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Immobilization and nutrient uptake in ‘early isabella’ grapevines
grafted on different rootstocks in organic management

Extracao e imobilizacao de nutrientes em videiras ‘isabel precoce’
enxertadas em diferentes porta-enxertos e cultivada em sistema
organico

Alessandro Jefferson Sato!"; Renato Vasconcelos Botelho?; Doglas Broetto®;
Thiago Marchi?; Ires Cristina Ribeiro Oliari’

Abstract

This study evaluated the immobilization and nutrient uptake in an experimental organic vineyard of
‘Early Isabella’ grapevines in the Midwestern region of Parana State, Brazil. The experimental design
was implemented in randomized blocks with two different rootstocks ‘Paulsen 1103” and VR 043-43°
along with four replications and three plants per plot. Five years after planting, one plant per plot was
completely removed from the soil and then subdivided into root, stem and canes. The remaining plants
in the area were managed until harvest. The sectioned parts and clusters were dried in a forced air
oven at 65°C. The dry mass was subsequently determined and mineral analyses were performed. The
amounts of nutrient uptake immobilized by ‘Early Isabella’ grapevines with yields between 9.9 and 16.6
t ha! were 64.9, 19.0, 156.9, 45.8 and 12.7 kg ha ! for N, P, K, Ca, Mg, respectively, when grafted on
Paulsen ‘1103’ and 112.8,29.3, 260.8, 82.3 and 26.0 kg ha™!, respectively, when grafted on “VR 043-43’.
Key words: Mineral nutrition. Vitis labrusca. Paulsen ‘1103’ and ‘VR 043-43’.

Resumo

O objetivo do trabalho foi avaliar a imobilizagdo e extragdo de macronutrientes em um vinhedo experimental
de cultivo organico de videiras cv. Isabel Precoce na regido Centro-Oeste do Parana. O delincamento
experimental foi em blocos casualizados, com dois tratamentos (porta-enxertos: Paulsen ‘1103’ ¢ ‘VR
043-43”), quatro repetigdes e trés plantas por parcela. Cinco anos apds o plantio, uma planta por parcela
foi totalmente removida do solo, sendo que posteriormente as videiras foram subdivididas em trés partes:
raiz, caule e ramos do ano. A partir das plantas remanescentes no campo, realizou-se a colheita dos cachos.
Para as avaliagdes, as plantas e os cachos foram secos em estufa de ar forcado a 65°C. Posteriormente,
determinou-se a massa seca e se realizaram analises do teor dos macronutrientes dos tecidos vegetais Pelos
resultados obtidos, verificou-se que as quantidades de nutrientes imobilizadas e exportadas pela videira
cv. Isabel Precoce com produtividade entre 9,9 e 16,6 t ha!, em fungdo do porta-enxerto foram para N, P,
K, Ca, Mg, respectivamente de 64,9; 19,0; 156,9; 45,8 ¢ 12,66 kg ha' quando enxertadas sobre o Paulsen
‘1103’ e de 112,8; 29,3; 260,8; 82,3 ¢ 26,0 kg ha' quando enxertadas sobre o ‘“VR 043-43°.
Palavras-chave: Nutricdo mineral. Vitis labrusca. “VR 043-43°. Paulsen ‘1103°.
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Introduction

Brazilian viticulture is an important farming
sector, with 80,000 hectares of vineyards and a
yearly production of 1.4 million tons of grapes.
Approximately 46% of this total is destined for
processing (wine and juice) and 54% for table
grapes.

In world viticulture, the important species are
Vitis labrusca L. and V. vinifera L., popularly known
as American and European grapevines, respectively.
In Brazil, both are found in commercial vineyards,
although the American vines are much better
adapted to the different production regions.

Among the different American grapevines
cultivated in Brazil, cv. Early Isabella is worth
mentioning; it is a spontaneous somatic mutation
of the cv. Isabella with an average cycle 33 days
shorter than its progenitor. This new cultivar
extended the processing time for juice and wine,
in addition to enabling two crops per year in some
warmer regions. According to Camargo (2004), this
cultivar presents reasonable resistance to diseases
such as anthracnose (Elsinoe ampelina) and oidium
(Uncicula necator); it is thus an interesting candidate
for organic production, obtaining an adequate plant
stability using allowed products such as Bordeaux
mixture and lime sulfur.

Despite its excellent adaptation to Brazilian
conditions, information about the cultivation of
Early Isabella grapevines is scarce, including the
rootstock compatibility essential for the proper
development of vines. The rootstock Paulsen ‘1103’
is an important cultivar widely used for cultivation
in cold regions because it is vigorous, easily rooted,
and offers some resistance to Fusarium oxysporum
f. sp. Herbemontis (EMBRAPA, 2003). Another
potential rootstock is “VR 043-43°, which exhibits
high resistance to Fusarium spp., phylloxera
(Daktulosphaira vitifoliae) and the ground-pearl
aphid (Eurhizococcus brasiliensis) (ANDRADE et
al., 1994) that causes serious damage in Brazilian
vineyards.

Another factor that contributes to vineyard
success is the nutritional status of the plants.
According to Tecchio et al. (2011), the nutritional
demands of grapevines significantly vary in terms
of cultivar and rootstock function. During their
productive phase, the vines’ demand for nutrients
are defined by the permanent parts responsible for
the yearly increase of biomass and the exported
parts (pruned canes, leaves and clusters) typically
considered as the nutrient consumption of the vines.
Despite of the number of recommendations for
fertilizing in different Brazilian regions (TERRA
et al.,, 2003; CQFS-RS/SC, 2004), no scientific
research has been carried out for base fertilizing
recommendations in the Midwestern region of
Parana State, Brazil. Moreover, there is a lack of
information regarding organic systems and/or
different rootstocks.

The amount of fertilizer to be applied depends
on nutritional plant demands, nutrient availability
in soil minerals and organic matter decomposition.
Therefore, aiming to estimate the nutritional
demand of grapevines is necessary to quantify plant
reserves in the stem and roots, as well the amounts
exported by leaves, canes and clusters (NEILSEN;
NEILSEN, 2003).

Weinbaum et al. (2001) suggested that a
mineral analysis of the entire plant with a biomass
determination was the most appropriate method for
estimating a plant’s nutrient uptake pattern. Some
studies using this principle have been previously
performed to estimate nutrient uptake and
distribution in apple trees (HAYNES; GOH, 1980),
peach trees (STASSEN et al., 1981), grapevines
(Vitis vinifera L.) (CONRADIE, 1981) and pear
trees (QUARTIERI et al, 2002; STASSEN;
NORTH, 2005).

In this context, this study evaluated the
vegetative and productive development of ‘Early
Isabella’ grapevines grafted on Paulsen ‘1103’ and
‘VR 043-43’ in the Midwestern region of Parana

State, Brazil.
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Materials and Methods

The trial was carried out in an experimental
vineyard located in Guarapuava, Parana State, Brazil
(25°23°36” S 51°27°19” W; and 1.120 m a.s.1.). The
weather is classified as a subtropical mesothermal
humid climate (Cfb) without a dry season, with
fresh summers and mild winters (IAPAR, 2010);
the soil is classified as dystroferric Brown Latosols
(EMBRAPA, 2006).

Grapevines were planted in September 2005;
they were spaced 2.5 x 1.0 m apart and arranged in
a spurred cordon with a three-wire trellis and drip
irrigation. The experimental design was organized in
randomized blocks with two treatments (rootstocks:
Paulsen ‘1103’ and ‘VR 043-43"), four replications
and a three-plant experimental plot.

Based on a chemical analysis performed prior to
planting, the soil fertility was corrected in the entire
area through the application of gypsum equivalent
to 4 t ha' (15% humidity, calcium [Ca] 15%, sulfur
[SO,] 28%, phosphorus [P204] 0.75%, fluorine [F]
3.2%, silicon [Si0O,] 3.0%), natural Arad phosphate
equivalent to 1 t ha'' (33% P,O,,
and potassium sulfate equivalent to 300 kg ha’
(50% K,O, 45% SO,). In addition, cattle manure
equivalent to 10 t ha' was applied to the planting
furrow. The vineyard was organically managed for
five years (Brazilian Instruction Rules n°® 6.323),
(MAPA, 2014) using the following nutrient sources:
wood ashes, cattle manure, natural phosphates, rock
dust and green manures (vetch [vicia villosa roth],

9% in citric acid),

jack bean [canavalia ensiformis], guandu [cajanus
cajan], black oat [Avena strigosal), biofertilizers,
calcitic lime and gypsum.

In the winter of 2010, five years after planting,
one plant per experimental plot was removed via
soil excavation and divided in three parts: roots,

stem and canes. The remaining vines in the field
were used to estimate production by cluster harvest
at 102 days after flowering, on 12 January 2011,
when the grapes attained a minimum soluble solid
content of 16%.

The samples were dried at 65°C to a constant
weight to determine the nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca) and magnesium
(Mg) contents. The dry mass was subsequently
measured with a precision balance and the samples
were ground in a Willey mill. A chemical analysis
was performed according to the methodology
proposed by Silva (2009). The P content (g kg')
was determined through spectrophotometry, the
K content (g kg') through flame photometry, and
the Ca and Mg (g kg') contents through atomic
absorption spectrophotometry.

Dry mass and nutrient content data were used to
determine the nutrient amount immobilized in each
part (roots, stem and canes) and exported to clusters
(Nutrient amount = dry mass x nutrient content). To
estimate amounts per hectare, a planting density of
4,000 vines ha'! was considered.

The results were submitted to a variance analysis
and the means were compared via Tukey’s test (p
< 0.05) with the computational statistical package
Sisvar 5.0 (FERREIRA, 2000).

Results and Discussion

The ‘Early Isabella’ grapevines grafted on the
‘VR 043-43’ rootstock presented significantly
higher dry mass for all parts (canes, roots, stem
and clusters) and consequently, a higher total dry
mass (Table 1) than the plants grafted on Paulsen
‘1103’. Moreover, the vines grafted on ‘VR 043-43°
rootstock obtained a higher yield.
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Table 1. Chemical characteristics of soil vineyard before planting with ‘Early Isabella’ grapevines grafted on “VR
043-43’and Paulsen ‘1103’ rootstocks. Guarapuava-PR, 2010.

Depth pH  O.M. .. _ K Ca Mg H+Al _ SB S
cm CaCl, g/dm®*  mg/dm? mol/dm’

0-20 5.6 34.9 12.9 097 6.5 2.3 3.93 9.78 13.71 71.3

20-40 5.5 36.2 6.7 0.93 4.9 2.0 3.67 7.83 11.51 68.1

The higher plants dry mass and yield of vines
grafted on ‘“VR 043-43’rootstock could be explained
by canopy-rootstock affinity and the edaphoclimatic
conditions of each region (KUHN et al., 1996).
Sato et al. (2008) verified higher growth rates of
‘Isabella’ and ‘Rubea’ when grafted on IAC-766
‘Campinas’ rootstock than those of ‘420-A’ in the
Northern region of Parana State.

The effects of rootstock were also studied by
Brighenti et al. (2010) in the State of Santa Catarina,
where ‘Cabernet Sauvignon’ grapevines presented
higher fresh mass of pruning canes when grafted on
Paulsen ‘1103’ rootstock than that of ‘Couderc 3309’
and ‘101-14 Mgt’. Similarly, Broetto et al. (2011)
reported higher vegetative growth of different
American grapevine cultivars when grafted on ‘VR
043-43’ rootstock.

Another important consideration is the higher
tolerance of “VR 043-43’ rootstock to the ground-
pearl aphid (Eurhizococcus brasiliensis) in relation
to Paulsen ‘1103’ (BOTTON et al., 2004). The

use of this rootstock could be a suitable option for
grapevines managed organically in areas known to
contain this pest. This rootstock allows good growth
conditions, without grapevines decline, normally
noted in other rootstocks. Broetto et al. (2011)
noted a lower infestation level of ground-pearl in
grapevines grafted on ‘VR 043-43’ rootstock than
that on Paulsen ‘1103’ and consequently, a higher
vegetative growth. Moreover, a higher root dry mass
in vines grafted on ‘VR 043-43’ (table 2) increases
water and nutrient uptake and aids in the storage of
resources, thus contributing to adequate vegetative
growth.

The the immobilization of

macronutrients N, P, K, Ca and Mg in the different

results on
parts of ‘Early Isabella’ grapevines grafted on
Paulsen ‘1103 and ‘VR 043-43” are presented in
Table 3. No differences between rootstocks were
verified for nutrient immobilization in the canes. As
for other nutrients, grapevines grafted on ‘VR 043-
43’ presented higher amounts than those grafted on
Paulsen ‘1103’.

Table 2. Dry mass and yield of grapevines cv. Isabel Precoce grafted on Paulsen ‘1103’ and ‘VR 043-43’rootstocks,

managed organically. Guarapuava, PR, 2010.

dry mass (kg plant ')

rootstock cane roots stem Cluster Total Vield (tha)
Paulsen ‘1103’ 0.66 b 0.37b 0.67b 0.37b 2.33b 99b
‘VR 043-43° 0.90 a 0.57a 0.76 a 0.61a 2.60 a 163 a
DMS 0.16 0.19 0.08 0.38 0.24 2.7
CV (%) 9.3 18.4 6.6 31.5 5.6 12.0

Means followed by the same letter in column no differ by Tukey’s test (p < 0.05). 4,000 plants/hectare.
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Table 3. Nutrient immobilization in canes, roots and stem of grapevines cv. Early Isabella grafted on Paulsen ‘1103’
and “VR 043-43’ rootstocks, managed organically. Guarapuava, PR, 2010.

Immobilization (kg ha™)

Plant parts Nutrient Paulsen ‘1103° VR 04343’ LSD CV (%)

N 4.1a 5.0a 1.06 13.9

P 34D 43a 0.37 43

Canes K 11.5b 164 a 1.81 5.8
Ca 154b 212 a 1.51 3.7

Mg 29D 45a 0.42 5.0

N 10.8 a 8.6a 2.4 15.0

P 42a 5.8a 2.7 24.4

Roots K 51a 8.7a 5.1 32.6
Ca 11.8b 22.1a 32 8.3

Mg 30b 46a 0.8 9.9

N 2.8a 30a 0.31 6.5

P 1.6a 1.8a 0.57 14.6

Stem K 4.7 a 53a 3.08 27.3
Ca 13.8a 17.2 a 422 12.1

Mg 2.5b 30a 0.50 8.2

Means followed by the same letter in column no differ by Tukey’s test (p < 0.05). 4,000 plants/hectare.

The levels of nutrients immobilized in grapevine
canes is an important factor in defining the
fertilization criteria in certain cycles, particularly
when considering that canes are normally removed
after pruning for sanitary reasons. Therefore,
nutrient replenishment is necessary to maintain a
satisfactory availability of nutrients in the vineyard
(TECCHIO et al,
extraction varies according to canopy, rootstock and

2011). Moreover, nutrient

region. According to Giovannini et al. (2001), canes
from ‘Cabernet Sauvignon’ grapevines grafted on
‘Kober 5BB’ extracted 14 kg of N per hectare on
average-much higher than the amounts observed in
this research.

As for nutrient immobilization in the roots and
stem, the levels of Ca and Mg in the roots and Mg in
the stem were significantly higher in vines grafted
on ‘VR 043-43°, although no differences were
verified for the remaining nutrients. The higher
nutrient immobilization levels in vines grafted on
‘VR 043-43’ can be directly related to the greater
root dry mass and consequently higher vegetative
growth.

Similarly, Albuquerque and Dechen (2000)
also reported that biomass production was directly
related to the amount of nutrient accumulation (N, P,
K and Ca), and grapevines grafted on ‘VR 043-43’
presented the highest accumulation of dry matter in
all plant parts.

According to Mullins et al. (2000) the quantities
of nutrients in the structural parts (stem and canes)
of grapevines are substantial. The levels of N and
K in roots, stems and canes in ‘Chenin Blanc’
grapevines spaced at 2.44 x 2.44 m (1,680 plants
per ha') were equivalent to 215 and 124 kg ha’!,
respectively. The mineral nutrients in the permanent
parts of the grapevines can be remobilized to supply
demands for growth in the new cycle, including
new root growth, when vine uptake is insufficient.

Table 4 presents the nutrient quantities exported
by clusters. The levels of N, Ca and Mg were
highest for grapevines grafted on ‘VR 043-43°
rootstock, whereas no significant differences were
verified in the rootstocks for other nutrients. The
‘VR 043-43’ rootstock promoted higher nutrient
reserves in permanent parts and a greater root

Semina: Ciéncias Agrdrias, Londrina, v. 37, n. 3, p. 1201-1208, maio/jun. 2016
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system. Therefore, despite the higher yield of ‘Early
Isabella’ grapevines grafted on this rootstock, the
nutrient exportation per unit of cluster weight was
also higher for other elements (N, Ca, Mg).

Tecchio et al. (2011) also reported differences
in nutrient content in ‘Niagara Rosada’ grapevine
clusters as a function of rootstock. In vines grafted on
‘IAC 571-6’ rootstock, the N content in the clusters
was 7.1 kg t!, whereas for plants grafted on IAC
572 ‘Tropical’ and IAC 766 ‘Campinas’ the content

was 8.7 kg t!. As for K, the authors observed higher
content in grapes from vines grafted on IAC 572
‘Jales’ (23,1 kg t') than in plants grafted on ‘IAC
571-6’ (18,1 kg t'); no differences were noticed
for the element P. In general, the nutrient levels
exported by clusters of ‘Early Isabella’ grapevines
was lower than those reported by Tecchio et al.
(2011) in ‘Niagara Rosada’ grapevines, grafted on
different rootstocks, probably due to the genetic
characteristics of each cultivar and different climatic
conditions.

Table 4. Nutrient exportation by clusters of grapevines cv. Early Isabella grafted on Paulsen ‘1103’ and ‘VR 043-43°,

managed organically. Guarapuava, PR, 2010.

Exportation (Kg t')

Nutrient Paulsen 1103’ ‘VR 043-43" LSD CV (%)
N 474b 590a 11 12.6
P 0.99 a 1.042 0.05 25
K 13782 13.87a 152 49
Ca 0.50 b 132a 0.24 15.6
Mg 0.44 b 0842 0.02 1.6

Means followed by the same letter in column no differ by Tukey’s test (p < 0.05). 4,000 plants/hectare.

However, according to a review presented by
Mullins et al. (2000), many studies of nutrient
exportation by clusters of different grapevine
cultivars showed lower amounts compared to our
results, with 1.46, 0.28,2.47, 0.50 and 0.40 k t!, for
N, P, K, Ca e Mg, respectively

Differences between rootstocks were verified
for nutrient extraction order in ‘Early Isabella’
Plants ‘VR  043-43°
rootstock presented the following extraction order:
K>N>Ca>P>Mg; while for Paulsen ‘1103’ the
decreasing order was K>N>P>Mg>Ca. The results
found in this research by ‘Early Isabella’ grapevines
grafted on ‘“VR 043-43 are similar to those verified
by Tecchio et al. (2011) in ‘Niagara Rosada’ over
different rootstocks in Votuporanga-SP, where

grapevines. grafted on

the nutrient extraction by clusters showed the
following decreasing order similar to all rootstocks:
K>N>Ca>P>Mg.

Independent of the rootstock, K was the most
abundant nutrient exported by clusters. According
to Hudina and Stampar (2002), this element is
essential to cluster qualities such as grape size,
soluble solid content, organic acids and flavor.
Therefore, knowledge of nutrient demand by the
plants is paramount for adequate replenishment
through fertilization (TAGLIAVANI et al., 1996).

In general, the results found in this trial are
useful in determining the nutrient demands of ‘Early
Isabella’ grapevines grafted on Paulsen ‘1103’ and
‘VR 043-43’ rootstocks managed in an organic
system in the Midwestern region of Parana State.
This important information can aid fertilization
programs in commercial vineyards.

Semina: Ciéncias Agrdrias, Londrina, v. 37, n. 3, p. 1201-1208, maio/jun. 2016
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Conclusions

‘Early Isabella’ grapevines presented greater
dry mass and yield when grafted on ‘VR 043-43°
rootstock and higher nutrient immobilization of
P, K, Ca and Mg in canes; Ca and Mg levels in
roots; and Mg levels in stems than Paulsen ‘1103’
rootstock.

The nutrient immobilization and exportation
levels of Early Isabella grapevines were 64.9,
19.0, 156.9, 45.8 and 12.7 kg ha! for N, P, K, Ca,
Mg, respectively, when grafted on Paulsen ‘1103’
rootstock and 112.8, 29.3, 260.8, 82.3 and 26,0 kg
ha'! when grafted on “VR 043-43".
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