of Vitis vinifera are traditionally
cultivated in non-irrigated regions. Yield of grapes as
well as the quality of berries is therefore dependent
on the adaptability of grapevine plants to drought.
A good understanding and control of the water re-
gime of plants as well as influencing their toler-
ance to drought stress on the base of application our
knowledge of plant physiology and molecular bio-
logy may significantly increase not only producti-
vity of plants but also quality of environmental con-
ditions.

In grapevine, water supply of plants plays and im-
portantrole in processes of plant growth and forma-
tion of berries. A limited supply of water reduces not
only the growth of annual shoots but also the weight
of berries and the final yield of grapes. A marked
lack of water may result in reduced yields and
an impaired quality of grapes. This means that in
the course of the growing season the occurrence of
stress induced by water deficit shows a significant ef-
fect on physiological functions of grapevine plants.
Although the grapevine (Vitis vinifera) is a species
showing a very good tolerance to drought, a severe
stress may sometimes markedly influence qualita-
tive properties and parameters of grapes. When us-
ing plant material adapted to drought conditions, it
is possible to avoid losses caused by a severe water
stress (VAN LEEUWEN et al., 2009).

Selection of rootstocks and varieties showing in-
creased water-use efficiency is one of possibilities
how to adapt modern viticulture to current climatic
changes, especially to lower precipitations and lon-
ger periods of drought (VANDELEUR et al., 2009;
FLEXAS et al., 2010).

Properties influencing the tolerance of grapevine
plants to drought

In the course of phylogenesis the grapevine (Vitis
vinifera L.) plants have developed various physiolo-
gical and morphological mechanisms, which enable
them to maintain their growth and fertility even un-
der conditions of a limited availability of water.

Although grapevine (Vitis vinifera L.) is considered
to be a species adapted to drought stress, the com-
bined effect of high irradiation, high temperatures
and low atmospheric water pressure tension would
presumably act as major constraint for the leaf pho-

tosynthesis, particularly under conditions of severe
soil water deficits usually encountered by this crop
(FLEXAS et al., 1998).

The physiological mechanisms related to drought
tolerance vary from genotype to genotype. It is ne-
cessary to screen genotypes for drought tolerance
and take into consideration all important aspects,
c.g. photosynthesis rate, transpiration rate, stomatal
conductance and relative water content occurring at
different level of water stress (SATISHA et al., 2006).

Grapevine varicties adapt themselves to water
deficits by means of various mechanisms, e.g. by
changes in the leaf area (GOMEZ DEL CAMPO et al.,
2003), xylem vessel size, and/or conductivity (LOVI-
SOLO and SCHUBERT, 1998).

The architecture of grapevine root system rep-
resents an important factor of drought tolerance
of plants. Geothropy of the root system is a genetic
trait determined by rootstocks. On the other hand,
the architecture of the root system is influenced
also by spacing of plants and methods of tillage.
The tolerance of grapevine to drought is also depen-
dent on the quality of the root system, its architec-
ture, the distribution of individual types of roots
within the soil and the density of the root system in
the place of water and nutrients uptake.

WILLIAMS and SCHMITH (1991) mentioned that
the rootstock genotype shows the most important
effect on the density of the root system. The growth
of rootsis also dependent on the relationship, which
exists between the rootstock variety and soil condi-
tions (MORLAT and JACQUET, 2003).

Roots are usually the first point where the stress
is perceived by plants and where they respond to
the existing stress conditions.

In grapevine plants, an inhibited growth of leaves
and annual shoots represents a significant symp-
tom of water deficit (STEVENS ¢t al., 1995). The sen-
sitivity of roots is usually lower than that of annual
shoots (DRY et al., 2000).

The grapevine tolerance to drought is de facto
the capability of plants to produce selectively
new roots in those places where the groundwa-
ter is available. The water stress has a dominant ef-
fect on the growth of the grapevine and affects both
the growth and the development of grapevines.

In summer, water available to the plant can often
be insufficient because of a lack of precipitation or
alow level of its reserves in soil. This can lead to are-
duction in the vigour of the plant, its productivity,
and quality of the crop.

Drought-induced decrease in photosynthesis is
primarily due to a stomatal closure, which lowers
CO, availability in the mesophyll, not due to a direct
effect on the capacity of the photosynthetic appara-
tus (ESCALONA et al., 1999).

Stomatal closure is one of the first responses to
soil drying, and a parallel decline in photosynthesis
and stomatal conductance under progressive water
stress has already been reported (MEDRANO et al.,
1997).
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SOAR et al. (2006) reported that rootstock effect on
gas exchange of vineyard-grown grapevines is most
likely due to differences in the relative capacity of
rootstocks to extract and provide scions with water.

Rootstocks have been reported to affect the effi-
ciency of water transport to the shoots via conduc-
tivity constrains imposed by the anatomy of xylem
vessels (DE HERRALDE et al., 2006).

Rootstock genotype has a major influence on root
density (WILLIAMS and SMITH, 1991) even though
the distribution of grapevine roots is significantly
dependent on both edaphic conditions (SMART et
al., 2006) and vine (ARCHER and STRAUSS, 1985).

GREENSPAN (2006) differentiates between terms
“drought-tolerance” and  “drought-avoidance”.
Drought-tolerance refers to the ability of the root-
stock to support grapevine physiological functions
during periods of low soil moisture availability:.
Rootstocks may exhibit drought-tolerance through
several mechanisms:

e Maintaining a low hydraulic resistance to water
flow, even under dry conditions.

e Maintaining photosynthetic activity in leaves,
even under low water availability conditions.

e Preventing the abscission of leaves during periods
of low water availability.

Drought-avoidance refers to the ability of the root-
stock to prevent low vine water status by one or
more of many mechanisms, including:

e Deep or extensive root exploration to fully exploit
soil moisture reserves.

e Conservation of vine water use by inducing clo-
sure of the leaf stomatal pores to limit transpira-
tion.

e Restricting vine vigour, thereby limiting
the amount of transpiring leaf surface area.
Growth capacity and morphological adaptations

occurring in the plant as drought tolerance mecha-

nisms are relevant (PIRE et al., 2007).

Some biochemical characteristics, e.g. the stabi-
lity of chlorophyll, can be used for selection of cul-
tivars resistant to drought conditions (SINBHA and
PATIL, 1986).

Tolerance to drought in wild species and rootstocks
varieties

The use of rootstocks makes it possible to give
plants a certain capacity to adapt drought condi-
tions. The knowledge of drought tolerance of root-
stocks is important with regard to the utilisation of
these gene resources in breeding work and selec-
tion.

The capability of plants to create a root system effi-
ciently penetrating into the soil is an important fac-
tor, which enables them to survive during longer pe-
riods of drought and water-stress.

Tt is well-known that there are really remarkable
differences in tolerance to drought. Some root-
stocks (e.g. 101-14 and Schwarzmann) show a low to-
lerance while in others (e.g. Lider 116-60, Ramsey,
1103 Paulsen, 140 Ruggeri, and Kober 5 BB) this pro-
perty is better (SOMMER, 2009). Also CIRAMI ¢t al.,
(1994) observed a good tolerance to drought in root-
stocks Ramsey, 1103 Paulsen, and 140 Ruggeri.

Table IV. presented tolerance to drought in some
rootstocks varieties after LAVRENCIC et al. (2007)
and POUGET and DELAS (1989).

CREGG (2004) stated that to compare the relative
tolerance among different genotypes, the variables

1V: Tolerance of rootstocks to drought (LAVRENCIC ¢t al., 2007, POUGET and DELAS, 1989)

Rootstocks

Tolerance to drought Reference

3309 Couderc
1103 Paulsen
Riparia Gloire
101-14

161-49

41 B

3309 Couderc
Gravesac

SO 4

420 A

Fercal

110 Richter
140 Ruggeri
1103 Paulsen

140 Ruggeri, Georgikon 28, Richter 110, Richter 99, Borner,

Rici, Cina, 41B
Kober 5BB, SO4, Binova, Teleki 8B, 26G
Kober 125AA, Schwarzmann

Teleki 5C

Low-very sensible

: LAVRENCIC ¢t al. (2007)
High

Low

POUGET and DELAS

Moderate (1989)

High

High
Medium

Low

HOFACKER, 2004

Very low
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to evaluate are as follows: survival potential, growth
capacity, and water use efficiency based of morpho-
logical and physiological adaptations that might oc-
curin the plant.

The most drought-tolerant grapevine species are
V. arizonica, V. californica, V. champinii, V. doaniana, V. gid-
riana, and V. longii. The lowest tolerance was ob-
served in V. berlandieri, V. cinerea, V. lincecumii, V. riparia,
and V. solonis. V. rupestris showed only a moderate to-
lerance to drought (PADGETT-JOHNSON, et al,
2003).

V. cinerea can assure not only a complete phyllo-
xera resistance; it also shows a positive influence
on scion performance especially in shallow, gravely,
and consequently dry soils. Phylloxera-resistant V.
cinerea hybrids are therefore recommended for vine-
yards established in sites with generally dry condi-
tions. In dry locations V. riparia x V. cinerea hybrids
represent a valuable expansion of the range of root-
stocks currently available in Germany. Particularly
on steep slopes and in seasons with rare rainfall
the results obtained with these hybrids were supe-
rior (SCHMIDT et al., 2005).

The occurrence of drought is also very closely cor-
related with the overall soil conditions of the site.
For that reason it is recommended to select indi-
vidual rootstocks with regard to the type of soil and
also to contents of loamy, clayey and sandy particles
within the soil profile.

WHITE (2009) arranged rootstocks with regard to
their drought tolerance and pedological conditions
of the site in the following manner (Tab. V).

A good understanding of physiological mecha-
nism that enable plants to adapt themselves to
the water deficit and to maintain growth also dur-
ing stress periods could help within the framework
of individual breeding programs to screen and select
stress-tolerant genotypes (WINTER et al., 1988).

CONCLUSIONS

Regarding climatic changes and a more and more
frequent occurrence of periods of drought within
the growing season, the problem of lime-induced
chlorosis and drought damage of grapevine plants
becomes to be more and more important.

Effects of lime-induced chlorosis and drought of
grapevine rootstocks are therefore very important,
especially in association with a better understand-
ing of effects of these abiotic factors on grapevine on
the one hand and the possibility of the use of such
a knowledge when breeding and selecting root-
stocks on the other.

The objective of this survey of literature was to
provide a general overview of tolerance of indivi-
dual rootstocks to important abiotic factors, i. e. to
lime and drought.

V: Dependence of tolerance drought and chlorosis of rootstocks on soil conditions (WHITE, 2009)

Soil profile characteristics

Vineyard water status

Recommended rootstocks

Soil depth < 20 cm: sand, loam or clay Dry soil
including any root-impeding subsoil [yrigated soil
D il
Soil depth 20-75 cm, sands, loams or Ty soL
clays, with no root-impeding subsoil. Irrigated soil

Soil depth > 75 cm, uniform or Dry soil
gradational profile of sand, loam or . .
clay. Trrigated soil

110 Richter, 140 Ruggeri, 1103 Paulsen
110 R, 140 Ru, 1103 P, Ramsey
99R, 110R, 140 Ru, 1103P, Ramsey, Kober 5 BB

99R, 110R, Ramsey, Kober 5BB, Teleki 5C,
Schwarzmann, SO4, 420A, 101-14 (in loams and clays).

99R, 110R, 1103P, Ramsey (in sand), Kober 5BB.

S04, 101-14, Teleki 5C, Schwarzmann, 3306 a 3309
Couderc, 420A.

SUMMARY

The optimisation of relationships existing between plants on the one hand and site conditions on
the other represents a basis for a successful growing of grapevine. The root system of plants is created
by the rootstock and for that reason its adaptation to site conditions is very important. When choos-
ing individual rootstocks, the most important factors are the content of lime in soil and resistance to
drought. This survey of literature describes symptoms, reasons, and tolerance of rootstocks to lime-
induced chlorosis. A high content of lime in soil participates in a blockade of iron uptake by the root
system and causes the lime-induced chlorosis of plants. Chlorosis shows a significant effect on yield
and quality of grapes. In association with global climatic changes, drought damages are more and more
frequent in Czech vineyards. Tolerance of grapevine to drought can be influenced or controlled also
by tillage and supplementary irrigation. However, rootstocks and the architecture of their root system
are the most important factors. This survey of literature therefore presents and discusses factors in-
fluencing drought tolerance of individual rootstocks and of grapevine in general. The presented re-
sults may be used not only when establishing and treating new vineyards but also when choosing ge-
netic resources suitable for breeding and selecting plants tolerance to these abiotic factors.
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SOUHRN

Tolerance k chloréze vyvolané vapnem a k suchu u podnoZi pro révu vinnou

Optimalizace vztahu mezi révou vinnou a podminkami stanovisté je zdkladem tispésného péstovani
révy vinné. Kofenovy systém révy vinné vytvaii podnoz, a proto je dtlezitd adaptace podnoze na pod-
na obsah vapna v ptdé asucho. Tento literdrni pfehled popisuje pfiznaky, divody vyskytu a toleranci
podnozi k chloréze vyvolavané vapnem. Vysoky obsah vdpna v ptid€ se podili na blokovani piijmu
Zeleza kofenovym systémem a dochézi k vyskytu chlorézy vyvolané vipnem na kefi. Chloréza vy-
znamn¢ ovliviiuje vynos a kvalitu hroznii. V souvislosti s klimatickymi zmé&nami se stile ¢ast&ji ob-
jevuje ve vinicich Ceské republiky poskozeni suchem. Toleranci révy vinné k suchu je mozné ovliv-
novat osetfovanim pudy ve vinici nebo dopliikovou zévlahou. Rozhodujicim faktorem je viak opét
podnoz a architektura kofenového systému. Literarni piehled proto uvadi vlastnosti, které ovliv-
nuji toleranci révy vinné k suchu a toleranci jednotlivych podnozi k suchu. Shromézdéné informace
je mozné vyuzit pii vysadb& novych vinic, o3etfovani vinic a vyb&ru genovych zdrojt pro slechténi
na toleranci k t€mto abiotickym faktortim.

podnoz, sucho, chloréza vyvoland vipnem, odolnost, vipno

Acknowledgements

My sincere thanks for support belong to the Ministry of Agriculture of the Czech Republic. This pub-
lication was written as a part of the research project QF 4141: Grape rootstock breeding with the use
of grape genetic resources and modern testing methods.

This research project was solved within the framework of the Theme 3.1, Use of the Genetic Resources
in Modern Applications; Priority 3.1.4. Improvement of the Biological Potential of Plants and Ani-

mals.

REFERENCES

ABADIA, T, 1992: Leaf responses to Fe-deficiency.
Journal of Plant Nutrition, 15, 1699-1713.

ARCHER, E., STRAUSS, H. C., 1985: The effect of
plant density on root distribution of three-year-
old grafted 99 Richter grapevines, South Afrian
Journal of Enology and Viticulture, 6, 25-30.

ARRIGO, N., ARNOLD, C., 2007: Naturalized Vitis
Rootstocks in Europe and Consequences to Native
Wild Grapevines. PLoS ONE, 6, €521.

BAVARESCO, L., FREGONI, M., FRASCHINI, P,
1989: Investigations on iron uptake and reduction
by excised roots of different grapevine rootstocks
and Vitis vinifera cultivars. 5th International Sympo-
sium Iron Nutrition and Intercation in Plants, Israel, 11—
17 June 1989.

BAVARESCO, L., 1990: Investigations on some
physiological parameters involved in chlorosis
occurrence in different grapevine rootstocks and
a Vitis vinifera cultivar. Proceedings of the 5th In-
ternational Symposium on Grape Breeding, 12—
16. September 1989, St. Martin/Pfalz, Vitis Special
Tssue, 305-317.

BAVARESCO, L., FREGONI, M., FRASCHINI, P,
1991: Investigation on iron uptake and reduc-
tion by excised roots of grapevine rootstocks and
a V.vinifera cultivar. Plant and Soil, 130, 109-113.

BAVARESCO, L., FREGONI, M., FRASCHINI, P,
1992: Investigations on some physiological para-
meters involved in chlorosis occurrence in grafted
grapevine. Journal of Plant Nutrition, 15,1791-1807.

BAVARESCO, L., FRASCHINI, P, PERINO, A., 1993:
Effect of the rootstock on the occurrence of lime-
induced chlorosis of potted Vitis vinifera L. cv. Pinot
blanc. Plant Soil, 157,305-311.

BAVARESCO, L., FREGONI, M., PERINO, A., 1994:
Physiological aspects of lime-induced chlorosis in
some Vitis species. I. Pot trial on calcareous soil. Vi-
tis, 22, 123-126.

BAVARESCO, L., GIACHINO, E., PEZUTTO, S.,
2003: Grapevine Rootstocks Effects on Lime-In-
duced Chlorosis, Nutrient Uptake, and Source-
Sink Relationships. Journal of Plant Nutrition, 26,
1451-1465.

BAVARESCO, L., PONI, S., 2003: Effect of Calca-
reous Soil on Photosynthesis Rate, Mineral Nutri-
tion, and Source-Sink Ration of Table Grape. Jour-
nal of Plant Nutrition, 26,2123-2135.

BAVARESCO, L., PRESUTTO, P, CIVARD]I, S., 2005:
VRO43-43: A Lime-susceptible rootstock. Ameri-
can Journal of Enology and Viticulture, 56, (2), 192-194.

BERTAMINI, M., NEDUCHEZHIAN, N. 2005:
Grapevine Growth and Physiological Responses
to Iron Deficiency. Journal of Plant Nutrition, 28,
737-749.

BUCHANAN, G. A., WHITING, J. R., 1991: Phyl-
loxera management: prevention is better than
cure. Aust. N. Z. Wine Ind. J., 6, 223-230.

CHAMPAGNOL, F., 1984: Eléments de physiolo-
gie de la vigne et de viticulture générale. Déhand,
Montpellier.

CHAUVET, M., REYNIER, A., 1979: A. Manuel de
Viticulture. Bailiere, Paris, France.



Lime-induced chlorosis and drought tolerance of grapevine rootstocks

439

CIRAMI, R. M., FURKALIEV, D. G., RADFORD, R.,
1994: Summer drought and rootstocks. Australian
Grapegrower and Winemaker, 336A, 145.

COUSINS, P, 2005: Evolution, Genetics, and Breed-
ing: Viticultural Applications of the Origins of Our
Rootstocks. Proceedings of the 2005 Rootstocks Sympo-
sium — Grapevine Rootstocks: Current Use, Research, and
Application, 1-7.

CREGG, B., 2004: Improving drought tolerance of
trees. Theoretical and practical considerations.
Acta Horticulturae 630, 147-158.

DRY, P. R., LOVEYS, B. R., DURING, H., 2000: Par-
tial drying of the rootzone of grape. I. Transcient
changes in shoot growth and gas exchange. Vitis,
39,3-7.

DEHERALDE,F,, DELMARALSINA, M.,ARANDA,
X., SAVE, R., BIEL, C., 2006: Effects of rootstock
and irrigation regime on hydraulic architecture of
Vitis vinifera L. cv. Tempranillo, J. Int. Sci. Vigne Vin,
40, 133-139.

ESCALONA, J.M., FLEXAS, J., MEDRANO, H.: 1999:
Stomatal and non-stomatal limitations of photo-
synthesis under water stress in field-grown grape-
vines. Australian Journal of Plant Physiology, 26, 421-
433.

FLEXAS.].,ESCALONA,J.M.,MEDRANO, H., 1998:
Down-regulation of photosynthesis by drought
under field conditions in grapevine leaves. Aust. J.
Plant Physiology, 25, 893-900.

FLEXAS, ], GALMES, ], GALLE, A. GUILAS,
J, POU, A., RIBAS-CARBO, M., TOMAS, M.,
MEDRANO, H., 2010: Improving water use effi-
ciency in grapevines: potential physiological tar-
gets for biotechnological improvement. Australian
Journal of Grape and Wine Research, 16, 106-121.

FREGONI, M., 1980:Criteri di scelat dei portinnesti
nella viticoltura mondiale. Vignevini 5, 31-38.

GOMEZ DEL CAMPO, M.,RUIZ, C., BAEZA, P, LIS-
SARRAGUE, J. R.: 2003: Drought adaptation stra-
tegies of four grapevine cultivars (Vitis vinifera L.):
modification of the properties of the leaf area, J.
Int. Sci. Vigne Vin, 37,131-143

GREENSPAN, M., 2006: Is there such a thing as
drought-tolerant rootstocks? Wine Bussines Monthly,
2006, 3 pp.

GRUBEN, B., KOSEGARTEN, H., 2002: Depressed
growth of non-chlorotic vine grown in calcareous
soil in an iron deficiency symptom prior leaf chlo-
rosis. J. Plant. Nutr. Soil. Sci., 165,111-117.

HELL, R., STEPHAN, U.W,, 2003: Iron uptake, traf-
ficking and homeostasis in plants. Planta 216, 541-
551.

HOFACKER, W., 2004: Ergebnisse und Uberlegun-
gen zum Einfluss der Unterlage auf Ertrag und
Qualitit der Rebe. Deutsches Weinbau-Jahrbuch.
Ulmer Verlag Stuttgart, 175-183.

HUGLIN, P,, SCHNEIDER, C., 1998: Biologic et eco-
logie de la Vigne. Lavoisier Livre Paris, 370 pp.

JIMENEZ, S., PINOCHET, ], ABADIA, A,
MORENO. A. M., GOGORCENA, Y., 2008: Tole-
rance response to iron chlorosis of Prunus selec-
tions as rootstocks. HortScience, 42, 304-309.

KOSEGARTEN, H., WILSON, G. H., ESCH, A., 1998:
The effect of nitrate nutrition on iron chloro-
sis and leaf growth sunflower. European. Journal of
Agronomy, 8,283-292.

LAVRENCIC, P, PETERLUNGEN, P, STVILOTTLE.,
2007: Water Stress and Root Hydraulic Conducti-
vity in Grapevine Grafted on different Rootstocks.
Acta Horticulturae 754, 283-288.

LOVISOLO, C., SCHUBERT, A., 1998: Effects of wa-
ter stress on vessel size and xylem hydraulic con-
ductivity in Vitis vinifera L., J. Exp. Bot., 49, 693-700.

LUPASCU, N., NICOLAESCU, M., CHIRILA, E.,
2009: Chlorosis risk evaluation from a new viti-
culture area located on a former Army region. In:
SIMEONOYV, L. I., MARSCHER, H., 1995: Mineral
Nutrition of Higher Plants, Academic Press, Lon-
don

MEDRANO, H., PARRY, M. A. ], SOCIAS, X., LAW-
LOR, D. W, 1997: Long-term water stress inacti-
vates Rubisco in subterranean clover. Ann. Apl. Bio-
logy, 131, 491-501.

MENGEL, K. M., BREININGET, T., BUBL, W., 1984:
Bicarbonate, the most important factor inducing
iron chlorosis in vine grapes on calcareous soil.
Plant and Soil, 81, 333-344.

MENGEL, K., BUBL, W.,, SCHERER, H. W,, 1984:
Iron distribution in vine leaves with HCO-, in-
duced chlorosis. Journal of Plant Nutrition, 7, 715-
724.

MORLAT, R., JACQUET, A., 2003: Grapevine root
system and soil characteristics in a vineyard main-
tained long-term with or without interrow sward,
Am. J. Enol. Vitic. 54, 1-7.

PADGETT-JOHNSOS, M., WILIAMS, L. E,
WALKER, M. A., 2003: Vine Water Relations, Gas
Exchange, and Vegetative Growth of seventeen
Vitis species grown under irrigated and non-irri-
gated conditions in California. J. Amer. Soc. Hort. Sci.
128 (2), 269-276.

PAVLOUSEK, P, 2008: Preliminary results of tests of
grapevine rootstocks resistance to lime -induced
chlorosis. Acta Universitatis agriculturae et silviculturae
Mendelianae Brunensis, LV1, 299-302.

PESTANA, M., FARIA, E. A., DE VARENNES, A.,
2004: Lime-induced iron chlorosis in fruit trees.
In: DRIS, R., JAIN, S. M., Production Practices and
Quality Assessment of Food Crops, Vol. 2: Plant
mineral nutrition and pesticide management,
Kluwer Academic Publisher, 171-215.

PIRE, R., PEREIRA, A., DIEZ, ]., FERESES, E., 2007:
Drought tolerance assessment of a Venezuelan
grape rootstock and possible conditions mecha-
nism. Agrociencia, 41, 435-446.

POUGET, R., OTTENWALTER, M., 1973: Etude
methodologique de la resistance a la chlorose cal-
caire chez la vigne: principe de la methode des
greffages reciproques etapplication a la recherche
de porte-greffes resistants. Ann. Amelior. Plantes, 24,
347-356.

POUGET, R., 1980: Breeding Grapevine Rootstocks
for Resistance to Iron Chlorosis. In. Proceedings 3rd
Int. Symp. Grape Breeding, Davis, USA, 191-197.



440

P, Pavlousek

POUGET, R., DELAS, J., 1989: Le choix des porte-
greffes de lavigne pour une production de qualite.
Connais. Vigne Vin., 27-31.

SATISHA, J.,PRAKASH, G.S.,VENUGOPALAN, R,
2006: Statistical Modeling of the effect of physio-
biochemical Parameters on Water use efficiency of
Grape Varicties, rootstocks and their stionic com-
binations under moisture stress conditions. Turk. .
Afric. For,, 30, 261-271.

SCHMIDT, J., MANTY, F, HUBER, L., PORTEN, M.,
RUHL, E. H., 2005: Experience with Rootstocks
Varieties in Germany. Proceedings of the 2005 Root-
stocks Symposium — Grapevine Rootstocks: Current Use,
Research, and Application, 14-24.

SINBHA, N. C., PATIL, B. D., 1986: Screening of bar-
ley varieties for drought resistance. Plant Breeding,
97,13-19.

SMART,D.R.,SCHWASS, E.,LAKSO, A., MORANO,
L., 2006: Grapevine rooting patterns: a compre-
hensive analysis and review, Am. J. Enol. Vitic., 57,
89-104.

SOAR, C. ], DRY, P. R,, LOVEYS, B. R., 2006: Scion
photosynthesis and leaf gas exchange in Vitis vini-
fera L. cv. Shiraz: mediation of rootstock effects via
xylem sap ABA, Aust. J. Grape Wine Res., 12, 82-96.

SOMMER, K., 2009: Spring recovery-resilience of
Sultana to drought. The Vine 5 (3), 32-34.

STEVENS, R. M., HARVEY, G., ASPINALL, D., 1995:
Grapevine growth of sholte and fruit linearly cor-
relate with water stress indices based on root-
weighted soil matric potential. Australian Journal of
Grape and Wine Research, 1, 58-66.

TAGLIAVINI, M.,ROMBOLA, A.D., 2001: Iron defi-
ciency and chlorosis in orchard and vineyard eco-
systems. European Journal of Agronomy, 15, 71-92.

VAN LEEUWEN, C., TREGOAT, O., CHONE, X,
BOIS, B., PERNET, D., GAUDILLERE, J.-P,, 2009:
Vine water status is a key factor in grape ripening
and vineyard quality for red Bordeaux wine. How
can it be assessed for vineyard management pur-
pose? Journal International Science de la Vigne et
duVin, 43,121-134.

VANDELEUR, R. K., MAYO, G., SHELDEN, M. C,,
GILLIHAM, M., KAISER, B. N., TYERMAN, S. D.,
2009: The role of plasma membrane intrinsic pro-
tein aquaporins in water transport throught roots:
diurnal and drought stress responses reveal diffe-
rent strategies between isohydric and anisohydric
cultivars of grapevine. Plant Physiology, 149, 445-
460.

VARANINI, Z., MAGGIONI, 1982: A. Iron reduc-
tion and uptake by grapevine roots. Journal of Plant
Nutrition, 5, 521-529.

WHITE, R. E., 2009: Understanding vineyards soils.
Oxford University Press, New York, 230 pp.

WILLIAMS, L. E., SMITH, R. J., 1991: The effect of
rootstock on the partitioning of dry weight, nitro-
gen and potassium, and root distribution of Ca-
bernet Sauvignon grapevines, Am. J. Enol. Vitic., 42,
118-121.

WINTER, S.R., MUSICK, J. T.,, PORTER, K. B., 1988:
Evaluation of screeing techniques for breeding
drought resistant winter wheat. Crop Science, 28,
512-516.

ZULINI, L., RUBINIGG, M., ZORER, R., BER-
TAMINI, M., 2007: Effects of drought stress on
chlorophyll fluorescence and photosynthesis pig-
ments in grapevine leaves (Vitis vinifera cv. White
Riesling). Acta Horticulturae 754, 289-294.

Address

doc. Ing. Pavel Pavlousek, Ph.D., Ustav vinohradnictvi a vinai'stvi, Mendelova univerzita v Brng, Valtick4 337,
691 44 Lednice, Ceska republika. e-mail: pavel.pavlousek@mendelu.cz



