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Germinative metabolism of Caatinga forest species
in biosaline agriculture'

Barbara Franga Dantas®, Renata Conduru Ribeiro?, Janete Rodrigues Matias?,
Gherman Garcia Leal Aratjo?

ABSTRACT - The production of seeds and seedlings by these species is of utmost importance to prevent a loss of biodiversity
of the Caatinga, a unique and exclusively Brazilian biome. Biosaline agriculture is conducted over a range of salinity levels in
groundwater and/or in soils. The current study evaluated the application of biosaline agriculture to Anadenanthera macrocarpa,
Myracrodruon urundeuva, Aspidosperma pyrifolium and Erythrina velutina by examining the germinative metabolism of seeds
subjected to different electrical conductivities (ECs) of NaCl solutions and biosaline water. The seeds were germinated in biosaline
water (4.94 dS.m") and in NaCl solutions with ECs of 0, 2, 4, 6, 8, 10, 12, 14, 16 and 18 dS.m™ at 25 °C, 12-h photoperiod. The
kinetic variables of germination were assessed, and the seeds and seedlings were assayed for reserve biomolecules, proline content
and antioxidant enzyme activity. The seeds were highly tolerant to salinity, with germination-limiting ECs above 12 dS.m™'. Although
high EC promoted alterations in seed metabolism that enabled salinity tolerance, seedling production was indicated with ECs
no higher than 6 dS.m"'. These results demonstrated that Caatinga seedling production is viable through biosaline agriculture
beucause the groundwater salinity of this region is within the tolerance levels of the seeds.

Index terms: antioxidant enzymes, germination, reserve mobilization, salt stress.

Metabolismo germinativo de espécies florestais da Caatinga
em agricultura biossalina

RESUMO- A producdo de sementes e mudas ¢ de extrema importancia para evitar a perda da biodiversidade da Caatinga, unico
bioma exclusivamente brasileiro. Agricultura biossalina € a produgao agricola sob uma variedade de niveis de salinidade nas aguas
subterraneas e /ou em solos. Este trabalho objetivou avaliar a produgdo de mudas de Anadenanthera macrocarpa, Myracrodruon
urundeuva, Aspidosperma pyrifolium ¢ Erythrina velutina com agricultura biossalina, através do estudo do metabolismo
germinativo das sementes submetidas a diferentes condutividades elétricas (CE) de solugdo salina ou agua biossalina. Sementes
germinaram em agua biossalina (4,94 dS.m™) e em solugdes de NaCl com CE de 0, 2, 4, 6, 8, 10, 12, 14, 16, 18 dS.m™', a 25 °C,
fotoperiodo de 12 h. Varidveis cinéticas de germinacao foram avaliadas. Sementes e plantulas foram analisadas para biomoléculas
de reserva, prolina e enzimas antioxidantes. As sementes da Caatinga sdo altamente tolerantes a salinidade, com germinacéo
limitada em CE acima de 12 dS.m™'. Embora, alta CE promova alteragdes no metabolismo sementes, permitindo tolerancia a
salinidade, a produgéo de mudas ¢ indicada em CE inferior a 6 dS.m'. Assim, a produgido de mudas da Caatinga ¢ viavel através
da agricultura biossalina, pois as aguas subterraneas da regido apresentam-se dentro deste nivel.

Termos de indexagdo: enzimas antioxidantes, germinagdo, mobilizagdo de reserva, estresse salino.
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Introduction

Caatinga, the most important type of vegetation in semiarid
northeastern Brazil, is reduced to less than 50% of its original
area. For several decades, this vegetation has been undergoing
strong anthropic pressure, mainly because of extractive
activities. This type of tropical dry forest can be considered

'Submitted on 04/11/2013. Accepted for publication on 05/14/2014.

relic vegetation, presenting distinct floristic, physiognomic and
ecological characteristics (Rodal et al., 2008).

Certain species native to the Caatinga can be used for a
variety of purposes, such as urban landscaping (Dantas and
Souza, 2004), the recovery of riparian vegetation (Ribeiro-
Filho et al., 2009) and pharmaceutical and medicinal
applications (Agra et al.,, 2007). These species include
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Anadenanthera macrocarpa (Benth.) Brenan, Myracrodruon
urundeuva (Fr. All), Aspidosperma pyrifolium (Mart.)
and Erythrina velutina (Willd.). According to the Brazilian
Institute of Environment and Renewable Natural Resources
(IBAMA), M. urundeuva is endangered in both the Caatinga
and the Cerrado (Brasil, 2008).

In arid or semiarid regions, such as areas in the Brazilian
Northeast, evapotranspiration is extreme, and the plants suffer
from drought. Thus, irrigation becomes the preferred practice to
ensure production in the region. Despite low water availability,
considerable water wastage occurs because of both the absence
of effective management and the lack of commitment at all
levels to activities that promote water conservation. Due to
its geology, brackish groundwater reserves are common in the
Brazilian semiarid region (Hirata et al., 2006). Many countries
located in arid and semiarid areas have included water reuse
in their water resources planning because the scarcity of good
quality water has limited the development of urban, industrial
and agricultural activities. In this sense, effluents are forming an
integral part of the national water resources in several countries
(Qadir et al., 2003).

Biosaline agriculture is a broad term used to describe
agriculture under a range of salinity levels in groundwater
and in wastewater and soils or a combination of both (Masters
et al., 2007), such as the use of saline groundwater irrigation
with nonsaline soils or with sodic soils of the type that occurs
in areas with Caatinga vegetation.

Knowledge regarding the germination behavior of seeds
from these native forest species is of utmost importance for
the restoration of degraded lands (Araujo -Neto et al., 2003),
the protection of these species from extinction (Carvalho and
Nakagawa, 2012), the recomposition of the landscape and the
conservation of regional biodiversity (Cabral et al., 2003).
Thus, to assess the potential for the efficient production of
Caatinga tree seedlings with biosaline agriculture, this study
evaluated the germination and the germinative metabolism of
Caatinga tree seeds subjected to high electrical conductivities
(ECs) because of the use of salted and/or biosaline water.

Material and Methods

For this work, we used the seeds of the four native species
of Caatinga biome mentioned above: A. macrocarpa, M.
urundeuva, A. pyrifolium and E. velutina. The fruits of the four
species were harvested between September and November
2012 from 10 mother plants located in Jutai, Lagoa Grande,
PE (8°38°45.23”S, 40°14°07.32”W) and Juremal, Juazeiro,
BA (9°43°51.12”°S, 40°21°02.52”W). The seeds were sun
dried, processed and stored in a dry chamber at 10 °C. Before
undergoing the germination tests and biochemical assays, the
water content of the seeds was determined after 24 h at 105 +
3 °C (Brasil, 2009), using two samples of 25 seeds for each
species. The results were expressed as the mean percentage
for each sample.

To overcome the seed coat dormancy of the E. velutina
seeds, it was necessary to scarify the seeds on the side opposite
the hilum before soaking them. The seeds of the remaining
species were germinated without any pretreatment. Prior to
the germination tests, the seeds were surface-sterilized using
sodium hypochlorite (2%) for 2 minutes and then rinsed in
distilled water.

Salt stress screening: The seeds were subjected to a salt
stress screening using different NaCl solutions with ECs of 0,
2,4,6,8, 10, 12, 14, 16 and 18 dS.m"'(Richards, 1980).For
germination, the seeds were placed on germitest paper rolls,
which were moistened using a volume of NaCl solution that
was 2.5 times the weight of the substrate (Brasil, 2009).

Germination in biosaline water: The seeds of all four
species were germinated on a substrate of germitest paper
rolls soaked, using a volume equivalent to 2.5 times the
mass of the dry substrate, with distilled water (control) and
with biosaline water (33, 50, 67 and 100% strengths diluted
in distilled water).The biosaline water was collected from
fish tanks supplied with brackish groundwater and used
for raising Thai tilapia (Oreochromis sp.). The physical-
chemical properties of the experimental waters are shown
in Table 1.

Table 1.Analysis of the biosaline water used for substrate moistening in germination tests.

Cations Anions pH EC
Ca* Mg** Na® K* st COs* HCO5 SO~ cr S
mmol,/L dS.m™
9.57 22.0 20.2 0.54 524 0 2 1.9 56 56.9 6.74 4.94

Provided by Laboratory of Soil, Water and Plants -Embrapa Tropical Semi-Arid

In both assays, the germitest paper rolls were kept in
biochemical oxygen demand (BOD) germinators at a constant
temperature of 25 °C under a 12 h photoperiod for 15 days.

The seeds were transferred at every 3 days to fresh rolls
containing the same treatments so that they were exposed to
constant EC levels.
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A completely randomized experimental design was used
for both assays, which included salt stress screening of ten EC
treatments (0, 2, 4, 6, 8, 10, 12, 14, 16 and 18 dS.m™") and four
biosaline water strengths (0, 33, 50, 67 and 100% strengths
diluted in distilled water), and four replications of 25 seeds
for each replication.

Only seeds presenting a 2-mm long protrusion of the
radicle were considered germinated and were counted daily.
The variables assessed were the germination percentage,
germination mean time (GMT), germination speed index
(GSI) and germination uniformity coefficient (GUC) (Ranal
and Santana, 2006). After these assessments, the shoots
and the roots of the germinated seeds were frozen until the
biochemical assays were conducted.

Germinative metabolism assays

Extraction and analysis of seed reserves: For the
macromolecule extraction, 0.5 g of plant material was
homogenized in 5 mL of 0.1 M potassium phosphate
buffer at pH 7.5. After centrifugation at 10,000 xg for 20
minutes at 4 °C, the quantity of soluble metabolites in the
supernatant was determined spectrophotometrically. The
crude extract was used to quantify the total soluble sugars
(TSSs), reducing sugars(RSs) and total soluble proteins
(TSPs) (Ribeiro et al., 2012).

Proline extraction and content assay: For A. macrocarpa,
A. pyrifolium and E. velutina, the quantification of proline in the
shoots was based on the methodology described by Bates (1973).
The assays were carried out in triplicate, and the results were
expressed as the micromoles of proline per gram of fresh
weight (umol.g'). The seedlings of M. urundeuva were not
assayed for proline content.

Extraction and assay of antioxidant enzymes: For

the determination of antioxidant enzymes, material
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was collected five days after sowing for the subsequent
extraction and quantification of the activities of ascorbate
peroxidase (APX, EC 1.11.1.11), catalase (CAT, EC
1.11.1.6) and glutathione-S-transferase (GST, EC 2.5.1.18)
according to Ribeiro et al. (2012). All the assays were
performed in triplicate.

Statistical analysis: The data on germination (G%, GMT,
GSI and GUC), seed reserves content (RSs, TSSs, TSPs) and
antioxidant enzymes activities were analyzed by ANOVA
and to F test, at 5% probability, using the statistical program
Assistat (Silva and Azevedo, 2002). For ANOVA, the data
on the percentage of germination were transformed by the
function (x + 0.) 0.5. The standard error of mean was also
determined and is presented in the graphs.

Results and Discussion

The A. macrocarpa seeds, which had an average water
content of 12.85%, showed no germination response to the NaCl
solutions with ECs increasing up to 12 dS.m™.With further EC
increases, the germination of the seeds decreased to 78% at 18
dS.m’!, a 16% inhibition compared with 93% germination in the
distilled water (Figure 1a). Above 12 dS.m™ over the same EC
range, the GMT (Figure 1b) and GSI (Figure 1c) were more
strongly affected. For 4. macrocarpa 4 day seedlings, the
TSPs and RSs in the shoots increased with the EC increases
(Figures 2a, b), whereas the TSSs content remained stable
(Figure 2c), and the proline content decreased at the ECs higher
than 4 dS.m! (Figure 2d). In the roots, the TPs, RSs and TSSs
contents increased at 16 dS.m'(Figures 2a-c). Consistent with
the results in Figure 1, the germination percentage, GMT, GSI
and GUC (Figures 3a-d) were not affected by 50 or 100%
biosaline water, which has an EC of approximately 5 dS.m!
at full strength.

n o in

[
T

”»

in © in o

(=R

2 4 6 8

(=]

Electrical conductivity (dS.m™)

Figure 1. Germination percentage-G%, germination speed index-GSI (a) and germination mean time-GMT (b) of A. macrocarpa
seeds in different electrical conductivities. Vertical bars indicate standard errors of means.
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Figure 2. Total soluble proteins (a), reducing sugars (b), total soluble sugars (c) and proline (d) content in 4 days germinated A.
macrocarpa seedlings in different electrical conductivities. Vertical bars indicate standard errors of means.
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Figure 3. Germination percentage - G%, germination speed index - GSI (a), germination mean time - GMT and germination
uniformity coefficient- GUC (b) of 4. macrocarpa seeds in biosaline water. Vertical bars indicate standard errors of means.

The A. pyrifolium seeds had an average water content of
9.3%. Their germination (Figure 4a) was not affected by the
EC treatments below 10 dS.m™'; however, at this EC value and
above, the GMT increased (Figure 4b) and the GSI and GUC
decreased (Figures 4c, d). Similar results were observed for the
A. pyrifolium seeds germinated in the biosaline water. Although
germination was unaffected in the pure biosaline water (Figure
Sa), the GMT, GSI and GUC (Figures 5b-d) were similarly
altered by the NaCl solutions with ECs at and above 8 dS.m’!
(Figures 4b-d). In 4-day A. pyrifolium seedlings, the biosaline
water altered the mobilization of seed reserves (Figure 6).
The leaves and roots of the seedlings presented an increased
TSP content in all biosaline water treatments (Figure 6a) and
an increased proline content following exposure to the NaCl
solutions during germination (Figure 6d). However, their RSs

levels initially decreased and then increased following the
treatment with 67% biosaline water during germination (Figure
6b). The TSSs content gradually declined in the roots but
plateaued in the seedling shoots (Figure 6¢).

The E. velutina seeds had an average initial moisture
content of 7.4%. As shown in Figure 7, the increase in EC
had no significant effect on the seed germination parameters
of E. velutina. Neither the germination percentage nor the
GSI declined with the increasing ECs (Figures 7a, ¢). Without
NaCl (control) the germination of the seeds was 100% and
required 4.67 days for completion (Figure 7b). The seeds
germinated in EC of 18 dS.m'required 5.96 days to reach a
final germination rate of 97.8%; these values did not differ
from those of the control. The TSPs content in the embryonic
axis of the E. velutina seeds was influenced by the increased
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EC during germination (Figure 8a). The RSs and TSSs in

(Figures 8b, c), but the proline content was not significantly

the axis decreased with increasing EC during germination  affected (Figure 8d).
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Figure 4. Germination percentage - G%, germination speed index - GSI (a), germination mean time - GMT and germination

uniformity coefficient- GUC (b) of 4. pyrifolium seeds in different electrical conductivities. Vertical bars indicate

standard errors of means.
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Figure 6. Total soluble proteins (a), reducing sugars (b), total soluble sugars (c) and proline (d) in 4days germinated A. pyrifolium
seedlings in biosaline water (a-c) and in different electrical conductivities (d). Vertical bars indicate standard errors of means.
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Figure 8. Total soluble proteins (a), reducing sugars (b), total soluble sugars (c) and proline (d) content in 7 days germinated E.
velutina embryonic axis in different electrical conductivities. Vertical bars indicate standard errors of means.

With the exception of catalase (Figure 9b), the antioxidant
enzymes exhibited little or no activity in the cotyledons of
germinating seedlings (Figures 9a, c, d). The E. velutina
seedlings showed an initial increase in antioxidant activities
at 4dS.m™ and a later decrease at 8 dS.m™' (Figure 9).

Although the biosaline water had no effect on the
percentage of E. velutina seeds that germinated (Figure
10a), the half-strength biosaline solution (50%) decreased
the GMT (Figure 10b) and increased the GSI (Figure 10c).
This increase in germination velocity might have resulted
from better seed membrane repair caused by slower and/
or more homogeneous rehydration in the low-EC biosaline
solution than in distilled water (Weitbrecht et al., 2011).

The GUC increased in the more concentrated biosaline
solutions (Figure 10d).

The M. urundeuva seeds had an average initial moisture
content of 9.46%. The undiluted biosaline water did not affect
the germination of the seeds harvested in 2012 (Figure 11a).
However, the GMT (Figure 11b) as well as the GSI and GUC
(Figures 11c, d) increased with the increasing concentrations
of'the biosaline solutions. The TSPs content in the leaves of the
M. urundeuva seedlings was higher than in the hypocotyl-root
axes and was influenced by the increases in the concentration
of the biosaline solutions (Figure 12a). The RSs and TSSs in
the axis also increased with increasing salinity of the biosaline
solutions (Figures 12b, c).
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The water content of seeds is one factor that determines
the rate of water absorption during the germination process.
The germination of the seed, i.e., its exit from a state of
quiescence, begins with hydration and water absorption
and follows a sequence of three primary steps: imbibition,
biochemical and reparative processes and root protrusion
(Bewley et al., 2013).

In seeds, excess salt causes the restriction of water uptake
because of a decrease in the osmotic potential of the substrate,
which delays imbibition or root elongation (Chaves et al., 2009).
Saltalso induces toxicity in the tissues because of the excessive
accumulation of Na' and CI- (Esteves and Suzuki, 2008;
Gois et al., 2008). The sensitivity of seeds to stress during
imbibition depends, among other factors, on temperature,
the speed of water absorption and the seed moisture content.
The interaction among these factors has a significant effect
on the vigor of the plants that develop from such seeds
(Bewley et al., 2013). In the present study, the germination
of the Caatinga native forest seeds was mildly inhibited
by the high-EC solutions. The germination of the seeds of
A. macrocarpa (Figure 1), A. pyrifolium (Figure 4) and M.
urundeuva (Oliveira et al., 2014) decreased only at EC levels
above 12 dS.m'.The E. velutina seeds suffered no influence
up to an EC level of 18 dS.m"'(Figure 7). According to Braga
et al. (2009), the germination and initial development period
is a critical phase for the survival of forest species, especially

at sites with limited water availability. The resistance to salt
is described as the ability to prevent an excessive amount of
salt in the substrate from reaching the plasma and to tolerate
the toxic and osmotic effects associated with increased salt
concentrations (Bewley et al., 2013). Increasing the cellular
concentration of osmotically active compounds, such as
proline, sugars and polyols, maintains the stability of certain
macromolecules and thereby reduces the loss of enzymatic
activity or membrane integrity that occurs with saline or water
stress (Esteves and Suzuki, 2008).

Unlike the Caatinga seeds studied in this work, the seeds of
Chorisia speciosa (A.St.-Hil.) did not show a high threshold of
tolerance to salt stress and can be considered a glycophyte with
moderate tolerance to NaCl (Fanti and Perez, 2004). A reduction
in the percentage of germination attributable to increased water
salinity was also observed in various legumes (Deminicis et
al., 2007; Nunes et al., 2009).Tolerances to osmotic and ionic
stress induced by water restriction and salt excess, respectively,
are complex and often interrelated, involving the interaction of
multiple factors (Verslues et al., 2006).

The accumulation of soluble sugars commonly occurs in
the cells of plants subjected to salt stress. Sugars play a role in
osmotic adjustment and have indirect protective effects, as in
the stabilization of proteins (Bianchi et al., 1991). However,
ionic toxicity can delay the emergence and mobilization
of reserves or even decrease seed viability because of
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its influence on physiological and metabolic processes in
embryonic tissues (Esteves and Suzuki, 2008).This influence is
caused by a modification in the expression and the activity of
regulatory enzymes in metabolic pathways (Wang et al., 2003).
In the Caatinga seedlings, the brackish water influenced the
mobilization of reserves (Figures 2, 6, 8 and 12). 4. macrocarpa
and E. velutina showed opposite responses to the increases in
the EC of the NaCl solutions. The TSPs and RSs increased with
the EC increases in the 4. macrocarpa seedlings (Figure 2), but
decreased in the E. velutina seedlings (Figure 8). However,
the A. pyrifolium and M. urundeuva seedlings that developed
in the increasing concentrations of biosaline water, showed no
patterns in reserve mobilization (Figures 6, 12). This might
have resulted from organic matter and different salts present
in the brackish groundwater because of the fish previously
grown in the water (Table 1).

Plants often accumulate amino acids, amides, proteins,
polyamines and other nitrogenous compounds under salt stress,
and the content varies among species (Voigt et al., 2009). These
compounds act in osmotic adjustment, the protection of cellular
macromolecules, nutrient storage, the maintenance of cellular
pH, cell detoxification and the minimization of the effects of
reactive oxygen species (ROS) in a species-specific manner
(Ashraf and Harris, 2004), as shown by A. macrocarpa, A.
pyrifolium and E. velutina (Figures 2, 6 and 8, respectively).

In general, seeds are well provided with antioxidant
molecules and ROS scavengers. The ROS scavenger enzymes
may reduce the toxic products resulting from free-radical
attack before damage occurs (Nkang et al., 2000). Evidence
for such an effect is provided by the activity of the antioxidant
enzymes in the seeds of E. velutina (Figure 9).

Problems caused by water shortage have heightened
interest in research on techniques for the safe and controlled
application of wastewater in agriculture. Thus, many studies
have been conducted to demonstrate the safety and efficacy
of water reuse, particularly in countries or regions in which
water resources are extremely limited. Wastewater may be
important not only because of its use as an alternative water
source but also because of its use in water conservation, the
preservation of the environment and nutrient uptake and
recycling (Medeiros et al., 2005). The specific characteristics
of forestry activities make them a promising application for
the future reuse of this wastewater supply, especially because
these activities do not involve the production of food for
human consumption and do not result in health hazards (Qadir
et al., 2003). In this context, the native species of the semiarid
region that are adapted to the severe water restrictions
prevailing in the region are an important alternative to crop
species, many of which are economically infeasible, for

the use and the recovery of salinized areas (Silva et al., 2009).
Furthermore, the use of wastewater from the aquaculture of fish
adapted to brackish water, such as Nile tilapia, can be a viable
approach for the production of native species for the reforestation
of the Caatinga to preserve these species and this biome.

Conclusions

The seeds of species native to the Caatinga, including A.
macrocarpa, M. urundeuva, A. pyrifolium and E. velutina,
display a high salt tolerance and effective mechanisms for
germinating in brackish water.

Biosaline agriculture may be a viable and sustainable
alternative for the production of seedlings of these native
species.
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