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Preface

This final document brings 1o an end the 5th International Symposium on Grape Breeding, It
comprises, either in full length or as abstracts, the papers and posters presenied during the
conference and gives convincing evidence of the world-wide interest in the imporiance of grape
breeding with particular focus to the genetic resources of Viis, biotechnology, and to the
development of vines resistant or tolerant 1o pests and diseases.

Recalling the scientific discussions and social events of the symposium from the distance of a
vear, I believe it was a success. Therefore, I wish to express my gratitude and thanks to

- allwhokept the voung tradition of this symposium alive,

- the Ministry of Food, Agriculture and Forestrv, Bonn, as well as all others who financially
supported the symposium and helped to make the meeting a success,

- the Office International de la Vigne et du Vin, Paris, for assuming the patronage of the
symposium.

We are now looking forward 1o future symposia in this series.

Geilweilerhof, July 1990 G. ALLEWELDT
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Welcoming address

G. ALLEWELDT

Ladies and Gentlemen,
dear friends and colleagues:

On behalf of the Organizing Commitiee 1 have the honour 1o welcome all guests and
participants of the Vih International Symposium on Grape Breeding.

Inparucular I welcome

= Dr. Papeera, who is representing our Federal Minister of Food, Agriculture and Forestry,
Mr. Kiecure, Bonn

= State Minister ZieGLer, Ministry of Agriculture, Viticulture and Forestry, Mainz
and our colleague

- Professor Frecoxi, Vice-president of the O.1.V., who represents the Office International de la
Vigne et du Vin, Paris.

This Symposium is the fifth in the series and is intended 10 provide an opportunity for
exchange of information between workers from all over the world, to discuss and evaluate
advances in grape breeding and to share their expertise.

I'welcome the members of the International Symposium on Clonal Selection who decided 1o
be part of the body of this Symposium.

Viticulture is and has always been accompanied by a desire to improve the vine and its
product for the benefit of both the producer and the consumer. Thus, improvements in viticuiture
and in new culuivars are still factors which govern the prosperity of viticulture world-wide.

Nowadays, having hardly recovered from the catastrophe caused by mildew and phylioxera
which befell Europe’s vinevards in the last century. new challenges have to be faced:
1) The environmental stress caused hy the use of agrochemicals urges the utilization of genes
resistant to pests and diseases in order 1o underpin our efforts to introduce integrated pest
control.

2) The maintenance and evolution of genetic resources is the essential prerequisite for the
protection of future requirements of grape breeders.

3) An unavoidable improvement of fruit and wine quality. an overproduction of wine and table
grapes in some regions and the unavailability of adapted cultivars in others (particularly in the
tropics and subtropics). requires urgent breeding attention.

4) The existing new possibilities offered by gene technology must be introduced into breeding
programs.

These problems can only be solved through the comprehensive exchange of research
information and by international cooperation.

May this Symposium renew the spirit of challenge in vine breeding, tighten the bonds of
friendship and encourage all of us to face and to surmount the forthcoming demands.

I am personally saddened to have to tell you of the recent death of two of our colieagues:
Prof. Dr. Daris of Greece and Dr. Forrof Hungary.



[

We had hoped to welcome them to this Symposium but this was not to be.

In conclusion I want 10 express my gratitude to our Federal Minister for his generous financial
support, to the many sponsors of our Symposium, to the Office International de la Vigne et du Vin,
Paris, for taking over patronage, and last but not least, to all members of my staff who have helped
in the organization of'this conference.

Let us have inspiring discussions and, to speak in terms of breeding. let us sow new seeds to
enter and surmount the challenges of the forthcoming 2 1st century.

I declare the 5th Symposium on Grape breeding open!



Section 1: Genetic resources, evaluation
and screening






Genetic resources, evaluation and screening 5

Research on the meaning of the enzymatic systems (GPI and
PGM) as parameters for the definition of varieties (Vitis sp.):
The Italian case of Cabernet franc

A.Cavro, A. Costacurta, R. D1 Sterano, G. Caro and G. PaLuberni

Istituto Sperimentale per la Viticoltura, Viale XX VII Aprile, 26, 1-31015 Conegliano (TV), Italy

Summary: Several studies carried out at Davis and Conegliano showed that isozyme analysis of the
GPI and PGM enzvmatic systems agrees with the conventional definition of the variety in ampelography.

Differences were reported among varieties but not among biotypes of the same varieties. The only exception
recorded was in the population of Cabernet franc in which GPI and PGM reveal two different types (A — the
traditional type encountered in France and B — type encountered in the Italian region of Veneto).

Further ampelographic, ampelometric, phenological and chemical studies on the polyphenolic and
aromatic substances in fruits have shown considerable differences between the two types. Such differences
demonstrate that the type B is a different variety and not a clone of Cabernet franc. Preliminary ampelographic
analysis and the equality in GPI and PGM patterns lead to the conclusion that the type B very probably is
Carmenere.

Therefore, the hypothesis of variery discrimination based on the analysis of GPI and PGM is valid and this
method is useful to help to characterize the varieties.

Key words: variety of vine, biotype, Italy, ampelography, biometry, analysis, morphology, leaf, berry,
enzyme, pyrazine, polyphenol, phenol.

Introduction

Generally, ampelography provides the definition of vine varieties according to morphological,
phenological and chemical features that may differ in more or less significant ways. Conventionally,
when the basic morphological features of a variety’s population are the same, clones are
distinguished according to the genotypical variations of the physiological and/or phenological
and/or chemical features. '

Studies carried out at Davis and Conegliano over a 2-vear period {1987-1988), at first on 225
varieties and subsequently on 9 variety populations and 63 clones of these (8), showed that
isozyme analysis of the GPI and PGM enzymatic systems by starch gel electrophoresis of leaf
exgracts agrees with the conventional definition of the variety in ampelography.

Differences were reported among varieties but not among biotypes of the same varieties,
probably because the genes of which these enzymes are the main expression, did not cause any
significant variations of the morphological, physiological and chemical features, practically and
conventionally considered in the variety's definition.

So far. the only exception recorded was the population of Cabernet franc, widely employed in
Iraly, in which the GPI and PGM reveal two different types. i.e. A - the traditional type
encountered in France and B - the type mainly encountered in the Iralian region of Veneto. The
aforementioned types have significantly different features requiring further ampelographic,
ampelometric, phenological and chemical studies on the polyphenolic and aromatic substances in
fruits in order to provide objective differences that the operative world is also suggesting.

The Cabernet varieties seem to date back to the Biturica mentioned by PriNius and
CoLuMELLA, in relation to the ancient synonyms Viduve and Vidure, according to PETiT-LAFITTE
(who relied on the authority of Vixer, an expert of the 18th century). Although impossible to prove,
it is quite evident that the varieties date back 1o a very early age, a fact of which trustworthy
evidence is found in Gironde, where Cabernet franc was well-known at the times of the Cardinal of
RicHELIEL. *
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During the diffusion of these varieties, started in the 17th century, several populations spread
out with different synonymities or distinctions, still existing at the present time. The distinctions
involved varieties, i.e. Cabernet franc, Cabernet Sauvignon, Carmenere and then a series of
synonyms recalled by the different ampelographies (14, 15, 17, 20). It may be worth underlining
the fact that in the 19th century, the ampelographical expert, Count Opart, mistook Cabernet
franc and Cabernet Sauvignon, since the latter was still not very well-known in French regions other
than Gironde. :

InItaly (10, 11, 16), apparently Cabernet franc was imported for the first time by the Count of
Samsuyin Piedmont at the beginning of the 19th century. By the end of the century, the variety was
cultivated in approximately 45 provinces. from Piedmont to Southern Italy. Noteworthy
cultivations were present in Veneto, where the variety had come directly from France through
BortoLo CLEmENTI, the Count of Scuio, Count CorixaLpi and other vine-growers. :

The origins of the vines and thus of the populations were naturally diverse, as still can be
noticed in some vineyards propagated with this material.

The Istituto Sperimentale per la Viticoltura has been performing selections since 1980 on the
above-mentioned populations that led to the identification and now to the characterization of the
types examined in this report.

Materials and methods

Research was conducted in 1987-1988 by the Istituto Sperimentale per la Viticoltura in two
fields situated on the Eastern Venetian plain in entirely different pedoclimatic conditions. In each
field of comparison the two types of Cabernet franc were represented by 24 vines per biotype with
6 repetitions each.

Examination involved the following features:

1. Biochemical features

The starch gel electrophoretic analysis of leaf extracts was performed for the enzymatic
systems glucose phosphate isomerase (GPI) and phosphoglucomutase (PGM). The methods and
procedure employed were those previously reported (3, 18).

2. Morphological features

Testing of these features was performed according to the instructions of the international
O.LV. descriptor list. Features are described in Table 1. The following informations were also
recorded:

- phenological ages considering the average time of the phenomenon's appearance;

- potential and actual fertility of the buds along the fruit bearing tendrils (7).

3. Ampelometric measurements

These tests analyze the features provided by measurements and the relations that define the’
leaf, in particular:

- ratios between veins L1/ L
L./L, .
- depth of petiole sinus S,/L ,
S,/L,
- angles between veins: ¢ betweenLand L
B betweenl, andl,
7 betweenL,andL,
- leaflength/width )

- petiole/leaflength
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Measurements were performed on adult leaves selected in summer from the 5thto the
8th node of the main shoots.
The following grape bunch characteristics were also considered:

~ berry weighting - berry number per bunch
- bery volume in ml - petiole lengthin cm
- berry dimensions (length and width) in cm - bunch size (width and length) in cm

The data were gathered upon ripening from 10 bunches and 100 grapes.

4. Berry samples were taken weekly from veraison to ripening to establish the following juice
components:

- total acidiry (g/1) - malicacid (g/1)
-pH , - tartaric acid (g/1)
- sugar (% mt) - potassium (g/1)

5. Volatile berry components and berry skin phenolic components
5.1. Berry pyrazines

1 kg of berries were homogenized and steam distilled 10 establish the amount of pyrazines.
The distillate was extracted 3 times with 25 ml of C H, L,Cl,. After solvent distillation, the extract was
analyzed by gas chromatography-mass specuomem b\ means of the S.I.M. programme with
acquisition of ions 123-138, 124-137, 124-151, respectively, related 1o 2-ethyl-3-methoxy
pyrazine, 2-isopropyl-3-methoxy pyrazine, 2-isobutyl-3-methoxy pyrazine.

5.2. Volatile juice components

250 ml of juice was extracted with C, H, ,:CH.Cl, in a 60:40 ratio for 12h. After the
solvent's evaporation by distillation, the e\tracr was qubjected to gas chromatography.

5.3. Phenolic berry skin components

Anthocyanins: These were extracted from 10 berries with ethanol + 0.1 % of concentrated
HCl and with mixture ethanol : HZO :concentrated HClin the ratio 70 : 30 : 1.

Phenolic acids: The ethanol extract of skins was employed for the analysis of the hydroxy
cinnamoyl, tartaric acids.

6. Organoleptic tests were performed on wines produced by the microvinification of the
two types of Cabernet franc and tasting the grapes by means of the statistical duo-trio test.

Results and discussion

1. Isoenzymatic analysis

As may be seen in Fig. 1, the two types of Cabernet franc have different GPI and PGM
patierns.

2. Morphological features

Of all the features examined (see Table 1). the foliowing proved to be repeatedly different and
steady in the two types of Cabernet franc (Table 2). ]

Type B has higher anthocvanic pigmentation levels in the shoot tip, more blisters on the upper
leaf side, a larger amount of hairs between veins on lower leaf side and a looser cluster. These
features will be emphasized in further detail by analyzing the ampelometric tests.

Moreover, a particular feature is the special shape of stamen that may be spiral-shaped in
type B, as previously illustrated (7) on this population (see Fig. 10).
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3. Ampelometric tests

Table 3 illustrates the features that proved to be significantly different among those examined.

The analysis of the results concerning the leaves shows that the dimension of the apex lobe
determined by the ratios L /L and§ /L, are majorin type A than in type B.

With regard to the bunch, type B, as already mentioned, is looser (longer bunch, fewer berries
and less compact) and it has larger berries (size and volume).

4. Berry juice components

The course of sugar development in the berries, of the degradation of total tartaric and malic
acidity, and of the pH increase does not differ considerably from one type to the other (Fig. 2).

Type B, however, ripens earlier and thus it attains higher sugar in berries earlier and, at the
same time, has a significant degradation of 1otal acidity, related 1o the decrease of both malic and
tartaric acid, whereas the pH is higher.

In the juice, there is also a considerable difference in potassium concentrations: higher in
type A, an aspect that is probably interesting in enological terms.

Table 1: Morphological features examined

0.I.V. CODE FEATURE

001 young shoot: form of tip

003 " n : intensity of anthocyanin coloration
of tip

004/005 " " : hair density ot tips

007/008 shoot: color of internodes

009/010‘ " : color of nodes

011/013 " : density of hairs of nodes

068 mature leaf: number of lobes

075 " " : blistering of upper side

076 " " . shape of teeth

079 " " : general shape of petiole sinus

081 " " . particularities of petiole sinus

0847085 " " . density of hairs between the veins

(lower side)
0887089 " " . density of hairs on main veins

(upper side)

090/091 " " . density of hairs on petiole
151 inflorescence: sex of flower
153 " . number of inflorescence per shoot

204 bunch: density
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Table 2: Features proved to be repeatedly different and steady

10IV CODE | FEATURE | EXPRESSION LEVEL
! | | TYPE A | TYPE B

| 003 lyoung shoot: intensity of an- | |

| I thocyanin colora-| |

| | tion of tip ] 3 | 5
! 1 I |
I 075 - Imature leaf: blistering of up-| |
| | per side | 5 | 7
1 ! | !
| 084 t " " . density of hairs | |

1 | between the veinsl| |

1 ! (lower side) | 5 ! 7

| 204 | bunch : density | 6,65 | 5,42

Table 3: Ampelometric measurements proved to be significantly different among those examined

| FEATURE | CABERNEf FRANC | CABERNET FRANC
l | TYPE A | TYPE B
| LI/L (in cm) [ 0,893 | 0,842
! Si/Li (in cm) | 0,544 | 0,497
I SZIL2 (in cm) ! 0,628 | 0,591
! K (in degrees) | 48,62 | 53,5

I B (in degrees) | 51,52 | 65,27

I a/ (in degrees) t 48,32 ] 53,25

| perry weight (in grammes) | 1,54 ! 1,90

| berry volume (in ml) ! 1,39 l 1,67

| berry length (in cm) | 1,43 | 1,52

I berry width (in om) l 1,33 | 1,45

| average number of grapes | 99,44 | 85,32

| bunch length (in cm) | 12,26 | 13,04
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5. Volatile grape components and berry skin phenolic components

5.1. Berry pyrazines

The two types (A and B) differ in the 124 ion chromatogram profile and partly the 151 ion
profile, related 10 2-isobutyl-3-methoxy pyrazine, the content of which seems to be considerably
higher in type B (Fig. 3). The presence of a great number of peaks leads to the conclusion that the
preparation system generates adulterations.

5.2. Volatile berry juice components

The profiles of the samples are practically similar (Fig.4). There are C6 components
originated by the enzymatic attack of linoleic and linolenic acids, besides other unidentified
components and a considerable amount of benzylic alcohol.

5.3. Phenolic berry skin components

Anthocyanins: The analysis of the chromatogram HPLC of the anthocyanins (Fig. 5 and 6)
revealed that the two types of Cabernet franc differ in the percentage of peonidin monoglucoside
(higher in type B), acetates (higher in type B), and p-cumarates (higher in type A). The antho-
¢yanins of both varieties are trisubstituted. The amount of anthocyanins in the skins of type B is
approximately double the amount of type A (Table 4).

Table 4: Anthocyanins %

{ ANTHOCYANINS ICABERNET FRANC | CABERNET FRANC|
I_ I TYPE A | TYPE B |
| | 1 l
{Delphinidin monoglucoside | 6,57 | 6,02 I
{Cyanidin monoglucoside | 0,67 | 1,37 |
iPetunidin monoglucoside | 6,96 | 5,96 |
jPeonidin monoglucoside | 3,66 | 10,84 |
{Malvidin monoglucoside 1 41,45 | 38,77 |
|Delphinidin monoglucoside acetate | 1,50 | 1,63 |
iCyanidin monoglucoside acetate 1 0,11 | 0,31 |

|Peonidin monoglucoside + Malvidin | I |

Imonoglucoside acetate |1 12,99 | 20,58 |
|Delphinidin monoglucoside p.Cuma- | 1,48 | 0,87 |
Irate | ! . |
|ICyanidin monoglucoside p.Cumarate | 0,06 | 0,07 |
|Petunidin monoglucoside p.Cumaratel 1,83 | 0,51 |

|Peonidin monoglucoside + Malvidin | I |
lmonoglucogide p.Cumarate | 21,16 | 11,28 |
| ! 1 |




Genetic resources, evaluation and screening 11

Table 5: Differences between type B of Cabernet franc and type A

Morphological differences

1. Major anthocyanic pigmentation of shoot tip

2. Major blistering of adult leaf upper side

3. Major presence of hairs between veins of adult leaf lower side
4, Spiral shaped flower stamen

5. Minor bunch compactness

Ampelometric

1. Lower ratio L1/L

Lower ratio 8§,/
atio 1 L1

€3
Lower ratio Szle

2. Major angle o (between L and Ll)

" " f (between L  and Lz)

" " X (between L: anq L3)

3. Looser berry bunch:

* longer bunch

# lower number of berries
4. Major berry dimension:

* size

* weight

* volume

Biochemical and chemical

1. Different isoenzymes for enzyme systems GPI and EGM
2. Grape pyrazines: higher content of 2-isobutyl-3methoxy pyrazine
3. Skin anthocyanins: higher content of peonidin monoglucoside
higher content of acetates
lower content of p-cumarate

double quantity of total anthocyanins

4, Phenolia acide:! higher ocontent

Organoleptio

Clear identification of the two types and a more herbaceous taste in

type B.
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Phenolic acids: The chromatogram at 320 nm shows that type B has a higher incidence of
these components. The same test performed at 280 nm (Fig. 7 and 8) shows that type B contains a
large amount of an unidentified component with a characteristic spectrum (Fig. 9), of which there
are no traces in type A or in wine.

6. Organoleptic tests

Continuous organoleptic research on wines has allowed the preparation of a merit list in
which Cabernet franc type B appears to be more appreciated and with a specific individuality.
Furthermore, grape tasting performed by means of the duo-trio test indicated that the two types
may be distinguished quite clearly (80 %). with a major mark of the herbaceous taste of type B.

GPI

B
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S T - —
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g " L]
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E 2 o—— —
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Fig. 1: GPI and PGM patterns in Cabernet franc type A (A) and type B (B).
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Fig. 2: Berry components of Cabernet franc type A (A) and type B (B). (Continued overleaf.)
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Fig. 5: HPLC chromatogram of the anthocyanins of the skins of Cabernet franc type A. A =520nm
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Fig. 7: HPLC Chromatogram of the phenolic acids of the skins of Cabernet franc type A. A = 280 nm.
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Conclusions

A series of studies carried out on different varieties and on clones of the same varieties proved
that isozyme analysis of the GPI and PGM enzymatic systems could be used as a discriminating
factor when identifying varieties since different patterns may occur between varieties but not
berween the clones of the variety.

However, the population of Cabernet franc emploved in Italy exhibited two different types (A
and B) for GPland PGM.

In this report the aforementioned types were carefully analysed for several morphological,
ampelometric and chemical features. Considerable differences were recorded between type B
{mainly diffused in Veneto) and type A (the traditional type popular in France). Such differences,
illustrated in Table 5, led to the conclusion that it is 2 different variety and not a clone of Cabernet
franc.

Type B is very probably Carmengre, whose population spread in Veneto since last century
and has been frequently confused with Cabernet franc. This hypothesis is confirmed by preliminar
ampelographic analysis as well as the equality in GPI and PGM patterns and it will be moreover
examinated with further checks.

Ax290nm

Fig. 9: Spectrum of the unidentified component present in the skins of Cabernet franc type B.
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Fig. 10: Shape of the stamen in the two populations of Cabernet franc.
Left: stamen of type A; right: spiral-shaped stamen of type B.

Therefore. the hypothesis of a variety discrimination based on the analysis of GPI and PGM s
basically valid and thus the method is presently useful to help to characterize the varieties and in
future will be suitable for the definition.
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Vitis vinifera - a chemotaxonomic approach:
Seed storage proteins
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Summary: The IEF pattern of the constituent peptides for the storage protein from Vits vinifera
endosperm is used for the construction of a dendrogram relating 74 seed specimens.
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Introduction

In a previous report (Graxazza et al. 1989), we investigated the major endosperm proteins of
Vitis vinifera sativa uiilizing seeds from cv. Chardonnay. The storage protein was found to be a
globulin, homogeneous by size (M, > 400 kDa after PAGE) and highly heterogeneous by charge,
23 bands being resolved by IEF, with pls 4.8-5 for the major components. From SDS-PAGE under
reducing and non-reducing conditions, the native structure appeared to be assembled from non-
covalently bound subunits, with M_ca. 65 kDa, which in turn were composed of disulfide-bridged
peptides, Mr =19-21 kDa and 38-44 kDa. The focusing patiern of the denatured protein (8 M urea
after —-S-S-reduction) included 15 acidic (pls=4.25-4.80) and 2 alkaline (M, = 26 kDa, pls=
6.8-6.9) components.

‘We compare here the subunit composition of the storage proteins from a number of cultivars
grown across Italy. This data base is then used for the construction of a dendrogram relating the
various cultivars to one another.

Materials and methods

The seeds from 54 cvs of V. vinifera sativa from the following Italian regions: Val d’Aosta
(AO), Piemonte (TO), Liguria (GE), Lombardia (PV), Trentino (TN), Veneto (VE), Friuli (TS),
Emilia (BO), Toscana (FI), Sardegna (CG), Puglia (BA), as well as from different clones of cvs
Schiava (SC, N = 5). Malvasia (MAL. 6) and Trebbiano (TB, 7) and of two V. vinifera silvestris
specimens (Reppi2 and Reppi3, SI), were collected at vintage 1988. For each sample, the
endosperm dissected from 30-35 seeds was ground and extracted with 10 volumes of 0.2 M glycine
(Gianazza et al. 1989).

Isoelectric focusing was performed on immobilized pH gradients (IPGs) (BreLLovist er al.
1982) in the pH range 4-5.5 (1-D) or 4-6 (2-D experiments). The IPG plates were polymerized
according to standard procedures (Riguertt and Granazza 1987) with Immobiline monomers
purchased from LKB: the washed and dried gel slabs were reswollen in 8 M urea - 0.5 % carrier
ampholytes (0.25% 4-6 Ampholine and 0.25% 4-6.5 Pharmalyte, from Pharmacia-LKB
Biotechnology, Uppsala, S}. Prior to loading. the protein samples were diluted 1:1 with 8 M
urea — 2 % 2-mercaptoethanol. Gels were run overnight at 500 V, followed by 1h at 1,300 V. For
2-D mapping, the gel strips from the 1std run were equilibrated for 15 min in electrode buffer
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(according to Laemmrr 1970) with 3% SDS and 2% 2-mercaptoethanol added. The 2ndd
separation wasona 7.5-17.5 % T polyacrylamide gradient, at 50 mA/gel (140 x 140 x 1.5 mm).

A total of 57 bands were analyzed in the 1-D pattern of the various samples. Data reduction
was for presence/absence of any given component - disregarding quantitative variations. A
dendrogram using average linkage was constructed with the statistical program SPSS-X run on a
VAX-VMS computer (Istituto Agrario Provinciale. San Michele all’Adige, TN).

Fig. 1: Isoelectric focusing on immobilized pH gradients (IPG) 4-5.5 of the endosperm proteins from Vitis
vinifera seeds. 15 p11 of a glycine extract diluted 1: 1 with 8 M urea = 2 % 2-mercaptoethanol were applied per
lane. The gel had a polyacrylamide matrix T % = 4, C % = 4 and was made to contain 8 M urea and 0.5 % carrier
ampholites in the pH range 4-6.5. Gels were run at 15 °C for 12 h at 500 V, then for 1 h at 1,300 V. Coomassie
stain according to RIGHETTI and DRYSDALE (1974). Samples: gel A = Reppi 2 (V. vinifera silvestris), Cagnina,
Ribolla Nera, Canina, Cannonau, Lambrusca d’Ales$andria, Malvasia Brindisi, Verdicchio, Trebbiano
Valtenesi, Tb. Soave, Tb. Lugano, Torbiana Soave, Carignano, Malvasia Casorso, Ancellotta, Schiava Grigia,
Coda di Volpe di Labico, Lambrusco Salamino, Lambrusco Sorbara, Fumat, Lambrusco Grasparossa, Malyasia
Candia, Malv. Candia N. A., Lambrusco Oliva, Lambrusco Maestri, Brunello, Prugnolo, Sangiovese, Aglianico,
Grechetto Bianco, Malv. Lecce, Malv. Lunga Chianti, Croatina, Freisa, Bonarda, Pignola, Sc. Lombarda, Uva
d’Oro, Tb. Romagnolo, Sc. Gentile, Trollinger, Lambrusco F. F., Neyret, Reppi3 (F. vinifera silvestris), gel
B = Trollinger, Lambrusco F. F., Neyret, Reppi3 (F. vinifera silvestris), Malv. Asolo, Lagrein, Vermentino
Spoletino, Pigato, Vermentino Finale, Favorita, Colorino, Marzemino, Teroldego, Mammolo, Vernaccia San
Giminiano, Sc.Grossa, Tb. Toscano, Nebbiolo, Barbera Bs., Barbera, Ribolla Spizade, Croa Rosso, Sc. Grossa,
Vernaccia, Rossetta di Montagna, Dindarella, Cabrusina, Cividino, Picolit, Corvina Cl. 7, Corvina Cl. 47,
Rondinella, Rondinella Cl. 77, Timoraccio, Refoscone, Vien de Nus, Canaiolo, Malvasia.
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Results

Fig. 1 A and B shows the isoelectric focusing pattern of the storage protein subunits from the
seeds of various V. vinifera cvs. The sequence of the samples is based on pattern similarity as
evaluated by visual inspection for the presence (from left to right) of cathodal to anodal major
components. 10-15 prominent bands in 5 clusters and a number of minor components can be
recognized in each lane. None of the major components is present in all samples, i. e. a typical
pattern includes only 2-4 band clusters.

The relationships between the different clusters are better evaluated from the 2-D maps of Fig.
2A-D. The M, of the polypeptide chains tend to increase with their pl, but clusters 1-2 and 34
share essentially the same size.

The dendrogram in Fig. 3 depicts the dissimilarity hierarchy between the banding patterns for
the various cultivars. The same resuits were obtained when specifying either the squared Euclidean
or the city block measure as the agglomeration method. Within the widely grown cultivars, 5 out of
7 Trebbiano clones are virtually identical, while the specimens from cvs Schiava and Malvasia are
found more scattered across the tree. From the point of view of the geographical origin, the
cultivars from Veneto appear the most, and those from Val d’Aosta the least homogeneous.

Fig. 2: Two dimensional mapping of the endosperm proteins from Fizis vinifera seeds. 1st d: isoelectric focusing
in presence of 8 M urea under reducing conditions on a 4-6IPG; 2ndd: SDS-PAGE according to
LAEMMLI(1970) on a polyacrylamide gel T % =7.5-17.5 %, after reduction and denaturation of the sample.
Coomassiestain. A = Canina, B = Trebbiano Lugano, C =Prugnolo, D = Schiava Grossa.
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Discussion

Our current investigation on the seed proteins from V. vinifera addresses several problems:

a) the biochemistry of the storage protein (structure and biosynthesis),

b) the ability of various sets of biochemical parameters — i.e. the IEF banding pattern of
different endosperm proteins, with or without enzymatic activity - to characterize a given cultivar,
or clone, foridentification purposes, and

c) their significance in constructing genealogic trees for taxonomy studies.

As for the first point, the present results generalize the findings of Giaxazza et al. (1989) on
cv. Chardonnay, and assign pI-M_ relationships between the 5 major protein clusters. Further
studies will include: thorough purificauion of the siorage protein from cytosolic components,
separation of individual peptides from the different clusters and comparison of their V8-protease
fragments while searching for sequence homologies. The hypothesis of a proteolytic processing for
the protein subunits from a 65 kDa polypeptide chain (Giaxazza et al. 1989) will be tested by
analyzing the set-up of the storage protein across seed development as well as by quantitating in a
panel of samples the low- and high-M species resolved by SDS-PAGE under reducing vs. non-
reducing conditions.

We have defined the size of our samples (N = 30-35) from the evidence of a variability (for
presence/absence as well as for relative concentrations) for the various bands of the native storage
protein in cv. Chardonnay (Giaxazza et al. 1989). We could then show that this sampling was
indeed representative of the average genetic make-up of a given cultivar (10 be published). In order
10 get an impression of the data dispersion around the median, we are currently analyzing the
extracts from single seeds in a number of clones. The banding pattern for storage protein subunits is
usually fairly stable across a given clone and thus represents a useful parameter in systematic
studies.

The dendrogram based on the Coomassie-stained pattern of the proteins focusing (under
denaturing conditions) in the pH range 4-5.5 is often close 1o the ones in which more data, from the
analysis of a number of enzymes, were also included (10 be published). Thus, the simplest analytical
approach - requiring no special chemical nor further processing of the gels ~ may provide sufficient
information for correct cultivar clustering.
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Summary: Useof descriptor variables in ampelography is recommended to simplify recording of data
and to enable useful comparisons. Parametric assumptions are, however, poorly satisfied especially with regard
to statistical interference. In the paper some statistical procedures to improve the discriminant ability of
descriptor variables are considered. The use of variances and covariances of variety by year interactions is
suggested for the error matrix within a multiple discriminant analysis procedure. The adequacy of this model is
verified in a 3-year experiment with Italian wine varieties. The discriminant power, as evaluated on the basis of
the estimated distances among varieties, is satisfactory.

Key words: ampelography, shoot, leaf, berry, biometry, analysis, descriptor variables, multiple
discriminant analysis, genotype by environment interaction, normality assumptions.

The basic aim of ampelography is the complete description of vine varieties in order to
provide the most precise definition of their features. The identification of highly discriminating
factors is important in order to derive an efficient and reproducible classification of varieties. Use of
descriptor variables, as suggested by the O.LV. protocols, is recommended to simplifv data
recording and to favor useful comparison. These variables. expressed as rating scales, are difficult
to analyse statistically especially with regards to statistical inference.

In the present paper, some statistical procedures are considered to improve the discriminant
ability of descriptor variables, particularly as regards data collected in different years of
experimentation. As an example, discriminant analysis is applied to data from a set of 31 vine
varieties evaluated over 3 years at the Istituto Sperimentale per la Viticoltura (Italy).

Multivariate approach: the canonical analysis

Discriminant analysis is a well established statistical procedure (see, for example, Srivastava
and Carter 1983, 231-252), nevertheless a short summary of the main characteristics is given
below.

Multiple discriminant analysis (often referred 1o as canonical analysis) is a very powerful tool
used to reduce the complexity of a multivariate system of observations by means of linear functions
(discriminant functions) of original variables: they are estimated so that the divergency among
groups (here varieties) will be maximized on the basis of the variability existing within groups. The
coefficients (a) defining the canonical variates (y) are found by the maximization of

TN (@K -2%)’ (@S a)’
where X, is the mean vector of the i-th group (variety) and X is the overall mean vector. N, is the

number of observations of the i-th group and S is the variance-covariance matrix of errors. The
solution 1s found by solving

(B-1S)a=0

where A isan eigenvalue of S’ B, and B is the berween groups variance-covariance matrix:
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B=2‘i" N (x-%) (x-%)/(k-1)

If we achieve a dimensional reduction taking into account only the canonical variates related
1o the largest eigenvalues of S B, the following results can be obtained:
(1) an elimination of most of the redundancy of the original multivariate system, where the traits are
correlated to a different extent;
(2)a statistical tool 1o assign a new object (plant), whose origin is unknown, to one of the groups
incluced in the analysis;
(3) a projection of the mean values (centroids) of the groups in the orthogonal space defined by
canonical variates, with possible taxonomic derivations on the basis of a reduced but significant
number. of axes. As the last point is concerned, use of standardized discriminant functions is
generally suggested:

z =2, (x-X)

An application of discriminant analysis to the classification of vine varieties

As matter of exemplification, the procedure was applied to describe and discriminate 31 vine
varieties. Data were recorded ar the Istituto Sperimentale per la Viticoltura in Susegana (Eastern
Venetia) in 3 different vears considered as repetitions with 3 stocks per variety within each year
(Caloet al. 1989).

The traits used in the analysis are reported in Table 1. Numerous traits were recorded but only
those showing in the 3 years a variability among groups (varieties) greater than the variability
between plants within groups are considered here. Following this simple criteria, a minimal level, as
regards the discriminant power, is assured. Most of the traits are expression of underlying
quantitative continuous variables. Others describe qualitative characteristics.

Normality assumptions and the matrix of errors

Our data are expressed according to different rating scales. Since the canonical
analysis is an application of, or better is based on. the multivariate analysis of variance
{(MANOVA), it is assumed that the variables used in the analysis are continuous and jointly follow a
multivariate normal distribution. When the variables are discrete, as in the present case, the
assumption of normality is generally not obvious. .

We have undertaken the discriminant analysis on the basis of the following considerations:

(1) The generalization ofthe central limit theorem tothe multivariate case says that if
X, ... X_ have variances o .} .0 ?and correlations p, (i=1..p,j=1+1..p), then the means
X, ...ip of a sample of size N ﬁave a joint distribution that as N increases approaches to a
multivariate normal distribution with variances !/~ ¢ 12 ../x o2 and with correlations p, the same
as those of the X's. The robustness of most multivariate statistical tests is based on this theorem,
provided that variances are independent from means (see MariorT 1974, 15). For this reason our
sampling design includes replications in different years and within year.

(2) Even if the distribution of single variable is not normal, the distribution of a linear function of
numerous variables is approximately normal and the normality increases with the number of
variables entering the linear function (SeaL 1964, 139). A ‘caveat' is the fact that the coefficients
applied 1o 1 or 2 of the non-normal variables allow to dominate the results (this point will be raised -
later).

(3) Incidental deviations from normality of single component variables will not cause distortion of
the point estimates, which are of main interest in discriminant applications (for a discussion on the
consequences of deviations from normality, see Scuerre 1959, chap. 10).
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Table 1: Descriptor variables from O.LV. protocol

31

Variable
Code Description Scale
003 12 Young shoot: intensity of anthocyanin
coloration of tip F
004/005 I3 Young shoot: density of hairs of tip F
007/008 I4 Shoot: color of internodes A
009/010 I5 Shoot: color of nodes A
012/014 17 Shoot: density of hairs on internodes F
068 I10 Mature leaf: number of lobes C
068/B I11 Mature leaf: angle between weins (L and L1)
068/C I12 Mature leaf: ratio L1/L
075 I13 Mature leaf: blistering of the upper side F
079 I16 Mature leaf: general shape of petiole sinus E
081 I17 Mature leaf: particularieties of petiole sinus A
084,085 118 Mature leaf: density of hairs between the veins F
090/091 I21 Mature leaf: density of hairs on petiole F
093 I22 Mature leaf: lenght of petiole as compared to
middle vein F
202 128 Bunch: size F
206 129 Bunch: length of peduncole F
220 I31 Berry: size F
225 I33 Berry: color of skin D
236 137 Berrry: particular flavor B
238 I38 Berry: length of pedicel F
301 141 Time of bud burst F

(scale values:
D=12345©67, E=

3, B=12234,C =
12345678, F =

Choice of the matrix of error variances and covariances

The choice of an adequate model in MANOQOVA is also of importance for the arguments in the
previous section. As the replication within years refers to single plants (stocks), we have considered
as variance-covariance S matrix, the matrix from the effects of interaction varieties by years (see
table below). In this way we achieve two important points. First, the unit of observation becomes
the mean value over three stocks within each year assuring a better fit 1o normality than individual
plants. Second, the weighting of the variability among varieties is performed on the basis of the
joint performance over 3 years, which increases the discriminating power of more stable traits. This
aspect is in agreement with the simple coefficient of discrimination of LusisCHEW
(1962) as regards single traits.
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MANOVA model
Trems D.F. Matrices
Between years 2
Between varieties 30 B
Int. year x varieties 60 S
Residual from the model 186

Ii is possible 10 asses the adequacy of this model with the MANOVA assumptions by the
examination of the frequency distribution of the errors (variety x years effects) as shown in Fig. 1 for
some traits incjuded in the analysis. The fit to normal distribution is generally good and particularly
with the traits that are more relevant 1o the discriminant process: this aspect is in agreement with
the expectations of point (2), above.

The use of interaction effects in the contest of discriminant analysis is original and we think
that it can meet the requirements of a multivariate analysis based on rating scores.

Table 2: Eigenvalues and percentages of variance explained

Root No. Eigenvalue Pct. Cum. Pct.
1 210.27516 61.62073 61.62073
2 44,70333 13.10022 74.72096
3 27.76431 8.13628 82.85723
4 16.22094 4,75351 87.61075
5 12.59509 3.69097 91.30171
6 7.89587 2.31387 93.61558
7 4.74879 1.39162 95.00720
8 3.19846 .93730 95.94451
9 3.17576 .93065 96.87516

10 2.50119 73297 97.60813
11 1.93070 .56579 98.,17391
12 1.45800 42726 98.60118
13 1.13728 .33328 98.93445

Evaluation of the discriminant power

The eigenvalues ( )‘1\') whose value is greater than 1 and the relative percent of variance
explained are reported in Table 2. The first 7 eigenvalues account for 95 % of the total variation
among varieties and we achieve a dimensional reduction by ignoring the smallest 14 eigenvalues.
Canonical loadings (correlations between original traits arnid the canonical variates) allow a
biological interpretation of the results of linear transformation. They are reported in Table 3.

The null hypothesis of no differences between varieties was rejected by a Hotelling-Lowiley test
following MANOVA, which, when approximated by an F statistics, received the value 20.09.

Mean values of varieties according to the first 7 canonical variates were used to derive
taxonomic aspects. Since canonical variates are orthogonal, the simple square distances between
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Fig. 1. Frequency distribution of errors (variety x years interaction effects) as regards some traits included in the
analysis: A) shoot, color of internodes; B) shoot, color of nodes; C) shoot, density of hairs on internodes;
D) mature leaf, density of hairs between the veins; E) berry size; F) color of berry skin. In the ordinates: count of
cases (on the right); proportion of case per standard unit (on the left).
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varieties correspondto Mahalanobis® generalized distances:
2_'--v*_’='.'.~-1 < .Y
D= (2-2) (Z,-2) = (%-X)'S" (3-X,)
The significance of a distance can be obtained referring to the critical values at different levels
of a. These critical values can be obtained by an approximation of the T? statistic to F:

T? = [(u-p)/ (v-p+1)] Fa:

p. L-p+l
and noting that Tﬁ? =[(NN,)/ (N + NI Dii? . v are the degrees of freedom of S and p the
number of variates used in computing the Distance (here p = 7).

The critical values of distances received the following values:

a=0.05 D*=3.22, a=0.01 D*=4.03

Table 3: Canonical loadings

Canonical variates

1 2 3 4 5 6 7
I2 -.031 -.005 -.075 -.148 -.212 .028 . 240
I3 -.034 -.202 -.046 .163 -.107 .035 173
I4 -.037 -.070 ~. 347 -.210 -.007 -.265 . 466
I5 -.020 -.030 -.330 —-.225 -.010 -.257 . 244
I7 -.017 -.238 -.013 .168 -.064 -.189 -.115
I16 -.038 -.158 .034 .137 -.255 . 394 .135
I11 -.005 .001 . 040 .082 -.101 -.220 -.036
112 .003 .017 -.026 . 044 -.016 -.052 .069
113 =-.052 -.003 -.062 . 147 -.164 -.103 .188
I16 -.018 -.108 .170 .211 -.528 -.388 -.163
117 .008 -.006 -.015 .078 -.055 -.121 -.049
118 -.132 -. 495 -.068 .188 . 060 -.091 . 086
I21 -.020 -.094 .052 .010 .012 -.264 -.062
122 -.059 -.032 -.119 .083 .059 -.187 -.121
I28 -.006 -.265 .063 -.342 -.192 .310 -. 465
129 .011 ~.085 -.065 -.099 -.084 .027. -.247
I31 -.020 -.027 -.006 -.246 -.170 . 234 -.272
133 =-.774 .273 . 187 -.078 . 134 -.170 -.290
137 -.002 .110 . 027 .181 -.060 .060 . 244
I38 -.013 -.034 . 024 -.119 -.198 .059 -.209
I41 .033 -.095 .614 -.433 -.032 -.243 .319

A graphical representation of the discriminant results is the projection of varieties in the plot of
the first 2 canonical variates. Even though two-dimensional diagrams may be somewhat
misleading, these plots can reveal the divergencies among groups (clusters) of varieties. Varieties
whose relative distances are not significant at the « = 0.01 level were included in the same cluster,
following a UPGMA (unweighted pair group with arithmetic mean) procedure (SNeate and
Soxar 1973, 230-234). The plot shows some varieties not included in clusters and clusters with a
reduced number of members (Fig.2). This pattern can be regarded as a good result for a
discriminant process.
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Fig. 2: Projection of variety centroids in the plot of the first 2 canonical variates. Circles include variates with
relative distances not different from zero at & = 00.1 level of significance.

Regarding the discriminating power of single original descriptor variables, the matrix of
loading reveals that the first canonical variate is mainly dominated by the color of the berry skin,
while in general the large weight is assumed by traits linked to vegetative characteristics of the plant.
Though these results are preliminary and presented merely as an example of a statistical procedure,
the standardized discriminant coefficients of the first 3 canonical variates are reported in Table 4.
The inspection of figures can be of great interest when choosing the variables with a higher
discriminant power in the context of the examined covariation structure.

The use of interaction effects in the context of discriminant analysis is original and we think
that it can meet the requirements of a multivariate analysis based on rating scores. More
particularly, assuring a good fit to normality, it allows the use of usual statistical procedures, as
stepwise selection and related statistical tests to choose the most discriminant descriptors.
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Table 4: Standardized discriminant function coefficients

Function No.

Variable 1 2 3
12 -.19235 .36414 -.13183
13 ~.15294 -.13837 -.05140
14 -.22991 ~.13317 -.56496
15 .00150 -.05174 -.45131
17 -.05234 ~.34306 .04656
110 -.31959 ~.19086 .02672
I11 .40305 .31301 .03755
112 -.23082 —~.30224 -.11383
113 ~.34818 .15428 ~.10186
Il6 .00050 ~-.09670 .18503
117 .18351 .26616 - -.15830
118 -.47610 =1.29967 .04751
121 .40265 .35096 .07206
122 ~.25843 -.39268 -.46230
128 -.00298 -.28686 .08117
129 .10030 ~-.19566 -.25988
131 -.18423 ~.29449 -.38828
133 ~1.12760 .23569 L11122
137 -. 04240 .26009 .16466
138 —.06007 .23255 ~.07179
141 .00432 -.38915 .80115
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Improvement of Vitis vinifera sativa D. C. taxonomy

L. P. Trosuix, P. N. Nepov, A. I Lirvak and N. I. Guzun

National Institute for Grape and Products of Grape Processing ‘Magarach’, 31, Kirov Street,
Yalta (Crimea), USSR

Summary: A method of mathematical statistics for evaluation of the taxonomic usefulness of
characters included in the Viris vinifera sativa D. C. cultivar clustering has been developed. The method works as
foliows: The irregularity of the distribution of characters in taxons is calculated. and the probability of achieving
such estimates is caiculated when all taxons are assigned to the same general population after a certain character.
The method does not depend on the type of the distribution of characters and is computer-programmed (a CM-4
computer). Using the method, it is possible to conclude that the higher the taxon hierarchy, the smaller is the
amount of taxonomically useful characters the taxons differ in, 1. e. in order to differentiate taxons of lower
hierarchy a smaller amount of descriptive characters is necessary. Var. rranscaucasica and var. mediiasica have
been isolated in the taxon convar. orientalis subconvar. caspica NEGR. and in the taxon subconvar, antasiatica
NEGR,, while the taxon convar. pontica NEGR. has been supplemented with subconvar. meridionali-balcanica
and georgica-caspica along with subconvar. balcanica and georgica NEGR.

Using discriminant analysis, assignment of many cultivars to proper taxons has been verified. The
phenogenetic proximity of taxons has been established. Some problems of the theory of evolution and those of
practical breeding are discussed.

Key words: ampelography, biometry, systematics, taxonomy, variety of vine, gene resources, Asia,
Europe, Africa.

Introduction

Progress in the theory and practice of grape breeding is due to achievements of ampelography
and genetics used by originators in creating genotypes after the models of ideal cultivars
(GoLobryga and TrosHix 1978). Understanding of the combining ability of gene complexes of the
initial forms depends on their assignment o proper taxons.

Studies of wild grape in Bulgaria (NecrouL er al. 1965), Moldavia (YaNusHEVICH and
PeLiakn 1971), Daguestan (Pirmacomepov 1980), Georgia (Ramisuvii 1988) and in the Crimea
(Trosuix and Sviripexko 1980) have shown a relationship between the local cultured and wild
grape and have made it possible to establish its origin.

The origins of some large-fruited table grape cultivars still need elucidation. Vipar (1948)
suggested that large-fruited wild grape growing in the Atlas Mountains may have been used as
initial material for popular selection of large-fruited grape cultivars in North Africa.

Taking into account the vast area of wild grape distribution and its isolated location in certain
regions with different natural and climatic conditions, it is impossible to consider the species Vitis
silvestris GMEeL. homogeneous (VaviLov 1931, Vasmcuesko 1955). In every ancient centre of
culture, wild grape has its own morphological and biological peculiarities, which makes it necessary
to name it after the places of growth( the Daguestan grape, the Crimean grape, the East Georgean
grape, the West Georgean grape, the Transcarpathian grape, etc.).

Local grape cultivars are also classified by authors after their places of origin.

According to the classification of Necrour (1946, 1968), grape cultivars are arranged into
three ecological-geographical groups. Several hierarchic taxons have been isolated in two of these
groups, but NeGrouL himself thought that the problem needed further elucidation. Studies on
grape classification were also done by Ivaxova (1947), Avrvev (1956), Nemera (1967),
GraMOTENKO (19735, 1978), Tsertsvapze (1986).
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Materials and methods

Grapevines on their own roots (studied since 1970) and grafted plants (studied since 1983)
were described and measured according to standard ampelographic methods. In the matrices of
initial data, 30 quantitative characters were determined using a natural scale (scale of relations),
and 74 qualitative characters were established using a numerical scale (scores 1-5) (Methodical
Instructions on Grape Breeding, 1974). More recently, the 0.1V, numerical scale (1984) (scores
1-10) was used.

The quantitative characters included 11 morphometrical, 6 phenological, 9 biological-
agricultural. 2 chemical-technological and 2 adaptive characters. Botanical, uvological, physio-
logical and other characters were considered alternative (Trosxrx and FEporov 1988).

Grape cultivars were classified after complexes of characters according to their origin
(GramoTenko and Trosuix 1988). The validity of the classification was checked using methods of
cluster and discriminant analysis (KExparL and STUART 1976).

In establishing patterns of a classification it is necessary 1o determine the taxonomic usefulness
of characters. For this purpose, the criterion of KruskaL and WatLis can be useful (Zarrsev 1984),
but we concluded that taxonomically useful characters were those minimizing transgression of
clusters of the ‘teaching’ sampling. Of non-dimensional methods, the criterion of MANN-WHITNEY
can be used as index of the transgression value (Sacus 1972), but its disadvantage is that, with
more than two clusters and a considerable transgression among some of them, the value of the total
criterion may become so large that even under condition of complex isolation of severat clusters the
character will be considered insignificant.

We suggest a criterion of our own which is based. for all pairs of clusters, on how many times
cultivars of the first cluster are included into the variation range of the second cluster. Thus, the
criterion is defined as follows:

N
Criterion= X
=1

2
T M

A where:

ik

T ™M

—

N - amount of groups
M. - amount of cultivars in the jth group

A:j .= lifthe value of a character of the ith cultivar belonging to the jth group is included into
the variation range of the kth group; otherwise,
A =0
ijk

In determining the significance of the criterion. we tried 1o make theoretical calculations of its
critical values considering the values of the criterion between pairs of taxons 10 be an independent
sampling from a corresponding distribution. But the check using the method of Monte Carlo (AFiF1
and Azex 1982) showed substantial systematic deviations from the values obtained. It is due to the
fact that with 3 taxons, A, B and C, for instance, the value of the criterion for taxons A and B
depends to a great extent on its values for A - B and B - C. Thus. the sampling cannot be considered
independent. We failed to take into account the relationships and ¢hose the method of Monte
Carlo.

We made a special program for a CM-4 computer to calculate numerical values of the
criterion to sort out characters according to the value of the criterion and 1o estimate the probability
of error, when the assumption that all the taxons belong 10 the same general population after this or
that character was omitted. In doing so, there is no need to produce the numerical value of the
criterion as it is not the values themselves that count burt the importance of every character for the
classification.

The estimates of the taxonomic usefulness of characiers do not depend on the type of
distribution of large samplings and can be calculated with as few as two cultivars in a taxon;
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naturally, the larger the amount of cultivars, the more reliable are the estimates (Trosuin et al.
1988).

Results and discussion

The results obatined of the classification of grape cultivars made it possible to isolate some
new taxons in addition to those already known (GramoTeNKO and TrosHin 1988).

Cultivars of the taxon convar. boreali-africana Gram. are characterized by a long vegetation
period, late budbreak, very late leaf fall and weak resistance to frosts and fungal diseases. The taxon
contains local table and wine cultivars of Morocco, Algeria and Tunisia, e. g. Ahmar bou Ahmar,
Farrana, Khadari, Ribier, etc. Their adaptivity in the European part of the USSR is poor, but they
can be of interest there as initial material in breeding for large-fruitedness.

Cultivars of the taxon orientali-mediterranea Grawm. are characterized by a long vegetation
period, weak frost resistance, firm berry flesh and tough berry skin; in many cultivars, muscat-
flavoured fruit is common. As far as their morphological and biological characters are concerned,
these cultivars have a certain phenotypic similarity to those of the previous group, but the East
Mediterranean group is older and differs genetically from the other ones. Cultivar types of
muscadine grape and Chasselas are examples of this group.

Grape cultivars of Spain, Portugal and the southern part of France differ substantially from
those of Germany and the central part of France. The former cultivars are characterized by a long
vegetation period, late leaf fall and weak frost resistance. As far as their biological characters are
concerned, cultivars of the south-western part of Europe are closer to the North African ecological-
geographical group though with regard to their geographical position they enter the West European
group. That is why the subgroup subconvar. pyrenaica GraM. was established within this group. In
table cultivars, Bican, Vermentino, Gros Vert, Catalon d'Hiver are representatives of this
subgroup, while Mourvedre, Morastel, Sersial are its representatives in wine cultivars.

The South Balkan subgroup subconvar. meridionali-balcanica Trosch. can be considered
analogous to the previous subgroup as far as its origin is concerned. The South Balkan subgroup
contains cultivars Limberger, Kabassia, Kadarka, Maisky tcheurny, etc. characterized under
conditions of the Crimea, the Don and the Kuban regions by low sugar content and larger size of
leaves, berries and bunches. Greek and Albanian cultivars are also included into this subgroup.

Some Georgean grape cuitivars of this subgroup subconvar. georgica NeGr. which is included
into the Black Sea Basin ecological-geographical group have characters of the group of eastern wine
grape orientalis caspica NeGr. Their intermediate position between these ecological-geographical
subgroups made it necessary to arrange them into the subgroup subconvar. georgica-caspica
Grawm. contained by the Black Sea Basin ecological-geographical group. This separate subgroup
contains cultivars Rkatziteli, Tchinouri, Boudechouri tetri, Sirgoula, Goroula, etc.

We developed the taxonomic scheme of Nearour having classified Transcaucasian and
Middle Astatic cultivars with regard to their uses, t00.

While establishing phenogenetic relationships among taxons, we evaluated the taxonomic
usefulness of characters. In doing so, values of quantirative characters were transformed into scores
of the numerical scale as required by the use of methods of muliidimensional analysis.

Having analyzed the taxonomic usefulness, estimates of 104 characters of 120 grape cultivars
arranged into 12 taxons revealed the following correlation: the higher the taxon hierarchy and the
larger the amount of taxons of the same level. the smaller the amount of taxonomically useful
characters the taxons differ in. Thus, in order to classify taxons of a lower level (cultivar types,
cultivar groups), a smaller amount of descriptive characters is necessary (TrosHix and FEDOROV
1988).

Taxonomically useful characters (P < 0.05) for 12 taxons had the following probability
estimates (%):
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Phenograms of cluster analysis: Phenogram 1 - 3 taxons; Phenogram 2 - 5 taxons; Phenogram 3 - 10 taxons;

Phenogram 4 - 12 taxons. The names of taxons are given in the text.
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- cobwebby pubescence among veins of young leaf (O.1.V.descriptive character code 053): 100
- cobwebby pubescence among veins of mature leaf (084): 100

- berrysize (220): 100

- berryshape (223): 100

- texture of berry flesh (235): 100

- cobwebby pubescence of shoot tip (004): 99

~  duration of interphase period ‘beginning of budbreak - beginning of bloom": 99
-~ coefficient of shoot fruiting (total of bunches/total of shoots ratio): 96
- field resistance of leaves to mildew: 95

- degree of lignification of terminal shoots: 89

- length of shoot internodes (353): 7§

- bunchsize (202): 75

~  Dberrylength (221): 68

-~ use offruit: 66

- average bunch weight: 56

~  coefficient of shoot fruitfulness: 44

~  blistered aspect of upper surface of leafblade (073): 39

- degree of shoot fruitfulness: 33

- titratable acidity of juice: 33

—  density of fruit in bunch (204); 19

- color ofberry skin (225): 14

- degree oflignification of shoots: 12

Taxons were arranged into clusters after taxonomically useful characters and congruence of
cultivars with corresponding taxons was estimated using discriminant analysis. The results
obtained are shown in phenograms (see Fig.).

Phenogram 1 shows that the taxons convar. pontica Necr. (2) and convar. occidentalis
NEar. (3) reveal a greater degree of the phenogenetic similarity 1o each other after a complex of
characters than, if compared separately, to the taxon convar. orientalis Necr. (1). This disagrees
with NEMeTH's (1967} belief that the ecological-geographical group convar. pontica NEGR. is the
oldest and the group convar. accidenialis Necr. is the voungest. Cultivars of these two taxons
could have been formed during thousands of vears, both on the basis of local wild grape under
artificial selection and as a result of introgression of genes of cultured forms coming from warmer
Mediterranean countries.

The phenograms obtained show that the taxon convar. orientalis Necr. differs from the
taxons convar. pontica NeGr. and convar. occidentalis NEGR., longer lines in the phenogram of the
former taxon indicating later evolutionary changes. Earlier, NEgrout (1968) and Smirnov (1974)
reported the origin of Middle Asiatic cultivars to be secondary.

Using ampelographic data of the two ecological-geographical groups established by
Gramotenko (1978) in doing cluster analysis made it possible to affirm the phenogenetic
relationship between the taxons convar. pontica NeGr. and convar. occidentalis NeGr. and to
reveal that the taxons convar. orientalis NeGr. and convar. boreali-africana Grawm. (4) formed
another phenone showing in its turn a greater degree of similarity to convar. orieniali-mediterranea
Grawm. (5) than to each of the former 2 taxons (Phenogram 2). The intermediate position of the
taxon convar. orientali-mediterranea Graw. shows that genes of its cultivars are found in cultivars
of the remaining 4 taxons. It agrees with literature data concerning the earlier origin of East
Mediterranean cultivars, which reflects the development of human civilization since the
Mycenaean times. -

Phenogram 3 also shows the intermediate geographical position of the taxon convar.
orientali-mediterranea Gram. The phenone convar. occidentalis NeGr. is made by the subgroups
subconvar. gallica Nem. (3.1) and subconvar. pyrenaica Gram. (3.2), and the phenone convar.
pontica NEGr. contains the subgroups subconvar. georgica Necr. (2.1), balcanica Necr. (2.2),
meridionali-balcanica Troscn. (2.3) and georgica-caspica Gram. (2.4), the subgroups within each
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phenone being closely related. It can be seen from the phenogram that the subgroup subconvar.
caspica NeGr. (1.1) contained by the eastern ecological-geographical group of cultivars is older
than the subgroup subconvar. antasiatica Necr. (1.2), which agrees with the data of SMirNover al.
(1987).

Further arrangement of data into clusters made it possible 1o obtain Phenogram4 showing
that the taxons convar. occidentalis NeGr. and convar. pontica Near. preserved their hierarchy in
regard to the other taxons. The taxons convar. orientalis NeGr., boreali-africana Gram. and
orientali-mediterranea Gram. formed a separate phenone. Within this phenone, the taxons
convar. boreali-africana Gram. and convar. orientalis subconvar. antasiatica NEGR. var.
transcaucasica Gram. et Trosch. (1.2.1), i. e. North African and Transcaucasian table cultivars,
revealed the highest degree of relatedness. Transcaucasian wine cultivars (1.1.1) along with East
Mediterranean cultivars are the oldest. Thus, it is. possible to conclude that Middle Asiatic wine
(1.1.2) and table (1.2.2) cultivars were formed later.

Conclusions

Based on ampelographic material including representatives of various ecological-
geographical groups of cultured grape, we made an attempt to improve the natural system of
classification.

As the results obtained show, the principal centre of culiured grape origin is the East
Mediterranean region from where grapevine moved 10 the eastern, northern and western parts of
Eurasia and to the north of Africa following great trade ways of ancient civilisations and with
migrations of ancient tribes. This conclusion agrees with the opinion of De CanporLe (1885).

Using methods of modern taxonomy in order to imprdve the natural system of Vitis vinifera
sativa D. C. made it possible to find grounds for the relative independence of the $ ecological-
geographical groups and to establish the divergence of taxons within these groups.

The improved taxonomy of cultured grape with isolated hierarchic groups of cuitivars of the
Euro-Asiatic species makes it possible 1o provide a more rational introduction of planting material
into new regions of culture, to develop agrotechnical methods aimed at increasing productivity and
to more effectively use cultivars of various taxons in creating new adaptive genotypes.

Literature cited

AFIFL, A. A; AZEX, S. P.; 1979: Siatistical Analysis. A Computer Oriented Approach. Academic Press, New
York, San Francisco, London.

ALIYEV, A. M.; 1956: On grape assortment of the Daguestan ASSR [Russ.]. Bulletin of Scientific and Technical
Information of the Research Institute for Viticulture and Enology, 1, 32-34, Novocherkassk.

DE CANDOLLE, A ; 1885: Origin of Cultured Plants [Russ.]. St. Petersburg.

GOLODRYGA, P. Y a; TROSHIN, L. P.; 1978: Biological and technical program of breeding new highly productive
grape varieties with complex resistance [Russ.]. In: Grape Genetics and Breeding for Immunity, 259-264.
Naukova Dumka, Kiev.

GRAMOTENKO, P. M.; 1975: Natural cultivar types of the eastern ecological-geographical group of grape
cultivars (convar. orientalis NEGR ) [Russ.]. In: Works on Applied Botany, Genetics and Breeding 54 (2),
156-166. VIR, Leningrad. .

- -3 1978: Improvement of the classification of the European-Asiatic group of grape cultivars [Russ.]. In: Main
Directions of the Development of Enology and Viticulture in the USSR. Theses of the Reports for the
National Symposium on the Occasion of the 150th Anniversary of the National Institute for Enology and
Viticulture ‘“Magarach’, 88-90. Moscow.

--~: TROSHIN, L. P,; 1988: Improvement of the classification of Fitis vinifera L. [Russ.]. In: Prospects of Grape
Genetics and Breeding for Immunity, 45-52. Naukova Dumka, Kiev.

Ivanova, E. B,; 1947: Ampelographic Study on Grape Cultivars of the Khalili Group [Russ.]. Tashkent.



Genetic resources, evaluation and screening 43

KENDALL, M. G;; STUART, A.; 1976: The Advanced Theory of Statistics. Design and Analysis, and Time-Series
[Russ.]. Nauka, Moscow.

NEGROUL, A. M,; 1946: Origin and classification of cultured grape [Russ.]. In: The Ampelography of the USSR,
Vol 1, 159. Pischepromizdat, Moscow.

- --; 1968: Problems of grape origin and breeding on the genetic basis [Russ.]. Genetika 3, 84-97.
- -- et al; 1965: Wild Grape of Bulgaria [Russ.]. Kolos, Moscow.
NEMETH, M,; 1967: Ampelografiai Album. Budapest.

0.1.V,; 1984: Code des caractéres descriptifs des variétés et especes de }i/s. Office International de la Vigne et du
Vin, Paris.

PIRMAGOMEDOV, P. M.; 1980: Wild grape Fitis silvestris in Daguestan {Russ.]). Bot. Zh. 68 (8), 1177-1184.
RAMISHVILL, P. M.; 1988: Wild Grape of the Transcaucasus [Russ.]. Ganatleba, Thilisi’
SAcHS, L, 1972: Staristische Auswertungsmethoden. Springer-Verlag, Beriin, Heidelberg, New York.

SMIRNOV, K. V.; 1974: Origin and formation of grape assortment in Uzbekistan [Russ.]. In: Grape Varieties of
Uzbekistan, 14-28. Tashkent.

- et al; 1987: Viticulture [Russ.]. Moscow.

TROSHIN, L. P.; ADIBEKOY, O. V.; FEDOROY, YU. K.; 1988: Computers in grape ampelography and breeding
[Russ). In: Prospects of Grape Genetics and Breeding for Immunity, 53-61. Naukova Dumka, Kiev.

- FEDOROY, YU. K.; 1988: Biometrical Analysis of Grape Genofond [Russ.}. National Institute for Grape and
Products of Grape Processing ‘Magarach’, Yaha.

- - SVIRIDENKO, N. A; 1988: Resistant Grape Cultivars [Russ.}. Tavriya, Simferopol.

TSERTSVADZE, N. V,; 1986: Classification of cultured grape Viris vinjfera L. in Georgia {Russ.]. In: Scientific and
Technical Progress in the Viticulture of Georgia, 229-240. Tbilisi.

VaviLov, N. I; 1931: Wild relatives of fruit trees of the Asiatic part of the USSR and the Caucasus and the
probiem of origin of fruit trees [Russ.}. In: Works of Applied Botany, Genetics and Breeding, 26 (3), 93.
Leningrad.

; 1987: The Five Continents [Russ.]. Nauka, Leningrad.
V-\SILCHE\}\O LT, 1955: New Grape Specnes for Culture [Russ.]. Acad. Sci. USSR, Moscow, Leningrad.

VIDAL, J. P.; 1948; La Vigne au Maroc.
YANUSHEVICH, Z. V., PELIAKH, M. A.; 1981: Wild Grape of Moldavia [Russ.]. Acad. Sci. MSSR, Kishinev.
ZAITSEY, G. N; 1984: Mathematical Statistics in Experimental Botany {Russ.]. Nauka, Moscow.



44 Section 1
Activities concerning conservation of Vitis germplasm
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Summary: Activities in the field of Vitis germplasm conservation in the Federal Republic of Germany
are reported. The results of the worldwide inventory of Fris species, cultivars and genotypes are given.

The questionable identity of grapevine cultivars requires appropriate identification tools. Efforts to improve
the currently performed methods in this field are described.

The necessity of national and international collaboration is stressed.

Key words: Vitis, germplasm, gene resources, gene bank, ampelography, ampelometry.

Introduction

The loss of plant species is a worldwide stateable phenomenon. Likewise all the grape growing
nations are concerned by the loss of genetic resources of Vitis species and cultivars, due to
expanding cultivation causing the loss of land races and due 1o progressing civilization and natural
disasters.

For exampile the population of V. silvestris was decimated from some 1,000 plants recorded
in the last century by Bro~nner (1857) (quoted at Scuumany 1974) to about 100 specimens
recorded by ScHumaxx (1976) today. In the USA similar phenomenons have been observed. For
excample, Comeaux (1984) did not find V. rupestris at those sites in Texas described by Munson
(1909) (quoted at Comeaux 1984) at the beginning of this century. With the invasion of phylloxera
the decline of land races started and nowadays through restrictive legislation old cultivars are
omitted anyhow.

Breeding makes use of genetic resources to provide viticulture with cultivars which are
adapted to cultivation requirements and more disease resistant. In addition to the search for
resistance genes, genetic resources will always be needed as a reservoir for future, still unknown
requirements. That is why a maximum of genetic diversity is indispensable.

This attempt is supported by the OIV and the IBPGR. At the beginning in 1984 in close
collaboration with both organizations, the Federal Centre of Grapevine Breeding (BFAR) started
an inventory of the worldwide existing Vitis species, cultivarsand genotypes.

Results and discussion
Some of the results are shown on the following tables.

Table 1 givesageneral view of the results:

Information was received from 34 countries, 106 lists of grapevine collections were analysed,
further information was obtained through 300 ampelographies and varietal descriptions.

The number of recorded prime names is 15,382. The number of recorded synonymsis 11,430
and the number of standing places for all genotypes is 25.742.

Table 2 showsthe number of genotypes from collection lists and/or from literature:

The total number of accessions- 15,382 - is divided in genotypes we know from collections
and from literature, which are 10,511 and 9.822 respectively.
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Table 1: Information obtained from

Countries 34

Grapevine collections 106

Ampelographic publications 300
Resuits

n° prime names 15 382

n° synonyms 11 430

n° standing places in
collections 25 742

Table 2: Number of cultivars known from collection lists and/or from literature

n° prime names 15 382
— in collections 10 511
— in literature 9 822

n° prime names

— in collections and literature 5 276
— in collections only 5 235 '
— in literature only‘ 4 546
— without indications 325

* there seem to be no living examples any more
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Table 3: Repartition of prime names on Fitis species

Total in collections in literature only* no coll.*
pure hybrid pure hybrid no lit.
V. vinifera 9345 4627 1722 2320 475 201
I.C. 4225 2909 1189 127
V. species 677 203 83 272 110 9
without
specification 1155 950 10 150 17 28

* the loss of these genotypes is probable

Genotypes found in collections and also described in literature are 5,276, found in collections
only are 5.235 and described in literature only are 4546 genotypes; without any specifications are
325 individuals.

Most of the genotypes mentioned only in literature have probably been lost.

Table 3 showsthe number of the recorded prime names alotted o V. spp.:

9,345 recorded prime names belong to V. vinifera, 4,225 are interspecific hybrids, 677 belong
to V. spp. and 1,155 are of unknown membership. The most important column is where genotypes
mentioned only in literature are listed. They may no longer exist.

About 2,320 pure V. vinifera, probably old land races, have disappeared as have 475
V. vinjfera crossings, 1,189 interspecific hybrids, 382 V. spp. and descendants and 167 of
unknown V. spp. membership.

The questionable identity of many grapevines complicates the conservation of the grapevine
genetic resources. If a cultivar is held under different names, it may be conserved twice or more. On
the other hand, if one name is utilized for several different genotypes, some genotypes may be
unintentionally lost.

Therefore, identification of grapevines is urgent. Considering the large number of different
grapevines in the world (12-15,000), it is important that identification can be accomplished with a
minimum number of descriptors. The descriptors should ensure an objective evaluation.
Measurable characteristics are prefered because they are reproducible. Furthermore, descriptors
should be little influenced by environmental conditions and they should be quick and easy to
record and should not depend on a high technical equipment.

My doctoral thesis (DerrweiLer 1987) was carried out with these requirements in mind.
39 grapevines were described through measured leaf characters. Recording of data was made from
leaves of three different climatic areas: arid- Jerez de la Frontera/Spain, humid -
Lausanne/Switzerland, and an intermediate climate — Montpellier/France. Data processing was
performed using discriminant analysis. A mathematically reduced number of 21 descriptors and
the berry color were sufficient to obtain a 90 % identification accuracy. An identification analysis
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was calculated with data obtained from leaves of 12 cultivars collected at sites other than those
mentioned above. The average recognition accuracy was 87 %.
Based upon these results, the following research is currently being performed:

(1) The number of grapevine cultivars treated by discriminant analysis will be increased to test the
performance of this identification tool

From more than 500 genotypes leaves have been coliected and will be added to the system.
But indispensable for varietal recognition is the establishment of the basic model with specimens
coming from different climatic areas. Therefore, the collaboration of collection holders from arid
regions would be very much appreciated. Interesting collections would be for example:

Greece: Thessaloniki Tunesia: Ariana
Italy: Palermo, Bari, Tormancina, Rome Turkey: Izmir
Portugal: Regua, Oeiras Yugoslavia: Novi Sad, Split

Soviet Union: Tibilissi

(2) The usage of additional berry and seed characteristics

Initial results suggest that measured berry and seed characters are suitable for varietal
description and could increase the identification accuracy.

(3) The computerized evaluation of leaf, berry and seed descriptors

Leaf characters will be recorded by means of a digitizer tablet. A computer program has been
developed for this purpose. Likewise recording of berry and seed characters will be done with the
computerized evaluation of their pictures.

(4) The quest for the application of a minimal descriptor list composed of measurable and notable
leaf, berry and seed descriptors

This evening in the workshop ‘Ampelographic Methods’. we will discuss the principal
descriptors for identification and we intend a resolution recommending a preliminary minimal
descriptor list and its comprehensive application.

(5) The additional application of isoenzyme analysis and RFLP

At BFAR, Prof. BLaicu and Dr. Bacamanw are currently investigating RFLP and isoenzyme
analysis respectively as tools for varietal description. These methods are to be applied if the
identification by morphological features is not possible.

Documentation data obtained from the inventory of the worldwide existing grapevines,
including their descriptions will be transferred 1o a national data base if it is established.
Information on grapevine species and cultivars would be available from there.

In Germany the establishment of a national germplasm repository is planned. In 1987 the
project group ‘Plant Genetic Resources in the Federal Republic of Germany' foresaw the
installation of specific "Advisory Committees' for different plant species. Anticipating the
implementation of such an “Advisory Committee for Grapevines', a working group for ‘Grapevine
Genetic Resources’ was initiated. Members are the collection holders from 8 viticulture institutions
in Germany. Future goals are the double conservation of genotypes at two different sites, their
description and evaluation, the control of virus-free status, the exchange of genetic material and the
announcement of any intended changes.

Table 4 islisting the actual number of V. vinifera, interspecific hybrids and V. spp. existing in
German collections:



Table 4: Distribution of grapevine genotypes in the German collections

occurrence in collections total number of
1 x 2 x 3 x genotypes
Total number of 1272 294 294 1860
genotypes
V. vinifera 479 164 21 844
pure genotypes
(- old cultivars) 286 103 110 490 land races
hybrids 193 61 101 355
1.C. 686 101 60 847 interest in disease
resistant genotypes
V. species cultivars 23 8 6 37
V. species 62 19 17 98 V. species and clones
(V. silvestris)
V. species
membership unknown 32 2 34

174
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The total number of distinct genotypes in German collections is 1,861. 1,272 occur in only 1
collection, 294 exist in 2 collections and the same number can be found in at least 3 collections.
844 are V. vinjfera cultivars, of those no parentage is indicated for 479, so they could be considered
as land races. 847 1.C. are maintained in German collections, which reveal the great interest in
Germany for genetic resources providing disease resistant genes. 98 V.spp. and clones are
registered, of that 48 are V. silvestris clones.

As I mentioned before, the aim of the German germplasm repositories is the maintenance of
genotypes at two different sites to avoid their loss. This means for the more than 1,277 genotypes,
currently found in only 1 collection, a 2nd location must be found.

But, at the moment, no adequate evaluation systems for screening the genetic material exist.
Therefore, all of them should be retained.

It should be discussed soon how many genotypes should be kept for specific biotic and abiotic
stresses. Is it sufficient to keep for example about 50 genotypes resistant to plasmopara or
phylloxera or about 20 genotypes for seedlessness if the material assembled comes from the
different centers of diversity, America, Eastern Asia and ‘Eurasia’?

On an international level since 1984 a bilateral cooperation exists between the Research
Institute of Jerez de la Frontera/Spain and the BFAR. The complementary conservation of
grapevines is planned. Frost resistant and disease resistant cultivars could be maintained at the
Geilweilerhof station, whereas frost susceptible or mediterrean cultivars could be maintained in the
Jerez collection.

Besides the conservation in vivo at the BFAR, the long-term storage of 675 genotypes in vitro
and seeds of V. spp. is intended to maintain their genetic diversity.

As I mentioned before, varietal identification is dependent on the description of individual
cultivars in at least two different climatic areas. Therefore, the Jerez grapevine collection, consisting
of about 1,400 genotypes, will also be described.

It would be very desirable if collection holders could contribute and assist in the efforts to
identify and 10 maintain the grapevine genetic resources.
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Studies on germplasm resources of wild grape species ( Vitis spp.)
in China

Znuana Fencain, Luo Fanemer and Gu DasiN

Beijing Botanical Garden, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China

Summary: China is the country rich in germplasm resources of the genus Vitis, with nearly 40 native
species. This paper introduces into their geographical distribution and chief characteristics, utilization and
research on 11 wild species.

Key words: gene resources, China, geography, Vitis, variety of vine, new breeding, ampelography,
enzyme, selection, must quality, frost resistance, disease resistance.

Introduction

China has a vast territory with complex geographical environments and greatly different
climate, soil and topography in various areas, possessing various species of plants. Among these
there are abundant species of Vitaceae and Vitis germplasm resources. The collection of Vitis
species and study on them made by the present authors over many years show that nearly half of the
80 or so species of Vitis in the world are native to China (and 10 more new species yet 1o be
published), some of which have been directly used in winemaking industry or used for breeding or
as rootstock, and V. amurensis is the most valuable one. By means of updated biological
techniques an overall study of wild grape germplasm resources in-China may offer a glorious
prospect for breeding.

1. Distribution of wild grape germplasm resources in China

There are over 30 species of the genus, distributed almost throughout China. According to
their geographical distributions, one may distinguish 4 groups: Group A of 20 species are in
Jiangxi, Guangdong, Hubei, Hunan, Henan, Zhejiang, Shaanxi, Fujian, Sichuan, Jiangsu, Anhui,
Guangxi, Yunnan, with 12.20 species in each province. Group B of 10 species are in Guizhou,
Gansu, Hebei, Shanxi, Shandong, Taiwan, with 6-10 speciesin each. Group C of 3 species are
in Hainan, Tibet and Inner Mongolia, with 2-3 speciesin each. Group D has only one species
in ‘Heilongjiang, Jilin and Liaoning. The distribution map shows that Vits species are most
numerous in the middle and lower reaches of the Yangize River and the region of the Nanling
range, whereas in the vast areas of Northwest and Northeast China the number of wild species is
very small, and i1 is noteworthy that in North-East China there is only one species, V. amurensis.
This is due to their different places of origin, ecological conditions in their areas of distribution and
the result of evolution and development of the species.

1. From the map of distribution it can be seen that Jiangxi, Guangdong, Hubei, Hunan,
Henan, Zhejiang Provinces have the most species, with over 17 species in each. The further away
from this central area of distribution, the fewer species there are. For example, only 1 species is
found in North-East China, in Inner Mongolia 2. in Tibet 3, and in Hainan Province 3.

2. Among these species V. flexuosa is most widely distributed, followed by V. ficifolia,
V. quinquangularis Remp., V. davidii Foex. V. brvoniaefolia Boe., V. amurensis and
V. venshanensis are not found in this area.

3. The central area of distribution is not only abundant in the number of species, but also has
species which are regarded as primitive, such as V. quinquangularis, V. davidii, V. davidii var.
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cvanocarpa, V. pseudoreticulata and V. romanetii. V. piasezkii and V. wenchowensis,
V. adstricia var. ternata, V. hui are endemic species in the area.

4. Based on the study of the morphology. origin, distribution and eco-geography of each of the
species, as well as on their quantitative classification and isoenzyme analysis, we regard Central
China as the center of distribution of the Vitis species in China, and probably also their center of
origin.
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II. Several important wild species of grape

1. Vitis amurensis Rupr.

The growing tip is yellow-green with a purplish red tone and covered with thick, long,
canescent tomentum. The young leaf is yellowish green with a light purplish red tone. The lower
surface of the young leaf is covered with extremely thick, light yvellow tomentum. The leaf is thick
and rough. The leaf'is 3-5 lobed or entire, with shallow and obtuse serrature and with setae on the
vein of the lower surface. The petiole is often shorter than the mid vein. In autumn, the leaf turns
bright purplish red.

It is dioecious. but some have perfect flowers. The cluster is conical or cylindric. The berries
are uniform in size, loosely born. The mean length of the clusters measures 12.0 cm, the width
6.7 cm, each weighs 38 g. The berry is small, weighing 0.56 g, near round, diameter near 1 cm, dark
purple, with thick skin, less flesh and juice, tastes very sour, on average there are 4 seeds in each
berry.

Trained on espalier, the vine is vigorous. In Beijing, it breaks bud in early April, 10-15 d earlier
than other common cultivars of V. vinifera, and blooms in mid May. In mid and late July shoots
begin to mature; the berries ripen in mid August. The growing period is 137 d on average. Active
temperatures sum up to 2985 °C. The fertility of bearing canes is best between the 4th and the 9th
nodes, in general a shoot bears 1-2 (3) clusters. The juice is bright reddish purple. The juice
extraction rate is 51.3 %, the ®Brix content 10.5 %, the acid content 2.53 %.

The distribution of species is the most north of China. This species is very hardy. It tolerates
severe below zero temperature down to —40-52 °C. It is resistant to powdery mildew, scab and
white rot, but not to downy mildew. It is mainly used locally for red wine, but also as pigment for
food. It is also a valuable hardy and disease resistant parent for breeding.

2. Vitis ficifolia BuxGE

The young shoots, petioles and rachis are covered with thick, white, arachnoid tomentum
which is later lost. The mature shoot presents dark brown color, covered with thicP, white
pubescence. The tendril is long, up to 20 cm but few in number. The growing tips are yellowish-
green with a light yellow tone, and covered with thick, milky, arachnoid tomentum. The young leaf
is yellowish-green with a dark red tone. The lower surface of the leafis covered with thick, milky and
arachnoid tomentum. Sometimes the lower leaves have a ferrugineous tone. The leaves are thick,
scabrous, dark green, finely serrated, 11-25 cm long, most with 3 shallow lobes or entire, 5 deep
lobes at lower part of vines. The leaf stalk is often shorter than the mid vein. In autumn, the leaf
turns brownish yellow. .

The cluster is nearly conical, small and loose; the berries are uniform; the length and width o
clusters are 14.5 cm and 9.35 cm respectively, each cluster weighing 29.5 g on average. The berry is
small and round, weighing 0.81 g, black, with thick skin and little pulp, tastes sour and astringent;
most berries contain 1-2 seeds.

Under espalier training, the vine growth is moderate. Its phenological periods are later than
those of common cultivars of V. vinifera and a month later than that of V. amurensis. In Bejjing, it
breaks bud in mid April and blooms in early June. The shoot begins to mature in late August and
has reached maturity in early October. The growing period lasts 158 d. The accumulated active
temperature requires for ripening 3518 °C. Its fruiting ability is the best of all wild species. Over
80 % of all buds form fruiting shoots. often the canes bear 5-7 fruiting shoots, some up to 10, each
with 3-4 (5) clusters. The juice is dark red; the juice content is 57.5-63.8 %, the °Brix content
12.2-14.6 %, the acid content 1.35-1.73 %.

This species tolerates below zero temperature down 10 -20 °C. It can survive winter safely
without being buried in North China. It is resistant to scab, powdery mildew, downy mildew. As
the berry is small and of poor quality it is not used as table grape. Since the lower surface of the leaf



Genetic resources, evaluation and screening 53

is covered with very beautiful thick, silvery tomentum, it is used for ornamental purpose. It is also a
good high-yield, hardy and disease resistant parent for breeding.

3. Viiis davidii Foex

The vine is sturdy and covered densely with spines. The spine is straight or slightly bending on
top. The leaf'is large with undulated teeth; the upper surface is dark green and the lower surface is
gray, only the vein axils are covered with glandular hair; the leaf stalk is usually covered sparsely
with small spines.

It is dioecious, but in recent years hermaphrodite individuals were also found with panicles,
which are often longer than the leaf. 21.5 cm in length. The berry is large, round, dark purple,
1-1.5 cm in diameter, 3 g in weight; the skin of berry is thick; the berry contains little juice, tastes
lightly sweet and marures late; it endures long storage and transport; most berries contain 2 (1-4)
seeds. The sugar contentis 11.5-15.0 %, the acid content is 0.62-0.91 %.

It tolerates very humid, shaded conditions and hot, dry climates. It is long-lived, high yielding,
resistant to scab, anthracnose and other diseases and insect pests. In Nanjing Sun Yat-sen
Botanical Garden, it has been used as a pollen parent in breeding for disease resistance.

There is a variety of this species, with nodule vines, V. davidii var. cvanocarpa Sara., which is
slender, with fewer spines and smaller leaves than V. davidii. The cluster is 20-35 ¢cm in length, the
berry is larger than that of V. davidii, blue in color, contains much juice and tastes sweet. This
vanety is more tolerant to humid and shaded conditions than V. davidii and is a better parent for
breeding new cultivars adaptable to the wet and hot climate in South China.

4. Vitis flexuosa Tuuxs.

The vine is slender, the young shoot is canescent, the tendril is thin and long; the leafis small,
wide cordiform or near truncate at the base; the leaf margin is undulate with uneven teeth; the leafis
thin and tough; the vein axils on the lower surface of the leaf are puberulent; the leaf stalk is 3-7 cm
long, covered with canescent, arachnoid tomentum.

The panicle is slender, 6-14 cm in length; the berry is round, 6-8 mm in diameter, dark purple,
very acid. It contains 2-3 seeds. The °Brix content s 12 %.

This species has strong sprouting ability and adaptability, it tolerates humid and hot climate,
lives long, is lightly less resistant to scab than V. davidii and V. adstricta. There is a variety
V. flexuosa var. parvifolia (Roxz.) GaGxEep. within this species.

5. Vitis pentagona DieLs et GiLG (synonym V. quinquangularis Renp.)

Growing tip and young leaves are covered with white or brownish red, thick, arachnoid
tomentum, mature shoots purplish brown. The leafis narrow ovate or pentagonal, with or without
three obscure lobes, 10-15 cm in length; the margin teeth are thin, shallow and obtuse; the base is
near truncate or shallow cordiform; the lower surface is covered with thick, brownish red
tomentum; leaf stalk is covered with white pubescence. )

The vine is dioecious with panicle 8-16 cm long. It produces many clusters with sparsely borne
berries; the berry is dark purple and round; 6-8 mm in diameter; the juice extraction rate is 63.7 %;
the ®Brix content is 17 %: most berries contain 2-3 seeds.

It1s resistant to scab and can be used as breeding material for disease resistance. .

V. penmtagona var. honanensis Renp. has leaves with marked incisions with narrower sinuses.
Itis distributed over the north stope of Qinling range in Shaanxi Province.

6. Vitis piasezkit Maxiw.

The young shoot and leaf stalks are covered with brown, puberulent and glandular hairs.
Almost all shoots sprouted from the canes bear fruit. Leaves are very variable in shape, either
simple or compound on the same shoot. The simple leaf is ovate, 4-9 cm in length; the leaf tip is
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acute, the base is wide cordiform,; the leaf is lobed, partite or sected with 3-5 leaflets, most have §
leaflets. The mid leaflet is rhombic, 9-12 cm long. The leaf base is cuneate, with short stalk; the
leaflets on both sides have no stalk, the base is oblique; some leaves have all the leaflets with stalks.
The leaf margin has coarse teeth. The upper surface is glabrous, dark green; the lower surface light
green with yellowish-brown tomentum.

The panicle is 5-15 cm in length; the cluster is cylindrical; the berries are borne evenly. The
diameter of the dark purple berry measures 1 cm. The berry is covered with thick bloom, is sweet to
eat; the berry brush is scariet.

This species yields bountifully, with well-adapted character. It is resistant to fungus disease;
besides for eating and winemaking it is valuable for breeding.

V. piasezkii var. pagnuccii (Roman) Reup. has young shoots and leaf stalks nearly glabrous;
the lower surface of leaves has little hair.

7. Vitis adstricta HaNCE

The vine is slender. The young shoots are covered with ferrugineous (in South China) or pale
(in North China) pubescence; leafis small, tripartite with the central part rhombic, or trilobobate,
or entire and with few obtuse teeth; the lobes on both sides are unequally bilobous or entire; the
lower surface is covered with rusty or canescent pubescence. The leaves turn red in autumn.

The panicle is short, covered with ferrugineous pubescence; the berry is round and dark
purple, 8-10 mm in diameter, with °Brix content up to 10-16 %: sweet to eat; the juice proportion is
over 60 %.

The plant is resistant 1o scab, it can be used as a parent for breeding new cultivars which are of
good production and resistant to humid, hot climates and also to diseases.

V. adstricia var. ternata W.T. Waxc is only native to Zhejiang Province. The leaf is
completely trisected (ternately compound) and the middle leaflet with or without stalk.
V. brvoniifolia BGe. is similar to this one. The leaf measures up to 15 cm; it has larger leaves
compared with others in North China; the lower surface is covered with thin, white or brown
pubescence. Inflorescence measures 12 ¢m in length; the blue-black berries are borne loosely. The
fruit bearing character is good. one fruiting shoot can produce up to 7 clusters.

8. Vitis yenshanensis

This is a woody climber with slender vines. Old wood is light brown; the surfaces of young
leaves and shoots are mauve, smooth and glabrous. The tendrils are slender. The leaf is small and
thin, 7-14.5 cmin length, with 3-5 partitions, the lobe at center is often with 2-3 partitions again; the
leaf base truncate or wide cordiform; the margin has coarse and large teeth; the upper surface is
smooth and the lower surface is covered with setae. The petiole is thin, purple.

It is dioecious, but some have perfect flowers. The panicle is small, the cluster also small,
cylindrical, 6-8 cm in length, subcluster large, weighing 25.2 g. The round berry is small, dark
purple; the extraction of the bright-coloured juice is over 60 %; the “Brix content is 21.5 %; acid
content 2.3 %; each berry contains 2-3 seeds.

This species tolerates drought and below zero temperature down to —25 °C and is resistant to
diseases, especially scab, white rot, downy mildew and anthracnose. Considering the high sugar
content, it is a valuable breeding material for resistance. '

9. Vitis romanetii Rom. or V. rutilans G arr.

This species is a sturdy woody climber which grows vigorously. The purple young shoots and
leaf stalks are thickly covered with ferrugineous, pubescence and glandular setae (gland spines).
The leafis large, thick, obscurely shallow trilobed or entire; leaf margin finely teethed; the tip spiny;
the upper surface i1s dark green, the lower surface is covered with light ferrugineous, dense
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pubescence; the veins are covered with glandular hair; the leaf stalk is 4-9 ¢cm in length and is also
covered with dense pubescence and glandular setose hair.

The panicle is loose and as long as or longer than the leaf blade; the rachlets are short. The
berry is round, 1 cm in diameter, dark purple. The ®Brix content is 12-16 %; the berry is edible but
with only weak taste; juice rate is 67 %.

The species tolerates humid and hot climate and resists anthracnose.

10. Vitis pseudoreticulaia W. T. WaNG

The young shoots are at first puberulent and later on glabrous. The leathery leaf is large,
cordiform, cordate-pentagonal or reniform: margin entire with fine teeth: the lower surface of the
leaf along the vein is covered with short, light brown pubescence or is pruinose.

The panicle is large with many branches. The berry is round, dark purple. Yield is high.

This species is well adapted and tolerant to humid and hot climate; it is useful for breeding
new cultivars adapied to the climatic conditions of South China.

11. Viis wilsonae Verrcror V. reticulata Pamp .

The young leaf is sometimes red; the young shoot is covered with white tomentum, later it
becomes glabrous. The leaf'is thick, leathery, usually entire, with fine teeth; the lower surface along
the veins is covered with ferrugineous tomentum; the veins on both surfaces are prominent, forming
aclear net, they are often pruinose.

The panicle is slender, 8-15 cm in length; the berry is large, round, 7-12 mm in diameter, dark
blue and covered with bloom.

V. wilsonae is a sun-loving vine which does not tolerate shade and wet condition, but is
resistant to fungus diseases. ’

II1. Study on and use of grape germplasm resources

1. Selection and use

Many achievements have been made since we began to study and utilize wild grape
germplasm in the 1950's especially with research on V. amurensis. Iis berry is not only used for
making superior red wine of famous brand but also for breeding new varieties which are adapted in
different regions for its cold and disease resistant genes. For example, in the Beijing Botanical
Garden we crossed this species with the cultivar Muscat Hamburg and selected the new cultivars
Beichun, Beihong and Beimei which are hardy and disease resistant, with high yield and with high
sugar content in fruits. In addition, the juice is bright-coloured and suitable for winemaking. The
Institute of Pomology of Jiling Province selected several V. amurensis seedlings including
Gongniang No. 1 and Gongniang No. 2. The Institute of Grape for Winemaking in Shandong
Province crossed Sweet Water with V. amurensis and selected new variety Baotuhong.-All these
varieties possess fine characteristics for winemaking together with hardy property of V. amurensis.
At present, repeated cross and back-cross for breeding F, and F, hybrids are being carried out in
order to screen out the progenies with superior wine quality. In recent years, the Beijing Botanical
Garden crossed F , hybrid of V. amurensis with European varieties and selected the new variety
Beiquan, which is hardy, with fine quality. high yield and disease resistance, and is suitable for white
wine. In the mean while, we have also selected a F, variety 79-3-172 which is disease resistant and
good for winemaking. The Institute of Pomology in Liaoning Province also crossed the F| hybrid of
V. amurensis with the native Chinese variety Longyan and selected a hardy new variety
Xiongynebai for white wine. A series of new selections, such as Shuangging, with perfect flowers,
and Tonghua No. 1, Tonghua No. 2, Tonghua No. 3, Changbai No. 6, Changbai No. 9, Zuoshan
No. 1 and Zuoshan No. 2, etc., with big cluster and berry have been distributed into production.
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In North-East China, V. amurensis is used as rootstock 10 increase the cold resistance and
disease resistance for local cultivars to reduce the depth of covering in winter, thereby saving large
amount of labour and burying material and expanding the area of viticulture further north.
Grafting of tender shoots on rootstocks of V. amurensis can also speed up the propagation rate.

In Benxi, Liaoning Province, V. amurensis is also used instead of Parthenocissus spp.
PLaxch. in vertical greening of the city, with excellent effects of beautification.

V. ficifolia is also used as a relatively hardy and good parent for breeding. In the Beijing
Botanical Garden, we crossed this species with Muscat Hamburg and Muscat of Alexandria and
selected the new varieties Beifeng and Beizi, which have the characters of cold and disease
resistance and high vield and are suitable for producing juice with beautiful colour and good taste.

V. pseudoreticulata, distributed in the lower reaches of the Yangtze River, is one of the wild
species with utilization value. Through selection, the sugar content of the berry of some individual
plants is as high as 19 %. With downy mildew resistance, it is also a good parent material for
breeding. In recent years, the Institute of Horticulture of Shanghai Academy of Agriculture
Sciences used this species as a parent in breeding new varieties.

Furthermore, many wide-spreading wild species such as V. flexuosa, V. pentagona,
V. davidii, V. piasezkii, V. brvonifolia, V. adstricta, V. flexuosa var. parvifolia erc. produce berries
good for earing fresh and for winemaking, seeds for oil, roots and the whole plants used for
medicine which cures rheumatic disease. muscle pains, broken bones, swelling and inflammation.
Some of them are also good ornamental plants for gardening or used as rootstocks. It is worth
mentioning that a purple-leaved species of Viuis, newly discovered in Xishuangbanna, Yunnan
Province, and not yet named, is good to be introduced as a new foliage vine.

2. Studies on resistance

In recent years. Chinese scientists conducted research on resistance of wild species of grapes
in North China. They tested the cold resistance of 8 species and a variety, using electric.
conductance method. The results showed that the cold resistance of V. amurensis is the best; that
of V. adstricta, V. bryvoniifolia and V. piasezkii is reasonably good; that of V. romanetii and
V. davidii is slightly better than that of Muscat Hamburg: and that of V. pentagona is poor.

Much research work has been done on the resistance to downy mildew (Plasmopara viticola),
scab (Sphaceloma ampelinum), white rot (Coniathyrium diplodiella) and anthracnose (Glomerella
cingulaa), the four major diseases of some wild grape species. Through natural determination in
the field, inoculation test in the field and on detached leaves in laboratory, it was shown that the
following species are almost immune to scab: V. flexuosa, V. venshanensis, V. adstricta var.
ternata, V.. adstricta, V. wilsonae and V. piasezkii. Different lines of some species show other
resistance, for example V. davidii, V. pseudoreticulata, V. piasezkii, V. pentagona, V. amurensis,
V. davidii var. cvanocarpa, V. romanetii, and two species without Latin names.

So far, no species immune to downy mildew has been found. There exist only disease resistant
and susceptible species. The disease resistant species and varieties are: V. flexuosa, V. wilsonae,
V. bryoniifolia, V. pseudoreticulata, V. romanerti, V. davidii var. cvanocarpa, V. piasezKkii,
V. hancockii, and V. venshanensis. The disease susceptible species and varieties are: V. davidi,
V. pentagona, V. amurensis, V. wilsonae, V. adstricta, V. adstricta var. ternata, V. betulifolia,
V. flexuosa var. parvifolia, and a species without a Latin name. Though the number of disease .
susceptible species is over that of disease resistant species. most of the species are less susceptible to
the disease than V. vinifera cultivated in vineyards.

The resistances of the lines of V. davidii. V. pseudorericulata and a species without Latin
name do not vary greatly. But the variation of the resistances between the lines of V. davidii var.
cvanocarpa, V. piasezkii, V. romanetii, V. amurensis etc. is very great.

All of the species mentioned above are not immune to white rot. Nevertheless, in the field they
are not infected. After artificial inoculation, they are infected to various degrees. The species of
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strong disease resistance are a non-denominated Vitis sp., V. davidii, V. amurensis and
V. yenshanensis. The susceptible species is V. romaneiii. But all these species are better in
resistance than V. vinifera.

The disease resistance of different lines within one species is different. The variation of
resistance between the lines of V. adstricta, V. bryoniifolia and V. davidii is little. But lines of
V. piasezkii, V. pseudoreticulata, V. romanetii, V. amurensis and V. pentagona include both
disease resistant and susceptible types.

Some lines of a non-denominated Vitis sp., V. davidii, V. amurensis and V. pentagona are
almost immune to anthracnose. Lines of V. amurensis, V. davidii, V. pentagona, V. romanetii and
V. pseudoreticulara have very strong disease resistance.

All the experiments mentioned above showed thar the resistance character is not related to the
geographical origin of the species. The disease resistances of lines of some species show evident
variation. Only lines which passed disease resistance tests should be chosen as the most reliable
parents for effective breeding work of disease resistant cultivars.

Through much research effort it has been determined that the disease resistances of some
species are not only inherited but also expressed in the structure of their tissues. For example, the
thickness of the skin and the cuticle on the fruit are positively correlated to the potentiality of
resistances to white rot and anthracnose. The density of stomata on the leafis negatively correlated
1o the resistance of lines of a species to downy mildew. In leaf and berry, the less the content of
soluble sugars and the higher the free organic acids are, the stronger is the anti-disease potentiality
of a line to scab, white rot and anthracnose. The activity of peroxide enzyme is positively correlated
to the resistance potentiality against white rot.

The results of research alsc show that the isozymes of peroxidase in functional leaf of
grapevine possess characters which are stable and can be tested repeatedly within a species. This
offers the possibility of identification by use of isozyme test. The isozyme spectrum of peroxidase in
berries of wild grape species native to China is distinct from and much more complicated than that
of European grapevines. This shows that China is one of the major centers of Vitis origin.

References

CHAO WU-J1, 1988: The application of isozyme analysis in the taxonomic study of Chinese wild species of Vitis.
Viticulture and Wine-Making of China, 1-6.

CHEN JING-X1N; 1979: Yanshan grape, a wild grape of strong resistances and with berries hxgh in sugar content.
Zhong Guo Guoshu, 11-15,

HE Pt-CHA0; CHAO WL, 1982: Studies on the hardiness of eight species of wild Viris L. in China. Acta
Horticulturae Sinica, 17-21.

; WANG GUO-YING; 1986: Study on the resistance against downy mildew of wild Firis species native to
China. Acta Horticulturae Sinica, 17-24.

; WANG YA0-JiN; 1988, A study on identification of white rot resistance of Chinese wild species of Vitis.
Zhong Guo Guoshu, 5-8.

Institute of Botany; 1972: Iconographia Cormophytorum Sinicorum, Tomus 11, 769-775. Chinese Academy of
Sciences Ed.

L1SHENG-CHENX er al. (Eds.); 1960: The Breeding for New Cultivars of Grape, 59-64.
WANG WEN-CAL 1979: The newly discovered species of Fitis L. Acta Phytotaxonomica Sinica, 73-98.

Wang Yao-Jin, He Pu-Chao; 1987: A study on identification of scab resistance of Chinese wild species of Fifis.
Journal of Pomology, 1-8.

YU DE-JUN; 1979: Taxonomy of Chinese Fruit Trees, 176-185.

Zuo DA-XUN; YUAN YI-WEL,; 1981: The geographical distribution and utilization of Fitis L. in China. Bulletin
of the Nanjing Botanical Garden Mem. Sun Yat-Sen, 25-31.

v



58 Section 1

Evaluation and utilization of vine genetic resources in
Czechoslovakia

Dorota PospisiLova

Research Institute for Viticulture and Enology, 83311-Bratislava, Matuskova 25, Czechoslovakia

Summary: The organization of research with plant collections in Czechoslovakia, including grapevine,
is described. The collection of Firis genotypes maintained at the Research Institute for Viticulture and Enology
includes about 1,500 varieties. Research is directed toward collection, preservation, investigation of varietal
characters, use for breeding programs and establishment of a computerized information system. The results
obtained up to now and new perspectives are discussed.

Key words: generesources, gene bank, collection, varietal evaluation, breeding, information system,
Czechoslovakia.

Czechoslovakia has a rich tradition in the collection, storage and utilization of genetic
resources of cultural plants. Since the beginning of this century, collections of species and varieties
have been established in several research centres and intensive work with them was started in the
1930's. Since 1954, the Research Institute for Plant Production in Praha-Ruzyne has assumed the
coordinative activity of this work and at present there are 29 research and breeding institutes
involved in this field (Bares 1987). At the Research Institute for Plant Production the Board for
Plant Genetic Resources was established. the members of which are researchers responsible for
individual crop collections and those others from cooperating organizations. The Board is a
consultative authority for all institutions researching and utilizing genetic resources in
Czechoslovakia. For each crop the work in collections is methodically controlled by responsible
persons. The Research Institute for Plant Production in Praha-Ruzyne secures in a centralized way
the introduction of plant genetic resources, the evidence of the information system of plant genetic
resources and since 1988 the long-term storage of collections of seed species.

The international solution programme is linked up to the cooperation of COMECON
member countries under the coordination of the Research Institute for Plant Production in
Leningrad. Further cooperation has been developed particularly in the framework of the
International Board for Plant Genetic Resources (IBPGR) and of its European programme ECP-
GR (European Cooperative Programme on Conservation and Exchange of Crop Genetic
Resources) in which Czechoslovakia has participated since 1983. Cooperation is also developed in
the framework of the EUCARPIA (European Association for Research on Plant Breeding) gene
bank (DotLaciL 1987).

The work with the vine collection is included in this framework.

In the past, the vine collections created an inseparable component of the viticultural research,
breeding and educational institutions in Czechoslovakia. Until the 1950's, their function was more
or less collectional or they served pedagogical purposes. The first larger vine collection of
approximately 350 varieties was established at the Viticultural Research Station in Mutenice,in the
1930’s. Later, this collection was transferred 1o the Research Institute for Viticulture and Enology
in Bratislava where it has become the basis of today’s large collection. It is also worth mentioning
the smaller collection of the Agricultural University in Lednice na Morave which contains from the
total number of 287 cultivars 173 inmerspecific hybrids.

The work with the vine collection is divided into the following programmes:

- Collection and conservation of varieties in situ
~  Study of collection varieties
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- Utilization of collection varieties
- Information system creation.

1. Collection and conservation of varieties in situ

Since 1962, we have collected about 1,300 cultivars from many countries of Europe, Asia and
America in our central collection, the majority of which are Vitis vinifera L. varieties.

For today as well for future, we have directed the introduction of varieties towards the
extension of the basis of species of the Vitis genus. We also try to obtain new hybrid materials from
the interspecific resistant breeding. We consider the registration of our own materials from
hybridization programimes as inevitable. The conservation of clones of currently grown varieties as
well as those of less economic importance in the collection is also one of our tasks. Systematic
clonal selection narrows varietal populations genetically. Therefore, genetic variability of these
populations can only be conserved in collections.

Intensification tendencies in viticulture have substantially reduced the varietal composition of
our producing vineyards which was found in old private vineyards until 1945. One of our tasks is to
conserve these autochthonous or acclimatized varieties in the collection for the needs of the future.

During the last few years, even the supply of foreign varieties in the collection seems to be
problematic. Increasingly strict phytoquarantine precautions often hinder the release of
labouriously obtained material in the collection. We also struggle with practical aspects of the
production unrentability of the collection stands.

The situation of decreasing genetic resources in Czechoslovakia is also being managed from
the ecological point of view. At the National Academies of Sciences commissions for protection,
conservation and rational utilization of gene pools including also vine were established with the-
goal of maintaining a diversified ecosystem of plants and animals. The situation is urgent and it is
the subject of discussions of the highest managing authorities. Production intensification not only
reduces the genetic variability of species but it also threatens the weed flora and the fauna.

2. Study of collection varieties

One of the main tasks in the work with the collection was the study of foreign varieties under
the ecological conditions of our country. The entire work was aimed at the following two directions:

a) The collection of 60-70 varieties was studied in approximately 80 ampelographic,
biological and agrotechnical characters over 3-year periods. The hitherto obtained results of the
study of about 500 foreign varieties and 200 selections from our own crossings were concentrated
in 8 final reports with detailed results, ampelographic descriptions of varieties and recommen-
dations to their utilization for growing and breeding purposes as well as for their collection value.

b) In Czechoslovakia we have established and evaluated an ecological experiment with four
different geographic and ecological groups of varieties in three significantly different localities. We
have attained the following generalized conclusions (PospisiLova 1978, 1979):

- The division of varieties in accordance with the territory of their origin into geographic groups

_ (NecruL) appeared 1o be correct.

- Regional differences influence the varieties of the occidentalis group inexpressively but those
of the groups orientalis amasiatica significantly. The groups proles pontica are intermediate.

- Regional conditions do not influence only the physiological characters (fertility, sugar
content, acid content etc.) but they also cause morphological convertibility (leaf size and
shape; cluster, berry and grapeseed size). The most significant differences are to be found
again in the group of vrienialis varieties and the least ones in the occidentalis group.

- Similarly, the individual varietal groups are also influenced in their growth intensity,
lignification and other physiological characters.

These results have practical utilization in the introduction and acclimatization of foreign
varieties as well as in the application of their genome in breeding.
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3. Utilization of collection varieties

The vine collection is also utilized for practical purposes.

a) It serves for the establishment of breeding collections at viticultural breeding and
educational institutions in Czechoslovakia.

b) Itis the source for varietal exchange at international level.

¢) Some of the collection varieties have practical utilization (Pannénia kincse, Guzal kara,
Feteasca regala, Alibernet, Zweigeltrebe etc.). However, the collection consists of only a small
quantity of such varieties especially in consideration of the geographical conditions in
Czechoslovakia.

d) It is one of the sources for breeding of new vine varieties.

During the last 30 years, considerable work has been done on the breeding of new varieties in
Czechoslovakia and particularly this collection of varieties has contributed to their creation.

In spite of a considerably strong representation of traditional white wine varieties, new
crossings (of traditional varieties with those from the collection) e. g. Devin, Breslava, Mopr etc.
have found their place in pracrice. Also, the limited number of traditional red wine varieties has
been enriched with our new breedings. With the use of French, Italian and Soviet varieties (Castets,
Abouriou noir, Teinturier, Aleatico nero and Puchljakovski) we have bred a whole range of new
types from among which especially the varieties Dunaj, Vdh and Hron have come in practice.

The consumption of table grape varieties in Czechoslovakia is relatively low and this fact
induced us to breed table grape varieties suitable for our ecological conditions. With the use of
Pannénia kincse, Julski biser, Cardinal, Aptish aba, Dunavski misket and many others we have
created a whole range of table grape varieties of significant production importance which are grown
in our warmest viticultural regions. These are for example Déra, Diamant, Op4l, Topas etc.

Seedless grape types have their specific place. They were created with the help of collection
varieties Katta kurgan, Perletta, Delight, Ceaus roz, Chibrid bessemen V-6 and others. We have
bred seedless grape varieties, small-fruited as well as large-fruited, which doubtless have their
importance at least for amateur gardeners (Muscat Susanna x Delight 11/8, 12/17; Ceaus roz x
Delight 5/1, 6/6, 5/9; Ceaus roz x Perletta 17/40; Ceaus rozx Carica na lozjatax Bolgar 5/11;
Ceaus roz x Chibrid bessemen V-6 21/8; Katta kurgan x Perletta 14/44, 15/42; Katta kurgan x
Chibrid bessemen 25/34).

The latest trend in plant breeding in Czechoslovakia is the breeding of resistant varieties,
especially of table grape cultivars which practically cannot be bred without pertinent genetical
resources from our own as well as foreign collections.

4. Information system creation

The effective work with genetic resources is dependent on a functional information system.
Such a system was founded in Czechoslovakia at the Research Institute for Plant Production in
Praha-Ruzyne under the designation EVIGEZ (RoGaLEvIcz et al. 1986). It secures information for -
all institutions in Czechoslovakia on the following issues:
- Import, distribution and export of genetic resources
- Passport data of genetic resources
—  Descriptive data of genetic resources
Other information -
The vine collection is included in this system and at present the passport data of each variety
have been entered into the computer. For the descriptive data we have developed the Classifier of
the Vitis Genus (PospisiLova er al. 1988) which allows the coding of 110 descriptors and also
contains the codes of botanical taxons. This Czechoslovak vine classifier has become the basis for
the elaboration of the International Classifier in the framework of the COMECON member states.

!
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After the passport introduction of varieties into the computer system, it will be continued with
data processing through coding of individual descriptors in case of about 700 evaluated varieties
for the creation of the database and its universal utilization.

In the sense of the international information activity on the state of the vine genetic resources,
Czechoslovakia has become involved in the working programme of the O.LV. (Groupe d’Experts
‘Sélection de la Vigne') with providing of foundations from about 1,000 varieties for the elaboration
of the world survey of sorts and varieties of the Vitis genus (ArLeweLnt 1987).

Perspectives of the work with vine genetic resources

All acrivities connected with vine genetic resources in the future will be concentraied on the
completion of the collection especially with species and varieties relevant to plant breeding, on the
study of the main characters of those varieties of the collection which have not yet been evaluated,
and on the completion of the database.

Also important is the collection of Vitis silvestris Gu. resources from meadow soil forests of
the Danubian Lowland, of old regional varieties and participation in international expeditions
especially in the Caucasian centre of origin of vine varieties.

At present we are founding a biotechnological laboratory at our institute. One of its activities
will be the screening of varieties on stress and pathological factors as a portion of our resistant vine
breeding programme. The detection and evidence of genes of major effect (major genes) and their
alleles play an important role in genetic resources. It is a very complicated task by the use of
classical methods in persistent cultures.

Another possibility for the future is the conservation of the collection in vitro. These cultures
are useful for genetic studies and manipulation. But up to now, in vitro culture does not enable the
conservation of germplasm in its original condition for unlimited periods. Therefore, it seems that '
the in vitro collections will only complement the contemporary collections in vine plantations.
Concerning the clones, especially the virusfree ones, the collections in vitro will play their important
role.

Even though much work has been done for the conservation and utilization of vine genetic
resources, new plant breeding and cultivation methods will require further work with genetic
resources. The most important demand of the present time is the conservation of the genetic
variation of cultural plants and its utilization for the benefit of mankind in the future.
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The role of variety as genetic potential in nutrient utilization

J. Anpre and E. Hapu

Research Institute for Viticulture and Oenology, H-6000 Kecskemét, Hungary

Summary: A container model trial was set up on sandy soil with 5 replications to study the nutrient
regime of 16 wine grape varieties in a 10 year program starting in 1982 at Kecskemét-Mikléstelep in the Institute
for Viticulture and Oenology.

Leaf, fruit and wood analysis data and production parameters (fruit and wood weight, frost tolerance) were
evaluated every year under identical cultural conditions. Interactions between years, varieties and nutrient
elements (N, P, K, Ca, Mg, Zn, B, Fe, Mn) were discussed.

Trials so far have proved the decisive role of variety characters fixed genetically on nutrient uptake and
nutrient utilization at given nutrient supply.

) Key words: variety of vine, nutrition, mineral, leaf, fruit, wood, yield, must quality, shoot yield, cold
resistance.

Introduction

A very important step in breeding is the study of values and production characteristics in a
given variety or clone. This study also includes the establishment of the nutrient regime in varieties
and clones recommended for production under different conditions (soil, climate, cultivation
methods, etc.). For this purpose model container trials were installed in our Institute to test the
nutrient regime of 16 wine grape varieries. The trial was planned for 10 years. Observation data of
6 years are presented.

In the test program, the nutrient requirement and utilization ability of different wine grape
varieties were determined in sandy soil at different levels of stock nutrient supply.

In the test we wanted to determine:

(i) the effect of different nutrient doses on the nutrient regime of the varieties, on growth, on
quality and quantity of cluster yield, on wood ripening and on winter tolerance of buds,
(ii) therole of variety as genetical potential in the rate and quantity of nutrient uptake,
(iii) the effect of fertilizer doses as recommended for a variety in a given production area
considering aspects of environmental protection.

Material and methods

The trial started in Kecskemét-Miklostelep in 1982 on a level site. Methods developed by,
several Hungarian and foreign authors were followed (PoLyak 1968, 1973; Parp 1971; Furi et al.*
1974, Furi and Kozma 1975; EpeLBaver 1976; Mereaux e al. 1979, Szoxe and Furr 1980;
ARUTIUNIAN 1981).

The closed containers were placed, one close to the other, in 2 80 cm deep trench, in an
unheated plastic tent. The containers were plastic barrels, 80 cm high with 50 cm diameter. The
bottom of the barrel was filled with sifted river ballast 15 cm thick (40 kg/barrel) to receive possible
stagnate water. The gravel was covered by a plastic net in two layers. The barrel was filled with soil
enriched with nutrients (144 kg sand/barrel) and shghtly pressed. The nutrients used as stock
supply were homogenized with the soil prior to filling in. No maintenance fertilization was given. In
the trials the nutrient uptake of 16 varieties was studied at two soil nutrient levels. The water supply
was regulated to complete the winter precipitation and remove the surplus water accumulated at
the bottom. The superfluous water was pumped out through a plastic tube placed into the barrel.
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The own-rooted vines. planted in the barrels were rooted in hoses filled with perlite. High
cordon training was used with 3 short spurs of 2 buds. Stocks were covered with straw to protect
them from winter frosts and the plastic tent was also covered by a plastic film at the end of the
growing period (ANpre 1986).

The order of the 16 varieties in trial and sand analysis data are presented in Table 1.

Since the beginning of the trial the following values have been measured continuously:

- Foliage mass

-~ Topped green weight

- Clusteryield, cluster number, mean cluster yield

- Sugar content and acidity of berries

- Water quantity accumulated at the bottom of the barrel

- Weight of pruned woods

-~ Frost tolerance of wood in heat chambers.
Every quantitative measurement was completed with an analysis of the sample. Changes in the
nutrient uptake were followed by leal analysis 4 times in the growing period. Yield and wood
analysis were performed from the 3rd year.

Table 1: Tral characteristics

STUDIED VARIETIES:

K-9 F Kadarka
Medina Rheinriesling
Chardonnay RF-48

Ezerfurtd Jubileum 75
Zweigelt Blaufrdnkisch Tf.
Steinschiller Zengé
Zalagyéngye M 7

Sztyepnyak Kunleany

SOIL_TYPE: calcareous sandy soil of slight humus
content of 0 -10m depth.

SOIL ANALYSIS RESULTS TRIAL SOIL NUTRIENT LEVELS
LOW HIGH

pH 8,1 (KCL)

KA 25

CaCOs ‘o 4-5 .

H % 0,44-0,50

Total salt 0

AL P,Og ppm 86 100 200

AL K,0 ppm 70 150 300

Mg KCI ppm 25 80 150
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Results

The role of variety as genetical potential in the nutrient uptake

The measurement and analysis data accumulated in the 6 years (1982-1987) can be evaluated
from several points of view. In this case the role of variety was studied as genetical potential in
nutrient uptake.

An increase of the nutrient supply caused considerable differences in the uptake, in the mean
of the 16 varieties (Table 2). Differences varied in varieties, plant parts and nutrient elements as
well. Within one variety, however, even extreme differences did not surpass 76 % between the two
treatments (low and high). The low nutrient level served as reference. If, however, the analysis data
of the plant parts (leaf, fruit, wood). of the 16 varieties were compared within identical treatments
of the varieties, almost 300 % difference was found.

Table 2 shows that the variety plays a decisive role in the nutrient uptake of the plant.
Considering any of the 3 plant parts (leaf, fruit, wood), it is clear that doubling the nutrient supply
resulted in a 20-50 % mean surplus uptake (maximum 76 %), compared to the low nutrient level.
Atidentical nutrient supply, uptake differences varied between 50-70 % in the average, with 300 %
maximum among varieties. The difference can be caused by the different nutrient requirement and
different nutrient utilization ability of the varieties fixed in the genotype.

Fig. 1 shows in detail the analysis values of magnesium. Considering the nutrient elements, it
can be said that uptake differences among varieties (fixed genetically) were twice as high (in certain
elements even more) as obtained by doubling the nutrient supply.

Table 2: Treatments and highest nutrient differences among varieties

HIGHEST NUTRIENT CONTENT DIFFERENCES
ARIETI
NUTRIENTS AMONG TREATMENTS WITHIN | AMONG V ES
THE SAME VARIETY LOW [ HiGH
EXTREME VALUE S 2%
NUTRIENT EFFECT VARIETY EFFECT
1. 2. 3. o2, 3. 1 2. 34
N 1R 40 13 20 97 25 20 63 20
P 50 50 62 91 30 117 54 50
K 37 25 36 53 43 49 51 30 60
Ca -32 -24 -25 93 68 57 79 122 69
Mg 50 35 36 123 54 64 104 38 29
Zn 25 -36 36 48 B0 63 41 67 110
B 38 210 17 |69 57 33 ™M 45
Fe 49 50 46 50 109 110 53 103 138
Mn 14 -20 -29 72 56 73 84 44 61
Legend: 1. Leaf analysis 2. Fruit analysis 3. Wood analysis
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Fig. 1. Average results of magnesium analysis over 6 years (1982-1987).

The role of variety in the nutrient uptake during the growing period

At identical nutrient supply and bud loading, there were significant differences among
varieties in the rate of nutrient uptake during the growing period (Fig. 2). The difference among
varieties was also expressed in the nutrient elements. In the figure, P, K, Mg uptake rates of varieties
with extreme values are shown. When changing the nutrient supply, the difference in uptake among
varieties was modified but not eliminated. There was a change in the uptake curve of varieties in the
different years as well, probably explained by different climatic factors (precipitation, temperature,
light).

These yearly differences are important in a variety at identical nutrient supply with given
nutrient elements. In the mean of several years the same variety indicates an uptake trend
charactenistic of the variety at identical nutrient supply.

It can be concluded that at identical nutrient supply and bud loading the nutrient uptake rate
of a variety is regulated by its genetical properties. The rate can be modified by year effects but
genotype effects can not be eliminated.

Differences in the nutrient uptake and supply of varieties during the growing period and in
certain elements affect the whole life of the plant and its production value. Data obtained so far do
not yet allow the determination of these effects precisely.
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Fig. 2: The effect of variety on nutrient uptake during the growing period based on leaf analysis.

The considerable differences among varieties in the tesied parameters despite identical
nutrient supply and production conditions can be explained by the different nutrient content -
which is specific for the variety - within the growing period.

The role of variety in green, fruit and wood weight, in sugar content
and acidity and in frost tolerance of buds

Results show clearly the importance of varieties in the nutrient uptake at identical nutrient
supply. This observation is only affirmed by the remarkable variety effect on the studied plant parts
(Table 3). While at the double nutrient supply the highest difference produced 3.5 fold surplus
(which 1s very high), the difference due to different genetical properties was much more high,
11 fold.

There is no variety with the same difference at every elements in identical treatments. That is,
in the 9 elements tested the nutrient supply can be superior or inferior to the average. So, if we take
Liesic's rule strict, the notion of general nutrient supply and the variety classing following the rule
may seem rather artificial.
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Fig. 3: Mean yield over years 1984-1987 as g/variety (5 vines).

Fig. 3 represents the cluster vield in the 16 varieties at two nutrient levels. If variety reactions
to nutrient supply changes are evaluated according to the results obtained in production
parameters (see Table 3) and we try to draw conclusions as 10 the different nutrient requirements
and utilization of varieties, we receive quite different results from those of analysis evaluations.

The mean nutrient uptake surplus in a variety proved by analysis does not necessarily coincide
with a general increase in the majority of production parameters. It can be stated that in the case of
vine the nutrient requirement, nutrient uptake and utilization can only be spoken of as related to a
concrete variety or element. Thus, it is very important to know exactly the production value and
within it, the nutrient regime of a variety.
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Table 3: The highest differences measured (%) for the studied characters among treatments and varieties

AMONG TREATMENTS AMONG VARIETIES
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Creation and study of the Pinot noir variety lineage

A. Broxner and J. OLIVEIRA

IN.R.A. Station de Recherches Vigne et Vin, Laboratoire de Viticulture, 8, rue Kiéber, F-68000 Colmar, France

Summary: Theobjective of the study presented here is to obtain pure line genotypes able to transmit to
cross progeny the most useful characters to wine grapes, particularly the berry colour of Pinot noir. From the very
heterogenous Pinot noir variety we chose a clone INRA-Colmar as the initial parent of a generation series. In the
first 3 generations of self pollination we selected only red berries genotypes. After the 4th generation we made
*pedigree” selections with seediing separation, retaining not only the red berries population but also some white
ones. This series of generations shows only a weak ‘inbreeding’ effect. Numerous populations with strong vigour
and high fertility were observed. During these crosses, types of bunches and berries have appeared which were
very different in shape from the original parent. Types range from the round berries of the Pinot noir to elliptical,
ovoid, troncovoid, cylindrical or other kinds of berries. Berry size is also highly variable. We obtained bunches
from small to very big with variable compactness. We obtained homogenous populations for such characters as
berry colour, sexual type, vigour and fertility. These characters can be considered as homozygous after the
6th generation. This study shows the necessity of making numerous generations of self pollination to obtain
homozygous forms of useful characters, which are generally polygenic. These observations must be confirmed by
test crosses and in the meantime the self poliination program will be continued 1o enable us to fix the unstable
characters.

Key words: Pinot noir, variety of vine, crossing, self pollination, seedling, selection, pure line, flower,
berry, bunch, growth.

Introduction

The research for ‘parents’ able to transmit to progeny some characters which allow the
improvement of red wine grape varieties has been often studied by different authors with the help of
complex selection strategies.

At the Laboratoire de Viticuliure de la Station de Recherches Vigne et Vin de I'Institut
National de Recherches Agronomiques de Colmar, we have obtained numerous progenies by
simple or multiple crosses.

In the Pinot noir improvement process, we have found that many of the seedlings from crosses
involving Pinot noir as parent have white or little coloured berries and the black berries progeny
yield a low quality wine.

These reasons induced us to study the possibilities of obtaining one or several homozygous
genotypes for some characters such as sexual type, fertility and black berry colour with a high
pigment content, after successive self pollinated generations having as an initial parent a Pinot noir
variety clone. Up to now we obtained abundant new plant material whose main characteristics we
are going to explain.

Materials and methods

As the initial parent we chose the Pinot noir clone selected by INRA Colmar. It is the most
cultivated clone because of its quality. .

We realized 6 generations in a greenhouse, one every 2 vears, one for seed germination and
floral initiation and another year for self pollination, fructification and grape vintage.

In the first 3 self pollinated generations, we did not make a pedigree selection, to avoid 100
many families. The selection during these 3 generations eliminated all individuals with weak vigour,
weak fertility (or sterility), and red. little coloured or white grapes so that only the black wine grape
populations of the Pinot noir type were retained. All the female seedlings and some with pollination
problems were also eliminated.
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Afier the 4th generation, we made a pedigree selection retaining not only the red berries
populations but also some white genotypes with interesting characteristics. The retained genotypes
should also generate enough seedlings to permit us to study disjunction.

Table 1 shows our selection diagram and the number of genotypes obtained and selected per
generation. Table 2 documents different observations and notations recorded during different
generations. In Tables 3, 5 and 6 the notes describing the flower, berry and bunch characteristics
are defined.

Table 1: Selection diagram

PINOT NOIR : "Alsace” population
X X X X X X[ X X X
X[ X X X X X[ X
X1 X X X X X X! number of number of ysar
X X X X X X X X genotypes  genotypes
X X X X X 2y o X] obtained  self pollinated
T~
N°162 INRA clone
St 1 1977
White berr Black berry
I DX XTI X x - T- 1 -1 I xIx I x] xIx] X x] x] 190 1978
S2 30 1979
—
XXX XXX - - - T - I X DX XTI xT x] x| x1 120 1980
s3 60 1981
XIXTXTXT- ] I-l-]-l-l'WH 160 1982
4' 92 1983
(AlB]C]D]- lP]Q]R[S]T]U]va[z] 180 1984
IAJBIBIC[clclol - [S[T] Tlululvlw[w]wlvlvlz] 350 1986
\\ / ‘\\ / 82 1987
\ .
\ i |
IA]AIBICICICICIDI ITIT]T]kjlvlv[w]w]wlvlz]z] 868 1988
[ ) ) [N
| \ : :\ | /‘I\ i /'\\ 0
1
P "\ A 1'Sn ;=\ :\\ S :“ 1989
y A y R U A
Py Voo Voot !
g \ 1\ A A T
N S O N N U S U TN O T U O I v Oy 1990
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Table 2: Notes taken during the 4th-5th and 6th self pollinated generations

1st year in greenhouse culture

Seedling vigor at the end of the 1st year
Base diamater
20° internode diameter after the first tendril
Length of 20 internodes
Leaves colouring at the end of vegetation cycle : red colouring or not

2nd year in greenhouse culture

Before flowering Code O.L.V.
5 buds fertility, number of inflorescences per shoot -
Class of inflorescences importance -
During flowering
Early coulure
Sexual type -
Coulure -
During veraison
BUNCH Size -
Length -
Density -
BERRY Color + additional colors -
Size -
Shape + additional shapes -
Flavor -
Coulure and millerandage
Ampelographic notes
Leaf shapes -
Lobing degrees
Seedlings vigor by shoots development measures -

Results

From 1st to 3rd self pollinated generation

During the first 3 self pollinated generations, we only retained the hermaphroditic progenies
with black berries of the Pinot noir type.

4th generation (S4)

The 4th generation is composed of 92 genotypes.

Here we observed high vigour with low variation, expressed by length of shoots and by the
diameter of the principal axis (Table 4). In the greenhouse, this vigour was the same as that we
obtained from a simple cross with Vitis vinifera varieties.

Average fertility is 0.7 but with 9 sterile genotypes and 10 weakly fertile: 21 having a fertility
level higher than 1.0, i. €. more than one inflorescence per shoot.

The sexual type, which is a very important criterion between generations, could be clearly
determined for 49 genotypes: 11are female and 38 hermaphroditic. The female types were
eliminated.
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Table 3: Notes code
FLOWER BERRY BERRY
SEX physiological | COLOUR SHAPE
CODE OIV: 151 225 223
1 male tv white-green 1 flat
3 hermaphrodite + 1 white-yellow 2 slightly flat
5 female 2 rose 3 roundish
3 red 4 short elliptic
4 red-grey 5 ovate
5 dark-red-vioief [ obtuse-ovate
6 black 7 obovate acuminada
+6a blue-black 8a cylindric
+6b  dull-black +8b wide cylindric
7 red-black 9 long elliptic
10 arched
+codes 11 to 31 after GALET P.
BERRY BUNCH BUNCH
LENGHT SIZE LENGTH
221 202 203
1 very short 1 very small 1 <= 10¢cm
3 short 3 small 3 15 em
5 medium 5 medium 5 20 cm
7 long 7 large 7 25 cm
9 very long 9 very large 9 30 cm
(+ = additional classes)
Table 4: Disjunctions in S4
Observations: number of | average{minim.{maxim.| coeff.
genotypes variation
Base diameter 92 6.9 4.8 9 17,80%
Diameter 20°eye 92 6.2 4.5 8.1 [12,80%
Length 20
internodes 92 173.7(110.0{245.0|15,70%
Fertility 85 0.7 0 1.7 -
. Pinot Noir =
Notes by class (class=effectif) class:
Sex 49 1=38 [3=11 [5=0 3 heterozygous|
Bunch size 50 1=18 |3=26 |5=6 1
Length 50 1=23 {3=24 [5=3 1 .
Density 40 3=11 [|5=12 {7=17 3
Colour 49 1=9 3=10 |6=30 6
Form 50 3=30 [4=15 |5=2 |[6=1 7=1 8b=1 3
Size 42 3=7 5=28 |7=7 3
Coulure 49 0=44 |{5=5 0
number of
plants
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Table 5: O.1V code no. 223

1 2 3 4 5
Nobling B. Chasselas Michel Tompa Miller-Thurgau
Chasselas Blanc Bicane
8ralili
Ahmeur bou Ahmeur Rg Olivette Noire
Muscat d'Alexandri b Santa Paula
S4Nr-NHES

& DEOOW - Tw F 0. 04 0378

Table 6: Berry shapes according to GALET
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Table 7: Disjunction in S5 of the main S4 genotypes having S6 progenies

L

S4 ss | | | L 11 b P L1 | Nb. of S5

effect.| inflor. nb sex berry colour berry shape. size bunch ength bunch giving |effectif
NIISXICBFB GQODMLG NI SX CcB FB DM LG 1 progeny] in
0i{t1j2]3}315{1}{3i5]6|314|5]6{719i1]3{5]|7}11]315]719| inS6 S6

NHF0!4!3i1:3/5!5{31 70 :{928{19/6 {41 39 30 215131013/16{11 121171111 1 19 243
NHNO 1131114 7513} 69 1131312011144/ 4140 14/ 31161 2 111131111 1{24]121 1 14 150
NHEO{2 |3i{3{4 51111 5 1 1 1 1 10
NHE9/1i{3{3|3 11 6 511 3 2 1 1
NHF5/2:313!6i5/3.3!35 (41621127 1 8|8 10i113 15 2 4
NHE1,2 136 3., 5{111 10 613 9 8 (5 3 21611 2161011 3 28
NHF4 2 3!6:3:5/5/3]17 12!9]6 11 3 8 i11 56 516 4 60
NHF6, 1136 4/511:1 14 13!613 511 8 11 512 315 8 6 21
NHiI6/2{316131313]/3} 29 [2i11i15 17 1 10} 4 5 10{ 7 10 7 12 84
NHL6/ 2 13!6/3 /555116 |3/2110 51 6|3 3 1132 2113 3 34
NHN4 113:16 4513311 13/3:3 6 2 4 114 111:213 6 4 4
NHN6 13163 {7i13/3113 {263 6 715 3 2133 2111411 3 4
NHN7/ 1136 4|5/1]1] 37 }]13/16]/5 13 4 1414 121315 715 14 8 10
total total total

337 80 653

1 UOND3g
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At this stage (S4), the bunch characters are similar to those of Pinot noir but some seedlings
differ substantially and we can see in Table 4 how the length and compaciness of the bunches
increase.

With regard to berries, the original form is class 3, but we see many genotypes of classes 4, 5,
6,7 and even 8. From size observations it appeared that 83 % of the berries are thicker than those of
the initial parent and 25 % of them are very thick.

5th generation (S5)

During the 5th generation obtained by self pollination from the 16 genotypes identified in the
4th generation, 80 genotypes were selected and self pollinated.

When we study the sexual type of the progenies of the 4th generation of self poliination
genotypes (Table 7) we notice that 7 genotypes produced only seedlings with flowers of class 3
(hermaphroditic); 6 other genotypes produced only black berries and 4 produced berries of
different classes.

Table 8: S5 general characters by S4 family

family vigor height buds leaves lobing lobes
identification June-87 coulour size degrees number
NHE1 strong 2 red-green very large deeply lobed 5
NHES medium 1-1.5 rad medium deeply lobed 5
NHF4 strong 2 red-green very large lobed 3-5
NHF5 strong 2 red medium deeply lobed 5
NHF8& strong 2 very dark-red small to medium unlobed 3
NHi6 strong 2 red-green large lobed 3-5
NHK7 weak to med. 1 red-green medium lobed 3-5
NHLS strong 2 red-green | medium to large | deeply lobed 5
NHLE strong 2 red large deeply lobed 5
NHM3 very weak <1 red-green smail lobed 3-5
NHMé very strong >2 red very large deeply lobed 5
NHN4 strong 2 red medium deeply lobed 5
NHN6 medium 1-1.5 red-green medium lobed 3-5
NHN7 medium 1-1.5 red medium uniobed 1-2
NHNO strong 2 red medium deeply lobed 3-5

Table 9: Germination percentage by S4 family

S4 familly |Total number Percentage
of seeds of germination
NHN6 227 6.6
NHE1 649 7.4
NHES 57 8.8
NHL6 560 15.3
NHF5 101 21.8 '
NHEOQ 268 23.5
NHN7 185 41.1
NHN4 194 43.3
NHI6 486 43.4
NHF4 445 47.8
NHFO 2367 54.1
NHF8 74 59.5
NHNO 1183 61.1
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Only 1 genotype of the 4th generation is stable for this character: NHF4. The remaining S4
progenies have berries identical to the original Pinot noir but also progenies with extremely different
berry shape such as NHFO: 8a.

The size of the bunches varies greatly but concerning the length notation of the bunches,
4 genotypes yield a stable progeny for this character. Table 8 shows the general characters of the
different families. We can see that only 1 family has a weak vigour, 9 show strong vigour and the
other 5 are medium. In S4, the coefficient of correlation between vigour and fertility is 0.49: the
passage to each following generation induces an automatic selection for vigour. The size of the
leaves is not 1o be considered as an important character because we know that its expression in a
greenhouse has no correlation with that in the vinevard.

6th ge-neration (S6)

The 6th generation includes 82 progenies from 16 genotypes of S5 coming from 13 genotypes
of §4.

Table 10: Disjunction of the sexual type in $4-S5-S6

S4 S5 S6

H|F H F H F
NHEQ 1 1 0 4 0
NHE1 1 9 9 18 0
NHES 1 5 1 4 0
NHFO 1 41 0 128 Y]
NHF4 1 11 0 14 0
NHF5 1 7 0 1 1
NHF6 1 5 1 10 1
NHI6 1 17 0 30 4
NHL6 1 5 1 9 1
NHNO 1 44 4 50 5
NHN4 1 6 0 11 Y
NHN6 1 6 Q 0 0
NHN7 1 13 4 24 2

HIF H F H F
Effect.] 13| © 170 11 304 14

Table 11: Disjunction of the berry colour in $4-S5-S6

S4Nr | colour [§5 code colour $6 code colour
1vi1jj2]3/4|5| 6 |6+/6t 7|1v|1il213]1415 6 |l6+6t 7

NHEQ |3 red 1 4

NHE1 |6 black 8 2 12

NHE9 |6 black 3 1

NHFQ |1 white {39 102

NHF4 |6 black 3 8 3 46

NHF5 i3 red 1 8| 8 .

NHF6 [6 black 8 3 6

NHI6_ |6 black 1 10 30

NHL6 |6 black 6 9

NHNO |1 white {40 46

NHN4 16 black 12 4 6 1 3

NHN6 {6 black 7

NHN7 {6 black 14 3 19

Effect. 13 {83 4 76 166 3|1 126
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In Table 9 we can see the seed germination power leading to the seedlings of the
6th generation of self pollination. This power of germination, as per cent, is extremely variable
between the 5S4 families. The vigour in S6 remains strong. Expressed by the measure of the growth
of the 1st year primary axis, the vigour differs from 1 10 5.75 m at the end of the development with
an average of 2.80 m for 655 plants. The average of shoot growth per family differs in the 2nd year
of greenhouse culture from 1.90 to 2.90 m. The fertility level varies from 1 to 3 and was noted for
455 of the 655 plants.

270 plants, i. e. 59.3 %, are fertile. 30.3 % could not be determined because there were only 1
or 2 buds or they had not burst.

In S6 progenies the percentage of fertile plants is verv variable but no progeny is stable. As to
the sexual type (Table 10) checked in S5. there were 8 progenies out of 13 with no plants with
female flowers. However in S6 the plants of these same progenies presented a few female plants.
Nevertheless, we obtained some other progenies of sexual type hermaphroditic homozygous. After
flowering, we made a notation about coulure and millerandage. We observed large variability on
coulure notations of progenies with an average of 3.0 in most of the families and general average of
3.2, which is a high value. 6 progenies had a total coulure on the 82 progenies.

Millerandage notes are as variable as coulure notes, of the same size and with a general
averageof 3.1.

Table 11 shows the disjunction of berry colour regrouped with regard to S4 families. NHEO,
NHFO0 and NHNO families are homogeneous: white berries. NHE9, NHI6 and NHL6 are also
homogeneous but with black berries. The other families have heterogeneous progenies. The
disjunction of the berry shape is shown in Table 12 where we presented the main shapes. In this
table we notice the dispersion of the berry shape within some families and the distance compared to
the original shape of the Pinot noir.

6th generation: the progenies

After studying all 82 S6 progenies in relation to generations S5 and S4, we wanted to know if
there existed progenies with several homogeneous characters. In many cases we found a
homogeneity concerning the colour and the shape of the berry. the vigour of the plant or the shape
of the leave. But of the 82 progenies, 1 only was homogeneous for all observed traits. S4. NHN7-
S5.REZ2-S6.THP2 to THR1 shown in Table 13.

All the notations on bunches were stable, the values of growth were extremely similar, only
fertility was variable. However, the relatively low number of plants does not allow us to conclude
with certainty that it is a lineage. More observations will be necessary as well as culture in the
vineyard.

Discussion

The aim of the successive self poliinated generations is to obtain pure lines, i. e, individuals
that are genetically identical and completely homozygous. However, self pollination induces the
well-known inbreeding phenomenons (Levaboux 1950; and other authors): weak percentage of
germination, high seedling mortality, low vigour of the survivors and low fertility or even sterility:

In the 6 successive self pollinated generations of the Pinot noir it is obvious that an automatic
selection was made with the elimination of seedlings which are weak (appearance of a high
percentage of lethal or sublethal genes), sterile, sensitive to coulure and millerandage and/or have
female flowers.

Every time it was possible, we applied some technics. which permitted us to preserve a
maximum of seedlings in each generation by the amelioration of the percentage of seed germination
(BartHAzARD 1979) and by the use of new breeding techniques.



Table 12: Disjunction of the berry shape in $4-S5-S6

Code [OIV! and |Galet T 1T T T T 7 ovate [ T |
flat roundish obtuse-ovate and obovate acuminada cylindric

S4 S5 S6| 2 | 3120567 |12(17]22]24]26] 4 | 809 [10]/15/16]19/21|25[27]29

314,516 1. 11811 1330 2312831

14

NHEOQ | 4 1 4
NHE1|{ 3 | 5 3 4 111 1
NHE9 | 3 2 1
NHFO! 3 {30 2 113114 13i11 1 /10! 3 191 715 {1 5 1
NHF4: 3 {11 1,617
NHFS| 6
NHF6| 4 | 1 512 8 3
NHI6 | 3 | 4 5 116 13 8 .
NHL6| 3 | 3 3 4 4 1
NHNO! 4 {14! 3 |16] 2 3114 1701 6 1
NHN4 | 4 114 1 6 1 2 1
NHN7! 414 2131}5 3 16/ 1 2
NHN6! 3 | 5 3

771 7 128127 2 117j64/01473{13/ 0 0| ti{1113]0j44; 7191 1j0|51012}l010/|0

8L
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Most of the time, we obtained from plants of the 4th, Sth and 6th generation families normal
vigour that allowed the plant to initiate flowers.

From a genetical point of view, we chose as an initial parent a clone selected from a variety
population including numerous types.

The starting variability was quite narrow. According to Gavars (1981), the inbreeding effect
canincrease variability and therefore the progress by generation but also the duration of the

Table 13: NHN7-REZ2 progeny

S4 1S5 | Sé6 growth 1st year Fertility Colour Shape | Sex | Growth
a b b-a | oeit 1}oeil 2 shoot leave 2nd year

NHN7| REZ2| THPOl 281 380 99 2 2 1 2 H 120

" " ITHP2| 101 189 88 0 0 1 2 98

" " |THP3| 216 | 345 | 129 0 0 1 2 131

" " |THP4| 235 | 342 | 107 0 0 1 2 158

" " |THPS| 246 | 367 | 121 2 1 1 2 H 128

" " _|THPS| 265 384 119 1 0 1 2 H 137

" " |THP7] 264 | 385 [ 121 0 Q 1 2 140

" " |THP8| 243 | 347 | 104 1 0 1 2 H 152

" * |THPY| 273 374 101 0 1 1 2 H 122

" " |THR1| 247 | 355 | 108 1 0 1 2 H 130
Average 237.11346.8/109.7 131.6

Coeff.of variation %4 21.7 | 16.7 | 11.4 12.9

$6 | Coulure|Mille-| Shape | Colour| Size Length _|Compact.
randage| berry | berry |bunch| bunch bunch
4

THPO 3 avate | black | small|very small| compact
THP2
THP3
THP4
THP5 4 4 ovate | black | small| very short| compact
THP& ovate | black | small| very short| medium
THP7
THP8 3 4 ovate | black | small| very short| medium
THPS 4 4 ovate | black | smali| very short| medium
THR1 3 4 ovate | black | smalll very short| medium
Table 14: Summary: sex, colour and shape
Sex Colour | berry | Shape | berry

S4 S5 S6 S5 S6 S5 S6

NHEO - - *» - (.)

NHE1 ¢ .

NHE9 " () (1)

NHEO . s 7 .

NHF4 *

NHF5

NHF6

NHI6 .

NHL6 . *

NHNO - .

NHN4 . *

NHNG * ) .

NHN7

"« Character considered as been homozygous
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selection cycle. Concerning the sexual type of the flowers, the progress to homozygoty is very slow
and corroborates, if necessary, that sexual type is dependent on a complex multiallelic system with
effect of relations of epistasie and of occasional dosage (Carsonneat 1983). The berry colour, the
dimension and length of the bunches become quickly stable.

Concerning the shape of the berries we observed a very large dispersion tat also became stable
during the following generations (Table 14). After 6 generations of self pollination and among
82 progenies, only 1 is homogeneous and can be considered as a pure line. The progress towards
homozygoty as in the case of the sexual type quoted before is extremely slow: the noticed characters
are under the dependence of sexual genes.

Conclusion

Summarizing the reported results leads us to the conclusion that in the case of the clone of
Pinot noir chosen as the original parent it is necessary to carry out at least 6 generations of self
pollination to obtain 1 homogeneous progeny or lineage among 82. This homogeneity concerns all
the phenological characters expressed by the plant issued in the 2nd year of cultivation after sowing
in a greenhouse. Many progenies are homogeneous only for one or several characters. This work
will be continued with several more self pollinated generations and test crossing of the selections.
The advantage of chosing one or the other obtained lineage will then be considered.
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Genetic improvement for crossbreeding in table grape varieties

S. CANCELLIER, A. CaLo and A. COSTACURTA

Istituro Sperimentale per la Viticoltura, Via XXVIII Aprile, 26, 1-31015 Conegliano (1V), Iraly

Summary: Genetic improvement by crossbreeding of table grape varieties was realized at the Istituto
Sperimentale per la Viticoltura for the achievement of the following main targets: early species, seedless species,
species with high content of fructose in grapes and, at the same time, a research concerning the hereditary
transmission of these features.

The-results are the followings:
=~ Registration in the National Catalogue of the varieties of 4 new table grape varieties that are interesting for

their ripening (1.C. 199, 1.C. 218, 1.C. 120, L.C. 213).
= Information concerning the heritability of earliness, average weight of grape and bunch for the varieties

examined.

—  Achievement of varieties that have a ratio berween the two monosaccharides considerably tending towards
fructose. This feature remains constant throughout the years.

Key words: tablegrape, variety of vine, Italy, breeding, heritability, berry, bunch, maturation,
seedlessness, glucose, fructose.

Introduction

The cultivation of table grapes in Italy has an economically important position in some
regions of Southern Italy such as Apulia and Sicily and a reasonably important position in regions
of Central Italy such as Abruzzo and Latium.

The most widely cultivated varieties are: Regina and Iialia (L.P. 65) which correspond to 80 %
of the total production. The remaining 20 % is produced by earlier ripening cultivars such as
Cardinal, Regina dei Vigneti, Panse precoce and Primus.

Therefore, offer of table grapes is concentrated in the months of September and October.
While some cultivation techniques employed by viticulturists (e. g. covering) allowed an extension
of the aforementioned period, market demand in the month of July can only be fulfilled with early
ripening grapes. The simultaneous arrival of large amounts of table grapes in September-October
sometimes decreases market prices due to an overabundance.

The current spectrum of table grape varieties would thus require improvements mainly for
what concerns the time of ripening; so research institutes have the duty to provide all the
information concerning current varieties and new ones to viticulturists in order 10 meet
requirements.

Until recently, practically no seedless table grape varieties were grown in lialy for fresh
consumption or raisin production. In fact, Italy is-a large importer of raisins. Furthermore, we
should point out mind thar the markets trends in Italy and abroad are directed towards seedless
grapes.

The old seedless cultivars, i. e. Sultanina, Perlette, etc., never met with viticulturists’ approval,
whereas more recent varieties obtained abroad (Sugraone, Red Flame, Pasiga, Perlona, etc.) are
currently being considered.

There is also a plan to obtain cultivars containing large quantities of fructose for direct
consumption and for the extraction of monosaccharide, considering its dietetic and physiological
importance. This would diversify the market for table grapes.

For all these reasons, the Istituto Sperimentale per la Viticoltura started table grape
crossbreedings in 1968 in order to examine the mechanisms of hereditary transmission of the
characters that were interesting for this purpose and to produce:
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A) early ripening varieties with good morphological and production characters;
B) seedless varieties suitable for Italy with a good productivity and early ripening time;
C) table grape varieties with an elevated contentof fructose ingrapes.

Materials and methods

The crossbreeding systems adopted for the various operating programs were as following:

A) Earliness

Work began in 1968 using as parents the medium ripening varieties: ltalia, Alphonse
Lavallée, Baresana, and as early ripening varieties: Perla di Csaba, Volia, Primus, Panse precoce,
Regina dei Vigneti, Maddalena Bruni.

Self-pollinations were performed with all varieties. The pattern was subsequently varied by
introducing some new varieties produced through previous work, i. e. L.C. 120, 1.C. 199, 1.C. 218,
each of them back-crossed with one of the two parents: Italia (LP. 65).

B) Seedlessness

Work began in 1984 by employing as parents the following varieties with seeds: Italia
(LP. 65), Alphonse Lavallée, Regina, 1.C. 199, 1.C. 218, and the seedless varieties Perlette, Ruby
seedless, Sugraone, and some crossbreedmgs produced by A. GarGiuLo in Argentina, i. €. Perlon,
Pasiga, Nerona, etc.

Self-pollinations were performed with all these varieties. Operations were also carried out
both with traditional methods and with new in vitro techniques (since 1988). In vitro culture has
been employed to develop both ovules in crossbreedings seedless x seedless and seeds of low
germinating varieties such as Regina.

C) Glucose/fructose ratio

In 1976 the analysis of the variability of the glucose/fructose (G/F) ratio and of reducing sugar
in the different varieties of the ampelographic collection belonging to the Istituto Sperimentale per
la Viticoltura allowed us to select some varieties as follows:

- variety A: lowratio G/F (averageof 2years 0.80)
- " B: highratio G/F ( " e 1.21)
- " C: lowratio G/F ( " e 0.78)
to be introduced into a program of crossbreeding and self-pollination.

Results and discussion

A) Earliness

Tests carried out on the phenological, morphological and productive characters of the
descendants from crossbreedings and self-pollination allowed to acquire important knowledge for
the following work.

In particular, the analysis of the transmission of phenological times (budding, bloommg,
colouring, ripening) to descendants, in order to identify the most suitable parents for breeding early
ripening varieties, proved high heritability for the period blooming-colouring and for the total cycle
(budding-ripening): h* = 0.76 and h? = 0.69, respectively.

The analysis of the phenological behaviour of self-pollinated progeny proved that there is
considerable variability among the descendants of crossbreedings and that there may exist two
mechanisms of transmission for earliness encountered by us in the types:
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- Volta(LP.105)
~  PerladiCsaba

These results also indicate that the cultivar Volta is a parent capable of transmitting its own
eariiness to descendants (CaLo et al. 1980). The analysis also shows that the descendants of the
cross ltalia x Volta have an elevated heritability for the average bunch weight (h? = 0.50). These
dimensions are intermediate and inclining towards the parent with smaller dimensions. Besides
these theoretical resuls, the study led to the identification of some descendants that were not only
interesting because of their early ripening, but also for their organoleptic and morphologic
characters.

Four of them were registered in the National Catalogue of Varieties:
~  Conegliano 199: ltalia (I.P. 65) x Volta (I.P. 105)

-  Conegliano 218: Italiax Volta
- Conegliano 213: Italia x Panse precoce
- Conegliano 120: selfing of Italia.

Tables 1 and 2 summarize some characters of these varieties, even compared with their
parents.

The cultivation prospects are interesting for the varieties Conegliano199 and
Conegliano 218. In fact, they both have an extremely early ripening (they ripen before Cardinal)
and interesting market characters (interesting size grapes and bunch, pleasant and even blue-black
colour, particular taste).

Conegliano 120 is similar to Italia from which it originates, although grapes are longer and
ripen approximately 2 weeks earlier than the parent. This character makes it interesting because it
ripens at a time in which there is not a great flow of grapes to the market.

The two early crossbreedings Conegliano have been tested more thoroughly to verify the effect
of some cultural operations which improve the average bunch weight and the size of grapes.

Table 1: Phenological times of new varieties and of parents at Conegliano (averages of years 1986-87-88)

| PHENOLOGICAL TIME | VOLTA | PANSE |ITALIA | PERLA | C.199 | C.218 | C.213 i C.120 |
| {I,P,105/PRECOCEITI.P.65 | CSABA | I [ | [
| I | i | | ! | | |
| BUDDING | 17/4 | 25/4 1 20/4 | 1574 | B8/4 | 10/4 | 16/4 | 17/4 |
| BLOOMING | 276 | 10/6 { 6/6 | 3/6 | 28/5 | 1/6 5/6 | 676 |
| COLOURING | 18/7 1 31/7 | 18/8 | 165/7 | 15/7 | 17/7 8/8 | 156/8 |
|RIPENING 6/8 | 8/9 | 26/9 6/8 | 6/8 | | 109 |

| I | I

| | | |

|
1
| 1 7/8 | 21/8
I | 1 ! |
| | | | i

Table 2: Some morphological features of the new Conegliano varieties compared to Iialia (LP. 65)

1 FEATURE 1 C199 | €218 | C 213 | C 120 | ITALIA| .
| | | I ! | l
| | ! I I I |
|AVERAGE WEIGHT OF BUNCH (g) | 206 | 328 | 316 | 457 | 575 |
| | | | | ! |
|AVERAGE WEIGHT OF GRAPE (g) | 2,30 | 3,32 | 2,70 | 6,7 1| 7,13 |
I | | | | | i
| 1 I I t | |
| | ! | I | |
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Table 3: Effects of grape bunch thinning on new early varieties (averages of 3 years)

l CONEGLIANO 199 I CONEGLIANO 218 |
| TEST ITHINNED OUT| TEST I THINNED OUTI
I | | | | |
| AVERAGE WEIGHT OF | | | | |
|BUNCH (g) | 206 | 263 | 328 1 405 |
1 | 1 I | |
| AVERAGE WEIGHT OF | | 1 1 1
IGRAPE (g) I 2,30 1 3,00 I 3,32 | 5,00 |
| | | 1 1
| l I | |

Table 4: Effects of some agronomic operations on Conegliano 199 in Apulia

ITHINNING | INCISION |GIBBEREL-|THINN.+|GIBBEREL. ITHINN.+ |

|

| TEST OUT | ILINS IINCIS. [+INCIS. |{INCIS.+ |

| | 1 | | | IGIBBEREL |
I | | | i I ] I |
|AVERAGE WEIGHT OF | | | 1 | | | |
|GRAPE (g) I 2,36 1t 3,60 | 3,20 I 3,30 |+ 3,92 1| 3,90 t+ 5,50 |
| 1 | | 1 1 | 1 |
| AVERAGE WEIGHT OF | [ | I | ! | !
|BUNCH (g) | 205 I 245 1 266 | 277 | 267 323 1 374 t

| | | | ! | | [

The tests carried out showed how interesting and favourable the response of the crosses
considered were (Table 3). In fact, just grape bunch thinning had favourable effects, especially on
Conegliano 218.

Researches carried out in Apulia on the variety Conegliano 199 using different techniques
(bunch thinning, giberellic acid, etc.) (Table 4), both simple and combined, confirmed the results.

B) Seedlessness

Work started, as already mentioned, in 1984, and the plants produced with traditional
methods and by in vitro techniques are being trained. We obtained the first production in 1989.

Embryo culture provided different results according to the variety.

There is littie knowledge concerning the heritability of seedlessness. Some authors believe that
itis controlled by some recessive genes (SrieGeL-Rovy er al. 1986).

The percentage of seedless individuals in the progenies originated by seeded x seedless
crossbreedings seems to be rather low. The use of the seedless x seedless crossbreedings allows an
increase in the percentage of seedless individuals, although it may aggravate some negative
characters in the existing seedless varieties (small size of grapes, low fertility of buds).

C) Glucose/fructose ratio

A program of crossbreeding using as parents the varieties (A), (B) and (C) with a different
ratio between monosaccharides at ripening was carried out for some years. These tests allowed the
production of a group of plants with a G/F ratio more favourable for fructose. The first results have
already been presenied in a report to the 4th International Symposium on Grapevine Genetics at
Verona (Cavo et al. 1986). In the following years, the observation of the evolution of the ratio in the
parents and in the different progenies continued.
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CGLUCOSE/FRUCTOSE RATIO
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Fig. 1. Course of glucose/fructose ratio in different genotypes during ripening.

The further study emphasized the different behaviour of the two varieties (A) and (C) with a
low ratio at ripening, as illustrated in Fig. 1. In fact, type (A) starts with a very high ratio (1.30-1.40)
and reaches a low ratio only upon ripening. On the other hand, the low ratio of type (C) starts at the
stage of colouring and continues through the entire period.

The analyses of the ratio at ripening confirmed what had already been noticed and illustrated
in the previous report. In particular, as can be seen in Fig. 2, there is 2 movement of the ratio
between starting population and population deriving from crossbreeding program, with a manifest
increase of fructose as related to glucose.

Fig. 3 shows the marked difference of the G/F ratio in two types of progenies. This difference
remains throughout the variability between vears, thus confirming the genetic base and
polyfactorial origin of the character.

Conclusions

The results concerning the programs described herein are presently encouraging for the
earliness character. i

Forwhat concerns seedlessness and the production of varieties with alow glucose/
fructose ratio ingrapes, considerable variability has been observed among progeny which is
important for future studies.
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Fig. 2: Distribution of glucose/fructose ratio in the grapevine collection and in crossbreeding progenies.
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Fig. 3: Distribution of glucose/fructose ratio in two progenies for years 1987 and 1988.
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Isozyme pattern comparison between tissue-cultured grapevines
and mother plants 1)

R. Borra %), R. VarLania 2), M. L. Miasa %), G. VErcano %), G. Me %)

%y Centro di Studio per il Miglioramento Genetico della Vite, CNR, Via P. Giuria, 15, I-10126 Torino, Italy
*) Istituto di Frutticoitura Industriale dell’Universita, Via Ormea, 99, I-10126 Torino, kaly

Summary: lsozvme analysis is one of the means suitable to characterize clonally propagated cultivars.

Isoelectric focusing was used to reveal differences in isozyme patterns berween tissue-cultured plants and
mother plants, for the cultivars Barbera, Queen of the Vineyards, Dolcetto and Delight. In cultivar Barbera both
2n and 4n plants were considered.

Leaf samples were collected from shoots grown on cuttings under controlled environmental conditions and
from plants obtained by tissue culture. The buds used for tissue culture were taken from the same shooted
cuttings.

Leaf extracts were analyzed by isoelectric focusing considering the following isozymes: AcPH (acid
phosphatase), GPI (glucose phosphate isomerase) and PGM (phosphoglucomutase).

The banding patterns of GPI and PGM showed differences among the cultivars, while for AcPH there
seemed to be no differences among them in the pH range considered. There were no differences between isozyme
patterns of the Barbera 2n and Barbera 4n.

The main difference between in vitro plants and mother plants was the amount of isozyme evaluated by
densitometric measurements. In all the cultivars, the amount of isozymes for AcPH was higher in mother plants
than in in vitro ones, while for PGM and GPI it was the opposite.

This can be due to the different environmental conditions affecting cellular metabolism.

Key words: enzyme, protein, analysis, leaf, variety of vine, clone, tissue culture, ampelography.

Introduction

Isozyme analysis of grapevine has been carried out with leaves, berries and canes using either
starch gel or polyacrylamide gel electrophoresis (WoLre 1976; DaL BeLix Perurro et al. 1981;
ARCLSEKAR and ParritT 1986; Bexix er al. 1986; Suepex et al. 1987, Bacumaxy and Braicu
1988; Benix er al. 1988; Parupern and Caro 1988). These authors pointed out that isozyme
analysis is one of the means suitable to characterize cultivars and clones.

In this investigation isoelectric focusing was used to ascertain possible differences in isozyme
patterns between tissue-cultured plants and mother plants for the cultivars Barbera, Queen of the
Vineyards, Dolcetto and Delight.

The grapevines used came from a vinevard of irradiated plants (y-rays) and presented
interesting characters: Dolcetto was early ripening; Delight had berries larger than usual; Queen of
the Vineyards was parthenocarpic; Barbera was tetraploid. In cv. Barbera a diploid plant was also
considered.

Materials and methods

Samples of young, expanding leaves were collected from the 1st up to the 3rd node of shoots
grown from cuttings and of tissue-cultured plants. The buds used for tissue culture were taken'from
the same shooted cuttings. ]

The cuttings were kept in the Knoop nutritive solution at 22 °C with a 16-h photoperiod.

The tissue-cultured plants were grown on MS (Murashige and Skoog) medium added with
5 uMBAP (6-benzylaminopurine); to stimulate rooting 1 mg/l IBA (3-indolebutyric acid) was

x) Contribution no. 208 of the Centro di Studio per il Miglioramento Genetico della Vite, CNR.
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Fig. 1: Cultivar Delight; densitometric measurement of PGM banding pattern. A) in virro cultured plants;
B) mother plants. (Continued overleaf.)

added. The environmental conditions were kept at 24 °C during 16 h light and 16 °C during 8 h
dark.

Leaf extracts were obtained according to Bexix er al. (1986, 1988) with 1 ml of the buffer
(pH 8.5) proposed by Scuaerer (1971) using 0.1 or 0.2 g of leaves.

The homogenized samples were centrifuged at 4 °C for 15 min at 10,000 rpm; 20 u] of each
sample were put on a polyacrylamide gel plate (LKB Ampholine-PAGplate) for isoelectric
focusing.

PAGplate pH range was 4.0-6.5 for AcPH and PGM with running conditions of 2,000V,
40 mA, 50 W at 4.3 °C for about 2 h. The pH range was 3.5-9.5 for GPI and the running conditions
were 1,500V, 50mA, 30 W at 5 °C for about 2 h. The isoelectric points were estimated with LKB
markers.

Staining solution for AcPH was prepared according to ARULSEKAR and Parritt (1986); for
PGM and GPI a staining solution modified from Suaw and Prasap (1970) was used.

The densitometric measurements were made with an LKB 2202 ULTROSCAN laser
densitometer.
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Fig. 1 (continued)

Results and discussion

The isozymes studied catalyze reactions in the glucide cycle leading to the formation of sugars
and starch that can be accumulated in the leaves.

The leaf amount used for the extraction (0.1 g/ml) of PGM and GPI gave scarcely evident
bands for the mother plants. For this reason, the extraction was performed doubling the leaf
amount of the mother plants (0.2 g/ml), thus obtaining more evident bands and revealing the
different isozyme content of the plants., This difference was confirmed by densitometric
measurements (Fig. 1). )

The banding patterns of PGM showed no differences between in vitro cultured and mother
plants and between Barbera 2n and 4n (Fig. 2) and the differences among the cultivars that are
depicted in Fig. 3. The isoelectric range of PGM was 4.85-6.45.

Considering GPI, the cultivars showed similar anodal and cathodal bands; in the isoelectric
range 5.65-5.92 the cultivar Barbera showed two bands more than the cultivars Delight and Queen
of the Vineyards, while the cultivar Dolcetto had only one of them. No differences between in vitro
cultured and mother plants or between Barbera 2n and 4n were observed. The isoelectric range of
GPIwas5.65-7.3.
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Fig. 2: banding patterns of PGM. A-a and B-b: Barbera 4n; C-c: Barbera 2n; D-d: Queen of the Vineyards; E-e:
Doleetto, F-f and G-g: Delight. Capital letters for mother plants; small letters for in virro cultured plants.
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Fig. 3: Banding patterns of both in vitro cuitured and mother plants. A) Barbera 2n and 4n; B) Queen of the
Vineyards; C) Dolcetto, D) Delight.

The AcPH banding patterns showed many and quite close bands which made the comparison
among the patterns difficult. Yet, the banding patterns seemed to be the same for all the cultivars
considered (Fig. 4) and no differences were noticed between in virro cultured and mother plants,
apart from the isozyme content which was lower for the in virro plants. The isoelectric range of
AcPH was4.25-5.65. )

The banding patterns of PGM, GPI and AcPH are depicied in Fig. 3.

Therefore, for the three isozymes, the differences between tissue-cultured plants and mother
plants were only in their amount. This can be due to the different environmental conditions
affecting cellular metabolism.
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Fig 4: Banding patterns of AcPH. For explanation of letters see legend to Fig. 2.
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Variability of must aéidity in self pollinated Chardonnay progeny

P.Viria %), A. Scienza %), F. Romano ?) and S. Stermn %)

") Istituto di Coltivazioni Arboree, Universita degli Studi di Milano, Via Celoria 2, 1-20133 Milano, Italy
%y Istituto Agrario Provinciale, Via E. Mach 1, I-38010 San Michele all’Adige, Trento, Italy
%y Centro Vitivinicolo Provinciale, Via Romiglia 2, 1-25124 Brescia, Italy

Summary: From a total of 2,200 seedlings, obtained by self-pollination of ¢v. Chardonnay clone
SMA 130, 250 plants were chosen and grown in a hot microclimare area. During 1986-88, morphelogical traits
of shoot tip, leaf and bunch, as well as juice quality (sugars, pH, titratable acidity, malic and tartaric acid) were
evaluated. A wide variability of the acid characteristics was noticed in the offspring. There was a significant
positive correlation between total acidity and bunch size. Tartaric acid concentration was highest in medium-size
bunches. A highly significant negative correlation was found between tartaric acid concentration and berry
volume. More acid juice was also obtained from grapevines with a narrower apex.

Key words: selfpollination, seedling, selection, biometry, analysis, morphology, shoot, leaf, bunch,
must quality, acidity.

Introduction

The heterozygous nature of grapevine is an interfering feature for any effective breeding
program, hence the requirement for an investigation on the genetic variability of desirable traits
within each clone (Faxizza and Rapp: 1973; Firoozasapy and Ormo 1987). One of the classical
approaches for gathering information about the distribution of the genes of interest across a given
population is the study of the offspring from recurrent self-pollinations (WaG~Eer 1975; VINCOURT
and Garrais 1983). According to this scheme, a genetic program was undertaken with the cv.
Chardonnay. The trait considered was: highly acidic must ~ a most needed feature for grapes to be
grown in hot climates across Italy.

Material and methods

The population under investigation over the 1986-88 period included the SMA 130
Chardonnay clone and 250 fertile plants out of the about 2,200 seedlings obtained through self-
poliination. The vines were planted on their own roots in the vineyard of the Centro Vitivinicolo
Provinciale, Brescia, which is located in a hot microclimate area. The circumference of the trunk
20 cm above ground and the number of nodes were used 1o define the general vigor. A number of
morphological traits (tip form, leaf size, lobe number, tooth shape, shape of petiolar sinus, cluster
size, berry shape and size) were classified according to Q.1.V. standards (0.1.V. 1983). The width
and length of the cluster were measured and their compactness rated as: 1 =compact, 2 =well
filled, 3 =loose. The fruits were crushed and total sugar content, pH, titratable acidity, malic and
tartaric acid concentration of juice were determined. Data reduction was by uni- and multivax:iate
Statistics.

Results

The figure shows the frequency distribution of titratable acidity, tartaric and malic acid, as
measured in the must from the offspring of self-pollinated Chardonnay. Table 1 compares the
range of variability for the characters above within the parent clone and among the seedlingsin 3
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Table 1: Variability range on 3 harvest years for quality traits in a Chardonnay clone and its self-pollination

ACIDITY MALIC ACID TARTARIC ACID
parent offspring parent offspring parent offspring
1985 | 4.42-6.72 | 5.25-9.21 {.2.13-5.85 | 3.49-7.39 | 2.22-3.70 | 2.24-3.70
1986 | 6.61-10.7 | 6.85-12.7 | 2.07-5.81 | 2.46-6.32 | 6.24-8.40 | 6.29-9.11
1987 | 6.90-11.6 | 6.10-10.8 | 2.36-7.10 | 1.38-5.44 | 4.02-4.81 | 3.51-5.99
mean | 5.97-9.67 | 6.06-10.9 | 2.18-6.25 | 2.44-6.38 | 4.16-5.63 | 4.C1-6.26

Table 2: Correlation between must acidity and morphological traits for the self-pollinated progeny from a

Chardonnay clone
ACIDITY MALIC ACID TARTARIC ACID
CLUSTER SIZE 0.315%%x Q.O77 -0.139%
BERRY SIZE -0.090 0.054 ~0.356%xx
BERRY SHAPE ~0.071 -0.087 -0.054
NUMBER OF NODES 0.051 -0.002 -0.051
GENERAL VIGOR 0.094 0.037 -0.107
FORM OF TIP -0.109 -0.217%xx% 0.048
LEAF SIZE -0.001 -0.110 -0.053

subsequent years. Only a minor improvement was observed in the seedling population, and there is
little variation of the figures over the 3-year test period.

Table 2 relates some morphological traits versus titratable acidity and its components. A
significant positive correlation is observed between total acidity and bunch size, while no
relationship seems to exist with other parameters. An opposite trend is found for bunch size and
tartaric acid. whose concentration is highest in medium-size bunches. Very significant is then the
(negative) relationship of acidity versus berry solume, i.e. the increase of tartaric acid
concentration with decreasing fruit size. Better (= more acidic) grapes were also obtained from
plants bearing leaves with a lower number of lobes and with a narrower apex.
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Conclusions

Since its establishment, the cv. Chardonnay has undergone a ~ direct or indirect — selection
favoring the biotypes with highly acidic must, intended for the production of sparkling wine. This
character is very stable within the clone, as shown by the constancy of the figures evaluated on
different vintages as well as from the small standard deviation for this character among the progeny
seedlings.

Also to be taken into account and further tested in any future breeding program is the finding
that in this cultivar a larger bunch but a smaller berry size parallel a higher acidic content.
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Wild grapevine (Vitis vinifera var. silvestris) in Italy:
Distribution, characteristics and germplasm preservation -
1989 report
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Summary: Research on the distribution and characteristics of wild grapevines /Vitis vinifera var.
silvestris ) in hialy was started whose main goals are:
= the preservation of the germplasm by setting up plant collections;
= the furthering of biological knowledge about this plant;
~  the study of relations between wild and cultivated grapevines by means of chemotaxonomic techniques;
=~ the assessment of the possibility of using wild plants for genetic improvement of grapevines.

The gathering of data began in 1984.

221 sites in 15 out of the 20 Italian regions have been indicated as possible locations in which wild
grapevines grow. So far, 49 of these sites have been inspected. The greatest number of individuals were found in
central Italy. This population is dioecious (male/female = 1.8) with few (2.0 %) hermaphrodite examples.

The leaves of the Italian wild grapevines generally have 3 lobes (57 %), but 5 to 7-lobe (36 %) and non-
lobed (8.9 %) plants exist. Lower variability exists with regard to leaf shape. The study of seed morphoiogy has
classified the plants into three groupe, one of which is very numerous.

Two germplasm collections have been established with approximately 400 vines.

Key words: Viis vinifera var, silvestris, ltaly, geographical distribution, gene resources, gene bank,
ampelography, biometry, analysis, sexuality, morphology, leaf, seed.

Introduction

6 years ago (Sciexza 1983) research on the distribution and characteristics of wild grapevines

(Vitis vinifera var. silvestris)in Italy was started whose main aims are:

- the preservation of the germplasm by setting up plant collections;

- the furthering of biological knowledge about this plant;

=~ the study of relations between wild and cultivated grapevines by means of chemotaxonomic
techniques;

- the assessment of the possibility of using wild plants for genetic improvement of grapevines.

Initial results have already been published (Scienza er al. 1986 and in print). The
distinguishing feature of wild European grapevines as compared to cultivated ones is their
sexuality. Wild vines are mostly dioecious: the male/female ratio of Italian population is 2 : 1, with
few hermaphrodite examples (2.6 %).

From the data obtained it seems likely that wild vines grow all over the country up to an
altitude of 800-1000 m a.s.l.

These plants are hana-like and can achieve a remarkable development up to 15-20m in
height. They adapt to the most geologically diverse soils and can grow in different botanical
associations, provided there are trees available to serve as supports. Clusters are of small
dimensions, scattered or dense. Berries are small, usually spherical, with about 2 seeds each, black
is the predominant colour (9% are white). The degree of variability in sugar content, acidity,
tartaric and malic acid contents is rather large, even the anthocyanin and polyphenol contents
show high variability. .

Chemotaxonomic studies to compare wild and cultivated vines are being carried out using
pollen (Tepesco er al. 1990) and embryonic (Sciexza er al. 1990) protein; and anthocyanin
profiles (Martivier al. 1990).
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Germplasm collections are being set up by multiplying scions from wild plants.

In this paper we report the developments achieved by this project with particular emphasis on
leafand seed morphology.

Leaf and seed morphology have been recognized as important in Viris taxonomy. Leaf size
and petiolar sinus angle width are important phylogenetical characteristics, indeed wild grapevines
have smaller leaves with a wider sinus petiolar angle than culiivated ones (LEvaboux 1956).
According 10 StTuMMER (LEvADOUX 1956), two kinds of seeds exist: ‘sativa’ and ‘silvestris’, the first
type is larger and longer, with a higher length/width ratio than the second one.

Materials and method

The gathering of data began in 1984. Based upon spot inspections and information obtained
from the Corpo Forestale dello Stato (Iralian Forestry Service). some geographical sites where wild
grapevines are present were singled out in different regions of the country.

Fig. 1. Scheme of the phyllometric measures.
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Whenever possible, the sex type of each individual vine was determined, and a sample made
up of 10 leaves located opposite to the flower clusters was taken from each plant and measured.
With male plants, a pollen sample was taken. With each female or hermaphrodite plant, samples of
ripe grape clusters were colilected, so that data from clusters, berries and seeds could be gathered.
During winter, ligneous scions were gathered from each plant in order to multiply them in
germplasm collections.

On the lower side of each leaf the following measurements were taken (Fig. 1):

L, = main vein length;

LG’ L L L L L = superior (2). median (3) and inferior (4) lateral vein length;
D =right, S =left;

L = apexlateral vein distances; (1) higher, (2) median and

L N2 N3
(3) lower;

NP L

p = petiolar length;
L, = maximum leaf width;

SipSiseSape S, ¢ S Sy = superior (1), median (2) and inferior (3) sinus length;
D =right, S = left;
Q& B B Ve Vs = angles between vein at their insertion point or at their

extremity (); D =right, S = left.

12 phyllomerric indexes were calculated:

standardized superior vein: SSN = (L2S + Lm) /(2x L)
standardized median vein: SMN = (L35 + L3D) /(2x Ll);
standardized inferior vein: AIN = (L, +L,)/ 2x Lx);
aangle = (aD + as) /2;

Bangle = (B +B)/
Tangle = (7,+7)/2

superior lobature coefficient: SCL = (S ip)/ Qepg* L)
median lobature coefficient: MLC = (S + S ) / (L + L3 );
inferior lobature coefficient: InLC = (S )/ (L m)
superior lobe extension coefficient

(Grexan 1984): SEC = L /Ly 2D)
inferior lobe extension coefficient: [EC = / (L )

R coefficient (GaLeT 1956): L /L.

These 12 coefficients and the main vein length are sufficient to describe shape and lobature
characteristics of grapevine leaves (GALeT 1956; Grenax 1984).

The length and maximum width of 100 seeds per vine, when possible, were measured.

Two methods of numerical taxonomy were used: discriminant and cluster analyses.
Discriminant analysis was carried out using Wilks’ method, step-wise procedure, minimizing the
Wilks' lambda. Cluster analysis was realized with weighted pair group method centroid, using
square Euclidean distances.

Results

Distribution

221 sites have been indicated as possible locations of wild grapevines, 189 of which by the
Italian Forestry Service. 49sites were inspected to ascertain the genetic nature of the vines
{excluding the American species) and to collect all data and samples. On average, 3-4 vines occupy
each site. Wild grapevines may occur in 15 out of 20 Iralian regions, their presence has been
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Fig. 2: Location of Viris vinifera var. silvestris sites in some Italian regions. Indicated (o) and visited () sites.

ascertained in 10 until now. The greatest number of individuals have been found in central Italy
(Fig. 2, Table 1).

Sex

About 65 % of the plants were studied during their flowering season. Of these the male/female
ratio was approximately 1.8 while hermaphrodite plants accounted for only 2.0% (Tables2
and 3). '

Leaf morphology

Table 4 indicates the main statistical characteristics of the 13 phyliometric indices studied.

Wild grapevine leaves are small (L, 35-110 mm), with low length/width ratio (R 0.60-1.00),
wide sinus petiolar angle (¢ + 8 =65-120° and IEC 0.7-1.5). Leaves range from non-lobed
(SLC 1) to highly lobed (SLC 0.4).
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Table 1: Distribution of wild grapevine sites as located in some Italian regions
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| INDICATED | VISITED
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Table 2: Ratio distribution of wild vines in relation to their sex

701

——-

| | | |

TOTAL | MALES | FEMALES | HERMAPHRODITES |

] ' ] ] |

| | | ] | | | | |

] INDIVIDUALS | % | INDIVIDUALS | % | INDIVIDUALS | % | INDIVIDUALS | % |

l | | | i 1 | | |

! | i 1 | J ! | |

| 101 | 100 | 64 | 63.4 | as | 34.6 | 2 | 2.0 |

l | | | i | | | |

Table 3: Sex characteristics of the wild vines sampled in Italy

I I i i I | |  FEMALES |
| TOTAL | PROBABLY ] MALES | FEMALES | HERMAPHRODITES | UNCLASSIFIED | OR |
| | POST—CULTURAL®| | | | | HERMAPHRODITES |
] I I | i | J | I | I I | | ]
| INDIVIDUALS | % J INDIV. | % | INDIV. | % | INDIV. | % | INDIV. | % | INDIV. | % | INDIV. | % |
| ] | i ] ] | | i i | | ] l |
l | | 1 | I | [ ] | [ | ! ! I
| 161 | 100 | 8 | s.0] 64 | 39.8| 35 | 21.7]| 2 | 1.2 | 32 | 18,9 | 20 | 12.4 |
1 | ! | | [ | | | | | i | | |

* ACCORDING LEVADOUX (1956)

1 UOnd3S
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Table 4: Main characteristics of the wild grapevine leaves

103

| | | | | |
| | AVERAGE | S.p. | MIN. | MAX |
| ] | | I ]
I I I I ! |
| MAIN VEIN LENGTH mm | 73.3 | 19.2 | 28 | 1469 |
I | I | | I
| STAND. SUPERIOR VEIN | o.86 | 0.08 | o0.59 | 1.12 |
I ! I I | !
| STAND. MEDIAN VEIN | o.61 | 0.09 | 0.34 | 0.94 |}
I ! | I | |
| STAND. INFERIOR VEIN | 0.35 | 0.07 | 0.17 | 0.67 |
| | | | I I
| SUPERIOR LOBATURE COEFF. | o0.72 | 0.15 | 0.25 | 0.97 |
| I I I I I
| MEDIAN LOBATYJRE COEFF. | o0.84 | 0.10 | 0.38 | 1.10 |
| I I I I I
| INFERIOR LOBAT'RE COEFF. | o0.88 | 0.06 | o0.60 | 1.18 |
I | I | | I
] @ ANGLE | 45.5 | 6.90 | 26.5 | 70.0

J I I I | I
| B ANGLE | a48.0 | 7.43 | 27.5 | 75.5

I I | J | I
| ¥ ANGLE | 47.0 | 7.36 |} 21.5 | 70.5

I | | I | I
| SUPERIOR LOBE EXTENSION COEFF.| 0.63 | 0.08 | 0.41 | 0.96 |
I I I | I J
| INFERIOR LOBE EXTENSION COEFF. | 1.07 | 0.21 | 0.17 | 1.71 |
| I | | | |
| R COEFF. | o0.80 | 0.20 | 0.53 | 1.12 |
{ | | I I I

(3 individuals) very wide sinus petiolar angle and D2 (97 individuals) wide sinus petiolar angle.

Cluster analysis carried out on the iobature coefficients (SLC, MLC and ILC) of the average
leaf of each plant classified the wild grapevines in four groups (Fig. 3. Table 5): A1 (38 individuals)
5 10 7-lobe leaves, A2 (7individuals) 5 to 7 marked-lobe leaves, Bl (11 individuals) light-lobe
leaves and B2 (59 individuals) 3-lobe leaves.
Cluster analysis carried out on shape coefficients (SSN, SMN, SIN, «, 8, v, SEC, IEC, and
R) of the average leafof each plant classified the wild grapevines in four groups (Fig. 4, Table 6)': Ci
(1individual) very close sinus petiolar angle, C2 (15 individuals) close sinus petiolar angle, D1

The validity of the results of the cluster analyses has been verified with discriminant analysis.
These analyses were carried out using all the collected leaves, after having classified the vines
according to cluster analysis groups, and using the same phyliometric indexes as used in the
respective cluster analyses.
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Fig. 3: Dendrogram and average leaf types of the cluster analysis relative to lobature characteristics of the wild
vine leaves.
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Fig. 4 Dendrogram and average leaf types of the cluster analysis relative to shape characteristics of the wild vine
leaves.
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Table 5: Average lobature coefficients of the four lobature cluster groups

| |

| GROUP | SUPERIOR | MEDIAN | INFERIOR |
| | l | ]
| I [ I |
| B2 | o0.76 | 0.87 | 0.8 |
! I I | I
| B | 0.8 | o0.91 | o0.91 |
| | I I I
| a2 | o0.38 | o0.58 | 0.8 |
| I ! | I
| a1 | o0.61 | o0.80 | 0.8 |
I I I | |

Table 6: Average angles of the four shape cluster groups

| I |
| GROUP | ANGLES |
| | |
| | « B Y |
| [ 1
I I I [ |
| D2 | 44.8 | 47.1 | 46.5 |
| I | I I
| D1 | 32.1 | 37.2 | 38.2 |
I I I | I
| c2 | 52.6 | 56.6 | 53.0 |
I I | I |
| Cc1 | 60.4 | 55.7 | 44.3 |
1 I | | 1

The discriminant analysis regarding the lobature groups (Fig. 5, Table 7) indicates that
superior and median lobes are of greater importance than inferior ones, 68 % of cases correctly
classified show a high variability in leaflobarure both within plants and groups.

The discriminant analysis regarding the shape groups (Fig. 6, Table 8) indicates the greater
importance of the angles «, 8 and 7. The results of grouped cases correctly classified (76 %) show a
satisfactory difference between the groups.

Leaflobature is different in northern, central and southern Iialy. In northern Italy, type Al (5
1o 7-lobe leaves) is prevalent; in southern Italy, type B2 (3-lobe leaves) is prevalent, in central Italy
both types are present (Tabie 9).

Leaf morphology is related to plant sex. Leaves in male plants are smaller than in female ones,
of analogous and petiolar sinus angle. Hermaphrodite plants show greater leaf size and a less open
petiolar sinus angle (Table 10).
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Fig. 5: Diagram of the discriminant analysis relative to lobature characteristics of the wild vine leaves,
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Fig. 6: Diagram of the discriminant analysis relative to shape characteristics of the wild vine leaves.
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Table 7: Discriminant analysis about lobature cluster groups

|
CANONICAL DISCRIMINANT FUNCTIONS |
|
|

PERCENT OF "GROUPED" CASES CORRECTLY CLASSIFIED : 62.3%

|

|

|

| FUNCTION | EIGENYALUE | % OF VARIANCE | CANONICAL | AFTER | D.F. | WILKS'

| i 1 | CORRELATION | FUNCTION | | LAMBDA |
I | f I | I I I
| I I ] I |9 | 0.38%*#]
| 1 | 1.44 ] 95.1 | 0.77 | 1 | 4 ] 0.93%%%|
| 2 | 0.07 ! 4.8 | 0.26 | | | |
[ | [ | { { | il
I |
| STANDARDIZED CANONICAL DISCRIMINANT FUNCTIONS COEFFICIENTS

I I
| FUNC. 1 | FUNC. 2 | |
] f I I
| SUPERIOR LOBATURE COEFF. 0.71 | 0.87 )

| MEDIAN  LOBATURE COEFF. 0.42 | -1.13 |

| INFERIOR LOBATURE COEFE. 0.07 | 0.36 | !
| ! ! 1
| |
| POOLED WITHIN - GROUPS CORRELATION BETWEEN DISCRIMINATING VARIABLES AND |
| CANONICAL DISCRIMINANT FUNCTIONS )

| FUNC. 1 | FUNC. 2 |

| | I |
| SUPERIOR LOBATURE COEFF. 0.92 | 0.35 |

| MEDIAN  LOBATURE COEFF. 0.79 | -0.59 | |
| INFERIOR LOBATURE COEFF. 0.25 | 0.07 | |
I | I il
| |
| CLASSIFICATION RESULTS |
| ACTUAL | N° OF | PREDICTED GROUP MEMBERSHIP (%) i

| GRouP | casEs | A2 | 3] | A2 | a1 |
I I | I I I I
| B2 | 779 ] 55.8 | 29,7 | 0.9 | 13.6 |
| B | 122 | 9.0 i 91.0 | 0.0 | 0.0 |
| A2 | 63 | 0.0 | 0.0 | 81.0 | 19.0 |
| A1 | 406 | 20,2 | 4.7 | 12.1 |  63.1 |
! |
| |
l 1

Seed morphology

Seed characteristics and variability are shown in Table 11. Cluster and discriminant analyses
were used in the same way as in the leafmorphology study.

Cluster analysis carried out on length, width and length/width ratio of the average seed of
each of the 30 vines of which the seeds could be measured classified the wild grapevines in three
groups (Fig. 7, Table 12): A (25 individuals) average seed type, B (2 individuals) small and round
seeds; C (3 individuals) large and long seeds.
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Table 8: Discriminant analysis about shape cluster groups

|

| FUNCTION | EIGENUALUE | % OF VARIANCE | CANONICAL | AFTER | p.F. | wiLk's |
| | | | CORRELATIION | FUNCTION | | LAMBDA |
| | [ | | 0 | 27 | 0.59%%+]
| 1 | 0.55 | 81.6 | 0.60 | 1 | 16 | 0.89%##|
| 2 | 0.08 | 12,0 | 0.27 | | | |
| { I I I I I 1
! f
| STANDARDIZED CANONICAL DISCRIMINANT FUNCTION COEFFICIENTS

| FUNC. 1 | FUNC. 2 | |
| STAND. SUPERIOR VEIN -0.18 | -0.08 | |
| STAND. MEDIAN  VEIN 0.14 | 1.64 | |
| STAND. INFERIOR VEIN -0.62 | 0.00 | |
| « ANGLE 0.47 | 0.10 | |
| B ANGLE 0.43 | 0.15 | |
[ ANGLE 0.18 | 0.44 | |
| SUPERIOR LOBE EXTENSION COEFF.-0.08 | -0.37 | |
| INFERIOR LOBE EXTENSION COEFF.-0.49 | -0.30 | |
| R COEFF, 0.03 | 1.60 | |
| [ 1 L
| |
| POOLED WITHIN-GROUPS CORRELATION BETWEEN DISCRIMINATING VARIABLES AND CANONICAL |
| DISCRIMINANT FUNCTIONS |
| FUNC. 1 | FUNC. 2 | |
| a ANGLE 0.75 | -0.26 | |
| B ANGLE 0.69 | 0.22 | |
I ANGLE 0.44 | 0.40 |

| SUPERIOR LOBE EXTENSION COEFF. 0.48 | -0.66 |

| INFERIOR LOBE EXTENSION COEFF,-0.57 | 0.02 |

| STAND. INFERIOR VEIN -0.10 | 0.32 |

| R. COEFF. -0.10 | 0.05 | |
| STAND. MEDIAN VEIN -0.15 | 0.12 | |
| STAND. SUPERIOR VEIN -0.14 | 0.31 | |
I l I L
| |
| CLASSIFICATION RESULTS |
| ACTUAL GROUP | N*® OF PREDICTED GROUP MEMBERSHIP (%) |
1 | cAsEs | D2 | D1 | c2 c1 |
| i I | ] |
| D2 | 1179 | 74.7 | 8.6 | 14.3 2.4

| ;1 | 30 | 3.3 | 96.7 | 0.0 0.0 |
| ca | 151 | 15.9 | 0.0 | 78.8 5.3

] c1 | 10 | 0.0 | 0.0 | 0.0 100.0

| I
! I

PERCENT OF "“GROUPED" CASES CORRECTLY CLASSIFIED : 75.84%
I I

Discriminant analysis (Fig. 8. Table 13) indicates the great importance of seed length in
grouping the vines. 72%of grouped cases correctly classified show a satisfactory difference
between the groups.
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Fig. 7: Dendrogram and average leaf types of the cluster analysis relative to seed morphology of the wild vines.

F2(9.7°6)

F1(90.3%)

Fig. & Diagram of the discriminant analysis relative to seed morphology of the wild vines.
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Table 9: Distribution of the four lobature cluster groups in relation to grographical location of the wild vines

| { | |

| LOCATION | N° OF | LOBATURE CLUSTER GROUP ]

| | VINES | Al ] A2 | B1 | B2 i

| I I I | I |

| NORTH | 16 | 62.4 | 18.8 | 0.0 | 18.8 |

I | I | | | I

| CENTER | 93 | 29.0 | 4.3 |11.8 | s54.9

I | | | I | I

| SOUTH | 6 | 16.7 | 0.0 | 0.0 | 83.3 |

1 I | ! | | |

Table 10: Leaf characteristics in relation to plant sex

| | | | |
| ] ANGLES | INFERIOR | MAIN |
| | | 3 | | EXTENSION | VEIN |
| | < | ¥ | COEFFICIENT | LENGTH |
| | | I I I l
| MALE | 45.1a | 47.6a | 46.9a | 1.11a | 70a
I | I | I | |
| FEMALES | 45.5a | 48.0a | 47.0a | 1.03b | 76b
I I | I I | |
| HERMAPHRODITES | 51.8b | 55.8b | 49.9b | 0.79¢ | 95¢
l | I l [ I ]

Table 11: Main characteristics of wild grapevine seeds

I | | l | |
| | AVERAGE | S.D. | MIN. | MAX. |
| 1 I ] | ]
I I I I | |
| LENGTH mm | 6.05 | 0.57 | 3.70 | 7.80 |
I | | I I |
| WIDTH mm | 4.12 ] 0.36 | 3.00 | 5.30 |
| | I | [ |
| LENGTH/WIDTH | 1.48 | 0.16 | 1.04 | 2.06 |
I | I | | ]
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Table 12: Average dimension and shape of the three seed cluster groups

111

I [

| GROUP | N° OF | LENGTH| WIDTH | LENGTH/WIDTH |

L Jcases | mwm | mm | |

I ! I | | !

| S3 | 158 | 6.96 | 4,32 | 1.61 |

I | | ! I l

| s2 | 177 | 5,06 | 3.93 | 1.29 |

A | ! | | |
! s1 | 2206 | 6.06 | 4.42 | 1.48 |
L ! | | | L
Table 13: Discriminant analysis about seed cluster groups

| i
| CANONICAL DISCRIMINANT FUNCTIONS |
l 1
| ] | | | i | |
| FUNCTION | EIGENUALUE | % OF VARIANCE | CANONICAL { AFTER | D.F. | WILK'S |
| 1 | | CORRELATIION | FUNCTION | | LAMBDA |
! I i ! i | | |
| | I | | 1 | 6 | 0.59%%+|
| 1 | 0.59 | 90.3 | 0.61 | I 2 | 0.94%%+]
| 2 | 0.06 | 9.7 ] 0.24 | | | |
l [ | | | l { L
I |
| STANDARDIZED CANONICAL DISCRIMINANT FUNCTION COEFFICIENTS
| FUNC.1 | FUNC, 2 |
| LENGTH 0.05 | -7.13 | |
| WIDTH 1.12 | 7.97 | |
| LENGTH/WIDTH 1.26 | 9.49 | |
| | | |
I |
| POOLED WITHIN - GROUPS CORRELATION BETWEEN DISCRIMINATING VARIABLES AND |
| CANONICAL DISCRIMINANT FUNCTIONS |
| FUNC,1 | FUNC, 2 |
| LENGTH 0.99 | -0.13 ! |
| LENGTH/WIDTH 0.52 | 0.08 | |
| WIDTH 0.26 | -0.09 | |
! l l |
| |
| CLASSIFICATION RESULTS |
| ACTUAL GROUP | N° OF | PREDICTED GROUP MEMBERSHIP (%) |
| | CASES | s3 | s2 | s1 [ |
! ! ! i | |
| 83 | 158 | 88.0 | 0.0 | 12.0 |
| s2 | 177 | 0.0 | 92.0 | 7.9
| s1 | 2206 | 17.5 | 12.8 | 69.7
| I
| PERCENT OF "GROUPED" CASES CORRECTLY CLASSIFIED : 72.37 |
I |
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Germplasm conservation

Germplasm collections are being established by multiplying scions from wild plants. Thanks
to the collaboration of European institutes, in these collections wild grapevines of different
European, North-African and Asiatic regions are being gathered in addition to Italian wild
grapevines (Table 14).

Table 14: Number of genotypes and vines gathered in the germpiasm collection

| | | |
| COLLECTION | GENOTYPES | VINES |
i | I |
J | I f
| SIENA | | |
| ITALIAN | 33 | 106 |
| OTHER | 36 | 160 |
I I R |
| TRENTO | | |
| ITALIAN | 48 | 90 |
| OTHER | 32 | 85 |
| | | |
Conclusion

The research studies are helping to precisely define the distribution and characteristics of wild
grapevines in Italy.

From the data obtained and the recent information from the Italian Forestry Service, we can
assert that wild vines grow all over the country from 0 1o 800 ma.s.l.

This population is dioecious (male/female = 1.8) with few (2.0 %) hermaphrodite examples.

The leaves generally have 3 lobes (57 %) but 5 1o 7-lobe (36 %) and non-lobed (8.9 %) plants
exist. Lower variability exists with regard to leaf shape: 86.1 % of the vines were classified in the
same cluster group.

Due 1o the increase in sampled vines, the differences between the leaves of male and female
plants have become less important with respect to our previous observations (Scienza er al. 1988);
instead, the differences between the leaves of hermaphrodite and unisexual plants have been
confirmed.

The study of seed morphology has classified the plants into three groups, one of which is very
numerous (83.3 %).

Investigations on the unvisited sites should confirm these results.

Furthering leaf and seed morphology studies will compare wild and cultivated plants. The
germplasm collection will be useful for the comparison.
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Vitis vinifera - a chemotaxonomic approach:
Pollen wall proteins

G. Tepesco, G. CARGNELLO, E. Zaxarping, P, ViLLa, F. Manint and E. Gianazza

Dipartimento di Biologia Luigi Gorini, Sezione di Botanica Sistematica, Universita degli Studi,
Via Celoria 26, 1-20133 Milano, Italy

Summary: The electrophoretic patiern of the pollen wall proteins from clones of cv. Nebbiolo grown in
different areas show a geographical clustering. Vermentino, Pigato and Favorita are found virtually identical both
by morphological and biochemical criteria.

Key words: pollen, cell wall, protein, Vitis vinifera, variety of vine, clone, ampelography, Italy.

Introduction

Pollen wall proteins as extracted by 0.2 M glycine give on pH 3.5-10 focusing range complex
banding patterns with tens of components clustered in the acidic to neutral portion of the gradient
(CarcNELLO er al. 1988). For cvs Cabernet and Merlot, the IEF pattern has been shown to be
specific to individual clones and independent from the environment as well as from the growing
conditions (CarGNELLO er al. 1988; Tepesco er al. 1989). The above approach was thus applied
when addressing two problems in Vitis sysiematics.

Materials and Methods

For each sample 0.2 M glycine buffer extracts were obtained with 1:20 (w/v) ratio and
adjusted to ca. 20-30 pg/lane.

Isoelectric focusing under native conditions of the pollen wall extracts was performed on a
non-linear pH 3.5-10 gradient. Proteins were stained with silver nitrate according to MErrIL ef al.
(1981). Zymograms were developed for esterase (Coates er al. 1975), phosphoglucomutase
(SPENCER et al. 1964), acid phosphatase (SwarLow and Harris 1972), alcohol dehydrogenase
(Smrtx er al. 1971) and peroxidase (Takera 1987).

After reduction with 2-mercaptoethanol, the subunits of the storage protein from the seed
endosperm were resolved on a pH 4-6 gradient in presence of § M urea (Gianazza et al. 1989).

Results

Cultivar Nebbiolo is widely grown in the north-eastern part of Italy (Piemonte through
Lombardia). When the banding patterns of the pollen wall proteins for clones from different areas
were compared, a geographical clustering was obvious: Sassella, Valgella and Inferno from
Valtellina gave identical bands, as did Bolla, Michet, Lampia and Rosé from Asti. Grumello was
found to be more similar 1o the former group. Gattinara to the latter (Fig.1). The same
relationships were observed when the subunits of the seed storage proteins were analyzed by IEF in
presence of § M urea after reduction with 2-mercaptoethanol (Fig. 2).

Cvs Vermentino, Pigato and Favorita are not easily distinguished by ampelographic criteria.
Likewise, the banding patterns of their pollen wall proteins are very similar, with some quantitative
variations only for the minor components (Fig. 3 A). Virtually identical results for the three samples
are also obtained for the seed components — storage proteins (Fig. 3 B) as well as a number of
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Fig. 1: IEF pattern of the pollen wall proteins 0 a non-linear pH gradient (range 3.5-10) under native conditions.

Samples: Nebbiolo cultivars, Sassella (S), Valgelia (V), Inferno (1), Grumello (GR), Gattinara (GA), Bolla (B),
Rosé (R), Lampia (L), Michet (M), Barolo (BA). — A) Original gel. B) Schematic drawing.

1

enzymes (Fig. 3 C-G). These findings are in agreement with the hypothesis that the three clones do
not correspond to distinct cultivars but to different names given to a single cultivar in different
areas.
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Fig. 2: IEF pattern of the subunits of pollen wall proteins on a non-linear pH gradient (range 3.5-10) in 8 M urea.
Sample abbreviations as in Fig. 1. — A) Original gel. B) Schematic drawing.
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Fig. 3: Samples: Favorita (F), Pigato (P), Vermentino (V). ~ A) IEF pattern of the pollen wall proteins on a non-

linear pH gradient (range 3.5-10). = B) IEF pattern of the subunits of seed proteins on a non-linear pH gradient

(range 4-6) in 8 M urea. — C-G) IEF pattern of isoenzymes for seed extracts: C) Alcohol dehydrogenase (ADH)

on pH range 4-10. d) Esterase (EST) on pH range 4-10. E) Acid phosphatase (ACP) on pH range 4.5-7.

F) Peroxidase (POD) on pH range 4-10. G) Phosphoglucomutase (PGluM) on pH range 4-10. (Continued
overleaf)
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Fig. 3 (continued)
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Vitis vinifera - a chemotaxonomic approach:
Anthocyanins in the skin
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Summary: The gaining of new knowledge about varietal differences in grapevines can be useful for the
designing of genetic improvement programs. More and more, chemical methods complement ampelographic
ones in the study of variability in grapevines.

This work is aimed at the anthocyanin profiling of red-coloured grapes, of which ca. 120 cultivars were
sampled; among these there were a high number of old ltalian vines and.30 Vitis vinifera ssp. silvestris
originating from different areas of Italy. Anthocyanins were HPLC separated and quantified with the aid of an
inverse phase microbore column and a photodiode detector.

Grapevines were numerically separated in groups using as indexes the percentage of the 5 monoglucosides
present, the summations of: acetic esters; malvidin-3-monoglucoside-caffeoate plus all 5 p-coumaric esters; as
well as a series of relations correlated to certain enzymatic activities necessary for the esterification of glucosides,
hydroxylation and methylation in the biosynthesis of several anthocyanins. Data derived from the study of
indexes of varietal enzymatic activity enable us to qualify differences berween grapevines linked to the synthesis
of anthocyanins. The stability of anthocyanic profiles within the same grape variety enables the use of this
technique for taxonomic purposes. This research study discusses the use of this technique for classification and
analysis of grape phylogenesis. An in-depth look into the relations between cultivated and wild varieties is given.

Key words: Vits vinifera, variety of vine, Italy, berry, skin, anthocyanin, glucoside, ester, analysis,
statistics, ampelography, taxonomy.

Introduction

Wurr and Nacer (1978) developed the first method of separation of pigments in Cabernet
Sauvignon grapes skin by means of high pressure liquid chromatography (HPLC). Since then,
anthocyanins analysis proved to be useful in grapevine classification and chemotaxonomy.

The technique has been improved further, as shown by several studies on the gaining of the
first analytical data (PierGrovaxst and VoroxTerio 1981; Di Sterano and Corino 1984; BAKKER
and TrMBeERLAKE 1985) and also on the interpretation of anthocyanin metabolism (RoGGero ef al.
1986; Darxz 1988 b).

The strong discriminating power of this technique was demonsirated by the first
classifications, based on direct observation of chromatograms or parts of chromatograms: groups
were assembled according 1o similarity of monoglucoside profiles (WexzeL er al. 1987).

Some of the studies were aimed at developing statistical procedures, in order to obtain more
complete and systematic utilization of the data derived from analysis of grape skin anthocyanins
and of the individuation of the variables-set more suitable to these purposes (Sciexza er al. 1985;
Roceeroer al. 1988).

From these works the unanimous opinion that the anthocvanin profile of grape skins can
complement ampelographic methods in the study of grapevine variability was derived. This
knowledge can be very useful for the development of genetic improvement programs.
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Lately, an analogous application was suggested for anthocyanins of leaves of Fitis genus and
Vitis vinifera varieties (Dar~g 1988 a; Darxe et GLories 1988).

In Italy, at S. Michele Institute, a darabank containing analvses of skin anthocyanins of many
grape varieties was constituted and these data were used for chemotaxonomic and phylogenetic
studies on some red-coloured grapes typical of Trentino Alto-Adige (Scienzaer al. 1989).

This report is aimed at the presentation of the analytic and methodologic work on which the
classification technique is based.

For a further examination of the taxonomic and phylogenetic implications of this report, and
of its connections with other chemotaxonomic techniques, please refer to other parts of this
research work (Scienza et al, 1989).

Materials and methods

In order to obtain a classification of anthocyanins we sampled technologically ripe grapes
from approx. 120 varieties (Table 1). The samples were chosen among the most significant varieties
from the taxonomic point of view, and they inciuded a high percentage of old Italian vines. Approx.
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Fig. 1: Chromatographic patterns of grape skin anthocyanins of some cultivars. Time as min; 1 = delphinidin-3-
glucoside, 2 = cyanidin-3-glucoside, 3 = petunidin-ﬁ-glucoside. 4 - peonidin-3-glucoside, 5 = malvidin-3-
glucoside, 6-10 = (1-5)-acetates, 11-14 = (1-5)-p-coumarates.
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30 V. vinifera ssp. silvestris grapevines originating from various ltalien regions were also sampled.
We studied a total number of 500 samples harvested in the years 1986, 1987 and 1988 primarily
from North Iialian ampelographic collections. Some samples were taken directly from country
vineyards.

These samples were subjected to spectrophotometric detérmination of total skin
anthocyanins, and anthocyanins were HPLC separated and quantified.

The skins of 20 frozen berries were extracted in two phases for 12 h with 100 and 50 m] of
methyl alcohol, HC1 0.1 %. The extract was evaporated to dryness in a rotary evaporator at 36 °C
and redissolved with a solution suitable for injection in HPLC.

The determination of total anthocyanins was made spectrophotometrically at 520 nm, with
the method based on differences in pH.

The separation of single anthocyanins was made by means of gradient elutions using a
chromatograph Hewlett Packard 1090M with diode-array detector HP 1040 and column type
C18 Hypersil ODS (5 um, 200 x 2.1 mm). Eluants were: A = perchloric acid 0.3 %, B = methanol.
Identification was made according to retention times and UV-VIS spectra of each peak.
Quantification was made on areas at 520 nm (Fig. 1).

Data thus obtained were statistically processed using the statistic package SPSS-X.

Results and discussion

A classification of cultivated varieties was thus obtained; as a second step we also evaluated
the resemblance of wild varieties to cultivated ones.

1.

16

6

Fig. 2: Classification of cultivated varieties obtained by cluster analysis.
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Table 1: List of varieties subjected to the present classification. They are divided into groups according to results
of cluster analysis

GROUP 0: Pinot nero, Pinot grigio,
Pinot*Dekrot, Pinot tete de negre.

GROUP 1l-a: Ancellotta, Barbera, Bombino,
Braubana, Cabernet franc, Cabernet sauvignon,
Cabrusina, Codelonghe, Colorino pisano, Croatina,
Fortana, Fumat, Fumin, Givan, Lagrein, Lambrusco di
Sorbara, Lambrusco grasparossa, Lambrusco maestri,
Lambrusco salamino, Malbo gentile, Malvasia di Casorzo,
Malvasia nera di Lecce, Malvasia nera di ' Pisa,
Mariabino, Marzemino, Merlot, Negrat, Nera grossa,
Petit Verdot, Refoscone, Ribolla nera, Teroldego, Vien
de nus, 107-2 (Merlot x Marzemino), 107-3 (Merlot X
Marzemino), 95-3(Cab.Franc X Merlot).

GROUP 1-b: Aleatico, Bonamico, Burghisana,
Canaiolo, Cesanese conune, Ciliegiolo, Coclorino,
Corvina, Fortana nera (Brugnola), Gamay, Grillone,
Kolor, Lambruscce di Alessandria, Lambrusco marani,
Moscato violetto, Mourvedre, Negrara,
Neyret, Pomela schiava, Rafosal, Rondinella,

Rossara, Uvarosa, 200-496.

GROUP 2: Aglianico, Albanina, Aramon,
Balsamina, Canena, Cornacchia, Groppello ruberti,
Malbech, Negretto, Pavana, Schiava 1lombarda, Syrah,
Tosca, Turca, Incrocio Bruni 147.

Moscato rosa, Muscat rouge, Nebbiolo, Schiava gentile,
Schiava grossa, Trollingher.
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GROUP 3: Bonarda, Brugnola, Casetta, !

Corvino, Cuneute, Denela, Dindarella, Forgiarin, |

Jagodinka, Lambrusco oliva, Molinara, Oseleta, Pelara, |
Picolit nero, Pignul, Quaiara, Rossetta di montagna,

Rossiola, Simesara, Sangicvese (Brunello), Sangiovese |

(Prugnolo), Sangiovese (Chianti g.n.), Sangiovese !

{Chianti p.), Uva d'oro, Vercluna. !

1

)

GROUP 4: Cianorie, Colorino di Lucca, Foglia !

frastagliata, Forselina, Groppello, Malvasia nera di |

Brindisi, Rossignola. {

H

1]

GROUP 5: Dekrot, Tocai rosa. !

P J

!

GROUP 6: Mammolo pisano, Moscato d'Adda, |

I

\

|

J

]

i

|

J

GROUP 7: Tenerone.

Among the varieties studied. the Pinot group was singled out as the only one different from the
qualitative point of view, as this cultivar lacks esterificated anthocyanins. For this reason, this
variety was not included in further elaborations.
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We obtained a mean anthocvanic profile for every grapevine variety from which we had
available analyses over different years, origins and clones.

These data were processed in order to make a research on typologies. Classification was
obtained by means of cluster analysis, following the method ‘average linkage between groups'. As
to the proximity measures, we used the squares of Euclidean distances.

The cultivars were thus divided into 7 groups. Their classification obtained is shownin Table 1
and in the corresponding dendrogram (Fig. 2).

¢ O0SHOHA 8
|I||||I|l .
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represents one cultivar.

Fig. 3: Subdivision of cultivated varieties into 7 groups by means of discriminant analysis. Each symbol
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NO. OF
ACTUAL GROUP CASES
GROUP 1 - 170
QRQOUP 2 17
OROUP 3 219
GROUP 4 13
QROUP 3 2
QROUP ) 10
GROUP 7 1
PERCENT OF “GROUPED"

Table 3: Classification results for cases not selected for use in the analysis
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1 2 3 4
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CASES CORRECTLY CLASSIFIED: 89.58%
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The subdivision into groups obtained in this way was further confirmed by discriminant
analysis. The discriminant analysis was carried out following the ‘stepwise’ method based on Wilks’
lambda; we used the seven parameters formerly used for the cluster analysis. With this method we
obtained six linear canonic discriminant functions. Some of the most important characteristics of
this elaboration are reported in Table 2:

The first three functions can account for 97.6 % of total variance. The first discriminant
function (F1) accounts for 72.6 % of variance and is well correlated (0.632) to peonidin-3-
monoglucoside.

The second discriminant function (F2) explains 17.1 % of variance, and is inversely correlated
(-0.821) to cvanidin-3-monoglucoside.

The third function (F3) explains 7.9 % of variance and is inverselv correlated (-0.651) 1o the
summation of p-coumaric esters.

The six canonic discriminant functions thus obtained confirm 95.8 % (i. e. in 113 cases out of
118) of the subdivision obtained using cluster analysis.

The distribution of the cultivars in the space defined by the first three canonic discriminant
functions is shown in Fig. 3.

The classification of the 118 cultivars into 7 groups explained above was obtained using mean
anthocyanin profiles. We decided to evaluate reliability of these results by assigning the 432
samples stored in our databank to these seven groups. The division into seven typologies was
confirmed in 89.6 % of the cases (i. e. in 387 cases out 0of432), as shown in Table 3.

Table 4: Mean composition parameters of Sangiovese grapes sampled in the years 1987 and 1988 in different
areas of Tuscany. The single anthocyanins are expressed as percentage areas at 520 nm: the total anthocyanins
appear as malvidin diglucoside chloride (mg/100 g of grapes)

{ BRUNELLO (N=53) ! PRUGNOLO (N=46)

Mean Standard .

Conc. Deviation

Parameter ! Mean Standard
{ Conc. Deviation

00.21 00.08
01.35 00.64
126.0 89.1

00.22 00.07
01.41 00.62
50.9 12.6

Sum acet.
Sum coumn.
Total conc.

‘ :
] 1
H i
! |
i H
H H
{ Dp 1 11.22 3.13 i1 13.54 3.42 i
i Cy 1 21.82 6.28 ! 18.92 5.31 H
i Pt 112,99 2.42 i 15.15 2.66 i
i Pn i 18.63 5.21 i 14.66 4.94 H
T Mv ! 33.74 7.83 i 36.19 6.03 H
i Sum acet. i 00.28 0.10 1 00.26 0.10 |
i Sum coun. i 01.24 0.45 i 01.21 00.27 H
i Total conc. i 110.4 66.9 v 132.0 81.2 :
) i
i ]
1 i CHIANTI P. (N=26) | CHIANTI G.N. (N=67) |
1 1
] 1
i Parameter { Mean Standard | Mean Standard 1
H i Conc. Deviation | Conc. Deviation !
1] ]
] ]
i Dp it 12.40 2.22 1 11.83 3.29 H
i1 Cy i 18.88 4.18 i 18.10 7.05 J
i Pt { 14.60 1.51 i 14.08 2.14 1
i Pn ! 15.85 2.73 i 15.79 3.61 i
! Mv ! 36.59 6.54 i 38.58 11.01 H
H i i H
| H i i
] ! ' i
1 J
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This outcome proved that classification obtained through mean anthocyanin profiles is
sufficiently valid even for identification of single samples.

A distinguishing characteristic of each cultivar is the variability of anthocyanin profiles
between individual samples. In order to illustrate this difference in behaviour, we show in Fig. 4 the
classification of 63 samples belonging to the Teroldego variety (this grapevine is cultivated in a
circumscribed and homogeneous area) and 194 samples of Sangiovese (cultivated in an area much
wider both from the geographical and climatic point of view). This figure clearly shows that the
variability range of Sangiovese is much wider than that of Teroldego.

?

19.50

T."ﬂdlﬂo -15b

-41.5

-1

Fig. 4: Variability range of anthocyanin profiles of cvs Sangiovese and Teroldego. F1, F2 and F3 are the first
three discriminant functions utilized for classification of cultivated varieties
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Table 4 shows how a sufficiently high number of samples can lead to average anthocyanin
profiles extremely similar even when working on different clones of the same cultivar. This table
refers to Sangiovese grapes sampled in the vears 1987 and 1988 in different areas of Tuscany. This
grape underwent various selections over the vears, which resulted in a remarkable polymorphism
and 1o the consequent attribution of different names (Brunello, Montepulciano, Prugnolo,
Sangiovese, Sangioveto).

. 1o

] 1-s

GROUPS

F1
Fig. 5: Separation of groups 1-a and 1-b by means of linear discriminant analysis.
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The similarity of these samples is such that they have been assigned 1o the same group (No. 3},
asshown in Table 1, and in the cluster analysis of mean profiles these cultivars are placed as nearest
neighbours.

Further subdivision can be obtained by studying the groups singled out one by one.

For example, a cluster analysis was performed on the cultivars belonging to group No. 1, the
largest among the 8 groups identified so far (7 plus Pinot).

We were able 1o further divide this group into two sub-groups, shown in Table 1 wiih the -
codes 1-a and 1-b. Discriminant analysis of these two sub-groups resulted in a correct classification
in97.7 % of the samples (1. €. 166 oui of 170), as shown in Fig, 5.

13.50

-11.5

cultivated varieties.

1

Fig. 6: Distribution of Vitis vinifera ssp. silvestris samples originating from various Italian regions in the space

defined by the first three discriminant functions. The functions are the same as utilized for classification of
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Vitis vinifera ssp. silvestris

The analysis of anthocyanins in wild grape samples originating from different areas of Italy
revealed a wide range of anthocyanic profiles. At present, not the whole range shown in cultivated
varieties is covered by wild varieties, but this is probably due to the fact that the number of wild
samples examined is considerably lower than that of cultivated ones.

47 samples coming from 30 V. vinifera ssp. silvestris were plotted within the space defined
from the three canonic discriminant functions previously calculated. Their distribution covers a
considerable space, as shown in Fig. 6.

Conclusions

This research on anthocyanin profiles of approx. 500 samples belonging to about 120
cultivated varieties and 30 V. vinifera ssp. silvestris resulted in a subdivision of samples into
G groups.

The utilization of percentages (instead of absolute quantities) reduces the influence of
variability due 10 phenotype on classification {synthesis of different absolute quantities connected
toripening phase and year).

The utilization of percentages also allows a better verification of similarities between varieties
belonging to the same family, often very different from one another as far as the absolute quantities
of anthocyanins are concerned, but with similar profiles (see Moscati).

The seven variables suggested are homogeneous and consequently a standardization is not
necessary. This procedure allows avoidance of possible loss of information consequent to
standardization. ,

In Table 5 the mean composition of the parameters of the groups studied is shown. In this
table, besides the percentage composition and the total anthocyanins, a series of relations
supposed to be correlated to certain enzymatic activities necessary for the esterification of
glucosides (Ratio 2 and Ratio §), hydroxylation (Ratio 1) and methylation (Ratio 3 and Ratio 4) in
the biosynthesis of several anthocyanins are shown.

These relations, within each one of the 9 typologies. show a dispersion of values higher than
that of the initial concentrations from which they derived, depending on the way groups were
constituted.

It can be clearly seen that the two ‘methylation indexes’ of tri- and di-substituted, although
they have different absolute values, are generally covariant.

The formation of acetic esters and p-coumaric esters seems 1o be independent from one
another, as can be inferred from the remarkable variability of the ratio between the two esters
(Ratio 2).

The examination of the values of the variables peonidin-3-monoglucoside, cyanidin-3-
monoglucoside and summation of p-coumaric esters shows the strong correlation between these
factors and our first three discriminant functions, and consequently their importance as’
differentiating factors.
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Table 5: Mean composition parameters of the groups. The single anthocyanins are expressed as percentage areas
at 520 nm; the total anthocyanins appear as malvidin-diglucoside chloride {mg/ 100 g of grapes)

t 1
! ! GROUP 0 (N=4) ! GOUP 1-a (N=36) !
) ]
) )
{ Parameter ! Mean Std. Notes | Mean Std. Notes |
H { Conc. Dev. { Conc. Dev. H
[ = 1
1 . i
i Dp ! 03.16 1.08 1 14.34 3.75 (++) |
{ Cy 1 02.09 0.83 (-) 1. 03.66 1.93 |
HE 4 4 ! 05.12 1.37 P 11,53 2.91  (++} i
i Pn i 35,07 10.31 (+) i 08.57 3.95 (=) i
I Mv ! 54.55 11.00 (++) | 38.45 4.05 i
i Sum acet, 1 00.00 {--=-) | 08.%0 5.04 (+++) |
{ Sum coum. i 00.00 {(——=) | 14.17 4.12 (+} H
| Total conc. | 106.% 94.1 1 214.7 101.90 i
! Ratio 1 ! | i
I (tri) /(di) i 01.94 1.13 ! 06.51 3.37 (+) '
{ Ratio 2 H | }
I {Acet/Coum.) | *xx=x xxx 1 00.68 0.47 {(4++) |
{ PRatio 3 H H H
i {Mv/Dp) i 18.16 8.28 (++) | 02.94 1.08 (-) {
{ Ratio 4 J H ;
! {Pn/Cy) 1 17.75 3.73 {(++) | 2.68 1.20 (=) !
! Ratio 5 H : :
| {Esters/Free)i 00.00 0.00 ({(---) | 00.31 0.13 (++) i
i 1
! ! GROUP 1-b (N=24) | GROUP 2 (N=15) H
4 1
1] +
! Parameter \ Mean Std. Notes | Mean Std. Notes |
1 { Conc. Dev. ! Conc. Dev. |
i 3
H i
i Dp i 05.56 2.28 ! 04.55 2.02 H
| Cy i 02.95 1.83 i 00.63 0.22 (--} !
! Pt 1 06.77 2.73 ! 05.78 2.14 !
i Pn i 19.09 6.51 1 04.60 1.66 (-==--) |
i My ! 48.49 4.93 (+) ! 43.88 6.98 H
!} Sum acet. 1 02.75 2.37 ! 06.49 3.36 (++) H
! Sum coumar. | 13.65 5,13 ! 32.62 T7.50 (+++)} |
! Total conc. | 096.7 68.4 1 106.6 77.4 !
! Ratio 1 ! H H
P ({eri)/ (di) ! 03.08 1.19 {1 11.36 3.85 (++) H
{ Ratio 2 { H H
! (Acet/Coum.} | 00.20 0.16 i 00.21 0.12 (=--) i
{ Ratio 3 ! | !
{ {(Mv/Dp) i 10.64 5.43 1 11.74 6.12 H
{ Ratio 4 H H H
{ (Pn/Cy) i 08.28 5.53 ! 07.84 2.83 i
{ Ratio 5 H i H
Lr(ssters/Free)i 00.20 0.09 | 00.69 0.22 (+++) j

(Continued overleaf)
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Table 5 (continued)
' { GROUP 3 (N=25) | GROUP 4 (N=7) I
] 1
i Parameter { Mean Std. Notes | Mean Std. Notes |
! | Conc. Dev. ! Conc. Dev. '
{ Dp i 16.14 5.07 (+++) | 07.41 3.64 (-) !
! Cy i 14.33 6.39 {++) '} 09.73 4.37 (+) |
! Pt 112,32 2.32 (+++) |} 06.57 2.43 (-) H
'\ Pn i1 18.77 5.13 ! 38.19 5.63 (++) !
I Mv i 28.28 6.99 1 27.06 4.76 (-) H
! Sum acet. ! 03.64 3.56 (+) ! 02.22 1.46 ' !
! Sum coumar. ! 06.26 2.97 ! 08.47 2.88 H
{ Total conc. t 167.6 123.3 1 124.4 90.3 i
! Ratio 1 1 H H
! (tri)/(d4i) t 01.84 0.58 i 00.87 0.18 (-) i
! Ratio 2 t H |
! (Acet/Coum.) | 00.55 0.48 (++) 1 00.28 0.18 (+) |
{ Ratio 3 H H !
i (Mv/Dp) ! 02.00 0.93 (--) | 05.90 6.77 :
! Ratio 4 1 H )
{ (Pn/Cy) v 01.77 1.32 (--) | 06.75 8.57 !
! Ratio 5 | H i
| (Esters/Free)j 00.11 0.07 ! 00.12 0.04 ]
] ]
! ! GROUP 5 (N=2) ! GROUP 6 (N=8) !
! ]
L} 1
| Parameter i Mean Std. Notes | Mean Std. Notes !
| { Conc. Dev. ! Conc. Dev. H
] 1
i Dp ! 02.27 0.44 (--) { 01.55 0.98 (-—-) |
{ Cy i 00.39 0.20 (---) | 07.99 3.86 H
! Pt i 03.91 0.56 (--) 1 03.03 1.30 (---)
i\ Pn ! 07.48 4.69 (--) | 62.54 6.78 (+++) |
I Mv ! 68.20 1.19 (+++) | 18.00 8.85 (--) ;
{ Sum acet. i 01.36 0.65 (-} { 01.42 1.05 i
! Sum coumar. | 15.68 3.77 (++) | 05.23 2.34 (=) H
{ Total conc. i 105.8 92.5 i 052.2 34.2 !
! Ratio 1 ! H H
! (tri)/(4i) 1 11.73 7.31 (+++) | 00.33 0.16 (---} |
! Ratio 2 ! ! i
! (Acet/Coum.) | 00.08 0.02 (---) | 00.24 0.16 |
! Ratio 3 ! ! H
! (Mv/Dp) ! 30.67 6.45 (+++4) | 13.72 6.58 (+) !
i Ratio 4 } ! H
{ (Pn/Cy) ! 18.50 2.63 (+++) | 10.39 6.39 (+) H
{ Ratio 5 ! i H
i (Esters/Free)! 00.21 0.07 (+) ! 00.07 0.04 (-) i

(Continued overleaf)
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Table 5 {continued)

! GROUP 7 (N=1} H

Parameter } Mean Std. Notes
! Conc. Dev.

| |
} '
; ;
! i
} i
{ Dp ! 13.28 {+) H H
i Cy i 47.50 (+++) | ;
i Pt 1 09.09 (+) ! 1
i Pn i 15.65 H i
I My ! 13.10 (=—=) 1 !
! Sum acet. 1 00.24 (--) | i
{ Sum coumar. |} 01.10 {(--) i :
{ Total conc. ! 020.8 H i
{ Ratio 1 H ; !
i {tri}/ (41} i 00.56 {(--} 1 ;
! Ratio 2 { ! '
! {Acet/Coum.) | 00.22 {-} ! ;
! Ratio 3 H H !
1 (Mv/Dp) 1 00.99 (===) | i
! Ratio 4 H H H
i {(Pn/Cy) ! 00.33 {(--=} | H
! Ratio 5 H H H
{ (Esters/Free}} 00.01 (--} 1 ;
i,
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Inheritance of isoenzymes and soluble proteins in grape varieties
and F, hybrids

P.Kozma '), A. H. NaGy ?) and O. Junasz })

") Department of Viticuiture, University of Horticulture and Food Industry, Budapest, Hungary
%) Department of Genetics, Estvs Lorand University, Budapest, Hungary

Summary: The aim or our experiments was to verifv the existence of a genetically interpretable
molecular polymorphism in several grape varieties and their F_hybrids, which we can employ for genetical and
ampelographical characterization. In addition, we also programmed the progress of investigation methods.

The authors present protein and enzyme analysis of two pairs of parents, Pearl of Csaba x S.V. 12375 and
Saperavi x Blaufrinkisch, and of ten other cultivars and several F progenies,

The best experimental results for genetic markers can be gained when shoot and calius samples are
collected at the end of winter, in February, at the same time, Spring shoot collection is less effective because of
high chlorophyli contents, and must and wine samples are less suitable due 1o their microbial contamination.

The esterase enzyme group gives well reproducible, characteristically differentiated patterns. The enzyme
patterns of parental varieties typically segregate in individual progenies, hence they prove to be good markers.

Key words: genetics, ampelography, protein, enzyme, analysis, variety of vine, hybrid, Hungary,
shoot, callus, must, wine.

Introduction

After developing investigation methods for plant proteins and enzymes in the last two
decades, these methods are widely used for the ampelographical and genetical characterization
and segregation of grape varieties. The proteins and isoenzymes are the most acceptable and
simple gene markers which are co-dominant in hereditary processes.

For the analysis of protein and enzyime samples in the grape, leaves (ScHAEFER 1969, 1970,
Worre 1976; Dar BELix Perurro ef al. 1981; FarLoT et al. 1985: ArcLsekar and Parrirt 1986;
Benin er al. 1988), pollen grains (Samaax and WarLace 1981; Loukas et al. 1983; STAVRAKAKIS
and Loukas 1983; CaraxeLLo et al. 1988), shoots (Suspex et al. 1987), internodal phioem of
shoots (Bacumanx and BLarcu 1988), juice of berry (DrawerT and Gorc 1974; Correa et al.
1988) have been used. From the samples, proteins and enzymes were separated and determined
with gel electrophoresis and isoelectronic focusing methods. Among enzymes, d-esterase, acidic
phosphatase, glutamate-oxaloacetate transaminase, catechol oxydase, phenol oxydase,
indophenol oxydase. leucine aminopeptidase, alcohol dehydrogenase, peroxydases, etc. have been
detected.

The results of our experiments made possible ampelographical and genetical characterization
of a great number of grape varieties.

Materials and methods

The experiments were carried out in 1987 and 1988. Qur task was to resolve protein and
enzyme analysis first on several typical grape varieties of three convarietates of Viris vinjfera L. and
next on parental varieties of two hybrid families and their F | progenies. We also decided to detect
genetically interpretable molecular polymorphisim.
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Grapevine material

Vitis silvestris GMEL .

convarietas occidentalis: convarietas pontica:
Pinotgris B. 10 Noble Furmint
Welschriesling B.20 Noble Kadarka
Traminer convarietas orientalis:
Miiller-Thurgau Chasselas blanc

Afuz Ali

Other varieties:

S.V.18315

Berlandieri x Ripana T 5C
CsFT 3166 (composed species hybrid)

Hybrid families:
S.V.12375 x Pearl of Csaba (KozmaP.)  Saperavi x Blaufrinkisch (= Limberger)
CsFT 175 (KozmaP.)
CsFT 194 CsV463
CsFT 195 CsV 3525
CsV 528
Pearl of Zala (Csizmazia, BEREZNAI) Hindognii x Blaufrankisch (KozmaP.)
CsV420
Sampling

In 1987 the following samples were used: at the end of winter, shoots from field-grown vine-
stocks; shoots collected in June; in the autumn freshly made and preserved must; in March
fermented new wine. Shoots were collected on 6th November, 1987; 6th February, 9th March,
11th April, 1988. Two-bud cuttings of the latter sample were sprouted at 26 °C and fresh callus
tissues were also used.

Extraction

a) Shoots deep-frozen at -30 °C, vine-stocks and callus tissues derived from them were sliced
into 5 mm pieces and broken in a special disc grinder. Extraction buffer solutions coded to below
0 °C were added at concentrations of 1 : 5 (w/v). The composition of buffers was the following:

1. 0.2 MHEPESbuffer,pH=6.5 2. 0.05MTris-HCl buffer, pH=6.5
0.02 M MgCl, 0.5 mM NaCl
1% (v/v) NP-40 2% (v/v) LiDS
0.005 M 2-mercapto-ethanol 5 % (v/v) 2-mercapto-ethanol

After blending. the mixture for enzyme detection was frozen to -20°C for 24 h and the
sampiles that contained ionic detergent were kept in water bath at 50 °C for 3 h.

The samples were then centrifuged, and after dissolving them in 20 % (v/v) saccharose they
were stored at -20 °C until electrophoresis.

b) Preparation of wine and must samples: Into 1 ml centrifuged must and wine the following
components were measured: 20 mg LiDS, 50 ml 2-mercapto-ethanol, 200 mg saccharose. "After
solution of the components, the samples were kept in water bath for 3 h at 50 °C. Afterwards the
samples were stored at -20 °C until electrophoresis.

Electrophoresis, staining

a) Separation and detection of enzymes: 8 x 8 x 0.2 cm polyacrylamide gel slabs were used.
The monomer concentration was 30 % (stock solution), the concéntration gradient of polymer was
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4-10%. Solidity pH = 6.0, separation pH = 7.0, electrode buffer: 0.01 M Tris, 0.03 M 5,5 -diethyl-
barbituric acid. The electrophoresis has run for 1.5 h at 200 V. The hydrolase activity possessing
protein components, the esterase isoenzymes, were made visible in 0.01 M phosphate buffer
(pH = 6.5) by applying «-naphtyl-acetate as substrate, and diazonium salt dye.

b) Separation of proteins on the basis of molecular weight: The separations were performed
on § x 8 x 0.2 cm polyacrylamide gel slabs. The monomer concentration was 30 % (stock solution),
the gel contained 0.2% ionic detergent (LiDS). Solidity pH=6.5, separation pH=28.9, the
composition of electrode buffer: 0.05M Tris, 0.4 M glycine, 0.1% (v/v) SDS. The relative
molecular masses were determined by paralle]l running of Pharmacia’s molmass standard. The
molecular masses of the calibration series were as follows:

Molecular mass (kD)
phosphorylase-b 94
albumine 67
ovalbumine 43
carboxylic acid anhydrase 30
trypsin inhibitor 20.1
«-lactalbumine 14.4

Results

Esterase isoenzymes of shoot samples

The enzyme patterns originated from different samples of a certain variety were the same,
consequently they can be considered as an adequate biochemical characteristic.

Fig. 1 shows enzyme patterns of the parental varieties: (1) Pearl of Csaba, (2) S. V.12375; of
their F| progenies: (3) CsFT 194, (4) CsFT 195, (5) Pearl of Zala. We could establish that parental
patterns appear in additive manner in hybrids and that hybrids also differ from each other. It is
recognizable that: 1. sample (3) (CsFT 194) is similar to sample (1) (Pearl of Csaba) in band
number; 2.the bands of S.V. 12375 sample dominate in all hybrid samples, although less
intensively, 3. the characteristic bands of Pear! of Csaba can be detected in samples (4) and (5).

Fig. 2 presents enzyme patterns from shoot samples of seven grape varieties. Significant
alterations could also be found among them. Pinot gris B. 10 (11) and Welschriesling B. 20 (12)
which belong 1o convar. occidentalis group, are characteristic of identical intensive upper (anodic)
bands, while the others are different. Noble Furmint (14) and Noble Kadarka (15) originated from
convar. pontica have both identical and divergent bands. Chasselas (13) (convar. orientalis
subconvar. caspica) has less intensively stained bands, but the pattern corresponds to (11) or more
to (12) sample. The enzyme patterns of (10) and (16) samples are markedly different from those of
the others. A possible explanation may be that these hybrids are descendants of North American
V. vinifera varieties.

Esterase isoenzymes of callus samples

Enzyme patterns of callus origin are generally more complicated, differentiated and have
more bands than those of shoot samples. But in our opinion, they are more suitable for isoenzyme
analyses, because they more accurately show the heredity of parental features in F, progenies. The
alterations among varieties and their descendants are well recognizable as is the additivity of the
markers in the hybrids.

It can be seen in Fig. 3 that the bottom and upper bands of Pear} of Csaba (1) are similar to
those of CsFT 194 (3). S.V. 12375 (2) upper band and middle band of (1) and (3) are equivalent
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Parental polypeptide components of Pearl of Csaba and S. V. 12375 hybrids in shoot extracts

Polypeptides /kD/

arent
h\yh\ Pearl of Csaba 5.V. 12375

19.8 59.5
19.2 58.5
194
18.5 31.0
- 30.5
30.5 59.5
19.8 58.5
175
19.2 —
18.5 -
30.5 59.5
19.8 58.5
Pearl of Zala
19.2 -
18.5 _

with Pear] of Zala (5) bands. Bands of Pearl of Csaba appear also in CsFT 195 (4) sample, but less
intensively.

In Fig. 4 shoot callus esterase patierns are shown from varieties Blaufrinkisch (6) and
Saperavi (7) with those of their hybrid, CsV 525 (8) and of Hindognii x Blaufrinkisch hybrid,
" CsV 420 (9). The patterns of parents are essentially different but in hybrids they appear additive.

Fig. 5 presents esterase patterns of four V. vinifera cultivars. All of them have identical and
non-identical bands.

Results of protein analyses

We separated proteins by their molecule masses isolated from shoots and calli with ionic
detergents, and investigated the protein composition of enzymatic isolates. The results of shoot
analyses in 1987 and 1988 are shown in the table and Figs. 6 and 7.

Saperavi and Blaufrankisch have easily distinguishable polypeptides of molecular masses at
58.5 and 59.0kD, respectively. In their hybrids, these two components appear in additive manner
and form two-banded patterns in the region in question, as Fig. 6 shows. This is also characteristic
of CsV 463, CsV 525 and CsV 528.
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Fig. 1: Zymogram for shoot esterases of Pearl of Csaba (1) and S.V.12375(2) parental varieties and
CsF1194 (3), CsFT 195 (4), Pearl of Zala (5) hybrids.

Fig. 2: Esterase enzymes of Pinot gris B.10(11), Welschriesling B.20(12), Chasselas(13), -Noble
Furmint (14), Noble Kadarka (15), S. V. 18315 (16) and Berlandieri x Riparia T 8B (10) shoot samples.

Fig. 3: Esterase patterns of calli from Pearl of Csaba(l) and S.V.12375(2) parental varieties and
CsFT 194 (3), CsFT 195 (4) and Pearl of Zala (5) hybrids.

Fig. 4 Esterase patterns of shoot calli from Blaufriankisch (6) and Saperavi(7) parental vareties and
CsV 525 (&) and CsV 420 (9) hybrids.

Fig. 5: Esterase patterns of shoot calli from Welschriesling (12), Chasselas (13), Noble Furmint (14) and Noble
Kadarka (15).
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Fig. 6: Polypeptide range of shoot extract from Saperavi and Blaufrinkisch varieties, as well as of their hybrids.
Fig. 7. Polypeptide range of shoot extract from Pearl of Csaba, S. V. 12375, and of their hybrids.

Fig. 8: Polypeptide patterns of Noble Furmint(14) and Noble Kadarka (15) shoots collected on
6th February (2) and 9th March (3), 1988.

Fig.9: Callus protein composition of Pearl of Csaba (1), S.V.12375(2) parents and CsFT 194 (3),
CsFT 195 (4) and Pearl of Zata (5) hybrids.

Fig. 10: Callus proteins from Vitis silvestris species (1), Pinot gris B.10 (2), Welschriesling B.20 (3), Chasselas
blanc (4), Afuz Ali(5), Noble Furmint (6), Noble Kadarka (7) varieties and S. V. 12375 (8), CsFT 3166 (9)
species hybrids.
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In the hybrid family of Pearl of Csaba x S. V. 12375 progenies (CsFT 175, 194, Pear] of Zala),
the patterns are more complicated. The differences observable among polypeptides of two varieties
appear in various degrees: some regions are similar to patterns of the one parent, some to those of
the other parent (Fig. 7, Table).

Fig. 8 shows comparative electrophorograms of protein extracts coming from shoots sampled
in February, March and April 1988. Significant differences in the polypeptide compositions are
visible between winter and spring samples with regard to the relative amount and number of
components. It can be stated therefore, that samples for characterization of some varieties, hybrid
lines, clones, etc. must be collected at identical times.

The results on soluble proteins extracted from calli are demonstrated in Fig. 9 by examination
of parents and their hybrids. In contrast with shoots, the protein range of parental calli turned to be
considerably divergent. Hybrids are also well distinguishable from each other and from parents.
Several characteristic bands of Pearl of Csaba (on upper part and lower third part of photo) come
out in progenies: most intensively in CSFT 195 and Pearl of Zala. Nevertheless, generally
S.V. 12375 is dominant.

In Fig. 10, protein patterns are seen belonging to six cultivars of V. silvestris and V. vinifera
and two species hybrids. Pinot gris (2) and Welschriesling (3) belong into convar. occidentalis,
Chasselas (4) and Afuz Ali (5) to convar. orientalis, Noble Furmint (6) and Noble Kadarka (7) to
convar. poniica. V. silvestris has alterations in 80-85 kD interval, and in a 21 kD component in
comparison to the other samples. The differences found among varieties are in number, width and
intensity of the bands.

Resulis of spring collection

The samples collected had high chlorophyll contents which may affect the method applied.
The protein ranges of green samples differ significantly from those of winter samples. It is probable
that major photosynthetic components which are present in each of green plants should also be
considered.

Polypeptide analysis of wines and musts

_ The results of our experiments indicate that the protein patterns of wine and must are
divergent from those of shoot and callus samples. Considering the existence of microbial proteins in
must and wine samples, these are less suitable for detection of varietal divergencies. For this reason,
we will review our results on this topic.

Conclusions

On the basis of our 2-year investigations we can draw the following conclusions.

1. Genetically and ampelographically useful markers can be obtained from esterase isozymes

and protein ranges from shoots and from calli originated from shoots.

Both the shoot and the calius samples result in well reproducible, characteristically different,

variety specific enzyme patterns. On zymograms, the simple and additive appearances of

parental markers can be traces in their hybrids. The 18 varieties examined show
characteristically identical and definite bands related to their-origin and taxonomic status.

3. On the basis of non-specific protein staining results, the protein patterns of shoot change very
sensitively parallel with the physiological condition of the given plant, and the differences
among varieties are less characteristic. For this reason, the method is applicable only 1o
samples collected at the same point of physiological development. As for calli, protein
composition separated by molecular mass may also be variety or clone specific.

to
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4. Foreach type of analyses in comparative studies identical sampling (e. g. timing, physiological
condition, localization on plant specimen) must be performed. Within a given time interval,
the same day and, moreover, the same time of day is important for collection of samples and,
in addition, equivalent storage conditions are also necessary. For callus samples, light and
dark periods during its culture may also be important.

5. Must and especially wine samples are less suitable for the comparison of varieties because of
microbial influences.
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The use of isozymes for characterization of Spanish
Vitis cultivars

J.M. OrTiz, H. ALTUsBE, J. R. Lissarracue and V. Sotes

Depantamento de Biologia Vegetal, E.T.S.I. Agronomos, Universidad Politécnica de Madrid,
E-28040 Madrid, Spain

Abstract: Curings and leaves from Firs cultivars were sampled and extracted in a
buffered medium throughout the growing season. From the extracts, several isozyme systems were
electrophoretically separated in polyacrylamide slab gels and stained with adequate solutions. The
isozymes studied were: catechol oxidase (CO), acid phosphatase (ACPH), esterase (EST),
peroxidase (PER), malate dehvdrogenase (MDH), glucophosphate isomerase (GPI), and
glutamate-oxaloacetate transaminase (GOT). The results of the analvsis indicate the usefulness of
isozymes for distinction among Vitis species and cultivars for the studied varieties. The utilization
of these analyses as a standard method for characterization of grape cultivars and rootstocks is
discussed.

The anthocyanins of grapevine leaves and their
taxonomic importance

G. DArxE

Université de Bordeaux I, Laboratoire de Physiologie Végétale et Ampélologie, F-33405 Talence, France

Abstract: The anthocvanin composition of red leaves of some Vitis species was
determined by HPLC at berry maturity. Chromatograms show important variations between
species:

- Aslatic species (Vitis amurensis, V. coignetiae and V. thunbergii) have a lot of cyanidin
monoglucoside (MG-Cy 2 90% of total anthocvanins). They also have diglucosides of
cyanidin and delphinidin, but no acylated anthocyanins.

~  American species (V. berlandieri, V. riparia and V. rupestris) have no anthocyanins in the
leafblade, but they have some traces of these pigments in the petioles.

- Twogroups occurin V. vinifera cultivars: The first group (Sultanine rouge, Merlot noir ...) has
a preponderance of hydroxylated anthocyanins (cyanidin and delphinidin monoglucosides)
over related methoxylated (paeonidin and malvidin monoglucosides), and has some traces of
acylated anthocyanins. The second group (Gamay Fréaux, Malbec, Cabernet Sauvignon ...)
has a preponderance of methoxylated anthocyanins over related hydroxylated, and large
amounts of acylated anthocyvanins.
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Plant breeders’ rights for vine varieties based on the
International Convention for the Protection of New Varieties of
Plants

R. BECHER

Bundessortenamt, Priifstelle HaBloch, Neustadter Strafle 42, D-6733 Haflloch, F. R. Germany

Summary: Plant breeders’ rights offer an economic stimulant for the creation of new and improved
varieties. Only the holder of the right is authorized to commercialize the protected variety. The UPOV Convention
contains the necessary rules for the grant of protection. The following conditions must be fulfilled before plant
breeders’ rights can be granted: distinctness, homogeneity, stability, novelty and an acceptable variety
denomination. At present is is being discussed as to how far the new developments in plant breeding, especially
in biotechnology, necessitate a revision of the UPOV Convention.

Key words: law, plant breeders’ rights, UPOV Convention, variety of vine, characteristic,
distinctness, homogeneity, stability, novelty, variety denomination, biotechnology, patent.

Introduction

Itis a well known fact that man'’s food supply and farmer's operating income depend to a high
degree on plant breeder's efficiency. But the creation of new varieties of plants requires
considerable investment in qualified staff, suitable fields. buildings and technical equipment.
Therefore, plant breeding can only be economically interesting for a breeder if the
commercialization of a new variety depends on his prior authorization in such a way that he can get
the remuneration necessary for further investments.

Based on this background, in 1961 the International Convention for the Protection of New
Varieties of Plants was created. The purpose of the Convention is to recognize and ensure the
proprietary right of plant breeders which is clearly defined in the rules of the Convention. Today 18
states of all five continents apply the rules of the Convention. These states form the International
Union for the Protection of New Varieties of Plants (UPOV).

Rules of the Convention
With regard to vine varieties the following rules of the UPOV Convention are important:

1.- Itis immaterial whether a variety is the result of systematic breeding activities or it is a mutant of
an existing variety which has been discovered. In principle all genera and species of plants fall under
the rules of the Convention.

2.~ The prior authorization of the holder of the right is required before propagating material of a
protecied variety can be produced for the purpose of commercial marketing, offered for sale or
marketed. .

3.- No authorization of the holder of the right is required if his protected variety is used as a basic
source for the creation of a new variety (breeder's privilege). However, such authorization is
required when, for instance, the repeated use of a protected inbred line is necessary for the
commercial production of a hybrid, e. g. maize or sunflower.

4.~ The minimum period of protection for grapevine varieties lasts 18 years. In the Federal
Republic of Germany the right is granted for 30 years. No prolongation is possible.
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5.- Conditions required for plant breeders’ rights

5.1 Test for distinctness, homogeneity and stability

Each new grapevine variety has to undergo a test for distinctness, homogeneity and stability.
In the Federal Republic of Germany this test is conducted at a testing station of the
Bundessortenamt in Neustadt-MuBlbach. At least 2 years of observation on fully developed plants
are necessary to test grapevine or rootstock varieties. 24 or 20 plants, respectively, are needed for
the examinations. In the Federal Republic of Germany all grapevine varieties protected or
registered in the variety list or already in test serve as a reference collection.

Distinctness, homogeneity and stability are judged by characteristics which are coded in up to
9 different states of expression in order to facilitate data processing and international
communication. In cooperation with professional organizations and experienced scientists UPOV
has established test guidelines for grapevine varieties. They contain 77 different characteristics of
which 38 are observed in the Federal Republic of Germany. These characteristics are important in
the sense of the UPOV Convention for distinguishing varieties. They are also used for the
description of the variety.

Exampie of characteristic coding:

Young shoot: intensity of anthocyanin coloration of tip

P4
2
S

State of expression

absent or very weak
very weak to weak
weak

weak to medium
medium

medium to strong
strong

strong to very strong
very strong

Nollo B0 o NRW, BN ~SRIN N S 3

Toreceive protections the following test criteria must be fulfitled:

5.1.1 Distinctness

Every variety has to be clearly distinguishable by at least one important characteristic from
any other variety whose existence is a matter of common knowledge. For that purpose a minimum
distance is applied to each characteristic.

5.1.2 Homogeneity

The new variety must be sufficiently homogeneous, taking into account the particular features
of its sexual or vegetative reproduction. It is evident that an allogamous species like rye cannot be as
homogeneous as an autogamous species like pea or a vegetatively propagated species like
grapevine. Dependent on the number of plants observed, a tolerance for the number of off-type
plants is fixed. .

5.1.3 Stability

The new variety must be stable in its essential characteristics and must correspond to ist initial
description after repeated reproduction.
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5.2 Novelty

At the date of application for plant breeders’ rights the variety has to be new, i. e. in the case of
grapevine varieties commercialization with the agreement of the breeder must not date back more
than 1 year in the state where the application was filed and must not date back more than 6 years in
any other state.

5.3 Variety denomination

Every variety needs an acceptable denomination which enables the variety to be clearly
identified.

Current statistics

1.- Number of applications for plant breeders’ rights between July 1, 1988 and July 1, 1989

UPOV member states > 5000
Federal Republic of Germany
total > 1000
grapevine varieties 7
rootstock varieties 2

- Number of protected varieties in the Federal Republic of Germany on July 1, 1989

total 3405
grapevine varieties 47
rootstock varieties 5

Final remarks

In the light of the new development in plant breeding especially in biotechnology it is being
discussed within UPOV as to how far the rules of the UPOV Convention have to be strengthened.
Three of the most important points for grapevine varieties are mentioned below:

1.- At present, only propagating material falls under the scope of protection. Especially in respect
to tissue culture, it is discussed if all material of the protected variety should fall under the scope of
protection. Every material means all material out of which the variety can be reproduced.

2.- In order to avoid plagiate breeding with the help of easy mutations or quick changes by
biotechnological means, it is being discussed if a system of dependent rights should be introduced
into the UPOV Convention. But this only when the new variety is mainly based on an already
existing variety.

3.- In respect to patent legislation it is common understanding in most countries that new
procedures in plant breeding can be patented as process patents. On the other hand it is also
common understanding that artificial genes can be patented as product patents. These two
examples indicate that conflicts may arise by an overlapping of patent legislation and plant
breeders’ rights.

Therefore on an international basis groups of patent experts and plant breeders’ rights experts
are deliberating on workable interfaces between these two sectors.

Possible changes of the present UPOV Convention in these and many other questions are
expected to be made during a diplomatic conference in 1991. Meanwhile, a discussion has also
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started in Brussels to establish a common plant breeders’ rights system for the 12 member states of
the European Economic Community. It is the declared intention of the Community 10 establish a
system which is in full conformity with the content of the present and any future UPOV Convention.
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Investigations about the influence of some physiological and
phenological characteristics on quality and their heredity

R. EmBacH

Bundesforschungsanstalt fiir Rebenziichmng Geilweilerhof, D-6741 Siebeldingen, F. R. Germany

Summary: The analysis of the offspring of 6 crossings with a total of 360 genotypes revealed that, of a
total of 13 characteristics taken into account by the investigations, onlv the yield or the yield components, the
beginning of berry ripening and the degree of botrytis infection have a significant influence on the sugar content of
the must. About 60 % of the fluctuations in the sugar content of the must could be explained by these, whereby at
approx. 35% the beginning of berry ripening accounted for the highest percentage. The coefficient of
determination for the three yield parameters which were investigated was between 12 and 19 %. The weight of
the berries was the most important factor, while the number of clusters per shoot was nearly neutra! with respect
to its effect on the sugar content of the must. Consideration of these relations when selecting seedlings may, if only
to a limited extent, lead to an increase in the success of selection for varieties with a high sugar content. It should
be mentioned that these results, which were reached under the climatic conditions of Central Europe, cannot
necessarily be applied to wine growing areas in other climates.

Some of the heritability levels determined differ considerably for the individual characteristics. While a low
heritability coefficient was ascertained for the number of clusters per shoot, the single berry weight and the
beginning of berry ripening indicate a high percentage of additive genetic effect, i. e. their degree in the offspring
can be influenced to a great extent by the selection of the parents for crossing combinations.

By taking into account both the heritability levels when making the crossing combinations and the relations
between these characteristics and the sugar content of the berries when selecting, a breeding programme to
increase the sugar content is likely to make rapid progress. In addition, the selection criteria pointed out may be
useful in clonal selection with regard to better quality. Last but not least, values for combining ability, which can
be calculated by a similar model of variance analysis, may help by the identification of varieties.

Key words: genetics, heritability, crossing, selection, biometry, vield, must quality, maturation,
botrytis.

Introduction

The quality of the must is not only affected by external factors such as climate or methods of
cultivation, but also by the yield. As early as 1927 Sarrorius identified this negative correlation
between yield and the sugar content of the must, known as a quantity/quality ratio. Results of
previous research (Biner 1979) showed that this quantity/quality ratio was not identical for every
variety. It was also shown that the sugar content tends to correlate more negatively to the weight of
the cluster than to the number of clusters per plant (ALLeweLpT and Koepcuex 1978). It is
assumed that greater knowledge of the influence of the different yield parameters on the sugar
content of the must and other substances such as acid and aroma compounds could mean an
improvement of selection criteria within seedlings.

In continuation of previous research (ALLEwELDT and Koercrex 1978) these investigations
are primarily concerned with the influence of the yield parameters on the sugar content of the must.

Material and methods .

Genotypes from 6 populations were studied in 1987 and 1988. For each population the sugar
content of the must, the yield per plant as well as the yield parameters of approx. 60 individual
plants were determined. Further characteristics which might have an effect on the sugar content
were scored. These include the density of the clusters and the degree of botrytis infection at the time
of the harvest, as well as phenological characteristics such as the beginning of flowering and berry
ripening. The number of shoots per plant, which is hardly affected by genetic factors, is mainly
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determined by pruning. For this research it was standardized by retaining 10 buds per plant. A
total of approx. 360 genotypes were included in the investigations.

In addition, the collected data was used 1o estimate the heritability coefficients for
characteristics which influence the sugar content of the must. The design of the experiment
corresponds to a diallel crossing model and enables one to estimate the variance components
according to the variance analysis model with nested classification (Weser 1978; Wricke and
WEBER 1986).

Results and discussion

By using multiple regression analysis the influence of all recorded parameters on the sugar
content of the must can be determined. First of all, only the total yield per plant is taken into
account instead of the individual yield parameters. The summarized results in Fig. 1 show that the
only characteristics which have a significant effect on the sugar content of the genotypes used in the
research are the yield per plant, the beginning of berry ripening and the degree of botrytis infection.

Variations of these characteristics explain 51 % of the fluctuations in the sugar content of the
berries. It is at first surprising that the total yield accounts for only 8 % of the differences in the sugar
content of the must, while the percentage for the beginning of berry ripening is about 4 times as high
at 34 %. If the yield is replaced by the individual yield parameters for the statistical analysis, the
results are as follows (Fig. 2): The single berry weight accounts for 8 % of the variations of the sugar
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Fig. 1: Yield and other characteristics affecting the sugar content in berries (n = 357); probability of F > 0.05.
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content of the berries, thus reaching the same level as the total yield in Fig. 1. The sum of the single
coefficients of determination for all yield parameters now reaches 14 %. These results show that a
considerably higher percentage of the fluctuations in the sugar content can be explained by the
individual yield components than by the total yield per plant. It also becomes evident that the
individual yield parameters affect the sugar content of the must to varying degrees. Because of the
existing but more or less weak positive correlations between yield per plant and yield parameters,
and negative correlations between the different yield parameters, this analysis can imply only
tendencies. These weak correlations can be explained by the yield structures of the seedlings, some
of which vary considerably.

As an example of this, Fig. 3 shows the number of berries per cluster compared to the total
yield. The mass of points indicates the relation between the two characteristics. However, it covers
a large area and there are many stray points. Genotypes which lie within a very limited area and
thus have a high correlation between the number of berries per cluster and the total yield were now
chosen for further calculations. For these genotypes the variation of the yield per plant depends
mainly, but not exclusively, on the variation of the number of the berries per cluster. For such
selected genotypes as these a correlation coefficient of r > 0.98 between the number of berries and
theyield as well asa minimum of 55 genotypes was fixed. By shifting this marked area parallel to
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Fig. 2: Yield parameters and other characteristics affecting the sugar content in berries (n = 357); probability of
F > 0.05.
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the regression line, groups of genotypes can be found which show various yield levels, but still meet
the requirements mentioned. It was possible to form between 4 and 6 groups for each yield
parameter. The multiple correlation coefficients were calculated for each group.

Fig. 4 shows the means from these evaluations for the number of berries per cluster. When an
increase in yield is mainly the result of the number of berries per cluster thus maximizing the
variation of the number of berries and minimizing the variation of the other yield parameters, the
fluctuations in the sugar content of the must can be explained as follows: 6 % by the number of
berries per cluster, 6 % by the single berry weight and 2 % by the number of clusters per shoot. If the
same principle is used for the single berry weight, which is maximizing the variation for this yield
parameter, the results shown in Fig. 5 are reachied: Now the single berrv weight is responsible for
12 % of the fluctuations in the sugar content of the must. At 6 % the coefficient of determination for
the number of berries is 50 % lower and the number of clusters per shoot only reaches 1 %.

Fig. 6 shows the summarized results when the variation of the number of clusters per shoot is
maximized. Despite the increase in yield due primarily 1o the number of clusters per shoot, only 3 %
of the fluctuations in the sugar content of the must are subject to this parameter, whereas the figure
doubles for fluctuations due to the single bery weight.

In addition to the practical consequences for the selection of seedlings which can be derived
from these relations, the type of heredity of these characteristics is of special interest to the breeder.
With knowledge of the coefficients of heritability, he might be able to influence the degree of the
characteristics within the offspring by selecting suitable parents. In so doing, he might be able to
increase the success of selection.
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Fig. 5: Influence of yield parameters of sugar content of berries; selected genotypes with r > 0.98 between total
yield and berry weight (n > 55).
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Fig. 6: Influence of yield parameters on sugar content of berries; selected genotypes with r > 0.98 between total
yield and clusters per shoot (n > 55).

The most important parameter for cross-breeding with regard to polygenic characteristics
(such characteristics are being dealt with exclusively here) is the heritability in the narrow sense. In
this case only additive genetic effects are taken into account while dominant gene effects, which
reduce the breeding value of a variety, are omitted.

For the investigations the same 6 populations were used. The populations were progenies of
two female parents, Sirius and Gf. Ga-54-14, both fungus resistant varieties of BFAR - each
crossed with the male parents Maréchal Jofire, Vidal blanc and Bellandais noir.

Fig. 7 shows the frequency of the singie berry weight in each population. The range of variation
extends from 0.5 g 10 3.1 g per berry. The low single berry weight of Maréchal Joffre is evident in the
offspring of this variety, where the frequency distribution deviates to the left in each case. None of
the genotypes produced from a crossing with this variety had a single bery weight of more than
2.0 g. When the male parents Beliandais noir and Vidal blanc are compared, there are traces of a
frequency distribution of the crossing with Bellandais noir which deviates somewhat towards a
higher single berry weight. This corresponds to the somewhat higher single berry weight of this
variety compared to Vidal bianc. There are no significant differences between the female parents,
which is evidenced by their nearly equivalent single berry weight. The horizontal bar drawn across
the frequency distribution shows the range of variation of the parent varieties. On the one hand, the
single berry weights of the offspring are also concentrated within this area but, on the other hand,
the deviations to the left and to the right are nearly equal, thus indicating a relatively high
percentage of additive genetic effects. One would expect a clearer deviation of the frequency
distribution either to the left or to the right if the degree of the characteristics in the parent varieties
was mainly subject to dominant genes.

Contrarily to the single berry weight, a differentiation of frequency distributions for the
number of clusters per shoot both between the male parents within a female parent and between
the female parents is nearly impossible-(Fig. 8). The curve is very similar for all the crossings.
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Fig. 7. Distribution of frequency of mean berry weight for some selected crc;ss populations.

Particularly in the crossings with Gf. Ga-54-14 the frequency distributions of the offspring
deviate clearly from the range of variation of the parent varieties. The Gf. Ga-54-14 variety, which
is characterized by a high average number of clusters per shoot, does not seem to transmit this
characteristic well.

The calculated heritability coefficients for both the yield per plant and the individual yield
components are shown in Table 1. The mean for the heritability coefficients over the 2 years of
research for the yield per plant is 50 %. At 69 % the single berry weight has the highest heritability
coefficient of the yield parameters and at 12 % the number of clusters per shoot has the lowest.
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Fig. 8: Distribution of frequency of clusters per shoot for some selected cross populations.

According to this, the markedness of the characteristic of single berry weight in the offspring is
the most easily influenced characteristic when selecting the parents for the crossing combination. In
contrast, the high number of clusters per shoot is apparently due to a great degree to dominant
genetic effects. Therefore, for varieties with a high number of clusters per shoot, a low breeding
value for this characteristic can be expected.

As mentioned at the outset, the sugar content of the berries is not only influenced by the yield
parameters, but also by the extent of the botrytis infection and, above all, by the beginning of berry
ripening. There is no point in calculating the heritability of the resistance to botrytis infection since it
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Table 1: Calculated coefficients of heritability for yield and components of yield

heritability (%)

Characteristic 1987 1988 Mean
vield 46 54 50
mean berry weight 73 65 69
number of berries 31 a8 35
clusters per shoot 10 13 12

Table 2: Calculated coefficients of heritability for begin of berry ripening and density of cluster

heritability (%)

Characteristic 1987 1988 Mean
beginning of berry ripening 58 44 51

density of cluster 25 28 27

strongly correlates to the stage of ripening, and it is not possible to standardize. However, the
evaluations show that the density of the clusters, in particular, strongly influences the degree of
botrytis infection, which is reflected in the highly significant correlation of r = 0.42. In addition to
the yield parameters, Table 2 shows the heritability levels for the beginning of berry ripening and for
the density of the clusters. A medium heritability coefficient of 51 % was reached for the beginning
of berry ripening. According to this, this characteristic is inherited quite well. The low dependency
of the density of the clusters on the environment and the relatively low heritability in the narrow
sense at 27 % imply a high percentage of dominant genetic effect and, therefore, a type of heredity
which is not very much influenced by the selection of the crossing parents.

.
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The heritability of methyl anthranilate and total volatile esters in
Vitis spp. hybrids

K. H. Fisuer 1), T. FuLek: !) and A. G. ReynoLps ?)

'y Horticultural Research Institute of Onuario, Vineland Station, Ontario, Canada

%) Agriculture Canada Research Station, Summerland, British Columbia, Canada

Summary: Two grapevine seedlings, V. 72181 and V. 72182, selected for extremely high methyl
anthranilate (MA) and total volatile esters (TVE) content, were seifed to create families 8020 and 8021
respectively, to test the inheritance of these two components of labrusca flavour character. REYNOLDS et al.
(1982) had postulated a three-gene, dominant and complementary system (M, A, F) for MA and a two-gene
dominant and complementary system (T, V) for TVE. Families 8020 and 8021 segregated 3:1 for MA,
indicating only one heterozygous locus for MA in the parents. This would question REYNOLDS’ assignment of
genotypes for the grandparents of these two families and would suggest a more complex environmentally
influenced system. The TVE segregation patterns followed REYNOLDS’ hypothesis and segregated 3: 1 for one
heterozygous locus.

Key word: genetics, heritability, flavour, methyl anthranilate, volatile esters, biometry, sensory rating,
breeding.

Introduction

Since 1913, the grape breeding programme at the Horticultural Research Institute of Ontario
(HRIO) has been striving to produce wine grapes of suitable hardiness for the climatic conditions in
southern Ontario, Canada. Flavour and colour requirements have changed markedly since that
time and the breeding programme has been aliered to meet the new requirements. With more
recent demands for non-labrusca flavoured varieties, the heritability of labrusca flavour
components has become quite critical.

Since 1970, Dr. T. Furex: of this Institute has been surveying the HRIO variety collection as
well as the seedlings resulting from the HRIO breeding programme for compounds thought to be
instrumental in the perception of labrusca flavour, i. e. methyl and ethyl anthranilate (MA) and
total volatile esters (TVE). He later used these components to develop the Vineland Grape Flavour
Index (VGFI) that became the objective flavour selection criterion for the grape seedling
populations at the Institute (FuLexi 1982).

The analysis of grape seedling selections for the above compounds became routine procedure,
but perhaps more important was the impact on the choice of parents in the breeding programme
for subsequent generations. The MA and TVE survey values were examined to assess the potential
labrusca flavour of seedlings according to the MA/TVE/VGFI values of the parents. Based on the
hypothesis that heritability could be predicted from these values, Revnowrps studied three seedling
families, 7216, 7218 and 7219, which had high and low labrusca flavoured parents. The seedling
populations of these three families were examined in 1977 and 1978 and RevynoLps postulated
genotypes for MA and TVE synthesis for their parents. He also identified two seedlings, V. 72181
and V.72182, with extraordinarily high MA and TVE values (ReynoLps 1980). Thesg wo
seedlings were maintained in the HRIO vineyard and were selfed in 1980 to create families 8020
and 8021, respectively (Fig. 1).

RevnoLps postulated that MA synthests was governed by three dominant and
complementary genes (M, A and F), with the F locus necessary in the dominant condition for MA
synthesis to proceed and M and A loci both dominant for excessive MA production. The presence
of M and/or A in the recessive condition would result in lower amounts of MA, below the
organoleptic threshold of labrusca flavour influence, and the presence of the F locus in the recessive
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Concord X De Chaunac (Seibel 9549)

V.54077 X Le General (Bertille Seyve 5563)

1
v.72181 v.72182

8020 8021

4 Fisher, Ann. Rept. HRIO, 18-20, 1981.

Fig. 1: Genealogy of grape vine cultivars/seedlings used in MA /TVE inheritance studies %

(low or no Ma)

Mm Aa Ff X MM Aa ff = (excess MA)
= (low TVE)

3:
Tt Vv X tt Vv (excess TVE) 3:

5
5

@ Reynolds et al, Am . J. Enol. Vitic., 33:1:14-19, 1982,

Fig. 2: Segregation ratios for MA and TVE for Family 7218 (V. 54077 x Le Général) °.

condition would preclude any MA synthesis. ReynoLps also postulated that TVE was governed by
two dominant complementary genes (T and V) and that either in the recessive condition would
constitute TVE production below the organoleptic level of labrusca flavour influence (ReynoLps ez
al. 1982).

These hypotheses led to the genotypic assumptions presented in Fig. 2

Since seedlings V. 72181 and V. 72182 were selected for their excepnonally high MA and
TVE, it is assumed that they would have the genotypic make-up for excess MA and TVE
production. Based on RevynoLps' genotypic assignments for the parents, the following genetic
combinations could be assigned to the above seedlings, as outlined in Table 1.

In order to confirm the ratios postulated in Table 1, the following study was initiated.

Method

Plant materia!l

Parental lines were planted in the vineyard as individuals or as populations of vegetatively
propagated clones. Their genealogy is illustrated in Fig. 1.

Selfed populations were created by bagging flower clusters of the appropriate parental vines
prior to capfall. Seedling populations (8020, 8021) were planted as a group in the seedling block of
the main vineyard.
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Table 1: Proposed genotypes and segregation ratios for MA and TVE for F2 populations derived from V. 72181
and V. 72182* crosses

Excess MA Segregation Ratio Excess TVE Segregation Ratio
MM AA Ff L/NLP 3:1 Tt YV L/NL 3:1

MM Aa Ff L/NL 9:7 Tt Vv L/NL 9:7

MM aA Ff Tt vV

mM AA Ff

mM Aa Ff L/NL 27:37

mM aA Ff

& Reynolds et al, Am . J. Enol. Vitic., 33:1:14-19, 1982
L = labrusca, NL = non-labrusca flavour character

Table 2: Threshold values for organoleptic detection of labrusca flavour characters

Methyl anthranilate 0.10 ppm (Nelson et al, 1977)
Total volatile esters 12.0 ppm (Fuleki, 1982)
Harvest

Atmaturity, the total crop was harvested from each seedling vine (total crop was sub-sampled
from a parent vine). Grapes were washed, removed from the stems, frozen and maintained at
-30°C until analysis. Analyses for MA and TVE were carried out within 3 months of the harvest
date. Data are presented for the harvests of 1986, 1987 and 1988 in Tables 3-6.

To obtain representative samples for analyses, frozen grape samples were ground without
breaking the seeds. A household and a 5§ HP commercial meat grinder (Butcher Boy, Model
A42.50, Laser Mfg. Co. Inc., Los Angeles, CA, USA) were used for smaller and larger lots
respectively. The ground frozen material was thoroughly mixed and two 50g aliquots were
removed for steam distillation.

Steam distillation

Samples were placed in an all-glass distillation apparatus (Cat. No. JD-2115, SGA Sci,,
Bloomfield, N.J., USA). The distillation was carried out on duplicate 50 g samples, collecting
100 ml in 15 min. The distillate was used to determine both the MA and the TVE. Glass distilled
water was steam distilled under the same conditions as the grapes to produce blanks for the MA
and TVE analyses. : )

Determination of MA

A highly sensitive fluordmetric method was used (CasiMir ef al. 1976). The measurements
were carried out on a ZFM4 fluorescence attachment of a Zeiss DMR21 recording
spectrophotometer (C. Zeiss, Oberkochen, Germany). The exciting radiation was isolated with a
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Table 3: Methyl anthranilate values and equivalent labrusca/non-labrusca codes for Family 8020 (1986 to 1988)

Methyl anthranilate (ppm)

Seedling

Number 1986 Code? 1987  Code 1988  Code
1 1.776 L 7.446 L 2.776 L
2 0.136 L - - - -
3 - - 5.096 L 4.596 L
1 0.618 L 0.560 L - -
5 - - 17.218 L 14.746 L
6. 0.290 L 0.482 L 0.767 L
7 0.244 1L 0.676 L 2.164 L
8 - - - - 8.546 L
9 - - - - 0.037 NL
10 0.143 L 0.042 NL 0.052 NL
11 - - 1.786 L 1.950 L
12 - - 6.446 L 11.326 L
13 - - - - 0.541 L
15 0.866 L 0.039 NL 1.654 L
16 4.076 L 4.076 L 5.386 L
17 5.436 L 5.556 L - -
19 - - 0.022 NL 0.079 NL
20 0.163 L 0.239 L 0.261 L
21 0.358 L 0.565 L 0.882 L
23 0.093 NL 0.479 L 1.733 L
24 - - 0.106 L 0.132 L
25 7.956 L 9.836 L 6.819 L
26 1.746 L 4.876 L 2.626 L
27 0.096 NL 0.301 L 0.354 L
28 - - - - 2.167 L
29 0.006 NL 0.006 NL 0.014 NL
30 0.079 NL 0.471 L - -
31 3.436 L - - - -
32 0.366 L 1.356 L 1.119 L
33 4.166 L 12.606 L 11.796 L
34 - - 0.065 NL 0.070 NL
35 2.936 L 2.826 L 6.071 L
37 0.000 NL 0.011 WL 0.031 NL
38 - - - - 0.992 L
39 0.013 NL 0.032 NL 0.044 NL
40 0.032 NL 0.018 NL 0.015 NL
42 0.000 NL 0.006 NL 0.044 NL
43 0.036 NL - - 0.060 NL
42 - - 3.046 L 2.583 L
45 10.096 L 15.776 L 7.826 L
a

L = labrusca, NL = non-labrusca flavour character

365 nm monochromatic filter from the line spectrum of a mercury lamp. The 4MQIII mono-
chromator of the spectrophotometer was set at 425 nm to measure the fluorescence emitted by the
MA. The fluorometer reading was related to the MA concentration by using a standard curve. To
eliminate interference from fluorescent volatile substances other than methyl and ethyl
anthranilate, the reading taken on a Viris vinifera L. cultivar corresponding to a few ppb MA was
subtracted from each measurement.
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Table 4: Methyl anthranilate values and equivalent labrusca/non-labrusca codes for Family 8021 (1986 to 1988)

Methyl anthranilate (ppm)

Seedling

Number 1986  Code® 1987  Code 1988  Code
1 0.176 L 1.526 L 2.370 L
2 0.179 L 0.816 L 0.72 L
3 - - 0.037 NL 0.087 NL
3 2.726 L 7.516 L 2.836 L
5 0.189 L 1.436 L 0.931 L
6 - - 0.655 L 0.530 L
8 0.386 L 0.024 NL 0.097 NL
10 0.748 L - - 0.511 L
11 0.023 NL 0.361 L 1.346 L
12 0.336 L - - 1.137 L
13 0.082 NL 0.075 NL 0.066 NL
14 0.081 NL 0.121 L 0.172 L
15 3.696 L 15.676 L 11.776 L
17 - - 17.696 L 13.966 L
18 3.976 L 8.216 L 2.832 L
19 0.077 NL 0.221 L - -
20 0.136 L 0.053 NL 0.202 L
21 0.471 L 1,112 L 2.206 L
23 0.452 L 0.630 L 0.571 L
24 0.020 NL 0.026 NL 0.029 NL
25 0.034 NL 0.137 L 0.140 L
27 0.251 L 0.683 L 0.436 L
28 0.627 L 1.416 L 1.715 L
29 1.236 L 2.776 L 4.055 L
30 0.730 L 1.876 L - -
31 - - - - 2.919 L
32 0.028 NL 0.384 L 0.213 L
33 0.480 L 1.424 L 0.639 L
34 1.236 L 2.546 L 2.366 L
35 0.451 L 0.752 L 0.925 L
38 1.326 L 2.705 L 2.266 L
39 0.484 L 1.276 L 1.074 L
40 2.836 L 3.766 L 5.207 L
42 2.566 L 3.586 L 6.336 L
43 - - - - 0.038 NL
44 - - 0.018 NL 3.266 L
45 - - 0.924 L 0.920 L
46 0.559 1L 1.626 L 0.694 L
47 - - 0.051 NL 0.081 NL
48 0.159 L 0.096 NL 0.193 L
50 0.010 NL 0.063 NL 0.043 NL
54 - - - - 5.206 L
a

L = labrusca, NL = non-labrusca flavour character

Determination of TVE

A modification of Tuompson's method (1950) was used. The reaction of esters with
hydroxylamine in aqueous alkaline solution forms hvdroxamic acids, which react with the ferric ion
to form red ferric hydroxamate complexes.
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Table 5: Total volatile esters values and equivalent labrusca/non-labrusca codes for Family 8020 (1986 to 1988)

Total volatile esters (ppm)

Seedling
Number 1986 Code? 1987 Code 1988 Code
1 56 L 66 L 59 L
2 128 L - - - -
3 - - 9 L 456 L
4 170 L 28 L - -
5 - - 81 L 197 L
6 233 L 223 L 126 L
7 3 NL 5 NL 9 NL
8 - - - - 20 L
9 - - - - 2 NL
10 212 L 6 NL 162 L
11 - - 19 L 15 L
12 - - 22 L 61 L
13 - - - - 266 L
15 92 L 70 L 70 L
16 150 L 141 L 208 L
17 288 L 58 L - -
19 - - 2 NL 3 NL
20 235 L 20 L 42 L
21 5 NL 8 NL 21 L
23 2 NL 2 NL 4 NL
24 - - 62 L 297 L
25 127 L 32 L 48 L
26 239 L 75 L 134 L
27 - - 144 L 255 L
28 - - - - 36 L
29 20 L 22 L 21 L
30 3 NL 2 NL - -
31 116 L - - - -
32 89 L 58 L 95 L
33 52 L 51 L 181 L
34 - - 20 L 166 L
35 45 L 39 L 66 L
37 1 NL 1 NL 1 NL
38 - - - - 3 NL
39 80 L 36 L 72 L
30 4 NL 62 L 186 L
42 1 NL 2 NL 2 NL
43 1 NL - - 2 NL
44 - - 40 L 152 L
4s 194 L 154 L 119 L
a

L = labrusca, NL = non-labrusca flavour character

Fresh alkaline hydroxylamine solution was prepared by mixing equal volumes of 6 M
hydroxylamine hydrochloride and 10.5 N sodium hydroxide. 2 ml of this solution and 20 ml of the
distillate were added to a 25 m! volumertric flask. These were mixed thoroughly and allowed to
stand for 5 min. Then. 1 ml of concentrated hydrochioric acid was added, followed by 1ml of
1.11 M ferric chloride. The flask was filled to volume with 0.046 M ferric chloride solution and the
colour measured on a Zeiss DMR21 spectrophotometer at 500 nm. A standard curve, prepared by
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Table 6: Total volatile esters values and equivalent labrusca/non-labrusca codes for Family 8021 (1986 to 1988)

Total volatile esters (ppm)

Seedling

Numbexr 1986 Code? 1987 Code 1988 Code
1 139 L 63 L 38 L
2 6 NL 55 L 2 NL
3 - - 1 ML 4 NL
3 1 NL 3 NL 3 NL
5 89 L 24 L 59 L
6 - L 59 L 61 L
8 91 L 56 L 55 L
10 1L - - 4 NL
11 56 L 55 1 79 L
12 120 L B 26 L
13 168 L 15 L 30 L
14 4 NL 1 NL 1 NL
15 183 L 147 L 261 L
17 - - 56 L 93 L
18 105 L 100 L 58 L
19 1 NL 1 ML - -
20 118 L 28 L 100 L
21 108 L 5¢ L 51 L
23 174 L 82 L 154 L
24 44 L 17 L 25 L
25 1 NL 0 NL 1 NL
27 204 L 95 L 187

28 1 NL 1 NL 3 NL
29 2 NL 2 NL 2 N
30 .83 L 40 L - -
3 - - - - 3 NL
32 54 L 16 L 128 L
33 165 L 59 L 238 L
34 51 L 12 NL 66 L
35 35 L 15 L 22 L
38 63 L 18 1 52 L
39 175 L 42 L 79 L
40 80 L 72 L 81 L
42 88 L 28 L 35 L
43 - - - - 1 NL
44 - - 0 NL 33 L
4s - - 4 NL 23 L
46 184 L 36 L 170 L
47 - - 0 NL 5 NL
48 56 L 28 L 52 L
50 1 NL 0 NL 2 NL
54 - - - - 73 L
a

L = labrusca, NL = non-labrusca flavour character

using various concentrations of ethyl acetate, was used to determine the concentration of the TVE
in the sample.
Statistical analysis

Chi square analyses were performed on the observed ratios of labrusca/non-labrusca flavour
components as they were identified by the MA and TVE analyses.
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Results

The seedling families 8020 and 8021 (selfed populations of V.72181 and V.72182,
respectively) displayed transgressive segregation in both MA and TVE distribution (Tables 3-6).
All four distributions were highly skewed to the lower values of MA and TVE. To simplify the data,
all MA and TVE values were coded as to labrusca or non-labrusca in flavour contribution,
according 1o the threshold values in Table 2, and presented in Tables 3-6. These threshold values
were also used by REynoLbps er al. (1982).

The ratios postulated by the authors using genotypic assumptions of REynorps ef al. (1982)
were tested and are presented in Tables 7-10.

Table 7: Chi square tests for MA segregation of Family 8020 (1986 t0 1988)

a Statistic
Year Predicted Observed
Xa P value S:Lgnificanceb

1986 L/NL 3:1 18:9 0.50 0.50¢p<0.30 ns
1987 L/NL 3:1 24:8 0.031 0.90<{p<0.70 ns
1988 L/NL 3:1 25:10 0.08 0.90<p<0.70 ns
1986 L/NL 9:7 18:9 0.80 0.504p<0.30 ns
1987 L/NL 9:7 24:8 3.84 p = 0.05 *w
1988 L/NL 9:7 25:10 2.67 0.10<p<0.05 *

a L/NL = labrusca/non-labrusca flavour character

significance levels for rejection: p=0.1l0=*, p=0.05=**%,

p=0.001=%**

Table 8: Chi square tests for MA segregation of Family 8021 (1986 to 1988)
a Statistic
Year Predicted Observed
X3 P value Significanceb

1986 L/NL 3:1 26:7 0.06 0.90<p<0.70 ns
1987 L/NL 3:1 28:9 0.013 0.95¢p<0.90 ns
1988 L/NL 3:1 33:7 0.833 0.50<p<0.30 ns
1986 L/NL 9:7 26:7 5.87 0.05Xp<0.01 okl :
1987 L/NL 9:7 28:9 4,92 0.05¢p<0.01 * %
1988 L/NL 9:7 33:7 10.15 0.01<p<0.001 falodd

a L/NL = labrusca/non-labrusca flavour character

significance levels for rejection: 0=0.10=*, p=0.05=*%,
p=0.001=***
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Discussion

The 3 : 1 segregation ratio for both MA and TVE in both families 8020 and 8021 had the most
acceptable Chi square values. This would mean that the V. 72181 and V. 72182 genotype for both
MA and TVE must be segregating for only one heterozygous locus each. For MA, if that locusis F,
then the T recessive must allow for some production of MA because no seedlings measured in
family 8020 or 8021 had a zero level for MA with any consistency over the three harvest seasons.
For it to be a locus other than F would preclude the grandparent Le Général and the great
grandparent De Chaunac from having such low levels of MA. Perhaps the REyNoLDs hypothesis
(Rey~oLps 1980) of an alternate MA synthesis pathway exists under the ff recessive condition as
well as under the aa and/or mm recessive conditions.

The TVE inheritance pattern for both families 8020 and 8021 follows REyNoLDs’ hypothesis
(Rey~oLps 1980) since there was no condition completely precluding the synthesis of TVE.

Table 9: Chi square tests for TVE segregation of Family 8020 (1986 to 1988)

a Statistic
Year Predicted Observed
X3 P value Significanceb

1986 L/NL 3:1 18:8 0.20 0.70<p<0.50 ns
1987 L/NL 3:1 24:8 0.0 p=1 ns
1988 L/NL 3:1 27:8 0.013 0.90<p<0.70 ns
1986 L/NL 9:7 18:8 1.32 0.30<p<0.20 ns
1987 L/NL 9:7 24:8 3.84 p = 0.05 Lk
1988 L/NL 9:7 27:8 5.36 0.05<p<0.01 * W

a L/NL = labrusca/non-labrusca flavour character

significance levels for rejection: p=0.10=*, p=0.05=**,
p=0.001=***

Table 10: Chi square tests for TVE segregation of Family 8021 (1986 to 1988)

a Statistic
Year Predicted Observed
X3 P value Significanceb

1986 L/NL 3:1 24:9 0.009 0.95<p<£0.90 ns

1987 L/NL 3:1 25:12 0.73 0.50<p<0.30 ns

1988 L/NL 3:1 28:12 0.31 0.70<p<0.50 ns

1986 L/NL 9:7 24:9 2.96 0.10<p<0.05 * "
1987 L/NL 9:7 25:12 1.51 0.30<p<0.20 ns

1988 L/NL 9:7 28:12 2.54 0.20<p<0.10 ns

a L/NL = labrusca/non-labrusca flavour character

significance levels for rejection: p=0.10=*, p=0.05=**,
p=0.001=*** '
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Breeding grapevines for tropical environments

J. V. Possinguam, P. R. CLinGeLerFer and G. H. KERRIDGE

CSIRO Division of Horticulture, GPO Box 350, Adelaide, South Australia 5001

Summary: Grapevines are increasingly grown in the latitudes between the Tropics of Cancer and
Capricorn. In many cases environments modified by elevation are utilized to create temperate growing conditions.
The majority of tropical grapes are consumed fresh but some are dried (India) and others are made into wine
(Brazil, Venezuela). Currently most plantings are of pure Fitis vinifera varieties. Early ripening, low acid
cultivars such as Cardinal, Perlette, Ribier and Thompson Seediess which have a relatively short cycle between
budburst and harvest are commonly used, and pruning is timed to ensure maturation before the onset of heavy
tropical rains. Other I, vinifera varieties used in the tropics such as Muscat Hamburg, Teneron, Anab-¢-Shahi,
and Iralia have bunch and skin characteristics that give them some resistance to rain damage.

There are a number of grapevine varieties that are hybrids between V. vinifera and other Vitis species
which are currently grown in the tropics. These have some degree of resistance to fungal diseases and include
Isabella, Kyoho, Delaware, Himrod, Campbeli Early (¥ labrusca hybrids), the Criolla hybrids (V. caribaea
hybrids and Villard blanc (a complex French hybrid based on American species).

There is considerable scope 10 increase the resistance of grapes to the main fungal diseases encountered in
the tropics such as downy and powdery mildew, anthracnose and bunch rots by using a range of Viffs species as
parents. These hybrids should be based on species that do not give strong ‘foxy’ flavours and could involve
complex French hybrids, V. rotundifolia and also Asian species such as . amurensis and V. armata. CSIRO
Merbein has a small hybridisation program aimed at developing new varieties for tropical environments.

Key words: tropics, Australia, Asia, America, Africa, ecology, physiology, cultivation, variety of vine,
rootstock, pest, disease, resistance, breeding, genetic engineering.

Introduction

Grape production in the latitudes between the Tropics of Cancer and Capricorn is increasing
with the development and expansion of industries in South-East Asia (Australia, South China,
India, Indonesia, Philippines, Thailand, Taiwan), Central and South America (Brazil, Colombia,
Ecuador, Mexico, Venezuela, West Indies) and Africa (Kenya, Nigeria, Zimbabwe). The majority
of tropical grapes are used fresh but some are dried (India) and others made into wine (Brazil,
Venezuela). In general the fruit produced is low in sugar and acid, of low quality and used for local
consumption. However some countries are now exporting table grapes (e.g. India, Thailand,
Venezuela). The wide diversity of environments (climate and soil), varieties, production techniques
and major disease and pest problems provides a substantial challenge to breeders. A recent
worldwide survey was conducted by CSIRO Division of Horticulture, as part of its commitments to
atropical viticulture working group of the International Society of Horticultural Science, to provide
detailed documentation on the many diverse approaches to tropical viticulture and supplement
existing limited information. It will provide a more rational basis for approaches to tropical
grapevine breeding.

The Division maintains an interest in tropical viticulture because table grape productior has
developed in tropical regions in northern Australia to provide early ripening fruit, ahead of the
temperate zones. The Australian situation is unique because commercial developments, although
in their infancy, have occurred in a diverse range of environments, including the three main
situations identified in the survey, i. e. in both the wet and dry tropics and at higher elevations to
create temperate growing conditions. Material from the CSIRO table grape varietal evaluation and
breeding program (PossingHam and CrLiNGeLErrer 1986) is evaluated in the Australian
environments and has been widely distributed to many of the countries producing tropical grapes.
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This paper aims to provide an overview of current practices in tropical viticulture, both in
Australia and overseas, identify the major problems requiring attention by breeders and discuss
relevant aspects of the Division's breeding program.

1. Tropical grape growing in Australia

Commercial plantings of table grapes for the production of early ripening fruit are located in
both the dry and wet tropical regions of Australia.

Dry tropics

Plantings in the dry tropics are located in central Australia in the Northern Territory near Tea
Tree, lat. 22 °S, in sandy-loam soils and irrigated by trickle irrigation from subterranean basins.
The total rainfall of around 270 mm falls mainly in the summer, December-March. Average
maximum daily temperatures range from 20 °C in June, July to 36 °C in summer, December-
February. ’

Because frosts occur in winter, a result of continental influences on climate, the vines go
dormant in winter. They are pruned in June-July and managed similar to those in more temperate
regions on sloping T-trellis (CLingELEFFER 1985) to produce only one crop per year. Winter
chilling is insufficient to fully break the dormancy and hydrogen cyanamide (Dormex) at a rate of
2-3 % is used to both advance maturity (McCoLL 1986) and promote uniform budburst. Varieties
grown for early ripening in November are Beauty Seedless, Perlette, Fresno Seedless (PossiNgHAM
et al. 1989), Flame Seedless and Cardinal.

Sultana is also grown but due to later ripening in December may be damaged by monsoonal
rains. All varieties except the less fruitful Sultana are spur pruned. Gibberellic acid (GA) is used for
bunch elongation, berry thinning and to enhance berry size of the seedless varieties but the response
is lower than in more temperate regions, possibly due to the higher temperatures. Fungal diseases
have not been a problem, although control measures are required for oidium (Uncinula necator).
The major pest is the giant termite, Mastotermes dariwiniensis which can completely destroy vines.

CSIRO Division of Horticulture in collaboration with the Department of Primary Industry in
the Northern Territory have established rootstock trials with about 20 genotypes of common
nematode and phylloxera resistant rootstocks to evaluate those most suited to the very hot, dry arid
environments.

Wet tropics

Commercial plantings in the wet tropics extend from as far north as Kununurra, lat. 16 °S in
western Australia and Mareeba, 17°S, Townsville, 15°S, Charters Towers 20°S and
Rockhampton, 23 °S. Rainfall at all locations follows a distinct seasonal, wet-dry pattern with
annual totals ranging from 665 mm in Charters Towers to 810 mm in Rockhampton. Soil types,
even for one location may vary from sands to heavy clays.

Highland production

The high elevations at Mareeba (840 m) and Charters Towers (600 m) in Queensland provide
temperature conditions with winter frosts. The growth pattern of the vines is similar to that
described for the dry tropics and the vines are managed as temperate plantings. Muscat Hamburg
is the dominant variety followed by Cardinal. Italia, Muscat Gordo blanco, Ribier and the disease
resistant Isabella, a V. labrusca hybrid are also grown at Mareeba and Royal Ascot in Charters
Towers.
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Lowland production

Kununurra is the hottest and driest of these locations with daily maximum temperature
exceeding 30 °C in all seasons and relative humidities of less than 50 % for the drier part of the year.
Plantings are mainly experimental and include Flame Seedless, the Indian variety Anab-e-Shahi,
the disease resistant species complexes Carolina Blackrose and Muscat St. Vallier and the Central
American selection, Criolla negra.

Plantings at Rockhampton are dominated by Muscat Hamburg and Cardinal with some Italia
and Early Muscat. In this locality, 23 °S on the tropic of Capricorn, frosts occur in winter and the
vines are managed similar to in more temperate regions. By contrast, significant plantings at
Townsville are in a frost free zone at low altitude. 730 mm of the annual rainfall of 873 mm falis
between October and March, daily maximum temperatures, except for the peak of summer, range
between 25 and 30 °C and the relative humidity between 50 and 75 % in the drier periods. These
conditions produce continuous, rapid and vigorous shoot growth and the vines, which lack a
period of winter chilling, remain evergreen without a period of dormancy. Twice yearly pruning
techniques based on the Indian system of renewal pruning are used (CLingeLerrer 1987). Longer
fruiting canes of 6-8 nodes are retained in May-June to produce a crop in September-November
and then pruned to short, unfruitful spurs for the development of renewal wood. The main varieties
grown are Cardinal and Muscat Hamburg, but promising results have also been achieved with
Sultana and Marroo Seedless, a large black berried variety, bred by CSIRO (CrinGELEFFER and
Possingram 1988). Flame Seedless has not been productive. The vines are trained on sloping T-
trellis and the pruning staggered so that the Cardinal, which has proved to be sensitive to rain,
crops in September and Muscat Hamburg, which is rain tolerant, is harvested last in November.
Hydrogen cyanamide is used to advance maturity and promote uniform budburst. The main
fungal problems are anthracnose or black spot (Elsinoe ampelina), downy mildew (Plasmopara
viticola), oidium or powdery mildew (Uncinula necator) and various bunch rots, in particular
Borrytis cinerea. The major pests are mealy bug (Pseudococcus adonidum) and bunch mites
(Brevipalpus lewisi). Although nematodes have not been a problem, rootstocks, including the
nematode resistant Ramsey (V. champinii) and the more common phylloxera resistant rootstocks,
selected in Europe for wetter conditions e.g. SO4 and 5 BB (V. berlandieri x V. riparia) are
currently being evaluated in collaboration with CSIRO. Plantings on Ramsey have been excessively
vigorous and difficult to manage.

2. Tropical grape growing around the world

Environment

Commercial grape production has expanded in the tropics in an extremely diverse range of
environments. In South-East Asian countries (i. e. Indonesia, Philippines, Taiwan and Thailand)
the main areas of production are frost free zones, at sea level in the wet monsoonal tropics which
feature constant high temperatures around 30 °C, high relative humidity, greater than 75 %, and an
annual rainfall of around 1,500 mm. Slightly drier, less humid conditions are found at elevated sites
(600-900 m) in the main centres of production in South India near Bangalore (917 mm annual
rainfall) and Maharashtra State in Central India, west of Bombay (700 mm annual rainfall).
Elevated sites in Central America (Ecuador, Venezuela, Columbia) also have been selected to
moderate climatic influences, the extreme case being in Ecuador where grapes are grown both at
sea level in a frost free, warm arid environment and at 2,348 m in wetter (1,049 mm annual
rainfall), humid but cooler conditions with an extended period of frost. The most arid tropical
grape area is found in Mexico with an annual rainfall of less than 45 mm and extensive periods of
frost.
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Physiology

Production in the frost free, wetter regions provides a marked contrast to warm temperature
viticulture. The constant high temperatures, high relative humidities and high rainfall (600-
1,500 mm) produce rapid and vigorous shoot growth and amplify fungal and disease problems.
The vines lack a period of winter chilling and remain evergreen without a period of dormancy. A
number of crops may be produced in one year as the rapid rate of growth gives a very short growth
cycle (e.g. Cardinal in the Philippines and Venezuela can produce 3 crops p.a.). It is not
uncommon for vineyards to have vines at all stages of growth with production on a continual basis
throughout the year. Time of pruning and pruning techniques are adjusted in some countries t0
minimise production during high rainfall periods (i. . monsoonal wet seasons) when it is difficult to
control pest and diseases and also 10 meet market demands. Tropical grape vines exhibit a high
degree of apical dominance (Cuapra 1984) attributed to the lack of winter chilling considered
necessary in warm temperate climates for high and uniform budburst. Special pruning techniques
(see below) are required to overcome this problem. Commercial attempts to control apical
dominance by leaf removal prior to pruning or restricting irrigation after harvest to induce
dormancy have been unsuccessful. The use of hydrogen cyanamide to promote a more uniform
budburst is currently being tested.

Production constraints include a short vine life (e.g. 7-10years in Thailand), low bud
fruitfulness and poor maturity (i. e. lignification) of replacement wood. The short vine life is thought
to be due to the long tenn depletion of carbohydrates caused by the rapid and continuous shoot
growth and production of more than one crop p.a. (OLmo 1970). Depletion of nutritional
resources, nematodes and copper toxicity from fungicides are also given as reasons for the short
vine life. Low bud fruitfulness can be attributed to excessive shade associated with the overhead
pergola trellis system and the rapid and excessive shoot growth (Cuabpxa 1984). The poor
maturation of replacement wood may aiso be associated with low carbohydrate levels (OLmo
1970), excessive shade, continuous growth and cropping, the lack of a dormant period and
pruning soon after crop removal.

Management

Tropical vineyards, with few exceptions are low density plantings trained on overhead
pergolas. This system contributes to excess vegetative growth, poor light interception, poor cane
quality and poor colour development in berries (Cuapna 1984). To achieve acceptable levels of
production, high bud numbers are retained on cane pruned vines. Cane pruning is used because
basal nodes are unfruitful. Retention of high bud numbers gives sufficient fruitful shoots and
overcomes problems associated with apical dominance and non-uniform bud burst as it is usual for
only the terminal nodes to burst.

In most situations, the canes are about 6-10 buds in length. In India they are selected from
renewal spurs or water shoots on head pruned vines (OLmo 1970), in Venezuela from established
cordons (Rosxic ef al. 1972), and in Thailand from the terminal shoots of last seasons fruiting
canes. In the Philippine island of Cebu the vines are planted in rows and trained on wide T-trellis
with a central cordon along the rows. Canes from 2-bud renewal spurs are placed in a horizontal
position at right angles to the direction of the row on both sides of the cordon, similar to the swing-
arm trellis proposed for Sultana (CLinGELEFFER and May 1981).

The time of pruning is adjusted to stagger the supply, meet market demands and to avoid
unfavourable climatic conditions during shoot and fruit development (Cuapna 1984). In India,
renewal pruning, where the vines are pruned to unfruitful short spurs, is used to avoid cropping
during the wet season (OLmo 1970). This practice also favours the maintenance of the vine shape
and improves ‘cane quality’.

To improve fruit set, the shoots may be tipped just prior to, or at flowering. Standard bunch
trimming and thinning (i. e. to one bunch per shoot) is used to improve berry size and bunch
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appearance. Leaf and lateral removal to develop an open canopy is also routinely used. Judicious
use of supplementary irrigation and fertilizer, both inorganic and organic, is used to control the
vigour on infertile soils. In Thailand the vines are planted in high mounds. The ditches between
these mounds are used for the supply of supplementary irrigation and for drainage (Punsrr and
SukuMALANDANA 1977).

Varieties

Contrary to popular opinion most plantings are of pure V. vinifera varieties. Some have
bunch and skin characteristics that give them resistance to rain damage (e. g. Muscat Hamburg,
Teneron, Anab-e-Shahi, ltalia). Early ripening. low acid cultivars which have a relatively short cycle
between budburst and harvest are commonly used to produce a number of crops per year or to
ensure maturation before the onset of heavy tropical rains (e.g. Cardinal, Ribier, Perlette,
Thompson Seedless, syn. Sultana). Hybrids between V. vinifera and other Vitis species are also
grown. These have some degree of resistance to fungal disease and include V. labrusca hybrids
(American hybrids), complex species hybrids (French hybrids) and V. caribaea hybrids (Criolla
hybrids).

The main varieties grown in South-East Asia are Ribier (2-3 crops p.a.) in Indonesia,
Cardinal (3 crops p. a.) in the Philippines and White Malaga (Teneron, 2 crops p. a.) and Cardinal
(3 crops p. a.) in Thailand. The main varieties which produce 2 crops p. a., grown in Taiwan, are
the V. labrusca hybrids Kyoho, Golden Muscat and Niagara and Cardinal, Black Queen and
Italia. In South China Kyoho and Campbell Early, both V. labrusca hybrids are grown.

A diverse range of varieties producing 2 crops p. a. are grown in Bangalore, India. The most
important are Sultana, Anab-e-Shahi and the V. labrusca hybrid Isabella (syn. Bangalore Blue)
with smalier plantings of Perlette, Muscat Hamburg, Beauty Seedless, the local Indian selections
Bhokri, Cheema Sahebi, Kali Sahebi and the V. labrusca hybrid, Himrod. In the more northern
Indian regions only 1 crop p. a. is produced. Sultana, used for both table and drying purposes, is an
important variety but Anab-e-Shahi, Ribier and Cheema Sahibi are also grown.

Varieties grown in the wetter frost free, low altitudes of Venezuela are Cardinal (3 crops p. a.),
Italia and Isabella (both 2 crops p. a.) while at the more temperate, elevated sites common table
grapes are grown, i.e. Ribier, Italia, Cardinal, Waltham Cross, Muscat Hamburg, Golden
Champion, Emperor and Gros Colman (Rosxic er al. 1972). The common varieties grown in
Colombia are Ribier, Gros Colman, Italia and Isabella. Varieties grown at low altitudes to produce
2 crops p. a. in Ecuador are the V. labrusca hybrids Isabella and Niagara while Ribier is the most
important variety grown at elevated sites. Varieties grown in Mexico are the standard table grape
varieties from California.

Rootstocks

Rootstocks are not widely used in the tropics although nematodes are widely reported 1o
affect productivity. Phylloxera is also reported in Mexico and Ecuador. CuapHa (1984) states that
rootstocks will be necessary in India to overcome nematode problems, saline soils, low vine vigour
and fruitfulness. In Thailand 1613 (Solonis x Othello) is used to some extent. The reported use of
rootstocks in Ecuador includes local Criolla hybrids (V. caribaea), Rupestris du Lot (V. rupestris)
for phylloxera and SO 4 (V. berlandieri x V. riparia) and Richter (V. berlandieri x V. rupestris)
for nematodes. Similarly, in Venezuela Criolla negra, 1103 Paulsen (V. berlandieri x V. rupestris)
and 5 BB (V. berlandieri x V. riparia) are used for nematodes.

Pestis and diseases

Copious quantities of fungicides are required for production of grapes in tropical
environments. The V. vinifera varieties are susceptible to a large range of fungal diseases, a
situation exacerbated by the tropical climate which favours microbial development. The fungal
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diseases anthracnose or black spot (Elsinoe ampelina), downy mildew (Plasmopara viticola),
powdery mildew (Uncinula necaror) and bunch rots, in particular Botrytis cinerea and
miscellaneous secondary infections of damaged fruit are the major pests. Dead arm is reported as a
problem in a number of countries although it is unclear whether it is Phomopsis viticola or dying
arm (Eutypa armeniacae). Unspecified rusts are reported as a problem in Asian countries.

Insect pests thrive under tropical conditions. The most serious problems are mealy bug
(Pseudococcus spp.) and a range of mites including the bunch mites (Brevipalpus spp.) and
Eriophyes spp. A diverse range of unspecified pests are aiso reported as problems. These include
fruit piercing and sucking flies, moths, wasps, leaf hoppers and leaf skeletonizers, possibly thrips
and aphids, stemboring beetles and American onion worm.

3. Breeding for tropical environments

Varietal information in the preceding sections indicates that tropical grape production has a
narrow genetic base, limited to a narrow range of V. vinifera varieties and a few hybrid varieties
grown for disease resistance. These include the V. labrusca hybrids Isabella, Delaware, Campbell
Early, Kyoho, the complex French hybrids of American species, Villard blanc and Niagara and the
V. caribaea, Criolla hybrids. More effort in vine breeding and varietal evaluation is required to fully
exploit grapevine variability and develop varieties more suited to tropical environments. While the
major benefits are likely to accrue from improved disease resistance, other areas of vine
improvement must not be overlooked.

Physiological problems of poor budburst and apical dominance may be reduced by selection
of varieties with a low chilling requirement, similar to stone fruit, or indirectly by the selection of
varieties which are fruitful in basal nodes and suited to spur pruning. Selection of varieties which are
more fruitful and develop larger bunches under tropical conditions which favour rapid shoot
growth may improve productivity. The very high yields that are achieved with Anab-e-Shahi in
India indicate that productivity should not be a limiting factor in tropical grape production. Fruit
quality may be improved by selection of varieties with higher levels of acid and which mature to
adequate sugar levels and have good fruit colour.

Priority should also be given to the development and selection of rootstocks for tropical
conditions as they have the potential to regulate excessive vine vigour, reduce problems associated
with soil type and soil born pests and improve vine longevity. For sandier soil types, in particular in
drier regions, the nematode resistant rootstocks currently used for table grape production in
Australia (Possinguam ef al. 1989) should be included in such a breeding and selection program,
e.g. Ramsey (V. champini) or the lower vigour Teleki 5 A (V. berlandieri x V. riparia) and
Schwarzmann (V. rupestris x V. riparia). The drought tolerant types, e. g. 110 Rand 1103 P (both
V. berlandieri x V. rupestris) warrant study. Phylloxera resistant rootstocks selected for wetter
areas in Europe, i.e. SO4 and 5 BB (both V. berlandieri x V. riparia) should be included. The
new selections of V. rotundifolia rootstocks developed by H. P. OLmo, University of California,
Davis, which have some resistance 1o Xiphinema index nematode, have some potential to reduce-
fanleaf problems where it occurs and should also be tested. CSIRO has a rootstock breeding
program which aims to develop multi-species complexes suited to a range of soil types
incorporating genes for nematode resistance from V. champini, phylloxera resistance from.
V. berlandieri, V. rupestris and V. riparia, drought resistance, V. rupestris and tolerance of wetter
conditions, V. riparia. Other species distributed in more tropical regions have also been included,
i.e. V. aestivalis, V. cinerea, V. caribaea, V. longiiand V. rotundifolia. ) .

The major fungal disease problems, anthracnose, oidium, downy mildew and bunch rots
found in the tropics have their origins in the American continent. Although there are varying
degrees of susceptibility between various varieties of V. vinifera, which originate from the Central
Asian/European regions, there appears 1o be little opportunity to breed disease resistant varieties
without broadening the genetic base. Vine breeders at the turn of the century, both in Europe and
the USA, who aimed 1o develop direct producers that were tolerant of phylioxera were also able to
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incorporate genes for disease resistance from various American species. These selections are
commonly referred to as American hybrids, i.e. hyrids involving mainly V. vinifera and
V. labrusca or French hybrids based on many American species, e. g. Villard blanc is an 8 species
complex. Although some of these hybrids or their progeny are currently grown for disease
resistance in the tropics for table grapes (e. g. Isabella, Kyoho, Campbell Early) or wine production
(e. g. Villard blanc) their fruit characteristics are less than desirable as V. labrusca hybrids generally
have a ‘foxy’ flavour. There is considerable scope to increase the resistance of grapes to diseases
encountered in the tropics and to reduce the heavy reliance on chemical protection. Breeding
programs now include routine screening for disease resistance by dual culture in vitro e. g. for
downy mildew (Stex er al. 1985; BarvLass et al. 1986) or oidium (Stem~ er al. 1985). Detailed
information can now be accessed by breeders 1o identify species and species combinations likely to
be resistant to the various diseases. For example DosTer and ScunaTHOrsT (1985) were able to
show that cultivars of V. labrusca and hybrids between V. vinifera and V. rupestris were resistant
1o oidium. Most V. vinjfera cultivars tested were not resistant. We also know that V. labrusca
culrivars grown in the tropics are more resistant to anthracnose than V. vinjfera. The Chinese have
been particularly successful in the development of quality table grape varieties from hybrids of
V. labrusca and V. vinifera (i. e. Fortuna 12, 14, 17, 18 and Phoenix 51). In the CSIRO breeding
program, genes for resistance to downy mildew have been incorporated from complex hybrids. For
example, Marroo Seedless, a cross of Carolina Biackrose and Ruby Seedless is resistant to downy
mildew, even under wet tropical conditions in Townsville, a characteristic derived from its disease
resistant breeding line which dates back to Villard blanc. Marroo Seedless is, however, susceptible
to oidium. There is further potential to involve in breeding the Muscadine grape, V. rotundifolia,
reported to be resistant to most diseases and also Asian species such as V. amurensis and
V. armaia.

There have been a number of new varieties recently released from breeding programs in the
USA, reported to have disease resistant and acceptable fruit quality when grown in warm, humid
environments in Florida, Arkansas and New York State. These varieties warrant testing in their
own right and as parents in the tropics as they are resistant to anthracnose, oidium and powdery
mildew and various bunch rots. They include the black V. labrusca, V. vinifera seedless selections,
Reliance Seedless (Moore 1983), Mars Seedless (Moore 1985), and Einset Seedless (Reisch ef al.
1986), very complex species hybrids involving V. labrusca, French hybrids and V. aestivalis, a
native of Florida, Suwannee and Conquistador (MorrtenseN 1983), Orlando Seedless
(Mortensex and Gray 1987) and Remaily Seedless (PooL er al. 1981).

CSIRO Merbein has a hybridization program aimed at developing new varieties for tropical
environments. A diverse range of genotypes with disease resistance, e. g. V. rorundifolia (DRXSS5),
complex species hybrids such as Chambourcin, Muscat St. Vallier, Villard blanc, Aurelia, Carolina
Blackrose, Lady Patricia, Illinois 271-1, S14664, SV 12-309, SV 12-303 and V. labrusca hybrids
such as Isabella, Glenora, Mantey and Suffolk Red have been used in crosses with V. vinifera table
grapes e. g. Muscat Hamburg. In addition to the named variety Marroo Seedless (CLINGELEFFER
and Possingaam 1988), a cross of Carolina Blackrose and Ruby Seedless, promising selections
being evaluated include progeny from DRXS55 x Aurelia, Carolina Blackrose x Flame Seedless,
Kishmishi (a misnamed large, red berried seeded variety) x Lady Patricia, Bicane x Villard blanc,
Muscat Hamburg x Lady Patricia, Blackrose x Illinois 271-1. In some cases 2nd and 3rd generation
crosses have produced very complex and involved breeding lines. As well in-ovulo embryo culture
from seedless x seedless genotypes (BarvLass er al. 1988) has been used to develop new breeding
lines from material in the CSIRO germplasm collection or pollen imported from the USA.

4. Plant transformation

In addition to the conventional breeding strategies for tropical grapevine improvement, the
emerging technologies of direct plant transformation must also be considered. The technology is
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already established for many herbaceous annuals and will doubtless be applied to woody
perennials. Research within the CSIRO Division of Horticulture has been used to develop
techniques for grapevine transformation and an experimental gene has been successfully
introduced. The task lies ahead to introduce genes of economic importance. Of particular interest
in relation to grapevine transformation is protection from fungal disease. Currently attention is
being given to the response of plants to pathogenic infections. Many plants respond by synthesizing
pathogenic response proteins (PR) which include hydrolytic enzymes to defend against pathogenic
attack. Two such enzymes are chitinase which degrades chitin, the major cell wall component of
oidium and g -glucanase which degrades 8-glucans, constituents of cell walls of downy mildew
hyphae.

In contrast to conventional breeding, where progeny are highly heterozygous and include
varietal characteristics from both parents, a better approach might be to provide a selected variety
with a gene for chitinase or g -glucanase or both, by plant transformation methodology. The aim
would be 1o lyse the hyphae of invading fungal diseases. This would allow the conventional breeder
1o concentrate on the many pleiotropic (multigenic) gene characters which are not suited to these
new methodologies, 1. e. yield, flavours etc.

References

BARLASS, M; MILLER, R. M,; ANTCLIFF, A. J.; 1986: Development of methods for screening grapevines for
resistance to infection by downy mildew. I. Dual culture in vitro. Amer. J. Enol. Viticult. 27, 61-66.

- -3 RAMMING, D. W,; Dawis, H. P;; 1988: In-ovulo embryo culture: a breeding technique to rescue seedless x
seedless table grape crosses. Austral. Grapegrower Winemaker, No. 272, 123-125.

CHADHA, K. L;; 1984: Grape research in India - priorities and suggested approach for the future. Indian J. Hort.
41,145-159,

CLINGELEFFER, P. R; 1985: Specialised trellis design for table grape production. Proc. The Production,
Promotion and Marketing of Western Australian Table Grapes, September, 1985, 68-71. Rural and Allied
Industries Council, Perth, W. A,

- ; 1987: Production of grapes in tropical areas. Proc. 2nd Natl. Table Grape Tech. Conf., July 1986, 46-49.
Stanthorpe, Qid.

- -;May, P; 1981: The swing-arm trellis for Sultana grapevine management. S. Afr. J. Enol. Viticult. 2, 37-44.
-- -, POSSINGHAM, 1. V.; 1988: Marroo Seedless: A new table grape variety. Agricult. Sci. (Austral) 1 (2), 18-19.

DOSTER, M. A; SCHNATHORST, W. C,; 1985: Comparative susceptibility of various grapevine cultivars to the
powdery mildew fungus, Uncinula necator. Amer. J. Enol. Viticult. 36, 101-104.

McCoLt, C. R;; 1986: Cyanamide advances the maturity of table grapes in central Australia. Austral. J. Exp.
Agricult. 26, 505-509.

MOORE, J. N.; 1983: ‘Reliance’ Seedless Grape. HortScience 18, 963-964.
-- - ; 1985: “Mars’ Seediess Grape. HortScience 20, 313.
MORTENSEN, J. A.; 1983: ‘Suwannee’ and ‘Conquistador’ grapes. HortScience 18, 767-769.
-3 GRAY, D. J.; 1987: ‘Orlando Seedless’ grape. HortScience 22, 327-328.
Ormo, H. P.; 1970: Report to the Government of India. FAQ/UNDP Report No. TA 2825. FAO, Rome.

PooL, R.M.; REMAILY, G. W; REIsScH, B. I; WATSON, J. P; KIMBALL, J. H,; 1981: ‘Remaily Seedless’ grape.
HortScience 16, 232-233.

POSSINGHAM, J. V; CLINGELEFFER, P. R.; 1986: Selection and breeding of table grapes for Australia” Proc
19th Intern. Viticultural and Oenological Congr. 1986, Santiago Chile, 808-819.

- - ; - - ; KERRIDGE, G. H.; 1989: Developments in the Australian table grape industry. Proc. 20th Intern.
Viticuitural and Oenological Congr. (in press).

PUNSR], P; SUKUMALANDANA, C.; 1977: Grape growing in Thailand. In. CHADHA, K.L; RANDHAWA,
G.S; PaL, R. N. (Eds.): Viticulture in Tropics, 24-31. Horticultural Society of India, Bangalore.

REISCH, B. I; REMAILY, G. W,; PooL, R. M; WATSON, J. P,; 1986: ‘Einset Seedless’ grape. HortScience 21,
155-156.



Genetic improvement of grapevine form or function 177

RoJNIC, 1; ROMERO, T.; SALAS, A.; 1972: Manual Practico para el Cultivo de la Vid en Estado Zulia. Fondo de
Desarrollo Fruiticola - Fondefru, Caracas, Venezuela.

STEIN, U,; HEINTZ, C.; BLAICH, R.; 1985: The in-vitro testing of grapevine cultivars for oidium and plasmopara
resistance, Z. Pflanzenkrankh. Pflanzensch. 92, 355-359.



178 Section 2

Study of phenotypic variation by analysing data gathered
together by O.1.V. on new varieties of table grapes

R. WAGNER

INRA Station de Recherches Viticoles, B.P. 13, F-34750 Villeneuve-1és-Maguelonne, France

Summary: Ifwe consider progenies of seedless, muscat or early cultivar (SME cv.), they may be prone
to show some differences in their distribution for phenologic or cultural characteristics, when compared to more
common varieties (control cv.). Data gathered together by O.LV. on 190 new table grape cuitivars originating
from 37 different breeding stations was used o test this hypothesis. Only the most objective characteristics (for
instance: berry weight) were chosen, so as to reduce observer’s influence on cv. descriptions. Differences between
SME and control cvs could be shown in mean, variance and/or distribution analysis for some characteristics. In
comparison, no significant change appeared for the same features between black versus white cvs. These
provisional results have to be confirmed by experimental studies, but the tendencies shown may still be of interest
in breeding work.

Key words: tablegrape, variety of vine, variation, ecology, phenotype, seedlessness, muscat flavour,
early maturity, biometry, analysis, breeding.

Introduction

Breeding is only possible if some variation exists in the biological material to be improved. To
maintain variability, every breeder is concerned about genetic resources.

If we are interested in seedless, muscat or early cvs, the question 1s: is the variability potential
of progenies of these cvs equal to that of progenies from more common cvs? The problem is
particularly important with seedlessness. Since most of these cvs are related to Sultanina, these
progenies may be more inbred than other, non-seedless progenies. This situation may also be
found, but to a lesser degree, with characters such as muscat or earliness. It is well known that
inbreeding implies a risk ofloss of variability, but also the possibility of reduced fitness.

The study published by the Office International de la Vigne et du Vin on new varieties of table
grapes (WacNer and TrueL 1988) gave us the opportunity to see if differences can be detected, at
least for some characters, among these groups of cvs.

Materials and methods

Plant material

Data used in this study were collected from all known grape breeders. Q.1.V. asked them 1o fill
out two types of forms: .
- oneforeach new variety registered: information on cultural characters,
- one for the location where these varieties had been bred: information on climatic and training
system variables.

Characters selected for the study .

Only the most objective characteristics described were chosen to reduce observer bias on cvs
descriptions.

Experimental design

37 stations belonging to 19 countries, situated in very different climatic areas (ranging from
Canada and USSR to Israel) gave information on 190 cvs. As every station often contributed to
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Table 1: Regression between cultural variables (x1-x6) and climatic variables: average temperature and water-
supply for the 72 1o 139 cvs observed. t values for null hypothesis and significance

independant temperature water supply
variables
dependant

variables

x1l = time of
bud bursting 2.23 0.49 NS
(0IV d.n.)

%2 = time of

fruit maturity 3.42 #%x 0.47 NS

(QIV d.n.)

-

%3 = cluster

weight S5.71 *%% 0.32 NS

(OIV d.n.)

x4 = berry

weight 5.26 *#% 0.27 NS
C(DIV d.n.)
‘x5 = number
of seeds 1.64 NS 1.45 NS

per berry

x& = weight

of 100 seeds 0.59 NS 2.36

(g)

#, %% %%% NS : significant at the 5S4, 1%, or 0.1% levels, respectively.

01V duon. = 01V descriptor numbers for the different variables.

every group of cvs, differences due to soil, climate or training systems may be minimal when
making comparisons between groups of cvs. This hypothesis can be only valid if enough stations
are considered. As climatic variables were available for most stations, a control of the validity of
this hypothesis was possible: if the assumption made is true, then temperature and water
availability averages from relevant groups of cvs are expected not to be significant. If they are, then
differences among groups may originate both from cvs differences and unbalanced location
distribution of these cvs. In the latter case it is not easy to determine which factor is the most
important.

Soil differences could not be controlled. Also considered was whether growth regulators and
ringing were used; all places (and cvs) submitted to such cultural practices were discarded from the
study. For this reason, seedless cvs couid not generally be analysed, or when they were, this
condition could not be applied, so that the results must be considered with this restriction.
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Table 2: Comparison between seedless and seeded cvs, muscat and neutral cvs, early and non-early cvs, black
and white cvs. The only characters listed in the table are those which are significantly different for their means,
their variances or their distributions

statistics comparision between :
SDL/SDD MUSCAT/ EARLY /NON- BLACE/
cvs NEUTRAL. cvs EARLY cvs WHITE c»

- cluster wght - -

mean berry wght berry wght berry wght -

- cluster wght - -

variance - berry wght - -
- - nb s./b. -
distri- - cluster wght - -
bution berry wght berry wght berry wght -
cluster wght = cluster weight (x3)
berry wght = berry weight (x4)
nb s./b. = number of seeds per berry (x5)

As black versus white cvs showed no differences with either climatic variables or with cultural
characters, only random differences were used to evaluate differences which were found among
other groups of cvs with a completely nested design (random effect model).

Results

1. Test of the hypothesis: no differences in climate variables between
groups of ¢cvs

Temperature and water supply showed no differences between:
- black and white cvs,
- early versus non early cvs.
Between muscat and neutral cvs, no differences were found for water supply, but a highly
significant difference appeared for temperature: *
- theaverage temperature for locations where muscat cvs were bred and observed was,
12.04 °C,
- tocompareto: 13.48 °C for neutral cvs.

The same result was found for
- seedless, 14.97 °C and
- seeded cvs, 12.95°C,
which was not unexpected, as seedless cvs are mostly grown and bred in hot countries.
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Table 3: Means of different variables for black and white cultivars. Only seeded cvs have been considered

variables WHITE cvs BL.ACK cvs F value

%1 = time of
bud bursting 4.84 4.63 0.58 NS

(OIV d.n.)

x2 = time of

fruit maturity 4.52 3.84 3.10 NS

(OIV d.n.)

®3 = cluster 4,62 4,39 0.91 NS
weight

(OIV d.n.)

x4 = berry

weight S.44 5.31 0.30 NS
(OIV d.n.)
x93 = number
of seeds 2.14 2.17 0.07 NS

per berry

6 = weight
of 100 seeds 4.60 4.31 1.34 NS

(g}

Significance levels, see table 1.

OIV duon. = 0OIV descriptor numbers for the different variables.

2. Regression between cultural and climatic variable (Tablel)

In general, only regression with temperature gave significant positive coefficients, with the
exception of x5 and x6. All cultural variables were independant of water supply, only x6 (weight of
100 seeds) was positively correlated with water supply.

3. Comparisons made for cultural variables between
- seediess (SDL) and seeded (SDD) cvs,
- muscat and neutral cvs (among only SDD c¢vs),
~ early and non-early maturing cvs (among only SDD cvs),
- black and white cvs (among only SDD).

In general, only cluster weight and/or berry weight are found significantly different for their
means (or variances, or distributions) between the groups of cvs compared (Table 2).

Black and white cvs have similar means (Table 3), variances and distributions for all the six
characters considered.
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Table 4: Means of different variables for early and non-early cvs. Only seeded cvs have been considered

variables EARLY cvs NON-EARLY F value

cvs

%3 = cluster
weight 4,29 4.57 1.03 NS

(QIV d.n.)

x4 = berry
weight 4.70 5.63 14.66 **

(QIV d.n.)

%9 = number
of seeds 2.10 2.18 0.47 NS

per berry

xé = weight
of 100 seeds 4.58 4.36 0.66 NS

{g)

Significance levels, see table 1.

01V d.n. = 0OlIV descriptor numbers for the different variables.

Early cvs have smaller berries than more later ones (Table 4) and their seed number per berry
seems to be less variable:
$5=3.185, standard deviation for early cvs,
to compare with
s5 = 5.57 for non-early cvs.
Between muscat and neutral cvs two characters are different: cluster weight and berry weight.
In both comparisons neutral cvs show greater means (Table 5) and variances.
Only mean and distribution in berry weight are different between SDD/SDL cvs. Mean berry
weight found for SDL cvsis

x4 =3.94
to compare with
x4 =5.37,for SDD cv.
(Fvalue=22.76 ***).
4. Correlations between cultural variables .

Table 6 gives simultaneously three different correlation matrices; each of the first three lines
corresponds to the first line of a correlation matrix, respectively for:
- muscat cvs
- black-and-neutral cvs
- white-and-neutral cvs.
As before, only SDD cvs were considered. These three groups of cvs gave significant
correlation coefficients between x1 and x2, x1 and x4, x3 and x4.
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Table 5: Means of different variables for muscat and neutral cultivars. Only seeded cvs have been considered

variables MUSCAT cvs NEUTRAL cvs F value

%1 = time of
bud bursting 4.47 4,89 2.35 NS

(0IV d.n.)

k2 = time of
fruit maturity 4.04 4.18 0.14 NS

(BIV d.on.)

x3 = cluster

weight 4.14 4.72 6.05 *x*

(DIV d.n.)

X4 = berry
weight S5.05 5.58 5.0% #

(OIV d.n.)

xS = number

of seeds 2.03 2.22 2.92 NS

per berry

& = weight
of 100 seeds 4.49 4,39 0.14 NS

(g)

Significance levels, see table 1.

01V don. = 01V descriptor numbers for the different variables.

- Correlation between x1 and x2: This relation holds also within seedless (SDL) cvs. The value
of the correlation coefficient is high:
r=+0.62 (P > 0.001),
when calculated on all seeded (SDD) cvs.
- Correlation between x1 and x4: Early bud burst is correlated with small berry weight. The
value of the correlation coefficient is lower than the former: .
r=+0.48 (P > 0.001),
when calculated for all SDD cvs.
- Correlation between x3 and x4: Cluster weight and berry weight are highly correlated:
r=+0.64 (P > 0.001),
when calculated on all SDD cvs.
- As the other correlation coefficients of these matrices are generally just at the edge of
significance (P = 0.05), it seems safer, provisionnally, to doubt their reality.
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Table 6: Correlation matrices for six characteristics (x1-x6) and three groups of seeded varieties: muscat cvs
(MUS.cvs), black-and-neutral cvs (BL.cvs), white-and-neutral cvs (WH.cvs). The names of cvs groups are put at
the place where significant correlation coefficients should figure . — = non-significant correlation coefficients

variables x1 X2 %3 x4 xS xé

variables

xl = time of 1.00 MUS.cvs - MUS.cvs - -
bud bursting 1.00 BL.cvs - BL.cvs - -
01V duon.) 1,00 WH.cvs WH.cvs WH.cvs - WH.cvs
X2 = time of 1.00 - = - MUS. vcs
fruit maturity 1.00 - - - -
(0OIV d.n.) 1.00 WH.cvs WH.cvs - -
®3 = cluster- 1.00 ° MUS. cvs - -
weight 1.00 BL.cvs - -
(OIV donJ) 1.00 WH.cvs - -
x4 = berry- 1.00 = B
weight 1.00 - BL.cvs
(QIV dun.) 1.00 - -
%5 = number of 1.00 -
seeds per berry 1.00 -
1.00 -
xé = weight 1.00
of 100 seeds 1.00
(gQ) 1.00
0IV d.n. = OIV descriptor numbers for the different variables.

Discussion and conclusion

There are not many studies on grape phenotypic variability. Generally, data considered is
taken either from ampelographic collections (Hugrix 1958; Benin er al. 1985) or from seedlmg
collections during the process of grape breeding (Fanizza 1979; LeFort and Bronner 1981;
CaLo et al. 1987). In both cases, the plant material considered is situated at the same place. In this
study, data were collected from all over the table grape growing area. These results may obviously.
appear as more general. In fact, they must be considered only as heuristic results. They may give
some interesting indications, if the hypothesis of good balance of climatic variables can be
accepted. This must be kept in mind in the following discussion.



Genetic improvement of grapevine form or function 185

1. Regression between cultural and climatologic variables

x1, x2, x3 and x4 (earliness of bud burst and berry maturity, cluster weight and berry weight)
are positively correlated with average air temperatures. This means that hot areas are prone to
breed later cvs, with bigger bunches and larger berries. But it is unexpected that cluster and berry
weight are not related with water supply, as x6 (weight of 100 seeds) is.

2. Seeded versus seedless cvs

The big difference found for berry weight (x4 = 3.94 and x4 = 5.37) was expected. It includes
not only varietal factors, but also climatic (SDL cvs are bred in hotter climates) and cultural factors
(ringing, gibberellic acid treatments not applied on SDD cvs). It must be emphasized that x4 is the
only character which gave a significant difference between SDL and SDD cvs, as the other cultural
characters (earliness, cluster weight) showed similar means, in spite of ciimatic and cultural factors
capable of causing divergences.

3. Muscat versus neutral cvs

Differences were found for cluster weight (x3) and berry weight (x4). In fact, these results can
also be explained by the highly significant positive regressions between x3, x4 and average
temperature of the place of breeding: it seems that new muscat cvs are more frequently registered in
cooler areas than neutral cvs. In consequence they have, on average, smaller clusters and smaller
berries.

4. Early versus non-early cvs

Neither climatic nor cultural factors differ between these two groups, so differences found (for
berry weight) may really be attributed to earliness divergence.

5. Correlation between cultural variables

The preceding result is confirmed in these correlations: x4 (berrx weight) is correlated with x1
(time of bud burst), and also with time of fruit maturity (only in white-and-neutral cvs).
The other remarkable fact is the strong correlation between:
- x1 and x2 (earliness of bud burst and of fruit maturity),
- x3 and x4 (cluster weight and berry weight).

In conclusion, it appears that few characters show differences for mean, variance and/or
distribution between the groups of cvs considered. Of the six variables considered, only cluster
weight and berry weight gave significant results for SDL/SDD, muscat/neutral and early/non-
early cvs, but not for black versus white cvs. Differences not related with climatic or cultural factors
were only observed between early and non-early cvs for berry weight. '
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Potassium partitioning between leaves and clusters:
Role of rootstock
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Summary: Different scion/rootstock combinations in grapevine { ¥#tis vinifera/ Vitis spp.) were tested
for nutritional properties and juice composition. Chardonnay and Cabernet Sauvignon each grafted on 22
rootstock varieties (10 new crosses and 12 aiready used in viticulture) were grown in outdoor pots containing very
Ppoor nutritional substrate.

Crop load had a strong effect on juice composition and potassium nutrition. Results indicate that under our
experimental conditions rootstock can have an effect on potassium partitioning between leaves and cluster: 9 out
of 22 rootstocks that we tried were able to improve leaf potassium content without inducing a significant increase
in juice potassium content.

Key words: potassium, nutrition, translocation, rootstock, scion, leaf, bunch, growth, yield, must
quality, biometry.

Introduction

Excessive or deficient mineral content in fruits can impair fruit quality in many horticultural
crops. Frequently, optimal fruit mineral nutrition does not correspond with optimal leaf mineral
nutrition, but optimal leaf mineral nutrition is important for high yield and high plant efficiency
(Faust 1980). Thus, regulation of mineral partitioning between leaves and fruits is an important
factor in regulating plant productivity and crop quality.

In grapevines, high yield can be obtained with high leaf potassium nutrition (CHAMPAGNOL
1988), but frequently high leaf potassium nutrition corresponds to excessive potassium
accumulation and high pH values in berry juice, and particularly 1o insufficient wine quality
(Marrick er al. 1972; Hare 1977; Munvon and Nacger 1977; Bourton 1980; Morris and
Cawtnox 1982; Morris er al. 1980, 1983, 1987; ChampacnoL 1986; Ryser er al. 1989).

Potassium partitioning between leaves and clusters depends on grape variety, crop load of the
vines, harvest date, potassium and water soil availability. Data of Morwrs et al. (1987) indicate
that in Arkansas Gewurztraminer had higher potassium petiole content and lower potassium juice
concentration than Cynthiana, and that the application of potassiurn fertilizer to Gewurztraminer
did not cause an increase in potassium in petioles or juice, whereas fertilization caused an increase
in petiole potassium with De Chaunac and an increase in both petiole and juice potassium with
Cabernet Sauvignon.

Data from Hepxer and Bravpo (1985) indicate that in Carignan and Cabernet Sauvignon a+
high crop load was able 10 reduce potassium levels in leaves and juice and that in Cabernet S. high
soil water availability increased the leaf and juice potassium, but that both the effects were more
consistent in leaves than in juice. .

Morris and CawrHon (1982) were able to indicate an effect of crop load and irrigation on
juice potassium but not on petiole potassium with Concord. Similarly, FrReeman and KiLiEwer
(1983) noted a more consistent effect of irrigation on juice potassium than on petiole potassium. '

Morris e al. (1983) in a pot trial showed that with Concord, when the potassium supply
ranged from 0 to 12 g/plant, the leaf potassium content passed from 1.25 to 3.5 % dw and the juice
potassium concentration raised only from 2.7 t0 3.3 g/1.
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Table 1: Rootstock varieties and new crosses tested for nutritional behaviour grafted with Chardonnay and

Cabernet Sauvignon

Rootstock Parents

Jsed varieties

KOBER 5BB (KSBB) Vitis Berlandieri x V. riparia

3309 C V. riparia x V. rupestris

1103 P V. Berlandieri x V. rupestris

420 A . V. Berlandieri x V. riparia

110 R V. Berlandieri x V. rupestris

140 Ru V. Berlandieri x V. rupestris

41 B V. vinifera {cv. Chasselas) x V. Berlandieri

S04 V. Berlandieri x V. riparia

GOLIA Castel 15.612 x Vitis rupestris du Lot

SCHWARZMANN Vitis riparia x V. rupestris

FERCAL BCI (V. Berlandieri x V., vinif. cv. Colombard) N. 1
x 333 EM (V. vinifera cv. Cabernet S. x V.
Berlandieri)

New crosses

USMI 1 V. Berlandieri self pollinated
USMI 2 V. Berlandieri self pollinated
USMI 3 V. Berlandieri x V. riparia
JSMI 4 V. riparia x V. rupestris

USMI § V. Berlandieri x V. vinifera
USMI 6 V. Berlandieri self pollinated
JSMI 7 V. riparia x V. rupestris

JSMI 8 V. Berlandieri x V. riparia
JSMI 9 V. Berlandieri x V. riparia
USMI 10 V. riparia x V. rupestris

DeLas et al. (1989) indicated that potassium fertilization had greater effect on petiole
potassium than on juice potassium and that at low potassium availability the petiole potassium
content decreased with greater extent than juice potassium.

Also, rootstocks seem to be effective on potassium partitioning. Deras et al. (1989) found
that the correlation coefficients between petiole and juice potassium content were affected by
rootstock. They also showed some different behaviours of Cabernet S. grafted on different
rootstocks: Riparia at the same petiole potassium levels as SO4 and Fercal induced lower juice
potassium concentration.

Our hypothesis is that rootstock could have a significant role in potassium partifjoning
between leaves and clusters. It should assure an adequate leaf potassium content for adequate
productivity (source activity, bud differentiation and assimilate translocation) but should not
favour high potassium accumulation in grape juice.

Different physiological patterns are possible to explain the rootstock effect on potassium
partitioning; e. g. rates in potassium uptake during the vegetative season, intensity and persistency
of shoot apex growth that can compete with cluster for potassiurm, and regulation of leaf senescence
and thus of potassium translocation from leaves to clusters.
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Data from screening of new rootstocks for nutritional efficiency verify the possible role of
rootstock in potassium partitioning between leaves and clusters.

Materials and method

Different scion/rootstock combinations in grapevine ( Vitis vinifera/Vitis spp.) were tested for
nutritional properties and juice composition and characteristics in 1988 at the experimental farm
of the University of Milano in Montanaso Lombardo (Po Valley).

) 4-year-old vines were grown in outdoor pots (301) containing very poor nutritional substrate,
constituted of 50 % peat (in volume), with the following characteristics: pH in water 7.6; total Ca
carbonate (De Astis method) 8.2 %; soluble Ca carbonate (Drouineau-Galet method) 0.50 %; total
nitrogen (Kjeldhal method) 0.46 %; available P (Olsen method) traces; exchangeable K (AcNH,
method) 30 2g/g in K,O. Pots were kept at field capacity during the entire season by means of
trickle irrigation, water loss was replaced daily. To measure the minera) efficiency under these poor
soil nutrition conditions, every pot was only slightly fertilized. Each pot was supplied with nitrogen
(0.28g as NH .NO,), potassium (0.75g as Kst ,)» phosphorus (2.4¢g as Ca(H,PO AN2
magnesium (0.5 g as MgSO , * 7H,0) and micronutrients (Mn, Cu, Zn, B, Mo and Fe).

Two cultivars, Chardonnay and Cabernet Sauvignon, each grafted on 22 rootstocks, were
chosen. 10 new crosses (USMI series) from the Milano Pomology Institute were compared to
rootstocks already used in viticulture (Table 1). Vines were arranged in one randomized block with
two replications. To standardize the plants at the beginning of the season, 4 shoots with 2 flower
clusters each per vine were retained. Flowering was the 1st week of June in Chardonnay and the’
2ndin Cabernet S., while veraison was the 1st and the 2nd week of August, respectively.

‘When ripe (Chardonnay 30th August, Cabernet S. 4th October), all the grape clusters were
collected and weighed. The juice obtained with a manual wine press was analysed for soluble solids
(refractometric method), titratable acidity (with NaOH N/10, end pH 8.2), pH, malic acid
(enzymatic method), tartaric acid (colorimetric method) and potassium (spectrophotometric
method). A sample of basal (4-6 node) and apical (last 3-4 fully expanded) leaves were collected.
Potassium was determined by plasma emission spectrometer in the leaf samples. The total shoot-
length was also measured.

Relations between nutrition and juice characteristics were analysed by correlation. The effects
of rootstock and scion on nutrition and juice characteristics were tested by variance and covariance
analyses. Differences between the average values were verified by Tukey (1956) test (P = 0.05).

Results

The scion/rootstock interaction was never significant, therefore results will be presented and
discussed only as scion and rootstock main effects.

Relationships between crop load and juice composition (Table2)

Both in Chardonnay and Cabernet S. grape yield per vine was negatively related with soluble
solids, pH and K content of juice, whereas tartaric acid and titratable acidity were negatively
associated with crop load.

Relationships between crop load and potassium leaf content (Table3)

Crop load decreased the potassium content both in basal and apical leaves.
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Table 2: Regression coefficients of the relations between vine crop load and juice composition.
CH = Chardonnay, CS = Cabernet Sauvignon . NS: non-significant, * ** **=. P € 0,05, 0.01, 0.001

| | | 1 I | | | |
| JUICE |} cv | SOLUBLE | pH | TITRAT. | MALIC | TARTARIC | K |
| cosp. | | soLips | | ACIDITY | ACID | ACID | |
[ ! I [ I ! I I I
| CROP | CH | -0.58%** | -0.57*** | 0,34%*+ | NS |  0.a8%%* | —0,42%%s |
{ | I I ! ! | | I
} LOAD | €S | ~0.44**» | _0,57#*+ | 0,31%* | 0,35%%*| 0,30** | -0.51#*+ |
I f ] I | | | ! 1

Table 3: Regression coefficients of the relations between vine crop load and leaf potassium content at harvest
time. CH = Chardonnay, CS = Cabernet Sauvignon. NS: non-significant, *, **, ***. P £ 0.05, 0.01, 0.001

| | | |
| LEAF K | CV | BASAL APICAL |
| ] | LEAVES |
! | [ | |
| CROP | CH | -0.45%%# | -0,31%#+ |
I [ ! ! I
| LOAD | CS | -0.31%#% | -0,29*+ |
| I | |

|

Table 4: Regression coefficients of the relations between juice K and juice composition. CH = Chardonnay,
CS = Cabernet Sauvignon. N'S: non-significant, *, **, *** p < 0.05, 0.01, 0.001

| | | | i | | |
| JUICE | cv | SOLUBLE | pH | TITRAT. | MALIC | TARTARIC |
| comp. | | soLips | | ACIDITY | ACID | ACID ]
! | | f ! ! [ I
| JUICE | CH | 0.46%** | (.48%*** | NS | Ns | NS |
! I [ | ! | [ I
| X | ¢s | ©0.42%*+ | o0,22¢* | -0.24* | NS | -0.22¢ |
1 | l l l ] l |

Relationships between juice potassium content and juice composition
(Table4)

Both in Chardonnay and Cabernet S. potassium content of the juice correlated with its
soluble solids concentration and with its pH levels. )

Relationships between leaf potassium content and juice composition
(Table 5)

Potassium content of leaves correlated with potassium in the juice in both the cultivars. The
otherjuice characteristics correlated with leaf potassium only in Chardonnay, where soluble solids,
pH and malic acid values were positively associated with leaf potassium.
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Table S: Regression coefficients of the relations between leaf K content and juice composition.
CH = Chardonnay, CS = Cabernet Sauvignon. N'S: non-significant, *, **, ***. P < 0,05, 0.01, 0.001

| | | | | | | | |
| Juice | cv | SOLUBLE | pH | TITRAT. | MALIC |TARTARIC | K |
| comp. | | soLins | | ACIDITY | ACID | AcID | 1
I I I ! | | f [ J
| BASAL | CH | 0.32%* | 0.43*%** | NS | 0.34%+ | -0.23% | 0.58%%+ |
I J [ I [ | ! I {
| LEAF K | CS | NS | NS | NS | NS | nNs | NS |
| | I ! | { I [ {
f o I | [ | I ! I
| APICAL | ¢cH | 0.27* | 0.22* | NS | 0.35%*% | NS | o.s2* |
| I I | ! I | I [
| LEAF K | CS | NS | Ns | Ns | NS | NS | Ns |
| | | | I ] I l I

Table 6: Scion effect on juice composition; means adjusted by crop load effect. Means followed by the same letter

are not different (P = 0.05)
| | | | ] | | |
| | SOLUBLE | pH | TITRAT. | MALIC | TARTARIC | |
| | soLIDS | | ACIDITY | ACID | ACID | K |
1 | g/1 | | megq/l | meq/1 | meq/l | meq/1 |
I | ! I ! I [ I
| CHARDONNAY | 155a | 3.06a | 108a | ©50a | 85a | 15.8a |
| I I | I I ! |
| CABERNET S. | 169%b | 3.02b | 121 | 72b | 84a ] 18.1b |
| | [ I l | | [

Table 7: Rootstock effect on juice composition evaluated by variance and covariance analyses with vine crop load
as covariate variable. F = Fisher’s F, P = Fisher’s F probability

| | | | | | | | |
| | | SOLYBLE | pH | TITRAT. | MALIC | TARTARIC | K |
1 ] | soLips | | ACIDITY | ACID | ACID | |
| | | | I | | I I
| VARIANCE | F | 1,945 | 1,905 | 2.011 | 1.661 | 1.370 | 2.391 |
| ANALYSIS lp | o0.022 | 0.026 | 0.017 | 0.063 | 0.163 | 0.040 |
! | | I | | ! ! |
| COVARIANCE | F | 1.394 | 1.575 | 1.797 | 1.e66 | 1.072 | 1.905 |
| ANALYSIS | P | o0.187 | o0.086 | 0.03%8 | 0.062 | 0.399 | 0.026 |
| | | | I | [ | 1

Scion and rootstock effects on vine vigour and crop load (Fig.1)

Total shoot length did not correlate with yield per vine. Average number of shoots per vine
was 3.8. It was not influenced by scion and rootstock due 10 experimental standardization of the
plants. Total shoot length was slightly controlled by rootstock, Golia induced a high shoot growth,
while USMI 7 was characterized for inducing low shoot growth in the scion.
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Fig. 1: Scion and rootstock effect on vine vigour and crop load.

In spite of the initial plant standardization, the number of grape clusters per vine was
influenced both by scion and rootstock, whereas average weight of grape cluster was influenced
only by scion. Consequently, crop load per vine was controlled both by scion and rootstock.
Chardonnay had a higher grape production than Cabernet S.; USMI6 and 41 B induced high
grape yield; USMI 2, USMI 3 and USMI 9 induced low grape yield.

Scion and rootstock effect on juice characteristics (Tables6 and7)

Due 1o the correlation between juice characteristics and crop load, scion and rootstock effects
on juice composition were studied by variance and covariance analyses.

Table 8: Scion effect on leaf potassium content at harvest time; means adjusted by crop load effect. Means
followed by the same letter are not different (P = 0.05). CH = Chardonnay, CS = Cabernet Sauvignon

| | | i
| LEAVES | CH | cs | .
| | | |
| I | 'l
| BASAL | 0.41a | 0.32b |
I ! I I
| APICAL | 0.40a | 0.36b |
| | | 1
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Fig. 2: Scion and rootstock effect on basal and apical leaf potassium content. Means adjusted by the crop load
effect.

_ Scion varieties were different in juice characteristics with the exception of tartaric acid
content.

- Rootstock had an effect on soluble solids and pH but these effects were related with the
different crop load induced by the rootstock itself, in fact its effect was still not significant when
evaluated with covariance analysis with crop load as covariate variable.

Tiratable acidity and potassium content of the juice were affected by rootstock. This gﬁ“ect
was reduced, but still significant when adjusted by crop load. Malic and tartaric acid contents of the
juice were not affected by rootstock.

Scion and rootstock effect on potassium nutrition in leaves (Table§,
Fig. 2)

Both scion-and rootstock had an effect on leaf potassium content.
Cabernet S. had a lower leaf potassium content than Chardonnay.
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Fig. 3: Scion and rootstock effect on potassium partitioning between basal leaves and berry juice. Means adjusted
by crop load effect.

Two rootstock groups were detected: the first group (L group) with potassium level below
approximately 0.4 % dw both in basal and apical leaves; the second group (Hgroup) with
potassium level above approximately 0.4 % dw both in basal and apical leaves.

Scion and rootstock effect on potassium partitioning between leaves
and berry juice (Fig. 3)

Cabernet S. had higher juice potassium and lower leaf potassium content than Chardonnay.

Rootstock had a greater effect on potassium leaf content in respect of potassium juice content.
With the exception of USMI 1, Fercal and 1103 P which induced a juice potassium content lower
than 16 meq/], all the other rootstocks induced an average juice potassium content ranging from
16 10 18.5 meq/1 with ‘high’ or ‘low’ leaf potassium content.

Discussion

Under our experimental conditions, potassium nutrition and juice characteristics were
strongly related to crop load of the vines. it reduced sugar and potassium accumulation in the
berry, increased their acidity and reduced leaf potassium content. For this reason, result
interpretation has to take in consideration the crop load effect. .

In Chardonnay the similar effect of crop load on potassium content of leaves and juice, and on
soluble solids in juice, determined the correlation among these parameters. Therefore, the positive
relation between potassium nutrition and sugar content of juice does not seem due to a greater leaf
efficiency but to a different ‘source-sink’ relation.

In Cabernet S. the lack of relation of leaf potassium with soluble solids and potassium in juice
seems to be related to the late leaf sampling daie. At sampling time leaves were senescent due to
nutrient shortage and were not at a proper nutritional index.
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When adjusted by crop load effect, the scion effect was significant on juice composition
(Table 6). The differences in juice composition between the two cultivars seem 10 be related with
their different length and period of the ripening phase. In fact, the higher soluble solid and
potassium content of Cabernet S. could be related with its longer ripening period, and the lower
malic acid content of Chardonnay with the higher temperature that occurred during its ripening.

Similarly, the scion effect on potassium leaf content seems to be related with the different
sampling dates and the different states of leaf senescence. Cabernet S. leaves were sampled
1 month after Chardonnay leaves.

For what concerns the rootstock effect when it was adjusted by the crop load effect, it was only
significant on vigour, titratable acidity and potassium content of the juice, and on leaf potassium
levels.

The small effect of the rootstock on plant vigour seems to be related to the pot condition. The
pot volume limiting root growth also limited shoot growth.

The great effect of rootstock on vine crop load has to be related to the young age of the vines,
during which rootstock has generally a higher effect on flower initiation.

Rootstocks had an effect on potassium partitioning between leaves and berry juice, indeed
they induced similar juice potassium contents, with different levels of leaf potassium.

Rootstocks could be divided into two groups in relation to their capability of controlling leaf
potassium nutrition. The first group (H group) was able to assure higher leaf potassium nutrition, in
the second group (L group) leaf potassium nutrition was low.

These results confirm the variability among rootstocks in potassium nutrition and suggest
that, at least in poor soil conditions, an adequate rootstock can raise the leaf potassium nutrition
without increasing the juice potassium content.

From our data, choice of rootstock seems to be a mild method in regulation of potassium
partitioning within the vine.
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On the new very early table varieties obtained by crossing
different varieties of grapevine

L. Avramov, D. Tabuanovic, K. Paviovic, M. Jovanovic and N. Gasic

Faculty of Agriculture, Nemanjina 6, YU-11081 Zemun, SFR Yugoslavia

Summary:

1. In order 1o obtain new table grape varieties which ripen before or at the same time as variety Pear] of
Csaba, we performed many intervarietal crossings at our experimental station, using the following parents:
Pear!] of Csaba, Chasselas Bouvier, Muscat Ottonel, Queen of Vineyard, Cardinal, Dattier de Beyrouth,
Ribier.

2. The Government Commission acknowledged five very early varieties, three of which have also better
agrobiological and technological characteristics than the variety Pearl of Csaba.

3. The new variety Demir Door ripens on average 6 d, the new variety Early of Belgrade 3-5 d earlier, and the
new variety Grochanka ripens at the same time or 1-3 d later as the control variety Peari of Csaba.

4. Due to multiple regression analysis, biological characteristics as yield, cluster and berry weights and
sugar content strongly depend on meteorological conditions (temperature, rainfall and solar radiation); this is
valid for all the new varieties and the variety Pear] of Csaba at all locations investigated.

5. Analysis of variance (level of 0.05 and 0.01) shows that compared to the control variety we obtained
with new varieties significantly greater yields, very significant large cluster and berry weights and very
significantly better uvological characteristics of berry. The average yields for all investigated locations were
increased in comparison to the control variety Pearl of Csaba: Demir Door +3.004 kg/ha, Early of Beigrade
+6.259 kg/ha, Grochanka +7.065 kg/ha.

6. Organoleptic characteristics are much improved with all new varieties which is illustrated by increased
indexes.

7. All investigated varieties are acknowledged genotypes of Fitis vinifera L., and all of these new varieties

: exhibited better biological and technological parameters than Pearl of Csaba.

Key words: table grape, variety of vine, early ripening, ecology, Yugoslavia, crossing, growth, yield,
berry, must quality, sensory rating, physical properties, disease resistance, cold resistance.

Introduction

After acknowledgement of some very early varieties and after testing their behaviour under
different agroecological conditions (AvrRaMov et al. 1978, 1982, 1988; Avramov 1987, 1988;
PavLovic 1983; Korac 1989), we can discuss now the advantages of these varieties which ripen
before or at the same time as variety Pearl of Csaba.

Materials and methods

Crossing was performed using the varieties Pearl of Csaba, Chasselas Bouvier, Muscat
Ottonel, Queen of Vineyard, Cardinal, Dattier de Beyrouth, Ribier etc. Crossing and propagation
were done &t the Fruit-Grape Experimental Station ‘Radmilovatz’of the Faculty of Agriculture,
Zemun.

The evaluation of the selected genotypes was carried out by the Commission for Variety
Acknowledgement under production conditions similar to those of some ampelographic
collections in our and foreign countries.Special attention was paid to changes of varietal
characteristics on dependence of mesoclimatic conditions taking into account locations and years.

We used the following statistical methods: trend analysis, multiple regression analysis and
analysis of variance.

In this paper we will show the data only for three most successful varieties which ripen before
or at the same time as Pear] of Csaba.
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Results

From the results obtained during the production of grapes in different agroecological areas of
our country, the varieties Demir Door, Early of Belgrade and Grochanka were the most successful
and economically most interesting ones. Control variety was Pearl of Csaba.

Variety Demir Door (Tablel)

This variety resulted from the crossing Muscat Ottonel x Queen of Vineyard.

The most important morphological and physiological characteristics are: vigorous growth,
flower physiologically hermaphroditic, medium-sized cluster, large berries, yellow-green berry
colour, semi-firm berry texture, muscat-like taste. The time of ripening is on average 6 d earlier than
Pearl of Csaba.

Compared with the control variety, Demir Door is more resistant to Botrytis cinerea, t0
oidium and to low winter temperatures.

Analysis of the data given in Table 1 shows that compared to Pearl of Csaba the variety Demir
Door exhibited significant quantitative differences which under index points reach the next limits:
average yield (kg/ha) 134 IP; average cluster weight 110 IP; average berry weight 152 IP; average
cluster length 1231IP; average sugar content 105IP; berry skin crush resistance 208 IP;
organoleptic characteristics value 138 IP.

Table 1 shows that we have obtained a new genotype which in comparison with the variety
Pearl of Csaba exhibits better agrobiological and technological characteristics, including very early
ripening, on average 6 d before Pearl of Csaba.

The analysis of variance (0.05-0.01 level) showed that compared with control variety Demir
Door exhibited significantly greater yields, very significantly larger average cluster and berry
weights, a very significant increase in berry skin crush resistance and also very significant increase of
the resistance of berry 10 separation from pedicel. Yield, cluster weight, berry weight and sugar
content showed very high correlations with temperature, rainfall and solar radiation.

Variety Early of Belgrade (Table2)

This variety was obtained from a crossing of the varieties Chasselas Bouvier x Dattier de
Beyrouth.

Most important morphological and physiological characteristics are: vigorous growth, flower
functionally hermaphroditic, large cluster, large berries, yellow-green skin, berry texture semi-firm,
taste very pleasant. Ripening occurs 3-5 d earlier than with Pearl of Csaba.

Compared with Pearl of Csaba, Early of Belgrade is much more resistant to diseases, to
drought and to low winter temperatures.

Multiple regression analysis indicates that yield is poorly correlated with temperature, rainfall
and solar radiation. However, cluster weight, sugar content and acid content are strongly
correlated with these meteorological factors.

The data in Table 2 show that the variety Early of Belgrade exhibits significant differences in
comparison to Pearl of Csaba and the values in index points reach the next limit: average yield
168 IP; average cluster weight 287 IP; average berry weight 125 IP; average cluster length 177 IP;
average sugar content 125 IP; berry skin crush resistance 163 IP; resistance of berry to separation
from pedicel 121 IP; organoleptic characteristics value 145 IP.

Table 2 also shows that we have obtained with variety Early of Belgrade a new genotype which
in comparison with the variety Pearl of Csaba exhibits betier agrobiological and technological
characteristics including very early ripening.

The analysis of variance (0.05-0.01 level) showed that compared to Pearl of Csaba Early of
Belgrade exhibits significantly very greater yields, cluster and berry weights and sugar content.



Table 1: Average values of major characters for varieties Pearl of Csaba and Demi Door investigated under different ecological

conditions

Pearl of Demir Door Index of
Characters Csaba (New Difference increase
(Control) variety) (Points)
1. Yield (kg/ha) 8,687 11,691 3,004 134,50
2. Cluster weight (g) 131,80 144,80 13,00 110,00
3. Cluster length (cm) 8,50 10,50 2,00 123,00
4. Berry weight (g) 2,21 3,36 1,15 152,00
5. Sugar content (%) 16,80 17,60 0,80 105,00
6. Total acid content (g/1) 6,60 6,70 0,10 101,00
7. Berry skin crush resistance (g/cmz) 489,00 1022,60 533,60 208,00
8. Resistance of berry to separation from pedicel (g) 375,40 715,40 340,00 190,00
9. Organoleptic characteristics value (points 1 - 10) 6,30 8,70 2,40 138,00
10. Time of ripening 24,07, 18.07. 6 days -
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Table 2: Average values of major characters for varieties Pearl of Csaba and Early of Belgrade investigated under different

ecological conditions

Pearl of Early of Index of
Charegcters Csaba Belgrade Difference increase
(Control) (New variety) (Points)
1. Yield (kg/ha) 9.206 15.456 6.259 168,00
2. Cluster weight (g) 137,90 396,20 258,30 287,00
3. Cluster length (cm) 8,50 15,10 6,60 177,00
4. Bery weight (g) 2,08 2,95 0,47 122,00
5. Sugar contént %) 14,00 17,50 3,50 125,00
6. Total acid content (g/1) 7,20 7,40 0,20 102,00
7. Berry skin crush resistance (g/cmz) 324,80 531,170 206,90 163,00
8. Resistance of berry to separation from pedicel (g) 463,70 980,80 517,10 211,00
9. Organoleptic characteristics value (points 1 - 10) 5,96 8,66 2,70 145,00
10. Time of ripening 3.08. 29.07. 5 days -
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Table 3: Average values of major characters for varieties Pearl of Csaba and Grochanka investigated under different ecological

conditions
Pearl of Groschanka Index of
Characters Csaba (New Difference increase
(Control) variety) (Points)
1. Yield (kg/ha) 9,206 16,271 7,065 176,00
2. Cluster weight (g) 137,90 302,10 164,20 219,00
3. Cluéter length (em) 8,50 16,72 8,22 196,00
4 Berry weight (g) 2,08 3,03 0,99 145,00
5. Sugar content (%) 14,00 18,10 4,10 129,00
6. Total acid content (g/l) 7,20 6,70 0,50 0,93
7. Berry skin crush resistance (g/cmz) 324,80 567,30 242,50 174,00
8. Resistance of berry to separation from pedicel (g) 463,70 644,60 180,90 139,00
9. Organoleptic characteristics value (points 1 - 10) 5,96 8,16 2,20 137,00
10. Time of ripening 3.08. 5.08. 2 days -
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Variety Grochanka (Table3)

The variety Grochanka resulted from the crossing Pearl of Csaba x Dattier de Beyrouth.

The most important morphological and physiological characteristics are: vigorous growth,
flower functionally hermaphroditic, medium-sized cluster, large berry, firm berry texture, very
pleasant wine taste. Variety Grochanka ripens at the same time or 1-3 d later than variety Pear] of
Csaba.

The variety is more resistant to diseases and to low winter temperatures than the control.

Multiple regression analysis shows that yield was poorly correlated with temperature, rainfall
and solar radiation. The cluster weight was strongly correlated and the sugar and acid contents
were very strongly correlaied with these factors.

The data in Table 3 show that in comparison with Peart of Csaba the new variety Grochanka
exhibits significant differences and the values in index points reach the next limit: average yield
176 IP; average cluster weight 219 IP; average berry weight 145 IP; average cluster length 196 IP;
average sugar content 129 IP; berry skin crush resistance 174 IP; resistance of berry to separation
from pedicel 139 IP; organoleptic characteristics value 137 IP.

Analysis of variance (0.05-0.01 level) showed that in comparison to variety Pearl of Csaba the
variety Grochanka has very significantly greater yield, cluster weight, sugar content and a very
significant increase in berry skin crush resistance.

Table 3 shows that we have obtained with variety Grochanka also a new genotype which in
comparison with Pearl of Csaba exhibits better agrobiological and technological characteristics
including very early ripening.

Discussion

The results obtained show that from crossings where one of parents or both were very early
ripening we attained F | seedlings which had characteristics of earlyer maturation than the parents.

From many populations and afier a large number of crossings we obtained many interesting
seedlings with very early maturation. Afier acknowledgement of the varieties, in our praxis the best
results exhibited the three varieties Demir Door, Early of Belgrade and Grochanka.

The fundamental idea was to create varieties which mature earlier or at the same time as
variety Pearl of Csaba. Our varieties obtained exhibited under different ecologica! conditions very
early maturation, namely:

- The variety Demir Door ripens on average 6 d before Pearl of Csaba.
= Thevariety Early of Belgrade ripens 3-5 d before Pearl of Csaba.
- The variety Grochanka ripens at the same time or 1-3 d after Pearl of Csaba.

From the genetical point of view we can assume that the donators for the early maturation
were the varieties Pearl of Csaba, Chasselas Bouvier and Queen of Vineyard.

Our results also show that new varieties have significantly or very significantly better
agrobiological and technological characteristics than Pear] of Csaba taking into account wide
geographical areas. The data given in Tables 1, 2 and 3 demonstrate greater yields, larger cluster
and berry weights, higher sugar contents, better uvological characteristics of berry and greater
resistance to cryptogamic diseases and to low winter temperature.

Coefficients of multiple regression analysis show that the new varieties exhibited low, strong
and very strong dependence on mesoclimatic conditions of location and of years of the
investigations.

The new very early ripening varieties do not have very large berries as varieties Cardinal,
Dattier de Beyrouth, Ribier, etc. Future crossings to improve berry size are necessary to meet the
requirements of our own and of foreign markets.
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Investigations on the photosynthetic productivity of some newly
selected grapevine varieties

ToDORKA SLAVCHEVA

Institute of Viticulture and Enology, 5800 Pleven, Bulgaria

Summary: Investigations were carried out on the photosynthetic productivity of 5 wine varieties which
had been selected at the Institute of Viticulture and Enology: Storgoziya, Nikopolski mavrud, Pomoriiski biser,
Dunavska gamza and Dunavski lazur. The first of them was grafied on Chasselas x Berlandieri 41 B rootstock,
each of the others was on three rootstocks: Chasselas x Berlandieri 41 B, Berlandierix Riparia SO 4, and .
(Berlandieri x Riparia Kober 5 BB) x (Rupestris Martin) I11-102 D.

For ail varieties, the leaf dry matter per unit leaf area was greatest when they were grafted on III-102
rootstock. During the vegetation period, the specific leaf weight increased, but the rate of dry matter accumulation
in leaves was not constant and gradually decreased with time.

The content of pigments and the leaf area per vine were greatest on SO 4 rootstock. On this rootstock, the
highest yield was obtained for all cultivars mainly at the expense of the grape cluster weight. The thickness of the
trunk under the graft-union, though, was smallest and an irregular increase of the diameters of the two
components, rootstock and scion, occurred.

Key words: rootstock, scion, variety of vine, grafting, photosynthesis, chlorophyll, yield, production,
phenology, statistics, Bulgaria.

Introduction

In our previous investigations (SLavcueva 1981, 1988; Stoev and SLavrcueva 1982) the
effect of the most important ecological factors - light, temperature, carbon dioxide, soil humidity —
and of some agricultural factors - training systems, planting density - on the photosynthetic rate of
grapevine was shown. Qur efforts have recently been directed to investigating physiological and
biochemical peculiarities of grapevine plant in relation to variety and also choice of rootstock. This
is aimed at facilitating selection of perspective grapevine varieties with optimum parameters of leaf
photosynthesis and with valuable agrobiological characteristics, as well as at utilizing the obtained
knowledge for the progress of grapevine breeding. Some results in this field are presented in this
paper.

Materials and methods

The experimental work was carried out at the Institute of Viticulture and Enology, Pleven.
Five wine varieties bred at the institute were investigated: Storgoziya, Nikopolski mavrud,
Pomoriiski biser, Dunavska gamza and Dunavski lazur. The first of these was grafted on
Chasselas x Berlandieri 41 B rootstock, each of the other cultivars on three rootstocks: Chasselas x’
Berlandieri 41 B, Berlandieri x Riparia SO 4 and (Berlandieri x Riparia Kober 5 BB) x (Rupestris
Martin) 111-102 DY, the later having been developed at the Institute of Viticulture and Enology
{Dimrtrov 1977, author's certificate no.23562). During the vegetation period, dry matter
accumulation in leaves, pigment content, leaf area, grape yield, as well as other additional
characteristics were determined. :

Dry matter accumulated in leaves during the day was determined after the method of Sacrus
(Porov et al. 1957), leaf samples were taken for this purpose at 8. a.m., 12 p.m. and 4 p.m. three
times during the vegetation period in phenophases of flowering, onset of grape maturation

') For brevity: 41 B, SO 4, I11-102 .
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(véraison), and maturation. Specific leaf (dry) weight was measured as mg/dm?. Pigment content
(chlorophyll a, chlorophyll b and carotenoids) was determined spectrophotometrically (PocHinox
1976) during the same phases as mg % (mg per 100 g dry weight). Leaf area per vine was calculated
as m? (CARBONNEAU 1976; Sravcueva 1983, 1987). Grape yield was measured as kg per
grapevine.

The data were statistically processed (Mupra 1958; Barovand Namenova 1969).

Table 1: Specific leaf weight during the day (mg dry wt/dm?)

Rootstocks Culrivars
Nikopolski Pomoriiski Dunavska Dunavski Storgoziya
mavrud biser gamza lazur
Flowering
41B o) 454.4 494.2 495.4 459.1 469.4
I 488.8 524.7 5221 497.8 498.1
) 500.3 555.5 559.6 521.5 524.9
SO4 I 451.8 493.0 502.3 467.4
11 488.2 526.5 543.3 492.6
I 503.1 549.2 566.6 520.6
111-102 I 469.3 504.2 527.6 469.1
11 493.1 537.0 553.0 509.2
m 528.0 549.2 573.4 519.5
Onset of maturation
41B I 675.9 727.4 717.1 684.5 627.9
II 708.7 775.4 766.3 721.2 660.6
I 722.4 767.6 781.4 733.0 665.8
SO4 I 670.3 718.2 737.6 684.3
I 712.8 762.3 781.5 716.5
111 728.6 795.2 795.0 724.5
111-102 I 697.5 757.4 747.8 687.9
II 743.2 791.1 790.5 728.2
111 746.2 806.0 812.5 738.6
Maturation
41B I 675.4 796.0 763.3 700.2 656.8
I 698.0 825.6 784.5 712.5 694.8
111 711.4 830.9 801.5 712.9 694.6
SO4 1 680.5 791.5 798.1 697.1
| 712.4 841.5 811.5 708.0
m 724.8 820.4 816.5 709.3
I11-102 1 726.6 841.5 811.6 740.9
II 766.1 901.5 833.5 768.7
111 757.1 868.1 828.2 748.3

'Y First (8 a.m.), second (12 p.m.), third (4 p.m.) samples in the day-time.
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Results and discussion

In Table 1 data are shown on specific leal weight at 8 a.m., 12 p.m. and 4 p.m. during
flowering, onset of maruration and maturation. The specific weight of leaves increased during the
day as a result of their photosynthetic activity irrespective of variety and rootstock. This allowed to
use summarized equations for characterization of the general regularities. The dry matter
increment of leaves during the day can be described by linear regressions as follows:

Rootstock Flowering Onset of maturation Maturation

41 B ] y=408.6 + 8.06x v=629.6+8.30x v=695.7 +4.46x
SO4 y=415.1+7.74x y=634.6+8.21x y=T717.3+3.39x
111-102 y=435.3+6.95x y=657.6+7.83x y=763.7+2.88x

In the equations y is the specific leaf weight, i.e. the leaf dry weight per unit leaf area
{mg/dm?), and x the time of day (h between & a.m. and 4 p.m.). During flowering the 1-test for the
three rootstocks was Lo > Laps during onset of maturation this was relevant to 41 B and SO4
rootstocks, during grape maturation Lo <1,,- The rate of dry matter accumulation in leaves
during the day, i. e. the change in leaf dry weight per unit leaf area per unit time, was highest on41 B
rootstock, and lowest on I1I-102. The specific leaf weight, in contrast, was greatest on I1I-102 and
lowest on 41 B (significant differences). Furthermore, the dry matter accumulation rate in leaves
during the day depended also on the phase; it was highest during onset of maturation and lowest
during maturation.

Changes in specific leaf weight during the day can be described by a non-linear regression,
polynomial of second degree:

Rootstock  Flowering Onset of maturation Maturation

41B y=324.6+22.75%-0.60x> y=464.9+37.77x-1.24x> y=612.2+18.53x-0.56x>
S04 y=307.1426.62x-0.78x> y=500.2+31.43x-0.95x> y=624.2+19.10x-0.63x*
1102 y=311.2+28.64x-0.89x> y=456.6+42.54x-1.42x> y=435.8+58.28x-2.22x?

The meaning of y and x is the same as above.
After differentiating the above-mentioned equations the following was obtained:

Rootstock Flowering Onset of maturation Maturation
41B QY. 22.75.1.20x dv_3777.2.48x dv_18.53-1.12x
dx dx dx
dy_ ¢ 67 dv_ ) dv_ -1.2
S04 & 26.62-1.56x & 3143-1.90x -19.10-1.26x
101-102 ¥ 28.64-1.78x dY_42.54.2.84x 4Y_58.28-4.44x
11-10 Sv-28.64-1.78x - 42.54-2.84 o 58.28-4.44x

In the equations dY/4x is the rate of dry matter accumulation in leaves during the day
(mg/dm? » h) and x as formerly the time of day between 8§ a.m. and 4 p.m. (h). This dry matter
accumulation rate depended on the rate of net assimilates production and the rate of their
translocation to the other organs. It decreased linearly with time from the morning hours (8 a.m.)
towards the afternoon hours (4 p.m.), which was probably due 1o overcharging the photosynthetic
apparatus with assimilates, causing a depression of photosynthesis. The coefficient before x is a
measure of the reduction of dry matter accumulation rate in leaves per unit time.
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Statistic data processing was complicated by the use of a non-linear regression to describe the
change in specific leaf weight during the day. Verification by an F-test did not give better results, so
we could satisfy ourselves with a linear regression. Experimental data, however, are better
described by a non-linear regression and, provided a sufficiently large number of replicates is
available, it is preferable.

Data examination for each variety showed that the already mentioned tendencies remain with
little exceptions, so that the use of generalized data proved to be adequate. (Under the aspect of
varieties the data will be examined in more detail in another paper.) Highest values of specific leaf
weight were obrained for cvs Pomoriiski biser and Dunavska gamza, and lower values were
obtained for Dunavski lazur, Nikopolski mavrud and Storgoziya. The differences between the two
groups of cultivars were significant (Fexp' >F_ ). Specific leaf weight is a typical characteristic of
variety and rootstock.

In Table 1 it is also seen that the specific leaf weight increased during the vegetation period. Its
change could be described by a non-linear regression, as follows:

0.001

41B y=475.1+4.870x-0.0207x> (Fp. = 54.94> Fy o =27.00)
S04 y=477.9+5.047x-0.0223x> (F,, =44.66 > Fy o, =27.00)
1-102 y=486.3 + 5.012x-0.0199x? (F,, =49.12>F, o =27.00)

In the equations y is the specific leaf weight (mean value from the three measurements during
the day) as mg/dm’, and x the time in days (d) after the earliest date of measuring (in this case
during flowering).

When we differentiated the equations, the first derivative of y with respect to x was considered
asrate of dry matter accumulation in leaves during the vegetation period. This looked like this:

41B QY _ 4.870-0.0414x
dx

S04 4Y _ 5.047-0.0446x
dx

11-102 8Y _ 5.012-0.0398x
dx

In the equations 9/dx is the gain in leaf dry matrter, calculated per unit leaf area per unit time
(mg/dm? » d) and x the time in days (d) afier florescence. The rate of dry matter accumulation
decreased uniformly in the course of time, most slowly on III-102 and most rapidly on SO4
rootstock. Considered for each cultivar, the results are analogous; the value of 9y /4x (average for
the vegetation period) was smallest on SO 4 and it was highest on I11-102 except for cv. Dunavska
gamza, where in general the differences were small.

This fact could be related to the translocation of assimilates toward clusters and other sinks.
According to Vasev (1976), interrupted or retarded assimilate flow causes an increase in leaf dry
weight and reduces water content and plastid pigment amount. Export of photosynthates from
leaves is controlled by the needs of the individual sinks (Stoev and Ivantchev 1977; OrTn 1983;
Emach and ALtewerpt 1985). The cluster becomes the principal sink for photosynthates
produced in the middle third of the shoot after fruit-set during its most intensive growth (BALcar
and Hernanpez 1988) and particularty at onset of maturation (Stoevand Ivantcuev 1977).

From Table 2 it is seen that for all cultivars on SO 4 rootstock a higher yield was obtained
mainly at the expense of cluster weight, i. e. reciprocally to the rate of dry matter accumulation in
leaves. This shows the correctness of such an approach.

Leaf area correlates to yield (r = +0.799 > r, o, = 0.684). For all varieties the leaf area per vine
was greatest on SO 4 rootstock, mainly at the expense of the mean area per leaf (Table 3).
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Table 2: Grape yield (kg/vine)

Rootstocks Cultivars
Nikopolski Pomoriiski Dunavska Dunavski Storgoziya
mavrud biser gamza lazur
41B 4.619 5.600 5.844 5.540 7.530
S04 6.520 7.304 6.717 6.495
111-102 5.403 4.864 4.404 5.056
Table 3: Leaf area (m®/vine)
Rootstocks Cultivars
Nikopolski Pomoriiski Dunavska Dunavski Storgoziya
mavrud biser gamza lazur
41 B 9.9 9.6 6.8 8.2 13.1
SO4 12.0 12.2 7.0 12.6
111-102 10.2 6.3 6.3 5.3

Table 4: Thickness of the trunk (mm) (A) above and (B) under the graft-union

Rootstocks Cultivars
Nikopolski Pomoriiski Dunavska Dunavski Storgoziya
mavrud biser gamza jazur
A
41B 32.5h 32.0 28.5 299 324
S04 34.3 33.6 29.1 31.0
I11-102 326 33.6 29.1 31.2
. B
418 32.7 35.6 33.2 33.3 359
SO4 28.4 28.9 257 28.2
11-102 34.7 351 311 347

') The data are mean values from 3 years.

As to thickness of the trunk (which is a consumer as well) under the graft-union, it was smallest
when the cultivars were grafied on SO 4, probably owing to rival interrelations, i. e. the assimilates
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Table 5: Pigment contents in the leaves (mg/100 g dry wt)

Rootstocks Cultivars
Nikopolski Pomoriiski Dunavska Dunavski Storgoziya
mavrud biser gamza lazur
Chlorophyll a
41B 415Y 406 382 406 497
S04 477 439 383 435
102 434 408 369 391
Chlorophyll b
41 B 138 130 114 128 159
S04 141 154 108 126
I11-102 124 119 107 116
Carotenoids
41B 209 204 191 198 238
S04 239 216 198 213
111-102 229 218 194 195

') The data are mean values from the three measurements in phenophases of flowering, onset of grape
maturation, and maturation.

were distributed predominantly in the overground part and besides an irregular thickening of both
components, rootstock and scion, occurred (Table 4). In contrast, on I1I-102 rootstock, probably
owing to the presence of a smaller consumer (cluster) a greater portion of dry matter was
accumulated in the leaves and subsequently in the perennial parts, which corresponds to some
results obtained by Divitrov (1984, unpublished data).

The contents of chlorophyll a, chiorophyll b and carotenoids in leaves are shown in Table 5.
The data concerning rootstock III-102 are from 2years. The highest pigment content was
characteristic of cv. Nikopolski mavrud, followed by Pomoriiski biser, the lowest of cv. Dunavska
gamza; on 41 B rootstock, the pigment content was greatest for cv. Storgoziya. Cv. Pomoriiski
biser was not significantly different (F,, < Fios) from Nikopolski mavrud in regards to pigment
contents, but the differences were sngmﬁcam for Dunavski lazur and Dunavska gamza
(Fexp. > F“ ') For all varieties the total content of pigments was highest on SO 4 rootstock, mainly
at the expense of chlorophyll a and the carotenoids.

Pigment contents continuously decreased during the vegetation period. This could be
expressed for chlorophyll a by a linear regression, as follows:

41B y=530-1.840x (t,,, =6.523 > 1 g0, = 5.408)
S04 y=515-1.158x (tp. = 7-163 > 15 o0, = 5.408)
111102 y=571-2.302x (o, =7-328> 1y, =4.604)

In the equations y is the content of chiorophyll a (mg/100 g dry weight) and x the time (d)'aﬁer
florescence.
Analogous equations were obtained for chlorophyll b:

41B y=163-0.509x (1, = 5:052> 1y o, = 3.499)
S04 y=156-0.325x (1., =2.287 <15 o =2.365)
11-102 y=164-0.634x (t, =2309 <1, , =2.776)

exp.
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where y is the content of chlorophyll b and x as above.

For the carotenoids:
41B y=248-0.685x (‘exp, =3.686 >, ,, =3.499)
SO4 y=251-0.491x (tm.-2.775 > 1, 45=2.365)
111-102 y=273-0.871x (tm =5.496>1, .. =4.604)
And, finally, jointly for chlorophylls + carotenoids:
418 y=926-2.868x (tm =5.788> 1 01 = 5.408)
SQ4 y=921-1.973x (tem=6.479 > 1o, 001 = 3-408)
11-102 y=1002-3.794x (tm_ =7.503>1,,, =4.604)

Therefore, with all the three rootstocks pigment contents in leaves decreased during the
vegetation period. This change was not observed for chlorophyil b (SO 4 and ITI-102 rootstocks).

It should be noted that during flowering pigment contents in the leaves of the cultivars, grafied
on III-102 rootstock, was higher compared to the other two rootstocks, but at the end of the
maturation phase it was already lower. Obviously on III-102 rootstock conditions were created for
faster shoot maturation, which is one of the premises for its better frost resistance (SLAVCHEVA,
unpublished data; Porov 1988).

A negative correlation (r > T, om) existed between the specific leaf weight and the pigment
contents in leaves, both characteristics depended on the time (date), i. e. they changed during the
vegetation period.

In conclusion, differences were established in the investigated physiological and other
characteristics in relagion with variety and rootstock. The obtained knowledge can be utilized in
grapevine breeding.
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Grape breeding in China

Luo Fanemer and ZnanG FENGQIN

Beijing Botanical Garden, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China

Summary: The paper introduces the achievements of grape breeding in China since 1950, So far,
around 50 new varieties and many new lines of grape have been produced. Some new varieties are cold resistant,
disease resistant with high yield and are suitable for making wine. Some are early maturing with large, seedless
berries. Some are suitable for the climate of high humidity and for cultivation in rainy areas of southern China.
Some bear large clusters and berries of beautiful appearance and are of high yield and quality. Some are suitable
for canning and making juice.

Key words: breeding, variety of vine, Vitis amurensis, China, wine grape, table grape, juice, yield,
must quality, maturation, frost resistance, disease resistance, salt resistance, ecology.

Although viticuiture has a history of over 2000 years in China, grape breeding was only
started in the early 1950s. So far, the best method for breeding new varieties of grape is cross-
breeding. Therefore interspecific hybridization and intervarietal hybridization are carried out
widely at different institutions and colleges all over China. Around 50 new varieties and many new
lines of grape have been produced through selection, evaluation and cultivation experiments in the
past 40 years and remarkabie success has been achieved.

In 1951, Jilin Institute of Pomology produced Gongniang No. 1 (Muscat Hamburg x Vitis
amurensis) and Gongniang No. 2 (V. amurensis x Muscat Hamburg).

Gongniang No. 1 is a highly cold resistant variety which can overwinter safely without being
buried for protection, even in places where the lowest temperature reaches -22°C. It is also a
disease resistant variety with high yield and good quality. Tonghua Winery of Jilin Province won a
prize in the National Wine Competition 1984, for its ‘Princess Red Wine' made from grapes of
Gongniang No. 1. This variety is cultivated in large areas in Jilin, Heilongjiang, Liaoning, Gansu
Provinces and the Inner Mongolia Autonomous Region.

The grape variety Heishan was produced by Xingcheng Institute of Pomology, Chinese
Academy of Agricultural Sciences by crossing Black Hamburg and V. amurensis, and Shanmeigui
was produced by crossing Muscat Hamburg and V. amurensisin 1952.

Beichun, Beimei and Beihong were produced by crossing Muscat Hamburg and
V. amurensis at the Beijing Botanical Garden, Institute of Botany, Chinese Academy of Sciences
in 1954. Beichun, in particular, is a disease resistant variety with high yield, cold resistance and high
sugar content in fruits, suitable for making red wine. It can overwinter safely without being buried
for protection in northern China. It is also disease resistant, tolerant to humid condition and very
adaptable to rainy areas of southern China. Itis distributed everywhere in China.

Besides these, several table grape varieties were bred by the Beijing Botanical Garden in 1960
through hybridization between varieties. These include Jingzaojing (Queen of the Vineyardsx
Thompson Seedless) and Jingkejing (French Blue x Black Monukka), which are seedless and,early
maturing varieties, Jingvu (Italia x Queen of the Vineyards), which is an early marturing variety with
large berries, and Jingfeng (Queen of the Vineyards x Black Monukka), which is a late maturing
variety with high yield. Among these, Jingzaojing is outstanding, producing large and handsome
clusters with berries bigger than those of Thompson Seedless. The berries are oval, yellowish-green,
with thin skin, crisp pulp, and of high quality, weighing on average 2.6 g. It is also suitable for
making raisins and for canning. It is cultivated in large areas in Xinjiang, Gansu and Inner
Mongolia of China.



Genetic improvement of grapevine form or function 213

In 1956, Hongshan Horticulture Farm, Pingdu County in Shandong Province produced the
new table grape varieties Zexiang, Zeyu and Zefeng by crossing Muscat Hamburg and Longyan.
The variety Zexiang is disease resistant and has high yield. Clusters are medium and conical; berries
are medium, elliptical or oval, weighing on average 5.6 g each, yellowish-green, with strong muscat
flavor similar to Muscat Hamburg, and of good quality. It has been cultivated widely in Shandong
Province.

In 1957, breeding work for wine varieties was staried in the Shandong Institute of Wine
Grape. The main target was breeding varieties which are good for making high quality red or white
wine and suitabie for cultivation in the area of middle and lower reaches of the Yellow River. At the
same time, breeding for table grape varieties and varieties for canning and juice-making was also
carried out at this Institute. Varieties produced include Quanbai (Riesling x Verdot) and Quanyu
(Riesling x Muscat Hamburg), suitable for making dry white wine, Meiyu and Meinong, suitable
for making dry red wine, Meichun, suitable for making red wine and Hongzhilu, suitable for
making red wine and for pigment. The parents of the last four varieties are Merlot and Verdot. In
addition, the quality variety Baotuhong which is cold resistant, disease resistant and suitable for
making red wine was produced at this Institute by crossing Sweet Water and V. amurensis in
1964. These varieties all have high yield and the wines made from them are of good quality. They
are favoured by growers and are widely distributed.

Table grape varieties, Shandong Zaohong, Zaohuang, Quanlongzhu and Honglianzi were
bred at the same Institute by crossing Muscat Hamburg and Queen of the Vineyards in 1963,
Cuihong and Hongxiangjiac were bred by crossing Muscat Hamburg and Triumph in 1964.
Shangdong Zaohong is a good variety producing medium clusters, with medium berries weighing
on average 4-5 g each. It is a disease resistant variety with high yield and the berries ripen in early
July in Jinan, Shandong Province. It is an early maturing variety of good quality, the colour, flavor
and taste of its berries are just like those of Muscat Hamburg, It is a favorite of people in large areas
and is being disseminated.

In 1960, The Institute of Saline-Alkali Soil Utilization in Liaoning Province produced Zifeng
(Black Hamburgx Niagara), which has the distinguished feature of tolerating saline-alkali
conditions and can grow normally in a soil with 0.22 % salinity.

AF, hybrid progeny produced from Muscat Hamburg x V. amurensis was obtained in 1961
by Agronomy College in Xiongyue of Liaoning Province. A new cold resistant variety Xiongyuebai
was bred in 1967 with Longyan as the maternal parent, and the best hybrid progeny of Muscat
Hamburg x V. amurensis as the male parent. It has been evaluated as a fine variety suitable for
making high quality white wine through selection, cultivation trials and experience with wine
making for several years. It is presently very popular.

In 1962, Zhengzhou Institute of Pomology, Chinese Academy of Agricultural Sciences bred
Zhengzhou Zaohong (Muscat Hamburgx Pearl of Csaba), and Heijianiang (SeibelNo.2x
Carignane), the latter shows strong disease resistance, uniform maturity and produces ruby-
coloured high-quality wine. These two varieties are now popular in the area of the former course of
the Yellow River.

In 1963, Zaomeigui was produced by the Department of Horticulture, Northwest
Agricultural University by crossing Muscat Hamburg and Pearl of Csaba. It is an early maturing
variety, with grapes harvested in early July in Baoji of Shaanxi Province. Its yield is higher than that
of Pear] of Csaba. The berries are purple-red, with strong muscat flavor and the quality is also
higher than that of Pearl of Csaba.

In 1963, Baimeikang and Zimeikang were bred by the Department of Horticulture, Jiangxi
Agricultural University by crossing Muscat Hamburg and Campbell Early, Meiye was bred by
crossing Muscat Hamburg and V. flexuosa, and Meiyehei by crossing Meiye and Black Hamburg.
These varieties are adapted to climates of high humidity.
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In orderto solve the problem of insufficient supply of grapes withrich pigments to the wine
making industry, two new good varieties, Yan No.73 and Yan No.74 (Alicante Bouschet x
Muscat Hamburg), which bear dark-colour berries, were bred by Yantai Wine-making Company
in 1966. These two varieties played a positive role in adjusting wine colour and improving wine
quality.

In 1973, the Institute of Forestry and Pomology, Beijing Academy of Agricultural Sciences
started to breed table grape varieties. The target was to produce early-maturing or seedless
varieties. Zaomanao, Cuiyu and Yanhong were bred by crossing Muscat Hamburg and
Jingzaojing; Zizhenzhu was bred by crossing Muscat Hamburg and Pearl of Csaba. Among them,
Zaomanao has high yield, large clusters and very beautiful, medium-sized berries, weighing 4.2 g
each on average. The berry is oblong, purple-red, and of high quality, with thin skin, crisp pulp and
sweet taste. These four varieties were already being grown on a trial basis in Beijing, Liaoning, Jilin,
Ningxia, Gansu, Shandong, Henan and Hebei Provinces.

In 1973, the Institute of Pomology, Shanxi Academy of Agricultural Sciences produced a new
table grape variety, Guibao, by crossing Ispissar and Muscat VIRa. The main characteristic of this
variety is the large and uniform cluster with beautiful appearance. The berries are also large, purple-
red, with crisp pulp and strong muscat flavor. It praduces high vields of good quality. The berries
do not drop or split and tolerate transportation. The variety is suitable for cultivation in Shanxi
Province.

Different new grape varieties were produced by Dalian Institute of Agricultural Sciences in
1973 through hybridization between varieties. Some bear extra large berries of beautiful
appearance, produce high yields and are of quality; some bear seedless, large berries, produce high
vields and are of quality; some are suitable for making wine or for canning; some have strong cold
resistance and disease resistance; such as Jifeng (Kyoho x Jixiang), Fenghuang No. 12 (Muscat of
Alexandria x Flame Tokay and Pobeda), Fenghuang No. 51 (Muscat of Alexandria x Cardinal),
Meigui Seedless (Muscat of Alexandria x Jingzaojing), etc. Among them, Fenghuang No. 51 is an
early maturing variety, its clusters and berries are large, berries are of special shape, purple-red,
with thin skin, thick pulp, and sour-sweet flavour. The berries do not split or fall off, tolerate
transportation, and are of fine texture. In short it is a variety of high quality and high yield, which
has been well received by a great number of cultivators. Its area of cultivation is expanding.

A number of institutions have engaged in grape breeding, they are: Institute of Pomology,
Academy of Agricultural Sciences in Shanxi; Shandong Agricultural University; Shanxi
Agricultural University; Jilin Institute of Special Local Products; Institute of Horticulture, Xinjiang
Academy of Agricultural Sciences; Shanshan Research Center of Grape, Melon and Fruits
Exploitation of Xinjiang; Institute of Horticulture, Shanghai Academy of Agricultural Sciences;
Inner Mongolian Institute of Horticulture; Changli Institute of Pomology in Hebei Province; and
others.

These institutions have not only bred new varieties, but also studied the genetics of parents
and hybrid progenies, including the inheritance of cold resistance, flower types, phenological
phases and economic characters of fruits of progenies of hybrids between different species. These
studies and analyses provided guidelines for cross-breeding and parent selecting.

Chinese grape breeders agree that the native wild species of China, V. amurensis, is an
excellent cold resistant parent for breeding cold resistant grape varieties. Some of the F hybrids
produced can overwinter safely without being buried for protection even at -29 °C. When repeated
hybridization was performed between cultivars and Fl hybrids, the cold resistance decreased, but
the characters and quality of the fruits were improved.

V. amurensis is dioecious. In the 1950s the Beijing Botanical Garden hybridized
hermaphrodite cultivars and male plants of ¥. amurensis. As the result of this hybridization, 50 %
male flowers appeared. Recently, a hermaphrodite-flowered form of V. amurensis was obtained in
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China. Jilin Institute of Pomology has crossed the hermaphrodite form of V. amurensis with
hermaphrodite cultivars, and the ratio of hermaphrodite flowers in the progeny was more than
70%. When the female-flowered form of V. amurensis was crossed with the hermaphrodite
cultivars, the ratio of hermaphrodite flowers in the progeny was 50 %. Therefore, the
hermaphrodite form of V. amurensis is the best parent for breeding a cold resistant variety.

When V. amurensis was crossed with early maturing or late maturing varieties, the progeny
tended to be mid-late or late maturing, neither early maturing nor extremely late maturing progeny
appeared.

The cluster of V. amurensis is loose, berries are small, and the berries of labrusca-vinifera
hybrid varieties have strawberry or foxy flavor. Since the fragrance of strawberry affects the quality
of wine, vinifera varieties which are of high yield and could make good wine were selected as
parents to be crossed with V. amurensis for breeding cold res:stam wine varieties. No labrusca-
vinifera hybrid variety was selected.

The inheritance tendency of wild characters of V. amurensis is strong. Cultivars which bear
large and high-quality fruits should be selected to cross with V. amurensis for breeding cold
resistant table grape varieties. Afier that, the excellent plants among the progeny should be selected
for repeated hybridization.

Experiments have demonstrated that Pearl of Csaba and Queen of the Vineyards are good
parents for breeding early marturing table grapes. Jingzaojing, Thompson Seedless, Black
Monukka are good parents for breeding seediess grapes. Muscat Hamburg, Muscat of Alexandria,
Black Hamburg and Flame Tokay are good parents for breeding table grape varieties. Vinifera
varieties which are of high yield and good for making wines should be selected for breeding wine
varieties.

These are the main achievements of grape breeding in China. Research is continuing in many
Chinese institutions. Results of such research will be published in different pomological or
horticultural journals. Any suggestion will be appreciated.

References (translated titles)

FAN, BANGWEN et al; 1985: The biological characteristics of new grape cultivars, Baimeikang, Zimeikang,
Meiye and Meiyehei. Acta Agriculturae Universitatis Jiangxiensis 4, 27-32.

FENG, YIBIAO et al; 1981: Yan No. 73 and Yan No. 74 — new good cultivars of pigment grapes. Science and
Technology of Grape 3, 6-8.

HE, NING et al, 1981: Inheritance of characteristics of grape vines in breeding for cold resistance by interspecific
hybridization. Acta Horticulturae Sinica #; 1-8.

HE, PUCHAO er al,; 1980: Results of the test on grape cv. Zaomeigui on Baoji Horticultural Farm. Science and
Technology of Grape 2, 8-10.

Li, Jianvier al; 1985: Zifeng, a new good cultivar of grape. Liaoning Fruits 2, 38-40.

L1, SHENGCHEN et al; 1983: Thirty years of grape introduction and acclimatization. Collected Papers on Plant
Introduction and Acclimatization 3, 11-17.

L1, YIrvUuaN er al; 1987: Breeding for new cultivars of table grape. China Fruits 2, 11-12.

L1, YIYUaN er al; 1987: Zaomanao, Zizhenzhu, Cuiyu and Yanhong — new grape varieties. Acta Agriculturae
Boreali-Sinica 2 (3), 90-98.

L1, XIANJUN e al,; 1985: Characteristics and cultivation technique of grape cv. Zifeng. Viticulture and Enology
3,12-14.

OUYANG, SHOURL e! al., 1989: Experiment of selecting and breeding table grape cv. Guibao. Shanxi Fruits 1,
2-5.

SHANDONG EXPERIMENTAL STATION OF VITICULTURE; 1978: New cultivars of grape. Science and
Technology of Grape 1, &-9.

SHANDONG EXPERIMENTAL STATION OF VITICULTURE; 1979: An introduction of new grape cultivars for
wine-making. Science and Technology of Grape 3, 4-6.



216 Section 2

SHANDONG INSTITUTE OF WINE GRAPES; 1985: New grape cultivars for wine-making. Viticulture and Enology
4,1-3.

SHAO, J1YUAN et al; 1981: The description of three new cultivars of grape. Shandong Fruits 2, 8-11.

Wu, DELING e7 al; 1981: Tendency of characteristics inheritance of grapes in breeding for cold resistance.
Science and Technology of Grape 3, 1-5.

W, JINGIING; 1988: Some promising lines of grape vines. Shanxi Fruits 3, 27-28.

Wvu, JINGIING, 1989: Report on the breeding of Fenghuang No. 51, a new cultivar of early grape with large
berries. North China Fruits 1, 22-26.

ZHANG WEICHANG,; 1987: Experiment report on breeding grape cv. Xiongyuebai. Viticulture and Enology 4,
4-9.



Section 3: Resistance/tolerance to pests
and diseases






Resistance/tolerance to pests and diseases 219

Grape selection for resistance to biotic and abiotic
environmental factors

N. 1. Guzux, P. N. Nepov, V. T. Usatov, 1. A. Kostrikin and L. F. MELESHKO

The Moldavian Research Institute for Viticulture and Enology ‘Virul’, 59, Virul Street, Kishinev, 277034, USSR

Summary: Mostof the viticultural regions of the USSR are located under conditions of limiting biotic
and abiotic factors, with frosts, drought, fungal diseases, phylloxera, mites, grape berry moths and some others
being of primary importance. The main breeding organizations have been creating for more than 40 years new
table and wine cultivars with complex resistance according to long-term programs. These cultivars are own-
rooted and capable of wintering in outdoor culture with a limited amount of spray treatments, if any.

In crossing, Amur grape and its hybrids, cultivars Seibel and Seyve Villard and some others are used as
donors of resistance. Using biophysical and cytoembryological methods, gametes are treated with physical and
chemical mutagenic factors in order to increase the vanability range of F_seedlings, aiming at higher efficiency of
selection. The process of selection is accelerated if seedlings are grown hlydroponically. Analysis of the F‘ hybrid
population determines the nature of the inheritance of valuable agricultural characters and the selection of pairs.
The in vitro method is used when seedlings are grown from non-vital seeds, callus embryoids and in accelerated
propagation of valuable genotypes providing virus and bacteria elimination.

More than 50 cultivars with complex resistance have been bred during 35 years. More than 10 of them
have been recommended for culture (Moldova, Lyana, Vostorg, Sukholimanski biely, Pervenets Magaracha, and
others), while the remainder are being tested in different viticultural regions of the Soviet Union.

Key words: genetics, breeding, selection, analysis, resistance, cold, drought, virus, bacteria, fungus,
pest, Vitis, variety of vine, USSR.

Once in 10-12 years grapevines in the vineyards of the Black Sea regions are damaged by
frosts and dangerous winters, leading to production losses in commercial plantings. During years
with rainy summer outbreaks of diseases (downy mildew, oidium, anthracnose, grey rot) and pests
(spider mites, grape berry moths etc.) are observed, which reduce vield quantity and quality. Under
these conditions, classical varieties do not always produce stable yields. New varieties with
improved resistance 1o limiting factors of biotic and abiotic nature are necessary.

In the scientific centres dealing with viticulture (Kishinev, Odessa, Yalta, Novocherkassk,
Erevan), more than 30 years of basic research and long-term grape breeding programmes have
performed to meet requirements of modern industrial viticulture. A variety model is elaborated for
each region. The requirements for new varieties depend on the consumer’s needs and taste, the
industry's plan and the cultivation methods to be used. Quality characters combined with
characters of resistance to low temperatures, dangerous fungal diseases and pests, necessary for
each region, are accounted for in the ‘variety model’ and the selection procedure. Selection criteria
include: for table varieties = appearance, taste qualities, transportability, ability to long-term
storage, short vegetation period; for wine varieties - high sugar content, short vegetation period,
high juice yields, suitability for mechanized harvest, colour quality and stability of wines, combined
with quality characters peculiar to varieties which are already recommended.

The next step of the programme is the identification of parent material for breeding new
varieties. Successful selection of parent pairs provides with a high variability of characters, plasticity
of hybrid progeny and results in elite selections. It has been determined that crosses involving the
species V. cordifolia, V. longti, V. cinerea, V. monticola, V. berlandieri, V. riparia, V. rupestris,
V. amurensis result in varieties which are bearers of complex characters of resistance. V. vinifera
varieties of the Black Sea basin group are used as donors of physiological factors of high adaptation
to growing conditions. Some varieties from Georgia have higher resistance to downy mildew, grey
rot and phylloxera (E.I. Cuamacua, V.P. Gotserypze). Varieties of the West European group are
donors of high quality. Varieties of the eastern group are grown for transportable table grape
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varieties suitable for storage. R. Seibel's and Seyve Villard's interspecific hybrids give the possibility
of advancing the creation of complex resistant varieties (frost, fungal diseases, root phylloxera,
etc.).

Analysis of our investigations demonstrated that the method of introgressive selection,
application of interspecific hybridization, using physical and chemical mutagenic factors increase
the variability spectrum in the F, generation. The following rules are used in hybridization:

1) Varieties obtained as a result of the latest selections are used as donors of resistance.

2) Selection of parent pairs is directed to growing new varieties for their use in special purpose
(early table grape, champagne trend, cognac etc.).

3) Analysis of the F, generation (elements of genetics by economic valuable characters) is
carried'out using accelerated methods of growing seedlings in conditions of closed hydroponics
(NPO *Vierul'). On this basis, the combining ability of parent pairs is determined, allowing more
effective selection.

4) Seedling (elite) selection is carried out on the basis of careful evaluation of plants in regards
to quality (micro-vinification, organoleptic evaluation), resistance to winter frost, fungal diseases
and phylloxera.

5) Production testing of candidates in varieties under different climatic conditions,
transferring the best of them to state variety test.

The heritability of malvidin-digiucoside content shall be especially mentioned. Scientific work
carried out in Novocherkassk and Kishinev on this problem showed that heredity of oak and
colouring properties in the berries of F] hybrids occurred with clear division into classes, which was
evidence of discrete character heritability. Malvidine content is inherited independently. In some
combinations, elite selections are obtained, which have no trace of malvidine. Variability amplitude
of the given group of chemical combinations shows the polygenic character of inheritance. When
crossing V. vinifera and V. amurensis, seedlings both with and without diglucosides are obtained
in the first generation. It may be supposed that it depended from a ‘dose effect’, introduced by the
European component and the possibility of partial or complete regression of a ‘wild type’ genes
effect from the Amur grape.

In the past 25-30 years more than 500,000 seedlings have been obtained at the selectional
centres of the USSR. 80 of these genotypes have been proposed to state for advanced testing and
25 varieties have been registered until 1989.

Grapevine resistance to pests and diseases

In ‘Plant Immunity to Parasitic Diseases’ by N. I. VaviLov (1935) it was noted that the most
effective control method against pests and diseases of agricultural plants is breeding and
introduction of resistant varieties into production. The basic method of selecting agricultural plants
for resistance in general and in grapevine especially includes determination of susceptibility of
initial breeding material (species, present interspecific hybrids and cultured varieties) for use of
resistant genotypes as donor parents. '

For providing the resistance value of collection species, complex interspecific hybrids and
Vitis varieties as well as progeny forms received from different crossing combinations it appeared
possible to carry out investigations in the next basic ways:

1) Investigations on the nature of resistance (factors causing non-susceptibility) of grapevine
to main harmful organisms.

2) Exposure of correlated connections between resistance factors and outer manifestation of
resistance under field conditions.

3) Elaboration of methods for forming artificial and natural infectious background for
carrying out resistance evaluation of parent components and hybrid progeny and creation of
reliable score scales for determining the degree of resistance of species, varieties and selection elites
of grapevine 1o pathogenic organisms and pests.
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4) Investigations of resistance genetics exposing regularity of inheritance of characters of
resistance and quality for their using in selection for resistance in future.

Above-mentioned investigations have been carried out and are being continued by scientific
workers of Plant Protection Department, immunologists of Moldavian Institute of Viticulture NPO
‘Vierul' and Phytopathology Department of Kishinev Agricultural Institute (D.D. VERDEREVSKY,
K.A. Vortovich, LN. Namvonova, P.N. Nepov, A.P. GuLer, G.E.Vesminsh, L.F. SurosTaT,
E.A.KvaBuruy, O.S. Reeza, PEREPELYTSA, and others). Investigations on grape selection are
continued by scientific workers of Selection Department of Moldavian Research Institute of
Viticulture and Enology NPO ‘Vierul' (M.S. Juraver, G.M. Karapsy, N.I. Guzun, M.V. Tsyrko,
G.M.Borzykova, F.A. OLari. G.A. Savix, A.D. Popov, LP. GavriLov, and others).

Investigations on resistance of grapevines to pathogenic organisms and pests during the last
10 years yielded the following principle resuits:

1) The presence of well expressed resistance of Vitis varieties 10 pathogens of main grapevine
fungal diseases has been determined. These inciuded: downy mildew (Plasmopara viticola Berv. et
DE Joni), oidium (Uncinula necator Burr, Oidium tuckeri Berk.), grey rot (Botrviis cinerea Pers.),
anthracnose (Gloeosporium ampelophagum Sacc.), and brenner (Pseudopeziza tracheiphila
MoiL. THura.). No resistance (at degree needed for selection) to spot necrosis pathogen
(Racodiella vitis Sterens., Mollisia vitis) was discovered. All grapevine species and varieties
presented in ampelographic collection are affected almost to an equal degree by this disease under
conditions favourable for pathogen development.

Chronic diseases of bacterial and viral etiology occupy a special place. As to bacterial canker
(Agrobacterium tumefaciens Conn.), it was determined that there are certain different qualities of
resistance to this disease among Vitis species, leading to tumor formation. However, all species,
interspecific hybrids and European grapevine varieties may be potential infection bearers. And
analogy to harmful virus diseases of grapevine was noted. As to chronic diseases of viral and
bacterial origin, phytosanitary selection methods may be applied for obtaining healthy clones to be
used in breeding of virus and bacterium free plantings. Virus free and bacterial canker tested clones
are widely planted and intensively bred.

2) Anatomical-morphological, physical-biochemical and antimicrobial factors responsible for
non-susceptibility of grapevine to fungal diseases have been exposed. The principal ones are:
activity of oxidation-reduction processes, identity of readyly soluble protein fractions of plant tissue
and parasites, as well as some antimicrobial tissue properties.

3) A method of resistance evaluation using 5-score scales of resistance to fungal diseases was
developed and applied to determine the degree of resistance of approximately 2500 species,
interspecific hybrids and European grapevine varieties. Several species, interspecific hybrids and a
few varieties which were distinguished by resistance to fungal diseases are used successfully as
donors in resistance selection.

4) Factors resulting in grapevine resistance to the principal pests were studied; these are: root
and grape phylloxera (Dactvlosphaera vitifolii Suimer), red spider mite (Panonychus ulmi Kocn),
grape berry moths (Lobesia botrana Den. et Scuier. and Eupoecilia ambiguella Hs.). It was
determined that the character and intensity of rot process played a principal role in destruction of
roots after phylloxera damage. We came to the conclusion that different (by virulence) grape
phylloxera races are absent. Different damage degree of the same species is connected to the
physiological-biochemical state of the plant but not to the presence of races differing in
aggressiveness. Morphological leaf features and some biochemical factors, referring ‘preferance or
non-preferance’ of tissues for feeding are the main factors of resistance to red spider mite. As to
phylloxera (root and grape) and red spider, well evident resistance differentiation was shown.
Investigations on the resistance to grape berry moths led to the conclusion that within the genus
Vitis there are insignificant differences in susceptibility. It was also noted that an important factorin
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comparable resistance of grapevine varieties to grape berry moths are aromatic constituents, which
are contained in the flowers and act as attractants to these pests.

5) Laboratory, vegetative and field evaluation methods for selection of genotypes resistant to
fungal diseases and to pests were developed; in this case 5-score scales were used for mathematical
processing of the obtained data. The resuits showed that in the F1 generation resulting from
different crossing combinations of interspecific hybrids and high quality European grape varieties,
resistances vary within wide limits and are inherited polygenic dominantly independently (in many
cases) from each other exposing heterosis and transgression.

In general it may be concluded that there are no absolute genetic limits for obtaining varieties
recombinants having complex field resistance to abiotic and biotic factors in combination with fruit
quality similar to that of European varieties. Selection practice of resistant varieties which is carried
out in different regions of the USSR and countries of Council for Mutual Economic Assistance
(CMEA) testify to this. As a result of resistance breeding, the following varieties are being cultivated
or undergoing advanced testing: table grape varieties: Moldova, Juravel's Jubilee, Kodryanka,
Frumoasa alba, Suruchensky bely, Vierul-59, Vostorg, Agat donskoy, Lanka, Tayr, Muscat
odessky; wine varieties: Vioryka, Muscat de Yaloveny, Plai, Negru de Yaloveny, Golubok, Rubin
tairovsky, Karin, Adysy, Pervenets Magaracha, Antey, etc. These varieties may be cultivated using
one to two pesticide sprayings, or without chemical protection, are resistant to low temperatures
down 1o -26 °C, regenerate fruiting shoots after severe winters, have stable annual yields equal in
quality to those of regionalized varieties, some of them are tolerant to root phylioxera and may be
grown in own-rooted culture.

In the USSR, work in grapevine selection is done in close collaboration with scientists of
Buigaria, Hungary, Romania, Czechoslovakia. An active exchange of selection material and new
varieties takes place.
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Resistance to transmission of grapevine fanleaf virus by
Xiphinema index in some Vitis species and hybrids

G. Stauptand H.-H. KASSEMEYER

Staatliches Weinbauinstitut Freiburg, Merzhauser Str. 119, D-7800 Freiburg, F. R. Germany

Summary: Many vineyards in Germany are infested by nematodes which can transmit virus diseases.
Breeding of rootstocks resistant to nematode feeding and virus transmission is an important way to control these
virus diseases.

A method has been developed for testing breeding stocks for these characteristics with regard 1o grapevine
fanleaf virus (GFV) and its vector Xiphinema index.

The plants to be tested were first grown together in a single pot with both GFV-infected plants of Vitis cv.
Siegfried and plants of the same cultivar which were virus negative according to an ELISA test: 2 months after
planting, the pots were inoculated with about 50 nematodes. In a second experiment, single healthy plants of
different hybrids and species were potted and inoculated with about 200 nematodes carrying GFV. After
3-10 months, roots were inspected visually for swellings and galls and tested for the presence of GFV by ELISA.

In all cases, the previously healthy cv. Siegfried showed symptoms of feeding on the roots and these roots
showed a positive reaction to the ELISA test. After 6 months, GFV could also be detected by ELISA in the basal
parts of the stems.

The reaction of the test plants was dependent on their genotype. A high susceptibility to feeding by the
nematodes and high percentage of transmission to GFV was displayed by American species and interspecific
hybrid rootstocks. One of the T”. vinifera x V. rotundifolia hybrids showed no visual symptoms of nematode
feeding and no virus transmission 9 months after inoculation.

Key words: Vits, variety of vine, root, fanleaf, virus, nematodes, Xiphinema index, vector,
transmission, resistance, bioassay.

Introduction

Many vineyards in Germany are infested by nematodes which can transmit viruses. The most
serious viral pathogens are:
grapevine fanleaf virus (GFV)
arabis mosaic virus (ArMV)
raspberry ringspot virus (RRV)
tomario blackring virus (ToBRV)
strawberry latent ringspot virus (SLRV)

These so-called nepoviruses are transmitted by different species of nematodes, of which
Xiphinema index is perhaps the most important one due to its known ability to transmit GFV and
1o its worldwide distribution. It is widely accepted that ArMV is vectored by X. diversicaudatum,
raspberry ringspot virus by Longidorus macrosema, and tomato blackring virus by L. attenuatus.

For many years German grape growers were quite successful in controlling virus diseases
transmitted by nematodes with pre-plant soil fumigation. However, in recent years efficient
nematicides have become unavailable. Breeding rootstocks resistant to nematodes now appears to
be the sole solution to the problem of nematode transmitted virus diseases.

As pointed out by Kunpe er al. (1968) and in accordance with Roupe (1965), Coox and
Evans (1987) and MuLLEr (1989), resistance against nematodes can be defined as an interaction
between the nematodes and grapevines which retards or prevents maturation and/or reproduction
of the nematodes. Damage of feeding of the parasitic nematodes is not the problem in Germany,
but rather virus transmission. Therefore, only an extreme of resistance, which could be called
absolute or high resistance, is the type of resistance we are looking for. Some authors, for example
Harris (1983), used the term immunity for this type of resistance. But, as immunity is widely used
with describing antigen-antibody reactions, this term should be avoided in plant pathology.
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The production of swellings and/or galls is a reaction of the host plant and therefore a
question of sensitivity to the attack of the nematodes. Differences occur with respect to this
characteristic between species and cultivars, but this reaction should not be regarded as a type of
resistance. Plants which show no reaction or decline in yield are called tolerant. As pointed out
earlier, we are not interested in tolerant plants because virus transmission is the paramount
problem and this can only be solved satisfactorially by absolutely resistant rootstocks or such
plants which do not allow virus transmission.

Any breeding project should begin with screening the collections for resistance. In regard to
resistance against the dagger nematode X. index, this has already been done bgy various authors
such as Kunpe er al. (1968), BousaLs and Pistre (1978), Bouquer (1981} and Cormro et al.
(1985). In regard to transmission of viruses the results are not always convincing. Kunoe et al.
rated V. arizonica and V. candicans, in addition 10 other species, as resistant. According to the
investigations of WerscHer (1980) these are only tolerant. This has been confirmed by our recent
investigations which showed that GFV could easily be transmitted to V. arizopica by X. index.

Materials and methods

Tests for nematode resistance with absolute resistance in view should only be conducted
under controlled application of nematodes, as described by BousaLs and Pistre (1978) and
Bouquer (1981). The goal of our investigations was to develop a method with which plants could
be screened for nematode resistance and/or virus transmission within a reasonable time.

All plants tested were in vitro propagated and therefare absolutely free of nematodes and
GFV. In our initial experiments, a plant to be tested was grown together in a single pot with a GFV
infected plant of cv. Siegfried, which is an interspecific hybrid very sensitive to nematode feeding
and to which it is very easy to transmit GFV. Another plant of the cv. Siegfried, which was virus
negative according to an ELISA test, was planted in the same pot. 2 months after planting, the pots
were inoculated with 20 ml soil containing about 50 nematodes. Occurrence of nematode feeding
and subsequent transmission of virus was monitored by the virus negative Siegfried plant.

In our further experiments the pots with single plants to be tested were inoculated directly with
ca. 200 viruliferous (GFV) nematodes. After different lengths of time, roots were inspected visually
for swellings and/or galls and tested for the presence of GFV by ELISA.

Results and discussion

Already 3 months after inoculation it was possible to make definite statements about the host
reaction and virus transmission as well. This was, for example, the case for V. rupestris, V. riparia
and the rootstocks Kober 5 BB and 125 AA. There were certain genotypes which needed further
investigation or needed a longer exposure to nematode feeding to assure an accurate rating.

In the table results are summarized which were collected over a period of 3-10 months of
exposure 10 nematodes. A high susceptibility to feeding by X. index and high percentage of
transmission of GFV was displayed by:
the rootstocks: .

cv. Kober 5 BB (V. riparia x V. berlandieri)

cv.Kober 125 AA (V. riparia x V. berlandieri)

cv. FR419 anewly released cultivar with V. cinerea in its pedigree
the interspecific hybrids:
cv. Siegfried .
cv. FR993-60 one of the most promising selections for wine production

(Staupter al. 1984) and



Transmission of GFV by Xiphinema index to Vitis species and cultivars within 3-10 months

Number of plants Number of GFV % Infection Symptoms of roots

Species/cultivar
tested infected plants to nematode feeding

cv. Kober 125aa 26 26 100 +
cv. Kober 5BB 26 26 100

cv. FR 419 16 16 100 +
cv. Siegfried 120 95 79 ++
cv. FR 993-60 53 45 85 ++
V. arizonica 15 9 60 -
V. riparia gloire 24 22 92 +
V. rupestris 37 35 95 ++
No. 030-51 110 64 58 +
cv. Riesling 26 9 35 ++
No. 043-43 62 10 16 +
No. 039-16 60 0 0 -
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the species:
V. arizonica
V. riparia
V. rupestris
No. 030-51 which is identical with V. winifera #4 from the Middie East
(Warkerer al. 1985).

There seems to be a reasonable resistance to virus transmission in cv. Riesling and this is being
further investigated.

As expected, the two V. vinjfera x V. rotundifolia hybrids obtained by OLmo (1954) (PaTeL
and Ormo, 1955: JeLenkovic and Ormo 1968) showed the best resistance ratings. Only 10 out of
the 62 planis tested of No. 043-43 showed virus transmission as a result of nematode feeding. This
result, similar to that of cv. Riesling, but to a lesser extent, is as yet unexplained. It may be
accounted for by a reduced attraction of nematodes by the roots, or to a reduced transmission or
replication of the viruses.

The highly resistant No. 039-16 showed visually no symptoms of nematode feeding at all. Up
to now, we do not know whether this really can be attributed to prevention of nematode feeding,
virus transmission or virus replication.

Our investigations under way are in favor of the first explanation. According to recent results
of Weiscuer (1988), the failure of virus transmission to V. rotundifolia by X. index may be
attributed to a sensitivity reaction which prevents virus replication and/or virus distribution. This
would mean that we can reckon with sources of resistance against nematode feeding and virus
transmission in V. rotundifolia and their hybrids.

Both hybrids are already patented by the University of California Davis and recommended for
planting (WaLker et al. 1989). Unfortunately, these hybrids cannot be used as rootstocks in
Germany. Poor adaptation to our climatic conditions is the main handicap. But there are also
some difficulties in using No. 039-16 in our breeding program. Cytological disharmonies in this
hybrid, which may result from the different chromosome numbers of the parent species, lead to a
serious reduction in fertility. Pollen fertility of No. 039-16 is below 1 % and the pollen grains, which
seem to be functional, are giant pollen grains which may have originated by restitution during
meiosis. As a consequence, they may have the doubled somatic chromosome number.

From the investigations conducted to date it can be concluded that resistance to nematode
feeding and virus transmission is a rare characteristic and screening relevant species will be
necessary to search for further sources of resistance.
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The genetics of resistance to gfapevine fanleaf virus in Vitis
vinifera

M. A. Wairker and C. P. MEREDITH

Department of Viticulture and Enology, University of California, Davis, California 95616, USA

Summary: Two wild Vizis vinifera accessions from the Middle East previously found to be resistant to
grapevine fanleaf virus (GFV) were selfed and also crossed to a GFV-susceptible female cultivar. Five seedling
populations of 60 plants each were established. A micrografting procedure was developed for screening the
seedlings whereby single-node seediing stem segments were cleft-grafted go GF V-infected stocks in vitro. After
8 weeks, scion tissue was scored phenotypically and assayed by ELISA to measure virus titer. Resistance to GFV
appears to segregate as a recessive trait controlled by at least two genes.

Key words:fanleaf, GFV, resistance, genetics, crossing, selection, micrografting, serology, ELISA.

Introduction

Fanleaf degeneration, one of the most serious diseases affecting world viticulture, is a disease
complex caused by grapevine fanleaf virus (GFV) and the feeding of the vector, Xiphinema index.
The nemartode-vectored nature of the disease was first discovered by HewirT et al. (1958), and this
discovery initiated efforts to control the disease. Fumigants and nematicides aimed at eradicating
the vector were used at first, but they proved unsuccessful in California (Rasxi er al. 1983). A
rootstock breeding program at the University of California, Davis began with a screen of Vitis
species for X. index resistance (Kunpk et al. 1968). These efforts resulted in the release of two
rootstocks with field resistance to fanleaf degeneration (Liper and Goueex 1986), VR 039-16
(United States Patent # 6166) and VR 043-43 (United States Patent # 6319). Since the release of
these rootstocks, GFV has been detected in scions on both of them (WALKER er al. 1989). It
appears that, although the two rootstocks have high levels of resistance to X. index feeding (LipEr
and Goseen 1986), chance nematode probing transmits GFV. The next step in the development
of fanleaf degeneration-resistant rootstocks is to combine GFV resistance with X. index feeding
resistance.

The search for GFV resistance began with-a screen of the Viris germplasm held at the
University of California, Davis and resistance was-found in Middle Eastern V. vinifera accessions
(WALKER ef al. 1985). Resistant and susceptible plants identified in that study have been used to
produce hybrid, selfed and open-pollinated seedling populations in an effort to characterize GFV
resistance.

Materials and methods

The V. vinifera accessions used as parents are as shown in the table.

All of these accessions except Almeria were collected by H. P. OLmo in 1948 in the Middle
East - 030-44 in Shirwandah, Iran and the siblings, 030-51 and 030-53, in Adhai, Afghanistan
(H.P.Ormo, personal communication). Almeria is a pistillate cultivar and does not set fruit
without external pollen (Ormo 1943). 030-53 was originally classified as pistillate, but had
functional pollen and was used as a male parent in these crosses. 030-44 was classified as
staminate, however it behaved as a hermaphrodite and produced seed each year. 030-51 was
staminate and only set seed after chemical hermaphrodization following the techniques of NeG!
and Ormo (1966) and Srinivasan and MuLLins (1979).
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Accession number, vineyard location and GFV response of the parents used in the crosses for
characterization of GFV resistance

Accession Location GFV respanse

cv. Almeria (UCD clone 1) Tyree IV R7v22 susceptible
030-53 (UCD number) Armstrong M3v20 susceptible
030-44( " ") " " M3v17 resistant
030-51 (" ") " " M3v18 resistant

The following seedling populations were produced:
(1) 030-44 open pollinated (resistant plant O. P.)
(2) 030-51 chemically hermaphrodized and selfed (resistant selfed)
(3) Almeria x 030-44 (susceptibie x resistant)
(4) Almeria x 030-51 (susceptible x resistant)
(5) Almeriax 030-53 (susceptible x susceptible).
60 seedlings from each cross were randomly selected for each of the populations, except for the
030-51 selfed population, which consisted of all 51 plants produced.

The seedlings were inoculated with GFV by micrografting. Highly GFV-infected (ELISA
values > 1.999 0D 405__}) V. vinifera cv. Cabernet Sauvignon from a vineyard in the Napa Valley,
California, was used as the inoculum source. Shoots were harvested from greenhouse-grown GFV-
infected vines and brought into the laboratory for sterilization. Sterilized one-node stem segments
(1o be used as rootstocks) were trimmed 1o about 30 mm, their lateral buds removed, and placed in
25x150 mm culture tubes, containing 25 ml of rootstock medium, capped and sealed with
parafilm. The rootstock medium consisted of 1/2 strength MS (MurasuiGe and SkooG 1962)
packaged salts (#500-1117 EF, Gibco Laboratories, Grand Island, NY), 1/2strength MS
vitamins, no sucrose, 1 mg/! indole-3-acetic acid (# 1-1250, Sigma Chemical Co., St. Louis, MO),
300 mg/! cefotaxime (Hoechst-Roussel Pharmaceuticals, Inc. Somerville, NJ), and 6 g/1 Sigma
plant tissue culture agar (# A-1296). Endophytic bacteria (Pseudomonas sp.) were present in the
GFV inoculum plants and in the potted seedlings. The cefotaxime was added to control this
bacterium and did not appear to have a deleterious effect on GFV spread or graft compatibility.
The rootstocks were grown for 3-4 weeks at 27 °C in a growth chamber with 16 h daylength prior to
micrografting. Contaminated cultures or those that had not initiated roots were discarded.

Sterilized single-node seedling stem pieces, approximately 30 mm long, were used as scions
and the pre-rooted GFV-infected stem pieces as rootstocks. The rootstock and scion were placed
on sterile filter paper in a sterile 125 mm glass petri dish. A 10-15 mm longitudinal cut wasmade at
the apical end of the rootstock stem piece through the node towards the base. The basal end of the
seedling stem piece was tapered with two slanting cuts and fitted into the rootstock piece with
forceps. Care was taken to matich the cambium layers of rootstock and scion on at least one side.
The completed grafis were placed into 25 x 150 mm culture tubes, containing 25 ml of rootstock
medium modified with the addition of 10g/1 sucrose and the omission of growth regulators,
capped and wrapped with parafilm. Culture conditions for the micrografts were the same as for
rootstock cultures. Four micrografts were made for each seedling.

Samples were collected after 8 weeks. The optimal sample included only scion shoot growth
from the lateral bud. Any additional scion stem tissue needed to bring sample weights up to the
minimum 100 mg was taken with care to avoid the graft union and union callus tissue to insure that
rootstock tissue was not sampled.
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Fig. 1: The highest ELISA values obtained for each seedling within the different seedling populations.

Samples were placed in plastic scintillation vials and GFV extraction buffer was added at a
1/10 (w/v) dilution. Extraction buffer consisted of 0.1 M phosphate buffered saline, 2 % polyvinyl
pyrrolidine-40, and 0.5 % Tween 20. The samples were collected, partially frozen to a slurry, then
ground with a Brinkman Polytron homogenizer, PT10 probe (Brinkman Instruments, Inc.
Westbury, NY), on number 6 setting for 20-25 s, and frozen at -20 °C until used. ELISA (enzyme-
linked immunosorbent assay) was used to detect GFV in the samples following the procedures of
Crark and Apawms (1977). ELISA reactions were read at 405 nm after a 1 h substrate incubation,
and values below 0.075 0D 405 were considered resistant. The inoculated scions were given
morphological ratings from 1 to 4 as follows:



Resistance/tolerance to pests and diseases 231

20III]IIIIIIIIIIIIIIIIJIIIIII

Almeria X 030-44

18
16
14
12
10

Frequency

o N & o

ELISA

<

alue OD 405 n

3

20 SO RN OO DU SN U TR T SO0 UNURY T T WO U U WA (RN SO UK UUUEY S JUU B W W |

Almeria X 0O30-51

18
16
14
12
10

Frequency

LU S R SN N R B B B SN S S B B B N R

o N A O

o o W v o Ww o
S -~ M ¥ @ N & o |
©O 6 0 60 6 © ~ -

ELIS

n ©o un o W

I QB © Q 9
- - - -
5

>

Value OD 405 nm

Fig. 1 (continued overleaf).

1 - normal growth

2 - internodes elongated; tall, but not as vigorous as 1; leaves smaller and often vitreous and
misshapen

3 - internodes compressed; 3-5 shoots produced from a single lateral bud

4 - internodes greatly compressed with multiple shoots from the lateral bud, producing a
moss-like mat of tissue.
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Fig. 1 (continued).

Results

There was a broad distribution of ELISA values within and among the seedlings in each
population. In order 10 reduce some of this variability, the highest ELISA value obtained for each
seedling was selected and histograms were constructed (Fig. 1). Histograms were also plotted for
the morphological ratings corresponding to the high ELISA values (Fig. 2).

All levels of gene control for one gene and two unlinked genes were evaluated using ELISA
and morphological ratings. Only the highest ELISA value obtained for each seedling was used.
Morphological ratings of the replications within a seedling were relatively consistent and all of the
values were used to evaluate gene models. ELISA values and morphological ratings were classified
into various numbers of groups depending on which gene control model was being tested. Fig. 3
presents the four classes that might be expected if a parent heterozygous for two genes with
dominance at both loci was selfed.

When ELISA and morphological data were considered as representing either resistant or
susceptible classes, without intermediate groups, and seedlings within each population were
classified on this basis, the 030-44 OP and the 030-51 selfed seedling populations appear to
segregate as though GFV resistance is controlled by two unlinked recessive genes with duplicate
dominant epistasis controlling susceptibility. Chi-square analysis supported this hypothesis. There
were no good fits of the seedling data with any other gene control model.

Discussion ’

The ELISA frequency distributions did not appear 1o fit into discrete classes. This lack of
definition could have been due to broad segregation for resistance in the progeny, inconsistencies in
the micrografting procedure and ELISA evaluation, or environmentally induced variability in the
seedling and stock pieces. Multigene segregation or segregation of an environmentally unstable
trait may have been responsible for the broad distribution of ELISA values in each seedling
population. Micrografting did produce variable results in many of the inoculated seedlings.
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Fig. 2: Morphological rating corresponding to the highest ELISA value of each seedling within the different

seedling populations. 1 = normal growth;, 2 = internodes elongated, tall, but not as vigorous as 1, leaves small and

often vitreous and misshapen; 3 =internodes compressed, 3-5 shoots produced from a single lateral bud;

4 = internodes greatly compressed with multiple shoots from the lateral bud, producing a moss-like mat of tissue.
(continued overleaf)

Limiting the frequency distributions to each seedling’s highest ELISA value and its corresponding
phenotype (Figs. 1 and 2) was a means of reducing this variability, but these histograms may not
represent the actual resistance reaction, and may impair a quantitative appraisal of resistance.

The stem pieces taken from both seedlings and stock plants for micrografting were used
without regard to position on the shoot, or vigor of the seedlings. The physiological state of these
donor plants may have contributed to the observed variability within and between the micrografts,
both in terms of their stored carbohydrate reserves and their hormone levels.

Another possibility is that the continuous, quantitative nature of ELISA values was not
amenable to detection of discrete classes. This last consideration may be important when
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Fig. 2 (continued).

interpreting the results after the ELISA and phenotypic values were reduced to susceptible or
resistant classes.

The 030-44 OP and the 030-51 selfed progeny ELISA values seemed to segregate widely,
which may have been due to inconsistencies in the micrograft system and its ELISA evaluation, or
to the heterozygosity of the parents. If the resistant parents, 030-44 and 030-51, are heterozygous
for two unlinked resistance genes, then the susceptibility of Almeria needs to be questioned. If
Almeria is considered homozygous susceptible, then crosses between it and the resistant parents
should mirror the genotypes of the resistant parent’s gametes, and give 1:1:1:1ratios. These
ratios were not detected; there are at least two possible explanations to account for this. Almeria is
considered to be ancient Spanish cultivar, but it shares morphological features with Middle Eastern
cultivars. It could have originated in the Middle East and been brought to Spain later. Given the
hypothesized coevolution of GFV and V. vinifera inthe Middle East (Hewrrr 1970; VuiTtENEZ
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Fig. 2 (continued).

1970}, Almeria may share resistance genes with the resistant parents. If resistance is a quantitative
trait, then ‘test crosses’ to Almeria would not be easily resolvabie whether it is homozygous or
heterozygous. '

Conclusions about the inheritance of resistance to GFV require a better understanding of
parental reactions to GFV after micrografiing and conclusive data to allow quantitative
comparisons between parents and progeny. Parental micrograft data were weak and produced
more questions than answers. Detection of a quantitative trait is dependent upon accurate parental
appraisal, which is necessary for comparisons with progeny populations.

GFV was not detectable in 15 seedlings in the Almeria x 030-44 population and 4 in the
030-51 selfed population, but at the same time these seedlings had morphological ratings
suggesting GFV infection. This occurrence was unusual and might be explained as a disease
reaction. GFV could be localized at the graft union in these cases and prevented from spreading
into scion tissues. This localization might alter the seedling’s normal hormonal balance and cause
morphological change in the absence of GFV. Seedlings responding in this manner should be
reexamined, not only for virus, but also for unusual hormone levels in the scion.

2 seedlings in the 030-44 OP population, 87-7-29 and 87-15-14, and 1 in the Almeriax
030-51 population, 88-9-10, exhibited tolerance, that is, GFV was detectable in their scions, but
no corresponding disease sympioms were observed. There were no problems with the grafts or
scions that might raise doubts about this response. Tolerance to GFV may be entirely separate -
from resistance, since GFV was readily detectable in the scions, but there were no corresponding
phenotypic reactions. Such tolerance may also be due to environmenta! interaction, and may not
be reproducible in whole plant studies. Tolerance might be expected to be a relatively common -
occurrence in a coevolving plant/pathogen complex, since tolerance would have a reduced
selective impact on the pathogen compared to the selective pressure of resistance. Middle Eastern
cultivars and V. vinifera populations should be reexamined with GFV tolerance in mind,
particularly if in vitro tolerance can be correlated with whole plant studies.

In addition to tolerance, GFV resistance seems 1o be present in 2 seedlings: 87-6-39 in the
030-44 OP population, and 87-5-17in the 030-51 selfed population. The graft and culture data
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Fig. 3: Number of seedlings in each of 4 classes by both ELISA and morphological rating. Morphological ratings:
A = seedlings with replicates having only class 1 ratings (1111), B = 1112 through 2222, C = 2223 through 3333,
D= 3334 through 4444. ELISA values: A = readings € 0.075 0D 405 _,B=> 0.075-0.250, C = > 0.250-0.800,
D= > 0.800.

taken for 87-6-39 did not reveal any reason to doubt its resistant status, ELISA did not detect GFV
among the 4 replications of 87-5-17, and 3 of the 4 replications had normal morphology, while the
4th had a rating of 2 (reduced vigor and small leaves). This moderately affected replicate did not
graft or grow as well as the other 3 and its abnormal morphology may not have been caused by
GFV. These 2 seedlings seem to have a high degree of resistance 1o GFV. Although they have not
yet been screened for resistance in other than a tissue culture environment, they did exhibit much
greater resistance to GFV than either of the parents or any of the other seedlings.

GFYV resistance seems to be genuine, but further crosses and tests are needed before the
number of genes controlling resistance can be accurately determined. Paramount among
considerations for the next generation of crosses and selfings is more accurate appraisal of the
parental reactions 10 GFV, both resistant and susceptible, so that a quantitative trait could be
assessed. The results suggest that GFV resistance is recessive and controlled by two unlinked genes
with duplicate dominant epistasis. However, given the single environment in which the seedlings
were evaluated and the seemingly ambiguous parental reactions, this conclusion is tentative at best.

This work has produced seedlings with a wide range of GFV reactions (both resistant and
highly susceptible) that can be used to produce a second generation of crosses and selfings. The
results from a second generation will better characterize GFV resistance, and should elucidate the
heritability of GFV resistance. Tolerance seems to exist in 2 of the seedling populations, and it may
or may not be associated with resistance. If in vitro tolerance can be verified and shown to persist in
whole plant studies it may be more valuable, and in the long term more durable, than resistance.
The 2 seedlings that appear to be resistant will be reexamined, by micrografting and whole plant
approach grafting. Once they are better understood, they will be crossed to known sources of
X. index feeding resistance to produce rootstocks that will resist the vector and the virus and
provide long term protection against fanleaf degeneration.
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Grapevine breeding for resistance to powdery mildew: Bioassay
system for evaluation of plant resistance and for characterization
of different Uncinula necator strains
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Summary: Severalisolates of Uncinula necaror were separated and kept in vitro. The pathogenicity of
these isolates was compared by a bioassay system using small leaves issued from in virro plans; 2 ul of spore
suspension was inoculated on these leaves,

Significative differences in sporulation time, aggressiveness, sporulation rate and resistance 1o fungicide
triadimenol were observed between these isolates. Host plant variety also affects some of these characters of
pathogenicity.

The isolates were classified into 2 mating types concerning the aspect of perithecia formation by paired
combination between 2 isolates. Productivity of perithecia varied in response 1o the combination of isolates and 1o
host plant variety.

Key words: oidium, variety of vine, resistance, biotype, fungicide resistance, perithecium, bioassay,
breeding.

Introduction

Powdery mildew, caused by Uncinula necator, is one of the most important diseases of
grapevines. Susceptibility of cultivars to powdery mildew has been studied by various authors
{BousavLs 1961; Pospisiova 1978; Doster and Scunartnorst 1985), however the levels of
susceptibility reported for a given variety are not equivalent. These discrepancies could be ascribed
to-different causes namely the climatic conditions, the physiology of host plants and pathogens.
Derr (1954), Doster and Scuxatnorst (1985) studied the effects of leaf maturity on
development of powdery mildew and suggested that cultivar susceptibility should be compared on
young leaves. Bavaresco and Eisacnu (1987) observed the influence of nitrogen fertilization on
resistance to powdery mildew. Therefore studies on susceptibility should be done with stable
physiological conditions of host plant under the controlled environments.

U. necator is an obligate parasite which requires a living host plant 1o be maintained, so that
the studies on powdery mildew are difficult to be carried out in the laboratory. For this kind of
obligate parasite, dual culture in vitro of the pathogen and its host can provide an excellent system
for studying pathogen races and host-pathogen interaction. MoreL (1948) realized dual culture of
downy mildew and callus tissue of grapevines and also ried for powdery mildew. Owing to
successful procedures for propagation techniques of grapevines in vitro (Garzy 1969; Barrass
and Skene 1978; Harris and Stevensox 1982), sterile shoot culture provides a desirable system
forinoculation.

Recently, Ler and Wicks {1982) applied dual culture for evaluation of systemic fungicide
treatment against downy mildew and Bariass e al. (1986) developed it for screening grapevines
for resistance to downy mildew. ALpwinckie and Burturac (1980), Kiempra e al. (1984)
established dual cultures of powdery mildew and several cultivars of grapevines. Thus dual culture
would be useful for various investigations on obligate parasites under laboratory conditions.

Perithecia are observed in many viticultural regions but their formation is very erratic under
natural conditions (Ber~xarp and Mur 1986; Macarey and Wicks 1986; Dient and Heinrz
1987). Pearsox and Gapoury (1987) demonstrated that perithecia are the source of primary
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infection in New York. But in other regions overwintering of mycelium in the dormant bud is
considered as a primary inoculum (BuLiT and Larox 1978; van per Seuy and Martaee 1977
Sarr and Wrysinsky 1982; Bernarp 1985) and till now the sexual reproduction cycle of powdery
mildew is not well known,

This paper describes an in vitro inoculation procedure and assay system for U. necator,and a
characterization of several isolates by their aggressiveness, their resistance to systemic fungicides
and their heterothallic properties.

Materials and methods

1. Dual culture of grapevine and powdery mildew in vitro

One-node cuttings of grapevine cultivars Cinsaut and Muscadelle were propagated by tissue
culture method (Gavzy 1969) and maintained by subculturing them every 3-4 months. Isolates of
various geographical origin were obtained by collecting conidia from young colonies and
inoculating them onto sterile Cinsaut plants in vitro. Conidia of each isolate were transferred onto
sterile plants at 3-4 weeks intervals.

2. Bioassay system

Host plants: Sterile shoots of Cinsaut and Muscadelle were divided into one-node cuttings
including the leaf. These systems of leaf-petiole-stem were planted in Petri dishes containing agar
medium (1.5 % agar in distlled water).

Preparation of inoculum as spore suspension: Some colonies (3 weeks old) were washed in
sterile distilled water containing Tween 20 in order to remove conidia from conidiophore into
washing liquid which was centrifuged twice. The concentration of spores was adjusted to a level of
3 x 10% conidia/ml.

Inoculation: One drop (2 ul) of the spore suspension was inoculated onto each detached leal
with a micro-pipette. Sterile filter paper (5 mm x 3 mmm) was put on the drop to absorb water, and
was removed 4 d later. Petri dishes were sealed and incubated in a chamber (26-27 °C during 16 h
llumination, 20-22 °C during 8 h dark).

3. Characterization of isolates of powdery mildew
a) Development of sporulation

Time from inoculation to sporulation and growth of colony diameter were used as criteria for
the comparison between several isolates on Cinsaut and Muscadelie Jeaves in vitro. Observations
were made at 24 h intervals. Number of conidia produced were estimated 3 weeks after inoculation
for average size of colony. Conidia were collected in accordance with the method of preparation of
inoculum described above. Estimation of conidia number was based on the numerical values after
calculation with bacierial counter.

b) Resistance to triadimenol fungicide

A study was performed to determine resistance of isolates to the systemic fungicide
triadimenol which was added to the agar medium at concentrations of 5 mg/i, 0.5mg/l and
0.05 mg/1. Several isolates {Bordeaux. Greece and 2 from Portugal. the latter supplied by Plant
Pathology Research Station of INRA-Bordeaux) were inoculated onto Cinsaut leaves.
Observations were made on colony growth according 1o the method of Desaymarp (1968).
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Table 1: The number of days from inoculation to sporulation for 11 isolates of powdery mildew on two host
cultivars Cinsaut and Muscadelle

[SOLATE NUMBER OF DAYS
CINSAUT MUSCADELLE
GREECE M-1 5,33 + 0,501 6,47 + 0,41
GREECE M-2 5.22 + 0,32 8,20 + 1,57
AZAMBUJA 5.47 + 0.35 7.38 + 0.89
MONTEMOR 5.17 + 0,19 6.81 + 0.49
DiJoN 6.61 + 0,52 8.06 + 0.31
MONTPELLIER 5,88 + 0.54 6.56 + 0,58
ITaLy 5.22 ¢ 0.32 6,50 + 0,74
SWITZERLAND 4,71 + 0.40 5.78 + 0.51
BORDEAUX 86 M-2 5,95 + 0.42 7.64 + 1,13
BORDEAUX 86 M-3 6.15 + 0.48 7.44 + 0.80
BORDEAUX 87 7.29 + 1.03 10.22 + 1.95
ToTAL 5.64 + 0.15 7.28 + 0.28

(1) STANDARD ERROR OF THE MEAN

¢) Aspects of perithecia formation

Determination of mating types: 5 clonal isolates were obtained by separation of single spores
with a small fragment of sterile razor. These single spore clones were multiplied and maintained on
Cinsaut leaves. Paired combinations were made by inoculating 2 of them on the same leaf of
Cinsaut. Inoculation was carried out by dusting conidia onto the system of detached leaves
described before. Inoculated leaves were incubated in a chamber for 4 weeks and the presence of
perithecia was observed.

Effect of cultivars on perithecia productivity: 2 isolates of opposite mating types (from Greece
and Bordeaux) were inoculated on Cinsaut and Muscadelle leaves with a mixed spore suspension
(2 u1). Detached leaves were planted in Petri dishes and were incubated in chamber for 4 weeks.
Percentage of colonies which induced perithecia formation and number of perithecia with yellow to
brown color were observed periodically.

Results and discussion

1. Development of sporulation

Times from oculation to sporulation varied according to isolates and to host plant cultivars.
Times on Cinsaut leaves tended to be shorter than that on Muscadelle for all isolates. Swiss isolate
sporulated in shorter time on both cuttivars, isolate of Bordeaux 87 took the longest time on these
cultivars. Other isolates sporulated in 5.2-6.6d on Cinsaut leaves, whereas in 6.5-8.2d on
Muscadelle leaves (Table 1).

Evolutions of colony diameter were shown in Fig. 1. Except the isolate of Bordeaux 87 all of
them increased in colony diameter more rapidly on Cinsaut leaves than on Muscadelle leaves.
Generally the differences in diameter between two host plants were more evident on the 7th d than
on the 11th or 14th d after inoculation. The Montemor isolate grew most rapidly among the tested
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Tabie 2: Estimation of conidia formation on the 21th d after inoculation on Cinsaut and Muscadelle leaves

ISOLATE NUMBER OF CONIDIA {(X104/LEAF)
CINSAUT MUSCADELLE

GREECE M-1 13,19 + 5,301 2,02 + 1.63
MONTEMOR 23,28 + 5,58 1,85 + 1.88
Diyon 12,87 + 7.78 2,55 + 2,29
MONTPELLIER 11,72 + 3,17 2,35 + 1,50
ItaLy 16.24 + 4,20 4,69 + 4,19
SWITZERLAND 19.17 + 4.58 2,12 + 2,27
BORDEAUX 86 M-2 13.14 + 3,75 2.84 + 3,11
BoRDEAUX 87 1,60 + 1,55 1,49 + 2,01

(1) STANDARD ERROR OF THE MEAN

isolates on Cinsaut leaves, whereas on Muscadelle leaves it was the Italian one. The Bordeaux 87
isolate grew very slowly on both cultivars.

The number of conidia produced for each colony was estimated on the 21std after
inoculation (Table 2). A great variability was observed according 10 isolates and cultivars. All
isolates except Bordeaux 87 produced more conidia on Cinsaut than on Muscadelle. Some of them
such as Montemor, Switzerland and lialy were very productive on Cinsaut leaves but the
Bordeaux 87 isolate was less productive.

Bousawvs (1961) rated Cinsaut and Muscadelle as very susceptible, whereas in this study it
seems that the degree of suscepribility could be affected by isolates. With Bordeaux 87 for example,
these two cultivars showed the same rapidity of colony growth but the Montemor isolate grew more
rapidly on Cinsaur leaves than on Muscadelle. These results show great variability in sporulation
time and in colony growth in response to isolate. Doster and ScuxaTrorsT (1985) suggested that
the time needed for sporulation allows susceptibility discrimination between host plants.
Therefore, it could be an expression of the aggressiveness of an isolate. In our test, negative
correlations {r=-0.87** for Cinsaut, r=-0.86*** for Cinsaut and Muscadelle combined} were
observed between time and colony diameter on the 7th d. The coefficient of correlation between
time and the number of conidia estimated on the 21st d was not very clear for Muscadelle, but
significant for Cinsaut (r = -0.86***) and for Cinsaut and Muscadelle combined (r =-0.69**).

Aggressiveness of isolates could be considered as a degree of rapidity of colony growth and at
the same time as abundance of conidia production which would be an inoculum for the secondary
infection. These results might suggest that the sporulation time can express the aggressiveness of
isolates.

At any rate, great variability of aggressiveness was found in response to isolates on two very
susceptible cultivars. This variability in aggressiveness should be taken into consideration in further
studies.

2. Resistance to the triadimenol fungicide

2 isolates {Azambuja, Montemor) from Portugal could grow in the presence of higher
concentration of triadimenol. Azambuja isolate sporulated at 0.5 mg/1 of triadimenol as well as
control. Montemor isolate also sporulated at this concentration, but colony growths were
significantly lower than that of the control. Bordeaux and Greece isolates developed mycebum but
did not sporulate. Sporulation of these isolates at 0.05 mg/1 was less active than the controw. witk
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the Greece isolate being very sensitive to triadimenol. At 5 mg/1 of triadimenol, no sporulation
occurred in any isolate (Fig. 2).

Steva er al. (1988) reported that some Portuguese isolates seemed to be resistant to
triadimenol. Our results confirm the tendency of these isolates to be resistant to this inhibitor of the
sterol biosynthesis. Azambuyja isolate is the most resistant, while isolates of Bordeaux and Greece
were very sensitive to triadimenol. These properties concerning resistance to a fungicide could be
introduced by selection pressure of fungicide treatment in the vineyard. Lee and Wicks (1982)
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Table 3: Perithecia formation by paired combination of isolates

[SOLATE BORDEAUX M-2 | SWITZERLAND | GREECE M-1 | GREECE M-2
BORDEAUX 86 M-1 -——- -— + +
BORDEAUX 86 M-2 — + +
SWITZERLAND + +
GREECE M-1 _—

+ | PERITHECIA FORMED
=== 1 NON-PERITHECIA FORMATION

developed an experimental system with dual culture that can be used for fungicide studies on
grapevine downy mildew. Qur assay system is very convenient for the evaluation of systemic
fungicides against grapevine powdery mildew.

3. Aspects of perithecia formation
a) Mating types

None of the single-spore isolates ever formed perithecia by themselves. But paired
combinations of some of them induced perithecia formation (Table 3). Initiation was observed on
the 14th d afier inoculation. The isolates Bordeaux M-1, Bordeaux M-2 and Swiss did not produce
perithecia when combined with each other. Likewise, the combination between 2 Greece isolates
did not induce perithecia. Meanwhile, combinations between these two groups induced perithecia
formation.

Perithecia appear late in the season in the vineyard, but their frequency varies in response 10
year and region (Berxarp and Mur 1986; Macarey and Wicks 1986; Dient and Heintz 1987).
Hiura (1962) reported heterothallism for Ervsiphe graminis and Svita (1970) first observed this
character on U. necator. Our results confirm this phenomenon, and 5 isolates could be divided into
2 groups. The first one includes 2 Bordeaux isolates and the Swiss isolate, the second group
includes 2 Greece isolates. The combination of isolates belonging to opposite groups induced
perithecia formation. Hiura (1962) reported that this phenomenon is controlled by one pair of
genes in Ervsiphe, and it is also likely to be true in U. necator.

The combination of two opposite mating types is a necessary condition to induce perithecia
formation. But this does not account for the great variations in perithecia number. We suggest that
several factors such as weather which affect the metabolism of the host and the fungus may play an
important role in the frequency of occurrence of appropriate mating types on a given host, thus
resulting in abundance of perithecia.

b) Effect of éultivars on perithecia

First perithecia formation was observed on the 11th d after inoculation on Cinsaut leaves and
on the 14th d on Muscadelle leaves. The percentage of colonies which induced perithecia formation -
increased to 100 % for Cinsaut leaves and 67 % for Muscadelle leaves on the 21std (Fig. 3).
Perithecia productivity (Fig. 4) was significantly different between Cinsaut and Muscadelle after
the 14th d of inoculation.
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Fig 4: Effect of host cultivars on the productivity of perithecia: number of perithecia initiated on Cinsaut and
Muscadelle leaves by a paired combination of isolates {Greece and Bordeaux isolate).

Cinsaut leaves facilitated more perithecia formation than Muscadelle leaves. Dient and
Heivtz (1987) reported a significant correlation between powdery mildew infections and number
of perithecia under field conditions. Cinsaut and Muscadelle are rated as very susceptible
(Bousatrs 1961), in this study, however, it seemss that the degree of susceptibility of these two
cultivars is variable according to isolate: with isolates from Greece and Bordeaux, Cinsaut is
significantly more susceptible than Muscadelle. It is too early for conclusions as to the relationship
between susceptibility and production of perithecia. but it seems reasonable that productivity
correlates with susceptibility,
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Conclusion

With the in vitro method using detached leaves with petiole and stem, we investigated the
pathogenicity of U. necator. This system was applied to characterization of isolates.

Aggressiveness of several isolates was compared on Cinsaut and Muscadelie leaves, and great
variability on time from inoculation to sporulation, colony development and conidia production
was found in response to isolate. Sporulation time correlates fairly well with colony development
and conidia production. These parameters correlating with each other, sporulation time could
indicate the aggressiveness of isolate. The resistance of isolates to systemic fungicide was also
studied: those originating from Portugal were found to be more resistant to triadimenol than other
ones. It seems that such resistance was ntroduced by natural selection in the vineyard under the
pressure of fungicide treatment.

Perithecia formation was demonstrated in our assay system. Single spore isolates were
heterothallic and they were divided into two mating type groups. Perithecia production was more
abundant on Cinsaut leaves than on Muscadelie leaves, and initiation of perithecia formation was
earlier on Cinsaut leaves than on Muscadelle leaves. The productivity of perithecia seems 1o
correlate with the susceptibility of host.

The variable reactions of the host to its parasite as well as the genetic variability of U. necator
should be carefully considered in every breeding programme for resistance.
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Phenol and silica incrusts in epidermal cells of Vitis spp. as a
general defence mechanism

R.Braicn, C. Heixtz, G. Hoos and R. Winp

Bundesforschungsanstalt fiir Rebenziichtung Geilweilerhof, D-6741 Siebeldingen, F. R. Germany

Abstract: The host-parasite interactions between the grapevine Vitis vinifera, powdery
mildew Uncinula necaior (Oidium tuckeri) and grey mold Borrviis cinerea were studied by light
microscopy-histochemistry and electron microscopy.

Chemical defence mechanism involves incrusting of the walls of the infected cell and of
neighbouring cells with phenolic substances associated with a cell wall bound peroxidase activity.
This indicates the formation of lignin-like components. In addition, silica deposits were observed in
whole cell walls or parts of them. Pure, mechanically resistant silica skeletons remained afier a:
treatment with conc. H,SO, + H,0, at 400°C and washing with conc. HCL. They consisted of
groups of 1-20 cells of the upper eplderrms with adhering parts of the corresponding palisade cells
or of the lower epidermis (including stomatal cells) with adhering spongy parenchyma. Not only
cell walls but also wrinkles of the upper epidermis, defence papillae and fungal haustoria were
silicified. Silica accumulations were greater in resistant than susceptibie cultivars.

These reactions are induced not only by parasitic fungi but also by mechanical damage of the '
leaf. Our studies corroborate observations in other host-parasite systems and indicate the existence
of an unspecific, fast-reacting mechanism serving as an early defence line which allows the
activation of slower, more specific defence reactions.
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Recent results in vine improvement regarding its resistance to
’ downy and powdery mildews

M. P. Coutinno and A. MARTINS

Instituto Superior de Agronomia, Departamento de Botanica, Tapada da Ajuda, P-1399 Lisboa, Portugal

Summary: Resistance to mildew remains very important under Portuguese conditions and induced
mutations present a great interest to obtain it.

¥-rays irradiation was applied 10 woody material and X-ray was used on in virro cultures of stem apexes
and leaf explants. After doses up to 2000 rad, two resistant mutants were selected: with 7-rays, the resistance
being expressed as surrounding necrotic patches; with X-rays, the plant coming out from in vitro culture
presented small necrotic patches.

Concerning powdery mildew, we are developing new techniques for laboratorial inoculation, including a
technique for sowing isolated spores. By using these, we can conduct studies on morphology and biology of the
1solated colony, variability of the resistance within the 1'iris varieties and genetic variability of the parasite. Some
results concerning these areas are presented.

Key words: Plasmopara, oidium, biotype, variety of vine, clone, resistance, mutagenesis, irradiation,
bioassay, geography, Portugal.

Introduction

Amongst the phytosanitary problems of the Portuguese vineyards, downy and powdery
mildews still have great importance.

Last vear, special weather conditions were favourable 1o the development of these diseases,
particularly for Plasmopara, the damages caused being estimated at more than 30 % of the normal
vield.

In spite of the higher efficacy of some new fungicides, it is still important to obtain cultivars
showing resistance or semiresistance, due to the high cost of chemical treatments and the necessity
of reducing to a minimum the pollution effects of pesticides.

So, we have been working on interspecific hybridization and, more recently, on irradiation
mutagenesis in order to obtain semiresistant varieties (Courinuo 1977).

Concerning powdery mildew we are trying presently to develop new techniques for
inoculations and evaluation of infections under laboratory conditions. By using these techniques
we intend 1o clarify the morphology and the kinetics of the growing process of the isolated colony
coming from a single spore. In the same way we search for clonal variability of resistance within vine
varieties and for genetic variability of the fungus regarding some important traits.

Material and methods

Concerning downy mildew, the experimental material chosen was cv. Touriga, largely grown
both in Douro (Port wine region) and in Dao. At present this variety is being submitted to clonal
selection through a national project.

Woody material, cuttings with 2 or 3 buds, and plants resulting from in vitro culture of sitem
apexes and leaf explants were utilized.

In vitro culture is, for several reasons, well suited for irradiation treatment, incrasing the
mutagenicrate (CoutiNno 1987).

For v-ray irradiation we employed the *°Co equipment of the Physical and Nuclear
Engineering Laboratory at Lisbon. The X-ray treatments were performed in our laboratory by
means of a Baltograph apparatus.
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Selection criterion was based on leaf tissue reaction to the fungus after natural infections and
artificial inoculations.

For the powdery mildew studies we perform artificial inoculations on detached leaf discs by
two alternate methods: detachment and deposition of the spores by air flow (CoutiNsO and
MakrTins 1985) and by sowing isolated conidia. The second technique consists of obtaining single
spores adherent to a very thin glass stylet (¢ 30 um diameter) and placing it by micromanipulation
on the inoculation surface. This technique allows us to cultivate genetically homogeneous lines
(clones) of powdery mildew, a very good way to study the biology of the isolated colony, the genetic
variability of the fungus, etc. After inoculation, the spores are incubated in Petri dishes with
humidified paper filter at 26 °C for periods from 5 to 10 d.

For the evaluations of artificial infections we estimate the density of the mycelium by counting
the number of hyphae which cross a line segment (0.52 mm long) focused on the disc in a
randomized way (CouTiNHo and MarTins 1983).

All the microscopic observations are made in a non-destructive way, allowing replicated
measurements during the growth of fungus.

Results and discussion

Concerning downy mildew program, we are presently studying plants originated from woody
material that has been X-ray irradiated and planted in vegetation boxes under conditions suitable
for the selection tests. No significant phenological differences have been found in the plants
resulting from cutzings treated with 500 and 1000 rad (Fig. 1).

In material treated with y-rays, one mutant was detected at 1000rad. This mutant’s
resistance character shows leaf infection patches of ‘ringspot’ type, with an infection zone rapidly
surrounded by necrotic tissue avoiding the spread of the parasite. These symptoms point out to a
phytoalexins reaction, as described by PooL et al. (1980) around the leaf parenchyma at the site of
the mycelium penetration.

454 =00 Z————— 500 rad
404 000 - _— = 1000 rad

354 - _control
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Fig. 1: Phenological stages of plants coming from cuttings treated with X-rays.
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The speed of infection blocking by surrounding necrosis is clearly conditioned by weather
conditions.

Plant regenerates from in vitro culture submitted 1o X-ray irradiation were transplanted to
jiffypots. After inoculation, one plant of this modality showed resistance symptoms: limited and
scattered small necrotic patches.

For the discussion regarding powdery mildew we shall follow the order of the objectives
referred in the introduction.

Biology of the isolated colony

After deposition of the spore on the disc surface. germination begins within 6 h. The first
hypha appears at one end of the spore and when its length reaches around 20 pm it inflates and
originates the primary appressorium. The appressorium penetrates the epidermal cell and
produces a haustorium. After this, an elongating secondary hypha grows from the appressorium
and one or two more from the conidia. The hyphae grow, ramificate and produce new appressoria
and haustoria (Fig. 2).

The growing rate of the hyphae depends upon the host susceptibility and environmental
factors. Studies conducted on an intermediate susceptible variety, Mourisco do Douro, gave the
results shown in Table 1.

Results of other evaluated morphological and biological traits of the isolated colony are
presented in Table 2.

Further studies on this subject will allow a better understanding of the biological behaviour of
powdery mildew and host-parasite interactions. As an example, during another study we verified
that sporulation occurs when mycelium density reaches a constant value around
10 hyphae/0.52 mm, independent of the incubation period (MarTins 1984). Therefore, if we can
identify races that differ in colony compactness, this may correspond to sporulation period
differences, that is differences in pathogenicity.

s ,

/

\ T

Fig. 2: Structure of the isolated colony of powdery mildew growing on detached leaf discs of cv. Mourisco do
Douro during 11 dat 26 °C. « = appressoria.
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Table 1: Growth rate of powdery mildew individual hyphae of isolated colonies on discs of cv. Mourisco at 26 °C

classes of
daily growth (mm) 0-.09 .1-.19 .2-.29 .3-.39 .4-.49 .5-.59 .6-.69

number of cases
observed 6 8 28 24 30 2 4

Table 2: Some biological and morphological traits of the isolated colony of powdery mildew growing on leaf discs
of ev. Mourisco at 25 °C

GROWTH OF THE INDIVIDUAL HYPHAE . 34mm/day
MEAN LENGHT BETWEN HAUSTORIA .1 mm
DIAMETER OF THE COLONY 5.0 mm
TOTAL AREA OF THE COLONY 25 mm2
NUMBER OF HYPHAE IN THE COLONY 42
TOTAL LENGHT OF THE HYPHAE 38 mm
MEAN ANGLE OF THE RAMIFICATIONS 66°
MEAN LENGHT BETWEEN RAMIFICATIONS .47 mm
BEGINNING OF THE SPORULATION 14 day

Table 3: Mycelium growth rate of powdery mildew on discs of different clones of cvs Jaen and Trincadeira
{inocutum density: 3.2 conidia/mm”; incubation: 6 d at 26 °C)

JAEN TRINCADEIRA
clones hyphae,/.52mm clones hyphae/.52mm
J0566 9.4 TR 2.2
J0609 4.1 TR2 1.7
J1612 15.3 TR3 12.4
J0656 2.4 TR5 5.4
J0771 6.6 TR12 1.7
J1402 11.1 TR1S 4.2
Jl417 6.7 TAL 7.1
J1602 11.4 TA3 3.9
J1626 10.3 TA4 6.6
J1636 5.6 TAS 3.0

Genetic variability of powdery mildew

Sowing isolated spores under the technique we described above enables us to cultivate
genetically homogeneous lines of powdery mildew (clones) along several generations. These lines
are observed in order to detect genetic differences regarding several traits: number of hyphae
growing from the initial conidia of the colony; ramification angle between two hyphae; mean length
between appressoria: mean length between contiguous ramifications; growing rate of the individual
hyphae.
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Our results point out differences in the angle of ramification and the morphology of the
ramification point. These studies will be continued investigating powdery mildew strains of
different geographic origin.

Variability of resistance within varieties

By artificial inoculations performed over several years with conidia carried by air flow, we
verified that differences of resistance between clones exist. The results of two comparative assays
(amongst much others) regarding two ancient Portuguese varieties with good morphologic
homogeneity, Jaen and Trincadeira, are presented in Table 3. By comparing these results with
those of many other assays we verify that clones J0656 and TR2 show highest resistance, whereas
clones J1612 and TR3 are more sensible.

At present we are applying the same tests to other varieties submitted to clonal selection in
order to include the response to powdery mildew in selection criterium.
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Search for genotypes resistant to Plasmopara viticola by
crossbreeding

M. Boreo, S. CanceLLier and A. CoSTACURTA

Istituto Sperimentale per la Viticoltura, Viale XXVIII Aprile 26, 1-31015 Conegliano TV, Italy

Summary: Crossbreeding between Viris vinifera and hybrids resistant to some grapevine diseases
began in 1985 in order 1o create biotypes which are tolerant or resistant to Plasmopara viticola. Oidium tuckeri
and Botrytis cinerea and show quality features similar as the European parent varieties (Chardonnay, Sauvignon
blane, Prosecco, Moscato bianco and Cabernet Sauvignon) in order to reduce chemical plant protection
practices. .

Analysis of the F_ population emphasized that 20 % of the plants have a favourable tolerance to downy
mildew and can be emplloyed in back-crossbreeding with European varieties. This proves that there is a different
intensity of leaf reaction to the pathogenic agent.

The above-mentioned tolerance appeared to be steady throughout the years.

An interesting tolerance to oidium was also recorded in open field and greenhouse cultivations.

Key words: Plasmopara, oidium, variety of vine, genotype, resistance, tolerance, quality, crossing,
analysis, Italy.

Introduction

Vine downy mildew, caused by the pathogenic agent Plasmopara viticola (B. et C.) Berv. et
pE Ton, is the main parasitic adversity that causes serious damages to production in many Italian
vineyards.

The viticultural areas of Northern Italy are considered those most subject to such risks
because of summer climatic conditions which are typically rainy and humid. The frequent
infections of downy mildew force viticulturists to perform a great number of treatments to prevent
and restrict damages.

The growing attention towards environment problems and the consequent awareness that it is
necessary to reduce chemical treatments used to control the various parasites that attack
cultivations, induce research on new systems of plant protection and pest control. )

For this purpose, new plant protection systems for the major cryptogamic diseases of vines are
being perfected according to expected models of infection and utilizing new chemical products
(TranMaxu Sung 1988).

A further contribution to the reduced use of plant protection products is provided by genetic
improvement with studies aimed at creating genotypes capable of resisting or tolerating P. viticola
and preserving organoleptic features that are equivalent and sometimes better than the best
cultivated varieties.

Many researchers, in fact, emphasized the possibility of exploiting the genetic resources of
vines to produce new varieties particularly resistant to downy mildew (MiLLarpET 1891, 1894;
Bousats 1956; Doazan and Kim 1978; Kim 1978; ALLEweLpT 1979; BECKER and ZIMMERMANN
1980; Li 1985).

The Istituto Sperimentale per la Viticoltura has also been promoting, for some years now,
programmes of genetic improvement to obtain new genotypes with a certain degree of tolerance to
the main vine fungus diseases (Costacurta et al. 1986; Borco er al. 1987). The purpose is to
select new individuals that require a reduced amount of chemical treatments, without, however,
facing the serious risk of stimulating the diffusion of other pathogenic agents, such as Phomopsis
viticola and Guignardia bidwellii, that cause excoriose and black rot.
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Materials and methods

The activity of genetic improvement by crossbreeding for the above-mentioned purposes
began in 1985 according to the illustrations in Fig. 1. The latter shows the European cultivars and
the hybrids employed for the introduction of the character of ‘resistance’.

The method of selection adopted for the F  generation mainly involved the degree of
resistance to P. viticola. The plants selected for their resistance will be subject to production quality
tests.

After a short period of greenhouse cultivation, F, populations were planted in an open field
where downy mildew infections developed naturally. With regard to the type of vine protection, we
must mention that these populations were only treated with fungicides during the 1st year of

VITIS VINIFERA X HYBRID
PROSECCO SEIBEL 4986
SAUVIGNON SEYVE-VILLARD 5276
CHARDONNAY BACO 1
MOSCATO B. SEIBEL 12.375
MOSCATO G.
CABERNET SAUVIGNON

F

‘1

SCREENING (:::::>
x1 x2 X,

BACK-CROSS

Fig. 1; Scheme of crossbreeding.

Fig. 2. Different symptomatology of downy mildew on F] hybrids (for further explanation see text).
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Table 1: Fl descendants of 1985 crossbreedings with different symptomatology of downy mildew recorded on
leaves in the 3-year period 1987-1989

% DESCENDANTS

| | |

| PARENTS | NECROTIZED | MANIFEST |

| 1 DOWNY MILDEW | DOWNY MILDEW

1 | | |

IPROSECCO X S 4986 | 82,6 | 17,4 |

|CHARDONNAY X S 4986 | 78,6 | 21,4

ISAUVIGNON X S 4986 | 86,0 1 14,0 !

IMOSCATO B. X 4986 | 71,4 ! 28,6

|MOSCATO B. X SV 5276] 75,8 | 24,2 i
| ! |

cultivation, i. e. 1986, and that no chemical treatments were performed during the following years.
Tolerance was determined by evaluating the evidence of downy mildew on the leaves of
crossbreedings, comparing them with those visible on self-fertilized control samples. Two types of
symptomatologies were noticed:
- downy mildew with well defined necrotic spots of different sizes on which mosaics of
sporangiophores formed only in a later stage (Type N; Fig. 2, left);
- manifest downy mildew with extensive spots and a large amount of sporangiophores (type P;
Fig. 2, right).
Affected leaves and bunches were examined and classified according to a system composed of
7 classes, according to the organs involved and the extent of damage.
The results were processed according to the Townsend-Euberger formula to calculate the
infection degree (1.D. %).

Results

a) Downy mildew tolerance

The F, descendants of crossbreedings produced in 1985 and 1986 (several hundred
progenies) were repeatedly evaluated during the years of cultivation.

With regard 1o the results of a preliminary screening of 1985 crossbreedings, we refer to a
previous report (CostacurTa et al. 1986). In the following years, the genotypes selected for their
degree of resistance were kept and observed. They proved 10 maintain their resistance throughout
the years in which control was performed. About 80 % of the descendants constantly showed
symptoms of downy mildew with necrotic type spots, whereas the residual 20 % showed mixed
mildew spots, more evident under the worst climate conditions (Table 1).

The incidence of downy mildew's influence on the different groups of crossbreedings recorded
in the course of the period is illustrated in graphs of Fig. 3.

The intensity of downy mildew attacks differed in the various years and was recorded ir July
and at the end of summer. The latter is the period that provides the most appropriate evidence of
the genotypes' behaviour, especially when compared to the control testing of European varieties
and their self-fertilizations grown without chemical protectant treatments, on which downy mildew
affects aimost 100 % of all plants with early defoliation.

The distinction between the different types of evidence of the disease’s presence shows its
major incidence’in the group of descendants with evident signs of downy mildew on leaves in both
the testing times.
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Tests performed on bunches, present on 80 % of the descendants in 1989, showed that the
disease occurred in 11-30 % of the individuals in all seedling populations. These amounts may be
considered as acceptable according to the testing conditions; the more consistent attacks were
noticed on genotypes with evident downy mildew of leaf (Fig. 4).

The results of surveys on more recent plants, planted in fields in spring 1988, are summarized
in Table 2. The figures show the average number of attacks recorded at the end of 1988 and in the
first 10 d of August 1989.

The genotypes with necrotic downy mildew are, on average, 28.7 % of the entire population of
F, descendants, whereas those showing mixed necrotic and evident symptoms of the disease
include about 13 % of'the population.

The percentage of leaves affected is lower in the plants considered ‘resistant’. Self-fertilized
plants proved to be greatly affected with early defoliation.

PROSECO0 ¥ 54986
CHARDONNARY % 54986

SAUVIGNON x 54986

1007,
lEWPE N TYPE P
1987
PROSECCO % -
OHRRDONNAY x 54986
SANVIGNN x 54986
MOSCATO B. x S498 B
MOSCATO B. x SV5276
) 0 1007

L_-WPEN TYPEP

Fig. 3: Incidence of infection degrees (% 1.D.) by P. viticola on leaves in crossbreedings F]-1985 in several years
and periods: July and August-September. (Continued overleaf.)
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The figures reported show that among the European cultivars employed as parents seedlings
of Sauvignon, Prosecco and Chardonnay seem 10 receive good resistance, in terms of frequency, to
the disease, whereas amongst the donor parents the hybrid S. 4986 proves to be the best, especially
when compared with S. 12.375.

b) Powdery mildew tolerance

The presence of Oidium uckeri was examined on various F1 descendants, by applying the
same quantity survey systems as in downy mildew tests. The crossbreedings produced in 1985
were evaluated in field and greenhouse cuitivations; those produced in 1987 were examined in the
field.

Under normal cultivation conditions, powdery mildew was recorded only on a few plants
(2.5 %) that seldom formed spots on some leaves and berries.

b 1007,

L!TYPE N

PROGECCO x 54986 1B i
CHROONMAY x 54986 2

SAVIGNON % 54986
MISCATO B. x 54986 1B

MOSCATO B. x SV527%6

| bl

) 100%

Fig. 3 (continued).



Table 2: F1 descendants of 1987 crossbreedings divided according to different types of downy mildew on leaves

DOWNY MILDEW ON LEAVES

H

| |

i PARENTS i NECROTIZED (N) ! MIXED (N-P) I MANIFEST (P)

| I GENOTYPE 4| I.D. % | GENOTYPE % | I.D. % | GENOTYPE % | 1.D. %
IPROSECCO x S 4986 | 40,5 | 58, 4 | 16,2 | 58,5 | 43,2 I 68,6
| " x SV 5276 | 36,0 | 74,2 [ 8,0 { 75,0 ! 56,0 | 78,1
i " x S 12375 | 18,7 I 45,0 [ 18,8 | 47,3 l 62,5 f 63,3
| ! | ! | ! ]

ISAUVIGNON x S 4986 | 27,6 | 50,3 | 13,8 | 70,0 ! 58,6 1 72,9
I " x SV 5276 | 38,9 I 61,9 1 10,7 I 67,3 1 49,7 | 71,7
1 | 1 I | I |

|PROSECCO x SE | 35,7 1 55,3 | 21,4 | 59,2 | 42,8 | 86,0
| i | 1 | | !
ICHARDORNAY x S 4986 | 42,8 | 66,7 I - i - | 57,2 | 75,0
| " x SV 5276 | 18,2 | 32,0 1 - | - | 81,8 i 80,0
| " x S 12375 | 9.7 | 38,5 | 16,1 ] 56,4 | 74,2 | 76,0
| | | l I | |

ICABERNET S. x BA | 18,8 1 48,0 | 31,2 | 36,0 | 50,0 | 77,2
] 1 i | | | |

| | | ] | | |

| AVERAGE | 28,7 | 53,0 | 13,6 | 58,7 i 57,7 | 74,9
] | ] I i I I

| I | | | | I

SaSBASIP PUE $153d 01 DUBIIO1/IUBISISTY
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Table 3: Incidence of oidium attack on crossbreeding descendants of Prosecco x S. 4986 cultivated in greenhouse
(Susegana, Treviso)

| | CROSSBREEDING DESCENDANTS | CONTROL I
| PARAMETERS | 1988 1 1989 | 1988 | 1989 1
1 ] i | | |
I% infected plants | 19,8 | 6,9 | 100 1 100 |
I1.D. % on leaf | 2,5 I 1,2 | 82,5 | 65,3 l
1I1.0. % on wood | 2,2 | 0,8 | 64,7 | 18,7 l

| | | 1 |

| | | I 1

The tests carried out on plants trained in greenhouses allowed us to better examine the
behaviour of crossbreedings (Table 3). In 1988 approximately 20 % of the plants developed light
infections on leaves and wood, whereas all the plants used as comparisons were strongly affected.

In 1989 there was a minor incidence of the disease, primarily due to an earlier survey.

Discussion and conclusions

The analysis of the descendants of some interspecific crossbreedings performed over several
years, utilizing some of the most interesting European vine varieties cultivated in Venetia and
several hybrid varieties resistant to P. viticola, demonstrated that this character is transmitted
rather frequently to F, genotypes, with percentages ranging from approximately 201040 %.

The results recorded so far proved that there are different behaviours for what concerns’
resistant parents: S. 4986 seems to be capable of transmitting resistance to P. viticola to a greater
number of descendants, but S. 12.375 does not seem to be suitable for the same purpose. All the
European varieties tested provided good resuits.

Over the years of observation, the selected genotypes maintained the acquired feature
constantly, even when climate conditions and the epidemiology of P. viticola varied. The
descendants affected by necrotic downy mildew recorded lower infections than those primarily
bearing evident forms of the disease.

N
i

.
Vi .

49 68 3 100%
i TvE P

Fig. 4. Incidence of infection degrees (% 1.D.) by P. viticola on bunches in crossbreedings Fl-1985.
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Plants with intermediate features could be just as interesting considering the low incidence of
downy mildew. The viticultural material selected was also of interest for what concemns its
O. wuckeri tolerance, i. e. the number of plants affected and the extremely low incidence of disease
attacks.

At present, there is no information concerning resistance to Botrytis cinerea Pers., as there
was only a small amount of bunches on which tests could be performed in 1989.

We must emphasize that at this moment there were no other diseases due to cryptogams that
might appear on unprotected plants.

Research will continue in the coming years according to the established crossbreeding
programme: At the same time, new and future genotypes will be selected for resistance to grapevine
diseases. The resistant genotypes will be subject to control to examine their productive and,
primarily, organoleptic features.
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Vitis caribaea as a source of resistance to Pierce’s disease in
breeding grapes for the tropics

L.G. Jimenez A. and A. IngaLLs

P. 0. Box 10135, San José 1000, Costa Rica

Summary: A native Costarican vine, Vitis caribaea, was found growing unaffected by Pierce’s disease
(PD; Xvlella fastdiosa) in the forests surrounding a dying V. vinifera plantation. V. caribaea was tested by
inoculation, isolation, ELISA and DNA hybridization and in all cases no bacteria were detected. It was decided
that V. caribaea or Agré (its Indian name) is resistant or at least highly tolerant to PD. Crosses of V. vinjfera and
V. caribaea were made and no compatibility barriers were found, germination of the hybrids seeds was high and
a high percentage of fertile plants were produced. Many hybrids were made and planted in the field to test them
for resistance to PD.

Since some of the F_hybrids do transmit resistance when backcrossed to V' vinifera, resistance must be
determined by dominant genes. Some F hybrids, although apparently resistant themselves, are either not
transmitting resistance or are doing so in a reduced proportion. Several hybrids developed at the University of
Florida were tested, one of these, F 5-8, has led to the establishment of the first successful vineyard in Costa Rica.

Key words: Pierce’s disease, bacterium, Vitis, resistance, breeding, genetics, tropics, Costa Rica,
America.

Introduction

The Spanish have a very old viticultural tradition and it is remnarkable that this tradition
should have been today lost when they colonized tropical America. It is said that the Spanish
government forbade the planting of grapes in their colonies 1o prevent competition with their own
domestic wine production. Undoubtediyv in the long history of these colonies thousands of Spanish
settlers have tried to establish their own vineyards. Indeed, in our own lifetimes we have known of
numerous cases of people who, having planted a vineyard, had some success at first only to be
disillusioned a few years later when all the plants died. A similar experience in southern California
was described by Pierce (1892).

The symptoms of Pierce's disease (PD) are very similar to those of acute water stress: the edges
of the leaves burn and later drop off, the berries shrivel up, and the plant dies. We can distinguish
the symptoms of PD from simple drying if we notice that the leaves burn asymmetrically in sections,
more on one side than on the other side of the leaf, and that a yellow or red band appears on the
border between vital and necrotic sections. The plant seems to recover between attacks leaving a
narrow dark line between each successive burn. Eventually the leaves fall from the petioles which
stay connected to the stem, the wood of the vine matures unevenly leaving islands of immature
wood on mature canes which are then subject to winter damage.

For one hundred years all attempts to discover the cause of this disease were unsuccessful,
although much field work was done to establish its wild hosts (grasses and many weeds) (FREITAG
1951) and its vectors (leathoppers) (Hewitt er al. 1942). Recently, the possibility of applying
modern laboratory techniques and the discovery that tetracycline antibiotics (Hopxins and
Mortensen 1971) could suppress symptoms in PD diseased vines suggesting that the disease
might be caused by a mycoplasma-like organism, revitalized interest in the disease. Using the
electron microscope, rickettsia-like bacteria (RLB) were found to be associated with the disease
(Goueen er al. 1973; Hopkins 1973). A few years later the causal bacterium was isolated and
cultivated (Davis er al. 1978). This opened up the possibility of using techniques such as
inoculation, ELISA (Raiu er al. 1980, 1981) and DNA hybridization (Jimenez and Davis 1987).
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In 1988 the name Xvlella fastidiosa was proposed (WEeLLs et al. 1987) for this bacterium.
Studies of host-vector-pathogen relationships have shown that PD is endemic in California, the
Gulf States (Hewirr 1958), Mexico (Raru er al. 1980), Central America (Goueen et al. 1979,
Jimenez 1980, 1982) and Venezuela (Jimenez 1985) and it is of ancient origin.

Preliminary work

Following the discovery (Gosueen et al. 1979) and confirmation (Hopkins, unpublished;
Jimenez 1980) of PD in Costa Rica, a search was made for material having resistance to this
disease. Several hybrids developed by MorTenseN in Florida were tested, one of these, F 5-8, which
was nevér released in Florida because of its susceptibility to fungus diseases, has led to the
establishment of the first successful commercial vineyard in Costa Rica. A native Costarican vine,
Vitis caribaea, was found growing unaffected by any disease in the forests surrounding a dying
V. vinifera planiation in Montezuma on the Pacific coast of Costa Rica. It was tested by
inoculation, isolation, and ELISA and in all cases either no bacteria were found or they were so low
in number that the results were untrustworthy. It was decided that V. caribaea or Agra (its Indian
name} is resistant or at least highly tolerant to PD and that it might be a good source of resistance if
it could be crossed with V. vinifera. In mid forties Josepr FEnneLL had used V. caribaea in some of
his crosses at the Inter-American Institute of Agricultural Science in Turrialba, but when this
organization was reorganized all his genetic material (FEnneL 1948) was lost to Costa Rica.
Turrialba is in a wet tropical rainforest, a notoriously bad climate to grow grapesin.

Starting in 1978, new crosses were made, this time in Montezuma which is in a hot dry
tropical forest just on the edge of the climatic zone of maximum dryness in which V. caribaea can
still be found growing naturally. In some crosses female V. caribaea was poliinated with
V. vinifera, in others V. vinifera was hand emasculated and pollinated with V. caribaea. No
compatibility barriers were found. Germination of the hybrid seed was high and a high percentage
of fertile plants were produced. Many F, hybrids and backcrosses to V. vinifera were made and
planted in the field at a distance of 40 cm x 200 cm to test for resistance to PD. The field was
prepared for planting by machetti in order to preserve the roots of the native hosts of PD intact. The
weeds were allowed to grow freely to facilitate infection of the new plants. Weeds were chopped
and insecticides were used only when absolutely necessary. We slowly began to realize that we were
confronted with a happy but frustrating circumstance: Whereas in a temperate climate the spread
of the disease is more or less slow, once it enters the vine, the latter succumbs in a reasonably short
time (3 months to 1 year). In the tropics, however, the spread is very rapid, in 6 months over 80 % of
a new planting in Montezuma was contaminated (JiMtnez 1982), and yet after infection the
disease develops very slowly within the plants which degenerate over a period of 2-9 years.
Cardinal produced high fruit for 3 years despite the fact that typical symptoms of PD were
observed throughout this time and bacteria were consistantly isolated from them. In laboratory
tests, Costarican strains of PD were found to have virulence similar to those of the North American
strains (GoHEen et al. 1979). It is possible that a small difference in virulence not observable in the
lab could correspond to a large difference in the field, but it is obviously indesirable and illegal to
test this in the open. Instead, Hopxins (private conversation) attributes this greater longevity to an
increased tolerance of plants grown in the tropics: Using good cultural practices, in a tropical
climate the plant can sustain constant vigorous growth under conditions of little stress, this allows it
to outgrow the damage (to the xylem) caused by the bacteria almost as fast as it is produced. In fact
in some microclimates (Alajuela, Costa Rica and Maracaibo, Venezuela) (JIMENEZ) vinifera grapes
can be grown successfully in spite of PD. The frustrating aspect is that we can never be quite sure
whether a hybrid we have made is really tolerant or whether waiting just one more year it will die.
After waiting so many years to selecting a vine for resistance, it becomes rather uncertain whether it
died of PD, another disease or accident.
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Materials and methods

It would be very useful to know which percentage of a certain cross can be expected to survive
PD in Costa Rica. In Florida, it was shown (MorTensen 1968) that using a model of three
independent dominant genes where all three are necessary for resistance, one could predict the
resistant percentage. Could we expect that Agré has the same type of resistance mechanism as the
wild grapes native to Florida that were used by Mortensex? Since there is no significant
geographic barrier between Florida and Central America and all of this is inhabited by various
species of wild grape which are probably related to each other and all are under the pressure of PD,
they might share a common type of resistance. Until we had more information, we went on the
hypothesis that this is so. This allowed us to use the backcross system of breeding as long as we were
sure we had selected out plants that were not resistant at each generation. But this is exactly what
we could not do. In our backcross population, now 8 years old, only 27 % of all seedlings have died,
instead of the 88 % predicted by Mortensex. Many of the survivors however are loosing vigor and
becoming unproductive. Fruit production is the principle stress that plants have to undergo and
those that are not under stress can survive better an attack of PD. In order to select effectively, all
the plants should be under the same stress. This can be achieved to some extent by considering only
the plants that are capable of producing fruit:

Plants that are still fruiting

All the plants that would be capable of fruiting in absence of PD
Here we have entered an unmeasurable term in the denominator which is equal to:

All the plants that have produced at least once in their lifetime + the plants that
could have produced but died of PD before they had time to

From previous experience with a quasi randomly selected collection of V. vinifera varieties
donated by Dr. Goneen we found that less than 25 % of vinifera seedlings die before they can
produce fruit. But about !/2 of the plants in the denominator are resistant to PD, so we have to add
1/2 of 1/4 or /s to the denominator. This correction is not large and will not be made in the
following work, however at any time we can include it by multiplying the result by /5.

Now we arrived at our measurable ratio which we will call sustainability:

Number of plants in production

Number of plants that have produced at some time (x %/s)

In doing this we have largely corrected an error in the % survivors due to the fact that some
plants die of other causes: extreme susceptibility to fungus, genetic weakness, and accidents. Since
most of these affect the plants early in their lives they will be prevented from ever producing fruit
and so these plants will not enter into the ratio. The numerator and the denominator are not fixed
numbers but variables which depend upon the year of observation:

Number in production [Year]

. = Sustainability
Number that have produced [Based year]

The based year is the year we look back at our data and calculated the number of plant's that
have produced at some time. If we do this too early, our ratio is too high and is close to 1 because
exactly the same plants appear in the numerator and denominator. If the base vear is adequate, the
ratio will be a function of the year observed. To illustrate this we use our oldest backcross
population (8 years old) as an example. There are oo few plants in each cross to get reasonable
curves by cross, but by batching one row of 100 plants of mixed backcrosses we get the following
data:
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Year 6th 7th 8th
Dead plants 12 15 27
Degenerating 18 39 30
Producing 33 18 16
Have produced 38 38 38
ELISA* 3
% Survivors 88 % 85% 73%
Healthy 70% 46 % 43%
Sustainability 87 % 47% 42%

* The 3 plants showing positive readings were already degenerating.

Among other things this data serves to clear up any doubts about our use of sustainability
instead of % healthy plants, here they turn our almost equal. Also it is clear that, no matter how we
look at the data, we get a ratio of survivors much higher than that of Mortenson in Florida.

Results

Fig. 1: Here we present a series of graphs showing the progression of selection for PD against
time for individual backcross families.

Fig. 2: At about 3-4 years most plants have started producing fruit, but PD has not yet
seriously affected the production and so the curve has its maximum at this time. After this, the curve
descends as PD kills and degenerates vines, as we hoped afier 6 or 7 years the curve levels off as
only plants tolerant to PD will be still producing. Unfortunately this leveling off has not occurred for
all crosses.

; Number of crosses

Sustainability

Fig. 1; Sustainability of F . hybrids Agra used as resistant parent. Data from 9-year old plants used.
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Fig. 3: Itis too soon to tell if this curve will level off leaving a few residual plants or else drop to
zero, in which case the ‘resistant’ parent would not have been transmitting resistance.
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Fig 2: Sustainability of the progeny of 75 C (32 A 10 x M. Hamburg).
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Fig. 3: Sustainability of 73 A (3 C 15 x Ruby Cabernet; 3 C 15 = Petit Sirah x Agr4).
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Fig. 4: Plotting together every backcross family with over 15 plants for the denominator (to
reduce sampling error) planted in 1982 we notice that the crosses can be divided into two groups,
those that seem to be heading for a ratio around 50 % and those that are descending to 2 much

lower level.
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Fig. 4: Decaying tails of sustainability curves.
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Fig. 5: Here is set of curves that show 3 different backcrosses all with the same ‘resistant’
parent 56 C 1. Although 56 C1 (Aleatico x Agrd) is 9 years old, is still vigorous and has a negative
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Fig. 5: Sustainability of 3 crosses using 56 C 1 (Agrd x Aleatico).
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Fig. 6: Sustainability of 2 crosses using 56 C 11 (Agra x Aleatico).
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reaction with ELISA, it does not seem to be transmitting resistance to its progeny. Its productivity
has been declining, however, and this seems to be the key to the early spotting of plants low in
tolerance to PD. Many of the other plants that are not transmitting full resistance are, however,
sustaining their productivity and there is no visible way to distinguish them.

Fig. 6: This graph shows the opposite type of behavior in the progeny of 56 C 11, a sibling to
56 C1.56 C 11 seems to transmit good resistance to its progeny. The ELISA test was performed
on half of the cross 77 F but no new information was gained from this test: only one plant was found
positive but it was already visibly degenerating. Contrasted to 56 C1, 56 C11 has steadily
increased its production each year.

We should briefly describe the grapes produced. The F, hybrids produce berries that are
about twice the diameter of those of Agrd and are all black although the color of those crossed with
white vinifera is not very intense or stable in the wine. Although the fruit is high in sugar, their taste is
usually acid and biting, while their aroma resembles that of vinifera. The backcross fruit is from
2-4 times larger than Agr4 in diameter, sometimes white or red, less acid and sometimes lower in
sugar than the F] hybrids. The average production of both the F] and the backcrosses is very low
being less than 200 g/plant which is probably due more to the short photoperiod of the tropics than
hybrid infertility. Heavier producers can be selected that give 1-2 kg/plant at the close planting
distances used 1o test them (1 m?/plant).

Some data showing how the extreme acidity of Agrd can be easily reduced by backcrossing to
vinifera:

Code Type ®Brix T. acid* pH Cross

Agrd Wild 15.8 325 2.79 Betty

18B9 F, 20.9 224 3.00 Agrd x Carignane

STE39 F, 22.7 17.1 2.75 Agrd x Aligoté

6G1 F| 24.8 17.1 2.88 Sauvignon blanc x Agrd

22B8 F 239 13.4 3.18 Fernao Pires x Agrd

80D 17 Btl 234 13.3 3.00 (Sylvaner x Agré) x F. Colombard
81B11 BC, 24.0 12.7 3.20 (Chardonnay x Agrd) x M. Alex
78G9 BC, 23.2 15.5 3.00 (Green Veltliner x Agrd) x Aleatico
8§3C12- BC, 18.6 11.2 3.05 (Agré x Carignane) x Ruby Cabernet
59D3 BC, 17.6 12.2 3.22 (Agré x Ruby Cabernet) x Carignane
71F48 BC, 21.8 7.2 3.23 (Agrd x Aleatico) x M. Hamburg

* in g tartaric acid/1

Discussion and conclusions

Since some of;the F hybrids do transmit resistance when backcrossed to V. vinifera,
resistance must be determined by dominant genes. Some F . hybrids, although apparently resistant
themselves, are either not transmitting resistance or are doing so in a reduced proportion. We
might call these plants partially tolerant to explain this genetically, we might hypothesize that the
three genes postulated by Mortensen have an additive effect, which in the harsher climate of
Florida was not evident. In this system, one gene will give a little longer survival time, two genes will
result in a partial tolerance typified by 56 C 1, three genes will lead to full tolerance like 56 C 11;
this would explain the 50 % ratio of the test crosses with 56 C 11: /s of their progeny would be fully
tolerant and 3/s would be partially tolerant.

We will have the results of the first test of this hypothesis when we see whether the
sustainability of 56 C 1 turns out to be 25 % with all the survivors partially tolerant. The existence of
partial tolerance would be a burdensome impediment to the production of hybrid grape varieties
for the tropics.
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A much more favorable alternative would be that Agrd has two distinct resistance
mechanisms, one depending on three genes that gives the low sustainability of 56 C 1 and another
controlled by one dominant gene giving the 50 % ratio of 56 C 11. We will have to wait several
more years to resolve this question.

It is feasible to use the resistance of V. caribaea to PD and many other diseases to breed
resistant hybrid vines useful for the production of wine and table grapes for the tropics. Although
there are many problems in selecting for resistance to such a weakly aggressive yet virulent disease
in a gentle tropical climate, the lack of a viticultural tradition means that we do not have to satisfy a
predetermined taste preference, we have no competition, and grape and wine prices are extremely
high.
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Best combiners during 40 years of breeding Vitis cultivars
resistant to Pierce’s disease

J. A. MorTeENnseN and L. H. Stover
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Summary: Bybreeding for resistance to Pierce’s disease in Vifis we have obtained useful cultivars that
can be grown productively in areas formerly considered unsuitable for grape production. Reviewing the most
successful recombinants from crosses made between 1945 and 1984, 6 Vizis clones were prominent foundation
parents among those tested as primitive resistant germplasm: V. aestivalis, ssp. smalliana cvs Fla. 43-47 and
Fla. 449, V. aestivalis ssp. simpsoni cvs Pixiola and Fla. 451, and V. shutileworthii cvs Haines City and
Kissimmee. The best combiners for productivity, fruit size, and high quality were PD susceptible cultivars
Aurelia, Carolina Blackrose, Cardinal, Exotic, Golden Muscat, and Villard blanc. The best combiners for
seedlessness and early ripening were susceptible cultivars Lakemont and Perlette. Selection for resistance to PD
required 7 or more years each generation for exposure of seedlings to PD-carrying vectors. Inbreeding was
detrimental to vine vigor but good combiners were selected among inbred progeny which were more homozygous
for disease resistance. Subsequent crosses of these inbreds to large-fruited, high-quality cultivars resulted in some
recombinants with restored vigor and superior traits such as Blanc Du Bois.

Key words: Pierce’s disease, bacterium, Vitis, variety of vine, germplasm, resistance, breeding,
inbreeding, parents, Florida, USA.

Introduction

Pierce’s disease {PD) is a vascular disease of Vitis caused by the bacterium Xvlella fastidiosa
(WELLs et al. 1987). PD is the major limiting factor to having long-lived and productive vineyards
in Florida and the Coastal Plain areas of South Carolina, Georgia, Alabama, Mississippi,
Louisiana, and Texas (Horpkins and ApLerz 1988). Resistance to PD was found in Vitis species
native to Florida (MorTEeNsEN er al. 1977). Since 1945 a grape breeding program has been under
way at Central Florida Research and Education Center, Leesburg, to incorporate this native PD
resistance into viticulturally acceptable cultivars (Stover 1960). The purpose of this paper is to
review the most successful recombinants from crosses made berween 1945 and 1984 and to
emphasize the best parental combinations used in the program.

Materials and methods

Sources of resistance to PD were found growing naturally in the woodlands of Florida, and
were collected in 1941 and 1942 (Loucks 1942). Clones of the following Florida species were
propagated from their native habitat to a vineyard located west of Leesburg where their longevity
and health could be observed: Vitis aestivalis Micux. ssp. simpsoni Munson, V. aestivalis ssp.
smalliana BawLey, V. rufotoméntosa SmaLv, V. shuttleworthii Housk, V. sola BaiLey, V. vulpina
L., V. rotundifolia Micux. and V. munsoniana SiMpsON.

Crosses made by Loucks during the 1930s using small-berried wild species as female parents
and larger berried cultivars as male parents produced all small-berried progeny of low quality
(Loucks 1938). V. shurtleworthii had larger berries, but when crossed the F, hybrids had small
clusters. By 1945 a cross was made by Stover between Pixiola (V. aestivalis ssp. simpsoni) and
Golden Muscat which produced 20 promising seedlings. Pixiola was collected by Loucks as a non-
pigmented clone with fruit that was sweet but green-colored when ripe (Stover 1951).

Crosses between 1945 and 1984 were made with the objective of combining native disease
resistance derived from Florida native grapes with acceptable fruit size and quality from superior
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~ Table 1: Clones resistant to Pierce’s disease (PD) used as parents in the first generation of breeding

Native species classification Sex Parental clone
Vitis aestivalis Michx. ssp. simpsoni f Pixiola

Vitis aestivalis Michx. ssp. simpsoni f Fla. 451
Vitis shuttleworthii House £ Haines City
Vitis'shuttlewo:thii House m Kissimmee
Vitis aestivalis ssp. smalliana £ Fla. 43-47
Vitis aestivalis ssp. smalliana £ Fla. 449

Table 2: First generation of crosses with Firis aestivalis MICHX. ssp. simpsoni MUNSON and V. shuttleworthii

House

wine.

Year Resistant
of progeny Main
cross Combination selected uses?
1945 Pixiola x Golden Muscat V381, w382 B
Lake Emerald WW
1950 Fla. 451 x Golden Muscat w1001 B
1949 V. shuttleworthii open-poll. Mantey B
1961 Haines City x Alden 13B-5 RS
13C-12 RS
1973 Haines City x Ark. 1105 BD7-75 B
1979 Villard Blanc x Kissimmee CAB-15 RW
Zyses: B = breeding; RS = rootstock; RW = red wines; WW = white
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cultivars (Stover 1960; MorTensen er al. 1977). Seedlings were planted 2.5 ft apart in a single-
wire trellis vineyard at Leesburg and were fruited to determine which were usable recombinants.
Individual plant performance was recorded for sex, budbreak, vine vigor, disease resistance,
longevity, fruit size and quality (including seedlessness), productivity, and earliness. Natural
infection from PD vectors was usually adequate to screen for resistance to PD while seedlings grew
and fruited. Selections were propagated by hardwood cuttings for a second test at wider spacing
(2.3-3m in row). Crosses made each year between 1945 and 1984 were reviewed for progeny
performance to determine which combinations produced outstanding recombinants.

Results and discussion

Many selections that initially were outstanding succumbed in later years to PD or fungus
diseases or else became mediocre in fruit quality, productivity, or vine vigor. Selection for
resistance to PD was found to be necessary each generation through natural exposure of seedlings

for 7 or more years to PD-carrying vectors. 7-10 years are thus advisable before naming and release
of a selection.

Table 3: First generation of crosses with Viris aestivalis MiCHX. ssp. smalliana BAILEY

Year Resistant
of progeny Main
cross Combination selected uses?
1948 Fla. 43-47 x Golden Muscat w716 B
1948 Fla. 43-47 x Niagara Tampa RS
1950 Fla. 43-47 x Caco Blue Lake JL
1963 Fla. 43-47 x Concord E12-59 B, JU
1977 Fla. 43-47 x Aurelia BD5-67 B
BD8-43 RW
1977 Fla. 43-47 x Carolina BD10-51 B
Blackrose CBS-23 RW
1977 Fla. 43-47 x Dunstan 236 aAD1-115 RW
1950 Fla. 449 x Cardinal w987 B
1954 Fla. 449 x Lake Emerald w1521 B

Zyses: B = breeding; JL = jelly; JU = juice; RS = rootstock;

RW = red wine.
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Table 4: Second generation of crosses and their PD-resistant progeny

Year Resistant

of progeny Main
cross Combination selected uses?
1949 W38l x Cardinal w907 B
1961 ~ w382 selfed 21¢c-31 B
1956 W987 x Lake Emerald Norris B
1957 W1001 x villard Blanc B3-83, B3-90 B
1956 Mantey x Roucaneuf Stover WW
1961 W716 x Buffalo Liberty B
1961 W716 x Sultanina 15B=-23 B
1983 BD10-51 x Ruby Cabernet ANS5-75 RV
1958 W1521 x Villard Blanc C5-50 B
1965 W1521 x Aurelia E18-63 B
1976 W1521 x Aurelia DC1~39, DCl-56 B

Zyses: B = breeding; RW = red wine; WW = white wine.

Foundation parents selected from V. aestivalis ssp. smalliana, V. aestivalis ssp. simpsoni,
and V. shurtleworthii contributed PD resistance and tolerance to stresses such as warm night
temperatures, high humidity, torrential rainfall during ripening, and low fertility soils (Table 1).

The best sources of fruit. size, high quality, and productivity were Aurelia (Villard blanc x
Chaouch), Caroline Blackrose (Aurelia x Blackrose), Cardinal, Exotic, Golden Muscat and Villard
blanc. Lakemont and Perlette were the best parents for seediessness and early ripening. Tables 2
through 7 present 5 generations of the best crosses and their outstanding progeny selected during
the 40 years. Pedigrees may be traced by proceeding backwards through the tables from a given
outstanding cultivar selected.

Inbreeding reduced vine vigor and resulted in smaller leaves and shorter internodes, but was
useful in developing parents more homozygous for disease resistance. Subsequent crossing of these
inbreds to large-fruited, high-quality cultivars such as Fla. F5-8 and Cardinal resulted in progeny
with restored vigor and improved recombinations such as Blanc Du Bois (Mortensen 1988). New
cultivars arising from the program now form the basis for commercial grape growing in Florida
(HaLBrooks and MorTensen 1989).

At least one parent in the combinations should be resistant to PD and grow vigorously on its
own roots. Crosses where both parents require grafting for good performance usually had progeny
lacking in vigor in Florida sand land. In fact, many seedlings from such parentages failed to reach
the trellis wire and fruit normally. Prevalence of parasitic nematodes in non-fumigated sandy soil is
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Table 5: Third generation of crosses and their PD-resistant progeny

Year Resistant

of progeny Main
cross Combination selected : uses?
1956 Fla. 449 x w907 A4-23 B
1961 = Norris x Schuyler D4-176 B
1963 Norris x Concord E11-40 B
1963 Norris x Blue Lake E9-48 B
1964 Norris x Alden F8-35 B
1980 B3-83 x Blanc Du Bois BD7-33 WW
1964 B3-90 x Exotic Daytona T
1983 Stover x NC74C039-1 RN2-21 WW
1964 C5-50 x Exotic F5-8 T, B
1973 C5-50 x Liberty BD6-47 B
1981 E18-63 x NY45791 CAll-17 T, B
1982 E18-63 x Lakemont BN8-25 T
1982 DC1-39 x Himrod BN6-85 T

Zyses: B = breeding; T = table; WW = white wine.

thought to be a major factor inhibiting seedling growth of the progenies. Root-knot nematodes were
prevalent among roots of older seedlings when removed for discard.

One outstanding breeding clone was Fla. W1521, which contributed vigor, high budbreak
percentage and longevity; resistance to PD, anthracnose (Elsinoe ampelina pe Bary (SHEAR)),
downy mildew (Plasmopara viticola (B. et C.) BerL. et pe T.) and fruit rots; and adaptability to
frequent summer rainfall without fruit cracking or uneven ripening. Fla. W1521 was a parent of 4
outstanding clones in Table 4, a grandparent of 6 in Tables § and 6, and a great-grandparent of 5
clones in Tables 6 and 7. Another outstanding breeding clone was Norris, which contributed large
size of berry and cluster along with resistance to Pd and downy mildew and susceptibility 10
anthracnose. Norris was parent to 4 elite clones in Table 5, grandparent to 4 in Table 6, and great-
grandparent to 4 in Table 7. Both Fla. W1521 and Norris are pistillate-flowered, had Lake
Emerald as their pollen parents, and had Fla. 449 as their mother and grandmother, respectively
(Tables 3 and 4).

Lake Emerald (a V. aestivalis ssp. simpsoni derivative) contributed PD resistance,
productivity, and vigorous growth under humid, subtropical environmental stresses. Fla. 449 (a
V. aestivalis ssp. smalliana) contributed resistance to PD, downy mildew, powdery mildew
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Table 6: Fourth generation of crosses and their PD-resistant progeny

Year Resistant

of progeny Main
cross Combination selected uses?
1961 A4-23 selfed D6-148 B
1964 A4-23 x Perlette F9-68 B
1973 D4-176 x F9-68 Orlando Seedless T, B
1983 BD5-67 x F9-68 DN15-12 RW
1969 E12-59 x E11-40 Conquistador T, JU, JL
1972 E9-48 x Ark. 1105 BD12-49 WwW, T
1968 C5-50 x F8-35 Suwannee Ww, B
1980 Daytona x Stover BD5-117 T, B
1969 21C¢-31 x F5-8 L9-10 WW
1982 BD6-47 x Ark. 1105 BN5-101 T, B
%Yses: B = breeding; JL

T = table; WW = white wine.

= juice; RW = red wine;

Table 7: Fifth generation of crosses and their PD-resistant progeny

Year Resistant

of progeny Main
cross Combination selected uses?
1968 D6-148 x Cardinal Blanc Du Bois VIW
1983 BD7-75 x Orlando Seedless DN21-83 B .
1978 W716 x Suwannee CA4-66, CA4-72 RW
1982 Suwannee x Verdelet CN1-90 WW, B
Zyses: B = breeding; RW = red wine; WW = white wine.
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(Uncinula necator (Scuw.) Burr.), anthracnose, black rot (Guignardia bidwellii (ELL.) ViALA et
Ravaz), and grape leaffoider moth (Desmia funeralis HOBNER).

With careful parental selection and fruiting of progeny with population sizes of
> 100 seedlings per cross it has been possible to obtain new recombinants of superior value as
cultivars.
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Evaluation of interspecific populations of grapevine in breeding
for complex resistance to fungal diseases and phylloxera

V.T.Usatov, L. K. Kireveva, V. A. VoLynkiN, V. P. Kuimenko and N. P. OLeiNikov

National Institute for Grape and Products of Grape Processing ‘Magarach’,
31, Kirov Street, 334200 Yalta, Crimea, USSR

Summary: Roenigenoscopy was used as a method to determine the quality of hybrid seeds and to
predict the development of viable plants from interspecific hybridization. The seeds were grouped into five
classes of quality (embryo classes) depending on embryo size and degree of endosperm development. As the
index number of a class increased, the proportion of plantlets and vigorous plants produced also increased.

In order to evaluate genotypic peculiarities of the original forms and seedlings, the seedlings were studied at
the juvenile stage of ontogeny.

Analysis of development of the hybrids studied during 5-6 years under conditions of complex infection
pressure at a special planting site made it possible to evaluate the degree of their resistance to phylloxera,
pathogenic soil microflora and fungal diseases and to eliminate susceptible genotypes.

The heritability of resistance to fungal diseases (mildew, oidium, grey rot) and phylloxera was studied,
conclusions were made concerning the combining ability of the original forms, and these forms were evaluated as
donors of the desirable characters.

Using transgressive resistant hybrids as donors in backcrossing provided improved quality with a broad
range of resistance variability, which made it possible to select promising genotypes.

Key words: resistance, plasmopara, oidium, botrytis, phylloxera, hybrid, Muscadinia, seed,
roentgenoscopy, screening, genetics, breeding, USSR.

Introduction

Among all worldwide cultivated fruit-bearing plants, apple trees are the most widely spread
(24 mill. ha); they are followed in the decreasing order of acreages by species such as pear
(7 mill. ha), peach (6 mill. ha), and plum (5 mill. ha). The spread of grapes is rather high, it amounts
to about 10mill. ha. This distribution is not occasional. Grapes have universal therapeutic
properties; fresh grape as well as juice, wine, vine leaves, seeds and grape marc are of great
importance (Kiskix 1984).

Generally, the demands of USSR in fresh grape are ill-satisfied. During the 10th and 11th five-
year plan periods, the annual consumption of this valuable product was only 0.5 kg per capita,
while according to the data of the Institute of Nutrition of the USSR Academy of Sciences the
average annual physiological rate of fresh grape consumption should be 10kg per capita. In
perspective, about 13.5kg of fresh grape per capita will be required annually to organize the
rational nutrition of the country population (RarLianu 1985). ’

As a result of the extensive selection researches, a wide range of high-quality grape varieties
which satisfy consumers' demands has been obtained; but the fact that the overwhelming majority
of these varieties is susceptible to frosts, phylloxera, mildew, oidium and grey rot results in
significant complication of cultivation techniques due to the use of grafted cultures and numerous
protective treatiments with toxic chemicals and the restriction of cultivation to the southern regions
of the country. )

The prospects of vinegrowing should correspond to the ecological demands. This is
conditioned by the present and predicted pollution of environment with chemicals used for plant
protection, as well as to the increasing economic demands under conditions of increasing primary
production costs and the transition to self-repayment and self-financing.

The breeding of high-quality productive grape varieties with complex resistance to pests and
diseases and their wide industrial introduction will play the major role in the future intensification
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of this branch of economy, and the accelerated breeding of these varieties will evidently be carried
out by selecting promising combinations of crosses (specific combining ability) as well as by
decreasing the duration of the selection process.

Analysis of data presented in the literature and our own experimental results show that the
resistance to phylloxera, mildew and grey rot and good quality of yield are independently inherited
and this fact makes it possible 10 choose promising genotypes using selection to resistance
(Goroprigaer al. 1979).

A considerable progress in the field of breeding for resistance was due to the use of the donors
of resistance in the hybridization process obtained as a result of over 100 years of breeding
researches which were conducted by French originators (SEyve ViLLARD, SEIBEL, RAVAT, OBERLIN,
JoaNNEs SEVvE etc.).

Several species of plants in Vitaceae family have been distinguished as having resistance to
pests and diseases. Vitis rotundifolia Micux., a resistant species, and its DRX hybrids (DunsTtan
1962) are of particular interest in this respect. Some difficulties arising in hybridization were due to
differences in the chromosome number in V. vinifera L. belonging to Euvitis with 2n =38 and in
V. rotundifolia belonging 1o Muscadinia with 2n=40. For a long time, the breeders could not
obtain fertile plants using such crosses. The first fertile hybrid between Euvitis and V. rotundifolia
was obtained in the USA (OLmo 1954, 1971; PaTeL and OLmo 1955). Later DRX hybrids were
obtained from such crosses (Dunstax 1962) and introduced into France (Bouquer 1980). In
1974, some hybrid seeds were kindly supplied to us by the French breeders.

Materials and methods

The objects under investigation in determining the quality of grape seeds, the new original
material in breeding for resistance, were 18 grape seed samples obtained by interspecific
hybridization of V. vinifera (diploids and polyploids) with pure V. rotundifolia and its DRX
hybrids (these hybrids were encoded as ‘Magarach N 100), as well as seeds obtained by the
random pollination of these hybrids. Generally, 3257 seeds were investigated with 1434 of them
having full weight (those which sunk). All seeds obtained both as a resuit of crossings and random
pollinations were included into study. At first, the seeds were dipped into water. Some of them
sank. Examination of the floating seeds showed them to be hollow, i.e. without embryo and
endosperm. The number of the full weight seeds was determined by counting (in % of the total
number). Subsequently only sunk seeds were studied. Their quality was determined by
roentgenoscopic method (Nexrasovand Smirnova 1961; Smirnova 1978) using a Svetlana X-ray
emitter '). Seeds under investigation were placed on a frame having a sticky film bottom; this frame
was put under the X-ray tube of the emitter. The roenigenogram was obtained under defined
conditions. The quality of seeds on roentgenograms was determined by the degree of endosperm
and embryo development taking into account the intensity of their fixation on the film and
classifying them into categories of seeds and classes of embryo development. The content of seeds
of all classes of development (in %) was determined for each sample studied.

At the stage of plantlets, 2308 seedlings and 15 combinations with the single pollinator (cv.
Podarok Magaracha) were investigated. The variability was estimated according to the following
characters: germination capacity, size of cotyledons, presence of deformed cotyledons, differences -
in the number of cotyledons, teratologic changes, and seedling survival rate.

The juvenile gene pool screening, i. e. the mass screening of hybrids at the juvenile stages of
ontogeny using simple and rapid methods for determining the morphological-phenological
variability was used for the early selection of the objects studied (Kruimenko 1986).

'} Investigations were carried out in cooperation with T. MUKHORTOVA and V. Novikova in Nikitsky Botanical
Garden.
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Resistance 1o phylloxera and pathogenic microflora was estimated using the method
developed by P. N. Nepov and A.P. Gurer (1971); resistance to mildew was rated using the
S-point scale according to the method approved by the Section of Viticulture of the National
Academy of Agricultural Sciences (Methodical Instructions Concerning the Grape Breeding,
Erevan, ‘Aistan’, 1974).

Susceptibility 10 oidium was estimated using the method proposed by 1. N. Namionova
(1985) at an infected planting site established in the greenhouse. Hybrid seeds and two-bud
cuttings were placed in hydroponic channels. Controls were positioned along the axis of the
channels. Samples were inoculated with conidia suspension (35-30conidia/0.001 ml of
suspension). Suspension rate was 25 ml/ m? of the channel area. Inoculations were repeated every
2 weeks.

The following grape varieties investigated by a number of authors were used as controls:
highly resistant varieties: SV 12-375 (BousaLs 1961), Kishmysh Vatkana (Methodical Instructions
Concerning the Grape Breeding, 1974; Namionova 1985), Gangal kara (Sonr and SripHAR 1972;
Sutin et al. 1986); resistant varieties: Seibel 15062 (BousaLs 1961), Kishmysh rozovy
(Namionova 1985); susceptible varieties: Ravat 6 (Bousavs 1961), Riesling Italico (Namionova
1985). -

In order to reveal the genetically dependent grey rot resistance, a laboratory method of
estimation was used (GoLobriGa et al. 1979).

Fig. 1. Roenigenogram of the hybrid grape seeds.
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Results and discussion

Potential advantages of the vast hybrid collections of the Breeding and Ampelography
Department of the National Institute for Grape and Products of Grape Processing ‘Magarach’ in
ontogeny and pathogenesis were investigated in order to develop scientific bases and concepts for
complex resistance.

Promising hybrids destined for the use as original forms in the process of breeding for
resistance were selected among the seedlings of heterogenous populations (Goroprica and
Kireveva 1981; Gorobriga et al. 1986). Seedlings were selected among the seed progeny of
DRX x V. vinifera hybrids; they were characterized by high fertility and productivity and combined
the great vigor and the disease resistance of muscadine varieties with berry characteristics of
V. vinifera. So Magarach N100-74-1-5 seedling (DRX N60-24x V. vinifera) meets the
requirements of the standard European table grape varieties ~ it has berries and clusters of large
siz¢ and gives a high yield.

The aims of the research work conducted by the breeders of the ‘Magarach’ Institute include
the mobilization of different forms of V. rotundifolia and its hybrids in order to carry out
hybridization with V. vinifera varieties and hybrids, and the investigation of the probability of
introgression (when the genetic material of some species gradually penetrates into another one
through incomplete interspecific isolation barrier) of V. rotundifolia resistance in order to form new
sources of selection material. Seedlings of heterogenous populations obtained using DRX N 58-5
and DRX N60-24 were included into the program of breeding for resistance. The degree of
resistance of the most promising seedlings among those mentioned above was estimated in the
complex infection planting site and these seedlings were included into the breeding program as
original forms. However, as a result of genetic abnormalities in the process of interspecific
hybridization non-viable seeds which absolutely do not differ in their appearance from the viable
ones are frequently formed. The roentgenoscopic method allows preliminary estimation and
selection of viable seeds. This method was used for the first time to determinate the quality of grape
seeds. To make comparisons between the combinations, the average class of the seed development
(Ka‘) was calculated by determination of the arithmetical mean of the weighted values using the
expression:

K 1n1+2n2+3n3+4n4+5n5

av

100

wheren , n,, ny, n, and n, are the numbers of the seeds of the corresponding class as % of the total
number of seeds in the sample (n,+n,+n +n,+n, = 100).

Thereafter, seeds were germinated in the laboratory at 26-30°C. Germination in the
laboratory was determined by the number of germinated seeds (in %) compared to the total
number of the seeds sown. Germinated and ungerminated seeds were sown in the hydroponic
greenhouses with the aim of obtaining seedlings and investigating their biological characteristics.

The roentgenograms (Fig. 1) clearly show endosperms of different degrees of development
and comparatively small embryos also of different sizes and degrees of development. Hybrid seeds
obtained by crosses and the random pollination were classified into 3 categories: 1. Filled seeds
which have a well developed endosperm, 2. empty seeds which have no endosperm and embryo,
and 3. deficient seeds which are partly filled with an endosperm and have an embryo which is less
than !/s in volume compared to the developed endosperm of the seed; and into 5 classes of embryo
development: 1. Empty seeds which have no endosperm and embryo; I1. seeds with embryos which
are less than !/s in length compared to the developed endosperm of the seed; IIL seeds with
embryos which are /s in length of the seed endosperm, clearly seen and not closely adjacent to the
endosperm; IV. seeds with embryos which are more than !/s in length compared to the seed



Table 1: Distribution of hybrid grape seeds from different cross combinations to embryo classes

Material studied ;E;:gir : Embryo classes, %
:seeds H H H H :

Cross combinetions :
Muscat VIRa x Mag. N 100-74-1-5 266 0 19 39 33 9 3.3
Polyvitis x Mag. N 100-79-34 32 0 36 48 8 8 3.3
Mag. N 100-74-1-5 x Podarok Megaracha 59 0 0 7 20 13 4.5
Mage. N 100-74-3-1 x Tsvetochny 28 0 14 18 18 50 4.0
Mag. N 100-74-2~1 x Tesvetochny 146 o] 19 38 41 T 3.4
Mag. N 37- 77-44 x Mag. N 100-79-52 38 0 8 40 26 26 3.7
Mag. N 44-77-18 x Mag. N 100=T74-1-5 109 1 8 35 41 15 3.6
Meg. N 100-74-1-5 x Tsvetochny 43 o 0] 18 50 32 4.1
SV N 52-76 x Meg. N 100-79~58 23 0 0 17 35 48 4.3
Meg. N 40-69-11 x Meg. N 100-74-3-1 63 0 0 0 0 100 5.0
Mag. N 38-77-5 x Mage N 100-79~52 101 0 11 39 27 23 3.6
Mag. N 10-69-17 X Mag. N 100-79-15 36 (6] 14 14 14 58 4.2

Random pollination
Meg. N 100-74-1-5 (DRX 60-24 x Vv) 101 0 5 26 47 22 3.4
Mag. N 100-79~17 (Polyvitis x Meg. N 100-T74~1-5) 81 0 4 5 54 37 4.3
Meg. N 100-74-3-3 (DRX x 58-5 x Vv) 100 0 3 12 50 35 4.2
Mag. N 100-74-3-1 (DRX 60-24 x Vv) 49 0 0 8 16 76 4.7
Mag. N 100-74-2-4 (DRX 60-24 x Vv) 37 0 3 22 35 40 4.6
Mag. N 100-79-52 (Polyvitis x Meg. N 100-74=1-5) 15 0 0 27 4T 26 4.0

T8¢
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endosperm, they are positioned much closer to the endosperm and comparatively clearly seen;
V. seeds with embryos which are /4 or more in length compared to the seed endosperm, white in
colour, positioned close to the seed endosperm in the most cases, not clearly seen on
roentgenograms and ofien leading to confuitsion when seeds are classified into classes; the section of
such seeds shows a developed embryo close to the endosperm.

Among the full-weight seeds studied, the empty seeds are almost absent, generally there are
developed and incompletely developed seeds. The number of developed and incompletely
developed seeds varies depending on the cross combination from 35 % to 100 % and from 0% to
65 %, respectively; in the random pollination, the number of developed and incompletely
developed seeds varies from 69 % to 92 % and from 8 % to 31 %, respectively.

When hybrid grape seeds obtained from various combinations of crosses and from the
random poliinations were classified according to the embryo classes, 5 embryo classes were
established (Table 1). Embryo class I seeds were practically absent in all cross combinations and in
the random pollination. However, the number of seeds of embryo classes I and 1II varies greatly
depending on cross combinations in the limits of 8-36 % and 7-48 %, respectively; in the random
pollination, this variation is in the limits of 3-5 % and 5-27 %, respectively. The number of seeds of
embryo classes IV and V also varies: in crosses from 8 % to 50 % and from 7 % to 100 %, and in the
random pollination from 16 % to 54 % and from 22 % to 76 %, respectively. All seeds belonging to
embryo class V were obtained only in one combination of Magarach N 40-69-11 x Magarach
N 100-74-3-1. The value of the average embryo class is also different and varies in the random
pollination and in crosses from 3.4 10 4.7 and from 3.3 10 5.0, respectively.

A wide-range variation of the embryo classes indices suggests the presence of genetic
abnormalities in the distant incompatible crosses. Thus, using new sources for interspecific crosses
and for obtaining resistant varieties, we should carry out a careful cytogenetic investigation and
determine the biological mechanism of the formation of the fully developed seeds.

Estimation of the germinated hybrid grape seeds classified according to embryo classes in the
laboratory showed that the number of germinated seeds varied according to embryo classes and
combinations of crosses.

In the random pollination, the number of germinated seeds of embryo classes IL, III, IV and V
was 0-3, 7-25, 14-33 and 44-86 %, respectively. In crosses, the number of germinated seeds of
embryo classesII, III, IV and V was 6-18, 12-25, 20-34 and 32-100 %, respectively. In the random
pollination and in different cross combinations, the total number of plantlets obtained was 59-89 %
and 16-78 %, respectively. In the first case, the variability range was 30, and 62 in the second case.
A single combination, Magarach N40-69-11 x Magarach N 100-74-3-1, showed 100% of
germinated seeds. However, occasional germinations of embryo classI seeds were noted in
Magarach N 44-77-18 x Magarach N 100-74-1-5 combination. In general, the germinated seeds
belonged to embryo classes III, IV and V. The total number of germinated seeds obtained from the
random pollination and from cross combinations was 20 % compared to the initial number of
seeds, and 45 % compared to the number: of seeds used for germination in classes I-V. The number
of germinated seeds of embryo classes I-V was 0.3, 0.5, 15, 28 and 52 %, respectively.

After estimating the number of germinated seeds in the laboratory, the number of germinating
seeds and their ability to produce seedlings were determined according to cross combinations and
embryo classes. Embryo class | seeds failed to produce plantlets. The percentages of plantlets
obtained from the seeds of the random pollination belonging to embryo classes II, I, IV and V
were 0.8, 8-38, 8-66 and 0-84 %, respectively. The variability range according to embryo classes
was 8, 28, 59 and 84 units, respectively. Embryo classes II-V seeds obtained from different cross
combinations gave 0-36, 0-42, 0-46 and 4-100 % of plantlets, respectively, the variability range
being 36, 42, 46 and 96, respectively.

Seedlings were investigated during the period from the appearance of plantlets up to the
development of mature planis. The number of survived seedlings was determined according to the
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embryo classes. The highest number of embryo class V viable seedlings was obtained in Magarach
N40-68-11 x Magarach N100-74-3-1 combination. 58 viable plants were obtained from
62 plantlets. Survival rate of seedlings belonging to different embryo classes varied exceedingly.

Depending on cross combinations, the percentage of survived seedlings obtained from
embryo classes I1I-V seeds were 0-18, 042, 0-48 and 4-100 %, respectively, and the variability
range was 18,42, 48, 96, respectively. The number of seedlings surviving from embryo classes II-V
seeds in the random pollination was 0-8, 8-33, 15-67 and 0-77 %, the variability range was 8, 25,
52, 77, respectively. The total number of seedlings obtained was 395. The survival rate for all
combinations and for the random pollination averaged 77 %.

The number of vigorous plants varies depending on cross combinations. In Magarach
N40-69-11 x Magarach N 100-74-3-1 combination, for example, 23 vigorous plants were obtained
from 58 seedlings, and in Magarach N 37-77-44 x Magarach N 100-79-52 combination only 3
vigorous plants were obtained from 11 seedlings generally produced by embryo class V seeds. Most
vigorous hybrid plants proved to be obtained from the seeds belonging to embryo classes III, IV
and V. As a whole, 118 vigorous hybrid plants were obtained. Fig. 2 shows the hybridization data
according to the classes of seed quality in breeding for resistance.

The greatest number of plantlets, viable seedlings and vigorous hybrid plants was shown to be
obtained generally in all populations from classes IV and V seeds and partially from class ITl seeds.

Breeding for resistance in grapes as well as in other perennial plants is a labor-consuming and
long-term process, therefore, rapid and simple methods of estimation of parents and their hybrid
progeny must find great application in practical selection. To evaluate the grape hybridization
effectiveness, it is desirable and practicable to consider the objective information as soon as
possibie, particularly at the stage of plantlets.

The results show that the seed germination, the number of plants with defective cotyledons,
the number of plants with deviations from the normal size of cotyledons, the number of plants with
teratologic changes, seedlings survival rate towards the end of the first vegetation season vary in the
range of 3.8-90.9, 0-50.0, 0-9.6, 0-13.2 and 1.0-100 %, respectively (Table 2).
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Fig. 2: Dependence of the development of viable seedlings on the class of seed quality.



Table 2: Variability of hybrid grape populations at the stage of plantlets

N :Plent-:5eed : Cotyledon : Abnormalities :Seed-
: slets :germi-: size : :ling
e et on: TeRgeh: WITTR: TeTome Tora 1= Corato- ourit
: : H 3 : scoty- :number changes capa~
: : : : : tledons:of seeds: % -clty %
s : : : : 2 % : % :

1. Tavrida x Podarok Magaracha 300 22.7 24 17 6.7 0 2.0 63.3
2. Madeleine Angevine x = =" -~ 68  34.3 24 19 1.5 0 15 97.1
3. Muscat blanc x - " - 40 19.6 22 15 50.0 0 0 57.5
4. Muscat VIRe x -" - 32 3.8 22 15 50.0 0 3.1 84.4
5. Sauvignon vert x - " - 238  51.2 24 16 4.2 0 2.1 16.0
6. M.47-68-2 x - " - 355 45.0 25 18 11.3 0.05 2.3 46.8
7. M. 7-69-12 x - "o 87 3.1 24 17 0 1.2 0 100

8. M.56-75-1 x - " - 400  35.7 22 16 0 0 0 1.0
9¢  M3T-T77-41 x - - 69 49.3 20 10 30.4 0 0 36,2

10. M.44-T77-11 x - . 56 63,0 22 16 8.6 0 0 55.2

11 Med44-77-13 x - " - 100 50.8 24 16 15,0 0 1.0 58,0

12, M.44-77-19 b 4 -" - 114 52.5 20 14 33.3 9.6 13.2 39.5

13¢ M.44~-77-22 b4 -" - 300 45.4 14 10 26.0 1.3 1.7 61,7

4. M.34-T78-7 x - - 110 S0.9 22 14 6.4 0 0 43.6

15. M.34-78-4 X - X = 371 40.2 22 14 1.1 0.5 0 3.0

Variation coefficient 47.9 12,2 16,9 107.0 272.7 185.1 56.2
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While analysis at juvenile stage is based on the investigation of phenological variability, the
genotypic specificity of recombinants is to a considerable degree expressed during the first year of
plant development (Krimenko 1987). The high value of variation coefficients suggests that seed
(and possibly seedling) variability is generally determined by the female genotype (OLmo 1942).
The highest values of variation coefficients of the cotyledon number and teratologic changes
indicate the great asymmetry in the distribution due 1o the genotypic determination. The highest
number of abnormal plants in Magarach 44-77-19 x Podarok Magaracha hybrid population is
supposed to be due to aberrations in the genome of Magarach 44-77-19 hybrid which has a mutant
in its genealogy.

When planning subsequent crosses in order to get an increase in the yield of hybrid seedlings,
it is necessary to exclude those parents that have low seed germination and survival rate (for
example, Muscat VIRa and Magarach 56-75-1) or to use unconventional methods of obtaining
seedlings from them.

Correlations between morphological characiers of juvenile seedlings and economically
attractive features are known 1o exist and to be used for the early selection of the promising hybrids
(Pocosiax and Kuacuatrian 1983). In particular, the study of cross combinations was aimed at

Increese in growth (m)

1 2 3 M 5 . 1 8

Years of investigation

Fig. 3: Dynamics of the development of varieties and hybrids with different degrees of phylloxera resistance
related to years. Resistance rating: 1-5.



Table 3: Estimation of donors of resistance as producers of the resistant progenies in breeding for mildew and
phylloxera resistance

:Hyb-~ : DPhylloxera resistance % : Mildew resistance % :Breeding

srid :__according to scores : according to scores s:value of

inum= :popu- : : : 1po—~ : : : : B tthe F
Cross combination tber :lation: : : : : tpu- : : : : : :poPuIA—

s 18v. t 1 ¢ 2 3 :4 :+5 :la-—-: 1 2 3 4 :5 :tion

H : H : : : : stion: : : : : :

: : : : : HEA : : : : :

V.vinifera x S.V. 12309 58 3.2 0 25 42 22 11 2.4 12 50 29 5 4 0.16
- " -  x S.V. 20366 115 3.1 0 23 48 23 6 3.1 9 32 17 26 16 0.20
- " ~ x Seibel 7053 51 4.0 0 11 5 58 26 3.9 4 4 26 31 25 0
- " - x 8S,V. 18315 109 3.7 0 T 37T 32 24 3.5 0 20 34 24 22 0.03
- " -  x(S.v. 18315 x
V.vinifera)* 136 3.4 0 18 30 27 25 3.1 13 23 21 29 14 0.04
- " - x Seibel 13666 127 3.8 0 16 22 28 34 3.3 9 20 23 25 23 0.06

- % = x(Seib.13666 x
Vevinifera)* 12 3.2 0 10 T0 10 10 4.0 © 8 25 25 42 0

- " - x(Ravat 6 x

Vovinifera)* 549 3.8 0 7 28 46 19 2.8 22 29 12 17 20 0.06
- " o x(S.V. 20365 x

Vevinifera)* 79 3.5 0 9 45 32 14 3.3 0O 3 72 16 9 0
- " - x(S.,V. 20347 x

Vevinifera)* 56 3.4 0 9 18 37 36 3.9 4 21 13 5 57 0.02

Total for all populations 0.06
* Pollen mixture of the best Buropean~Asiatic varieties
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producing wine varieties but judging from the size of cotyledons, it is quite possible to obtain large-
berry seedlings in Magarach 47-68-2 x Podarok Magaracha hybrid population.

The successful use of breeding for resistance is to a great extent determined by the
corresponding selection of parents and by the precise evaluation of their resistance. The estimate of
the resistance of parents and of a vast hybrid fund, consisting of many thousands of hybrids, to
phylloxera and pathogenic microfiora under conditions of the planting site complex infection
during a 15-year period indicates the dependence of the dynamics of the hybrid development on
the degree of resistance expressed in scores (Fig. 3). As the increase in growth is the integrated index
of the phylloxera resistance which correlates well with the root system state and development, the
analysis of the dynamics of the development of the hvbrids studied (with the rare exceptions of
genotypically weakly growing hybrids) conducted during a 5 to 6-year period provides a rather
accurate estimate of their resistance degree. Hence, analysis was carried out concerning the
regularities of the inheritance of the hybrid populations resistance to phylloxera and mildew
(Tabie 3).

The main aim of this analysis was to elucidate the role played by the male parent, the donor of
resistance, in transfering this character to the progeny. As the data presented concerning crosses
between European-Asiatic varieties and Seyve Villard (S. V.) and Seibel hybrids show, characters
of phylioxera and mildew resistance have a wide range of variability. A considerable proportion of
seedlings has a high resistance to mildew (scored 1) and to phylloxera (scored 2). These seedlings
are good parents for the use in selection as indicated by high indices of the value of populations
(Table 3).

Toimprove the interspecific hybrid quality, backcrosses to European-Asiatic varieties, donors
of high fruit quality, are known to be used. From this point of view, it is considerably interesting in
which way the resistance will be inherited, if selected transgressive resistant hybrids obtained as a
result of the first backcross of Seyve Villard and Seibel to European-Asiatic varieties are used as
parents. As the data of Table 3 show, the number of resistant seedlings generally decreases in such
populations; however, if the selection of parental pairs is successful, a certain proportion of hybrids
will be of sufficiently high resistance.

Estimation of the varieties and the hybrid populations indicated that S.V.13-303,
S.V.12-283 interspecific hybrids and Magarach N 100-75-1-5 hybrid showed a resistance to
oidium. A highly resistant group (scored 1) consisted of Podarok Magaracha variety, a number of
Seyve Villard interspecific hybrids and their hybrid progeny (Moldova, Magarach N 97-75-1, etc.)
as well as Magarach N 13-88-2 and Magarach N 33-78-11 elite forms (Nimrangx Magarach
N 124-66-26). Varieties such as Antei Magarachsky, Liana, Lanka, Mogis, Muscat Bessarabsky,
Margaritar, Pamiaty Verderevskogo, Frumoasa Albe, Pukhliakovsky Magaracha, Nimrang
Magaracha, Magarach N 17-82-1 hybrid (Magarach N 57-75-1 x Antei Magarachsky) showed an
increased resistance to oidium (scored 2) (OLeinikov 1988).

Control varieties resistance was in close agreement with the literature data.

The evaluation of hybrid populations indicated that some donors of oidium resistance were of
value for breeding and that Podarok Magaracha variety used as a male parent gave rise to seedlings
of different degrees of resistance, but in many cross combinations plants which were scored 1
prevailed. The highest percentage of seedlings scored 1 was obtained in Madeleine Angevine x
Podarok Magaracha and Magarach N44-77-13 (ltaliax Podarok Magaracha)x Podarok
Magaracha combinations (12 and 11 %, respectively) (Table 4).

When crossing Magarach N31-77-8 (Nimrangx Seibel 13666) with Ranny Magaracha
variety, 16 % of seedlings were scored 1. The use of Ranny Magaracha variety as a female in crosses
with Podarok Magaracha, JS 26205 and S. V. 20-366 did not result in highly resistant hybrids.

The donor of complex resistance, S. V. 12-397, in crosses with variety Madeleine Angevine
allowed to obtain 4 % of hybrids scored 1. In Madeleine Angevine x Magarach N 124-66-26 and
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Table 4: Hernability of oidium resistance in interspecific hybridization (seedlings from crosses made in 1986)

sHyb-: Oidium resistance
srid :pa- :populations (accord- :av.
fpum-:rental:ing to scores, %) :1score
Cross combinations :ber :pairs : :for a
: D s : T s . ipopu~-
: :9_30":1525354!5:1ati-
: v : : : : : 1on
Madeleine Ang. x Podarck Ms 41 4 1 12 32 52 4 0 2.5
N 44-77-13 x Podarok M. 53 3 111 15 43 25 6 3.0
N 31-T7T7-44 X Podarok M. 13 4 1 8 38 46 8 0o 2,6
N 44-T72-11 x Podarock M. 15 3 1 7 27 53 13 0 2.8
N 44-77=22 x Podarock M. 144 4 1 6 29 39 21 5 2.9
N 47-68-2 x Podarok M. 156 4 1 4 10 59 18 9 3.2
Muscat VIRe x Podarok M. 22 5 1 0 9 771 14 0 3.1
Ranny M. x Podarok M. 13 2 1 0 23 64 13 0 2.9
Ranny M. x JeS. 26=D5117 2 2 O 11 63 17 9 3.2
Ranny M. X S.V.20-366 T2 2 0 0O 14 72 14 0 3.0
N 31-77-8 x Ranny M. 110 2 2 16 43 39 2 ¢} 2.3
Muscat VIRa x N100-74=-1-5 11 5 12 16 19 36 27 3.7
N 44-77-18 x N100-74-2-2 75 4 1 1 20 40 34 5 3.2
Antei Mag. x Tavria 23 2 3 0 17 44 22 17 3.4
Muscat Yant. x Antei Mag. 9 2 2 0 11 53 33 0 3.2
N 10=51-~1 x Antei Mag. 28 4§ 2 4 11 39 32 14 3.4
N 4-57-66 x Antei Mag. 14 3 2 0 14 79 7 0 2.9
Madeleine Ang. x Antei Mag. 28 4 2 0 4 42 36 18 3.6
Madeleine Ang. x S.V.12-397 154 4 1 4 22 49 20 5 3.0
Madeleine Ang. x N124-66-26 9 4 1 o 11 78 N o] 3.0
Nimrang x N124~-66-26 37 5 1 21 49 21 9 0 2.2
Bican x N124-66-26 10 4 1 0 20 60 20 0 3.0
Chaush x N 124~66-26 11 5 1 o 18 713 9 0 2.0
Tashly x S.V.20-366 55 4 2 0 20 62 16 2 3.0
N 4~-68-25 X Crymskaie 22 1 4 12 23 60 5 0 2,6
zhemchuzhina

Madeleine Angevine x

produced.

Antei Magarachsky combinations, highly resistant plants were not

Nimrang x Magarach N 124-66-26 population where the yield of resistant seedlings was 21 %
proved to be the most profitable. In the progeny of crosses between Madeleine Angevine, Bican,
Chaush varieties and Magarach N 124-66-26, hybrid seedlings were of low resistance. )

The high yield of resistant hybrids was provided by Magarach N4-68-25 (S5.V.20-366 x
V. viniferayx  Crymskaia Zhemchuzhina and Magarach N10-51-1x Antei Magarachsky
combinations. The latter was the only combination of those studied in which Antei Magarachsky
variety provided the production of 4 % of transgressive hybrids concerning the resistance to oidium.

In breeding for grey rot resistance, the use of various sources of disease resistance genes may
be recommended. In thisrespect itis possible to use species such as V. armata (Staupt 1980)



Table 5: Heritability of grey rot resistance in F1 grapevines

:Parents:Hyb-: In % according to scores
Cross combinations §§§:t2 ;gtﬁ—; resistant ; Susceptible
gioPF i e T .t
Moldavsky Chiorny x Mtsvane 1 3 33 303 12,1 21,2 21.2 1542
Moldavsky Chiorny X Rkatsiteli 1 3 26 19.2 30.8 19.2 15.4 5.4
Moldavsky Chiorny x Seyve Villard 18315 1 2 29 24.1 13.8 13.8 27.6 20.7
Moldavsky Chiorny x Seyve Villard 20347 1 4 34 5.9 8.8 17.6 29.4 38.3
Moldavsky Chiorny x Seibel 7053 1 5 11 0] 27.2 1842 18.2 36.4
Rkataiteli x Magarach 376 3 5 14 0 0 14.3  35.7 50.0
Rkatsiteli x Magarach 2-57-72 3 2 23 0 13.0 13.0 21.8 52.2
Rubinovy Magaracha X Magarach 6-68-27 1 1 32  28.1 28.1 21.9 1245 9.4
Tavkveri x Magarach 6-68-27 4 1 33 2743 3343 18.2 1241 9.1
Tagobi x Amursky Oboepoly 4 1 14 Te2 14.3  35.7 21.4 21.4
Nimrang x Amursky Oboepoly 3 1 12 8.3 16.7 41.7 8.3 25,0
Bastardo Megarachsky x Khindogny 4 3 14 0 Te2 42.8 35.7 143
Bastardo Magarachsky x Portugieser 4 4 13 0 0 TeT 3845 53.8
Magarach N 376 - Riesling x Muscat blanc
Magarach N 2-57-T2 - Mtsvane x Sochinsky Chiorny

Magarach N 6-68-27 - pavat & x pollen mixture

€ UOTII3g
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having practical resistance to botrytis, V. riparia (ALLeweLpTt 1985), V. labrusca (VAsiLIEVA
1975), V. amurensis (Tamasu1 1964), complex interspecific hybrids of Seyve Villard, Seibel and
other breeders as well as highly resistant V. vinifera varieties and hybrids (GoLopriga et al. 1979;
SurostaT 1986).

These findings are supported by the results obtained which are presented in Table 5. Crossing
of variety Moldavsky Chiorny with varieties Mtsvane and Rkatsiteli is an example showing the
possibility of obtaining grey rot resistant hybrids in F1 by breeding within V. vinifera L. A high
percentage of resistant hybrids is obtained in both cases, but in the first case the maximum number
of highly resistant hybrids is observed (30.3 %), and the maximum number of resistant hybrids is
detected in the second case (30.8 %). It should be noted in this context that Moldavsky Chiorny
belongs to highly resistant varieties and Mtsvane and Rkatsiteli are considered to be varieties of
intermediate resistance.

The use of complex hybrids (for example, Seyve Villard 18315, Seyve Villard 20347, Seibel
7053} in the hybridization with the highly resistant variety Moldavsky Chiomy resulted in F,
hybrids which have high grey rot resistance, but the high percentage of susceptible hybrids obtained
in crosses with susceptible and highly susceptible parents indicates the insufficient degree of genetic
dominance of Moldavsky Chiorny in the first generation, concerning disease resistance.

Crossing between Rkatsiteli intermediately resistant females and highly susceptible
Magarach 376 hybrid results in progeny where percentages of intermediately resistant and
susceptible forms are 14.3 and 85.7 %, respectively; better results are obtained using Magarach
2-57-72 interspecific resistant hybrid, but in this case also practically no highly resistant forms are
produced.

The use of V. arnurensis in crosses when breeding for grey rot resistance can be considered
promising, and this is supported by the example of crosses with Tagobi and Nimrang varieties.

The use of some varieties in crosses results in F, positive transgressions. When crossing
Bastardo Magarachsky and Portugieser varieties (both are susceptible), 7.7% of positive
transgressive intermediately resistant forms were obtained in the first generation, and crossing
between Bastardo Magarachsky and Hindogny (susceptible and intermediately resistant varieties)
gave practically the same quantity of intermediately resistant forms (7.2 %).

So, in breeding for grey rot resistance, the resistance of parents should be taken into account
and in spite of the possible production of resistant transgressive recombinants resistant forms
should preferably be used.

On the basis of the data presented, analysis of the specific combining ability was possible. The
highest combining ability in breeding for grey rot resistance was shown by Magarach 6-68-27
interspecific hybrid whose crosses with varieties having different resistance (Rubinovy
Magaracha - scored 1 and Tavkveri - scored 4) resulted in equally large groups of resistant
progenies, 78.1 and 78.8 %, respectively.

At the same time, the use of highly resistant Amursky oboepoly males results in a considerably
smaller quantity of disease resistant forms compared to Magarach 6-68-27 hybrid.

Thus, a high combining ability of Magarach 6-68-27 provides a considerably higher number of
resistant forms compared to Amursky oboepoly which has a Jower combining ability.

Comparative analysis of Moldavsky Chiorny x S. V. 20347, Tavkverix Magarach 6-68-27,
Tagobi x Amursky oboepoly populations which can be considered as reciprocal crosses according
10 grey rot resistance (scored 1x 4 x 4 x 1) suggests the lack of female effects in breeding fot this
character.

Conclusions

The results obtained indicate the possible use of the roentgenoscopic method in the
preliminary estimation of parental forms. Using the roentgenoscopic method, data on the quality of
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seeds were obtained concerning the filling with endosperm and the embryo development. Seeds
were classified according to quality classes and preserved for sowing and subsequent investigation
of seedlings. The development of plants obtained from different classes of seeds was monitored, the
number of plantlets, developed seedlings and vigorous hybrid plants was determined.

In all cross combinations and in the random pollination, an increase in the class (I-V) resulted
in an increase in the proportion of plantlets, viable and vigorous hybrid plants produced. Despite
the difficulties in obtaining hybrid plants using interspecific hybridization, 3-8 % of viable plants
were produced depending on cross combinations and embryo classes.

Thus, the roentgenoscopic method makes it possible to determine the seed quality and to
predict the development of viable plants under conditions of conventional cultivation as well as 1o
select seeds for the use in embryo and tissue culture.

The results of investigation of grapevine seedlings at the stage of plantlets can serve as an
estimate of the parent and seedling genotypic characteristics, they should be taken into account
when planning crossings and selection of hybrids at the subsequent stages in the breeding process.

Analysis of the hybrid development dynamics under conditions of the high infection pressure
(phylloxera and pathogenic microflora) during a 5 to 6-year period at a special planting site
provides a sufficiently accurate estimate of the degree of hybrid resistance to phylloxera and allows
the rejection of susceptible genotypes. Detailed analysis of the root system should be carried out
only on the isolated resistant forms.

The use of the resistant hybrids as donors of resistance in backcrosses to V. vinifera L.
varieties allows the improvement of fruit quality while retaining a sufficiently high variability range
of hybrid resistance characters, which makes it possible to select promising genotypes.

S.V. 12309, 8.V. 20366 and Seibel 13666 are considered 10 be the most promising donors of
resistance to phylloxera, pathogenic microflora and mildew.

At the oidium infected planting site established in the greenhouse, a considerable number of
promising oidium resistant genotypes were for the first time isolated from the hybrid populations
according to the intensity of the conidiophore development on 1-year seedling leaves in Madeleine
Angevinex Podarok Magaracha, Magarach N44-77-13x Podarok Magaracha, Magarach
N31-77-8x Ranny Magaracha, Nimrangx Magarach N 124-66-26, Magarach N4-68-25x
Crymskaia Zhemchuzhina populations.

The highest yield of transgressive hybrids was provided by Nimrang x Magarach N 124-66-26
combination.

The results of our investigations made it possible to elucidate some of the problems connected
with directed breeding of grey rot resistant varieties and to come to the conclusion that the
increased production of the first-generation disease resistant grapevine hybrids was possible by
both interspecific and intraspecific crosses and that the heritability of this character in both cases
depended on the genotype structure of parental forms and on their combining ability; this provides
the possibility of obtaining positive transgressions concerning the disease resistance, but the female
parent effect connected with this character was not detected.

The development of the bases of the particular grapevine genetics, the evaluation of parents
according to their ability to produce resistant progeny, the use of the complex infection planting site
in the practical selection and the selection of promising forms at the juvenile stage will make it
possible to create a wide range of complex resistant grape varieties of different uses. The wide use of
resistant grape varieties in agriculture will result in a decrease in labor and energy requirements in
grapevine cultivation, and a nearly complete elimination of treatments with toxic chemical
substances used as means of plant protection against pests and diseases will decrease the pesticide
pollution of environment and will allow the production of dietary grapes without residual
quantities of toxic substances.
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Rootstocks with immunity to phylloxera and nematode resistance

H. Beckerand E. Sorr

Fachgebiet Rebenziichtung und Rebenverediung, Forschungsanstalt Geisenheim,
D-6222 Geisenheim, F. R, Germany

Abstract: Borner discovered the immunity of V. cinerea type Ar~NoLD against all known
biotypes of phylioxera. No galls develop on leaves or roots of this particular wild species. It was
possible to transmit this necrotic reaction through cross-breeding. BorNer and his team evaluated
about 16,000 seedlings with genes of V. cinerea ArNoLD in combination with many rootstocks,
crossings and other Euvitis species. At Geisenheim the new rootstock Na 5153-54 (V. riparia 183
Geisenheim x V. cinerea ArnoLp) was selected out of many seedlings and was named Boerner
commemorating his work. It will be patented and taken to the German varietal list in April 1989. It
is already in propagation for further grafting. In 1989 about 140,000 cuttings are grafted.

The Boerner rootstock is vigorous, winter hardy and tolerant to mildew. The take with
benchgrafting is medium and might be improving with more experience. It grows in many soils and
seems 10 be as tolerant to chlorosis as V. berlandieri x V. riparia stock. We have results of more
than 15 years with Riesling clone 239 Geisenheim grafied on Boemner in different soils. We also
tasted wines of Riesling clone 239 Geisenheim grafted on Boerner in comparison with wines from
other rootstocks for many years and found no negative effects. The yields of the grafted vines on
Boerner are about the same as SO4 and other rootstock clones. Dagger nematodes (Xiphinema)
do not induce galls or swellings on roots of Boerner. The reaction of the roots of Boerner is
comparable to that caused by phylioxera on roots of this vine. In contrast to Boerner, rogts of
V. berlandieri x V. riparia produce galls and bigger cells due to phylioxera feeding, but not due to
dagger nematode. In our research no fanleaf virus could be transmitted to Boerner. Necrotic
reactions were studied in histologic investigations of Boerner roots infesied with Xiphinema. The
results have to be confirmed by further investigations, experiments and field tests.

We expect a breakthrough in the control of nepoviruses in the next years. There are more
rootstocks with V. cinerea genes to be studied in the future.
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Influence of the rootstock and potassium fertilizer on phytoalexin
synthesis in Pinot blanc grown in a calcareous soil

L. Bavaresco and M. Zamsont

Cattedra di Viticoltura, Universitd Cattolica S. C., Via Emilia Parmense, 84, 1-29100 Piacenza, Italy

Summary: Plans of cv. Pinot blanc, grafted on Vitis berlandieri x V. riparia Kober 5 BB,
V. berlandieri x V. riparia SO 4, V. berlandieri x V. rupestris 1103 P, were grown in pots at two levels of
potassium supply ©Og KZO/ pot and 2g KZO/ pot) in order to test the phytoalexin synthesis in the leaves.
N The experimental plan included alSo the macronutrient, trace element and chlorophyll contents of the

aves.

The most important findings are:
a) Resveratrol synthesis decreases from Kober 5 BB to SO 4 and 1103 P, while leaf chlorophyll content increases.
b) Resveratrol synthesis is higher in the plants without potassium supply.

Key words: rootstock, potassium, nutrition, lime, soil, phytoalexin, resveratrol, chlorophyll, mineral,
Botrytis, resistance.

Introduction

Phytoalexins are low-molecular, antimicrobial compounds that are both synthesized by and
accumulated in plants after exposure to microorganisms (Paxton 1981). Vitaceae, including Vitis
vinifera, synthesize stilbene phytoalexins (resveratrol and the viniferins), which on the one hand are
able to inhibit Botrvtis cinerea growth (Lanccake and McCartay 1979; Braich et al. 1982
Steix and Braicu 1985), on the other hand they are used as precursors for structural defence
mechanisms (Hoos and BLaicH 1988).

Environmental variables, including fertilizer supply, ofien have a predictable effect on
phytoalexin synthesis, altering plant resistance. Mineral elements are, in fact, directly involved in all
mechanisms of defence as integral components of cells, substrates, enzymes and electron carriers,
or as activators, inhibitors and regulators of metabolism (Me~ceL and Kirksy 1978).

High levels of nitrogen compared to low levels reduce the quantities of phytoalexin
accumulated in grapevine hybrids and V. vinifera varieties (Bavaresco and EiBacu 1987).

In viticulture, the mineral nutrition of the plant is greatly affected by the rootstock which has
selective uptake for mineral elements, as K, Ca, Mg, Fe.

The aim of the work is to clarify the effect of three rootstocks with different K uptake and of
potassium supply on the resveratrol synthesis in Pinot blanc grown on calcareous soil, which is
most favourable for the production of sparkling wines.

Materials and methods

Plants of Pinot blanc grafted on three different rootstocks (V. berlandieri x V. riparia
Kober 5 BB, V. berlandieri x V. riparia SO4, V. berlandieri x V. rupestris 1103 P) were grown
in pots (91 volume) containing a caicareous soil. Before adding basic nutrients, the soil main
characteristics were: pH=8.4, active lime=17%, total N=0.5%, P205 =24 ppm, exch.
K,0=67ppm, Fe =96 ppm, CEC = mEq/100 g.

Potassium treatments were 0 g K,O/pot and 2 g K,0/pot, added as KZSO , in water solution
to the soil surface (1 g KZO at the stage of 5 expanded leavesand 1 g KZO at flowering).

At the beginming of veraison, the 5th leaf (beginning from the shoot tip) was sampled and, after
washing with 1 % NaOC] solution, the leaves were investigated as follows:
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Table 1: Effects of rootstock and potassium supply on resveratrol synthesis and on chlorophylls and potassium

contents of the leaves
ROOTSTOCK SUPPLY
Kober S04 1103 P LSD +K 0 -K O LSD
SBB 0.05 2 2 0.05
Resveratrol (s.u.) 3390 2020 1840 1050 | 1980 2850 860

Tot. Chl (mg/g fresh wt) [0.82 0.85 0.96 0.06|0.83 0.93 0.05
Tot. Chl (mg/100 g dry wt)[24l 265 313 19 259 287 15
Chl a/Chl b 1.96 2.03 1.92 0.08 |2.02 1.93 0.0§

K Z 0.53 0.98 0.96 -- |11.05 0.60 --

Resveratrol synthesis wasobtained by exploiting the elicitor activity of mucic acid
(method of Stei~ and Hoos 1984). Leaf discs (17 mm @) were placed on filter cardboard imbued
by mucic acid solution (0.01%). Afier phytoalexin extraction and distillation, resveratrol was
identified by using thin-layer chromatography; the amount of each sample was 2 ul. The resveratrol
values were expressed as scan units (s. u.) using a Shimadzu-Chromato-Scanner CS 920, under
325 nm UV radiation.
Chlorophyl!ls (a, b, total) were expressed as mg/g fresh wt and mg/100 g dry wt. They
were extracted from leaf discs with 80 % acetone for 72 h in darkness, at +4 °C (TorrecILLAS ef al.
1984). Corresponding equations have been used for determination of the chiorophylls (STramv and
Svec 1966).
Mineral elements content, macronutrients (N, P, K, Ca, Mg) and some trace elements
(Fe, Mn, B) were analyzed after wet destruction of the dry matter by using the methods of
Correxie (1980).

The statistical plan included two-way-ANOVA with interactions (the means were compared
by using the LSD test at the level of 5 %) and linear regressions.

Results

Resveratrol synthesis of Pinot blanc leaves is affected by both rootstock and potassium supply
(Table 1). The highest value is found in Kober 5 BB (3390 s.u.) and the lowest one in 1103 P
(18405s. u.). The plants without potassium fertilization show higher resveratrol content (2850 s. u.)
than those supplied with potassium (1980 s. u.). Kober 5 BB and SO 4 show similar responses to
potassium supply (resveratrol reduction), whereas 1103 P does not change stilbene synthesis in a
significant way (Table 2).

Rootstock and potassium supply influence the leaf chlorophylls content significantly
(Table1). Total chlorophyll increases, changing between Kober 5 BB (0.82 mg/g freshwt and
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Pinot b./SO4

53 8.1

71

2.03 2.76 0.26 0.57 0.53 0.62
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98

0.

2 850

-X

41 1.0

61

2.04 2.40 0.20 1.20 0.47 0.42

328

1 910 1.04

+K

Pinot b./1103 P

3

1.81 2.87 0.28 0.72 0.42 0.52 136

1.770 0.89 299

-K

26 0.10

0.09

1 490

LSD 0.05
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241 mg/100 g dry wt), SO 4 (0.85 mg/g fresh wi and 265 mg/100 g dry wt) and 1103 P (0.96 mg/g

fresh wtand 313 mg/100 g dry wt).

By potassium supply the chlorophyll content decreases, changmg from 0.93mg/g fresh wi

and 287 mg/100 g dry wi to 0.83 mg/g fresh wt and 259 mg/100 g dry wt, respectively.

The negative effect of potassium supply on the chlorophyli cofnem is observed with each

rootstock, except for 1103 P which has a positive influence (Table 2).

The leaf potassium content is strongly related to the rootstock genotype; the lowest value
occurs with Kober 5 BB (0.53 %), the highest one with SO 4 (0.98 %) (Table 1). The plants supplied
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Correlations between leaf potassium and calecium content, respectively, and resveratrol.

show a higher content (1.05 %) than those without potassium fertilizer (0.60 %): this difference is
very plain in SO 4, whereas it is very weak in Kober 5 BB (Table 2).

Resveratrol synthesis is negatively related to leaf potassium content; on the other hand, the
phytoalexin synthesis increases by increasing the leaf calcium content (Fig.).

Discussion

The results obtained emphasize the role of the rootstocks on mineral element uptake which
modifies some physiological parameters involved in disease resistance (resveratrol) and chlorosis
occurrence (chiorophylis). Kober 5 BB does not seem suitable for calcareous soils because of its
susceptibility to chlorosis; besides this, the leaf potassium content is lowest, as well as nitrogen and
iron with Kober 5 BB.

The high resveratrol content in case of Kober 5 BB is probably related to the leaf nitrogen
content which is lowest among the genotypes. This situation can have given rise to a shift of the
balance between the primary and secondary metabolic pathways onto the shikimate pathway,
providing for a large pool of phenolics (Granam 1983).

The behaviour of 1103 P is opposite: it seems suitable for calcareous soils because of its
chlorosis tolerance and for its high nutritionalt level.

With 1103 P, the resveratrol level is lowest, probably due to the high nitrogen leaf content.

As a rule, resistance increases in response (o potassium supply, up to an optimal level; in
deficient plants, the synthesis of high-molecular compounds (proteins, starch and cellulose) is
impaired, and low-molecular organic compounds (sugars, amino acids, amides) favourable to
parasitic attack, accumulate (MarscHNER 1986).
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According 1o this assertion, some authors observed in grapevine a positive effect of potassium
supply in decreasing development of or damage by downy mildew, powdery mildew and grey
mould (ScHarrniT €7 al. 1930, GarteL 1959, KiraLy 1976; quoted by PErrenoup 1977).

Nevertheless, evidence has not yet been obtained that potassium supply affects phytoalexin
synthesis in grapes. .

The negative effect of potassium supply, observed in the present work, could be due to two
reasons:

1. The potassium leaf content is in a deficiency range (CnampacNoL 1984): potassium supply
was not enough to allow an optimal element level in the leaves.
2. Potassium is an antagonist to calcium which is positively related to resveratrol synthesis.

Calcium seems more effective than potassium in promoting phytoalexin synthesis.

Conclusions

The most significant findings are that:

a) resveratrol synthesis decreases from Kober 5 BB to SO 4 and 1103 P, while chlorophyll leaf
content increases;

b) potassium supply has a negative effect on resveratrol synthesis.
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Selected hybrids of the wine grape variety Seibel 5279

J. Ftrt t and E. VisonTal

Research Institute for Viticulture and Oenology, H-6001 Kecskemét, Hungary

Summary: Inthe resistance breeding programme of our Institute, which was begun after World War I,
the French resistant hybrids Seyve Villard and Seibel, both of which resulted from crosses invoiving American
species, were used for resistance sources. ’

In the resistance breeding programme at Kecskemét, the variety Seibel 5279 was used first as a male
parent to transfer resistance.

From the resulting hybrid families the variety candidates RF 5 (Reflex), RF 16 (Refrén) andiRF 48
(Reform) were selected because of their vaiuable characters. Data collected over several years demonstiate the
value of these selections from both a breeding and production point of view.

This generation represents the first step in the breeding programme and the resuits encourage us to
continue our work.

Key words: hybrid, breeding, Hungary, resistance, coid. plasmopara, oidium, botrytis.

Chassela? Queen Victoria white x Raisin df Calabre

EzeréveslMagyarorszzig emiéke x Duc of Bluccle.uch

Szc‘jléskeftek Kiralyngje Muskotdly x Ceglléd Szépe

S.788xS.29
Pannénia Kincse x Seibel 5279

RF 5 (Reflex)

Year of cross: 1964
Year of application for qualification: 1980
Expansion: 4281 plants=1.5ha

Fig. 1. RF 5 (Reflex) - production value means from 16 years (1970-1985), Kecskemét-Katonatelep.
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Chasselas IQueen Victoria white x Raisin de !Calabre

Ezeréves MaFyarorszég emléke x Thalléczy L?jos Musc.

S.788x5.29

Gloria Hungariae x Seibel 5279

RF 16 (Refrén)

Year of cross: 1964
Year of application for qualification: 1981
Expansion: 23438 plants=8.2 ha

Fig. 2: RF 16 (Refrén) - production value means from 18 years (1968-1985), Kecskemét-Katonatelep.

Bronr')erstraube x Muscat Otto'nel

S.788xS.29
Csaba Gyongye x Seibel 5279

RF 48 (Reform)

Year of cross: 1966
Year of application for qualification: 1983
Expansion: 4932 plants=1.7ha

Fig. 3: RF 48 (Reform) - production value means from 9 years (1977-1985), Kecskemét-Katonatelep.
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Breeding of botrytis tolerant V. vinifera and interspecific wine

varieties

H. Becker and H. Konrap

Fachgebiet Rebenziichtung und Rebenveredlung, Forschungsanstalt Geisenheim,

D-6222 Geisenheim, F. R. Germany

Abstract: Arnsburger (Gm22-74), a patented, intravarietal white wine.variety developed
at Geisenheim (Gm), is a cross of White Riesling clone 88 Gm x White Riesling clone 64 Gm and
proved to be very tolerant to botrytis. The skin of the berries is tough and the stems of the clusters
exhibit no stem rot, even when no botryticides were applicated. The clusters of Arnsburger are very
loose and not compact. This also helps to prevent the infections of botrytis.

The variety Arnsburger was used in Geisenheim as a genetic source for tolerance against
botrytis. The characteristics of this tolerance are transmitted to seedlings with V. vinifera and
interspecific genome as well. Arsburger was also used-as mother plant because of the Riesling
character of the grapes and wines. We were able to select many new types of white and even red
wine varieties with high tolerance to botrytis. The new botrytis tolerant V. vinifera varieties were
not sprayed with botryticides but with fungicides against both of the mildews. The new interspecific
varieties need no spray at all and are resistant or tolerant to fungus diseases.

The best varieties are as follows:

V. vinifera varieties:

Gm No. Crossing Picking time % Botrytis
Gm7114 Arnsburger x Reichensteiner 14.10.89 1
Gm7110-3 Arnsburger x Faberrebe 3.10.89 1
Gm712-7 Amsburger x Deckrot 14.10.89 5
Amsburger Riesling cl. 88 Gm x Riesling cl. 64 Gm 26.10.89 15
Interspecific varieties:

Gm No. Crossing Picking time % Botrytis
Gm 788-4 Arnsburger x Gf. B-6-18 (Pollux) 27.10.89 5
Gm789-12 Arnsburger x Fr. 993-60 27.10.89 5
Gm7813-2  Arnsburgerx Landot 2282 (red wine variety) 10.10.89 0

They have been propagated for further field tests.
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Investigations on some physiological parameters involved in
chlorosis occurrence in different grapevine rootstocks and a
Vitis vinifera cultivar

L. BAVARESCO

Cattedra di Viticoltura, Universita Cattolica S. C., Via Emilia Parmense, 84, 1-29100 Piacenza, Italy

Summary: 1-year-old grapevine cuttings were grown in pots in order to test, during the growing period,
the changes of some leaf compounds related to chlorosis occurrence (chlorophylis a, b and total chlorophyll, Fe™,
macronutrients and trace elements).

The genotypes tested were three rootstocks showing an increasing degree of chlorosis resistance (Vitis
riparia x V. rupestris 101-14, V. berlandierix V. riparia SO 4, V. berlandierix V. rupestris 140Ru) and a
V. vinifera variety (Chardonnay), each of them grown in both a calcareous and a non-calcareous soil.

At the end of the growing period, the whole cuttings were analysed to test the macronutrients and trace
elements content of the dry matter.

The most important findings are:

(1) During the growing period, the chlorophyli and leaf Fe* content first increases and then decreases.

(2) The rootstock most susceptible to chlorosis (101-14) shows in the calcareous soil the highest Fe™ and total
leaf chiorophyll content, while the most resistant one (140 Ru) has the lowest values. Therefore, the
analysis of such parameters is not a suitable tool to screen rootstocks for chlorosis resistance.

(3) Suitable tools to judge the resistance/susceptibility to lime-induced chlorosis in ungrafted rootstocks grown
on calcareous soils are: a) the dry matter production at the end of the annual growing cycle; b) the ‘iron
efficiency ratio’ (g dry matter/mg iron) in the shoot at the end of the annual growing period.

Key words: chlorosis, resistance, rootstock, variety of vine, soil, lime, chlorophyll, iron, mineral,
growth.

Introduction

Many world-wide agricultural crops, grown in calcareous soils, suffer from lime-induced
chlorosis, usually recognized by yellowed intervein areas in new leaves. Plant species mainly
affected include apples, avocado, bananas, barley, beans, citrus, cotton, grapes, oats, peanuts,
pecans, potatoes, sorghum, soybeans and numerous greenhouse flowers (Cuex and Barak 1982).
The most important factor responsible for lime-induced chlorosis is the high bicarbonate (HCOs')
concentration in the soil solution (Boxma 1972; MenGeL and MaLissiovas 1981; MEnGeL and
BusL 1983; MenceL et al. 1984; CouLomsE el al. 1984; MenceL and Geurtzen 1986; KoLEsH er
al. 1987) related to high pH (JusTe et al. 1967). Use of soil Fe by plants is genetically controlled; a
variety that can use Fe in an alkaline soil is called Fe-efficient, while a variety that develops iron
chlorosis is called Fe-inefficient (Brown and Jones 1976). Mobilization of iron in the rhizosphere is
due to both basic or non-specific mechanisms (independent from the iron nutritional status of the
plant) and adaptive mechanisms (Marscuner 1986), which are activated in Fe-efficient plants in
response to iron-stress. The adaptive mechanisms differ among genotypes and they can be
classified according to two strategies (Marscuner er al. 1986).

Strategy I (exhibited by most higher plants, dicotyledons and monocotyledons except for
grasses) consists of four types of response in the roots, as follows: a) enhancement of H-ions release
(Marscu~er 1978; Lanpseerc 1981); b) formation of rhizodermal or hypodermal transfer cells
(Kramer et al. 1980; Lanpsserc 1989); ¢) enhancement of ferric iron reduction to ferrous iron
(BienrarT er al. 1982); d)enhancement of release of reducing/chelating compounds such as
phenolics (ROMHELD and MarscuNER 1981; HETHER er al. 1984).

Strategy I1, occurring in barley, oats, rice and probably most other grasses, is characterized by
an enhancement. of release of non-proteinogenic amino acids (phytosiderophores) and by a high
affinity uptake system (RomueLp 1987).
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Table 1: Physical and chemical characteristics of the soils

Non-calcareous Calcareous

soil soil
pH in H,0 6.9 8.3
pH in KC1 5.9 7.7
Sand 317 297
Silt 457 55%
Clay 247, 167
Carbonates Absent 547
Lime Absent 197
Organic Matter 1.67 0.3%
CEC 12.9 mEq/100 g 10.1 mEq/100 g
Soluble Salts 210 pS/cm 225 uS/cm
C/N ratio 10.9 8.2
Total nitrogen 0.8%. 0.2%.
Phosphorus (P20s5) 1) 63 ppm 11 ppm
Potassium (Kp0) 2) 146 71
Magnesium 2) 179 " 27 "
Calcium 2) 1960 " 1920 "
Sodium 2) 1 9 "
Iron 3) 130 " 89 "
Manganese 3) 225 " 'y
Zinc 3) 7" 3"
Copper 3) 10 " 3
Boron 4) 3.4 " 0.3 "

1) extracted by Olsen method
2) exchangeable cation extracted by NH‘OAC IN at pH =7
3) extracted by NH,OAc 0.5 N + EDTA 0.02 M at pH = 4.65

4) extracted by Truog method and analysed by Azomethine H

Phytosiderophores are specific Fe chelating compounds such as mugineic and avenic acid
(Takacief al. 1984; RomueLp and MARsCHNER 1986).

The tolerant grapevine rootstocks probably have strategy I response mechanisms (BAvarEsco
et al. 1989), but vines are normally grafied and the behaviour of the whole plant towards lime-
induced chlorosis is governed by two properties: 1. the ability of the roots to supply the ironneeds
of the leaves; 2. the leaves iron requirement to secure a normal iron nutrition of the plant (PouGer
and OtTENWAELTER 1973).

In the present work, the ranges of some physiological parameters involved in chlorosis -
occurrence in ungrafted rootstocks are discussed. It is of further interest to study the reactions of
different genotypes, which are known from the field, to affect chlorosis symptoms of the scion with
different intensities.
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Table 2: Rootstock resistance to chlorosis based on soil IPC (from POUGET and JUSTE 1972; POUGET 1980)

Rootstock Maximum threshold
for IPC 1)

Vialla 2
Riparia Gloire 5
3309, 101-14 10
Rupestris du Lot 20
99 R, 110 R, S04, 1103 P 30
Kober 5BB, 420 A 40
161-49, 41 B 60
333 EM 70
140 Ru 90
Fercal 120

CaCOy .
1) IPC = -----c--mm-- 10

(Fe)?
CaCO3 = active lime (7)
Fe = iron (ppm) extracted by ammonium oxalate

Materials and methods

1-year-old grapevine cuttings (about 10 cm long) rooted in sand were grown in potsin both a
non-calcareous and a calcareous soil (Table 1).

The genotypes tested were three rootstocks (related with a decreasing degree of chlorosis
resistance in the scion) (Table2) and a Vitis vinifera cultivar, as follows: V. berlandieri x
V. rupestris 140Ru, V. berlandieri x V. riparia SO4, V. riparia x V. rupestris 101-14,
Chardonnay clone R 8.

The shoot length was weekly gauged for each genotype in both soils.

15 d after beginning of the trial (1st sampling time), 80 d later (2nd sampling time) and 115 d
later (3rd sampling time), the 4th and the 5thleaf (counting from the tip of the shoot) were
collected. After washing of the leaves in 1% NaOC! solution, the following constituents were
determined:
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Fe(I1): Itwas expressed as g/g dry wt (ppm) and pg/g fresh wt, using the method of KatvyaL
and SHarMa (1980). 2gof fresh-chopped samples were added to 20ml of 1.5% 1,10-0-
phenanthroline solution at pH 3 in 100 ml glass bottles. After 16 h, the contents were filtered and
Fe(Il) was estimated in the filtrate by measuring the absorbency of the Fe(lI}-phenanthroline
complex at 510 nm.
Chlorophylls: Chiorophyll a, b and total chlorophyll were expressed in mg/100 g d. wt and
mg/g f. wt. They were extracted from leaf discs by using 80 % acetone for 72 hin the dark, at +4 °C
(TorreciLLas et al. 1984). The chlorophyll concentration was determined by reading the
absorbencies at 665 nm and 649 nm and use of the equations given by STrai~ and Svec (1966).
Mineral elements: Macronutrients (N, P, K, Ca, Mg) and some trace elements (B, Fe, Mn,
Cu, Zn) were analysed after wet destruction of the dry matter using the methods of CorTeNE
(1980).-

At the end of the annual growing period, the plants were divided into leaves, shoot, trunk,
roots and each part was analysed for dry matter and mineral elements content.
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The statistical plan included three-way ANOVA and two-way ANOVA with interactions; the
means were compared by LSD test ata 5 % level.
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Fig. 1: Shoot growth in the two different soils depending on genotype. Arrows indicate the three sampling times.
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Results

The shoot growth (Fig. 1) seems to be affected by both soil and genotype. The calcareous soil
has a negative effect on the growth of each genotype.

The highest shoot length in the non-calcareous soil occurs in SO4 (136 cm), while in the
calcareous one 140 Ru grows highest (76 cm). 101-14 has within the rootstocks the Jowest shoot
growth in both soils.

The Fe(II) content of the leaves (based on both dry and fresh weight) is affected in a significant
way by the sampling time, the genotype, the soil and their interactions (Table 3). The values
increase from the 1stsampling time (68 ppm and 17.7 ug/g f. wt) to the 2nd one (84 ppm and
22.8 ug/g f. wt) and then decrease at the 3rd sampling time (45 ppm and 17 pg/g f. wt).

101-14 rootstock shows the highest Fe(II) content (82 ppm and 21.2 ug/g f. wt), while 140 Ru
has the lowest one (56 ppm and 17.2 ug/g f. wt).

The plants grown on the calcareous soil show a lower iron content (64 ppm and 18.8 ug/g
f. wt) than those from the non-calcareous one (68 ppm and 19.6 ug/g f. wt).

The sampling time and the genotype influence the chlorophylls content in a significant way.
Total chlorophyll (on the basis of both dry and fresh weight) first increases (changing from
499mg/100g d.wt and 1.39mg/g f. wt at the 1stsampling time to 734 mg/100g d.wt and
2.14 mg/g f. wt at the 2nd sampling time), then it decreases to 502 mg/100g d. wt and 1.52 mg/g
fowt,

140 Ru rootstock shows the lowest chlorophyll content (506 mg/100g d. wt and 1.37 mg/g
f. wt); on the other hand, 101-14 shows within the rootstocks the highest value (629 mg/100 g d. wt
and 1.72 mg/gf wt).

The differences due to the two soils are not significant. The total chlorophyll and leaf Fe(II)
content, on a fresh weight base, are well related when the plants are grown under stress condition
(calcareous soil) (Fig. 2).
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Fig. 2: Correlation between leaf Fe(II) and total chlorophyll content of the genotypes grown on calcareous soil
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Fig. 3: Leaf ferrous iron and total iron content depending on genotype and soil at the 2nd sampling time.

When focusing the attention to the 2nd sampling time (the period of the fastest shoot growth),
it is interesting to observe the behaviour of each genotype as influenced by the soil. The Fe(Il)
content decreases from the non-calcareous to the calcareous soil for each rootstock, save for SO 4
where itincreases from 19.7 ug/gf. wt 10 21.8 ng/g f. wt (Fig. 3).

In the calcareous soil, the total chlorophyll content changes within the rootstocks from .
674 mg/100gd. wt (101-14) 10 742 mg/100 g d. wt (SO 4) (Fig. 4).

The effects of the sampling time, the genotype and the soil on the mineral element content of
the leaves are summarized in Table4. The behaviour of the macronutrients depending on the
saimpling time is different, while the trace elements have a uniform trend. Nitrogen first increases
and then decreases, changing from 2.58 % to 3.20 % and 1.92 %. Leaf potassium content increases
(from 0.98 % to 1.28 %), while calcium and magnesium decrease. The trace elements, except Cu,
decrease with progress of the growing season.

Among the genotypes, Chardonnay variety shows the highest contents of nitrogen, calcium, -
manganese and zinc, while 101-14 rootstock has the highest potassium value. The leafiron content
is 155 ppmin 140 Ry, 151 ppm in Chardonnay, 133 ppmin 101-14 and 124 ppmin SO4.
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Fig. 4: Leaftotal chlorophyli content and chlorophyll a /b ratio depending on genotype and soil at the
2nd sampling time.
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Table 4: Effect of sampling time, genotype and soil on the mineral element content of leaves

SAMPLING TIME GENOTYPE SOIL

1st 2nd 3rd 140 S04 101-
Ru -14 Ch n.c c.
INZ 2.58 3.20 1.92 2.34 2.34 2.71 2.89 2.61 2.53
P7 0.23 0.22 0.22 0.21 0.20 0.24 0.24 0.223 0.21
K7 0.98 1.14 1.28 0.96 1.08 1.31 1.20 1.18 1.09

CaZ 1.30 0.51 0.55 0.78 0.74 0.79 0.84 0.71 0.87

MgZ 0.40 0.34 0.30 0.35 0.32 0.35 0.36 0.33 0.37

Fe ppm{ 172 129 122 155 124 133 151 144 138
Mn ppm | 106 69 53 72 71 71 89 84 67
Cu ppm [ 23 30 23 29 29 19 24 24 26
Zn ppm | 118 39 27 58 59 58 70 55 67
B ppm| 17 8 10 12 12 11 11 12 12

P/Fe 13.4 17.0 18.0 13.5 16.1 18.0 15.9 16.0 15.2

Fe/Mn | 1.62 1.87 2.30 2.15 1.75 1.87 1.70 1.71 2.06

Ch = Chardonnay

n.c. = non calcareous ; c¢. = calcareous

The effect of the soil does not seem to be strong, save for calcium, where the plants grown on
calcareous soil have a value higher than those grown on the non-calcareous one (0.87 % vs 0.71 %).

At the end of the annual growing period, the organ and the genotype affect the content of all
the elements (Table 5), whereas the soil influences in an appreciable way the plant content of Ca
(1.00 % and 1.51 % in the non-calcareous and calcareous soil, respectively) and Fe (377 ppm and
186 ppm, correspondingly).

Among the genotypes, the dry matter production is affected by soil above all in 101-14
(Fig. 5), which has in the calcareous soil the lowest value of the rootstocks (3.2 g). Though 101-14
in the calcareous soil has the highest leafiron content (355 ppm) among the rootstocks (Table 6), it
shows the lowest ‘iron efficiency ratio’ (g dry matter/mg Fe) in the shoot (Fig. 6). .

Discussion

The results obtained during the growing period emphasize the role of the shoot growth stage
and the genotype on some physiological parameters of the leaf involved in chlorosis occurrence.
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Table 5: Percentage of dry matter, total dry matter and mineral element content of the plant depending on organ,
genotype and soil at the end of the annual growing period

ORGAN : GENOTYPE SOIL

Leaves Shoot Trunk Roots LSD |140 Ru SO4 101-14 Ch. LSD | n.c. c. LSD
0.05 0.05 0.05

pry
matter [27.95 37.06 50.81 35.81 2.63 {37.54 36.46 37.80 39.83 2.63| 38.45 37.37 NS

(%)

Dry
matter (4.37  3.53 6.22 4.15 0.59 [5.02  5.17  4.56 3.52 0.59]5.25 3.88 0.42

()

N% 1.67 0.75 0.57 1.15 0.08 | 0.92 0.94 1.02 1.26 0.08}1.03 1.04 NS
P% 0.17 0.11 0.07 0.17 0.02 |(0.12 0.12 0.13 0.16 0.02|0.13 0.13 NS
K% 1.16 1.32 0.37 0.81 0.10 (0.8 0.90 0.96 0.99 0.10{0.92 0.91 NS
Ca% 2.23 0.8 0.71 1.74 0.12¢1.13 1.16 1.11 1.6l 0.12(1.00 1.51 0.08
Mg% 0.37 0.15 0.10 0.19 0.02 |0.19 0.17 0.1%9 0.26 0,020.19 0.22 0.0l
S% 0.17 0.06 0.04 0.14 0.01 [0.11 0.09 0.08 0.13 0.01/0.09 0.11 0.01
B ppm |22 18 13 13 1.7 |16 17 16 18 1.7 {17 17 NS

Fe ppm 330 61 141 594 100 | 256 238 233 399 100 | 377 186 71
Mn ppm (73 30 36 26 7 31 32 36 48 7 L 29 5

P/Fe 5.72 21.40 6.32 4.93 2.9 |9.75 10.66 9.29 8.67 NS 8.62 10.57 1.94

Ch.= Chardonnay ; n.c. = non-calcareous ; c. = calcareous

Regarding the role of the genotype, 101-14 is of special interest. This rootstock, which
normally induces chlorosis in the scion when growing on a calcareous soil, does not show any .
chlorosis symptom when it is ungrafted. Leaf Fe(Il) content of 101-14 is even higher than in the
other rootstocks, as well as the chlorophylls. Only at the stage of fastest shoot growth, the total
chlorophyll content of 101-14, growing on the calcareous soil, is lower than in the other rootstocks,
but without visual differences. This behaviour seems sirange, because in trials performed on excised
roots 101-14 showed a low reducing capacity and uptake rate for iron (Bavaresco et al. 1989).
This rootstock (ungrafied) is probably able to mobilize under stress conditions from the nutrient
reserves stored in the cutting a higher iron amount than the other rootstocks, thus supplying the.
high iron needs of the leaves. This hypothesis is supported by the data of Table 6, where a negative
correlation seems to be between leaf and trunk iron of the three rootstocks growing on the
calcareous soil. Besides this, not always high iron uptake capacity means high transport inside the
plant to the leaves (Nerxar and Misar 1987).
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The lack of yellowing in the leaves (measured in this work by the chlorophyll content) of a
rootstock susceptible to chlorosis when growing in a calcareous soil was already observed by
Poucer and Juste (1972). These authors explained this apparently paradoxical behaviour by the
iron requirement of the leaves, which is different in ungrafted and grafted plants. Apother
explanation considers the negative effect of the grafied vine's vield on the nutrient reserves,
including iron, in the woody parts of the plant (BaLasurraumMaNyYaM el al. 1978); excessive yield
induces chlorosis symptoms in the following year (Murister and BricUet 1988), depending on the
reduction of the sugar reserves in the roots (PouGeT 1974).

This different behaviour of a grafted and an ungrafted rootstock disappears when a seedling or
a softwood cutting is tested instead of a woody cutting (ByRne 1988; RoMEra ef al. 1989 a,
1989 b).
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Fig. 5 (left): Dry matter production (average value of the four organs) depending on genotype and soil at the end
of the annual growing period.

Fig. 6 (right): Iron efficiency ratio (g dry matter/mg Fe) in the shoot depending on genotype and soil.

Despite the lack of chlorosis symptoms, 101-14 rootstock grown on calcareous soil differs
from the other two rootstocks (more resistant to lime-induced chlorosis) by having the lowest shoot
growth, dry matter production (at the end of the growing period) and ‘iron efficiency ratio’ (g dry
matter/mg Fe) of the shoot. A difference in the dry matter production between susceptible (3309)
and resistant (Fercal, 140 Ru) rootstocks was also observed by Cuiapmi and Brancuarp (1987) in
in vitro trials.

On the other hand, 140 Ru rootstock shows its characteristics of resistance by having in
calcareous soil the highest shoot growth, dry matter production and ‘iron efficiency ratio’ of the
shoot; moreover, it does not change its behaviour depending on the soil.

SO4 rootstock has characteristics intermediate between 101-14 and 140 Ru. Chardonnay
(which is normally grown grafied) seems a genotype with high iron requirements, but low ‘iron
efficiency ratio’.

Conclusions

The most significant findings are that:

1.-  during the growing period, the chlorophylls and leaf Fe(II) content first increases and then

decreases;

the rootstock most susceptible to chlorosis (101-14) shows in the caicareous soil the highest

Fe(I) and total chlorophyll content, while 140 Ru rootstock (the most resistant) has the

lowest values;

3. suitable tools to judge the resistance/susceptibility to lime-induced chlorosis in ungrafted
rootstocks grown on caicareous soil are: a) the dry matter production at the end of the annual
growing period; b) the ‘iron efficiency ratio’ (g dry matter/mg iron) in the shoot at the end of
the annual growing period.

o

Acknowledgements

The author wants to thank Mr. GIUSEPPE BrRUZz z1 (laboratory staff) for his contribution to this project.



316 Section 4

References

BALASUBRAHMANYAM, V. R; EIFerT, J; DIoFasi, L 1978: Nutrient reserves in grapevine canes as
influenced by cropping levels. Vitis 17, 23-29.

BAVARESCO, L.; FREGONI, M.; FrRascHINI, P.; 1989: Investigations on iron uptake and reduction by excised
roots of different grapevine rootstocks and a V. vinifera cultivar. 5thIntern. Symp. Iron Nutrition and
Interaction in Plants, Kibbutz Ramat-Rachel, Israel, 11-17 June 1989.

BiENFAIT, H. F.; DUIVENVOORDEN, J.; VERKERKE, W.; 1982: Ferric reduction by roots of chiorotic bean piants:
indications for an enzymatic process. J. Plant Nutr. 5, 451-456.

Boxma, R; 1972: Bicarbonate as the most important soil factor in lime-induced chlorosis in the Netherlands.
Plant Soil 37, 233-243.

Brown, J. C.; JONES, W, E; 1976: A technique to determine iron efficiency in plants. Soil Sci. Soc. Amer. J. 40,
398-405.

BYRNE, D. H.; 1988: Comparative growth of two peach seedling rootstocks under alkaline soil conditions. J.
Plant Nutr. 11, 1663-1669.

CHEN, Y.; BARAK, P.; 1982: Iron nutrition of plants in calcareous soils. Adv. Agron. 35, 217-240.

CHiapMI, N.; BRANCHARD, M.; 1987: Mise au point d’un test ‘in vitro’ permettant la détermination précoce de
la sensibilité de porte-greffes de vigne 2 la chlorose calcaire. 3e Symp. Intern. Physiol. Vigne, Bordeaux,
42-44,

COTTENIE, A ; 1980: Soil and plant testing as a base of fertilizer recommendation. FAO Soils Bull. 38 (2).

COULOMBE, B. A,; CHANEY, R. L; WIEBOLD, W. J; 1984: Bicarbonate directly induces iron-chlorosis in
susceptible soybean cultivars. Soil Sci. Soc. Amer. J. 48, 1297-1301.

FREGONI, M,; SCIENZ A, A.; 1975: Ricerche sull’assimilabilita del ferro in vigneti italiani. Vignevini 6, 7-10.

HETHER, N. H,; OLSEN, R. A; JACKSON, L. L.; 1984: Chemical identification of iron reductants exuded by plant
roots. J. Plant Nutr. 7, 667-676.

JU.S'I'E, C, POUGET, R;; BRuzAL, F.; 1967: Influence du pH et de I'anion bicarbonique sur 'absorption du fer
par les racines de vigne. C. R. Acad. Sci. 264, 2781-2784.

KATYAL, J. C.; SHARMA, B. D.; 1980: A new technique of plant analysis to resolve iron chlorosis. Plant Soil 58,
105-119.

KoLescH, H,; HOFNER, W.; SCHALLER, K,; 1987: Effect of bicarbonate and phosphate on iron chlorosis of
grape vines with special regard to the susceptibility of two rootstocks. Part. II: pot experiments. J. Plant
Nutr. 10, 231-249.

KRrAMER, D,; ROMHELD, V.; LANDSBERG, E.; MARSCHNER, H.; 1980: Induction of transfer-cell formation by
iron deficiency in the root epidermis of Helianthus annuus L. Planta 147, 335-339.

LANDSBERG, E. C;; 1981: Organic acid synthesis and release of hydrogen ions in response to Fe-deficiency stress
of mono- and dicotyledonous plant species. J. Plant Nutr. 3, 579-591.

- - ; 1989: Proton efflux and transfer cell formation as response to Fe-deficiency of soybean in nutrient solution
culture. Pland Soil 114, 53-61.

MARSCHNER, H.; 1978 Beziehung zwischen der Eisenversorgung von Weinreben und dem pH-Verlauf in der
Nihrlésung. Vitis 17, 152-160.

-- - ; 1986: Mineral Nutrition in Higher Plants. Academic Press, London.

- - ; ROMHELD, V.; KISSEL, M.; 1986: Different strategies in higher plants in mobilization and uptake of iron. J.
Plant Nutr. 9, 695-713.

MENGEL, K, BUBL, W, 1983: Verteilung von Eisen in Blittern von Weinreben mit HCOB' induzierter Fe-
Chlorose. Z. Pflanzenernihr. Bodenk. 146, 560-571.

- -- ; BREININGER, M. TH.; BUBL, W.; 1984; Bicarbonate the most important factor inducing iron chlorosis in
vine grapes on calcareous soil. Plant Soil 81, 333-344.

- -3 GEURTZEN, G.; 1986: Iron chlorosis on caleareous soils. Alkaline nutritional condition as the cause for the
chlorosis. J. Plant Nutr. 9, 161-173.

- « ; MALISSIOVAS, N.; 1981: Bicarbonat als auslosender Faktor der Eisenchlorose bei der Weinrebe (Viris
vinifera ). Vitis 20, 235-243.

MURISIER, F.; BRIGUET, C.; 1988: Rendement et chlorose de la vigne. Rev. Suisse Vitic. Arboric. Hortic. 20,
165-172.



Resistance/tolerance to abiotic stress factors 317

NERKAR, Y. S, MisaL, M. B,; 1987: Rice breeding for tolerance to iron chlorosis. J. Maharashtra Agricult. Univ.
12 (3), 385-386.

POUGET, R;; 1974: Influence des réserves glucidiques sur l’intensité de la chlorose ferrique chez la vigne. Conn.
Vigne Vin 8, 305-314.

- - ; 1980: Breeding grapevine rootstocks for resistance to iron chlorosis. Proc. 3rd Intern. Symp. Grape Breeding,
Davis, California, 191-197.

- -3 JUSTE, C.; 1972: Le choix des porte-greffes de la vigne pour les sols calcaires. Conn. Vigne Vin 6, 357-364.

- - ; OTTENWAELTER, M.; 1973: Ewude méthodologique de la résistance a la chiorose calcaire chez la vigne:
principe de la méthode des greffages réciproques et application 2 la recherche de porte-greffes résistants.
Ann. Amélior. Plantes 23, 347-356.

ROMERA, F. I, ALCANTARA, E,; DE La GUARDIA, M. D.; 1989 a: Characterization of the tolerance 10 iron
chiorosis in different peach rootstocks grown in nutrient sotution. L. Effect of bicarbonate. 5th Intern. Symp.
Iron Nutrition and Interaction in Plants, Kibbutz Ramat-Rachel, Israel, 11-17 June 1989.

- == ;- - ; 1989 b: Characterization of the tolerance to iron chlorosis in different peach rootstocks grown in
nutrient solution. II. Response mechanisms. 5th Intern. Symp. Iron Nutrition and Interaction in Plants,
Kibbutz Ramat-Rachel, Israel, 11-17 June 1989.

ROMHELD, V.; 1987: Different strategies for iron acquisition in higher plants. Physiol. Plant. 70, 231-234.

- -3 MARSCHNER, H.; 1981: Iron deficiency stress induced morphological and physiological changes in root tips
of sunflower. Physiol. Plant 53, 354-360.

- = ; = - 1986: Evidence for a specific uptake system for iron phytosiderophores in roots of grasses. Plant
Physiol. 80, 175-180.

STrAIN, H. H;; SvEC, W. A; 1966: Extraction, separation, estimation, and isolation of the chlorophylls. In:
VERNON, L. P; SEELY, G. R. (Eds.): The Chlorophylis, 21-66. Academic Press, London.

TakaGl, S, Nomoto, K,; TakeMoTto, T, 1984: Physiological aspect of mugineic acid, a possible
phytosiderophore of graminaceous plants. J. Plant Nutr. 7, 469-477.

TORRECILLAS, A.; LEON, A,; DEL AMOR, F.; MARTINEZ-MOMPEAN, M. C.; 1984: Determinacion rapida de
clorofila en discos foliares de limonero. Fruits 39, 617-622.



318 Section 4

Use of differential thermal analysis to quantify bud cold
hardiness of grape selections and clones ?)

R. M. Poo, B. I. REisci, M. J. WELSER %)

Department of Horticultural Sciences, Cornell University, New York State Agricultural Experiment Station,
Geneva, New York, 14456, USA

Summary: Differential thermal analysis (DTA) was used to characterize primary bud mid-winter cold
hardiness of Viris spp. Bud hardiness reached a maximum and was rather stable during the months of January
and February at Geneva, New York. Because cold tolerance increases during periods of prolonged cold, observed
freezing temperature was adjusted on the basis of the freezing temperature of cv. Concord on the day of
observation. DTA gives reproducible and meaningful estimates of bud freezing temperature. Such data account
for at least 50 % of the among-cultivar variance in overall vine cold hardiness.

Key words: cold resistance, analysis, bud, variety of vine, clone, USA.

Introduction

Winter cold establishes the northern limit of wild grapes as well as that of many other genera
(Burke and Stusuxorr 1979). The northern limit is approximately coincident with the latitude at
which the homogeneous ice nucleation temperature can be expected (Georae et al. 1974). Genera
which have this northern limit frequently share a freeze avoidance mechanism to endure winter
cold. In such species, when critical tissues freeze, they die. Differential thermal analysis (DTA)
detects the temperature at which tissues freeze by detecting the heat of fusion which is released
when liquid water becomes ice. DTA has been used to measure the killing temperature of Vitis.
Various claims have been made regarding the relevance of DTA signals to cold damage of cane
tissues (PIERQUET and Stusu~orr 1980; Bar~ey 1987), but there is general agreement that DTA
can accurately estimate the temperature at which dormant grape buds are killed. We have
developed a micro-computer assisted DTA apparatus to estimate the freezing temperature of
excised grape buds (WoLr and PooL 1986).

With grapes as with other perennial fruits, progress in breeding for polygenetically controlied
traits becomes more certain when the trait in question can be accurately and objectively measured.
This is especially true of winter cold hardiness. Traditionally vine hardiness is evaluated by noting
the damage sustained in the field during the winter. Such estimates are difficult to interpret because
field survival is subject to many influences. The “dosage’ of winter cold is not uniform from year to
year nor is it uniform within a given site. Cold hardiness is influenced by both viticultural and
meteorologic factors. Field hardiness may differ greatly from potential hardiness because of
differences in yield or growth during the previous summer or because of the impact of mid-winter
climate. Prolonged sub-freezing temperature increases cold hardiness while mid-winter thaws
sometimes reduces it. DTA reduces the impact of at least some of these variables. Impact of vine-
to-vine variation can be reduced by sampling mature wood within the vine (HowerL and SuauLIs
1980) and meteorologic influences can be accounted for because hardiness is measured on a
specific day rather than observing the impact of an entire winter.

To test the usefulness of DTA for grape breeding programs, we have used the technique to
study the killing temperature of a wide variety of grape germplasm.

1) Research supported in part by grants from the New York State Wine and Grape Foundation and the U.S.
Department of Agriculture,

2) Respectively, Professor of Viticulture, Associate Professor of Grape Breeding and Staff Support Specialist,
Department of Horticultural Sciences, Cornell University, New York State Agricultural Experiment Station,
Geneva, New York, 14456, USA
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Materials and methods

Differential thermal analysis

The basic apparatus has been described (WoLr and Poor 1986). Heat of fusion is detected by
mounting excised buds containing a small amount of attached cane tissue on a thermoelectric (TE)
module (Melcor™, Trenton, New Jersey). TE modules are attached to an analogue to digital
acquisition board through a digital relay device which allows multiple plates to be connected. The
plates are placed in a freezer and cooled at a constant rate using the micro-computer to control the
temperature of a heat sink. For our standard tests, 6 replicate buds were excised from nodes 4-6 of
well matured canes. They were mounted on dampened paper which in turn was placed on a TE
module. -After 1 h at -2 °C, the temperature was lowered at 3 °C/h. Exotherms were detected by
plotting the TE signal against the heat sink temperature. The high temperature exotherm (HTE),
which was caused by extracellular ice, was induced between ~3 and -7 °C by seeding a moist
cotton string in contact with the paper mount with ice. Low temperature exotherms (LTE's)
caused by primary buds were 2-10 times larger than other LTE's. The temperature at which the
median primary bud LTE per plate was recorded (if an even number of LTE's were found, the
mean of the temperature of the two central LTE's was used). Most often three replicate modules
were used per test, but sometimes only duplicates were run and four replicates were used to derive
the seasonal curves.

Seasonal changes in cold hardiness

DTA was done at least bi-weekly during the months of September to April for 3 consecutive
years (1976/78, 1977/78 and 1978/79) on three cultivars: Concord, White Riesling and Cabernet
Sauvignon. Median LTE's were obtained and the data plotted. These data were used to determine
the period of maximum hardiness. The data for Concord was used to standardize observed LTE
temperature values in other experiments so as to account for variations cause by continuous
freezing (ProOEBSTING and ANDREWs 1982).

DTA of grape cultivars and species accessions

A test of American hybrid table grape cultivars has been underway at Geneva, New York,
since 1978. It consists of both named cultivars of North American origin and selections from the
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Fig 1: DTA data for six replicate buds of Fitis rubra mounted on a TE module.
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Geneva grape breeding program. During the months of January and February 1987 three replicate
samples of 6 buds were subjected to DTA. Concord was used as a standard, winter hardy cultivar.
During January and February of 1978 median LTE temperature of cultivars and clones of
cultivars of V. vinifera L. growing at the New York State Agricultural Experiment Station
vineyards were estimated using three replicate 6 bud samples. These data were compared with an
overall hardiness rating for these varieties growing at Geneva. Estimates for Pinot noir clone LTE
temperatures were compared to data on field survival following the winters of 1987/88 (little cold
stress) and 1988/89 (severe cold injury to Pinot noir). During January and February of 1980
duplicate samples of wine and table grape interspecific hybrid cultivars and accessions of Vitis

species which are part of the collection of the Nationa! Apple and Grape Clonal Repository at
Geneva, New York, were measured.
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Fig. 2: Daily maximum and minimum temperatures and median LTE temperatures for three cultivars, Cabernet
Sauvignon, White' Riesling and Concord, growing at Geneva, New York, for the winter seasons 1987/88 and
' 1988/89.
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Results

Seasonal changes in cold hardiness

Fig. 1 shows a DTA profile of 6 nodes from a selection of V. rubra. The median LTE of this
sample is —32.5 °C. The occasional spikes found at higher temperatures are thought to be due to
drops of water on the plate or to the freezing of previously killed buds.

The seasonal cold hardiness of the cultivars Concord, White Riesling and Cabernet
Sauvignon for the years 1987/88 and 1988/89 are shown in Fig.2. The data for Cabernet
Sauvignon hardiness for 1988/89 stop afier December 12, 1989. At that time the curve of
minimum temperature intersected the cold hardiness curve for Cabernet Sauvignon. As a result
primary bud kill exceeded 95 % and no further data were collected for that cultivar that year. The
observed pattern of hardiness was not only found in 3 years of sampling at Geneva, but also with
samples obtained in other states using the same cultivars and protocol. Three stages of hardiness
can be seen. Acclimation begins at about the time visible periderm forms and continues until late
December when maximum hardiness is reached. January and February is a period of hardiness
maintenance. During this time hardiness, especially that of the cultivar Concord, is increased when
the maximum daily temperatures do not exceed 0 °C for more than a few days. This has been
observed before (Anprews ef al. 1984), and for that reason data for other cultivars are reported in
two ways, observed and adjusted. Adjustments are based on the deviation of Concord hardiness
from the period mean median LTE for the year. At the end of February all cultivars begin to de-
acclimate. Shortly before bud burst the buds lose their ability to form LTE’s. In every year identical
differences were noted among cultivars. White Riesling and Concord begin to acclimate early and
reach maximum hardiness before Cabernet Sauvignon does. Concord de-acclimates earlier and
more rapidly than do White Riesling and Cabernet Sauvignon.
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Fig. 3: Relarionship between median LTE temperature and field cold hardiness ratings for Vitis vinifera and

2 V. labruscana cultivars. Each point is a different cultivar. Hardiness ratings range from 1 = very cold tender to
6 = very cold hardy at Geneva, New York.
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Table 1: Hardiness of 22 Vitis vinifera and 2 V. labruscana cultivars as measured by DTA or field evaluation

Field
Date Mean Adjusted Hardiness
Variety Sampled LTE LTEY RatingZ
Muscat Ottonel 22-Jan -21.3 -21.9 3
Portugieser Blau 27-Jan -22.8 -23.5 2
Reichensteiner 9-Feb -22.8 -22.1 2
Merlot 13-Jan -23.0 -22.9 2
Ehrenfelser 22-Jan -23.1 -23.8 3
_ Sauvignon blanc 9-Feb -233 -22.6 2
Pinot gris 27-Jan -24.3 -25.0 3
Gewurztraminer 15-Jan -24.4 -24.3 3
Nobelssa 27-Jan -24.4 -25.1 3
Comtessa 15-Jan -24.7 -24.6 4
Metternich 15-Jan -25.0 -24.9 2
Limberger 22-Jan -25.1 -25.8 3
Optima 13-Jan -25.3 =252 2
Sylvaner 13-Jan -25.4 -25.3 2
Scheurebe 9-Feb -25.6 -24.7 3
Baccus 9-Feb -25.7 -24.8 3
Siegerrebe 29-Jan -25.8 -25.4 4
Perle 15-Jan -26.0 -25.9 2
Rieslaner 29-Jan -26.1 -25.7 4
Morio Muscat 22-Jan -26.3 -27.1 3
Melon 13-Jan -26.3 -26.2 4
Cabernet franc 29-Jan -27.0 -26.6 5
Niagara 27-Jan -27.3 -28.1 6
Delaware 13-Jan -28.4 -28.3 6

Y. Adjusted by standardizing to the LTE for Concord on the date of
sampling.
z. Hardiness field ratings 1 = very tender 6 = very cold hardy

Evaluation of Viris vinifera cultivars

Table 1 lists the observed and adjusted temperature of the median LTE of 22 cultivars of
V. vinifera and 2 V. labruscana cultivars. An evaluation of overall field hardiness is also given. The
2 V. labruscana cultivars had the lowest observed and adjusted LTE temperatures and the highest
hardiness rating. The LTE temperature data were regressed against the hardiness rating (Fig. 3). A
highly significant relationship was obtained (P = 0.01) but the relationship explained only 43.6 % of
the variance. Field survival data and 1987/88 estimates of the LTE temperatures were obtained for
8 Pinot noir clones (Fig. 4). In 1987/88 the low temperatures did not approach that of the median
LTE. There was severe primary bud injury on December 12, 1988, when temperatures ranged
from —24.5 to ~25.3 °C in the vineyard. At this time the vines were not fully acclimated and field
injury ranged from 32 to 85 % barren nodes in 1989. Generally the observed injury related well
with the LTE estimates. A major exception was the Clevner Mariafeld clone which had the lowest
LTE temperature and the greatest bud injury.



Resistance/1olerance to abiotic stress factors 323

Table 2: Observed and adjusted median LTE temperatures for interspecific American table grape selections and

cultivars
Observed Adjusted
Temperature of Temperature of
the LTE the LTEZ
Seedless SelectionsY and cultivars
NY 65.479.1 -23.5 -22.7
NY 46290 -23.0 2231
Suffolk Red -233 231
NY 65.143.1 =232 <233
Lakemont -24.1 -23.9
NY 65.483.2 -25.2 <243
Canadice -24.6 =245
Interlaken -24.8 -24.6
Reliance -24.9 -24.8
Remaily Seedless -24.6 =252
Einset Seedless <252 -25.6
Mars ’ -25.7 -25.8
NY 65.077.2 -25.1 -26.0
Himrod -25.5 -26.1
NY 63.878.6 -25.3 -26.2
Seeded SelectionsY and cultivars
Alden -23.6 -23.7
Yates -254 =245
Buffalo -25.6 -24.7
Steuben -24.8 -249
NY Muscat -25.6 -25.0
NY 65.112.1 -25.3 -254
Concord -25.5 -25.5
Seneca -25.2 -25.5
Price 274 -26.5
Swenson Red 217 -27.0
Alwood -284 274
Bath -28.7 -21.7
Sheridan -29.0 -28.0
N?ﬁ,sggo (Buffalo X Himrod)
NY 63.878.6 (Fredonia X Canner)
NY 65.077.2 (Vineland 52084 X Ruby Seedless)
NY 65.112.1 Vineland 52082 X Flame Tokay
NY 65.143.1 (Dunstan 210 X NY 45945 (Athens X NY 33873)
NY 65.479.1 ((Muscat Hamburg X Hubbard) X (Ontario X Black Monukkay))
NY 65.483.2 “\é: }( ('3;82 X Muscat Hamburg) X (Suffolk Red(Ontario X Black |,
u

Z, LTE temperature adjusted to reﬂect value of Concord on day of measurement.

Evaluation of table grape cultivars and selections

Seedless cultivars and selections LTE temperatures generally were no higher than those of
seeded cultivars (Table 2). 6of the seedless cultivars (NY 65.479.1, Suffolk Red, NY 6290,



324 Section 4

NY 65.143.1, Lakemont and NY 65.483) were more than 1°C less hardy than the standard,
Concord. The others had LTE temperatures within 1 °C of Concord. Seeded cultivars, Yates and
Alden, which are rated as only moderately hardy were more than 1°C less cold hardy than
Concord. Price, Swenson Red, Alwood, Bath and Sheridan were all 1°C or more hardy than
Concord. Sheridan and Bath were more than 2 °C hardier than Concord.

Germplasm evaluation

Germplasm tested from the repository was divided into 6 categories (Table 3). In order of
increasing mean hardiness they were: American (V. labruscana) seedless cultivars, American wine
cultivars, American seeded table cultivars, interspecific wine cultivars, species selections and
rootstock cultivars. The order of mean hardiness by category is not very important as the samples
do not necessarily represent the range of germplasm in a category and because differences within
category, which ranged from 1.4 to 12.9°C, greatly exceeded the range of means among the
categories which was only 1.6 °C. There were 5 American wine selections which ranged from —24.0
for cv. Wine King to =25.5 °C for cv. Concord. Most of the American seeded table cultivars had
median LTE’s within one degree of that of Concord. The exceptions were Yates and Aiwood which
were less hardy and Bath, Century I and Price which were more hardy than Concord. Century [
and Price have been rated as only moderately cold hardy in field tests at Geneva. With the
exception of the cultivar of southern origin, Venus, the American seedless cultivars were close to the
value for Concord, more recently released cultivars were more cold tolerant than older ones. Only a
few interspecific wine cultivars were tested. The most widely planted of these in New York state is
Seyval (S. V. 5-276) which had the highest median LTE temperature of the group, 1.5 °C higher
than that of Concord. The other cultivars, including the wine cultivar most recently released by the
New York State Agricultural Experiment Station - Melody (ReiscH er al. 1986) - were equal to or
more hardy than Concord.
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Fig. 4: Observed median LTE temperature and observed 1988 and 1989 barren node percentage for Pinot noir
clones growing at Geneva, New York.



Resistance/tolerance to abiotic stress factors

325

Table 3: Temperature of the median LTE of cultivars and species accessions growing in the collection of the
National Apple and Grape Repository, Geneva, New York

Adjusted
Temperature ~ Temperature
Repository  of the Median of the Median
Category Plant Name Designation LTE LTEZ
American Wine King 131 -23.2 -24.0
Wine or Juice Carmen 588 -23.3 -24.1
Diamond 124 -24.0 -24.8
Delaware 52 -26.6 -25.0
Concord 51 -25.6 -25.5
Mean -24.5 -24.6
American Table Yates 113 -24.6 -22.9
Alwood * -222 -24.0
Swenson Red 439 -25.9 -24.2
Stueben 1 -26.7 -25.1
Ontario 45 -24.6 -25.4
Golden Muscat * -24.0 -25.8
McCampbell 4 244 -26.3
Bath 109 249 -26.7
Century 1 985 -26.3 -27.1
Price 98 -26.7 -28.6
Mean -24.8 -256
American Seedless Venus 573 224 -20.8
Himrod * -24.1 -24.0
Glenora * 227 245
Einset Seedless 470 -249 -26.7
Mean -23.5 -24.0
Interspecific Wine ~ Seyval 534 -21.3 -23.0
Seibel 2583 339 213 -23.1
Seibel 1077 535 -220 -23.8
Melody 581 215 -25.8
Ravat 34 354 -24.0 -25.8
Seibel 880 559 -24.3 -26.1
Chancellor 43 -254 -27.1
Mean -23.7 -249
Rootstock C157-11 979 -24.1 -21.8
Mill. et Grasset 219A 598 243 220"
Rup. du Lot 592 -22.7 -22.5
Mill. et Grasset 125-1 606 -23.0 -23.3
Teleki 5C 79 <232 -23.7
Richter 110 266 -23.5 -23.9
Kober 5SBB 70 -23.6 -24.1
C 18-815 118 -23.7 242
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Table 3 (Cont.) Mill. et Grasset 420 605 -26.2 =243
SO4 119 -24.6 -25.1
R. gloire 265 -24.8 -25.3
SORI 95 -25.1 -25.6
C 3309 87 -25.5 -259
C 1616E 114 -26.2 -26.7
C 3306 264 -27.1 -27.6
Mill. et Grasset 101-14 63 -21.5 -28.0
Azita 263 -25.1 -28.5
Shakoka 73 -28.5 -29.0
Sonona 152 -31.2 -34.7
Mean =249 -25.6
Species V. cinerea (C66-6) 625 -229 -20.6
V. berlandieri 261 -17.1 -20.6
V. cordifolia (Rem 30-77) 1013 -24.0 -21.7
V. rubra (Ru-66-10) 168 -24.5 -21.7
V. argentifolia 1003 =223 -22.1
V. riparia (Quebec) 612 -24.6 2223
V. champini (Salt Creek) 622 -22.3 -22.8
V. argentifolia(Rem 46-77) 970 -25.2 -229
V. labrusca (Rem 26-75) 1023 227 -23.0
V. argentifolia 214 <214 -23.1
V. riparia (Manitoba) 401 -25.1 -234
V. labrusca (Rem 33-75) 967 -23.5 -23.8
V. labrusca (Rem 43 -75) 1029 -23.6 -23.9
V. cordifolia(B17) 171 -27.1 -24.3
V. rupestris (Ganzin) 285 -26.7 -24.4
V. riparia (Minnesota) 400 -26.2 -24.5
V. argentifolia(Rem NE 19) 896 -26.9 -24.6
V. cinerea (C66-14) 236 -27.0 -24.7
V. riparia (Montreal) 193 -26.4 -24.7
V. cordifolia(B18) 184 -27.8 -25.0
V. labrusca (Rem 46-75) 1026 -24.8 -25.1
V. longii 1026 -249 -25.2
V. coignetiae (Pulliat) 18 =279 -25.6
V. cinerea 170 252 -25.7
V. rubra 239 -259 -25.7
V. argentifolia(Rem NE 4) 994 -28.1 -25.9
V. riparia (Montana) 417 -27.8 -26.1
V. rupestris (Pillans) 202 -24.2 -26.2
V. champini 172 -24.6 -26.3
V. riparia (Montana) 418 -29.2 -27.5
V.rubra 174 -24.1 -27.5
V. riparia (Colorado) 773 -29.2 -27.5
V. andersonii 701 -27.8 -28.3
V. riparia (Pulliat) 224 -31.9 -29.1
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Table 3 (Cont.) V. riparia (Montreal) 193 -25.6 -29.1
V. solonis 158 -29.1 -29.6
V. argentifolia 928 =272 -30.6
V. rupestris(Tiefenback) 249 -29.2 -32.7
V. longii 138 -29.3 -32.8
Mean -25.7 -25.4

The range in rootstock hardiness was greater than observed for cultivars grown for fruit.
9rootstock cuitivars had median LTE's more than 1°C higher than Concord. They included
Rupestris du Lot, Teleki 5C, Richter 110 and Kober 5BB. SO 4, Riparia Gloire, Sori and C. 3309
had LTE values similar to that of Concord. C. 1616E, C. 3306, M. GT 101-14 were hardier than
Concord and 2 rarely used rootstocks which share northern V. riparia parents, Shakoka and
Sonona, were more than 3 °C hardier than Concord.

The range in median LTE temperature was much greater among species selections (14.5 °C)
than among the cultivars. Essentially ali of the fruiting cultivars were of northern origin. Among the
species, with a few exceptions, those which were much less hardy than Concord shared a southern
origin. A V. riparia selection from Quebec, Canada was more than 3 °C less hardy than Concord,
but these plants have symptoms suggesting a virus infection. There were also some other northemn
selections such as the V. labrusca selection Remaily 26-75 and the V. argentifolia selection
Remaily 46-77 which were less hardy than the standard, Concord. In terms of very hardy material
V. riparia dominated, but some southern representatives had cold hardy buds. They included
V. solonis and the V. rupestris selection Tiefenback.

Discussion

The data on seasonal fluctuations in median LTE temperature of primary buds show that the
changes in hardiness are reproducible among years and cultivars. When the field temperature fell
below the predicted hardiness level, Cabernet Sauvignon buds died. This confirms that the data are
meaningful. The fluctuation in temperature of the median LTE observed during the period of
maximum hardiness in the 3 years is clearly related to prolonged freezing of non-vital bud tissues
which lowers the LTE temperature (PooL er al. 1985). This variability associated with mid-winter
conditions is the reason that the observed LTE temperatures need to be adjusted to reflect the
status of the standard cultivar, Concord. _

The data with standard wine and grape cultivars demonstrates both the validity and the limit
of the technique in predicting field cold hardiness. LTE temperature accounted for only 43 % of the
variance associated with our field ratings. The lack of agreement can be ascribed to several factors.
First our ratings tend to be more conservative for cultivars with which we have had little experience.
An example is the cultivar Morio Muscat which had hardy buds, but only a moderate hardiness
rating. With more years of experience, we may well revise the field rating of Morio Muscat. A
second factor is that before DTA can be used, the buds must be ‘mature’. The physiological factors
responsible for the ‘mature’ node condition are poorly understood, but it is clear that the buds of
many cultivars poorly adapted to New York fail to develop the ability to supercool. Such buds die
at a temperature higher than -8 °C. DTA is only suitable to measure hardiness of the ‘mature’ bud
fraction and thus DTA may overestimate hardiness for varieties which do not reliably produce
buds capable of supercooling. A third complication is that we measure maximum mid-winter bud
hardiness with DTA. A cultivar like Cabernet Sauvignon, in which acclimation is delayed, may
sustain early season cold injury before its buds become fully hardened. The final factor that causes
bud LTE temperature to sometimes differ from field hardiness is the tissue evaluated. Some
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cultivars such as Perle, CenturyI and Price form cold hardy buds, but often fail to produce cold
hardy trunks. That produces a situation in which the buds may survive, but the trunk injury is so
severe that the above ground portions of the vine die.

While DTA cannot give a complete assessment of cold hardiness, it does give reproducible
results concerning bud hardiness. The data produce good agreement between assessments made in
different years except for three cases. Himrod, Alwood and Swenson Red produced lower median
LTE temperatures in the table grape assessment than in that of the repository collection. This may
have been due to the age and size of the vines in question. For the table grape assessment many
mature vines were available from which to select canes. In the repository collection most of the
vines were only 1 year old and only duplicate vines are planted. Thus, we may have inadvertently
selected less hardy wood from the smaller population of canes.

The results of the DTA assessments of the repository collection are very interesting. Seyval is
one of the most widely planted interspecific hybrid wine cultivars in New York, but its buds were
not very hardy. It has been observed that primary buds of Seyval are frequently killed in the field,
but that its fruitful secondary and base buds allow an adequate crop to be produced (PooL et al.
1978). Similarly the rootstock data related well to planting recommendations for New York (LipEr
and SuauLis 1974). None of the rootstock cultivars which had higher LTE temperatures than
Concord are recommended for use in New York vineyards. The data for species was of course
most variable. In general, southern species had higher LTE temperatures than did those from
northern locations. However, several of the southern species produced very hardy buds. The
‘southern’ distribution of species like V. rupestris and V. berlandieri does not mean that these
cultivars are not exposed to very low winter temperatures. Frequently their failure to tolerate
northern winters seems to relate to their adaptation to regions with long summers rather than to
regions with warm winter temperatures. Such vines will often fail to mature their wood or buds in
the short growing season of northern New York state.

DTA appears to be a very useful tool for the grape breeder. While it will not measure overall
vineyard hardiness, it will precisely measure the mid-winter freezing point of grape buds. Thus it
produces the kind of information grape breeders require to plan their crossing strategies and to
make objective assessments of their progenies. We plan to complete the evaluation of the collection
of the National Apple and Grape Clonal Repository. The data will become part of the grape
descriptors available on the Genetic Resources Inventory Network (GRIN), a plant information
database operated by the United States Department of Agriculture.
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Winter frost resistance of grapevine varieties belonging to
different ecological and geographical groups

D. Zunic, L. Avramovand N. Toporovic

Faculty of Agriculture, Nemanjina 6, YU-11081 Zemun, SFR Yugoslavia

Summary: The influence of frost temperatures on survival of the buds was investigated in situ during
3 winters. The behavior of 375 grapevine varieties belonging to different ecological-geographical groups was
studied at 3 locations.

The rate of buds killed by frost ranged from 5.4 to 100 %. The varieties of the group convar. occidentalis
exhibited the greatest frost resistance of buds during 3 winters with very low temperatures. In this group the
percentage of killed buds was significantly lower than in the group convar. pontica and much less than in the
group convar. orientalis.

Key words: cold resistance, winter frost, bud, variety of vine, convarietas, location, year, climate,
Yugoslavia.

Introduction

Many factors influence the resistance to low winter temperatures which has been shown by
many authors (Lazic and Zorzic 1956; Konno 1959; Pocosiax 1967; Nacru 1971; Ratkovic
1979; TurManmze 1981; Cvoric 1984; Avramov and Zunic 1986; Avramov et al. 1987,
MiLosaviLevic et al. 1987; Tabuanovic et al. 1988, and others).

Starting from the existing knowledge about the resistance of grapevine to low winter
temperatures, we report the results from an in situ investigation on the response of different
grapevine varieties to low temperatures during the period from 1984 to 1987 in the areas where
ampelographic collections are located.

Materials and methods

The investigations were performed at 3 locations with existing ampelographic collections. The
number of varieties-was different in each collection. At ‘Radmilovatz’, ‘Svetozarevo' and ‘Bela
Crkva’ 286, 73 and 34 varieties, respectively, were investigated.

The age of the plants was different. The number of developing and non-developing buds was
checked in situ after winters with extremely low temperatures.

Analysis of variance was utilized to determine significant differences between the percentages
of killed buds in the same varietal group as well as between the different varietal groups taking into
consideration the year and location.

Also checked was the significance of correlations between thie iemperature limits (0, -10, -15,
-20 and -25 °C) and the degree of killed buds for each of the different groups of varieties. The
dependency is presented by linear regression.

During the 3 years of our investigation, extreme air temperatures were recorded daily from
October to April. We also must note that during the winter 1986/87 at the location ‘Svetozarevo’
an extraordinarily low temperature (-32 °C) was recorded for several hours.
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Results and discussion

For clarity the results are presented graphically (Figs. 1, 2 and 3). We analyzed and presented
examples only for 5 varieties which are considered models for their ecological-geographical groups
(Tables 1,2 and 3).

a) Group convarietas orientalis

The varieties of this group - Dattier of Beyrouth, Red Adacalca, Chirey Bayan, Hindogni and
Tavriz - at all 3 locations during the 3 years of the investigation had very high average percentages
ofkilled buds. The results of investigations are summarized in Table 1; the data show:

- During the winter 1986/1987 in all varieties of this group the highest percentages of killed
buds were determined at all 3 locations.

- Statistically significant differences between the varieties of this group for the 3 years at
individual locations were not determined.

- At the different locations in the same year, the same varieties exhibited significant
differences in the percentages of killed buds. This can be explained by the different low temperature
extremes and different times of exposure to these temperatures.

Behavior similar to that of the chosen examples was observed with the other varieties of this
ecological-geographical group (Fig. 1).

b) Group convarietas pontica

The varieties of this group - Bagrina, Plovdina, Prokupatz, Skadarka and Vranatz -
exhibited a middle-high average percentage of killed buds. The results of investigations are
summarized in Table 2; they show:

- The lowest average percentages of killed buds were determined at ‘Radmilovatz’ in
1985/1986 and at ‘Bela Crkva'in 1984/1985.

- In the varieties of this group at the same locations and years of investigations, significant
differences were determined. The variety Vranatz exhibited a significantly higher percentage of
killed buds than the other varieties of this group.

- Between the locations and the years of the investigations statistical differences were
apparent by analysing the percentage of killed buds.

- All buds in this group of varieties were completely killed during the winter 1986/1987 at the
location ‘Svetozarevo'.

- At all locations the varieties exhibited the highest percentage of killed buds during the winter
1986/1987.

- Comparing the varieties of the group convar. orientalis with the varieties of the group
convar. pontica, the latter were found to have few killed buds after winters with extremely low
temperatures at almost every lcoation investigated. From the varieties of the group convar. pontica,
only Vranatz is similar to the varieties of the group convar. orientalis.

Behavior similar to that of the chosen examples was observed with the other varieties of this
ecological-geographical group (Fig. 2).

¢) Group convarietas occidentalis

The varieties of this group ~ Cabernet Sauvignon, Cabernet franc, Pinot noir, White Riesiing
and Italian Riesling - exhibited the lowest average percentage of killed buds taking into
consideration the locations and years investigated, compared with the varieties of the groups
convar. orientalis and convar. pontica. The results of the investigations which are summarized in
Table 3 show the following:

~ In the varieties of the group convar. -occidentalis the percentage of killed buds was from
5.4 % (Cabernet Sauvignon) to 32.1 % (Italian Riesling).



Tabie 1: The influence of low winter temperatures on the average percentages of killed buds in varieties of

convarietas orientalis

. v a r i e t e 8
Location/Year
Dattier of Red Shirey
Beyrouth Adacalca Bayan Hindogni Tavriz
% % % % %
1l.Location:"Radmilovatz"
1984/1985 37,94 26,74 26,22 22,65 23,18
1985/1986 62,05 65,18 64,90 64,02 68,97
1986/1987 90,38 89,83 96,06 87,18 88,07
2.Location:"Svetozarevo"
1984/1985 61,66 48,32 59,70 56,40 52,00
1985/1986 24,%0 25,13 48,30 32,08 30,40
1986/1987 loo,00 100,00 100,00 100,00 loo,00
3.Location:"Bela Crkva"
1984/1985 62,36 56,02 61,02 60,08 68,90
1985/1986 - - -- - -
1986/1987 82,40 80,30 76,40 69,40 65,40
LSDO’01
1LSD

0,05

(4313
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Fig. 1: Percentages of killed buds dependent on low winter temperatures in varieties belonging to different
ecological-geographical groups. Location ‘Radmilovatz’.



Table 2: The influence of low winter temperatures on the average percentages of killed buds in varieties of

convarietas pontica
v a i e t e s
Location/Year
Bagrina Plovdina Prokupatz Skadarka Vranatz
% % % % %
l.Location:"Radmilovatz"
1984/1985 26,63 46,15 30,91 31,48 58,77 **
1985/1986 42,60 46,12 * 38,32 31,60 64,88 **
1986/1987 84,44 93,51 82,14 78,55 96,41 **
2.Location:"Svetozarevo"
1984/1985 36,25 42,01 38,30 22,60 46,42
1985/1986 28,42 36,20 T 36,20 30,08 49,60 **
1986/1987 loo,00 100,00 100,00 loo0,00 loo,00
3.Location:"Béla Crkvah"
1984/1985 38,42 40,20 50,00 46,13 58,40 **
1985/1986 — - _— - -
1986/1987 64,06 66,30 61,90 68,40 74,09 **
LSD 0,01
LSD

1413

p uondas
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Fig. 2: Percentages of killed buds dependent on low winter temperatures in varieties belonging to different
ecological-geographical groups. Location ‘Svetozarevo’.
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Table 3: The influence of low winter temperatures on the average percentages of killed buds in varieties of

convarietas occidentalis

v a i e i e 8
Location/Year Cabernet Cabernet Pinot wWhite Italien
sauvignon franc noir Riesling Riesling
% % % % %
1.Location:"Radmilovatz"
1984/1985 12,29 11,00 11,26 14,59 11,07
1985/1986 lo,08 - 6,89 11,26 15,24 19,87
1986/1987 5,41 lo,60 15,90 15,50 28,30
2.Location:"Svetozarevo"
++
1984/1985 14,32 16,08 16,99 20,00 24,20
1985/1986 6,30 8,50 10,20 11,60 15,30
1986/1987 loo,00 loo,00 lo0,00 loo,o00 loo,00
3.Location:"Bela Crkva"
1984/1985 12,45 18,02 14,82 20,60 30,60 ++
1985/1986 - - - - -
1986/1987 15,66 21,65 20,00 20,86 22,13  ++
LSDo,ol
LSD

9¢t

$ UONDIg
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Fig. 3: Percentages of killed buds dependent on low winter temperatures in varieties belonging to different
ecological-geographical groups. Location ‘Bela Ckrva’,
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- All buds in the varieties of this group were killed during the winter 1986/1987 at
‘Svetozarevo'.

- Significant differences between the percentages of killed buds in this group were not
determined comparing individual locations in the same years of investigation and comparing the
years at the same locations.

- Significant differences were apparent between different varieties. The variety Italian Riesling
exhibited in all investigated years at the same locations significant and much higher percentages of
killed buds compared with the varieties Cabernet Sauvignon, Cabernet franc, Pinot noir and White
Riesling.

Behavior similar to that of the chosen examples was observed with the other varieties of this
ecological-geographical group (Fig. 3).

Otherwise, our investigations show that the Vitis vinifera varieties exhibit different resistances
to low winter temperatures depending on their origin. The most resistant varieties belong to the
group convar. occidentalis, and most sensitive are the varieties of the group convar. orientalis. The
varieties which are by origin from the same ecological-geographical group also exhibit different
resistance to winter temperatures.

The frost resistance of buds of grapevine varieties is also conditioned by pruning severity
(Crvpric and Briza 1982), trunk height (Jurcevic and Naxaramic 1969; MiLosaviLievic and
NakaLamic 1969), position on the cane (Avramov et al. 1987) and the water status of the organs
during winter (Cinoric 1975; Tapuanovic er al. 1988). Other significant factors include the length
of exposure of grapevine to low temperatures and the character of the low temperatures (snow, ice,
wind}).

The genetically conditioned resistance to low temperatures also depends on the method of
fertilization (nutrition) just before winters with extremely low temperatures (MiLosavLIEVIC et al.
1987).

Conclusions

Taking into consideration our investigations and published data about the percentage of
killed buds of the varieties belonging to different ecological-geographical groups during winters
with extremely low temperatures, we can conclude:

1. The temperature conditions during the years of the investigations at all 3 locations with
ampelographic collections resulted in significant percentages of killed buds. Extremely low winter
temperatures were apparent during 1986/1987 when -25 °C was the usual daily low temperature
and at ‘Svetozarevo’ -32 °C was observed during a short interval.

2. The varieties of the ecological-geographical group convar. occidentalis exhibited the
greatest bud frost resistance during 3 winters with very low temperatures, which was significantly
lower than the percentage of killed buds of the varieties of group convar. ponzica and much less than
the percentage ofkilled buds of the varieties of group convar. orientalis.

3. Atlocation ‘Svetozarevo’ during the winter 1986/1987 all buds were completely killed.

4. The investigated varieties exhibited the highest percentage of killed buds during the winter
1986/1987 at all locations. '

5. In conclusion we can say that the resistance of buds of a variety to low temperatures is
conditioned by a complex of many factors. The ecological-geographical origin of the variety is also
responsible for the resistance of the variety to low winter temperatures under our ecological
conditions. This is also very important when choosing parents for the creation of new adapted
varieties. .



Resistance/tolerance to abiotic stress factors 339

Literature

AVRAMOV, L; Toporovic, N.; Zunic, D.; RapuLovic, D.; 1987: Izmrzavanje okaca raznih sorti vinove loze
tokom zime 1986/1987 u belocrkvanskom vinogorju. Savremena poljoprivreda 35 (11-13), 565-672.

-~ ; ZUNIC, D.; 1986: Ocena otpornosti nekih domacih, novo stvorenih, standardnih i novo introdukovanih
stonih i vinskih sorti vinove loze na niske zimske temperature tokom 1984/1985 godine u uslovima
svetozarevackog vinogorja. Jugoslovensko vinogradarstvo i vinarstvo (7-8), 15-17.

- - ; - - ; 1986: Prilog oceni otpornosti sorti vinove loze na niske temperature kalemljenih i gajenih na
sopstvenom korenu u belocrkvanskom vinogorju. Jugoslovensko vinogradarstvo i vinarstvo (5), 6-12.

CINDRIC, P.; 1984: Otpornost vinove loze prema niskim temperaturama. Fiziologija vinove loze. Srpska
akademija nauka, Beograd, 147-174.

- ~; Jazic, Lj; Ruzic, N, 1983: Ispitivanje vrednosti introdukovanih sorata iklonova vinove loze u
fruskogorskom vinogorju. Vinogradarstvo i vinarstvo (37-38), 29-40.

KonNpo, I. M; 1959: Morozoustoicivost sortov i vozmoznost razsirenia ploscadi neukrivnoi kulturi vinograda v
severnoi Azii. Trudi NIIV “Magarac’, 8.

Lazic, S.; 1954: Zimski mrazevi u 1953/1954 godini i njihovo dejstvo na vinovu lozu u Vojvodini. Poljoprivreda
Vojvodine 11, 88-96.

~ ~ ; SuPICA, M,; ZoRzic, M,; 1968: Prilog poznavanju centara porekla sorti vinove loze. Arhiv za
poljoprivredne nauke, Beograd, 72, 86-96.

- = ; ZoRrzic, M,; 1956: Zimski mrazevi u 1955/1956 godini i njihovo dejstvo na vinovu lozu u Vojvodini.
Poljoprivreda Vojvodine 12, 70-85.

LunTz, O.; HAGU, G.; 1986: Os evjarit natiisa szolotermesztesiinkre a fajtak viselkendese. Szdlétermesztes es
Boraszat 12, 14-18.

MiLosAVLIEVIC, M,; VuliNovic, D.; Soskic, S.; 1987 Mineraina ishrana i otpornost zimskih okaca sorte
smederevke prema niskim zimskim temperaturama. Savremena poljoprivreda (9-10), 419-424.

NAGRU V; 1971: Fiziologija zimostoikosti i zasuhoustoicivosti plodovih i vinograda. Kisinev.
NEGRUL, A. M,; 1946: Klasifikacia vinograda. Ampelografia SSSR, Tom L.
PoGOsIAN, §.; 1967: Fiziologiceskie osobenosti morozoustoicivosti vinogradnogo rastenia. Erevan.

RaTtkovic, R; 1979 Uticaj meteoroloskih faktora na prinos i kvalitet grozdja nekih sorti vinove loze.
Vinogradarstvo i vinarstvo (29-32), 75-87.

TabuANoOVIC, Dj.; PuLnz, M; BIEKIC, S; Gasic, N.; 1988: Iznalazenje nekih faktora otpornosti sorti vinove
loze prema niskim temperaturama vazduha u fazi mirovanja. Savremena poljoprivreda (7-9), 449-460.

TURMANIDZE, L T.; 1981: Morozoustoikost i uslovi prezimovki vinograda. Klimat i urozai vinograda, 26-33.
Erevan.

Zunic, D.; 1988: Ekolosko geografska pripadnost vinskih sorti u SR Srbiji. (Magistarska teza).



340 Section 4
Frost resistance of grapevine cultivars of different origin

P. Cinpric, N. Korac

Faculry of Agriculture, University of Novi Sad, YU-2100 Novi Sad, Yugoslavia

Summary: The tests of resistance to low temperature which included a large number of grapevine
cultivars showed that the cultivars bore sign of their ecological-geographical and genetic origins with respect to
the resistance to low temperature.

The tests, conducted over several years, consisted of exposing cuttings of annual shoots to low temperature
in a cold chamber. The tests were repeated three times each winter, following the uniform method and time, in
order to be able to distinguish relative differences in the degree of resistance between the cultivars tested.

Most cultivars from Western Europe (occidentalis NEGR., gallica N£M.) had a high degree of resistance to
low temperature. They tended to reach the peak of the resistance in mid winter.

The cultivars from the continemtal part of the Balkans (pontica NEGR. balcanica NEGR) were
unanimously sensitive 10 low temperature. The cultivars from the warm Mediterranean climate of Southern
Europe (pontica NEGR,, balcanica NEGR. and occidentalis NEGR., iberica N£M.) were still more sensitive than
the cultivars in the previously mentioned group.

The wine cultivars developed from interspecific crosses of European grapevines and American species
exhibited a high degree of resistance in the middle and at the end of winter while the hybrids vinifera x
amurensis were highly resistant at the beginning and in the middle of winter. Both groups can be used as donors
of resistance to low temperature in programs of breeding cold hardy grapevine cultivars.

The tested table cultivars were found to be sensitive to low temperature, with the exception of the well-
known cultivars Muscat Hamburg and Chasselas and the new cultivars Strugurash and Moldova.

Key words: cold, resistance, b_reedirig, genetics, selection, geography, ecology, wine grape, table
grape, variety of vine.

Introduction

In many grape-growing regions consistent production depends largely on the occurrence of
low temperatures in winter. However, grapevine cultivars differ considerably in resistance to low
temperature (ZiLa1 1981, 1987). These differences are primarily due to genetic factors but they
may also depend on the method of growing as well as on actual climatic conditions in the period of
dormancy.

Ifitisintended to screen for a degree of inherited frost resistance, it is necessary to standardize
all other factors, i. e. the location and method of growing and the time and method of screening.
Even then it is not feasible to assess accurately the absolute values of frost resistance in individual
grapevine cultivars. If, however, all factors are made uniform and a uniform low temperature
treatment is applied, it is possible to obtain information on the relative frost resistance of the
cultivars compared. Low temperatures are a potential threat over a period of several months.
Grapevine cultivars tend to vary in the degree of frost resistance during that period. Some cultivars
are less resistant at the beginning, some in the middle and some at the end of the period. This
circumstance imposes a need for repeated screenings for frost resistance in the course of winter
(EirerT 1975).

The direction and intensity of biochemical and physiological processes which in fact
determine the degree of frost resistance in overwintering plant parts are directly affected by actual
temperature conditions preceding the occurrence of critical low temperatures (Koxpo 1970;
Pocosian 1975; Reuter 1975; MaruTiax 1978). As temperature conditions vary from one year
to another, screenings should be repeated for several years in order to secure reliable results.

The objective of this investigation was to establish differences in the degree of frost tolerance
among grapevine cultivars differing in geographic and genetic origins.



Resistance/tolerance 10 abiotic stress factors

Investigated cultivars and number of years investigated

341

Number of
Group Cultivar prime name Synonyms (parents) years |
investigate:
1. Cultivars
iriginating 1. Pinot gris Ruldnder 9
from 2. Pinot blanc Weissburgunder 9
West 3. Pinot noir Blauer Spiétburgunder 8
Eurape 4. Chardonnay - 9
5, Traminer - g
6. Riesling Rheinr Riesling 9
7. Italian Rizling Welschriesling 9
8. Miller-Thurgau - g
8. Sauvignon - 9
10, Muscat Ottonel - 9
11. Cabernet sauvignon - 9
12. Merlot - 9
2. Ancient 1. Medenac beli Honigler 7
Balkan 2. Ezerjo - 9
cultivars 3. Slankamenka crvena Plovdina crvena 9
cultivated in 4. Slankamenka bela - 5
continental 5. Kreaca Banati rizling 7
parts of 6. Bagrina - 6
the Balkans 7. S8mederevka Dimjat ]
8. Kevidinka Ruzica, Crvena Dinka 9
9. Prokupac Zaresin 8
10. Plovdina crna Pamid 7
11. Izséki Izsaki sarfehér 5
12. Sremska zelenika Szerémi zdld 7
3. Cultivars 1. Blatina - 7
cultivated 2. Vranac - 8
in south of 3, Kratodija - 5
Yugosiavia 4. Stanusina - 5
and south 5. Argmon - 7
of Europe 6. Carignan - 7
7. Refosk Terano d'Istria 5
8, Barbera - 5
9. Malvasia blanc - 5
10. Ugni blanc 8t. Emillion 5
11. Zilavka - 8

(Continued overleaf)
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Methods

In vitro test similar to that used by MueLLxer and Maver (1970), Guzuw er al. (1972),
Eirert (1975), Csernomorec (1976) and ScrorrLinG (1980) was used in this investigation.

Cuttings of annual shoots were exposed to low temperature in a cold chamber. After sampling
30 representative buds from each cultivar, the cuttings were first kept at -5 °C for 24 h and then the
temperature was lowered to -21°C art the rate of 3°C/h. That temperature was maintained for 12 h
and then raised gradually to room temperature. The tested materials were kept at room
temperature for 1 week and then scored for the number of survived winter buds. Central buds and
lateral buds were scored separaiely.

The 1est was repeated three times in the course of several winters: in late December, second
half of January and second half of February. These dates corresponded to cultivars resistance to
frost at the beginning, the middle and the end of winter.

Table (continued)

Number of
Group Cultivar prime name Synonyms (parents) of years
investigated
4. Cultivars 1. 8V 12-375 Villard blanc 8
originating from 2. SV 18-315 Villard nair 7
interspezific 3. Seibel 70-53 Chancellor 7
hybridzation 4. Seibel 49-86 Rayon d'or 7
5. Bianka (SV 12-375 x Bouvier) 7
6. Gocsei zamatos {5V 18-315 x Medoc noir) 8
7. Zalagybngye (SV 12-373 x Csaba gydnge) 9
8. Kunleany (BC; V.vinifera x ) 9
V.amurensis)
9. Kunbarat ( " ) 2
10. SK 77-12/86 Kunleany x Rulénder 8
11. SK 77-5/3 Kunbarat x Pinot noir 8
12. SK 77-14/17 Kunleany x M.Ottonel 8
5. Table 1. Cardinal - g
grape 2. Queen of vineyard Szolékertekkiralynije 9
cuitivars of 3. Chasselas Gutedel; Fendant k]
different 4. Italia - g
origin 5. Dattier de Beyrouth Afuz-ali; Regina g
6. Ribier Alfonse Lavallée * 9
7. Muscat Hamburg - 9
8. Muscat Poloskei (Zalagydnge x /Gloria-
hungarie x Erzsébet 7
kiralyne emléke/)

9. Ljana (Csaus x Pierelle) 9
10. 5V 20-473 Muscat de St. Vallier 9
1i. Strugurash {Koarna njagra x Pierelle} 9
12, Moldova {8V 12~375 x Guzalj kara} g
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Plant samples to be tested were taken from the ampelographic collection at Sremski Karlovci
in which all cultivars are grown according to the latest cultivation methods (Cinoric ef al. 1986).
The investigation was commenced in 1980/81 when the plants started to bear fruit and it was
continued for several years. Most cultivars were tested for 9 years, as presented in the table.

Let it be emphasized once again that all cultivars were tested uniformly with respect to
method and time. Therefore, the results should indicate those differences among the cultivars
which are genetically controlled.

The table presents some basic data for the cultivars tested. The cultivars had been grouped
according to their origin, location of large-scale commercial production or their use.

Results

1. Cultivars originating from Western Europe

According 1o their ecological-geographical classification, the cultivars from Western Europe
belong to convarietas occidentalis Necr. (NeGruL 1956), subconvarietas gallica Nem. (NEMETH
1976; Cserrear and ZiLa1 1976). In general, these cultivars exhibited a relatively high degree of
frost resistance (Fig. 1). Regarding the three dates of testing, their resistance was highest in mid
winter and lowest at the beginning of winter. A high level of resistance was exhibited by the cultivars
Riesling, Traminer and the cultivars from conculta Pinot (P.gris, P.blanc, P.noir and
Chardonnay). A somewhat lower resistance was displaved by Sauvignon, Iralian Riesling and
Miiller Thurgau. The cultivars Muscat Ottonel and Cabernet Sauvignon had a different pattern of
resistance in the course of winter — they reached the peak of the resistance in the second half of
February and not in mid January as the other cultivars in this group. Cserrect and Zizai {1576)
did not class Muscat Ottonel in the same group with the other cultivars but in convarietas oriemalis
NEGR., subconvarieias caspica NEor., along with the cultivar Chasselas. This appears 1o be correct
since Muscat Ottonel and Chasselas share not only a number of morphological characters but also
the patiern of frost resistance which is characteristic for the cultivars of subconvarietas caspica
Necr. (Crvpric er al. 1987). This supports the opinion of Garer (1958) that Muscat Ouonel
draws origin from Chasselas.

It should be mentioned that the cultivar Merlot had a perceptibly lower resistance in the
middle and at the end of winter than Cabernet Sauvignon, in spite of a number of similarities
between the two cultivars.

2. Old Balkan cultivars

Fig. 2 shows the results of the cold tests for cultivars grown in the continental part of the
Balkans. According to their ecological-geographical classification, NeMeTH (1976), Cseprect and
Ziai (1976) classed them in convarietas pontica NEGR., subconvarietas balcanica NeGr. In
general, their resistance 1o low temperature was low. Namely, most of them exhibited an
exceptionally low degree of resistance at the beginning of winter and a somewhat higher resistance
in the second half of winter. In the climatic conditions of their original habitat, these cultivars could
be grown successfully only when hilled before winter. After the introduction of modern cultivation
methods which imply high training and the omission of hilling as a regular agrotechnical practice,
the productivity of these cultivars became quite unstable. This, in addition to a somewhat lower
wine quality, was an important reason why these cultivars were abandoned from commercial
production in the last several decades.

3. Culrivars originating from southern parts of Yugoslavia and
Southern Europe

Fig. 3 shows the tested cultivars which are grown in warm regions of Southern Europe. Those
were well-known Southern French cultivars Aramon and Carignan, classed in convarietas
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occidentalis NeGr., subconvarietas iberica Newm., and cultivars native to the southern parts of
Yugoslavia (Macedonia, Monienegro, Herzegovina and Istria) which require a high temperature
sum to mature and which may be classed in convarietas pontica NeGR., subconvarietas balcanica
Necr. Of course, this classification does not apply to the cultivar Ugni blanc which has only
recently been introduced in southern parts of Yugoslavia. Fig. 3 shows that all of these cultivars had
a very low degree of frost resistance. This is quite understandabile since they come from regions
which are risk-free with respect to the occurrence of low temperatures in winter. These cultivars
may rightfully bear a collective name Vitis mediterranea Axpras., as suggested by ANDRASOVSKY
(1926) in his proposal of a polyphyletic classification (as cited by Kozma 1967).

4. Cultivars based on interspecific hybridization

Fig. 4 shows the results of the cold test for 12 wine cultivars which had been developed on the
basis of interspecific hybridization. The first 7 resulted from complex crossings between V. vinifera
cultivars and American species. The remaining 5 cultivars are interspecific crosses based on
V. amurensis. These two groups of genotypes were clearly distinctive with respect to resistance to
low temperature. The interspecific hybrids in the first group exhibited a particularly high degree of
resistance in the middle and at the end of winter. The interspecific hybrids based on V. amurensis
had a high degree of resistance at the beginning and in the middle of winter but their resistance was
diminished at the end of winter. The above data should be taken in consideration when breeding
new frost resistant cultivars. It was concluded that most cultivars from both groups of interspecific
hybrids may serve as donors of frost resistance. Understandably, best results would be obtained if
the inheritance bases of the two groups were combined.

The data presented in the graphs are sufficiently self-explanatory as to render a discussion of
individual cultivars unnecessary. Still, a new Hungarian cultivar, Bianka, developed by
J. Csizmazia and L. BEreznal (Csizmazia 1977), deserves to be mentioned for its high tolerance
to low temperature combined with early maturity, high resistance to major fungal diseases and
good wine quality (Maoros 1983). The cultivar Bianka is evidently superior in a number of
important biological characters to the hybrids Seyve Villard and Seibel which have extensively been
used in programs of interspecific crossings as donors of resistance to fungal diseases (VERDEREVSK!
and Vorrovics 1970; Csizmazia 1977; Ariewerpor 1979; Becker 1980, Becker and
ZiMMERMANN 1980; Doazan 1980; Vortovics 1981). Unfortunately, the cultivar Bianka is prone
to berry drop causing yield fluctuations from one year to another. In our new program of breeding
resistant cultivars, Bianka has been crossed to several vinifera x amurensis genotypes.

5. Table cultivars

It is common knowledge that the table cultivars are sensitive to low temperature. This
investigation indicated considerable differences in this character among the tested cultivars (Fig. 5).
Of the well-known table cultivars, Chasselas and Muscat Hamburg exhibited the highest level of
resistance. The cultivar Italia was less sensitive than Dattier de Beyrouth, Ribier, Cardinal and
Queen of Vineyards which in their turn confirmed their high sensitivity to frost.

Of the tested cultivars which are also resistant to fungal diseases, the cultivar Strugurash
displayed a surprisingly high level of resistance while Moldova had a relative high resistance. These
are two new cultivars developed by means of interspecific hybridization by ZsuraveLy and Guzun
in Kishinev (Korac 1989). The other interspecific table cultivars (Muscat Poeloeskei, Ljana and
Muscat de St. Vallier) were sensitive to low temperature.

Finally, it should be mentioned that the authors are aware that the results presented are based
on a single method of testing. Since the resistance to low temperature is a very complex biological
character, a more precise definition of cold hardiness in the tested cultivars would require a study of
other parameters too, €. g., date of budding in spring, fertility of lateral buds and regeneration
capacity following damage incurred by low temperature.
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Conclusion

The long-term testing of resistance to low temperature showed that certain cultivars bore in
themselves the sign of their ecological-geographical and genetic origins.

1. Most cultivars from Western Europe (convarietas occidentalis NeGR., subconvarietas
gallica NeEm.) exhibited a proportionally high resistance 1o low temperature. They tended to reach
the peak of the resistance in mid winter.

2. The cultivars which were previously grown or are still grown in the continental part of the
Balkans (convarietas pontica NEGR., subconvarietas halcanica Necr.) featured a low resistance to
low temperature and could be grown in that area only if hilling was regularly practised as a means
of prevention against low temperature in winter. ’

3. The cultivars from the warm Mediterranean climate of Southern Europe were sensitive to
low temperature. According to their ecological-geographical classification, these cultivars belong to
convarietas occidentalis NEGR., subconvarietas iberica NEm. and to convarietas pontica NEGr.,
subconvarietas balcanica NEGr.

4. The interspecific wine cultivars developed by crossing European grapevines to American
species may, in addition to the resistance to fungal diseases, serve as donors of resistance to low
temperature. A new Hungarian cultivar, Bianka, deserves to be mentioned for its positive
characters. The Euro-American hybrids displayed a high degree of resistance in the middle and at
the end of winter. On the other hand, the interspecific hybrids V. vinifera x V. amurensis exhibited
a high degree of resistance at the beginning and in the middle of winter. It is obvious that a
significant progress in breeding for resistance to low temperature could be achieved by combining
these two complex inheritance bases.

5. The true table cultivars such as Dattier de Beyrouth, Queen of Vineyard, Cardinal and
Ribier were highly sensitive to low temperature whereas the cultivar Italia performed somewhat
better. Of the well-known table cultivars, Muscat Hamburg displayed a relatively high degree of
resistance. Chasselas, another popular table-wine cultivar, also exhibited a relatively high
resistance, especially in the second half of winter.

Of the 5 interspecific table cultivars tested, the new Soviet cultivars, Strugurash and Moldova,
had a high level of resistance to low temperature.
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The effect of fertilizers on different wine grape varieties in model
container trials

J. ANprE and E. Haipu

Research Institute for Viticulture and Oenology, H-6001 Kecskemét, Hungary

Summary: Nutrient supply trials were carried out in model container trials with sandy soils adjusted to
low and high nutrient levels (P, K, Mg) for 16 varieties with 5 replications as determined from the averages of
years and varieties.

The utilization of high nutrient supply in the soil can be summed up as follows:
= Analysis darta revealed an increase of P in the leaf and wood but there was no change in the grape.

Potassium level increased in the leaf and wood but remained unchanged in the grape. Magnesium level

increased in the leaf and wood and also in the grape.

=~ Ofthe production indices an increase was observed in the green mass, wood mass, grape number and
grape weight but a decrease in mean grape weight and in the sugar and acid content of the must.

- ‘Winterhardiness increased slightly.
It was evident that some varieties differed considerably from the varietal mean in the evaluated parameters.

Key words: fenilizing, soil, nutrient, phosphorus, potassium, magnesium, leaf, wood, berry, yield,
must quality, cold hardiness, variety of vine, Hungary.

Trial target

To determine the effect of different P, K, Mg doses at identical N supply on
- the nutrient regime of wine grape varieties
- the development of the vegetative parts
~ the quantity and quality of fruit yield
- the winter hardiness of normally developed buds

Material and method
Type of trial: model trial in containers in plastic tents
Plastic tent: unheated

covered with plastic film from November till May
covered with net from May till November
Nutrient supply: storage supply: prior to planting P (P20 5), K (KZSO D) Mg
(MgSO,) homogenized with the soil
maintenancesupply: N (NH,NO,}in every year

Soil: sand
Soil parameters: pH(KC]) 8.1
K, 25

CaCo, (%) 45
H% 0.44-0.50
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Available soil nutrient content:

Origin After supply
Tow (1) high (2)

Al P,0, ppm 86 100 200

Al K,0 ppm 70 150 300

KClMg ppm 25 80 150
Water supply: irregular (compensating for winter precipitation)
Number of varieties: 16 (11 white wine grape varieties and 5 red wine grape varieties)
Number of replications: 5 plants/variety
Propagation material: standard cutting on its own root
Year of planting: 1982
Location: Kecskemét-Miklostelep

Analysis results

In leaves: This shows the nutrient requirement of varieties and their nutrient absorption
capacity.

Phosphorus

- Varieties of high P requirement and good P absorption: Sztyepnyak, Rheinriesling,
Chardonnay, Mikléstelep 7 )

- Varieties of low P requirement and good P absorption: Kunle4ny, Zalagydngye, Steiifschiller,
Medina

Potassium

- Varieties of high K requirement and good K absorption: Rheinriesling, Chardonnay,
Steinschiller, Zengd, Zweigelt, F. Kadarka, Blaufriankisch Tf.

- Varieties of low K requirement and good K absorption: Kunledny, Zalagyongye, Medina,
Ezerfurtii, Sztyepnyak

Magnesium

- Varieties of high Mg requirement and good Mg absorption: Chardonnay, Rheinriesling,
Sztyepnyak
- Variety oflow Mg requirement and good Mg absorption: RF 48

In fruit nutrient elements are generally not localized.
Phosphorus

The surplus P in berries (and leaves) resulting from high nutrient supply was not significant in
most varieties.
-~  Pcontentincreased in the varieties: Chardonnay, Rheinriesling

Potassium

At high nutrient supply the increase in K content found in leaves and berries was not
significant in the berries.
- Kcontentincreased in the berries of Rheinriesling.

Magnesium

- Mglevelinleaves has the same tendency as the Mg level in berries
- Nosuch tendency was found in the varieties: Kecskemét 9, Ezerfurtii, Sztyepnyak, Zengd
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PLANT PARTS NUTRIENT ELEMENTS in solids per cent
P K Mg
_ 0,40 1 1,6 5 T 040
2 W
030 1,2 1 030 1
LEAF !
) 0,20 | 08 0,20
0.0 A 0,4 1 010 -
)
0 0 0
0.30 4 1,2 - 030 -
wooD 020 08 - 020
0,104 0,4+ 0,10+
) )
o 0 0
0,40 - 1,6 7 0,40
FRUIT 0,301 1,2 4 0,304
0,201 0,8 - 0,20
0,10+ 0,41 0,10
)
0 - 0 0 -
Legend: 1 = low nutrient level
2 = high nutrient level .

Fig. 1: Analysis data in the mean of 6 years (1982-1987) and 16 varieties.



Analysis data in the mean of 6 years (1982-1987) for 16 varieties. The table presents the difference in P, K, Mg
values of plant parts expressed in solids per cent of each variety related to the low nutrient level
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In wood: Thisallows conclusions as to nutrient translocation and re-utilization.
Phosphorus

- Atlow nutrient supply there is no significant difference among varieties

= At high nutrient supply differences are considerable and specific for the variety
20-50% P increase: Zengd, Jubileum 75, Mikl6stelep 7, Blaufrankisch Tf., Zweigelt
No Pincrease: Kunledny, Zalagyongye, F. Kadarka, Medina
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Fig. 2: Cluster yield in the mean of 4 years (1984-1987) at low and high nutrient supply.
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Potassium

Even at low nutrient supply the increase of K level is considerable and specific for the variety.
In the majority of varieties the K increase in the wood has a tendency similar to that measured in the
leaves.

25-35 % Kincrease: Zengd, Blaufrinkisch Tf., RF 48, F. Kadarka, Zweigelt

No Kincrease: Chardonnay, Kecskemét 9, Steinschiller

Magnesium

At high and low nutrient supply the Mg level in the wood has a tendency similar to that in the
leaf with lower absolute values.
- The surplus uptake in leaves cannot be detected in the wood of the varieties: Chardonnay,
Sztyepnyak, Kunleany

Measurement results of plant parts

In the mean of 16 varieties, high nutrient availability from the soil in the tested years resulted in
the following:
- Increase in green mass, wood mass, cluster number, cluster weight
- Slight increase in winter tolerance of normally developed buds
=~ Decrease in mean cluster weight, sugar content of the must, acidity of the must
Varieties show considerable difference in means of the characters measured.
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Climatic resistance in some interspecific wine grape hybrid
families

EpirHaipu
Research Institute for Viticulture and Oenology, H-6001 Kecskemét, Hungary

Summary: Inthe lowland wine regions, which comprise almost half of the total wine production area in
Hungary, meteorological observations indicate that severe winter frosts and deficiencies in precipitation occur in
every 3rd year. Under these conditions, stable production requires varieties which can tolerate -23 to -25 °C and
can be grown at a low yearly precipitation of 350-400 mm.

A part of our breeding programme includes breeding of wine grape varieties with climatic resistance. In our
crosses interspecific and Eurasian hybrids are used as gene sources. In the progenies of hybrid families some
individuals with excellent winterhardiness have segregated. Their distribution and characters are presented.

Key words: Hungary, climate, cold, precipitation, winter, dormancy, bud, resistance, selection,
hybrid. -

Frequency of winters with severe frost in Hungary between 1902 and 1988

Year Cultivation mode

1928/1929 Low training
1941/1942 "o
1962/1963 "o
1963/1964 "o

1984/1985 High training
1986/1987 "o
1988/1989 o

Number of days with low temperatures below -21 °C during the
dormancy period (1 November - 10 March) in Hungary between
1951 and 1980 s

15

{ Csapb-Kozma , 1989)
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Results

The last three winters with severe frosts (1984/1985, 1986/1987, 1988/1989) exerted high
selection pressure on seedlings grown in the field on sandy soils under arid conditions. Selection
conditions were excellent for climate tolerance and especially for winter hardiness.
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Time

31. 03,1987,

1986 /1987 (=1l.)

Variations in air temperature during the dormancy period of the vine. Kecskemét-Mikléstelep
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In the winter of 1984/1985 (-23 °C) individuals of good winter tolerance, in the winter of
1986/1987 (-25 °C) individuals of good winter tolerance and relatively good frost tolerance, and at
the beginning of winter in 1988/1989 (-24 °C) individuals of good winter tolerance and early
dormancy could be selected.
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Winter tolerance and relative frost tolerance are well transmitted by the interspecific hybrid
varieties RF 48, Zalagydngye and Kunledny. The interspecific hybrid Kunledny used both as
female and male parent in reciprocal crosses transmitted good winter tolerance and also relatively
good frost tolerance.



Precipitation distribution per month and year in Kecskemét between 1982 and 1988
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Seedling distribution in some hybrid families based on winter hardiness of the main buds in three winters with severe frost

HYBRID CHARACTERISTICS:

N« seedling number in hybrid families
Year of seedling planting: 1983
Culfivation mode: high training

EVALUATION FOR WINTER TOLERANCE:

at sprouting: 23.April 1986 (= 1)
6.Mai 1987 (:II.}
19. April 1989 (.}

EVALUATION METHOD: scoring
0= no sprouting
5= 100% sprouting of
main buds

FREQUENCY %

crosses

Reciprocal

00—

(1984/1985, 1986/1987, 1988/1989 =L, 11, I11.)

IN HYBRIDS
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100 -
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Seedling distribution in some hybrid families based on winter hardiness of the main buds in three winters with severe frost
(1984/1985, 1986/1987,1988/1989 =L, IL, IIL)
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Seedling distribution in some hybrid families based on winter hardiness of the main buds in three winters with severe frost
(198471985, 1986/1987, 1988/1989 = 1,11, I1I.)
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Stomatal adaptation of grapevine leaves to water stress

H. During

Bundesforschungsanstalk fiir Rebenziichtung Geilweilerhof, D-6741 Siebeldingen, F. R. Germany

Summary: Stomata of grapevine leaves respond to the evaporative demand of the atmosphere and to
changes of soil water. Leaf epidermis and roots are regarded as sensors of air and soil humidity. Besides a
hydraulic communication between soil and leaf, non-hydraulic signals represent a metabolic communication
between roots and stomata: stomatal conductance, and thereby the rate of CO_ assimilation, of turgid vine leaves
declined when part of the roots was subjected to progressively drying soil -

Under water stress conditions stomata of leaves reduce transpiration and fully account for putative non-
stomatal inhibition of COz assimilation. They enable vine leaves to optimize their CO_ uptake to water loss ratio
(water use efficieny) under sometimes rapidly changing ambient and internal conditions. A close correlation
between CO2 assimilation and stomatal conductance indicates a precise functioning of stomatal action and
thereby a high water use efficiency, this correlation coefficient which is generally high in grapevines was
demonstrated to increase under water stress conditions. As a screening, the COz assimilation to stomatal
conductance ratio and the CO_ assimilation to transpiration ratio provide valuabie information on the water

»

economy of grapevine varieties under drought conditions.

Key words: leaf, stoma, root, photosynthesis, transpiration, water use efficiency, drought, resistance,
variety of vine, selection.

In periods of drought, leaves of grapevines are faced with a dilemma: CO, assimilation from
the atmosphere requires an intensive gas exchange, on the other hand the prevention of excessive
water loss demands a reduction of gas exchange. Both, CO, uptake and water loss are regulated
mainly by turgor-operated valves, the stomata. The ratio of CO2 assimilation rate of a leaf to its
transpiration rate, the water use efficiency (WUE), gives information about the economy of

Table 1: Gas exchange and water use efficiency of field-grown grapevine varieties

Phoenix Ga-—-47-42 Riesling
A, pmol-m™2-s7? 16,3 11,9 10,8
gcoz» mmol-m~2.s71 126 104 58
E, mmol-m™2.5"} 4,9 3,5 1,8
Ci, ppm 220 236 164
A/E 33 34 6.0
A/8coz 0,129 0,114 0,18
¢;/c, at constant 4, 0,63 0,67 0,47
WUE low low high
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transpirational water loss and, therefore, may help to identify drought tolerant varieties. As is
shown in Fig. 1, stomatal conductance of grapevine leaves controles the rate of transpiration and
has been reported to fully account for the inhibition of photosynthesis under water stress conditions
(DownTtox et al. 1988). Measurements of gas exchange of field-grown cultivars Phoenix,
Gf. Ga-47-42 and Riesling (drought tolerant) indicate that at light saturation, ambient CO,
concentration and favourablie air humidity and temperature the rate of photosynthesis (A),
stomatal conductance for CO, (g.,,), and transpiration (E) are highest in Phoenix and lowest in
Riesling; values of the intercellular CO, concentration (¢} were distinctly lower in Riesling. From
these results, the water use efficiency (WUE) can be derived as the A/E, A/g_, or ¢/c, ratio (at
constant leaf to air water vapour pressure difference) (Table 1). All three parameters confirm the
high WUE of Riesling which can be ascribed to its low stomatal conductance (DurinG 1987;
Doring and KuingenMEYER 1987). Partly closed stomata obviously lower the rate of
photosynthesis by decreasing intercellular concentration. But this reduction is relatively small
compared to transpiration, thus the WUE of Riesling is increased. Fig. 1 demonstrates that air
humidity affects stomatal conductance, an increasing leaf to air water vapour pressure difference
leading to a decrease of A, E and g. It is interesting to note that the correlation coefficients Aw-g
and g-A increase in water stressed vines, in Riesling more than in Silvaner leaves (Tabie 2). This
indicates a higher sensitivity of Riesling leaves to changes in air humidity and also an improved
tuning between stomatal conductance and CO2 assimilation under soil water stress: Stomata
operate more precisely (DtrinG 1988).

air humidify\
photosynthesis ¥ g +, stomatal — transpiratior

conductance
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Fig. 1: Stomata of vine leaves play a central role in optimizing gas exchange under changing conditions of
ambient soil and air humidity.
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The traditional view of the stomatal response to soil drying is that the leaf water potential and
turgor decline, thereby promoting stomatal closure. In a root split experiment we have shown that
besides hydraulic communications between roots and stomata (Fig. 1) non-hydraulic signals are
sent from the roots to the leaves which induce stomatal closure. Although the water potential and
turgor of the root split plant indicate a high leaf water status, the stressed part of its roots is
suggested to have induced stomatal closure (Fig.2). These preliminary results indicate that
stomatal closure of grapevine leaves can occur independently of any change in leaf turgor but varies
as a function of the amount of available soil water. From experiments with other plants it is
suggested that roots as sensitive organs measure the available soil water and communicate via
chemical signals with the stomata to optimize photosynthesis and transpiration. The ability to
sense changes of the available soil water and 1o induce stomatal closure before the leaf water
potential declines is assumed to be part of the adaptation mechanisms occurring between drought
tolerant rootstocks and scions.

turgor: high high low

stom.cond.: high low low
..O i
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Q_Q Q Q
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i
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Fig. 2: Root split experiments with 1-year-old Trollinger vines. The root split plant was partly defoliated to
compensate its limited water supply.
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Table 2: Correlation coefficients of the leaf to air water vapour pressure difference (4 ) versus stomatal
conductance (g) and of g versus CO2 assimilation (A) of unstressed and stressed Riesling and Silvaner vines

correlation coefficient
air humidity - stom. conductance —
variety stom. conductance CO, assimilation
Riesling unstressed -0,39 +0,63
stressed -0,82 +0,93
Silvaner unstressed -0,40 +0,78
stressed -0,72 +0,79
Phoenix
91 — grafted: 588 _——o0
--- ungrafted 0 14

A (Pmol-m'2~5'1)
N
E (mmol-m-2.s-1)

10 20 30 40 50 60
gcoz(mmol-m'2-5'1 )

Fig. 3: CO2 assimilation (A) and transpiration (E) of leaves of ungrafted and grafted Phoenix vines under
glasshouse conditions.
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Under glasshouse and field conditions several irrigated scion varieties grafied to Kober 5 BB
showed higher rates of photosynthesis compared to ungrafied varieties due to a higher
carboxylation efficiency (Fig.3). But only in 1- and 2-year-old vine varieties this higher CO2
assimilation rate led to increases of the WUE.

In further experiments we will examine the effects of increasing water stress on gas exchange of
grafied and ungrafted scions.
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Influence of drought stress on shoot, leaf growth, leaf water
potential, stomatal resistance in wine grape genotypes
(Vitis vinifera L.) 1)

G. Fanizza and L. Ricciarbi

Institute of Plant Breeding, University of Bari, Via Amendola, 165/A, I-70124 Bari, Italy

Summary: Most physiological and morphological tests suggested in the literature for drought resistance
are too sophisticated, time-consuming and sometimes unreliable. Quantitative data have indicated that plant
growth is very sensitive to water stress. Therefore the elongation rate of shoot and leaf characters (petiole,
lamina), which are simple parameters to measure, and leaf water potential and stomatal resistance were
determined on 5 sampling dates under water stress and non-stress conditions in different wine grape varieties
(Vitis vinifera). The leaf water potential and stomatal resistance show very little variability as well as low
correlation in the wine grape varieties considered. On the contrary, the weekly elongation rate of shoot and leaf
characters (petiole, lamina) shows high variability and highly significant correlations. Thus some of these
morphological characters (lamina and shoot elongation) might be used as test in the early phase (at seedling
stage) of a breeding selection program for drought resistance in Vitis.

Key words: drought, resistance, shoot, leaf, growth, hydration, analysis, statistics, test, selection,
variety of vine, Italy.

Introduction

The literature on drought resistance in plants indicates that almost any parameter of the plant
can be changed by water stress since plants are integrated organisms which present different
control mechanisms to adjust other processes for counterbalancing the water stress disturbances.
In Vitis, morphological characters, such as the degree of leaf succulence (DtUriNG and SciEnza
1980; Scienza 1983), the stomatal number (FreGon: et al. 1978; DurinG and Sciexza 1980;
Zamsont et al. 1985), root/shoot ratio (Screxza 1983), and physiological characters, such as leaf
water potential and stomatal resistance (SmarT 1974; FreGoni ef al. 1978; DORING and Scienza
1980; GiuLivo and Ramina 1981), leaf osmotic potential (DuriNG 1984), abscisic acid (Loveys
and KriepemaNN 1973; Frecont et al. 1978; Zamponi et al. 1985), have been considered as test
methods for drought resistance.

Most of the tests, suggested for annual or perennial species, are too sophisticated and time-
consuming. In addition, too few cuitivars are used for evaluation of the tests and they are not
randomly selected, making these methods unreliable in application. Hsiao and Acevepo (1974)
reviewed from literature on the sensitivity of plant processes to water stress; they list cell growth
(defined as cell expansion) as the most sensitive parameter to water deficit. Therefore, young leaves
and shoots, which present a high metabolic activity for the cell expansion, have been taken into
consideration and their growth rate determined as well as the leaf water potential and stomatal
resistance in different wine grape cultivars (V. vinifera) under water stress and non-stress
conditions. This research was carried out to study the variation and covariation among these
parameters to determine if some of them (the simplest to measure) are suitable for testing drought
resistance in the early phase (at seedling stage) of a grape breeding selection program. .

Materials and methods

The study was conducted on 2-year rooted cuttings of 16 wine grape cultivars (V. vinifera) of
different origin. Each genotype was grown as a single shoot in a large container (1 x 1 x 1 m) used to

1) Grant M.P1. 40 %.
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develop drought under more natural conditions, containers were protected from incidental
precipitation by a special plastic covering. All varieties were subject to water stressed and non-
stressed treatments. The stressed treatment was imposed by withholding irrigation from June 1
throughout the summer. The non-stressed plants were irrigated weekly to field capacity. A
completely randomized split plot design (with 4 replications for each variety and treatment) was
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applied. The leaf water potential (LWP), determinaed by a Scholander pressure chamber, was
taken from fully expanded young leaves in the upper third of the shoot; the stomatal resistance (Rs)
was measured with a steady state autoporometer on the abaxial surface of the same leaf and
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Fig. 2: Growth rate (weekly increase in cm) of shoot (0) and petiole iength ( B ) at 5 seasonal sampling dates
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repeated on all replications. Both measurements were recorded at midday on 5 sampling dates
(June 15 and 30, July 15 and 30, August 15) for both stressed and non-stressed plants.

The variations of the soil water potential were followed through the gravimetric method and
through the previously drawn soil moisture release curve for the estimation of the corresponding
values of the matrix potential.

The soil water potential of the non-stressed containers remained at about -0.05 MPa. The soil
water potential of the stress treatment continued to decline from June 1 without any interruption
and reached the value of about -1.0, -1.1 MPa on August 15. Young leaves (the second from the
shoot tip) were utilized to measure the weekly rate of growth of the lamina length (4L), lamina
width ( 4W), petiole length (4 P) in the 5 mentioned sampling dates; the weekly rate of shoot
elongation (4S) was also measured. All data were subject to the analysis of variance and Duncan
test for the 5 sampling dates, even though the results are reported only for some periods (Tables
1-4). Correlation coefficients between all physiological and morphological parameters were also
determined for stressed and non-stressed treatments. The log transformations of LWP data were
used for a more homogeneous variance.

Results and discussion

Quantitative data (Hs1ao 1973; Hsiao and Acevepo 1974) clearly established that growth is
extremely sensitive to water deficit and any reduction in tissue water potential reduces cell
expansion in plants. In this work the variation and covariation of the elongation rate of shoots and
young leaves, as well as the leaf water potential and stomatal resistance, were studied in several
wine grape cultivars grown under water stress and non-stress conditions.

Fig. 1 indicates that the mean leaf water potential of the 16 cultivars increases (more negative)
during the seasonal periods considered, in particular under stress condition, where it reaches about
-1.7MPa after 2.5 months from beginning of the stress. The stomatal resistance also tends to
increase under stress condition while it shows little seasonal variation under non-stress condition
due 1o the fact that the stomata are not very sensitive to optimal water conditions (Hsiao 1974).
Figs. 2 and 3 show that the weekly elongation rate of shoot and leaf characters (petiole, lamina)
increases in the first period of stress and then it decreases, while under non-stress condition it
increases except in the last observation periods. The graphs show the mean seasonal variation of
the cultivars considered for all the physiological and morphological parameters under water stress
and non-stress conditions but they do not indicate the difference among varieties. The analysis of
variance, reported only for two representative periods, shows no significant differences among
varieties and between treatments for all characters at 1 month of stress (Table 1), while significant
differences were detected after that period (Table 2) for the same characters, except for the leaf
water potential, which presents also low coefficient of variability (about 4 %) both under stress and
non-stress conditions. The stomatal resistance (Rs) shows some variability (CV=10%S and
6 % NS) but large variation was also detected among replications. In contrast, the weekly growth
rate of shoot and leaf characters presents a larger variability, in particular during the last period of
stress (Table 2, the CV was over 20 %). As significant differences among varieties were detected in
the last periods of stress (Table 2) a Duncan test was performed for these data even though it is only
reported for the last date (August 15) (Tables 3-4). Table 3 shows that there is little difference
among varieties in the leaf water potential for midday observations under stress and non-stress
conditions on the last sampling date but also the same trend appears in the other periods.

As far as the stomatal resistance is concerned, the difference among varieties was not tested
(Table 3) because of high variability among replications, which might be due to sampling error
attributable to circumstances external to the operator (leaf shading, leaf orientation etc.).

The elongation rate of shoot and leaf characters differs among varieties not only in the last
period of stress (Table 4) but also in other periods. Thus the study of the variability of our wine
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grape population suggests that the morphological characters are better parameters to discriminate
varieties under stress conditions. Correlation coefficients were also computed to study the
relationships among the physiological and morphological characters in order to choose those
which can be used as an index for drought resistance in Vitis. Table 5 shows that there is not a very
high correlation (r = 0.35) between leaf water potential and stomatal resistance under water stress
and no correlation (r = 0.01) under non-stress conditions. It has been shown (Hsi1a0 and Acevepo
1974; Westand Garr 1976; SyverTsen 1987) that stomata remain-unaffected until the leaf water
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Fig. 3: Growth rate (weekly increase in cm) of lamina length (M) and lamina width (o) at 5 seasonal sampling

dates under water stress (—-) and non-stress (———) treatments. Values are means of 16 wine grape cultivars.
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potential drops to a critical value and that the mechanism of stomata closure induced by water
deficit is not a simple loss of turgor from the leaf but rather a complex mechanism.

Low correlations were found among the physiological parameters (leaf water potential,
stomatal resistance) and morphological ones (elongation rate of shoot and leaf characters) under
stress condition, while no correlations were shown under non-stress condition. A lack of
correlation between leaf water potential and fruit growth has been found in citrus and other species

cy

1.1- 1.9
1.1- 1.6
-49
-59

Range
1.05-1.25
1.05-1.10
1.9- 4.2
2.0- 5.3
4.5- 6.8
3.7- 8.3
£.3- 8.2
4.0- 9.2

13
16

SE
0.01
.0
0.4
0.5
1.0
0.8
0.07
0.05
0.8
1.1

0.1
0.1

1

0
1.4
1.4
2.8
3.0
5.3
5.6
6.5
6.8

Mean
1
1

2
28

Treatments+
S
NS
S
NS
S

Table 1: Descriptive statistics for midday leaf water potential (LWP), stomatal resistance (Rs), and the growth
rate (weekly increase) of shoots (4 S), leaf characters (petiole length (4 P), lamina length (4 L), lamina width

(4 W)) at 1 month water stress (S) and non-stress treatments (NS) in 16 wine grapes

-])

+ No significant differences were detected by analysis of variance (F test) for treatments, varieties x
treatments, varieties. '

Variables

LWP
(-MPa)
Rs
{sec.cm
AS
{cm.)
AP
{cm.)
AL
{cm.)
AW
{cm.)



Table 2: Descriptive statistics for midday leaf water potential (LWP), stomatal resistance (Rs), and the growth
rate (weekly increase) of shoots (4S), leaf characters (petiole length (4P), lamina length (4L), lamina width
(4W)) at 2.5 months water stress (S) and non-stress treatments (NS) in 16 wine grapes

Variables an-eatments+ Mean SE Range cv v vx1’
LWP S 128** 1.7 0.07 1.6-1.7 4.0 0.01 n.s 0.1%*
(- MPa ) : NS 1.25 0.08 1.2-1.3 3.0
RS -1 S 440** 5.7 1.2 3.4- 8.1 10 0.04 n.s 3.1%*
(sec.cm ') NS 1.4 0.6 1.0- 1.9 6
AS S 326** 5.6 0.8 2.0-1 23 - 240%* 262%*
(cm.) NS 42.5 1.0 23 -73 18
AP S 207** 0.6 0.02 0.1- 1.3 29 0.7%* 1.3%*
{cm.) NS 3.5 0.06 2.2- 5.5 1
AL S 414** 1.8 0.1 0.5- 2.8 25 2.4%* 3.5%*
(cm.} NS 5.9 0.1 3.7- 8.2 n
AW S 642%* 2.4 0.7 1.3- 3.8 22 3.4%* 5.8%*
{cm.) NS 1.4 0.2 4.7- 9.8 10

* Variances and statistical significance by analysis of variance for treatments, varieties (V), varieties x treatments
(VxT) at .01 P level (**).
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Table 3: Cultivar means for midday leaf water potential (LWP) and stomatal resistance (Rs) at 2.5 months
water stress (S) and non-stress (NS) treatments

Cultivars Variables LWP (-MPa) Rs (sec.cm-])
treatments S NS NS
Teroldego 1.75a% 1.30a a.5" 1.4
Sangiovese 1.70a 1.30a 4.5 1.3
French Colomb. 1.70a 1.25ab 6.4 1.1
Peverella 1.70a 1.25ab 5.1 1.9
Montepulciano 1.70a 1.30a 6.7 1.4
Verdeca 1.70a 1.25ab 4.6 1.6
Sangiovese C. 1.70a 1.25ab 7.2 1.6
Aleatico 1.70a 1.25ab 4.6 1.1
Greco 1.65ab 1.25ab 6.7 1.5
Barbera 1.65ab 1.20b 4.1 1.3
Trebbiano 1.65ab 1.20b 4.4 1.1
Malvasia Candia 1.65ab 1.20b 8.1 1.4
Malvasia Nera 1.65ab 1.30a 7.5 1.1
Negro Amaro 1.65ab 1.20b 4.6 1.4
Bombino b. 1.65ab 1.20b 7.8 1.7
Rubired 1.60b 1.25ab 4.1 1.3

* Numbers in the same column followed by the same letter are

Duncan test.

+ The significant difference (Duncan test) are not reported because of the high sampling error within each

genotype.

not different at .01 P

level as determined by

Srduis aJe yotyM “100Us 341 JO JO BUILIE] 311 O 3181 UONBIUO[d ay3 “remonied uj -aoueisisal ySnolp

JOJ S3JIPUL UONDIIIS S pasn aq IS siarowered 3sayl Jo awos 18yl $18988ns sy -sidloeseyd
reotSojoydiows 311 SUOUIR UMOUS 2Jam SUONRA.LIOD Y3 A19A “IsenIu0d U "s3ssaooud Juapuadapur

ale siueid ayl Ul JINSO[D BIBWIOIS PUB JdUBIRQ JOJEM ‘YIMOIS [[90 [ONUOD 1Byl SWISIUBYIIW
Tes1sAyd Jo restSofotsSyd syi 1eys 198 31 01 anp 3q W SIY] (TLET NNYWANYY PUB ONIALTY)

8LE

 uonoag



Resistance/tolerance to abiotic stress factors 379

parameters 1o measure, might represent an easy and non destructive test method to be used in the
early phase (at seedling stage) of a breeding selection program for drought resistance in Vitis.
However, further studies are needed to apply this selection test for mature grapevines.
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Table S: Correlation coefficients of leaf water potential (LWP), stomatal resistance (Rs), and weekly growth rate
of shoot length (4S), lamina length (4L), lamina width (AW) and petiole length (4P) under water stress (above)
and non-stress (below) treatments
Variables Rs AS Al AW AP
LWP 0.35%* 0.31%* 0.36** 0.32** 0.33**
0.01 0.03 0.05 ‘ 0.04 0.02
Rs -0.-29** -0.33** -0.32%* -0.31** n
-0.05 -0.03 -0.04 -0.02 g
z.
3
AS 0.85%* 0.76** 0.73** -
0.76** 0.72%* 0.62**
AL 0.93** 0.91*
0.90** 0.87*
aW 0.87*
0.86*
* P< 0.05
*% P< 0.01
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Stomatal density in various Turkish grape cultivars

A.Erisand A. SovrLu

Department of Horticulture, Faculty of Agriculture, Uldag University, P. K. 343, 16180 Bursa, Turkey

Summary: In this study the number of stomata per unit area and dimensions of the stomata were
determined in 15 important Turkish grape cultivars which were 20 years old and grafied on Kober 5 BB
rootstock. Number of stomata per mm?® of area varied from 129 = 18 to 254 = 10, stomatal length ranged from
226 =26 umto 28.3 = 4.3 um, and stomatal width from 13.6 = 2.2 m to 18.6 = 3.2 ;um among cultivars. The
cultivars having minimum and maximum number of stomaia per unit area were Balbal and Pembe Gemre;
Erenkoy Beyazi and Miiskiile had minimum and maximum stomata size, respectively. Correlations between the
number of stomata per unit area and the stomatal length (r = 0.100), and width (r = 0.184), and between the
stomatal length and width (r = 0.493) were not significant among cultivars.

On the other hand, Balbal, Hafizali and Yapincak were found to be more tolerant than the other cuitivars.

The characteristics of the cultivars in relation to their drought tolerance and stomatal densities were
discussed.

Key words: stoma, leaf, transpiration, water, drought, resistance, variety of vine, Turkey.

Introduction

The vineyards of Anatolia are spread over the dry regions in which the summer rainfall is often
insufficient. For this reason vine growers make use of the spring and winter rainfall and give more
importance to special cultivation practices. Today more than 1000 grape cultivars (possibly some
of them are synonymous) are grown in Turkey. These cultivars are different from each other with
respect to their qualitative and physiological characteristics. In the adaptation to different
ecological conditions (e.g. drought) both rootstocks’ and cultivars’ own characteristics are
important factors to postpone dehydration. Deep root system, thick cutin, and good stomatal
control of transpiration as well as the capacity of protoplasm to endure desiccation are the main
factors in drought tolerance (KraMmer and KozrLowski 1979).

Root system development is dependent on the rootstock variety. Morphological features of
the leaves are also important in this respect. According 1o KisseLew (cited in Levitt 1980), the
small-leaf forms of Scorzonera survive a greater loss of water then the broad-leaf forms. Runvon
(cited in Kramer and Kozrowsk: 1979) found that the leaves of creosote bush produced during
moist weather are large and easily injured by water deficit, but the leaves produced during dry
weather can be dried to a saturation deficit of 50 %. Desiccation tolerance of the leaves also shows a
great variance between species. OppENHEIMER (cited in KraMER and Kozrowskr 1979) reported
that the leaves of almond could be dried to a saturation deficit of 70 % and olive to 60 % before
injury occurred, but fig dried to only 25 %.

The volume/surface ratio of the cells of drought tolerant plants is low. ILJII\ (cited in LevrTT
1980) concluded that this ratiois 1-2 in xerophyllic mosses; near 20 in sensitive cells; 5-10 in cells of
intermediate tolerance. MerieuUx ef al. (cited in Levitr 1980) found that Vitis vinifera plants
grown with low moisture have smaller cells and are more drought tolerant.

High osmotic pressure has also been regarded as an important adaptation to water Stress
(KraMEer and Kozrowski 1979).

The size and frequency of stomata have an importance in the physiology of the plants. The
relations between stomatal size and frequency and transpiration rate are still uncertain (VARDAR
1972). However, plants native to arid regions and regions with long summer droughts have heavily
cutinized leaves and very low transpiration rates after the stomata have closed (Kramer and
Kozrowski 1979). Stomatal frequency ofthe drought resistant xerophyte plantsis generally high
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Table 1: Stomatal frequency of various grape cultivars

Cultivars Yumber / e
Kozak Beyazi 201 £ 23
Siyah Razaki 205 + 25
Gavug 187 £ 16
Amasya 197 2 8
Miigkiile 1o 29
Alphonsel) 19 %9
Hafizali 12 £ 10
Sultani Gekirdeksiz 251 29
Tarsus Beyazi 153 29
Yapincak 192 ¢ 19
Balbal 129 # 18
Erenkdy Beyaz:i 151 £ 5
Pembe Gemre 25 £ 10
Okiizgozil 159 3 18
iskenderiye Misketi 18, + 24
Buca Razakisi 200 ¢ 19

1) To be considered only in ths calculation
of the correlation coefficients

(Varpar 1972). In addition, some variances have occurred in the structure of stomata of the plants
grown under different ecological conditions (Meip~NeR and MansrieLp 1968).

According to Smarrt (cited in Weaver 1976), stomata closed at a leaf water potential of
-13 bars in vines. In some vine cvs at pre-dawn water potentials down to -8 bars, assimilation and
especially transpiration were reduced (Dtring and KuingexMmever 1987). However, stomatal
control of transpiration rate varies among the species (Kramer and Kozrowskr 1979). Jonns and
Lazeney (cited in Levirr 1980) stated that stomatal control of senescing leaves may be ineffective
leading to their death, whereas young leaves are uninjured. Cv. Riesling, considered drought
tolerant, has low stomatal conductance resulting in high water use efficiency (ratio CO,
uptake/H,0 loss) and low hydraulic conductance (DtrinG 1988).
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The stomatal frequencies of some grape species, hybrids and cultivars have long been studied
(DUriNG 1980; Scienza and BoseLrr 1981; Dtzent: and Ercenocru 1988). Many factors can
affect the frequency and/or size of stomata such as nutritional conditions (BaLo et al. 1986), K
fertilization (BoseLL1 and Scienza 1983), N fertilization (RUHL and ImGraBex 1985), fungicide
applications (Sekera 1983), vine vigor, leaf position (ForLaNi et al. 1983), leaf maturity (DURING
1980), shading (Kramer and Kozrowski 1979), rootstocks and training systems (Dt zenwt and
ErGenocLu 1988).

In this study stomata size, density and drought tolerance of some Turkish grape cultivars were
determined and discussed.

Materials and methods

The following cultivars were used: Kozak Beyazi, Siyah Razaki, Cavus, Amasya, Miskiile,
Hafizali, Sultani Cekirdeksiz (Sultanina), Tarsus Beyazi, Yapincak, Balbal, Erenkéy Beyazi,
Pembe Gemre, Okiizgdzii, Iskenderiye Misketi (Muscat d'Alexandrie) and Buca Razakisi. The
cultivars were 20 years old and trained to Guyot and Cordon systems. All vines were grafted on
Kober 5 BB rootstock.

Stomatal counts were made on leaves taken from the 3rd-5thnodes afier the leaves had
reached full maturity. Nail polish, diluted in some degrees with acetone, was spread on the mid
portion of upper and lower surface of the leaves and later removed. These moulds were used for
countings and measurements. In total, 135 microscopic view fields were considered in the
countings. Stomata length and width were measured on 30 randomly selected stomata.

Drought tolerance of the cultivars was determined on plants obtained from rooted cuttings.
For this purpose, cuttings of the cultivars were collected just before spring, prepared with one bud
and set in boxes containing perlite, then placed in the greenhouse. Temperature was held between
25 and 28 °C. Cuttings leafed out and rooted in this environment and were watered and fertilized
with HoaGLanD nutrient solution (HoacLanp and Arvox 1950). After the shoots had 4-5 leaves,
watering was interrupted and the young plants were exposed to water stress. Plants did not receive
water during a period of 27 d. At the end of this period, plants were rewatered. The cultivars were
then evaluated for injury from water deficit. Wiiting of the leaves was recorded since it could be
used for indirect estimates of the water status (Kramer and Kozrowskr 1979) and drought
tolerance of the vine cvs (DUriNG 1988). In addition, yellowing of the leaves and the plants
completely injured from water deficit was also recorded. In total, 30 plants (3 x 10) of each cultivar
were used in the experiment.

Results

Stomatal density and size of stomata

No stomata were observed on the upper surface of the leaves. However, stomatal frequency
on the lower surface of the leaves revealed great variance among the cuiltivars (Table 1). Minimum
and maximum stomatal frequencies (number/mm?) were determined in Balbal (129 = 18) and
Pembe Gemre (254 = 10) cvs. The frequencies of other cultivars were between these two values.

Mean stoma length and width of the cultivars are shown in-Table 2. Some differences also
existed among the cultivars in this respect. Mean stoma length ranged from 22.6 =2.6 to 28.3
+4.3 um, and mean stoma width from 13.6 2.2 to0 18.6 = 3.2 pm. Miiskiile and Erenkoy Beyazi
cvs have maximum and minimum values of both stoma length and width, respectively.

When taking into account the cultivars together, the correlation coefficients between the
stomatal frequency and stoma length and width were found to be non-significant (r=0.100 and
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Table 2: Mean stoma length and width of various grape cultivars

Cultivars Sttz;im]).ength Sbomamv)r.i.dth
Kozak Beyazi 2640 4 345 184 # 2e4
Siyah Razak: 27.2 4 4.7 17.9 # 3.0
Gavug 25,7 4 3.6 17.6 + 2.6
Amasya 2/al + 3.4 17.2 # 2.3
Mitgkiile 28.3 + L3 18,6 3.2
Rlphonsel) v /wb % 3.3 18.4 % 2.6
Hafizali 24 + 3.6 1604 + 1.6
Sultan Gekirdeksiz il ¥ 3e2 17.2 + 2.0
Tarsus Beyazi 24e5 4 3e4 15.5 + 3.1
Yapincak 27.1 + 4ol 15.1 + 4edh
Balbal 23.0 + 3.3 16,1 + 2.4
Erenkdy Beyazi 2.6 + 2.6 13.6 % 2.2
Pembe Gemre 202 % 3.1 16.3 + 1.8
Okizgizi 23.8 + 3.0 16.6 + 3.1
Iskenderiye Misketi 25.0 + 3.8 174 % 3.3
Buca Razakisi 26,6 # 4u2 16.4 # 2.6

1) To be considered only in the calculation of the correlation coefficients

r=0.184, respectively). However, the correlation coefficient between stoma length and width was
relatively high, though not significant (r = 0.493).

Drought tolerance of the cultivars

The percentages of completely injured plants at the end of the 27 d water stress period are
shown in Table 3. The cultivars which suffered the most from water deficit were Cavus, Tarsus
Beyazi and Amasya. Balbal, Hafizali, Yapincak and Erenk6y Beyazi suffered much less injury than
the other cultivars. After rewatering, injury in some of the cultivars continued rapidly. For example,
total loss in Erenkdy Beyazi increased from 16.6 % to 86.6 %. On the other hand, this increase in
Yapincak was only 10 % in the last 7 d of the test period (Tabile 3).

Injury from water deficit began early and increased rapidly in some of the cultivars (e. g.
Amasya, Tarsus Beyazi and Cavus). Some of the cultivars could tolerate drought until a certain
time and then collapsed rapidly (e. g. Iskenderive Misketi, Erenkdy Beyazi and Buca Razakisi).
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Table 3: Percentages of the completely injured plants

Completely Injured Plants (%)

Cultivars At the end of At the end of
27 dars of 7 days after
untratering period rewatering point

Kozak Beyazi (No data obtained)

Siyah Razaka 30,0 56.6

Cavug _ 96.6 100

Amasya 100 100

Miigkiile 36.6 66.6

Hafizali 13.3 53.3

Sultani Gekirdeksiz 76.6 93.3

Tarsus Beyaza 100 100

Yapincak 16.6 26.6

Balbal 10.0 43.3

Erenkdy Beyazi 1646 86.6

Pembe Gemre 33.3 66.6

Okiizgozii 23.3 66.6

Iskenderiye Misketi 40,0 83.3

Buca Razakisi 33.3 70.0

Commencement of the injury was late and the total loss was low in Balbal and Yapincak (Fig.).
Siyah Razaki, Pembe Gemre, Hafizali, Okiizgozii and Miiskille were between the two extremes
and showed medium degree of injury.

Injury due to water deficit appeared first as yellowing and wilting of the leaves and was
followed by death of the shoots. However, yellowing of the leaves was much less distinct in Cavus
and Tarsus Beyazi cvs than in the other ones. Drooping leaves were the first sign in Cavus, at the
beginning of injury.

Discussion

There are few studies on the stomatal frequency of Turkish grape cultivars. Stomata were
found only on the lower surface of the leaves. This was also observed by DUrING (1980) in some
Vitis spp. and cvs. So the cultivars studied were shown to be hypostomatal.

Stomatal frequency of the cultivars varied from 129 = 18 to 254 = 10, which was generally
between the values found by other researchers in some Vitis spp. and cvs (DtrinG 1980; DUzeNL
and ErcenocLu 1988). The stomatal frequency of Sultani Cekirdeksiz found by Duzentr and
ErGenoGLU (1988) is very close to our result. But the value found by the same researchers for
Tarsus Beyazi (227-233) is different from our finding. This variance can be attributed to
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environmental and other factors (BoseLL1 and Scienza 1983; ForLang et al. 1983; RunL and
IMGRABEN 1985; BaLo er al. 1986; Duzenviand ErGENOGLU 1988).

Stomata length and width of the cultivars were found to be different. In general, stomata
lengths determined in this study, at least in some cultivars, were close to the value given for
V. vinifera (29.7 pm) by Kramer and Kozrowski (1979). However, the size of stomata can also be
changed by K (BoseLL! and Scienza 1983), fungidice applications (Sexkera 1983), and possibly
other factors.

The correlation between the size of stomata (as length and width) and the frequency was not
significant. A negative correlation between both characters has been observed in some plant
species (KraMer and KozLowskr 1979). The correlation between the length and width of stomata
was fairly high (r=0.493).

There were important differences among the cultivars with respect to their tolerance to water
deficit. The following relative order of the cultivars couid be given: Cavus, Amasya, Tarsus Beyazi
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and Sultani Cekirdeksiz are least tolerant; Yapincak and Balbal are most tolerant, and other
cultivars range between the two extremes. But these moderately tolerant cultivars have also shown
different degrees of tolerance.

The relations between stomata frequency and drought tolerance are uncertain. For example,
Tarsus Beyazi and Sultani Cekirdeksiz, which are considered to be sensitive cultivars, have 153 =9
and 251 =9 stomata/mm? of area, respectively. The same patternis also true for the tolerant cvs
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Balbal and Yapincak which have 129 = 18 and 192 = 19 stomata/mm?, respectively. The relations
between stomata size and tolerance are also uncertain. Other characteristics of the leaves (e. g. size,
firmness, hair density) may play a role in this respect. As a matter of fact, mature leaves of the
sensitive cultivars (Cavus, Amasya and Sultani Cekirdeksiz) are large and soft in structure. On the
other hand, Balbal and Yapincak also have relatively large and fairly soft leaves. The lower surface
of the leaves of Cavus and Tarsus Beyazi is densely covered with hair.

For the reasons mentioned above, it is difficult to state that there is a close relationship
between the leaf morphology and drought tolerance of the cultivars investigated. Stomatal closure
at certain water potentials can be useful to determine the drought tolerance (KraMEr and
Kozrowsk: 1979). Stomatal conductance and water use efficiency can also be helpful to
understand the differences among cultivars (DurinG 1988). In addition, field studies are needed in
this respect.
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Weather effects of stalk necrosis in Vitis
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Summary: A 5step physiological explanation is offered for correlations found by THEILER and
MCULLER (1986) between aspects of the weather at flowering and the incidence of stalk necrosis in grape. Four of
the steps are well supported in the literature and are discussed briefly.

The other step proposes that the development of xylem in the peduncle is stimulated by floral
evapotranspiration. This postulate is tested with measurements of xylem cross-sectional area in clusters taken
from vineyards located in diverse regions of New Zealand for which meteorological data were available.
Statistical analysis indicates a clear distinction between material from the climatic extremes and a significant
(P =0.05) correlation between calculated values of evapotranspiration during flowering and peduncular xylem
area.

The beginning of a physiological explanation for the seasonal effects on the incidence of stalk necrosis in
grape has stimulated studies which may allow the selection of non-sensitive varieties.

Key words: stiellachme, stalk necrosis, climate, flower, berry, peduncle, rachis, xylem, transpiration.

Introduction

In a recent publication TueiLer and MuLLer (1986) demonstrated strong correlations
between the incidence of stalk necrosis (variously known as bunch stem necrosis, shanking,
stiellahme, desstchement de la rafle) in Miiller-Thurgau grapes and a number of meteorological
variables including daytime temperature, sunshine hours and precipitation. Moreover, they noted
that these correlations existed only for weather conditions over the flowering period. They
suggested that something happens at this stage of development, the effects of which are apparent
only after veraison.

Tueier and MOLLER's results are provocative in two ways. They raise commercial questions
relating to the choice of variety, vineyard siting and canopy management, and they raise
physiological questions relating to the nature of the causal link between weather and stalk necrosis.
Our paper addresses the second of these aspects. A scheme is proposed which invokes a sequence
of causes and effects to explain the correlation. The scheme starts with weather and ends with stalk
necrosis (THEILER and MOLLER's correlative statement) and contains five linking steps. Four of thé
hypothesised steps are examined by reference to the literature and one by an experiment.

The hypothesis
The hypothesis is presented in summary form in Fig. 1. We shall consider it one step at a time.

Step (i) - weather : flower evapotranspiration

Here we propose that flower evapotranspiration is affected by the prevailing weather.
Although plants undoubtedly exert a strong control over evapotranspiration, this is only part of the
story and few would seriously dispute that water losses from an exposed plant organ are strongly
influenced by factors such as those identified by TuemLer and MtLLER (1986) viz. temperature,
insolation and rainfall. Models which describe how meteorological variables drive
evapotranspiration under a range of identified conditions are well established and their use is
commonplace in scientific research and irrigation management systems.
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Step (ii) - flower evapotranspiration : peduncle xylem area

In this step we propose that xylem area development in the peduncle is in proportion to the
mean evapotranspiration rate of the inflorescence during the flowering period. We suggest that the
xylem’s carrying capacity (area) is stimulated in some way by demand during the tissue
differentiation phase such that sap pressure gradient is stabilised. The flow : area link is consistent
with the observation that in a very wide range of plants and organs xylem sap flow is related to the
cross-sectional area of the xylem tissues (S1au 1971; Zimmermany and Brown 1971). We examine
this relationship in the second part of our paper with an experiment.

Step (iii) - peduncle xylem area : xylem/phloem sap flow ratio

As with xylem areas and flows discussed above, translocation flow bears a close relation to the
area of cross section of the phloem. Indeed the relationship, usually expressed as specific mass
transfer or flux density (Evans and Dunstone 1970; Canny 1973), is most remarkably constant
across a wide range of size scales, plant organs and genera. Now it is axiomatic that something
which influences one variable will also influence the ratio which this variable bears to another. In the
present situation, all else being equal, it follows that xylem area change may be assumed to result in
a changed ratio of xylem to phloem tissues and this may fairly be taken to indicate a change in the
ratio of their sap flows.

Step (iv) - xylem/phloem sap flow ratio : Ca/K content of cluster

Potassium has for a long time been known to be strongly phloem mobile forming the
dominant cationic species in extracted sieve tube sap (Z1eGLER 1975). Calcium on the other hand is
traditionally thought of as phloem immobile (Marscuxer 1983). Both ions are of course freely
mobile in the xylem sap. The generally low levels of Ca and high levels of K in fruits are thought to
arise through a common pattern of growth in which the xylem, while making a significant early
contribution to growth, is largely replaced by a dominant phloem contribution later on (Simox
1978). This state of affairs has led to the idea that some classes of mineral imbalance disorders may
result from imbalance between phloem and xylem supplies (FErguson and WaTkins 1989).

weather
{ ()

flovier evapotranspiration

(ii)

peduncle xylem area
| i)

xylem/phloem sap flow ratio
‘ {iv) .

Ca and K content of cluster
)

stalk necrosis

Fig. 1: A sequence of five steps by which it is proposed the weather at flowering affects the incidence of stalk
necrosis. Each step is in the formofa subsidiary hypothesis, viz. weather effects flower evapotranspiration,
which affects peduncle xylem area, and so on.
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Step(v) - Ca and K in cluster : stalk necrosis