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Abstract

V. Mendonca, F.S.O. Silva, A.A. Alves, E.G.P. Martins, E.C. dos. Santos, W.C. Farias, and
E.C. Pereira. 2021. Agronomic performance of fig plants grown with different numbers of
branches. Int. J. Agric. Nat. Resour. 14-20. Fig production and quality are associated with the
number of branches per plant and may vary among regions according to the climatic conditions
and crop management. In this work, we studied the influence of the number of branches per
plant on the production and fruit quality of ‘Roxo de Valinhos’ figs under semiarid conditions.
The experiment was carried out at the didactic orchard of Federal Rural University of Semiarid
(UFERSA), Mossoro city, Rio Grande do Norte state, Brazil. Fig plants were grown with 6, 12,
18, or 30 branches in a completely randomized block design with four replicates and four plants
per plot. Plants without thinning were also cultivated as controls. The number of fruits per
plant, productivity, fruit length, fruit diameter, and fruit weight were evaluated. Additionally,
fruit firmness, titratable acidity (TA), soluble solids content (SS), maturation index (SSC/TA),
and vitamin C content were analyzed. The results showed that plants cultivated with 12, 18,
and 24 branches produced fruits with higher weight, more fruits per branch, and more fruits per
plant and thus were more productive. Additionally, fruits showed a high vitamin C content and
maturation index.
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Introduction world, similar to common fruits such as peach,
apple, and apricot (Gaaliche ef al., 2011).

Fig (Ficus carica L.) is a fruit tree belonging to the
Moraceae family that has been used for centuries

in Chinese medicine (Yang et al., 2015). A typical

In Brazil, satisfactory conditions exist for fig
cultivation, although this plant has been exploited

Mediterranean species, fig fruits are appreciated
and have the potential to be exploited around the
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without the use of innovations and technical
improvements (Giacobbo et al., 2007). South
and Southeast Brazil are the major fig-producing
regions in Brazil, both for fresh consumption
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and industry. Because figs can adapt to different
climatic conditions (Ramos ef al., 2008), plants
can also be grown in North and Northeast Brazil.

Although figs are grown in several regions with
similar climatic conditions, studies on canopy
training are still scarce. In other species, studies
have shown that the optimal number of branches per
plant can maintain a balance between production
and fruit quality (Kim et al., 2017). Additionally,
few studies have been carried out with exotic spe-
cies in semiarid regions. Silva et al. (2017) found
that figs from the ‘Roxo de Valinhos’ cultivar
showed high quality under semiarid conditions.

In this work, we studied the influence of the
number of branches per plant on fruit produc-
tion and quality in ‘Roxo de Valinhos’ figs under
semiarid conditions.

Materials and Methods
Experimental location and plant growth
conditions

The experiment was carried out in two production
cycles, the first (Cycle 1) from April to July 2016

and the second (Cycle 2) from April to July 2017,
at the didactic orchard (5°11° S, 37°20° W, 18 m
altitude) of Federal Rural University of Semiarid
(UFERSA), Mossoro city, Rio Grande do Norte
State, Brazil. The orchard is located in the semi-
arid region of Brazil, where the climate is hot and
dry, with an average annual temperature of 27.50
°C, relative humidity of 68.9%, cloudiness of 4.4
tenths, and rainfall of 673.9 mm (Sobrinho et al.,
2011). Meteorological data were collected during
the experiment from the weather station located
at the experimental farm (Figure 1).

Fig plants were grown with 6, 12, 18, 24, or 30
branches per plant, or without thinning as a control,
in a completely randomized block design with
four replicates. Four plants were cultivated per
plot, but only the two central plants were evalu-
ated. The plants were 5 years old, and there was
2.0 m of space between rows and 1.5 m between
plants. Irrigation was performed daily by one
microsprinkler per plant supplying water at a 40
L h' flow rate.

In both cycles, plants were pruned in April.
After pruning, plants were fertilized with ni-
trogen, phosphorus, and potassium, which were
supplied following soil analysis. When all the
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Figure 1. Temperature, relative humidity, and rainfall during two production cycles (April to July
2016 and April to July 2017) of ‘Roxo de Valinhos’ fig grown with different numbers of branches in
the semiarid region of Brazil. UFERSA, Mossor6-RN, 2018.
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plants sprouted and showed eight pairs of leaves,
the excess branches were eliminated, and only
the number of branches of each treatment was
maintained. Subsequently, thinning was carried
out every seven days to eliminate newly sprouted
branches, which may compete with the remaining
branches for water, light, and nutrients.

Physicochemical characteristics of fruits

At harvest, the number of fruits per plant was
determined by direct counting every three days.
After harvest, fruits were weighed to determine fruit
production per plant. Fruit weight was measured
using a digital scale (AD 2000, Marte Cientifica,
Séo Paulo, SP, Brazil, 0.01 g accuracy), and the
results were expressed as g. Additionally, fruit
length and diameter were measured using a digital
caliper, and the results were expressed as cm.

Pulp firmness was determined using a penetrom-
eter (FT 327, McCormick) equipped with an
8 mm probe inserted 7 mm into the pulp. The
evaluations were performed on two equidistant
and opposite sides of the fruits, and values were
expressed as Newtons (N).

Then, the fruits were processed in a kitchen blender,
and the puree was packed in plastic pots and stored
in a freezer (20 °C) to evaluate the physicochemical
characteristics of the fruits. The titratable acidity
(TA) was determined using 1 g of puree diluted
in 50 mL distilled water and titrated with 0.1
M NaOH, using 1% phenolphthalein as a color
indicator. The results were expressed as g citric
acid 100 g' fresh weight (FW) (Instituto Adolfo
Lutz, 1985). The content of soluble solids (SS) was
determined by direct refractometry of the puree in
a digital refractometer with automatic temperature
compensation (Palette, Atago®, Tokyo, Japan), and
the results were expressed as °Brix (AOAC, 1997).
Then, the SS/TA ratio was calculated.

Additionally, vitamin C content was determined
by titration with 2,6-dichlorophenol-indophenol

solution according to AOAC (1997) and expressed
as mg ascorbic acid 100 g' FW.

Statistical analysis

Data were submitted to analysis of variance by
the F test (p<0.05), and means were grouped by
Tukey’s test (p<0.05). All statistical analyses were
performed in SISVAR software (Ferreira, 2011).

Results

As shown in Table 1, the number of branches
did not affect fruit length in either Cycles 1 or
2. However, fruit diameter was higher in plants
grown with six branches in Cycle 1 (4.23 cm)
and those without thinning in Cycle 2 (4.81 cm).

Treatments did not affect fruit weight in either
cycle, which was 29.09 and 30.23 g on average in
Cycles 1 and 2, respectively (Table 2). In contrast,
the number of fruits per plant was higher in plants
with 24 branches in Cycle 1 (129.50 fruits) and
those with 30 branches in Cycle 2 (167.00 fruits).
Likewise, productivity was higher in plants with
24 branches (3.55 kg fruits plant”') in Cycle 1,
while it did not vary among treatments in Cycle
2 (3.66 kg plant”, on average).

Table 1. Fruit length and diameter over two production
cycles of ‘Roxo de Valinhos’ figs grown with different
numbers of branches in the semiarid region of Brazil.
UFERSA, Mossor6-RN, 2018.

Length (cm) Diameter (cm)

Treatment

Cyclel Cycle2 Cyclel Cycle2
Without thinning  3.86 a 3.66 a 399ab  4.81a
6 branches 4.06 a 3.62a 423a 4.56ab
12 branches 4.0l a 354a 4.09ab  4.76 ab
18 branches 3.88a 340a 4.07ab 4.27ab
24 branches 382a 349a 391b 4.16b
30 branches 385a 331a 4.07ab  421b

Means followed by the same letter in the column are not
significantly different by Tukey’s test (p<0.05).
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Regarding the physicochemical characteristics
of the fruits (Table 3), pulp firmness was higher
in fruits from plants grown with 18, 24 and 30
branches in Cycle 1. On the other hand, in Cycle
2, pulp firmness was higher in fruits from plants
without thinning or those with 6 and 12 branches.

The content of soluble solids ranged from 18.10
to 20.80 °Brix in Cycle 1, and the maximum
value was obtained for plants without thinning
(20.80 °Brix), followed by those with 24 and 6
branches (19.00 °Brix). In Cycle 2, SS ranged from
11.30 to 12.30 °Brix, with the maximum value
obtained for plants with 30 branches, followed
by plants with 24 and 6 branches (12.10 °Brix).

17

The maximum titratable acidity was obtained for
plants without thinning in both Cycles 1 (0.21 g
100 g") and 2 (0.29 g 100 g"). The SS/TA ratio
was higher in fruits from plants with 18 branches
in Cycle 1 (116.57) and those with 30 branches
in Cycle 2 (89.58).

The vitamin C content was higher in fruits from
plants with 24 branches in Cycle 1 (17.59 mg
100 g') and plants with 18 branches in Cycle 2
(27.06 mg 100 g™).

Table 2. Fruit weight, number of fruits per plant and yield (kg plant') over two production cycles of ‘Roxo de Valinhos’ fig
plants grown with different numbers of branches in the semiarid region of Brazil. UFERSA, Mossor6-RN, 2018.

Fruit weight (g) Number of fruits per plant Fruit production (kg plant™)

Treatment
Cycle 1 Cycle 2 Cycle 1 Cycle 2 Cycle 1 Cycle 2
Without thinning 2490 a 33.88a 91.50 b 66.50 b 2.37 be 2.28a
6 branches 26.26 a 3348a 77.00 b 130.50 ab 2.06¢ 4.07a
12 branches 3237a 29.08 a 98.50 b 140.75 ab 3.19 ab 4.15a
18 branches 31.68a 2795a 89.50 b 121.75 ab 2.93 abc 341a
24 branches 27.89 a 30.03 a 129.50 a 132.25 ab 355a 3.6la
30 branches 3143 a 2698 a 97.75b 167.00 a 3.18 ab 441 a

Means followed by the same letter in the column are not significantly different by Tukey’s test (p<0.05).

Table 3. Pulp firmness (N), content of soluble solids (SS), amount of vitamin C (mg ascorbic acid 100 g fresh weight),
titratable acidity (TA, g citric acid 100 g fresh weight), and SS/TA ratio in ‘Roxo de Valinhos’ fig fruits from plants grown
with different numbers of branches in the semiarid region of Brazil. UFERSA, Mossor6-RN, 2018.

. Soluble solids Titratable acidity . Vitamin C
Firmness (N) (°Brix) %) Relation SS/AT (mg 100 &)

Treatment

Cyclel Cycle2 Cyclel Cycle2 Cyclel Cycle2 Cyclel Cycle2 Cyclel Cycle2
Without 658ab  7.10a  2080a 1130d 021a  029a 9090 3g674 1333 17.03¢
thinning be
6 branches 5.83b 6.40 a 19.00 b 12.10b  0.18 ¢ 0.16 be 104.16b 74.68 bc 15.85d 16.61 ¢
12 branches 7.13ab 7.22a 18.10¢c  11.60c  0.19bc  0.14cd 94.06d 78.88bc 16.54c  20.69b
18 branches 8.26a 497b 1890b 12.05b 0.16d 0.14cd 116.57a 83.20ab 15.85d 27.06a
24 branches 841 a 5.80 ab 19.00 b 12.10b  0.192ab 0.17b 96.31cd 70.34¢ 17.59a 20.34b

99.80

30 branches 842 a 6.70 ab 1845bc 12.30a 0.185¢c  0.13d bed 89.58a 16.70b  20.81b

Means followed by the same letter in the column are not significantly different by Tukey’s test (p<0.05).
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Discussion

The results agree with those of Freitas et al. (2015)
for figs grown in Limoeiro do Norte, Ceara state,
Brazil, where fruits were 5.29 cm in length and
4.58 cm in diameter. According to Almeida &
Martin (1997), the high temperature in the semiarid
region stimulates fruit growth, increasing fruit
length and diameter during development.

The fruit weight we obtained (27.89-33.88 g) was
lower than that reported by Lajus (2004) for ‘Roxo
de Valinhos’ figs; in their study, plants grown with
6 and 12 branches produced fruits with average
weights of 52.4 g and 51.8 g, respectively. Cam-
pagnolo et al. (2009) found that plants grown with
6 branches produced 156.80 fruits, while in those
with 12 branches, the number of fruits increased
to 189.94, which was higher than the number of
fruits per plant obtained in our study.

Caetano et al. (2005) observed that the number
of fruits per branch decreased as the number of
branches per plant increased from 16 to 32. Ac-
cording to the authors, such a reduction was a
consequence of shading caused by the branches,
which reduced the differentiation of reproductive
buds. Moreover, changes in climatic conditions,
such as temperature, air humidity, photosyn-
thetic radiation, and atmospheric composition,
may influence the phenological, vegetative and
reproductive aspects of fig trees (Chaves, 2003).

Regarding the physicochemical characteristics
of fruits, pulp firmness in the present study
(4.97-8.42 N) was higher than that (2.36 N) found
by Freitas et al. (2015), who examined fruits
produced under an open-air cultivation system
in Chapada do Apodi, Ceara State, Brazil. Sales
Junior (2014) explained that changes in pulp
firmness are associated with changes in pectic
substances present in the cell wall and middle
lamella. Pectate and pectinate contents increase
as total pectin decreases during fruit ripening,
which reduces pulp firmness.

The content of soluble solids (SS) was higher
in Cycle 1 (18.10-20.80 °Brix) than in Cycle 2
(11.60—-12.30 °Brix) (Table 3). The range in Cycle
2 was similar to that obtained by Chaves (2003)
at 14.6 to 15.9 °Brix. SS represents water-soluble
compounds in fruits, such as sugars, vitamins,
acids, amino acids, and pectins, whose concentra-
tions depend on the fruit maturation stage and
generally increase during ripening by polysac-
charide degradation (Chitarra & Chitarra, 2005).
Moreover, SS in fruits varies according to cultivar,
edaphoclimatic conditions, and harvest season
(Carvalho et al., 2001).

According to Gongalves et al. (2006), figs for fresh
consumption must present 0.720% titratable acidity
at harvest time. In this work, the titratable acidity
was between 0.162 and 0.205%. Other studies
also found similar levels of titratable acidity in
figs produced in the Brazilian semiarid region.
Freitas et al. (2015) reported a titratable acidity
0f 0.161% in figs produced in Chapada do Apodi.
According to Chitarra (1998), fruit acidity is af-
fected by changes in the concentration of organic
acids during fruit growth and differs across fruit
types. This variation in acidity is due to several
factors, including maturation stage, nutrition,
climatic conditions, and cultivar (Alvarenga, 2004).

Additionally, the SS/TA ratio is one of the most
commonly used parameters to evaluate fruit taste.
High levels of SS/TA are associated with mild taste
due to the combination of sugars and acids, whereas
low levels of SS/TA are associated with an acidic
taste that is less accepted (Pacheco et al., 1997).

Freitas et al. (2015) cultivated ‘Roxo de Valin-
hos’ figs under different growing conditions in
Chapada do Apodi, Ceara, Brazil, and harvested
fruits with a vitamin C content of 10.39 mg 100
ascorbic acid g fresh weight, which was lower
than that obtained in our study (13.33-27.06 mg
100 g"). Figs do not have high vitamin C levels
compared to other fruits, such as cashew and
acerola (Freitas ef al. 2015). According to Gabas
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et al. (2003), the vitamin C content in fruits is
affected by several factors, such as pH, light, O,,
temperature, and air relative humidity.

Conclusions
Branch thinning in fig (Ficus carica L.) increases

fruit production under semiarid conditions. Plants
grown with 12, 18, 24, and 30 branches in the

Brazilian semiarid region produce more fruits
and heavier fruits than plants without thinning.
Additionally, branch thinning increases pulp
firmness, the content of soluble solids, and the
amount of vitamin C in fruits. Plants grown
with 24 branches produce fruits with greater
uniformity in weight, number, and production
between cycles.

Resumen

V. Mendonga, F.S.O. Silva, A.A. Alves, E.G.P. Martins, E.C. dos. Santos, W.C. Farias,
y E.C. Pereira. 2021. Comportamiento agronémico de plantas de higo cultivadas con

diferente niimero de ramas. Int. J. Agric. Nat. Resour. 14-20. La produccion y calidad del

higo estan asociadas con el numero de ramas por planta y pueden variar entre las regiones segiin

las condiciones climaticas y el manejo del cultivo. En este trabajo se estudi6 la influencia del

numero de ramas por planta en la produccion y calidad del fruto del higo ‘Roxo de Valinhos’ en

condiciones semiaridas. El experimento se llevo a cabo en el huerto didactico de la Universidad
Federal Rural del Semiarido (UFERSA), ciudad de Mossord, estado de Rio Grande do Norte,
Brasil. Las plantas de higo se cultivaron con 6, 12, 18 o 30 ramas en un disefio de bloques

completamente casualizados con cuatro repeticiones y cuatro plantas por parcela. También

se cultivaron plantas sin eliminacion de rama como tratamiento control. Se evalu6 el niimero

de frutos por planta, productividad, longitud, diametro y peso del fruto. También se analizod
la firmeza del fruto, acidez titulable (TA), contenido de sélidos solubles (SSC), indice de
maduracion (SSC / TA) y vitamina C. Los resultados mostraron que las plantas cultivadas

con 12, 18 y 24 ramas produjeron frutos con mayor peso, nimero de frutos por rama, numero

de frutos por planta y, por tanto, fueron mas productivas. Ademas, los frutos mostraron alto

contenido de vitamina C e indice de maduracion.

Palabras clave: Ficus carica L., fruticultura, poda, poscosecha, productividad.
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