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Abstract- Fruit growing has become an important alternative economic strategy for the social
reproduction of small rural producers. Fig (Ficus carica L.) is a fruit of great world importance, and
can be used as a new source of agricultural variability, adding advantages, both economically and
socially. In addition, the characterization of active germplasm banks of the genus Ficus becomes an
important research line for culture improvement, and it is necessary to gather information, mainly
in relation to its genetic variability, so that adequate propagation and management projects are
carried out. Therefore, the aim of this work was to establish and characterize an active germplasm
bank of fig tree by means of the morphophysiological descriptors of 45 fig accessions, with a
randomized complete block design at the Faculty of Agrarian and Technological Sciences, Campus
of Dracena, FCAT / UNESP. To do so, the biometric features of re-growth, relative growth rate,
plant height and morphophysiological characteristics of the best performance accessions during
their vegetative development were evaluated. It could be concluded that most accessions presented
good adaptation to the implantation region, especially accessions 18, 28, 29, 30 and 31, which
were more promising.

Index terms: Ficus carica L., conservation of genetic resources, morphophysiology.
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de figueira em banco ativo de germoplasma

Resumo- A fruticultura constitui-se em importante estratégia econdmica alternativa para a
reproducao social dos pequenos produtores rurais. A figueira (Ficus carica L.) € uma frutifera de
grande importancia mundial, podendo ser implantada como nova fonte de variabilidade agricola,
agregando vantagens, tanto do ponto de vista econdmico quanto social. Adicionalmente, a
caracterizacao dos bancos ativos de germoplasma do género Ficus torna-se uma linha de pesquisa
importante para a melhoria da cultura, sendo necessario reunir informagdes, para que projetos de
propagacdo e manejo adequados sejam realizados. Diante disso, o objetivo do presente trabalho
foi realizar o estabelecimento e a caracterizagdo de um banco ativo de germoplasma da cultura
da figueira por meio de caracteres morfofisioldgicos de 45 acessos de figo, com delineamento
experimental em blocos casualizados, na Faculdade de Ciéncias Agrarias e Tecnologicas, Campus
de Dracena, FCAT/UNESP. Para tanto, foram avaliadas suas caracteristicas biométricas de rebrota,
taxa de crescimento relativo, altura das plantas e caracteristicas morfofisiolégicas dos acessos de
melhor desempenho durante seu desenvolvimento vegetativo. Pode-se concluir que a maioria dos
acessos apresentou boa adaptacao a regido de implantag@o, com destaque para os acessos 18; 28;
29; 30 e 31, que se mostraram mais promissores.

Termos para indexacio: Ficus carica L., conservagao de recursos genéticos, morfofisiologia.
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Introduction

Fig, Ficus carica L., is a fruit tree belonging to
the family Moraceas, which, despite being considered of
temperate climate, by appropriate pruning and irrigation,
adapts to a wide climatic diversity and can be cultivated
both in warm subtropical as in tropical regions (PEREIRA,
1981).

The fruit activity, as an economic alternative, has
become an important strategy for the social reproduction
of small rural producers, as opposed to the technification
process of the Brazilian agriculture. Thus, the region of
Dracena-SP stands out for the expressiveness of its fruit
growing activity, emphasizing grape and acerola cherry
crops, followed by passion fruit, banana and mango
(CETESB, 2016).

According to Barolo, Mostacero and Lopez (2014),
in addition to its economic expression and participation
in diet supplementation, being an important source of
vitamins and minerals, fig has been used to improve health
conditions.

In addition, the Brazilian fig harvest occurs in
a period of off-season production of fresh fruit in the
Northern Hemisphere and in the other Mercosur countries.
Thus, export possibilities are wide, since the Brazilian
product enters the international market from December,
soon after the harvest of Mediterranean countries
(LEONEL and TECCHIO, 2008).

In Brazil, there is predominance of ‘Roxo-de-
Valinhos’ cultivar, which presents serious problems related
to pests and diseases due to the small genetic variability,
hindering its cultivation and depreciating fruits, reducing
profits and demanding high expenses with inputs and
cultural practices (CORREA and BOLIANI, 1999).

Therefore, the selection and recovery of genotype
that associates the basic characteristics of the original
cultivar with those intended to be introduced become very
difficult, demonstrating the species vulnerability regarding
the narrowing of the genetic base, which can only be
avoided with variability, which depends on available
genetic resources (CASALL 1969); that is, the knowledge
of its germplasm.

Germplasm is the source of genetic variability
available for the breeding of plants, serving as a reservoir
of genes that can be accessed to solve specific problems,
such as resistance to diseases. According to Nass (2007),
the exchange of germplasm among researchers is a way
of integrating agrobiodiversity conservation efforts with
sustainable development (COSTA et al., 2015).

According to Frankham (2005), genetic diversity
becomes the key to species survival and adaptation to
changes in the environment. A fundamental task is to
elucidate the mechanisms of origin and maintenance of
this variation (PLATT et al., 2010; HUANG et al., 2014).

One of the important steps to automatically

preserve and conserve biological diversity is to recognize
it, understand it, and identify it (KOLIVAND et al., 2018).
Thus, according to taxonomy theory, plants could be
identified based on their morphological, physiological,
cytological, biochemical or molecular characteristics,
including attributes, characteristics or traits of a culture
(GOEAU et al, 2013).

In view of the above, the aim of the present work
was to characterize the morphophysiological development
of 45 fig accessions (Ficus carica L.) belonging to the
Active Germplasm Bank introduced at the Faculty
of Agrarian and Technological Sciences, Campus de
Dracena, FCAT / UNESP, allowing the recognition of
the quality and potentiality of the genetic variation of
this species.

Material and methods

The genetic material used came from 45 accessions
described in Table 1, belonging to the genus Ficus, which
compose the one-year-old Fig Active Germoplasm Bank
of the Agrarian Sector of the Faculty of Agrarian and
Technological Sciences at FCAT / UNESP, Campus of
Dracena-SP.

The experimental design was a randomized
block, consisting of 45 treatments, each accession being
considered one treatment, with two blocks and three
plants per plot, totalizing 270 plants, grown in 1.5 m x
1.5 m spacing. Treatments and places of origin are shown
in Table 1.

Thirty days before planting, each 40x40x40 cm
open pit received 1.0 kg of limestone and 1.0 kg of manure
as fertilizer. Sixty days after planting, fertilizations were
performed according to soil analysis and recommendations
of Raijet al. (1997), in the projection of the crown of fig
trees, with soil lacking of mulch.

Phytosanitary treatment was carried out with
biweekly applications of Bordeaux mixture (1%), as well
as Mancozeb (200g p.c. /100 liters of water), in order to
control fig tree rust (Ceroteliumfici Cast.), alternately
applied.

When necessary, weed control was performed by
weeding. For irrigation, drippers were used three times a
week with average precipitation of 2.0 mm / h, reaching
50 cm range in the planting line.

For initial formation, fig plants were conducted in a
single stem, being then pruned at 40 cm height, eliminating
the apical dominance and stimulating the emergence of
lateral buds.

During vegetative development until plant fruiting,
the following were evaluated:

a) Beginning of re-growth, counting the days for
the beginning of the development of branches after the
first formation pruning.
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b) Plant height at 100 days after emergence, in
centimeters;

c¢) Relative Growth Rate (RGR), considering the
increase in the mass of selected branches per original mass
unit, measured by their length, in centimeters, every 10
days, using the formula proposed by Benincasa (2003):

TCR = (InR2 - InR1) / AT where,

In = neperian logarithm

R1 = initial branch length;

R2 = final branch length;

AT =period in days that delimits the beginning and
end of the branch length measurement.

From results obtained, statistical analysis of all
accessions was performed, and averages were grouped by
the Scott-Knott test at 5% probability level. For statistical
analysis, the Sisvar software was used: the computer
statistical analysis system, version 5.6 (FERREIRA,
2014).

The Relative Growth Rate (RGR) was adjusted
with respect to time using a second-degree polynomial
equation. This physiological index does not obey the
basic assumptions for the analysis of variance. Therefore,
data were presented in the form of graphs, evaluating the
behavior of curves (BARREIRO et al., 2006).

From height and RGR data, the best adapted
accessions were selected to evaluate their physiological
indexes using portable photosynthesis meter, IRGA,
model LI-6400 (LI-COR). Measurements were performed
in the median region of fully expanded leaves when totally
exposed to solar radiation, from 02:00 pm to 03:00 pm,
and the following characteristics were evaluated:

a) Net CO, assimilation rate (umol m?s™);

b) Stomatal conductance of leaves (mol m? s);

¢) Internal CO, concentration (ppm)

d) Leaf transpiration rate (mmol m? s);

e) Internal leaf temperature (°C)

f) Water use efficiency (umol mmol™!).

Results and discussion

The beginning of regrowth of plants pruned in
July / August occurred at 20 days, when the development
of branches was measured for the calculation of the
Relative Growth Rate of accessions. Through the Skott-
Knott test, the clustering analysis of the height of fig plants
100 days after regrowth is found in Table 2.

It was verified that there was a significant
difference among treatments, especially for accessions 28
and 29, with 1.25 and 1.27 meters in height, respectively,
but did not differ from treatments 5 (Stanford), 6 (Adriatico
Branco), 10 (Smyrna), 11 (Smyrna), 14 (Pingo de Mel),
16 (Palestino), 18 (Figo Vermelho), 30 (accession 30), 31
(accession 31) and 45 (Turco). Treatment 4, traditional

“Roxo-de-Valinhos” variety presented average height of
1.01 meters, statistically differing from accessions with
greater height.

Treatments 24 (Nazaret), 20 (P1440), 23 (P1301),
26 (ISA Roxo-de-Valinhos), 34 (Accession 34 Monte
Alto), 41 (Accession 41 Monte Alto) and 22 (PI 214)
obtained the lowest height values, which was expected,
since most of these accessions come from irradiated stakes.
However, accession 24, which presented the lowest value,
only 47 cm, although not irradiated, comes from Spain,
which presents a different climate, demonstrating that it
does not have good climatic adaptation for the regional
conditions of Dracena-SP.

Plant growth analysis is a valid technique to
study the physiological bases of production and to
show the influence exerted by environmental, genetic
and agronomic variables, following the dynamics of
photosynthetic production evaluated through phytomass
accumulation, being widely used to investigate the effect
of ecological phenomena on growth as adaptability of
species in diverse ecosystems (SILVA et al., 2000).

In relation to the relative growth rate (RGR) of
BAG fig tree, it was observed that the behavior of the
RGR curve in all treatments, except for treatment 21
(Trradiated Plant 189), with R*?=0.53, followed the pattern
of rapid material accumulation at the beginning of plant
development, followed by decrease along collections, with
stabilization trend in R? values ranging from 0.70 to 0.98
for accessions 11 and 41, respectively, considered values
within normality (MARTINS et al., 1985).

The relative growth rate (RGR) reflects the
increase in the dry organic matter content of a plant or
of any organ in a period of time, being a function of the
initial size, that is, of preexisting material (BENINCASA,
2003). For Briggs et al. (1920), this is the most appropriate
measure to evaluate plant growth, being dependent on the
amount of material being accumulated.

This fact can be explained by the elevation
of respiratory activity, by the beginning of fruiting,
and by self-shading, which increases with plant age
(BARREIRO et al., 2006), causing stabilization in
dry matter accumulation after some weeks of growth
(GOMIDE et al., 2003).

According to Ferrari et al. (2008), the decrease
in RGR during the cycle of flowering plants is expected,
because with the increase in the dry phytomass accumulated
by plants increases the need of photoassimilates for the
maintenance of structures already formed, reducing the
amount available for growth. In addition, Comettiet al.
(2008), suggest that the decline in RGR indicates the
approximation of fruit senescence, at which time net
assimilation becomes negative.

For the highest RGR values, treatments 18 (Figo
vermelho), 28 (accession 28), 29 (accession 29) and 31
(accession 31), represented in Figure 1, showed the highest
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height values, not statistically differing from each other.

Accession 21, represented in Figure 2A, showed
lower value at the beginning of plant development and
higher value in the medium collection, reducing again
in the last collection, allowing deducing that there is a
delay in the development of these plants, differing from
the other accessions.

Although showing high RGR indexes, accession
30, shown in Figure 2B, showed negative growth
values at 65 days after regrowth, revealing the high
respiratory demand in this period, which could represent
the consumption of reserves to meet the greater energy
demand for maintenance and regrowth.

Treatment 44 (Figo Preto), in figure 2C, maintained
the RGR decrease pattern along its development and
stood out in relation to the highest RGR values calculated,
but did not present relation with plant height, indicating
better performance at the initial development period when
compared to the other accessions, as elucidated by Silva
et al. (2000), analyzing the growth of plant communities.

All phytomass production and formation of the fig
tree architecture directly depend on the photosynthetic
activity, since the pruning practice is a management
adopted in Brazilian orchards, making the plant to present
renewal of shoots at each productive cycle (DALASTRA
et al. 2009). Thus, the search for more information on the
fig tree physiology is of fundamental importance.

With the analysis of previously evaluated factors,
fig tree accessions that stood out due to the high or low
development were selected for the evaluation of their
physiological indexes, which, together, represent the
adaptability of plants to the environment in which they are.

There was a statistical difference for the majority of
parameters evaluated in relation to gas exchanges, such as
net CO, assimilation rate; stomatal conductance; internal
CO, concentration; transpiration rate and internal leaf
temperature in selected Ficus carica L. plants, as shown
in Table 3.

Net CO, assimilation rate, which represents the
photosynthesis performed by the plant, varied from 5.75
umol m? s for accession 21 (Irradiated Plant 189) to
13.58 umol m? s™! for accession 30.

According to Pimentel (1998), C, plants
demonstrate photosynthetic activity ranging from 12 to
25 umol m?s”'. C, plants exhibit values ranging from 25
to 40 umol m?s!. However, depending on environmental
conditions, CAM plants show this activity in the range
from 2.5 to 7.6 umol m? s,

Since fig tree is considered a C, plant (TING et
al, 1987; ZOTZ et al, 1997, CAN and AKSOY, 2007),
most selected accessions presented values that can be
considered low for the Ficus carica L. species, being only
accession 30 within normality. Pigéet al. (2001) evaluated
characteristics related to the CO, exchange in leaves and
fruits of one-year-old fig tree branches during the spring-

autumn season and observed that the net photosynthesis
rate ranged from 15 to 20 umol m? s!. However, Silva
et al. (2010) found results similar to those shown in the
present work, with net CO, assimilation rate in the ‘Roxo-
de-Valinhos’ cultivar varying from -0.370 to 14.378 pmol
m?2s'.

Regarding stomatal conductance, the accession
that presented the highest value was also accession 30,
with 0.358 mol m™ s™!, and again, accession 21 (Irradiated
Plant 189) was the one with the lowest value, 0.11 mol
m s (Table 3). Stomatal conductance is closely related
to the net CO, assimilation rate, and low values may be
associated to the partial closure of the stomata, being the
first reaction of the plant to the occurrence of thermal stress
(FLEXAS et al., 2006), and can be explained by the fact
that the climate of the region is not the most appropriate
for the crop development.

Campostrini and Yamanishi (2001), justify that
the correlation between CO, assimilation and stomatal
conductance can be explained due to the high carbon
dioxide concentration in the carboxylation sites of
the plant. In situations of low stomatal conductance,
carbon fixation may be restricted, affecting carbohydrate
metabolism and transport along tissues (BEL, 1992).

The increase in photosynthetic rates depends,
simultaneously, on the maximum utilization of available
light obtained according to the phenological age of leaves
and crop management (BERNARDES, 1987).

Thus, another important factor to be taken
into account is that the evaluated plants were in the
regrowth stage and, according to Silva et al. (2010),
young leaves presented the lowest net CO, assimilation,
transpiration and stomatal conductance rates, with high
CO, concentration in the substomatal chamber, associated
to low photosynthetic carbon assimilation.

In the present work, it could be observed that the
internal CO, concentration values ranged from 308.5 ppm
to 257.0 ppm, the highest being found for accession 29
Monte Alto, which did not differ from the other accessions,
corroborating values found by Silva et al. (2010) for
‘Roxo-de-Valinhos’ cultivar, which ranged from 391.58
t0 291.92 ppm.

Leaf transpiration rate was lower for accession
21 (Irradiated Plant 189), with 4.67 mmol mol m s ,
demonstrating greater water retention capacity exhibited
for this accession, probably due to the stomatal mechanism
functioning. Chaves, Costa and Saibo (2011) reported
that stomata guard cells respond to multiple exogenous
and endogenous signals, such as luminosity, CO,
concentration, pressure vapor deficit, among others.

Regarding internal leaf temperature, the highest
values observed were for treatments PI 189 and accession
28 Monte Alto, statistically differing from the others;
however, the other accessions, which do not differ from
each other, present values very close to the first ones.
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Organisms have limits of tolerance for temperatures,
determined by their particular adaptations, which can
vary from very low to those considered extremely high.
In particular, fig tree tolerates temperatures from 25 to 40°
C (PEREIRA, 1981).

In Brazil, ‘Roxo de Valinhos’ fig crops are spread
from the coldest regions, such as Rio Grande do Sul to
hot regions of the state of Minas Gerais, influenced by the
small or no cold requirement to complete the rest period
allied to the high and limiting temperature amplitude
(SOUZA et al., 2009). Thus, internal leaf temperatures
close to or exceeding the maximum limit for an extended
period may compromise the different growth and
development stages of plants.

Morais, Rossi and Higa (2017) studied the
influence of the leaf temperature of Sclerolobium
paniculumumVogel and showed that there was a reduction
of CO, assimilation rates due to the increase in leaf
temperature. Larcher (2000) demonstrated that, in addition
to the other effects caused by temperature rise, the increase
in pressure vapor deficit and decrease in relative humidity
intensify transpiration processes. In addition, thermal
stress can lead enzymes to denaturation, disfiguring the fit
regions of compounds participating in chemical reactions,
which leads to loss of their functional activity (BLUM et
al., 1982).

The use of cultivars adapted to different climatic
conditions, soil and production system is the fundamental
principle to obtain increases in productivity and quality
of any vegetable (NOGUEIRA et al., 2006). Therefore,
the generation of new and more productive cultivars
with superior qualitative characteristics has been the
major challenge for the breeding of fruit plants, and the
characterization of Germoplasm Banks is the initial key
to the successful growth and expansion of the fig culture.

Table 1. Description of accessions belonging to the Active Germplasm Bank of fig tree - Faculty of Agrarian and
Technological Sciences FCAT / UNESP. Dracena -SP, 2017.

Treatment Accession Place of origin Treatment Accession Place of origin
1 Calimyrna S.J. Rio Preto 23 PI 301 (trat6) ISA
2 Nobile IAC 24 Nazaret Espanha
3 Genovesco 1IAC 25 Cuello Negro Espanha
4 Roxo-de-Valinhos A S.S. Paraiso 26 Roxo-de-Valinhos B ISA
5 Stanford IAC 27 Acesso 27 Monte Alto
6 Adriatico Branco 1IAC 28 Acesso 28 Monte Alto
7 Bonato 1AC 29 Acesso 29 Monte Alto
8 White Genova A S.J. Rio Preto 30 Acesso 30 Monte Alto
9 White Genova B IAC 31 Acesso 31 Monte Alto
10 Smyrna A IAC 32 Acesso 32 Monte Alto
11 Smyrna B S.J. Rio Preto 33 Acesso 33 Monte Alto
12 Brunswich IAC 34 Acesso 34 Monte Alto
13 Caprifigo A IAC 35 Acesso 35 Monte Alto
14 Pingo de Mel ISA 36 Acesso 36 Monte Alto
15 Roxo-de-Valinhos Gigante ISA 37 Acesso 47 Bahia
16 Palestino Campinas 38 Acesso 44 Piracicaba
17 Troyano IAC 39 Acesso 46 Piracicaba
18 Figo Vermelho Piracicaba 40 Caprifigo B ISA
19 P1 440 ISA 41 Acesso 41 Monte Alto
20 P1 433 ISA 42 Acesso 42 Monte Alto
21 PI 189 ISA 43 Mini Figo IAC
22 PI214 ISA 44 Figo Preto Piracicaba
45 Turco Campinas
Subtitle:

IAC = Agronomic Research Institute, APTA Fruit Center, Jundiai - SP
ISA = Municipality of Ilha Solteira - SP

S.S. Paraiso = Municipality of S@o Sebastido do Paraiso - MG

S.J. Rio Preto = Municipality of Sdo José do Rio Preto — SP
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Table 2. Plant height (AL), in meters of accessions from the Active Germplasm Bank, Faculty of Agrarian and
Technological Sciences (FCAT / UNESP). Dracena / SP, 2017.

Treatment AL (m) Treatment AL (m)
1 0.76 C 24 0.47D
2 0.88 B 25 0.88 B
3 0.80 C 26 0.57D
4 1.01 B 27 0.76 C
5 1.08 A 28 1.25A
6 1.18A 29 1.27A
7 091 B 30 1.14 A
8 0.95B 31 1.18 A
9 093 B 32 091 B
10 1.10A 33 0.89B
11 1.07 A 34 0.63 D
12 0.92B 35 0.82C
13 0.96 B 36 0.99B
14 1.17A 37 1.00 B
15 0.84 C 38 0.76 C
16 1.15A 39 0.73C
17 1.00 B 40 0.92B
18 .12 A 41 0.63 D
19 0.76 C 42 0.97B
20 0.48 D 43 0.71C
21 0.71 C 44 0.86 B
22 0.65D 45 1.13A
23 0.56 D - -

V.C. (%) 17.05
Mean (m) 0.90

*Equal letters in the same row do not differ from each other by the Scott-Knott at 5% probability.

Table 3- Gas exchange of 7 fig accessions (Ficus carica L.). Dracena/SP, 2018.

Net o
© .CO.2 Stomatal  Internal CO, Transpiration Internal leaf ~ Water use
assimilation 2

Treatments conductance concentration rate in leaves temperature efficiency

(ol me sy @OIM?SY) (ppm)  (mmolm?s’)  (C)  (umol mmol’)

Figo Vermelho Pir. 10.01000A 0.28250B  285.00000 A 7.88250A 40.20000B 1.26762 A
PI189 ISA 5.74500B 0.11000D  272.50000 A 4.67000C 41.75000 A 1.22618 A
Acesso 28 Monte Alto  11.48250A 0.23500C  257.00000A 9.08750A 43.40000 A 1.27232 A
Acesso 29 Monte Alto 6.87000B 0.31250 B 308.50000 A 7.26750B 39.12500 B 0.90528 A
Acesso 30 Monte Alto  13.58750A 0.35750 A 266.50000 A 7.95250A 39.27500B 1.96570A
Acesso 31 Monte Alto  11.73250A 0.31250B  267.75000 A 7.15500B 39.27500B 1.67717 A
Figo Preto Piracicaba ~ 11.44250 A 0.32000 B 281.25000 A 9.27500 A 41.10000 B 1.24367A
V.C.% 50,36 22,38 10,27 14,06 4,32 42,00
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Figure 1. Relative Growth Rate (RGR): Accession 18 - Figo Vermelho de Piracicaba (A), Accession 28 - Monte
Alto (B), Accession 29 - Monte Alto (C) and Accession 31 - Monte Alto (D), belonging to the AGB of the Faculty of
Agrarian and Technological Sciences FCAT / UNESP. Dracena - SP, 2017.
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Figure 2. Relative Growth Rate (RGR): Accession 21 — Irradiated plant (A), Accession 30 - Monte Alto (B), Accession
44 - Figo Preto de Piracicaba (C), belonging to the AGB of the Faculty of Agrarian and Technological Sciences FCAT
/ UNESP. Dracena - SP, 2017.
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Conclusion

Based on results obtained with respect to the
growth and vegetative development of fig tree accessions,
it could be concluded that most accessions had good
adaptation to the implantation region, especially accessions
18, 28, 29, 30 and 31, which were more promising.
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