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QUALITY OF IRRIGATED APPLES IN THE SEMIARID REGION OF THE
NORTHEAST OF BRAZIL'

CINTIA PATRICIA MARTINS DE OLIVEIRA**, WELSON LIMA SIMOES®, JOSE ALICANDRO BEZERRA SILVAZ,
PAULO ROBERTO COELHO LOPES?, JOSTON SIMAO ASSIS®

ABSTRACT - The great solar radiation in the Brazilian semiarid region, combined with an adequate irrigation
management, favors fruit production and quality of crops that were adapted to this region. The objective of this
work was to evaluate the fruit quality of two apple cultivars grown in the Sub-Mid Sao Francisco River Valley
under different irrigation water depths. A complete randomized block experimental design in a split-plot
arrangement with five replications was used. The plots consisted of four irrigation water depths (ID) (60, 80,
100 and 120% of the reference evapotranspiration - ETo), the subplots consisted of two apple cultivars (C)
(Julieta and Princesa) and the sub-subplots consisted of fruit positions in the tree canopies (FP) (east and west
sides). The soluble solids content (SS), titratable acidity (TA), SS/TA ratio, pulp firmness (PF) and fresh
weight (FW) of the fruits were evaluated. The factors evaluated showed no triple interaction between the
evaluated factors, however, the SS and TA were significantly affected by them; the interaction between ID and
C significantly affected the PF; the interaction between ID and FP significantly affected the PF, SS/TA ratio
and FW; and the interaction between C and FP significantly affected the SS/TA ratio. The increase in water
depth increased the fruit size of both cultivars, without compromising the post-harvest quality. The cultivar
Princesa presented the best results regarding SS, TA, PF and FW, however, both cultivars had organoleptic
characteristics within the recommended standards for commercialization. The fruits harvested on the west side
presented better post-harvest quality.

Keywords: Water regimen. Malus domestica Borkh. Post-harvest.

QUALIDADE DOS FRUTOS DE MACIEIRAS IRRIGADAS NO SEMIARIDO NORDESTINO

RESUMO - A elevada radiac@o associada ao manejo adequado da irrigagdo no semiarido brasileiro favorece o
aumento da produgdo e a qualidade dos frutos de culturas adaptadas a regido. O objetivo deste trabalho foi
avaliar a qualidade dos frutos de duas variedades de macgas cultivadas na regido do Vale Submédio do Rio Séo
Francisco sobre diferentes laminas de irrigagdo. O delineamento experimental foi em blocos ao acaso, com
parcelas subsubdivididas, com cinco repetigdes, sendo as parcelas principais quatro ldminas de irrigagdo (60;
80; 100; e 120 % da evapotranspiragdo de referéncia - ETo), as subparcelas duas cultivares de maga (Julieta e
Princesa) e as subsubparcelas as posi¢cdes da copa da planta (leste e oeste). Avaliou-se o teor de s6lidos soluveis
(SS), a acidez titulavel (AT), a relacdo entre SS/AT, a firmeza de polpa (FP) e a massa de matéria fresca do
fruto (MMFF). Nao se observou interacdo tripla entre os fatores avaliados, mas houve um efeito significativo
das caracteristicas SS e AT, da interacdo entre 1dminas e cultivares para FP, da interacdo entre laminas e
posicdo para FP, razdo de SS/AT e MMFF e da interagdo entre cultivares e posi¢do para relagdo SS/AT. O
aumento da irrigagdo promoveu aumento do tamanho dos frutos, das duas cultivares, sem comprometer a
qualidade pos-colheita. A cultivar Princesa apresentou os melhores resultados quanto o SS, AT, FP e MMFF,
contudo ambas as cultivares apresentaram caracteristicas organolépticas dentro do recomendado para
comercializagdo. Os frutos colhidos do lado oeste apresentaram melhor qualidade po6s-colheita.

Palavras-chave: Regime hidrico. Malus domestica Borkh. Pos-colheita.
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INTRODUCTION

The apple tree is from temperate climates and
presents dormancy of buds, requiring a certain
number of hours of cold weather (<7.2°C) to the
opening of its buds (PETRI; LEITE, 2008).
However, new cultivars that need less hours of cold
weather have been developed through breeding
programs and launched in the market, such as the
cultivars Princesa, which requires 350-450 and the
cultivar Julieta, which requires 300-450 hours of
cold weather for natural overcoming of dormancy
(LOPES; OLIVEIRA; SARMENTO, 2013).

The cultivar Princesa, which is used as a
pollinator, has attractive medium-sized fruits,
round-conical ~ shape,  red-brindle  coloring,
cream-white, crisp, firm, juicy pulp and semi-acidic
flavor. The cultivar Julieta presents fruits with good
commercial aspects, with average weight over
150 grams, and sweet, slightly acidic taste (LOPES;
OLIVEIRA; SARMENTO, 2013).

Studies have shown the feasibility of
producing apple cultivars that require short time of
cold weather in the semiarid conditions of the Séo
Francisco River Valley (LOPES et al., 2012; LOPES
et al.,, 2013; OLIVEIRA et al., 2013). Technically
more extensive works, aiming to improve the
cultivation of this species, may contribute to the crop
diversification in irrigated areas of the Northeast of
Brazil, and to the availability of fruits at times
different from the traditional production regions
(OLIVEIRA et al., 2013).

According to Concei¢do (2010), the
maintenance of an adequate water condition in the
soil is essential to obtain high yields and quality
fruits. Several studies report the positive effect of
proper use of irrigation on apple yield and quality
(MPELASOKA; BEHBOUDIAN; DIXON, 2000;
LEIB et al., 2006; MOHAWESH ; AL-ABSI, 2009).

However, it is the combination of physical
attributes (diameter, weight and epidermis color)

mm Precipitation

with intrinsic attributes (soluble solids content,
titratable acidity and their ratio) that ensures a
greater acceptability of the fruit by the consumer
(CHITARRA; CHITARRA, 2005). Thus, apples
with better physical and chemical characteristics are
selected for the domestic market and export, and
those with low quality for fresh consumption are
directed to processing industries.

Considering the apple tree adaptability to
irrigated areas of the semi-arid region of Northeast of
Brazil, the objective of this work was to evaluate the
fruit quality of two apple cultivars grown in the
Sub-Mid Sao Francisco River Valley under different
irrigation water depths.

MATERIAL AND METHODS

The experiment was conducted in the
experimental orchard of the Corcino Frutas Farm,
which is located in the Sector 5 of the Irrigated
Perimeter Senator Nilo Coelho, Petrolina, State of
Pernambuco (PE), Brazil. The apple trees (Malus
domestica) evaluated were two years old, and
propagated by grafting (Maruba rootstock with M9
filter) and grown spaced 4.0x1.25 m apart.

A complete randomized block experimental
design in a split-plot arrangement with five
replications was used. The plots consisted of four
irrigation water depths (60, 80, 100 and 120% of the
reference evapotranspiration - ETo), the subplots
consisted of two apple cultivars (Julieta and
Princesa) and the sub-subplots consisted of fruit
positions in the tree canopies (east and west sides).

A two-line drip irrigation system was used,
with flow of 2.1 L h™ per emitter and daily irrigation.
The irrigation water depths were determined based
on the ETo, using the Penman-Monteith method and
meteorological data of the experimental period from
a weather station near to the experimental site
(Figure 1).
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Figure 1. Mean temperature (°C), reference evapotranspiration (ETo) and precipitation (mm) during the experimental

period. Petrolina PE.
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The evaluations of the fruits were carried out
during the harvest of the 2014-2015 crop season,
from early February to early March.

Fruits at commercial maturity were harvested,
packed in plastic bags and evaluated at the Embrapa
Semi-Arid Post-Harvest Laboratory. Ten fruits of
each treatment were randomly selected, representing
ten replications. The soluble solids (SS), titratable
acidity (TA), SS/TA (ratio), pulp firmness (PF) and
fresh weight (FW) of the fruits were determined. The
analyzes were performed according to the
methodology described by the Instituto Adolfo Lutz
(1985).

The results were subjected to analysis of
variance, evaluating the interaction between the
factors. The statistically significant means were
compared by the Tukey test (qualitative factors) and
regression analysis (quantitative factors) at 5% of

probability of error, using the statistical program
SAS (SAS INSTITUTE, 2002).

RESULTS AND DISCUSSION

The statistical analysis showed no triple
interaction between the evaluated factors, however,
the soluble solids (SS) and titratable acidity (TA)
were significantly affected by them; the interaction
between irrigation water depths (ID) and cultivars
(C) significantly affected the pulp firmness (PF); the
interaction between ID and fruit position (FP)
significantly affected the PF, SS/TA ratio and fresh
weight (FW) of the fruits; and the interaction
between C and FP significantly affected the SS/TA
ratio (Table 1).

Table 1. Analysis of variance of variables related to post-harvest quality of apple (Malus domestica Borkh) fruits
depending on the cultivar, fruit position in the tree canopy and irrigation water depth.

Source Degrees F test
of Variation of Freedom SS TA SS/TA PF EW
Block (B) 4 0.03 0.001 11.05 15.51 18.13
Water Depth (WD) 3 2.75% 0.019* 206.65™ 678.11™ 922.19™
WD x B 12 - - - - -
Cultivar (C) 1 63.32% 0.29% 407.53™ 564.59™ 2604.49™
Cx WD 3 0.2"™ 0.001™ 44.16™ 41.68% 218.81%*
CxWDxB 16 - - - - -
Fruit position (FP) 1 0.73* 0.000™ 5.01™ 18.87™ 44.11™
FP x WD 3 0™ 0.003™ 19.19* 29.84%* 11.19™
FPxC 1 0.11™ 0.005™ 61.07* 29.41™ 3.14™
FPx Cx WD 3 0.29™ 0.003™ 12.91™ 22.38™ 29.88™
CV (%) 242 8.3 9.5 3.86 9.1

SS = Soluble Solids; TA = Titratable Acidity; SS/TA = Soluble Solids to Titratable Acidity ratio; PF = Pulp
Firmness; FW = Fruit Fresh Weight; ™ = Not significant; * = Significant at 5% by the F test.

The SS of the cultivars evaluated was
significantly different, with greater contents in the
cultivar Princesa (14.2%) compared with the cultivar
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Julieta Princesa

Julieta (13.8%) (Figure 2A). The fruits in the western
position presented higher contents of SS (13.4%)
than those on the east side (13.2%) (Figure 2B).
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Figure 2. Soluble solid contents of apple (Malus domestica Borkh) fruits grown in the Sub-Mid Sao Francisco River Valley
depending on the cultivar (A) and fruit position in the tree canopy (B).
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Santos, Hickel and Argenta (2015) evaluated
apples grown in southern Brazil and found SS values
of about 14%, which were similar to the result found
in the present study. Santos et al. (2010) evaluated
apple cultivars under irrigation in the Sub-Mid Sao
Francisco River Valley and also found a similar SS
value (14.2%) for the cultivar Princesa. However,
Chagas et al. (2012), assessed quality attributes of
apple trees under subtropical conditions and found a
SS content for the cultivar Princesa of 12.2%, which
was below that found for this cultivar in the present
study.

The SS content varies mainly when
comparing different species, cultivars, maturation
stages and climates, ranging from 2 to 25%, with
average values between 8 and 14% (CHITARRA;
CHITARRA, 2005). Thus, the cultivars evaluated
presented SS contents within the recommended
range for acceptability of the fruit by the consumer.

Feliciano et al. (2010) also reported that sugar
content in apples may also vary depending on the
fruit position in the tree canopy. Fruits exposed to
the sun tend to present higher sugar contents than

those in shaded parts of the trees, confirming the
results found in the present study.

According to Rizzon et al. (2005), factors
related to photosynthetic activity such as radiation
and soil moisture affect the sugar production and
accumulation, thus altering the SS content.

However, the  response curve  of
photosynthesis to the increase in radiation is
hyperbola in fruit trees, saturating with values of
600 to 1200 pumol m? s, ie., about half of the
maximum intensity of the photosynthetically active
photon flux that reaches the soil (DOMINGOS,
2009). The fruits on the west side of the tree
canopies presented greater accumulation of soluble
solids, which was probably due to a greater
efficiency of photosynthetic activity of leaves in this
position.

The SS contents found in the apple fruits
decreased with the increasing water depths. The SS
content found for the water depth of 60% ETo
(13.8%) was higher than those found for the water
depth of 120% ETo (12.9%) (Figure 3).

15.0
£ 140 |
S 130
£ 120
S y = -0.0139x + 14.596
2 110 R?=0.9368
10.0 r , .
60 80 100 120

Irrigation water depth (% ETo)

Figure 3. Soluble solids contents of apple fruits grown in the Sub-Mid Sao Francisco River Valley depending on irrigation

water depths.

The SS content of the apples increased with
decreasing water depths. Similar result was found by
Leib et al. (2006) in semiarid climatic conditions in
Washington State, USA.

The increase of SS content in the fruits
increased their dry matter. Mpelasoka, Behboudian
and Green (2001) assessed the apple yield and
quality responses to irrigation and found increases in
SS contents followed by increases in dry matter.

06 -
En
g 057
@04
=
5 03 -
= o y=-0.0011x + 0.5372
= O R?=0.8737
£ 01 -
=00 . .
60 80 100

[rrigation water depth (% ETo)

120

The water depths affected the titratable
acidity of the apple pulps (Figure 4A), with data
fitting to the negative linear model. The cultivars
showed significant differences in fruit acidity (Figure
4B), denoting the lower acidity of the cultivar
Julieta, compared with the cultivar Princesa. This
result may be due to differences between the
genotypes studied.

0.60
0.50
0.40
0.30
0.20
0.10

0.00 T ,
Julieta Princesa

1 1 1

1

Titratable acidity (g.100g™")

Figure 4. Titratable acidity (A) of apple (Malus domestica Borkh) fruits, grown in the Sub-Mid Sao Francisco River

Valley, depending on irrigation water depths and cultivars.
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The greatest content of malic acid, which
determines the TA, was found in fruits irrigated with
60% ETo, differing significantly from the contents
found in fruits irrigated with 120% ETo. Mohawesh
and Al-Absi (2009) assessed the physiological
response of two apple genotypes to different water
regimes in the semi-arid region of Jordan and
observed a decrease in TA with increasing irrigation,
which confirms the results found in the present
study.

The irrigation water depth decrease probably
decreased the turgidity of leaf guard cells, causing
stomatal closure (TAIZ; ZEIGER, 2013). This
process is caused by changes in the photosynthetic
activity, synthesis rate and translocation of
assimilates in the apple trees, which may have

45

40 * Julieta (P)

Princesa (J)

£ 35
< 30 3
7 25
2 5 y (P) = -0.06x + 34.556
2 1s R? =(.5287
& 10 y () = -0.1725x + 49.193
5 R>=0.9661
0 T T T 1
60 80 100 120

Irrigation water depth (% ETo)

affected the qualitative attributes of the fruits, i.e.,
the soluble solid contents and titratable acidity
increased with decreasing water depths.

According to Vieira et al. (2009), the usual
titratable acidity of commercial fruits in southern
Brazil ranges from 0.20 to 0.41 g of malic acid per
100 g. Chagas et al. (2012), compared apple cultivars
in eastern Sdo Paulo State and found the cultivar
Princesa with 0.50 g of acid malic per 100 g, which
was similar to that found in the present study.

The interaction between water depths and
cultivars significantly affected the SS/TA ratio
(Figure 5A), with the cultivar Julieta presenting
greater contents, except comparing the values with
irrigation of 120% ETo.

45 1 m Julieta = Princesa
40 - . a
& 35 1 b b
= 30
v 25 A
(7]
~ 20 A
£ 15 -
£ 10 4
5 -
0 T '
East West

Figure 5. Soluble solids to titratable acidity ratio (SS/TA) of the apple (Malus domestica Borkh) cultivars Julieta and
Princesa, grown in the Sub-Mid S&o Francisco River Valley, depending on the irrigation water depths (A) and fruit

positions in the tree canopy (B).

According to the regression analysis, the
SS/TA values increased linearly with decreasing
water depths, with a significant difference in SS/TA
ratio between the cultivars Julieta (40%) and
Princesa (32%) in the water depth of 60% ETo
(Figure 5A). Santos et al. (2010) found similar
values for irrigated cultivar Princesa in semi-arid
conditions in Brazil.

The mean SS/TA ratio of the cultivars
depending on the fruit position in the tree canopy
(Figure 5B) was 33% (Julieta) and 29% (Princesa),
with the fruits on the west side of the tree canopies
presenting the greatest SS and TA.

The increase of SS/TA ratio with decreasing
water depths may be related to stress conditions,
since several physiological processes are affected
under advanced stages of water deficit, including the
increase of respiratory rates (TURNER, 1997). The
malic acid and sugars are used as substrates for the
respiratory metabolism (ARGENTA, 2006), thus the
increase of the sugar/acid ratio is related to the
consumption rate of malic acid, which is greater than
the consumption rate of sugars during maturation.

According to Wu et al. (2007), apple cultivars
with SS/TA ratio lower than 20 are more suitable for
industrial processing (juices and ciders), and those

higher than 20 are considered sweet and suitable for
fresh consumption. The cultivars studied presented
values higher than 20 (sweet cultivars). Similar
results were found in apples in southern Brazil
(VIEIRA et al., 2009).

According to the regression analysis, the pulp
firmness (PF) decreased linearly with increasing
water depths (Figure 6). The depth of 60% ETo
resulted in fruits with greater pulp firmness. The pulp
firmness of the cultivars varied from 75 to 79 N
(Figure 6A), presenting values near 77 N in fruits
from both positions evaluated (Figure 6B).

The cultivar Princesa presented greater
firmness, differing significantly from cultivar Julieta.
This result was expected, since the cultivar Princesa
usually presents fruits of more crisp and firm pulp
(LOPES; OLIVEIRA; SARMENTO, 2013).
According to Chitarra and Chitarra (2005), pulp
firmness may vary mainly due to the regional
climatic conditions, fruit position in the tree canopy
and degree of maturation.

According to Mpelasoka Behboudian and
Green (2001), the increasing pulp firmness with
decreasing water depths is due to the production of
smaller fruits by the plants in soils with low
moisture, confirming the results of the present study.
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Figure 6. Pulp firmness of apples (Malus domestica Borkh) grown in the Sub-Mid Sao Francisco River Valley depending
on the interaction between irrigation water depths and cultivars (A) and the interaction between irrigation water depths and

fruit positions in the tree canopy (B).

The minimum limit of pulp firmness in
southern Brazil is divergent in the literature,
however, when the pulp firmness approaches 50 N,
the risk of damages to apples during the
commercialization increases. Fruits that need to be
stored for long periods are usually harvested with
pulp firmness higher than 70 N. Thus, the pulp
firmness of the apples evaluated was within the
recommended values for commercialization and

storage, especially the fruits in the western position.

The fruit fresh weight (FW) was lower with
the water depth of 60% ETo, which statistically
differed from the depth of 120% ETo (Figure 7). The
final fruit size decrease is one of the most
consistently reported effects of reducing irrigation in
apples (MPELASOKA; BEHBOUDIAN; DIXON,
2000; LEIB et al., 2006; MOHAWESH; AL-ABSI,
2009).

100 1 + Julieta (J) * Princesa (P)

\EE 80 q
=
3 60 //
3 - v _.’
E 40 A y(P)=0.3887x +29.274
= R?=10.9907
£ 20 y (J)=0.1342x + 40.766

0 R2=0.9661

60 80 100 120

Irrigation water depth (ETo)

Figure 7. Fresh fruit weight (FW) of the apple (Malus domestica Borkh) cultivars Julieta and Princesa, grown in the
Sub-Mid Sao Francisco River Valley, depending on irrigation water depths.

According to Yao, Neilsen and Neilsen
(2001), the reducing of irrigation water depths in
apple orchards, especially in the phases 2 (cell
elongation) and 3 (maturation), tends to decrease the
crop yield due to the reduction of number, size and
weight of fruits.

The cultivar Princesa had higher FW than the
cultivar Julieta in all water depths (Figure 7). This
result may be related to the better use of available
water by the genotype Princesa. The values of FW
ranged from 48.52 to 57.26 g (Julieta) and from
53.22 to 76.84 (Princesa).

Similar results were found by Oliveira et al.
(2014), who evaluated eight apple cultivars that
require short time of cold weather. On the other
hand, some studies on mild winter regions showed
higher FW means for the cultivar Princesa, differing
from the results in the present study (SANTOS et al.,
2010; (CHAGAS et al., 2012).

765

CONCLUSIONS

The largest irrigation water depth evaluated
(120% ETo) is recommended for production of large
fruits without compromising their post-harvest
commercial quality.

The apple cultivars Princesa and Julieta
produced in the Brazilian semiarid presented fruits
within the standards required for commercialization
and are suitable for fresh consumption.
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