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NITROGEN AND ORGANIC FERTILIZATION ON GRAPEVINE
PRODUCTIVITY IN THE BRAZILIAN SEMIARID REGION'

FRANCIEZER VICENTE DE LIMA**, VANDER MENDONCA3, FRANCISCO SIDENE OLIVEIRA SILVA?,
FRANCISCO MICKAEL DE MEDEIROS CAMARA?®, TONI HALAN DA SILVA IRINEU®

ABSTRACT - Nitrogen fertilization is a limiting factor for grapevine production; its excess or deficiency can
cause changes in fruit quantity and quality. Thus, the objective of this work was to evaluate productive
parameters of grapevines of the Isabel-Precoce cultivar subjected to nitrogen and organic fertilization in the
western semiarid region of the state of Rio Grande do Norte (RN), Brazil. The experiment was conducted at the
Experimental Farm of the Federal Rural University of the Semi-Arid Region, in Mossord, RN, Brazil, during
two production cycles. The soil of the area used was classified as dystrophic Red Argissolo (Udult) of sandy
texture. The experiment was conducted in a randomized block design with six replications, using a 5x2
factorial arrangement, with 5 nitrogen fertilizer rates (0, 30, 60, 90, and 120 kg ha™") and two organic fertilizer
rates (0, and 20 m® ha™ of bovine manure). The production components number of bunches per plant, grape
production per plant, grape yield, weight, length and width of bunches, number of berries per bunch, and ten-
berry weight were evaluated. The nitrogen rates and organic fertilizer rates used were significant (p<0.05) for
all evaluated components. The N rate of 60 kg ha™ combined with the organic fertilization generated the best
results for the analyzed variables. N rates from 60 to 120 kg ha™, applied singly or combined with organic
fertilizer, hindered the production components of the Isabel-Precoce grapevines.

Keywords: Vitis labrusca L. Bovine manure. Mineral fertilizer. Isabel-Precoce.

COMPONENTES DE PRODUCAO DA VIDEIRA ‘ISABEL PRECOCE’ SUBMETIDA A
ADUBACAO NITROGENADA E ORGANICA NO SEMIARIDO POTIGUAR

RESUMO - A adubagio nitrogenada na videira apresenta-se como um fator limitante na produgdo, visto que
seu excesso ou deficiéncia sdo capazes de propiciar alteracdes na quantidade e qualidade final dos frutos.
Assim, o objetivo deste trabalho foi avaliar os parametros produtivos da videira ‘Isabel Precoce’ submetida a
adubacdo nitrogenada e orgénica na regido semiarida do Oeste Potiguar. O experimento foi implantado na
Fazenda Experimental da UFERSA, em Mossoro, RN, cujo clima é semiarido. O solo da area é um Argissolo
Vermelho Distréfico de textura arenosa. A pesquisa foi realizada em dois ciclos de produgdo. O delineamento
experimental utilizado foi blocos casualizados com seis repetigdes, em esquema fatorial 5 x 2, que
corresponderam a 5 doses de fertilizante nitrogenado (0, 30, 60, 90 e 120 kg ha™), na auséncia e presenca de
adubagdo organica (0 e 20 m® ha™ esterco bovino). Foram avaliados nimero de cachos por planta, produgio por
planta e produtividade, bem como peso, comprimento e largura dos cachos, numero de bagas por cacho e peso
de dez bagas. A aplicacdo das doses de nitrogénio (N), bem como o uso ou nido de adubo organico (AO) no
solo, conferiram efeito significativo (p<0,05) para todos os componentes avaliados. A dose de 60 kg ha” de N
na presenca do AO foi a que proporcionou os melhores resultados nas variaveis analisadas. A elevacdo dos
niveis de N, a partir da dose de 60 até 120 kg ha” combinadas ou ndo a fonte organica, inibiram os
componentes produtivos da videira Isabel Precoce’.

Palavras-chave: Vitis labrusca L. Esterco bovino. Fertilizante mineral. Produtividade.
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INTRODUCTION

The irrigated production of tropical fruits in
the West region of the state of Rio Grande do Norte,
Brazil, mad this region one of the most dynamic
regions of fruit production in the Brazilian Northeast
region. High-technology producing areas reached
12,000 hectares in 2016; and melon exports
generated, for example, a turnover of US$ 75.3
million (CARVALHO et al., 2017). Several other
native and exotic fruit species produced in other
Brazilian northeastern states have potential in this
region, since these states have similar climatic
characteristics, well-established production chain for
tropical fruits, and possibility of production in the
whole year due to their soil and climatic conditions.

Grapevine is one of these species; it has a
well-established production in the Sao Francisco
Valley, which is a region that presents very similar
conditions to those found in the semiarid region of
Rio Grande do Norte. However, few studies have
been carried out on viticulture in the Brazilian
semiarid region outside the Sub-mid Sdo Francisco
Valley, making it difficult to find detailed
information about the benefits and difficulties of
producing grapevines under the soil and climatic
conditions of the semiarid region to expand this crop
production area in the country.

Part of the soils of the Brazilian northeastern
semiarid region presents low organic matter content
and, consequently, low capacity of supplying
nutrients, especially nitrogen (N), making necessary
the application of mineral fertilizers to reach good
production levels (CUNHA, 2008; CUNHA et al.,
2010). The use of N affects the vegetative growth of
the grapevine, production and composition of the
berries, and the final quality of the fruits
(BRUNETTO et al., 2009). N deficiency reduces
productivity, however, N excess decreases fruit
quality by stimulating competition between
vegetative and reproductive activity of the plant
(LORENSINI et al., 2015).

Thus, the application of manure to improve
fertilization is a good alternative to supply nutrients
to plants, especially N, P, and K, presenting good
results when properly managed (CASTOLDI et al.,
2011; FREITAS; ARAUJO; SILVA, 2012;
ECKHARDT et al., 2016). Even small contributions
of N from organic fertilizers are important, since

they reduce subsequent chemical fertilizations,
which are costly. Therefore, the production
efficiency can be increased, generating economic
gains for farmers, who often have these organic
materials in their properties (LOURENZI et al.,
2016).

Searching for a balanced nutrition of plants
by increase the soil nutrients to levels that allow the
vegetative and productive development of the
grapevine is important (LORENSINI et al., 2014).
However, no information on the response of the
grapevine to nitrogen fertilization is found for the
study region. The nutritional status of the plants
influences the production and composition of the
fruits; thus, N fertilizer should be used at specific
rates to avoid this negatively influence on production
components and contents of other nutrients in the
plant and in the soil (ROCHA, BASSOI; SILVA,
2015). In this context, the objective of this work was
to evaluate productive parameters of grapevines of
the Isabel-Precoce cultivar subjected to nitrogen and
organic fertilization in the western semiarid region of
the state of Rio Grande do Norte (RN), Brazil.

MATERIAL AND METHODS

The experiment was conducted at the Rafael
Fernandes Experimental Farm of the Federal Rural
Semiarid University (UFERSA), in Mossoro,
western state of Rio Grande do Norte, Brazil (5°
03°37”’S, 37°23°50”°W, and altitude of 78 m). The
region presents a BSw'h', tropical semiarid hot
climate, according to the Koppen classification;
average annual rainfall of 695.8 mm; average
temperature of 27.4 °C, with two well-defined dry
(prolonged) and wet (short and uneven) seasons; and
flat relief. The natural vegetation is hyper-
xerophilous Caatinga. Table 1 shows meteorological
data collected during the experiments.

The soil of the experimental area was
classified as typic dystrophic Red Argissolo (Udult)
of sandy texture (REGO et al., 2016). Soil samples
of the 0-20 cm layer were collected and their
physical and chemical characteristics were evaluated
before the implementation of the experiment
(EMBRAPA, 2011 ; TEDESCO et al, 1995); the
results are presented in Table 2.
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Table 1. Rainfall, average temperature, and relative air humidity during the experiment period.

Precipitation Average Temperature Relative air humidity

Month (mm) (°C) (%)
2015

September 0.0 27.9 57.0

October 0.0 28.0 56.8

November 0.0 28.2 59.6

December 8.0 28.8 58.7
2016

April 51.0 28.6 63.7

May 8.0 28.7 61.5

June 29.0 28.2 59.8

July 0.0 28.2 52.8

Source: Meteorological station of the experimental farm of UFERSA.

Table 2. Chemical and physical characteristics of the typic dystrophic Red Argissolo (Udult) of sandy texture (0-20 cm

layer) before the implementation of the experiment.

Attribute Value Attribute Value
pH (H,0) 7.95 Saturation by bases 100
Electrical Conductivity (uS m™) 80.0 Saturation by aluminum 0
Organic matter (g kg™) 4.07 Exchangeable sodium (%) 1
N total (g kg™) 0.77 Cu (mg dm™) 1.11
P (mg dm™) 39 Fe (mg dm™) 12.57
K" (mg dm™) 117 Mn (mg dm™) 29.75
Na' (mg dm™) 49 Zn (mg dm™) 4.0
Ca®* (cmol, dm™) 4.17 Sand (gkg™) 836
Mg?* (cmol, dm™) 1.05 Silt (g kg™) 84
A" (cmol, dm™) 0.0 Clay (gkg™) 80
(H+Al) (cmol, dm™) 0.0 Soil density (kg dm™) 1.54
Sum of bases (cmol, dm™) 5.73 Particle density (kg dm) 2.63
Effective CEC (cmol, dm™) 5.73 Total porosity (%) 41.44
Soil CEC (cmol, dm™) 5.73

The research was conducted during two
grapevine production cycles, the first from
September 22 to December 23, 2015 (92 days), and
the second from April 14 to July 20, 2016 (97 days),
from the pruning to harvest. The grapevines used
were from the Isabel-Precoce cultivar, which was
grafted on the TAC-766 cultivar. They had been
planted in the area in 2010, with spacing of 3 m
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between rows and 2 m between plants (1667
plants ha™), using a trellis system with three North-
South oriented wires, and the first harvest was
carried out in 2013, thus, they were in a good period
to evaluate their productive potential.

The cultural practices for the crop
development were similar in both cycles, consisting
of pruning, eliminating tendrils, and conduction of
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branches on the trellis. Weeds up to approximately
70 cm around the plants were removed and
mechanical weeding was performed between rows
before the application of the treatments, keeping the
area free from weeds during the experiment to avoid
their interference in the nutrient availability.

A micro sprinkler irrigation system was used,
with 1-hour irrigation every 24 hours. The irrigation
depths were calculated based on the reference
evapotranspiration (ETo), using data from the
meteorological station installed in the experimental
farm. The water depths were applied according to the
crop coefficient for each phenological phase
(BASSOI et al., 2007).

The experiment was conducted in a
randomized block design with six replications, using

a 5x2 factorial arrangement, with 5 nitrogen
fertilizer rates (0, 30, 60, 90, and 120 kg ha™'; urea)
and two organic fertilizer rates (0, and 20 m® ha™ of
bovine manure; 13.3 Mg ha”', dry basis). The
nitrogen fertilizer was applied one week before
pruning (50%), and in four weekly applications
(50%). The organic fertilizer was applied in a single
application together with the first nitrogen
application. A sample of the organic fertilizer was
analyzed for chemical characteristics; the results are
described in Table 3. The mineral and organic
fertilizers were applied to the soil surface and,
subsequently, the area was irrigated to reduce N
losses by volatilization.

Table 3. Chemical characteristics of the bovine manure used in the experiment, and amount of nutrients applied per plant,
and per hectare through the organic fertilizer (20 m® ha'; 13.3 Mg ha™) in each crop cycle.

N C P K Na Ca®" Mg> Cu Fe Mn Zn
gk TS —
9.81 104.11 2.43 9.47 2.78 10.04 4.88 11 157 250 164
g plant’
78.5 832.9 19.44 75.8 22.24 80.32 39.04 0.09 1.26 2.0 1.31
kg ha’!
130.86 1.388.8 32.42 126.33 37.08 133.93 65.1 0.15 2.1 3.33 2.18

The soil analysis (Table 2) was used to
evaluate the need for soil fertilization and provide
optimum development conditions for the plants. The
fertilization was carried out without N, which was
supplied by the treatments, following fertilization
recommendations for grapevines (IPA, 2008), with
80 kg ha™ of P,Os (simple superphosphate), and 150
kg ha” of K,O (potassium chloride). Phosphorus was
applied in a single application together with the first
application of nitrogen, and potassium application
followed the same scheduling used for the nitrogen
rates.

Eight grape bunches were randomly collected
from each plant at the end of each productive cycle,
packed in plastic bags, placed in polyethylene boxes
separated by treatment and replication, and taken to
the Post-Harvest Laboratory of Physiology and
Technology of the UFERSA for evaluation. Their
weight, length, width, number of berries per bunch
and ten-berry weight were evaluated. The grape
production of each treatment was determined by
multiplying the number of plants per hectare by the
production of each plant in the treatments. The
remaining bunches in the plants were harvested,
quantified, and weighed to obtain the number of
bunches per plant, and production per plant.

The results were subjected to analysis of

variance, using the t test at 5% probability level to
compare the means for the qualitative factor (organic
fertilizer). The quantitative factor (N) and interaction
between the factors were analyzed through
regression analysis, testing linear and quadratic
models by the F test at 5% probability level, using
the Expdes.pt. package of the R statistical program
(R CORE TEAM, 2015).

RESULTS AND DISCUSSION

The nitrogen (N) rates applied to the soil were
significant (p<0.05) for all production components of
the evaluated grapevines, regardless of the use of
organic fertilizer (OrF). The variables presented
increments with quadratic model in both cycles,
regardless of the use of OrF. Thus, N rates above the
requirements of the plants promote a negative effect,
with no increase in grape production.

All N rates within the OrF rates increased
bunch weight (BW), except the 0 kg ha™ of N (Table
4), although a better effect of OrF was expected.
This was probably due to the immobilization of
nutrients by the microbial biomass (MENEZES;
SALCEDO, 2007). The high carbon content added to
the soil through the OrF (1,389 kg ha™', Table 3)
caused changes in the soil C to N ratio, favoring the
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immobilization process and, consequently, reduced
nutrient availability to plants and BW. It also
generated a longer time for the decomposition of the

organic material and release of nutrients, possibly
affecting the production components evaluated.

Table 4. Bunch weight (BW), number of berries per bunch (NBB), 10-berry weight (10BW), bunch length, and bunch
width of grapevines of the Isabel-Precoce cultivar as a function of nitrogen fertilization, with and without the use of organic

fertilizer, in two production cycles.

Nitrogen rates (kg ha™)

Productlori OrF Equation R?
componen 0 30 60 90 120
1° Cycle

Yes 889a 893b 893b 91.8b 78.2b y = 86.873%%+0.3469x**-0.0034x"** 0.81%*
BW (g)

No 81.2b 999a 104.8a 96.4a 82.4a y = 81.962%*+0.7448x**-0.0062x>** 0.98%*

Yes 31.0a 32.8b 33.5b 322a 274a y =30.748%%+0.1194x**-0.0012x>** 0.97**
NBB

No 28.1b 35.6a 36.8a 33.0a 27.6a y =28.516%*+0.2832x**-0.0024x>** 0.96**

Yes 302a 312b 32.0b 32.7b 27.5b y =29.771*+0.1053x*-0.0009x>* 0.78*
10BW (g)

No 284b 324a 33.8a 342a 294a y = 28.205%*%+0.1907x**-0.001 5x>** 0.95%*

Yes 8.55a 9.32b  9.51b 9.27a 8.56a y = 8.571%%+0.0319x**-0.00026x>** 0.99**
Length (cm)

No 7.42b 10.62a 10.60a 9.51a 8.75a y = 7.784%%+0.0908x**-0.0007 1 x>** 0.82%*

Yes 5.15a 5.56b 5.79b 5.54a 5.16a y = 5.147%%¥+0.0195x**-0.0001 6x*** 0.98**
Width (cm)

No 4.40b 5.78a 592a 5.54a 5.25a y = 4.528%%+0.0418x**-0.0003x>** 0.88**

2° Cycle

Yes 88.la 90.5b 992b 93.0b 79.4b y = 86.302%%+0.3983x**-0.003 7x*** 0.85%**
BW (g)

No 804b 10l.1a 106.0a 97.6a 83.6a y = 81.390%*+0.7962x**-0.0065x*** 0.98**

Yes 339a 358b 36.5b 352a 304a y = 33.748%%+0.1194x**-0.001 2x>** 0.97**
NBB

No 31.1b  38.6a 399a 36.0a 30.6a y = 31.516%%+0.2832x**-0.0024x>** 0.97**

Yes 30.8a 31.8b 32.5b 332b 28.0b y =30.271%%+0.1052x**-0.0098x>** 0.78**
10BW (g)

No 289b 3209a 343a 347a 299a y =28.705%%+0.191x**-0.0014x>** 0.95%*

Yes 833a 9.55b 9.74b 9.50a 8.79a y = 8.393%%+0.0438x**-0.00034x7** 0.97**
Length (cm)

No 7.19b 10.86a 10.82a 9.74a 8.98a y = 7.607%%+0.1027x**-0.00078x*** 0.82%**

Yes 5.06a 5.65b  5.88b 5.63a 5.25a y = 5.078%+0.0241x**-0.00019x>** 0.98%**
Width (cm)

No 430b 5.87a 6.0la 5.63a 5.34a y= 4.458%%+0.0464x**-0.00033x** 0.87%*

OrF = organic fertilizer; BW = bunch weight; 10BW = 10-berry weight; NBB = number of berries per bunch.
Means followed by the same letter in the columns (N rates within OrF rates) do not differ by the t test (»<0,05).
Data fitted to regression models in the rows (OrF rates within N rates). * = significant at 0.05, and ** significant at

0.01 probability by the F test.

The BW means found in both OrF rates
within the N rates fitted to the quadratic regression
model (p<0.01). BW increases with increasing N
rates up to a certain point, regardless of the OrF
application. The combined effect of N and OrF on
BW was more significant than the effect of N
fertilization without OrF. The highest BW were
104.3 g in the first (60.0 of N), and 105.7 g in the
second cycle (61.2 kg ha™ of N), when combined
with OrF; and 95.7 in the first (51.0 of N), and 97.0 g
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in the second cycle (53.8 kg ha” of N) with no OrF
application (Table 4). The best results can be
attributed to the nutrients present in the OrF (Table
3), which may have been released more gradually to
the soil, better meeting the needs of the plants.
Considering the means of the BW of the two
cycles, a gain of 8.2 g per bunch was achieved with
the combination of N and OrF, representing a
significant increase in the production. Brunetto et al.
(2009) tested increasing N rates (0.15, 30.45, and
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60 kg ha™') on Cabernet Sauvignon grapevines and
found a positive linear response of BW; they
attributed this result to the soil sandy texture with
low organic matter content, which generates a low
natural availability of nutrients, and to the
fertilization, which provided better conditions to the
plants.

The number of berries per bunch (NBB)
found in the N rates within the OrF rates showed that
N rates of 30 and 60 kg ha™ generated the highest
NBB, indicating that these N rates generated better
conditions for the availability of nutrients by the
OrF. The OrF presented no effect when applied with
no N fertilization, due to the same reasons described
for BW. The NBB means were similar for the N
rates of 90 and 120 kg ha™', denoting that application
of N rates above the needs of the plant, reduce NBB,
regardless of its combination with OrF.

This result can be explained by the imbalance
due to excess N available to plants. The plants had
satisfactory water supply through irrigation, and
ready availability of nutrients, generating optimal
conditions for vegetative development to the
detriment of the reproductive, because N is the
element that most affects the vigor of the grapevines
in production, affecting productivity factors, and
quality and composition of the grape (BRUNETTO
et al.,, 2013; MELO; BRUNETTO,; CERETTA,
2016).

The NBB means found in both OrF rates
within the N rates fitted to the quadratic regression
model. The maximum NBB was 36.7 and 39.8 at N
rates of 59.0 and 59.2 kg ha™ combined with OrF, in
the first cycle and second cycle, respectively. The
highest NBB were 33.8 and 36.7 at N rates of 49.7
and 49.9 kg ha” with no OrF, in the first cycle and
second cycle, respectively (Table 4). Considering the
mean NBB of the two cycles, there was a gain of 2.9
berries per bunch with N fertilization combined with
OrF. The best results with application of N combined
with OrF were due to the better nutritional status of
the plants, because of the more gradually release of
nutrients by the OrF, meeting the needs of the plants
(MELO et al.,, 2012). Therefore, the use of OrF
increases in certain way the NBB.

Rocha, Bassoi and Silva (2015) conducted a
similar study using Syrah grapevines in three crop
cycles and found positive results for the use of OrF
in NBB only in the last cycle, however, the N rates
(0, 10, 20, 40 and 80 kg ha™") showed no significant
effect on NBB. Brunetto et al. (2013) evaluated
Cabernet Sauvignon grapevines with application of
40 kg ha™' of N, using urea and organic compost as
sources of N, and found no significant difference in
NBB, but reported a trend of increase for NBB with
the use of the organic compound.

All N rates within the OrF rates resulted in
higher 10-berry weight (10BW), except the N rate of
0 kg ha™', which had no effect with the addition of
OrF (Table 4). The 10BW data of both OrF rates

within the N rates fitted to the quadratic regression
model, with best results at the N rates of 63.6 and
68.2 kg ha”’ combined with OrF, resulting in a
10BW of 34.3 g in the first, and 35.2 g in the second
cycle, respectively; whereas the N rates with no OrF
had the best results at the N rates of 53.7 and 53.6 kg
ha”', resulting in a 10BW of 32.6 and 33.1 g,
respectively. The means of the 10BW of the two
cycles showed that the use of OrF provided a gain of
1.9 g in the 10BW. Brunetto et al. (2009) also found
a quadratic response of berry weight with increasing
N rates (0, 15, 30, 45, and 60 kg ha™) on Cabernet
Sauvignon grapevines, and the highest results with
20 kg ha™ of N.

The bunch length and width followed the
same trend of the previous variables. The N rates of
30 and 60 kg ha™ within the OrF rates showed better
results, and the N rate of 0 kg ha™ with OrF had no
effect on these variables. The N rates of 90 and 120
kg ha' resulted in similar bunch length, and width,
indicating that the application of N changes the
nutrient release of the OrF.

The bunch length and width in both OrF rates
within the N rates fitted to the quadratic regression
model, but with higher results when using OrF
(Table 4). The largest bunch length and width were
10.69 and 5.98 cm for the first, and 10.99 and 6.09
cm for the second cycle, with N rates of 63.9, 69.7,
65.8, and 70.3 kg ha' combined with OrF,
respectively. The highest bunch length and width
with no OrF were 9.55 and 5.74 cm in the first, and
9.80 and 5.84 c¢cm in the second cycle, with N rates of
61.3,60.9, 64.4, and 63.4 kg ha™, respectively.

The means of the bunch length and width of
the two cycles showed an increase of 12% in bunch
length, and 4.2% in bunch width, when N rates were
combined with OrF. Excessive use of nitrogen
fertilizers can have a negative effect on the crop, and
N fertilization to grapevines should be carried out
with caution, since it affects the vegetative growth of
the plants, as also found by Brunetto et al. (2009;
2013). Increases in N rates with detrimental results
was also observed by Bustamante et al. (2011) in
grapevine, and by Sete et al. (2015) in peach crops.

Application of high N rates in vineyards
increase mineral N in the soil, which can stimulate
vegetative growth of the plant shoots, reducing the
solar radiation inside the canopy of the plants,
favoring the appearance of fungal diseases in leaves
and bunches, and reducing the number of fertilized
flowers, affecting the NBB and the crop yield
(BRUNETTO et al., 2007; 2009).

The number of bunches per plant (NBP) in
the N rates within the OrF rates had similar trend to
the bunch length and width. The OrF rates within the
N rates showed NBP of 121.6 in the first, and 127.4
in the second cycle, with N rates of 63.8, and 65.1 kg
ha™ with OrF, respectively. In the absence of OrF,
the highest NBP was 98.8 and 105.2 with the N rates
of 72.5 and 74.4 kg ha" in the first and second
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cycles, respectively (Table 5). Considering the mean
rates of N in the two cycles, when only N was used,
9.0 kg ha” of N were needed to reach the point of
maximum agronomic efficiency. Although a larger

amount of N was required, there was a reduction of
22.5 bunches per plant, representing a difference
approximately 22% from the NBP found with N
rates combined with OrF.

Table 5. Number of bunches per plant (NBP), production per plant (PPP), and grape yield (GY) of grapevines of the Isabel-
Precoce cultivar as a function of nitrogen fertilization, with and without the use of organic fertilizer, in two production

cycles.
Nitrogen rates (kg ha™) Equation R?
PC OrF
0 30 60 90 120
1° Ciclo
Yes 68.2a 83.3b 104.0b 92.8a 86.2a y = 66.971%*%+0.8802x**-0.00607x"** 0.88**
NEP No 582b 1152a 125.0a 96.5a 82.8a y = 63.733%%+1 8133x**-0.0142x7** 0.85%*
Yes 5.92a 6.75b 11.14b 7.96b 6.57a y = 5.553%+0.0985x**-0.00076x>** 0.74%*
o No 4.6%9% 11.13a 12.58a 8.82a 6.42a y = 5.242%%+0.220x**-0.0018x>** 0.88**
Yes 9.87a 11.25b 1628 1327b  10.70a y = 9.258%%+0.1642x**-0.0012x>** 0.74%*
o No 7.82b 18.57a 2097a 14.71a  10.96a y = 8.739%%+0.366x**-0.0029x>** 0.88**
2° Ciclo
Yes 65.2a 88.2b 109.5b 97.8a 87.8a y = 64.885%*+1.0859x**-0.0073x>** 0.93**
NEP No 552b 120.2a 130.0a 10l.5a 91.2a y = 61.647%%+2.019x**-0.0155x>** 0.85%*
Yes 5.68a 8.10b 10.99b 9.21b 7.35a y = 5.490%*+0.1407x**-0.00 1 x>** 0.91%**
o No 439 12.30a 13.92a  10.03a 7.48a y = 5.064%*+0.2651x%*-0.0021 x>** 0.89%**
Yes 9.48a 13.50b 18.32b  15.35b  12.25a y =9.152%%+0.2346x**-0.0017x>** 0.91**
o No 732b 20.50a 232la 16.71a 124la y = 8.441%%+0.4419x**-0.0035x>** 0.89%**

PC = production component; PPP = kg planta”'; GY = Mg ha™'. Means followed by the same letter in the columns (N
rates within OrF rates) do not differ by the t test (p<0,05). Data fitted to regression models in the rows (OrF rates

within N rates). * = significant at 0.05, and ** significant at 0.01 probability by the F test.

These results can be explained by the soil
improvement due to the use of OrF regarding macro
and micronutrients (Table 3), and physical, chemical,
and microbial characteristics (MALAVOLTA,
2006). Rocha, Bassoi and Silva (2015) evaluated
Syrah grapevines with increasing N rates (0, 10, 20,
40 and 80 kg ha™) applied singly or combined with
OrF and found no significant difference for NBP,
because of internal nutrient reserves in perennial
organs of the plants may have met their demands.
Thus, the amount of N available in the soil and the
internal nitrogen reserves may have been sufficient
for the plants, contrasting with the results found in
the present work with Isabel-Precoce grapevines
under local conditions.

Lorensini et al. (2015) evaluated Cabernet
Sauvignon grapevines with annual application of N
rates (0, 10, 15, 20, 40, 80, and 120 kg ha'l) and
found a quadratic effect for NBP, with the best
results obtained with the N rate of 20 kg ha™. Casali
et al. (2015) evaluated the productivity of Niagara

Rosada grapevines with increasing bovine manure
rates (0, 9, 18, 36, and 72 L plant” year") and also
found a quadratic effect for NBP, and the best results
were obtained with the use of 9 L manure plant™;
higher N rates reduced the NBP, and the authors
attributed this result to the excess of N provided by
the organic fertilizer.

The production per plant (PPP) found in the N
rates within OrF rates showed better results with N
rates of 30, 60, and 90 kg ha’'; in these rates the OrF
had better conditions to make nutrients available.
The OrF application had no effect with the N rate of
0 kg ha'. The N rate of 120 kg ha™” resulted in
similar PPP in both OrF rates (Table 5). Applications
of N rates above the needs of the plant decreased
PPP, regardless the application of OrF.

However, the results of PPP found in both
OrF rates within the N rates, based on the regression
equations, the highest PPP is found with N rates of
61.1 and 63.2 kg ha! are applied with the use of OrF.
These rates result in 11.98 Kg for the first, and
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13.43 kg for the second cycle. The PPP were 8.74 kg
and 10.4 kg without the use of OrF, with N rates of
64.8 and 70.3 kg ha™, in the first and second cycles,
respectively (Table 5). According to the means of the
PPP of the two cycles, 5.4 kg ha™ of N is required to
reach maximum production using only N (urea).
When N rates were combined with OrF, a smaller
amount of the mineral fertilizer was required, and the
production was 3.1 kg higher per plant, representing
a difference of approximately 32.7%. Brunetto et al.
(2009) evaluated Cabernet Sauvignon grapevines
subjected to N fertilization and found the highest
yields with applications of 15 to 30 kg ha™ N, thus,
under the conditions of the study, the highest N rates
provide no increase in plant production.

Lorensini et al. (2015) evaluated the
application of increasing N rates in Cabernet
Sauvignon grapevines in three crop seasons and
found a quadratic response for PPP, with the best
results found in the N rate of 20 kg ha”. They
attribute this result to the higher NBP and bunch
weight, as found in the present work for Isabel-
Precoce grapevines. The positive effect of these
parameters can be attributed to the N uptake, since
the soil of the study area had low organic matter
contents (<10 g kg') and, consequently, low
nitrogen availability. Therefore, annual application
of N (urea or organic source) to the soil is necessary
to obtain better production results (LORENSINI et
al,, 2012; (NASCIMBENE; MARINI; PAOLETT,
2012).

The yields (GY) of the grapevines found in
the N rates within the OrF rates showed the same
trend of the PPP. However, the results of the GY in
both OrF rates within the N rates fitted to the
quadratic model, regardless of the OrF application
(Table 5), with the best results obtained with the N
rate of 63.1 kg ha” with OrF, resulting in a GY of
20.3 Mg ha' for the first, and 22.4 Mg ha™ for the
second cycle. The best results with no OrF
application were 14.9 Mg ha™ and 17.2 Mg ha™', with
the N rates of 68.4 and 69.0 kg ha™ for the first and
second cycles, respectively. Therefore, high N rates
is necessary to achieve better GY when no OrF is
applied, and the GY is approximately 33% lower
when compared to the N application combined with
OrF.

Rocha, Bassoi and Silva (2015) evaluated
three crop cycles of Syrah grapevines in the
Brazilian semiarid region with application of OrF
(goat manure) combined with N rates (0, 10, 20, 40,
and 80 kg ha™) and found effect of the use of OrF in
GY only in the last cycle. This result denotes the
benefits of OrF on soil characteristics that is
commonly found in grapevines cultivated in the
region. Although the process of mineralization of
soil organic matter (SOM) occurs with greater
intensity in tropical conditions, the continuous
application of OrF (manures) can provide a better
balance between the transformation processes of

SOM, contributing to the improvement of soil
fertility. Mugnai et al. (2012) also showed positive
effects of organic matter on characteristics of soils
under Chardonnay grapevine crops subjected to
organic fertilization.

Several studies on grapevines using
increasing N rates (BRUNETTO et al., 2009;
LORENSINI et al., 2015), urea and organic fertilizer
(BRUNETTO et al., 2013), and increasing rates of
OrF (CASALI et al., 2015) found that excessive
rates of N or organic materials hinder their
production components. It was also observed in the
present study; high N rates from urea (90 and 120 kg
ha) or from OrF (approximately 131.0 kg ha™)
(Table 3) generated excess N in the soil, causing
significant decreases in the production of the
grapevines. The use of high rates of N provide no
benefits and hinders productivity of the plants,
causing economic losses, and has environmental
consequences, such as the contamination of the
water table with nitrate due to the leaching process
(LORENSINTI et al. al., 2012).

Thus, high N rates are not appropriate for the
study conditions because they reduce the yield of
Isabel-Precoce grapevines. This is also attributed to a
disordered increase in leaf area of the plants to the
detriment of production components DUCHENE;
SCHNEIDER; GAUDILLERE, 2001). Plants treated
with the highest N rates had higher leaf canopy (data
not shown). Piva et al. (2013) evaluated the effect of
plant ash rates (0, 750, 1,500 and 2,250 g plant™),
and bovine manure rates (0, 5, and 10 kg plant™) in
Isabel grapevines and found a positive linear effect
on leaf area with increasing manure and ash rates.
Nascimento et al. (2014) also evaluated Isabel
grapevines with biofertilizer rates and found
increases in leaf area depending on the biofertilizer
used. The authors of these two studies attributed the
leaf area increase to the high N rates contained in the
inputs applied to the soil.

Different results of the effect of N on
productive components of grapevines are found in
scientific literature; however, it is consensus that
excess N has negative effect on them. More detailed
information on these effects, considering the soil and
climate characteristics of the semiarid region, is
necessary, especially regarding the use of alternative
sources of fertilizers. These fertilizers are usually
from local accessible sources. The use of alternative
sources of nutrients should be considered because of
the increasing prices of mineral fertilizers in the
national market.

The current large-scale production of large
part of the Brazilian agriculture makes it almost
impossible to adopt only organic fertilizers because
of the logistic involved. However, this is a viable
alternative for small and medium farmers, mainly
fruit producers, since the use of OrF result in better
productions. The good results found in the N rate of
30 kg ha™' combined with OrF application denoted
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that strategies using less mineral fertilization can be
adopted, by adding organic inputs (animal manures)
as a complementary fertilization.

CONCLUSIONS

The nitrogen rate of 60 kg ha™' combined with
the application of organic fertilizer (bovine manure)
provided the best results for the production
components analyzed. Increasing N rates from 60 to
120 kg ha' hinders productive components of
grapevines of the Isabel-Precoce cultivar, regardless
of the combination with organic sources.
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