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Abstract: The objective of this work was to characterize the phenology and the vi-
ticultural performance of advanced selections of grapevines resistant to fungal
diseases obtained by the Julius Kihn Institute, Institute for Grapevine Breeding
Geilweilerhof. The experiment was conducted in three different grape-growing re-
gions of Santa Catarina State, Brazil, in the municipalities of Videira (840 m), Sao
Joaquim (1110 m) and Curitibanos (1000 m) during the seasons of 2018/2019 and
2019/2020. The advanced selections evaluated were the reds Gf.2004-043-0010
(Gf.10), Gf.2004-043-0013 (Gf.13), Gf.2004-043-0021(Gf.21) and the white Gf.2004-
043-0004 (Gf.04). We found that pyramided loci Rpv1+Rpv3.1 and Runl+Ren3 were
present, which confer resistance to downy mildew and powdery mildew, respec-
tively. The phenological stages events evaluated were budbreak, full bloom, verai-
son and maturity. The productive variables evaluated were fertility index, number
of clusters, cluster weight and yield. Technological maturity parameters were sol-
uble solids, total acidity and pH. To understand the relationship between the vari-
ables and whether these relationships changed depending on the cultivation envi-
ronment the Multi-Trait Genotype—Ildeotype Distance Index was used to rank the
genotypes based on the analyzed traits. For most selections, the budbreak occurred
in the second half of September; full bloom occurred from late October to mid-No-
vember; the veraison occurred between the end of December and mid-January; and
maturity occurred between the end of January and February. The earliest budbreak
occurred in the vineyard located at the highest altitude (1110 m - S3o Joaquim),
while the earliest full bloom, veraison and maturity occurred in the lowest altitude
vineyard (840 m — Videira). All selections produced grapes with adequate concen-
trations of pH and total acidity to produce quality wines. Except for Gf.13, all se-
lections produced grapes with levels of soluble solids suitable to produce quality
wines. Based on the Multi-Trait Genotype—Ideotype Distance Index (MGIDI) the se-
lections Gf.13 and Gf.10 are the most promising genotypes for the Videira region
(840 m) and Gf.10 is the most promising genotype for the regions of higher altitude,
1000 m and 1110 m.

Index Terms: Vitis vinifera, climatic conditions, viticultural performance.
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Desempenho viticola de diferentes selecoes
avancadas de videiras resistentes a doencas
fungicas em trés diferentes altitudes no Sul
do Brasil

Resumo: O objetivo deste trabalho foi caracterizar a fenologia e o desempenho viticola
de diferentes selecdes avancadas de videiras resistentes a doencas fungicas obtidas pelo
Instituto Julius Kiihn, Institute for Grapevine Breeding Geilweilerhof. O experimento foi con-
duzido em trés diferentes regides vitivinicolas do Estado de Santa Catarina, Brasil, nos muni-
cipios de Videira (840 m), Sdo Joaquim (1.110 m) e Curitibanos (1.000 m) durante as safras de
2018/2019 e 2019/ 2020. As selecbes avancadas avaliadas foram as tintas Gf.2004-043-0010
(Gf.10), Gf.2004-043-0013 (Gf.13), Gf.2004-043-0021(Gf.21) e a branca Gf. 2004-043-0004
(Gf.04). Elas apresentam os alelos de resisténcia piramidados Rpv1+Rpv3.1 e Runl+Ren3,
que conferem resisténcia ao mildio e ao oidio. Os estadios fenolégicos avaliados foram bro-
tacao, plena floragao, mudanca de cor das bagas e maturacao. Os componentes de produti-
vidade avaliados foram indice de fertilidade, nimero de cachos, peso de cachos e produti-
vidade. Os parametros de maturagdo tecnoldgica foram sélidos soluveis, acidez total e pH.
Para entender a relacdao entre as varidveis e como o ambiente de cultivo se relacionava com
elas, foi utilizado o indice Multi-Trait Genotype—Ideotype Distance para classificar os genéti-
pos com base nas caracteristicas analisadas. Para a maioria das selec¢des, a brotagdo ocorreu
na segunda quinzena de setembro; a plena floracdao ocorreu do final de outubro a meados
de novembro; a mudanca de cor das bagas ocorreu entre o final de dezembro e meados de
janeiro; e a maturidade e a colheita ocorreram entre o final de janeiro e fevereiro. A brota-
cdo das plantas ocorreu mais precocemente no vinhedo localizado na maior altitude (1.110
m - Sdo Joaquim), enquanto a plena floracdo, a mudanca de cor das bagas e a maturidade
mais precoce ocorreram no vinhedo de menor altitude (840 m - Videira). Todas as selecbes
produziram uvas com concentra¢des adequadas de pH e de acidez total para a producdo de
vinhos de qualidade. Com excec¢ao do Gf.13, todas as sele¢des produziram uvas com teores
de sélidos soluveis adequados a produgado de vinhos de qualidade. Com base no Multi-Trait
Genotype—ldeotype Distance Index (MGIDI), as sele¢des Gf.13 e Gf.10 sdo os gendtipos mais
promissores para a regidao de Videira (840 m), e Gf.10 é o gendtipo mais promissor para as
regioes de maior altitude, 1.000 me 1.110 m.

Termos para Indexagao: Vitis vinifera, condi¢des climaticas, desempenho viticola

favorable environmental conditions (rela-
tive humidity above 90%, mild temperatures
and leaf wetness for more than two hours)
make downy mildew (Plasmopara viticola) to
be one of the most important diseases. The
oomycetes infect all the green parts of the
vine, leaves and clusters, and throughout the
development of the vine, there are numerous
cycles of infection, which are responsible for

Introduction

From the 2000s onwards, viticulture in Santa
Catarina State began to grow, based on alti-
tude vineyards installed in regions above 800
m of altitude (VIANNA et al., 2016). Studies
report that the altitude regions of Santa
Catarina have their own and distinct charac-
teristics from other Brazilian wine producing

regions (BRIGHENTI et al., 2014; WURZ et al.,
2020; MARCON FILHO et al., 2021).

However, in southern Brazil, the combination
of susceptible cultivars (Vitis vinifera) and

the reduction of production, both quantita-
tively and qualitatively (DE BEM et al., 2015).

Controlling downy mildew often requires ex-
cessive use of fungicides, especially in tem-



perate and rainy regions, to prevent epidem-
ics and obtain grapes of quality for wine. To
have economically and environmentally sus-
tainable viticulture, a decrease on the the
amount of fungicide used is required. The
best alternative is the use of new varieties
with resistanceto downy mildew and pow-
dery mildew (DE BEM et al., 2020).Thus, the
present study reports the response of new
grapevine varieties carrying distinct resis-
tance genes to powdery and downy mildew,
which were grownin distinct environments
in the south of Brazil.

The development of new varieties with dis-
ease resistance is obtained by cross- ing
European varieties (V. vinifera) with American
or Asian germplasm (Vitis sp.), that enclose re-
sistant genes, followed by backcrossings with
V. vinifera germoplasm to restore wine qual-
ity. These new varieties, which combine re-
sistance and wine quality, are known as PIWI,
an abbreviation term “Pilswiederstangfahige”,
referring to grape varieties resistant to fungal
diseases (VEZZULLI et al., 2017). Thus, reduc-
tion of fungicide dependency has the poten-
tial to contribute substantially to of viticulture
sustainability.

Currently, Germany is one of the great centers
of grapevine breeding in the world. Breeding
programs in Germany commenced at the end
of the nineteenth century, the period of dra-
matic changes regarding novel pests (phyl-
loxera) and diseases (downy and powdery
mildew) in Europe. Today, one of the most
important breeding programs is conduct-
ed by the Institute for Grapevine Breeding
of Geilweilerhof, which belongs to the Julius
Kihn Institute (JKI), the federal research cen-
ter for cultivated plants and is focused on
wine grape breeding using marker-assisted
selection (MAS) (RUEHL et al., 2015).

In Germany, in the second half of 20" cen-
tury, Professor Gerhardt Alleweldt and his
team did pioneer work developing the culti-
vars Phoenix (Bacchus x Villard blanc) and, in
particular, Regent (Diana x Chambourcin). A
major breakthrough for grapevine resistance
breeding was achieved when these new cul-
tivars became classified for quality wine pro-

duction. Both cultivars were the first to be ac-
cepted by wine growers for their high quality
and good resistance. Other cultivars followed
in Germany, and today the potential and ne-
cessity of grapevine resistance breeding is be-
yond question (RUEHL et al., 2015).

Current new cultivars show an average re-
duction of plant protection requirement
of approximately two-thirds. They are fre-
guently carrying one major resistance locus.
For the next-generation cultivars, pyramiding
of some resistance loci should be the pre-
requisite. It will be a matter of choices if the
combination of two or three resistance loci
should be the goal. As long as the scientists
do not understand the mechanisms of resis-
tance of the loci to be pyramided, the best
guess is to combine, for example, up to three
loci from diverse origins to achieve durability
as good as possible (RUEHL et al., 2015).

Genotypes grown in different environments
can show different performances. The envi-
ronment corresponds to all the factors that
affect the development of plants that are
not of genetic origin. The difference in the
performance of genotypes in different envi-
ronments is called genotype x environment
interaction, which will result in a particular
phenotype (EIBACH; TOPFER, 2015). In this
sense, to determine the potential of new
grapevine varieties in a region, it is import-
ant to carry out studies and research on cli-
matic characteristics, phenology and adapta-
tion of the varieties (PARKER et al., 2011).

Therefore, the objective of the present work
was to characterize the phenology and the
viticultural performance of advanced selec-
tions of grapevines resistant to fungal dis-
eases in three different altitude ranges in
southern Brazil.

Material and methods

The experiment was conducted in three
different grape-growing regions of Santa
Catarina State, Brazil, in the municipalities
of Videira, Sao Joaquim and Curitibanos
during the seasons of 2018/2019 and
2019/2020. The vineyard in Videira is locat-



ed at Epagri Experimental Station (27°01’S,
51°08’W, altitude 840 m), the vineyard in
Sao Joaquim is located at Suzin Winery
(28°13’S, 50°4’ W, altitude 1110 m) and
the last vineyard in Curitibanos is locat-
ed at Santa Catarina Federal University
Experimental Vineyard (27°16" S, 50°30" W,
altitude 1000 m).

The climate in those regions is Cfb - humid
mesothermic, according to the Koppen-
Geiger climate classification (PEEL et al.,
2007). According to the Brazilian Soil
Classification System, the soil in S3o Joaquim
is an Inceptisol, characterized as having high
levels of clay (485 g kg') and organic mat-
ter (69 g kg?); in Curitibanos the soil type
is cambisol haplic, which is characterized as
having a high level of clay (550 g kg); and in
Videira the soils were classified as Nitossolo
Bruno Distrophic clay texture, moderately
plain to slightly undulated landscape, which
corresponding to a Typic Hapludox (SANTOS
et al., 2013).

Advanced selections obtained by the “Institute
for Grapevine Breeding Geilweilerhof”, which
is part of the Julius Kuhn Institute in Germany,
were evaluated in the three locations.
These selections present the pyramided loci
Rpv1+Rpv3.1 and Runl+Ren3, which confer
resistance to downy mildew and powdery
mildew, respectively. The advanced selections
evaluated were the red Gf.2004-043-0010
(Gf.10), Gf.2004-043-0013 (Gf.13), Gf.2004-
043-0021(Gf.21) and the white Gf.2004-043-
0004 (Gf.04).

In addition to resistance to downy mildew
and powdery mildew, it was reported that
the selections Gf. 2004-043-0010, Gf. 2004-
043-0013 and Gf. 2004-043-0021, have mod-
erate susceptibility to anthracnose, caused
by the causal agent Elsinoé ampelina, where-
as Gf. 2004-043-0004, has high susceptibility
to the pathogen (DIAS et al., 2022).

All the plants were grafted on ‘Paulsen 1103’
The vineyard was planted in September 2017
with plants spaced at 3.0x1.2 m. They were
trained in vertical shooting position (VSP)
trellis, with double spur pruning. We used a

randomized block design with five replicates
of ten plants of each selection, for a total of
200 plants

The phenological scale and date of occur-
rence of each phenological stage were record-
ed between pruning and maturity. The four
main phenological events were budbreak, full
bloom, veraison (change in berry skin color)
and maturity (BAILLOD; BAGGIOLLINI, 1993).
Dates of occurrence of the main phenological
events were compared with other PIWI culti-
vars grown in the regions.

The productive components evaluated were
fertility index, number of clusters, cluster
weight (g), productivity per vine (kg) and es-
timated vyield (t ha'). Technological maturity
analyses were performed at the Laboratories
of Epagri. Analyses of soluble solids (°Brix), to-
tal acidity (meq L?) and pH, were performed
on grape must, according to the methodolo-
gy proposed by the OIV (2009). Soluble sol-
ids (°Brix) were measured using an optical
refractometer (model Instrutherm RTD-45)
with temperature correction. The pH was
measured with a pH meter (model MP 220
Metler-Toledo). Total acidity was measured
by a titration method with a 10-mL aliquot of
juice with standardized 0.1 M NaOH.

All analyzes were performed in the R soft-
ware (R CORE TEAM, 2022) using the metan
package (OLIVOTO; LUCIO, 2020). For the
analysis of the genotype x environment in-
teraction, each combination of altitude and
vintage was considered as a unique environ-
ment. Each variable was analyzed using the
gamem_met function of the metan package
(OLIVOTO; LUCIO, 2020), using a linear ran-
dom effect model. A graph showing the vari-
ance components was constructed. For the
estimates of the genotype x environment
interaction, an AMMI2 biplot (GAUCH, 2013)
was built with the performs_ammi function
of the metan package and shown for the
variables yield, pH, soluble solids (SS) and to-
tal acidity (TA).

To understand the relationship between the
variables and whether these relationships
changed depending on the cultivation envi-



ronment, a network-type graph was built for
each cultivation site. In each environment,
the Multi-Trait Genotype—Ildeotype Distance
Index (MGIDI index) (OLIVOTO; NARDINO,
2021) was used to rank the genotypes based
on the analyzed characteristics. For this, the
average of the BLUPs of the two years in
each location was used. Positive desirable
gains were used for all variables except TA.
The selection gains were computed consid-
ering the selection of the genotype with the
best ranking in the MGIDI index within each
environment.

Results and discussion

The budbreak of most selections occurred in
the second half of September, on average,
the earliest budbreak occurred in the vine-
yard located at the highest altitude (1110
m - S3o Joaquim). Among the evaluated se-
lections, it was found that Gf.13 presented
the earliest budbreak. At higher altitude, a
smaller variation in the average budbreak
date was observed (1 to 7 days), while at the
lower altitude the variation in budbreak date
was greater, in some cases reaching more
than 20 days (Table 1).

Table 1. Average dates of the main phenological stages of PIWI advanced selections in different alti-

tude ranges of Santa Catarina State, Brazil.

Genotype Altitude Budbreak
840 m 22-sep £ 11
Gf.2004-043-0004 1000 m 28-sep + 16
1110 m 12-sep + 1
840 m 20-sep = 11
Gf.2004-043-0010 1000 m 28-sep+ 14
1110 m 17-sep £ 4
840m 11-sep + 21
Gf.2004-043-0013 1000 m 25-sep 7
1110 m 05-sep + 4
840m 19-sep £ 15
Gf.2004-043-0021 1000 m 07-oct + 23
1110 m 15-sep £ 7

On average, full bloom occurred from late
October to mid-November. The earliest full
bloom occurred in the lower altitude vine-
yard. Despite the little difference between
the genotypes, it was observed that Gf.
21 showed the earliest flowering (Table 1,
Figure 1). In the 2020 vintage at Sao Joaquim
(1110 m) there was a severe reduction in the
number of clusters, particularly in Gf.21 se-
lection, due a late frost that hit the experi-
ment site in September 2019.

The veraison period occurred between the
end of December and mid-January, once again
the vineyard located in the lower altitude re-
gion exhibited the earliest color change and
the smallest fluctuations in the color change
dates were verified in the vineyard located at
higher altitude (Table 1, Figure 1).

Maturity occurred between the end of
January and February. The earliest harvest

Full Bloom Veraison Maturity

31-oct + 12 01-jan + 24 26-jan £ 9
30-nov + 2 24-jan £ 21 23-feb+ 6
19-nov + 4 15-jan + 4 15-feb £+ 3
26-oct £ 12 16-dec + 17 22-jan+ 8
05-dec £ 4 25-jan £ 19 23-feb £ 6
14-nov + 1 22-jan + 16 25-feb £ 12
26-oct+ 15 20-dec £ 19 24-jan £ 11
28-nov + 12 03-jan+9 15-feb £ 5
13-nov % 11 06-jan + 10 20-feb + 21
24-oct £ 11 22-dec + 16 25an £ 11
26-nov + 14 21jan £ 1 15-feb £ 5
14-nov + 1 11-jan £ 1 09-feb + 6

was carried out in the lower altitude region,
and the smallest variation in the average
harvest date was observed in the Gf.04 se-
lection (Table 1, Figure 1).

In a previous study that evaluated the perfor-
mance of PIWI varieties in Videira (840 m),
it was observed that the average budbreak
date of Calardis Blanc occurred on September
6, Bronner on September 11 and Felicia on
August 29 (BRIGHENTI et al., 2019). In Sao
Joaquim (1110 m) the average budbreak date
of Calardis Blanc occurred on September 4,
Aromera on September 12 and Felicia on
August 30 (SOUZA et al., 2019). The budbreak
date was similar to Merlot and Sangiovese
(September 15) and similar to Sauvignon
Blanc (September 22) (BRIGHENTI et al.,
2013; BRIGHENTI et al., 2014). The late bud-
break is favorable to prevent damage by late
frosts that are common in higher altitude re-
gions (MASSIGNAM and DITTRICH, 1998).
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Figure 1. Chronological lenght (days) of each phenological stage of PIWI advanced selections in dif-
ferent altitude ranges of Santa Catarina State, Brazil.

Phenology is considered an evident mani-
festation of the genotype-environment in-
teraction. A strong relationship between
climatic aspects and the extension of phe-
nological stages has been shown (CAFFARA;
ECCEL, 2011). In the present study, phenol-
ogy can be explained by the low tempera-
tures observed in the region of highest al-
titude (Table 1), resulting in a prolongation
of early development stages of the vine. In
this case, differences in the extent of the
cycles can be explained by the temperature
that occurred in distinct places. When a re-
gion has higher average temperatures than
others, the vine growth cycle is accelerat-
ed due to higher heat accumulation and
starting ripening in advance (MUNIZ et al.,
2015).

Besides the actual date of each phenological
event, the interval between events, which
gives an indication of the overall climate during
those periods, was also evaluated in the pres-
ent work. The selection Gf.13 presented the
longest cycle cultivated at 1110 m (168 days)
and at 840 m (135 days); at the intermediate
altitude site (1000 m) Gf.04 and Gf.10 had the
longest cycle (148 days). There is an average
difference of approximately 30 days in cycle
length when comparing the higher altitude
vineyard with the lower altitude vineyard.

According to these criteria it can be stated
that all selections presented good climatic ad-
aptation (Figure 1). The knowledge of plants
phenological characteristics is extremely im-
portant, since the development of grape qual-
ity destined for winemaking .is directly relat-



ed to the occurrence and duration of the phe-
nological sub-periods (JONES; DAVIS, 2000).
Short intervals between phenological events
are associated with optimum conditions that
facilitate rapid physiological growth and dif-
ferentiation (McINTYRE et al., 1982). Long in-
tervals between events indicate suboptimal
climate conditions and a delay in growth and
maturation (CALO et al., 1996).

In addition, another criterium used to eval-
uate cultivar adaptation in new growing re-
gions is the length of the subperiod veraison
to maturity (FREGONI, 2006). The selection
Gf.21 showed a short period between verai-
son and maturation (25 to 29 days), while
the longest periods were found in Gf.13 (45
and 43 days) at higher altitude sites.

Short-cycle selections like Gf.21 could be
chosen to avoid the rainy periods of the
Brazilian summer and still ensure excellent
yields and high-quality grapes. Long mat-
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uration periods increase the likelihood of
damage due to grape bunch rot. Very early
ripening is a factor that can be highly advan-
tageous under tropical and subtropical con-
ditions (SCHAEFER, 2016).

To better understand the performance of the
different genotypes cultivated in different alti-
tude ranges, a graph was constructed with the
variance components; in this case, the pheno-
typic variance was decomposed into the en-
vironment, genotype, interaction and residue
components (Figure 2). Itis possible to observe
that components such as SS and TA are more
significantly related to the genotypes than to
the environment. However, the other traits,
yield, fertility index, number of clusters and
pH, are more significantly related to the en-
vironment, which in this case was considered
the altitude range and the vintages. It was also
possible to observe a significant effect of the
genotype x environment interaction.

39.4%

Nclust

clust_weight Fertility

SS Ta Yield

EmRESIDUAL BREP:ENV MBGEN:ENV DOGEN mENV

Figure 2. The proportion of phenotypic variance and qualitative and productive traits evaluated
for PIWI genotypes, environments and their interactions. Clust_weight: cluster weight (g). Fertility:
fertility index (clusters per shoot). Nclust: number of clusters. pH: must pH. SS: must soluble solids
(°Brix). Ta: must total acidity (meq L-1). Yield (kg plant-1).

Figure 3 depicts the effect of the genotype
X environment interaction for yield (a), pH
(b), soluble solids (c) and total acidity (d).
Regardless of the evaluated vintage, the low-
est yields were found in the vineyard located

at 1000 m (Figure 3a). The highest yields were
found in the vineyard located at 840 m and in
the vineyard located at 1110 m in the vintage
2019. The late frost that hit the vineyard locat-
ed at 1110 m in the vintage 2020 reduced the



yield of all genotypes evaluated at that loca-
tion. Among the evaluated genotypes, Gf.13
and Gf.10 can be considered the most produc-
tive, with an average productivity of 6.2 and

5.6 tons per hectare in the most productive
vineyard located at 840 m. The genotype Gf.04
presented, on average, the lowest yields,
which ranged from 0.5 to 2.3 tons per hectare.

a AMMI2 Biplot AMMI2 Biplot
_ X1110_M.2019
1.0 .
X1110_M.R020 GF 21
0.2+
GF 10 X840 M.20%0 | X840_M.2019
- GF_04 o
0.5 L] GF_10 H o
(a\lg § 0.0 oUW 2020w
< X1110_M.2020 5
~ = X100 P019
~ /
8 0.0 O 2620 %_)
00 M.2019 0.2
X840/ M|2019
X840_M2020
-0.54 oF 13 X1119/ M.2019
- GF_13
a -0.4 .
GF_21
T T T T
-1 0 1 -0.3 0.0 0.3 0.6
PC1 (89.1%) PC1 (65.3%)
¢ AMMI2 Biplot d AMMI2 Biplot
1.0 G'F_m 4 GF_21
[ ]
X1110 M.2020 X110 M.2019
. X1000_M.2019
0.5 GF_21 X1110_ M¥01p
27 GF_13
- M.2019 [
=2 mﬂg\ 0_M.2020 o)
3 0.0 =t ©
o o
o
o O
&} 0
g 04 o
-0.5- X840_M.2
X1000_M.2019
X840_M.2020
-2 X100Q/ M.2420
- = X1110_M,2020
1.0 GF_1 GF [10 .
X1000_M.202 * GF_04
T T T T T T T
-1.0 -0.5 0.0 0.5 1.0 5.0 25 0.0 2.5
PC1 (53.2%) PC1 (55.5%)
+ Env + Gen

Figure 3. Genotype x environment interaction for the variables yield (a), pH (b), soluble solids (c)
and total acidity (d). X840 (altitude 840 m — Videira), X1000 (altitude 1000 m — Curitibanos), X1110
(altitude 1110 m — S3o Joaquim). M.2019 (season 2018/2019). M.2020 (season 2019/2020).

In Figure 3b there is the genotype x environ-
ment relationship for pH, in general the pH
values obtained by the different genotypes
are within the ideal range. However, the
Gf.21 genotype grown at 1000 m and 1110
m in the vintage 2019 and Gf.10 grown at

1000 m in the vintage 2020 showed pH val-
ues below those recommended to produce
guality wines. The ideal pH range for produc-
ing quality wines is between 3.10 and 3.50;
values outside this range negatively affect
the wine final quality (JACKSON, 2014).



On average, the genotype Gf. 13 showed
the lowest SS values in practically all eval-
uated environments, but it is interesting to
note that this same genotype also showed
high yields, which suggests that Gf.13 may be
more sensitive to quality loss caused by over-
cropping. In Figure 3c there is the genotype x
environment relationship for SS. The highest
concentrations of SS for the genotype Gf. 10
were associated with its cultivation at an alti-
tude of 1110 m. The vineyard located at 1000
m in the vintage 2019 was associated with the
lowest concentration of SS for Gf.10 and high
concentrations of SS for Gf.04. In general, to
produce quality red wines, a concentration
of SS above 19 °Brix is recommended for the
must (JACKSON, 2014).

However, the effect of crop load on berry
composition depends on how a difference
in crop load is achieved. Thus, the so-called
overcropping effects are often actually
shade effects caused by poor pruning prac-
tices or other vineyard management errors.
Overcropping ordinarily delays fruit matu-
ration and therefore decreases grape sug-
ar and color if harvest cannot be delayed
(BRAVDO et al., 1984; WILLIAMS, 1996).

In Figure 3d there is the genotype x envi-
ronment interaction for the variable TA. It is
possible to observe the vintage effect for the
genotype Gf.10, where at 1000 m in 2019 low

b

TA values were observed, but in 2020 this se-
lection was associated with high TA values.
The selection Gf.13 was associated with low-
er concentrations of TA when grown at 1110
m; and Gf. 21 was associated with high levels
of TAat 1110 m in the vintage 2019.

In general, the acidity values obtained in this
work are in line with expectations to produce
quality wines. Total acidity is expected to de-
crease with the course of maturation and is
expected to reach a value below 110 meq L*
for white varieties and 100 meq L*! for red
varieties (JACKSON, 2014). In other PIWI va-
rieties also evaluated in Sdo Joaquim, acid-
ity values ranged between 65.5 meqL? and
217.6 meqlL? for the white varieties Solaris
and Muscaris respectively, while for red va-
rieties acidity values were found in the range
between 57.6 meqlL* for Regent and 110
meqgL* for Cabernet Cortis (DE BEM, 2019).

To understand the relationship between the
variables and whether these relationships
changed depending on the cultivation envi-
ronment, a network-type graph was built for
each cultivation site (Figure 4). This graph
shows the correlations between the differ-
ent variables, blue lines show positive cor-
relations, while red lines show negative cor-
relations between the variables. Highly cor-
related variables tend to be closer together
and linked by thicker, opaque lines.
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Figure 4. Network-type graph for cultivation environments, 840 m (a), 1000 m (b) and 1110 m (c).
Clust_weight: cluster weight (g). Fertility: fertility index (clusters per shoot). Nclust: number of clus-
ters. pH: must pH. SS: must soluble solids (°Brix). Ta: must total acidity (meq L-1). Yield (kg plant-1).



In the vineyard located at 840 m (Figure 4a)
there is a positive correlation between the
number of clusters and the cluster weight
with yield. But it shows a negative correla-
tion between yield and SS and TA. As well as
a negative correlation between the number
of clusters and pH.

In the vineyard located at 1000 m (Figure 4b)
there is a positive correlation between the
number of clusters, the fertility index and
the cluster weight with yield. And a negative
correlation between vyield, cluster weight
and TA with pH.

In the vineyard located at 1110 m (Figure
4c) there is a positive correlation between
the variables related to yield indexes, num-
ber of clusters, fertility index, cluster weight
and yield. There is a negative correlation be-
tween the number of clusters, yield, cluster
weight and pH with TA and SS.

Viticultural yields are determined by the
amount of carbohydrate (sugar) partitioned
to the fruit rather than to other organs.
Yield formation is often referred to as crop-
ping, with the crop being the amount of fruit
borne on a vine or produced by a vineyard
(KELLER, 2020). Grapevine yield is made up
of several different components, such as
buds per vine, shoots per bud, clusters per
shoot, berries per cluster and berry weight
(COOMBE; DRY, 2001). Yield components are
those factors in grapevine reproduction that,
multiplied together, total the yield obtained
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from a single vine or an entire vineyard.

The classical view of the relationship be-
tween grape yield and quality is that of a lin-
ear decrease in quality with increasing yield
per vine (CURRLE et al., 1983). However, this
is an oversimplification, and there are many
instances in which the quantity and the qual-
ity of the crop are not related (HOFACKER
et al. 1976; KELLER et al., 2005) or are in-
creased simultaneously (CHAPMAN et al,,
2004). A meta-analysis of Riesling clonal tri-
als conducted at 16 locations over 37 years
found that yield and SS both increased over
time, whereas titratable acidity decreased
(LAIDIG et al., 2009).

Much of the variation in yield was attributed
to site effects, whereas the change in fruit
composition was clearly linked to the rise in
average temperature during the same peri-
od. Although yields and mean temperatures
continued to vary considerably from year
to year, the variation in fruit composition
declined over time, indicating that compo-
sition was not greatly affected by yield and
that improved vineyard management con-
tributed to the change in fruit composition
(KELLER, 2020).

To help the selection of which genotype was
the most adapted to each evaluated envi-
ronment, multi-trait genotype—ideotype dis-
tance index (MGIDI) was used to rank the
genotypes based on information of multiple
traits (Figure 5 and Table 2).
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Figure 5.1 Genotype ranking in ascending order for the MGIDI index for vineyards located at 840
m (a), 1000 m (b) and 1110 m (c). The strengths and weaknesses view of the selected genotypes is
shown as the proportion of each factor on the computed multi-trait genotype—ideotype distance
index (MGIDI) for vineyards located at 840 m (d), 1000 m (e) and 1110 m (f).
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Figure 5.2 Genotype ranking in ascending order for the MGIDI index for vineyards located at 840
m (a), 1000 m (b) and 1110 m (c). The strengths and weaknesses view of the selected genotypes is
shown as the proportion of each factor on the computed multi-trait genotype—ideotype distance
index (MGIDI) for vineyards located at 840 m (d), 1000 m (e) and 1110 m (f).

Table 2. Selection differentials for the variables studied considering the ranking of genotypes by the

MGIDI index.
Altitude Variable Factor Xo
Cluster Number FA1 14.37
Fertility Index FA1 2.08
Yield FA1 418
840 m Cluster Weight FA1 100.98
pH FA1 3.51
Soluble Solids FA1 18.01
Total Acidity FA1 82.52
Cluster Number FA1 2.075
Soluble Solids FA1 17.99
Total Acidity FA1 88.01
1000 m Fertility Index FA2 0.64
Yield FA2 0.48
Cluster Weight FA2 77.29
pH FA2 3.20
Yield FA1 3.46
Cluster Weight FA1 105.47
pH FA1 3.038
1110 m Soluble Solids FA1 19.36
Total Acidity FA1 88.35
Cluster Number FA2 11.27
Fertility Index FA2 1.656

Xs SD SDperc Goal
17.44 3.07 21.34 increase
2.51 0.43 20.65 increase
542 1.24 29.63 increase
105.31 4.33 4.28 increase
3.57 0.06 1.68 increase
16.70 -1.32 -7.31 increase
69.68 -12.84 -15.56 decrease
2.74 0.66 31.96 increase
16.90 -1.09 -6.06 increase
81.20 -6.81 -1.74 decrease
0.87 0.23 35.84 increase
0.85 0.37 76.88 increase
99.80 22.50 29.12 increase
3.08 -0.12 -3.75 increase
483 1.37 39.52 increase
116.97 11.51 10.91 increase
313 0.096 3.175 increase
19.22 -0.14 -0.72 increase
75.57 -12.78 -14.47 decrease
14.15 2.87 25.51 increase
1.77 0.13 7.63 increase

Xo general average of genotypes; Xs average of the selected genotype; SD selection differential; SDperc percentage se-
lection differential of the variable; Goal selection objective for the variable

In the vineyard located at 840 m, all evalu-
ated variables were grouped in Factor 1 and
among the evaluated genotypes, Gf.13 was
the most promising (Figure 5a). When select-
ing the genotype Gf.13, desirable selection
differentials were observed for all variables,
except for SS; Gf.13 also showed a gain in pro-
ductivity 29.6% greater than the other geno-

types (Table 2). Gf.10 was very close to the cut
point (red line that indicates the number of
genotypes selected according to the selection
pressure), which suggests that this genotype
can present interesting features (Figure 5a).

In the vineyard located at 1000 m, the
variables cluster number, SS and TA were
grouped in Factor 1, while the others were



grouped in Factor 2 (Figure 5b). Based on
the analysis, in this environment, the most
promising genotype was Gf. 10. When se-
lecting the Gf.10 genotype, desirable selec-
tion differentials were observed for all vari-
ables, except for SS and pH; Gf.10 showed a
gain in productivity 76.8% greater than the
other genotypes, as well as gains in the num-
ber of clusters produced (31.9%), fertility in-
dex (35.8%) and cluster weight (29.1%). The
Gf.10 genotype also presented TA around
7.7% lower than the others (Table 2).

In the vineyard located at 1110 m, the vari-
ables cluster number and fertility index were
grouped in Factor 2 and the other variables
in Factor 1 (Figure 5c). Based on the analy-
ses, Gf.10 was the most promising genotype
in this environment. When selecting the
Gf.10 genotype, desirable selection differen-
tials were observed for all variables, except
for SS, Gf.10 showed a gain in productivi-
ty 39.5% greater than the other genotypes,
as well as gains in the number of clusters
(25.5%), cluster weight (10.9%), fertility in-
dex (7.6%) and pH (3.14%). The Gf.10 geno-
type also presented TA around 14.4% lower
than the others (Table 2).

In all environments evaluated, the genotype
Gf.04 was the least adapted (Figure 5a, 5b
and 5c), mainly due to its low productive
potential.

Presented in Figure 5 (d, e and f) are the
strengths and weaknesses of genotypes,
which are accounted for by the proportion of
each factor to the MGIDI index of the geno-
types. The smallest the proportion explained
by a factor (closer to the external edge), the
closer the traits within that factor are to the
ideotype. The dashed line shows the theo-
retical value if all the factors had contributed
equally. The multi-trait genotype-ideotype
distance index (MGIDI) is a selection index
for selecting genotypes and/or recommend-
ing treatments based on information of mul-
tiple traits. It allows a more efficient and ac-
curate treatment recommendation based on
desired or undesired characteristics of the
crop studied (OLIVOTO; NARDINO, 2021).

At the altitude of 840 m, only one factor was
found containing all variables (Figure 5d). At
the altitude of 1000 m the genotype Gf.13
and Gf.10 have strengths related to FA1 (clus-
ter number, SS and TA), while the genotype
Gf.04 has strengths related to FA2 (fertility in-
dex, yield, cluster weight and pH) (Figure 5e).
At the altitude of 1110 m the genotypes Gf.13
and Gf.10 have strengths related to FA1 (yield,
cluster weight, pH, SS and TA), while the gen-
otype Gf.21 has strengths related to FA2 (clus-
ter number and fertility index).

When considering the adaptation of varieties
intended for wine production, it is important
to consider that in addition to the agronom-
ic performance of the plants, it is necessary
to evaluate the enological quality of the final
product. in preliminary evaluations and blind
tastings, it was observed that the wines of
the Gf.10 genotype were better evaluated in
relation to the other selections.

Conclusions

For the most selections, the budbreak oc-
curred in the second half of September;
full bloom occurred from late October to
mid-November; the veraison occurred be-
tween the end of December and mid-Janu-
ary; and Maturity occurred between the end
of January and February.

The earliest budbreak occurred in the vine-
yard located at the highest altitude (1110 m
- Sdo Joaquim), while the earliest full bloom,
veraison and maturity occurred in the lowest
altitude vineyard (840 m — Videira).

All selections produced grapes with ade-
guate concentrations of pH and total acidity
to produce quality wines. Except for Gf.13,
all selections produced grapes with levels of
soluble solids suitable for the production of
quality wines.

Based on the Multi-Trait Genotype—Ildeotype
Distance Index (MGIDI) the selections Gf.13
and Gf.10 are the most promising genotypes
for the Videira region (840 m) and Gf.10 is
the most promising genotype for the regions
of higher altitude, 1000 m and 1110 m.
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