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Abstract

Flood events in riparian forests of southern Brazil, can be characterized as unpredictable and of low magnitude with an
average duration of less than 15 days. Inga marginata is an evergreen tree which grows in Southeast South America on
a wide range of environments, including riparian forests. In this paper, the interactive effects of the light environment
and soil flooding on morphological parameters of /. marginata were examined. Seedlings were acclimated in two
contrasting light conditions: sun or shade for 30 days. Sun and shade plants were subjected to soil flooding for two
periods; five or 15 days. After 5 days, the interaction between flooding and light did not affect growth, chlorophyll
content and dry mass or the root-shoot ratio. After 15 days, flooded plants from the sunny treatment had a lower
shoot dry mass compared to control sun plants and flooded plants from the shaded treatment. Moreover, the higher
dry mass observed for shade plants compared to sun plants, following flooding, can also be directly associated with
a higher content of soluble sugars. Shade plants of I. marginata showed a greater acclimation to soil waterlogging.
This acclimation appears to be associated with a larger accumulation of soluble sugars compared to non-flooded plants.
The responses observed on the shade plants appear to be decisive to indicate the use of . marginata in degraded areas.

Keywords: waterlogging, acclimation, plant dry mass, reforestation, riparian forests.

Respostas de crescimento e acimulo de acucares soluveis em Inga marginata
Willd. (Fabaceae) submetida ao alagamento e sob condicoes
contrastantes de luminosidade

Resumo

As inundagdes em florestas riparias do Sul do Brasil, podem ser caracterizadas como imprevisiveis ¢ de baixa magnitude
com uma duragdo média de menos de 15 dias. Inga marginata é uma arvore que cresce no sudeste da América do Sul em
uma grande variedade de ambientes, incluindo matas ciliares. Neste trabalho, os efeitos combinados da luminosidade e
do e alagamento do solo nos pardmetros morfologicos de /. marginata foram examinados. As plantulas foram aclimatadas
em duas condi¢des contrastantes de luminosidade: sol e sombra por 30 dias. Plantas de sol e sombra foram submetidas
ao alagamento do solo por dois periodos; cinco ou 15 dias. Apos 5 dias, a interagdo entre a inundagéo e luminosidade
nao afetou o crescimento, teor de clorofila e massa seca e a razdo raiz-parte aérea. Apos 15 dias, plantas de sol sob
inundagdo apresentaram menor massa seca na parte aérea em relagdo as plantas controle de sol e as plantas alagadas
de sombra. Além disso, a maior massa seca observada nas plantas de sombra em comparacéo com plantas de sol, sob
inundagao, pode ser diretamente associado com um maior teor de agticares soltiveis. Plantas de sombra de /. marginata
mostraram uma maior aclimatagio ao encharcamento do solo. Esta aclimatagdo parece estar associada com um maior
acumulo de agucares soliiveis em comparagdo com as plantas ndo-inundadas. As respostas observadas nas plantas de
sombra parecem ser determinantes para a indicagdo do uso de /. marginata em areas degradadas.

Palavras-chave: alagamento, aclimatagio, massa seca da planta, reflorestamento, matas ciliares.
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1. Introduction

Riparian forests are formations adjacent to watercourses,
with environments marked by exposure to frequent
flooding (Naiman et al., 1998). Biological communities
of riparian areas often are amongst the most productive
and diverse in the world (Nilsson and Svedmark, 2002;
Budke et al., 2008). In Brazil, the plains of the Amazon
basin and the alluvial plain of the Pantanal are classic
examples of large flood areas, showing seasonal rhythms
of flooding, with alternating periods of flood and drought
(Gongalves et al., 2011). However, in the riparian forests
of the Alto Uruguay region, in southern Brazil, the flood
events can be characterized as unpredictable and of low
magnitude, showing a reduced water column height, and
with an average duration of less than 15 days, and can
occur several times throughout the hydrological year
(Budke et al., 2010).

In a study along the river Botucarai riparian forest,
Budke et al. (2007, 2008) found that the frequency of
floods is an extremely efficient variable to predict species
occurrence. Thus, the occurrence of a species might
be determined by their tolerance to this disturbance
(Budke et al., 2010). Although flood has a significant
impact on the growth of some tree species, it is not the
only parameter that determines their growth rate and
establishment in riparian forests (Maurenza et al., 2012).
Giehl and Jarenkow (2008) observed that floods, in riverine
forests of Rio Grande do Sul, cause selectivity and usually
result in the predominance of pioneering species in areas
with frequent floods.

Flood events generate different impacts on trees,
with some species dying rapidly during the waterlogging
of the soil, whereas others are able to adapt and survive
in such conditions (Silva et al., 2010). These differential
responses occur due to the tolerance to oxygen deficiency
on the waterlogged soil and involve some adaptive
mechanisms in the roots, such as: i) the ability to oxidize
the rhizosphere through the transfer of O, from the shoot
to the roots (Bartlett and James, 1993); ii) the formation
of aerenchyma and adventitious roots on the stem that
facilitate the rapid diffusion of O, from the shoot to the
roots; iii) an increased anaerobic respiration in roots
and iv) the ability to regenerate new roots (Levitt, 1980;
Koslowski, 2002).

Other adaptations to flooded environments involve a
reduction in the rate of respiration, accompanied by the
accumulation of soluble sugars (Qin et al., 2013), and
compensatory changes in metabolism associated with
differential allocation of biomass (Maurenza et al., 2009).
In the natural environment, plants face the combination of
anumber of factors that can be constraints to their growth
or determine their occurrence. Thus, the responses of
species in contrasting light intensities and flood, which
are determining factors in riparian forests, can be decisive
in understanding the distribution patterns of tree species
in these environments.
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Inga marginata Willd. (Fabaceae) is an evergreen tree
found in Southeast South America with a high ecological
importance due to an abundant fruit production. Due to
the rapid growth and high annual production of seeds, the
species has been recommended for the reforestation of
degraded areas, mainly in riparian forests (Budke et al.,
2010). However, ecophysiological studies as a basis for
their efficient use in forest recovery programs and its
occurrence in areas subject to flooding are still scarce.
Therefore, the aim of this study was to investigate the
influence of a combination of two light levels and flooding
on morphophysiological parameters of Inga marginata.

2. Material and Methods

2.1. Plant material

Fruits of a population of Inga marginata Willd. (Fabaceae)
were collected on the campus of the University Regional
Integrada do Alto Uruguai ¢ das Missdes, Erechim, RS,
Brazil, on January 2012. After processing the fruits, the seeds
were cleaned and placed in plastic trays containing Ferric
Aluminium and vermiculite (3:1 ratio) in the laboratory of
Systematics and Ecology of URI-Erechim to germinate.
The average temperature during the germination period
was 17.6 °C and the photosynthetic photon flux density
(PPFD) was 100 umol m?s™!. After germination, and
when the seedlings were about 3 cm high, the plants were
transferred to plastic tubes with a volume of 100 cm? with
Ferric Aluminium and vermiculite substrate. The seedlings
were then transferred to greenhouse conditions at a
temperature and relative air humidity that accompanied
the daily oscillations in the atmosphere, where they
received irrigation for 10 min three times per day. These
conditions were used for acclimation and initial growth.
The average temperature during the experimental period
was 18.9 °C and relative humidity 71.9%. Seedlings about
three months old, with a mean height of 7.1 cm+ 1.6 cm,
were used for this experiment

2.2. Flooding and contrasting light conditions

After the initial growth in the greenhouse, seedlings
were acclimated for 30 days in two contrasting light
environments: sun and shade, characterized as time zero.
Shading was simulated on the greenhouse by using two
layers of nylon mesh. The photosynthetic photon flux density
(PPED) for the sun plants was 556 pmol m2 s™! and shade
plants 94.2 umol m=2 s™'. After 30 days of growth in the
sun and shade conditions, measurements to describe the
morphological and physiological characteristics at time
zero were conducted. The parameters evaluated were:
shoot height, leaf number, leaf area, chlorophyll content
with ClorofiLOG CFL 1030 (Falker, Brazil), shoot and
root dry mass, the biomass allocation ratio and shoot and
root soluble sugar content. For the evaluation of shoot and
root dry mass, individual samples were dried in an oven
at 60 °C for 48 h, and were subsequently weighed on a
precision analytical balance.

261



Bender, B. et al.

Following the period of acclimation in contrasting
light intensities, sun and shade plants were exposed to the
following treatments: control plants, irrigated daily without
water saturation of the soil (C) and partial flooding of the
soil (PF). Plants were kept on the two water regimes for two
periods of either five or 15 days. The parameters evaluated
were: shoot height, leaf number, chlorophyll content with
the aid of ClorofiLOG CFL 1030 (Falker, Brazil), shoot
and root dry mass, the biomass allocation ratio and shoot
and root soluble sugar content. For the evaluation of shoot
and root dry mass, individual samples were dried in an
oven at 60 °C for 48 h, and were subsequently weighed
on a precision analytical balance.

2.3. Total soluble sugar content

The extraction and quantification of soluble sugars
was performed according to Dubois et al. (1956), with
minor modifications. Samples with about 10 mg of dry
weight, obtained after homogenization in liquid nitrogen
and drying in an oven at 40 °C, were extracted with 1 mL
80% ethanol and incubated in a water bath at 75 °C for
15 min. The extracts were centrifuged at 12,000 rpm for
15 min and the supernatant was recovered. The sediment
was re-extracted with 500 uL 80% ethanol and mixed
with first extraction product. For quantification, 250 uL
of samples were mixed with 250 uL 80% ethanol, 2.5 mL
concentrated sulfuric acid and 0.5 mL 5% phenol. After
agitation, the solutions were kept for 20 min at room
temperature. The absorbance at 490 nm was measured in
a spectrophotometer. A standard curve was established
with D-glucose.

2.4. Statistical analysis

The experiment was conducted in a completely randomized
2 x 2 factorial design, with two light treatments (sun or
shade) and two water status (flooded or non-flooded plants),
resulting in a total of 100 plants. Before starting the flood
treatments, a one-way ANOVA was used to analyze the
light effects on the growth parameters and soluble sugar
content. After the two flood periods, the growth variables
and the soluble sugar content were analyzed by two-way
ANOVA. When significant interactions were observed
between treatments of light intensities and flooding,

the means were analyzed by a t-test. All analyses were
performed in Sigmaplot 11.0.

3. Results and Discussion

The classification of a species in different functional
groups with respect to their light requirement and acclimation
responses to the light environment, help define two distinct
groups: species that are considered pioneers or sun species
and sun-intolerant species or shade species (Valladares and
Niinemets, 2008). The responses to variations in irradiance
can occur at the leaf level and involve acclimation of the
photosynthetic apparatus (Nobel, 1976; Givnish, 1988) or
at the level of entire plant involving changes in growth
pattern or biomass allocation (Chazdon and Smith, 1996).
The ability of a given species to acclimate to sun or shade
conditions can be demonstrated by an assessment of the
initial growth under different light conditions, primarily
through the analysis of the cost-benefits associated with
the observed responses (Givnish, 1988).

During the initial growth (time zero), it was observed that
Inga marginata seedlings grown under shade conditions had
larger leaf area, shoot height and root length, accompanied
by a higher shoot dry mass compared to roots (smaller
root:shoot ratio) and a higher chlorophyll content index
compared to sun plants (Table 1). The comparison between
sun and shade plants showed no differences in leaf number,
shoot, root, total dry mass and soluble sugar content.
Our results, therefore, show similar trends to those of
Gongalves et al. (2005), Valladares and Niinemets (2008),
Mielke and Schaffer (2010), all of whom observed the
largest investment in growth, especially an increase in leaf
area and photosynthetic pigments, in plants with similar
ecological behavior including those acclimated to shade.

To understand the process of succession and natural
regeneration in riparian forests, it is necessary to understand
the existing light regimes within the forest, the adaptation
of different species to these regimes, the processes related
to the temporal succession of these species (Bazzaz and
Carlson, 1982) and their response to flooding periods with
different frequencies over time (Budke et al., 2010). Plants
of Inga marginata that were acclimatized to contrasting light
intensities did not show mortality when subjected to five

Table 1. Growth parameters and biomass accumulation in /nga marginata plants during acclimation to contrasting light

intensities (time zero).

Parameters Sun Shade D
Height (cm) 6.31+1.21 7.87 +1.50 0.02%*
Leaf number 3.80+1.75 3.90 +0.56 0.438
Root length (cm) 4.51+1.13 5.46 +0.83 0.048*
Total Chlorophyll Index 50.32+16.76 66.73 + 8.34 0.038*
Shoot dry mass (g) 0.20+0.11 0.28 £0.07 0.062
Root dry mass (g) 0.12+£0.08 0.12+0.03 0.992
Total dry mass (g) 0.32+0.19 0.40 +0.09 0.237
R:S ratio 0.59+0.15 0.42+0.11 0.015%
Leaf Area (cm?) 900.70 + 384.50 1631.80 £ 595.90 0.014*

Values are means + SD (n = 10). *Indicate difference between sun vs. shade plants within each parameter.
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or 15 days of partial flooding, which demonstrates that the
species tolerates well soil waterlogging at different periods.

Sun and shade plants of Inga marginata showed different
responses to flooding after periods of five or 15 days. After
five days there was no effect of the interaction between
flooding and light level on shoot height, leaf number,
chlorophyll content, shoot, root and total dry mass, or the
root:shoot ratio (Table 2). However, five days of flooding
showed interaction between light levels and flood on root
development. Greater root length in plants subjected to
flooding and shade acclimated compared to that of the
sun plants exposed to flooding was observed (Table 2).
Shoot dry mass and plant total dry mass were affected
only by light treatment. However, shade plants showed a
higher chlorophyll content (p = 0.015) when exposed to
flooded soil (Table 2).

After 15 days of flooding, the effects of light and flood
treatments were more pronounced among control plants,
which was demonstrated by the higher shoot height and
chlorophyll content observed in sun control plants over
shade control plants (Table 3). The light intensity had an
effect on leaf number irrespective of flooding, with sun

plants showing an increase in the number of leaves when
compared to shade plants (p = 0.004). The parameters of
root length, root and total dry mass and the root:shoot ratio
showed no differences between the treatments.

An increase in root length was observed in shade plants
in response to flooding for five days. Flooding, however,
had no marked effect on this plant response. After 15 days
of flooding sun plants tended to show higher values for
height and chlorophyll content. The effects of flooding,
although not statistically significant, show a tendency of
increasing these responses under shade (Table 3).

Sun plants on the control treatment (C) showed
greater growth when compared to sun plants under flood.
This indicates that flooding may be more severe under
high-light environments. However, shade plants subjected
to flooding for two weeks showed an acclimation response,
which was demonstrated by no differences in almost all
parameters between the control group and flooded plants.

The ability of some species to survive soil waterlogging is
associated with mechanisms for hypoxic stress tolerance and
the ability of roots to oxygenate the rhizosphere through the
transfer of oxygen from shoots to roots (Bartlett and James,

Table 2. Growth parameters, biomass accumulation in sun and shade /nga marginata plants under control conditions (C) and

subjected to partial flooding (PF) for five days.

Parameters Sun Shade P
C PF C PF
Height (cm) 720+ 1.374%  6.66+1.634 8.00 £ 1.674  7.38+1.274 0.92
Leaf number 3.60+0.544 420+ 1.034 3.80+£0.834  430+0.824 0.88
Root length (cm) 588+1468  546+08585 540+0.74%  6.63+£0.814 0.03
Total Chlorophyll Index ~ 52.29 £9.02 8% 50.66 £9.96 5 57.68 £9.02 8% 63.16 +7.46 A2 0.32%*
Shoot dry mass (g) 021+0.038  0.19+0.085%  0.26+0.054  0.27+0.034 0.63*
Root dry mass (g) 0.12+0.01%  0.11+0.03*  0.14+0.03%  0.12+0.10" 0.94
Total dry mass (g) 0.33+0.048%  033+0.11%  040+0.08%  041+0.074 0.69%*
R:S ratio 0.58+£0.194  0.57+0.184  0.52+0.06%  0.46+0.104 0.62

Values are means + SD (n = 10). P value refers to the interaction between light and water treatments. Different letters indicate
significant differences within each parameter evaluated. *Indicates difference alone (without interaction) arising or light or water
status factor. Uppercase letters (compare the parameters within each light treatment) and lowercase (compare the parameters
within each water status) equal, do not differ by Tukey test a 5% probability.

Table 3. Growth parameters and biomass accumulation in sun and shade /nga marginata plants under control conditions (C)

or subjected to partial flooding (PF) for 15 days.

Sun Shade
Parameters C PF C PF P
Height (cm) 8.44 £ 1294 6.66 £ 1.78 B° 6.22 +1.23 B 6.86 £ 1.04 B> 0.035
Leaf number 4.00 +£0.70 A2 420+ 1.134 2.60 £ 0.54 B® 3.60+£0.51 B 0.215*
Root length (cm) 6.22 +£0.62 42 5.64 £ 1.234 5.36+0.964 5.61+£0.954 0.304
Total Chlorophyll Index 63.92+9.194* 53,85+ 12.565 4534+7.035% 5843 +18.025 0.038
Shoot dry mass (g) 0.26 £ 0.08 A 0.22 +£0.05 B® 0.22 +£0.04 B 0.27 +£0.05 B 0.047
Root dry mass (g) 0.15+£0.04 4 0.11 £0.054 0.13 £0.024 0.13 £0.0242 0.143
Total dry mass (g) 0.42+0.124 0.33£0.09 A2 0.35+0.06 4 0.41 £0.08 Aa 0.058
R:S ratio 0.58 £0.07 0.49+0.1642 0.57 £0.04 2 0.48 £ 0.06 4 0.952

Values are means = SD (n = 10). P value refers to the interaction between light and water treatments. Different letters indicate
significant differences within each parameter evaluated. *Indicates difference alone (without interaction) arising or light or water
status factor. Uppercase letters (compare the parameters within each light treatment) and lowercase (compare the parameters
within each water status) equal, do not differ by Tukey test a 5% probability.
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1993; Perata and Alpi, 1993), via biomass allocation and
growth responses (Koslowski, 2002; Mielke and Schaffer,
2010). However, another important adaptation in flood
conditions is the storage of nonstructural carbohydrates
(soluble sugars and starch) in different regions of the plant
(Vartapetian and Jackson, 1997; Kawano et al., 2009).

The flooding response in shade plants at five and 15 days
might be associated with the temporal pattern of shoot and
root accumulation of soluble sugars compared to that for
plants at time zero (p = 0.05) (Figure 1A and 1B). After
five days of flooding, roots were longer and had a higher
content of soluble sugars compared to the control group
(»p = 0.012) (Figure 1A and 1B). Moreover, the higher
shoot and total dry mass observed for the shaded plants
compared to the sun plants, under flooding, might also be
directly associated with a higher soluble sugar content in
shade plants compared to sun plants, which was similar
at five and 15 days. The higher shoot dry mass in shaded
plants was also observed by Ferreira et al. (2001) in an
experiment with Piptadenia gonoacantha using different
waterlogging conditions and light intensities.

According to Chazdon and Smith (1996), physiological
plasticity and the ability to acclimate to different light

40
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Shoot soluble sugar content (mg g'l)

B ®
——Cs
—v—FS
—&— Csh
30 4 —a— FSh

20 4

Root soluble sugar content (mg g")

0 ; 10 s
Time (days)

Figure 1. Time course of shoot (A) and root (B) soluble
sugars content in sun and shade I/nga marginata plants
under control conditions and partial soil flooding. Control
sun plants (CS), control shade plants (CSh), flooded sun
plants (FS) and flooded shade plants (FSh). Values are mean
+ standard deviation (n = 5). *Indicate difference between
flooded vs. control plants.

264

regimes are related to the successional group to which the
species belongs. The plasticity describes the phenotypic
response that is expressed by environmental conditions,
whereas the flexibility (or acclimation) is regarded as the
process by which plasticity is expressed. The results of this
study indicated that the chlorophyll content was higher in
shade plants and after flood for five days. The increase in
chlorophyll content appears to reflect an acclimation to low
light intensity, probably to downregulation photosynthesis
process and thus tolerate the combined effect of floods
and shading.

Valladares et al. (2000b) suggest that pioneer species in
the succession process exhibit greater phenotypic plasticity
and ability to adapt to environments with high light than
secondary species (Valladares et al., 2002). The lowest
phenotypic plasticity in secondary species can also be
associated with a conservative strategy in resource use
(Valladares et al., 2000a). Inga marginata is classified
as an early successional species in the forest succession
process, indicating that plants acclimated to sun and under
unfavorable water conditions are often more sensitive to
the effects of soil waterlogging compared to shade plants.

The results here indicate that /nga marginata can
partially tolerate soil waterlogging and that the response
to flooding differs with respect to the light environment.
Flooding and contrasting light conditions influenced
the development of 1. marginata plants, as shade plants
showed a greater acclimation to waterlogged environments.
This acclimation appears to be associated, among other
factors, with a greater accumulation of soluble sugars than
control and sun plants.

Qin et al. (2013) argue that lower consumption and
faster accumulation of soluble sugars are mechanisms
associated with flooding tolerance. These data corroborate
the results of the present study, where was observed that
both plants grown in the shade and those grown in the
light, when subjected to flooding, show an increase in
soluble sugars in the root, indicating a general adaptation
in response to water in the soil.

In sum, the results of this study indicate that
despite its tolerance to short periods of partial flooding,
caution is required in the use of /nga marginata for
reforestation in riparian areas, which is often marked
by a high light, since luminosity could be a negative
factor in relation to the acclimation to flooded conditions
for this species.
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