~
-
o
a
P
)
i
~
o
a)
L
'_
[a
LL
(©)
(@)
<
~
-
o
o
o
o
<
()]
—
[a)
L
)
>
L
o
~
-
o
o
P
<
?
(o]
-
a
L
'_
=
=
[an]
2
(%0]
LLl
O
zZ
|
(@)
w
o
O
o
O
LL
@)
|
<
P
o
)
®)
baw]
P4
<
.|
<
o
=
(%2]
=)
<

Australian Journal of

Crop Science

AJCS 11(07):844-852 (2017) ISSN:1835-2707
doi: 10.21475/ajcs.17.11.07.pne498

Physiological and biochemical metabolism in Jatoba plants (Hymenaea courbaril L.) affected
by water stress and flooding

Kerolém P. S. Cardoso*, Juscelino G. Palheta, Josilene do C. M. de Sousa, Vitor R. Nascimento,
Glauco A. dos S. Nogueira, Liliane C. Machado, Jéssica T. da S. Martins, Thays C. Costa, Waldemar
V. Andrade Junior, Candido F. de Oliveira Neto, Benedito G. dos Santos Filho

Institute of Agrarian Sciences, Laboratory of Biodiversity Studies of Upper Plants in Federal Rural University of
Amazonia, Para, Brazil

*Corresponding author: k.cardoso.agro@gmail.com
Abstract

The experiment was conducted in a completely randomized design in three water conditions at greenhouse with treatments as:
control, water stress (water deficiency) and flooding (with a blade of water about 5 cm above the ground), and 15 repetitions. The
analysis of variance was done and the 5% level of significance of the Tukey’s test accomplished to assess the biochemical and
physiological parameters of Hymenaea courbaril L. The variables were: water potential, nitrate reductase activity, concentration of
nitrate, ammonium free, proline, glycine betaine, free protein, free amino acids, glutamine synthetase activity, alcohol dehydrogenase
activity and lactate dehydrogenase and contents of chlorophyll a, b, and total carotene. There was a reduction of the enzyme
reductase activity of nitrate and glutamine synthetase due to the water deficit and flooding. Moreover, the lack of water in leaf tissue
caused an increase in proline, glycine betaine and free amino acids, trying to promote osmotic adjustment. An increase of variation
and reduced ammonium, protein, chlorophyll a, b, and carotenoid was also observed. These substances were significantly reduced by
the lack of water and also excess water. Thus, the water deficit and flooding promoted a drastic change in behavior and physiological
biochemistry of Jatoba plants. The results of this study show that the flooding and water deficiency for 30 days are sufficient to
promote changes in biochemical behavior in the Jatoba plants. Thus, these results indicate that the Hymenaea courbaril L. plants are
less susceptible to flooding than to the water deficiency.

Keyword: forest restoration; Jatoba; nitrogenous compounds; osmoregulators; water conditions.
Abbreviation: FM_fresh mass; DM_dry mass; AA_amino acid; GGH_gamma-glutamyl hydrolase; ATP_adenosine triphosphate;
TSP_trisodium phosphate; LDH_lactate dehydrogenase.

Introduction

The Hymenaea genus appeared in Africa about 65 million physiological, cellular and anatomical changes (Nogueira et
years, adapting in various neotropical regions, generating al., 2005). Water stress is an abiotic stress, which is one of
many species, among them courbaril (Hymenaea courbaril the largest limitations for agricultural production due to
L.), which is of great importance due to its utility in areas of negative interference with the growth and development of the
forest restoration in the legal reserve and permanent plant (Endres et al., 2010). The drought stress negatively
preservation areas. It is species with attractive fruit for influences the metabolism of nitrogenous compounds,
wildlife (Martins, 2013). Species of this genus may occur because the nitrogen is one of the most important nutrients
from Southern Mexico through much of South America, for plant growth (Ferreira et al., 2002). Plants under drought
including Brazil, French Guiana, Suriname, Venezuela, condition survive doing a self-balance between maintaining
Colombia, Peru and Bolivia. In Brazil, Jatoba is present turgor and the reduction of water loss in order to reduce the
throughout the territory belonging to the Atlantic Forest deleterious effects of water stress on crop yield (Castro et al.,
biome and in the Amazon region (Costa et al., 2011). It has 2007). Temporary or permanent conditions of flooding (water
been the target of many studies among the various native tree depth of training) or flooding (water saturation) of the soil are
species in the country (Matheus et al., 2011). Jatoba is a also problems that can cause serious damage to agricultural
climacteric species of the Fabaceae family, semi-deciduous, development. In agricultural regions there are many rare
heliophyta, easy multiplication with abundant and regular events, while some others can be chronic problem constantly
seeds. It is a species with possibility of commercial use faced by producers. Therefore, due to the potential and
(Campos and Uchida, 2002). According to Panizza (1997), economic importance of Hymenaea courbaril L., The
this species is indicated as medicinal, producing essential oil, objective of this study was to evaluate the eco-physiological
tannins, resinous and pectic materials, starch and sugars. Its and growth aspects of young Jatoba plants and to determine
barks and leaves are used in the treatment of diarrhea, whether they are tolerant or sensitive when subjected to water
intestinal cramps, cystitis, coughs, bronchitis and asthma. The deficiency and flooding.

plants are subject to various conditions of stress that
compromise their metabolism leading to various biochemical,
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Results and Discussion
Water potential

The plants subjected to significant drought and flooding
showed difference at 5% probability for water potential. As
shown in Fig 1, the water potential for for control was 0.5
Mpa, and 1.2 and 2.5 for plants under flooded and water
deficiency, respectively. The reduction of water potential
may have occurred due to the potential predawn (¥am)
present water losses by zero evapotranspiration or negligible,
due to lack of light and high humidity. In this situation a
balance in the soil-plant-atmosphere is occurred. The
decrease in membrane permeability leads to a reduction in the
leaf water potential and wilting. Another process that may be
involved is the reduction of the metabolic process and
decomposition of the roots through the fermentation process,
thus promoting a reduction in the absorption of water and
minerals for the plant (Taiz and Zaiger, 2013).

The reduction of water potential in plants subjected to
flooding is due to the lack of energy to sustain the
physiological processes that mainly depends on the access of
plant to air required for the process of cellular respiration.
Furthermore, there is a decrease in the absorption of ions
responsible for tissue development and growth of the roots,
reducing the amount of the absorbent (Kerbauy, 2008).

Nitrate reductase activity and nitrate levels

The ANOVA results showed a significant difference among
different treatments for nitrate reductase activity both in roots
and leaves. The response to nitrate reductase activity was
observed in the roots of plants under irrigation (0.290 pmoles
NO, g* FM h), plants under flooding (0.409 pmoles NO,°
g FM h") and without irrigation (0.051 pmoles NO, g™ FM
h™) and leaves of plants with irrigation (ummoles NO,” 0.190
g FM? hY). Fig 2A shows the nitrate reductase activity in
flooded plants (ummoles NO,” 0.306 g FM™* h'%) and without
irrigation fluid (ummoles NO, 0.017 g FM™ h'%), where there
was also a significant decrease of 61.05% and 91.05%,
respectively.

The results showed that the excess and shortage of water
promoted the activity of nitrate reductase activity for roots
and leaves. In water stress condition of the soil, the water
decrease causes the nitrate (NH3) flow to the plant,
contributing to the reduction of the enzyme activity (Andrade
Netto, 2005). These results suggest that water stress
decreases the activity of this enzyme because of the reduced
flow of water by the current transpiration and also the nitrate
flow to the leaves, since this enzyme is highly dependent on
its substrate (Sharner and Boyer, 1976).

There was a significant difference in concentration of
nitrate in roots and leaves under different treatments. The
concentrations of nitrate in roots of plants under irrigation
(0.8 umoles de NO; g* DM), plants under flooding (0.3
pmoles de NO; g* DM) and without irrigation (0.1 pmoles
de NO; g' DM) were shown in Fig 2B. The same
differences was reported in the leaves of the plants under
irrigation (0.6 umoles de NO5™ g* DM), plants under flooding
(0.12 pmoles de NO3 g* DM) and without irrigation (0.04
pmoles de NO3 g™ DM), where there was also a decrease of
80% and 93.33%, respectively (Fig 2B).

The results showed a decrease in nitrate concentration in
leaves and roots under both treatments. The absorption of
NO;™ by roots was reduced in plants under water suspension.
Sharma and Dubey (2005), reported that absorption of NO3
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and its activity are influenced by the availability of water, by
reduction of nitrate reductase activity in leaves. The reduction
in nitrate uptake of roots (xylem) will decrease the flow of
nitrate, causing inactivity of the enzyme degradative process,
which is sufficient to explain the results (Taiz and Zaiger,
2013).

Free ammonium levels and glutamine synthetase activity

The concentration of free ammonium levels in H. courbaril
leaves and roots showed a significant difference between
treatments at 5% probability. The roots of control plants,
flooding and water deficit showed values of 22, 29 and 36
mmol of NH," kg™ DM, respectively, resulting in an increase
of 31.8% and 63.6%, compared to control. In leaf, the
concentration of free ammonia was 9, 16 and 21 mmol NH,"
kg! DM in control plants, flooding and water deficit,
respectively, revealing increases of 77.7% and 133.3%,
compared to control plant (Fig 3 A).

The accumulation of free ammonium in Hymenaea
courbaril L. in water stress situation and flooding could be
related to the reduction of the GS enzyme activity. In
addition, the accumulation of ion NH,* in the plant may have
been caused by photorespiration process of catabolism of
nitrogenous compounds such as amino acids (Debouba et al.,
2007).

Another factor responsible for increasing ammonium
concentration is decreased activity of dehydrogenase by
enzyme glutamate (GDH) / NADH which catalyzes and
incorporates NH,* in organic medium, in addition to
induction of other forming routes by protein breakdown,
thereby causing the formation of ammonium.

The evaluation of glutamine synthetase activity in leaves
and roots of Jatoba identified a significant difference of
probability between treatments at the 5% level. In the roots of
control, wetlands and water deficit plants 28, 8.4 and 7 mmol
GGH kg ! DM, were observed, respectively, corresponding
to reduction of 70% and 75% in the flooded plants and
disabled water compared to control plant. In the leaves, the
activity of enzyme glutamine synthetase was 30.3, 17.2 and
9.2 mmol GGH kg'1 DM in control, wetlands and water
deficit plants, respectively, revealing a significant decrease of
43.2%, and 69 6% in the treatments, compared to control
plant (Fig 3 B).

The results showed that the activity of this enzyme was
reduced in plants due to the low concentration of ATP in the
cell medium, given that this enzyme is highly dependent on
energy. Another reason for the reduction of glutamine
synthetase is the decrease of synthase glutamate and
glutamate, chloroplast or the cell plastids (Horchani and
Aschi-Smiti, 2010) and reduction of reductase activity in
nitrate caused by low ion concentration NH4" (Alves et al.,
2012; Andrade Junior et al., 2016).

Proline levels and glycine-betaine levels

The ANOVA results showed a significant difference between
treatments. The proline concentrations were 77% higher in
the roots, when plants were subjected to water stress
compared to control treatment. Flooding also caused
increases of this variable by 68% when compared to the
control (Fig 4 A). In leaves, the plants under water deficit
also showed higher proline content of 76% compared to
control, while subjected to flooding, an increase of 66%
compared plants under water control was observed (Fig 4 C).
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Fig 1. The water potential in leaves of Hymenaea courbaril L. subjected to 30 days of drought and flooding. Means followed by the
same letter did not differ by Tukey’s test at 5% probability. The bars represent the standard deviations of the mean.
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Fig 2. Nitrate reductase activity (A) and nitrate levels (B) in roots and leaves of Hymenaea courbaril L. subjected to 30 days of
drought and flooding. Means followed by the same letter did not differ by Tukey’s test at 5% probability. The bars represent the
standard deviations of the mean.
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Fig 3. Free ammonium levels (A) and glutamine synthetase activity (B) in roots and leaves of Hymenaea courbaril L. subjected to 30
days of drought and flooding. Means followed by the same letter did not differ by Tukey’s test at 5% probability. The bars represent
the standard deviations of the mean.
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Fig 4. Proline levels (A) and glycine-betaine levels (B) in roots and leaves of Hymenaea courbaril L. subjected to 30 days of drought

and flooding. Means followed by the same letter do not differ by Tukey test at 5% probability. The bars represent the standard
deviations of the mean.
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Fig 5. Total soluble protein levels (A) and soluble amino acids levels (B) in roots and leaves of Hymenaea courbaril L. subjected to
30 days under drought and flooding. Means followed by the same letter do not differ by Tukey test at 5% probability. The bars
represent the standard deviations of the mean.
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Fig 6. Lactate dehydrogenase activity (A) and alcohol dehydrogenase acticity (B) in roots and leaves of Hymenaea courbaril L.
subjected to 30 days under drought and flooding. Means followed by the same letter do not differ by Tukey test at 5% probability.
The bars represent the standard deviations of the mean.
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Fig 7. Content of chlorophyll a, b, total chlorophyll and carotenoids in leaves of Hymenaea courbaril L. subjected to 30 days of
drought and flooding. Means followed by the same letter do not differ by Tukey test at 5% probability. The bars represent the

standard deviations of the mean.

In this study, the increase in proline concentrations is
expected because this variable acts as indicator of drought
tolerance in plants. It is an osmoprotector amino acid, which
acts in the protection of membrane structures, enzymes and
cell tissues beyond to act as an antioxidant (Fernandes, 2002).
Under stress conditions, amino acid metabolism is largely
changed and decreased protein synthesis and increased
proteolysis (Sodek, 2004). As a consequence, there is
induction of proline biosynthesis promoted by metabolic
increment as polyamines, ammonia, arginine, ornithine,
glutamine and glutamate (Silveira et al., 2002).

The analysis of variance showed a significant difference
between treatments in roots: under irrigation 13 pgram
Glycine-betaine g* DM, flooding plants 3,3 pgram of
glycine-betaine g DM and without irrigation of 21 ugram of
glycine-betaine g DM were observed. In leaves: under
irrigation 19 pgram of glycine betaine g DM, flooding
plants 8 pgram of glycine-betaine g DM and without
irrigation 28 pgram of glycine betaine g DM were recorded
(Fig 4 B).

The accumulation of glycine betaine protected the plant
metabolism, because is a compatible osmolyte maintaining
the water balance of the plant cell and the environment by
stabilizing macromolecules (Carlin and Santos, 2009). This
high amount of glycine is due to the probable formation of
amino acid through the degradation of proteins and higher
ammonium concentrations and coming possibly from
photorespiration and desamination processes.

The biggest glycine betaine concentrations in plants under
water stress promote a contribution to a better absorption and
soil water transport to shoot through osmotic adjustment and
also a cell membrane protection as well as protection against
the mechanism of oxidative stress plants (Ashraf and Haris,
2004).

Total soluble protein levels and soluble amino acid levels

In leaves and roots of H. courbaril the contents of soluble
protein and soluble amino acid were significantly varied
between treatments at 5% probability level. In roots of
control plant, flooded and water stress the values of 3.2, 1.6
and 0.6 mg g™ DM protein were observed, respectively (Fig
5A, corresponding to a reduction of 50% and 81.2 %
compared to control plant. In leaves of the control plants,
flooded and under water stressed the values of 2.6, 3.8 and

849

1.26 mg protein g DM were recorded, respectively,
indicating an increase of 46.1% in PST concentration in
leaves flooded plants and reduction of 53.8% in leaf tissue of
the plant under water stress, compared to control (Fig 5 A).

The results of soluble protein concentrations are attributed
to the increased activity of proteolytic enzymes, which acts as
breaking agent of plant storage proteins and reduces its
synthesis. The water stress affects the entire biochemical
process of plant, and as a form of protection against water
shortage, the plant changes its metabolic behavior such as the
degradation of proteins into amino acids. Among these,
proline is directly linked to the osmotic adjustment of leaf
tissue cells (Souza et al, 2014).

The restriction of water uptake decreases cell turgor
pressure which consecutively causes stoppage of growth.
Drought also causes an increase in proteolytic enzymes that
break the stored proteins in plants and decrease protein
synthesis, showing that this deficiency affects all biochemical
processes in an attempt to maintain water levels in the tissues
as well as cell osmotic balance (Szegletes et al., 2000).

In flooding condition, the significant increase in TSP
concentration in tissues is linked to a strong correlation
between the ability of plants to synthesize proteins in
conditions of low availability of oxygen and to maintain the
energetic charge of the adenylate ensuring a "pool" ATP to
meet the energy demand required for plant growth.

The ATP significantly varied in leaves and roots of plants
between treatments at 5% probability level. AST analysis in
control plants roots showed concentrations of 70.6 pmol AA
g™ DM, while the flooded plants showed 17.6 pmol AA g*
DM. These results indicate a 75% reduction in the flooded
treatment, compared to control (Fig 5 B).

In the roots of plants subjected to water deficit, 95.6 pumol
g™ DM of amino acid was observed, indicating an increase of
35.4% in treatments, compared to control. The values of 55.9
and 35.4 pmol of AA g* MS in tissues of flooded and
controls plants were obtained, respectively, representing a
reduction of 36.6%. In leaves of plants under water stress, the
value was 110.8 g AA g MS 1, indicating an increase of
98.1% in AST concentration, compared to control plants (Fig
5 B).

In organs of flooded plants, there was a reduction in amino
acid levels, possibly due to increased protein synthesis,
especially of Rubisco in leaves and the low activity of the



enzyme glutamine synthetase, key as gateway to the
formation of all amino acids in the roots and leaves.

The high levels of amino acids in the roots and leaves of
water stressed plants are probably due to high activity of
nitrogen metabolism, in addition to the activities of protease
enzymes that acts as breaking agent of proteins into amino
acids, decrease in protein synthesis, which disorders the
phloem tissue and reduces translocations to other organs.
This causes the accumulation of amino acids thus signaling
effect to the tolerance of the plants under different
environmental stresses.
alcohol

Lactate and

activities

dehydrogenase dehydrogenase

A significant difference in the different treatments was
observed in lactate dehydrogenase activity. The alcohol
dehydrogenase activity was reduced by 22% and 18% in the
roots and leaves of plants under water deficit, respectively,
compared to control treatment. When plants subjected to
flooding the concentration grew by 77% and 78%, compared
to the control plants (Fig 6 A). In roots and leaves there were
no significant differences in the different treatments for
alcohol dehydrogenase activity.

The alcohol dehydrogenase activity was increased by 10%
in the roots and leaves of plants under water deficit,
compared to control treatment. It increased by 83% and 76%
compared to plants under control (Fig 6 B), when subjected
to floods.

The results showed an increase in enzyme activity when
plants were subjected to water suspension and flooding, since
the absence of O, ceases electron transport and oxidative
phosphorylation in the mitochondria. Therefore, the
tricarboxylic acid cycle cannot operate and ATP can be
reduced only by fermentation mechanism. Thus, anoxia
promotes fermentation of pyruvate via the increased
activation of the enzyme lactate dehydrogenase. The other
enzyme involved in anoxic process is inhibiting alcohol
dehydrogenase LDH by pyruvate decarboxylation (Taiz and
Zaiger, 2004).

Photosynthetic pigments

The results of ANOVA showed a significant difference for
the different treatments in relation to the photosynthetic
pigments. The amount of chlorophyll a were recorded as
following in the plants under irrigation (3.1 mmol kg™ FM),
flooded plants (2.4 mmol kg® FM) and without water
irrigation (1.9 kg™* FM mmol). For chlorophyll b plants under
irrigation had (2.2 mmol kg™ FM), flooded plants (1.4 mmol
kg FM) and without water irrigation (1.3 mmol kg™ FM).
The total chlorophyll in plants with irrigation (5.3 mmol kg ™
FM), flooded plants (4 mmol kg FM) and without water
irrigation was (3.1 mmol kg® FM). The amount of
carotenoids in irrigated plants was (2.6 mmol kg FM),
flooded plants (3.6 mmol kg FM) and without irrigation
water (3.2 kg™ FM mmol) (Fig 7).

The results indicate that plants subjected to drought had a
balance in the contents of chlorophyll a and carotenoid,
reducing the ratio of chlorophyll a / carotenoid. Therefore,
the chlorophylls reductions probably promoted less
absorption of light energy parallel to the largest free energy
dissipation via carotenoids.

The degradation of photosynthetic pigments is involved
with the continuous flow of electrons through the
photosystems. In parallel, the significant decreases in net
photosynthesis should have resulted in increased production
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of O,” and H,0, in chloroplasts (Abdul Jaleel et al., 2007),
promoting lipid peroxidation and degradation of chlorophyll
and pigments under water suspension.

The degradation of chlorophyll causes parallel maintenance
or increases in the concentration of total carotenoids.
Therefore, a continuous power dissipation of excess is
expected (Abdul Jaleel et al., 2007). Due to flooding, there
was a decrease and increase in chlorophyll content and
carotenoids, respectively. In some cases mentioned in the
literature, immersing the plant for long periods of time affects
the photosynthetic and photochemical apparatus reduces the
growth of leaves, stems and roots, resulting in death of the
plants (Schaffer, 1998).

Materials and Methods
Location and growth conditions

The experiment was conducted in a greenhouse localized at
Federal Rural University of Amazonia (UFRA), in Belém,
PA, Brazil. The implementation took place from September
2008 to May 2009, in which the experiment was conducted
under natural conditions and through a thermo-hygrometer.
The temperature of minimum-maximum air and relative
humidity was checked, which showed values of 24.5-39.1
and 53.3%-91% respectively, observed during the period of
experiment, in which the average photoperiod was 12h and
the photosynthetically active radiation ranged from 42 pmol™
510 968 umol? s (1:00 p.m.).

Plant material conditions

The substrate used for the growth of the seedlings was a
mixture of 3: 1: 1 (v: v: v), composing of [(3 parts) black soil,
includiing soil, yellowish latosol, medium texture, previously
air dried and impurities removed; (1 part) decomposed
chicken manure and (1 part) earthworm humus]. Tests were
carried out to verify the field capacity of the pots and the
liming process for soil pH correction and macro and
micronutrient supplementation based on soil chemical
analysis.

The seedlings of Jatobad (Hymenaea courbaril L.) from the
AIMEX (Association of Timber Export Industries of the
State of Pard) were four-month-old after germination and
were transplanted to the vessels with their substrate corrected
for acidity and nutrition. It took a period of three months for
the acclimatization and fertilization of macro and
micronutrients and the conduction of the treatments started
over a month. The plants were subjected to three water
regimes: control (adequate irrigation), water stress (without
irrigation), and floods (with a blade of water 5 cm above the
ground).

Biochemical analysis

The water potential was determined at predawn (yam),
between 4:30 and 5:30 a.m., and 10:00 (xylem water
potential, yx), using a pump pressure of Sholander type
(mod. Pms Instrument Co, Corvalles, USA) as described by
Da Matta et al. (1993).

The collection of plants was scheduled at 05:30 AM for the
determination of nitrate reductase activity (RN), which was
performed in vivo by selecting in the greenhouse. The fully
expanded primary leaves were selected from each of the
repetitions, according to the method described by Hageman
and Hucklesby (1971). The reading was performed at 540 nm
and the result of the activity estimated by producing NO,™ in



the reaction middle, expressed in pmoles NO,  g* MF h?
from a standard curve obtained by KNO, p.a (Sigma).

For the biochemical analysis, the material was taken to the
hothouse forced air ventilation of 65 °C for 48 h to determine
the dry mass of root and leaf. The dried material was ground
in mill to obtain a fine powder being properly stored in falcon
tubes until used in assays.

The Cataldo et al. (1975) method was used for the
determination of nitrate. The absorbance was determined at
410 nm and the concentration of nitrate was obtained from a
standard curve with increasing concentrations of NO5™ (0, 0.5,
1.0, 2.0, 3.0, 4.0 and 5.0 pmol mL'l). The results were
expressed in pmoles of NO3 g™ MS of tissue.

Free ammonia was determined using the method by
Weatherburn (1967). The concentrations were estimated from
the standard curve constructed with (NH,),SO, p.a (Sigma)
and the result expressed in mmol of NH," kg™* MS. We used
the method of Bates et al. (1973) for the determination of
proline with spectrophotometric reading at 520 nm. The
concentrations were determined from the standard curve with
L-proline P.A (Sigma) and results were expressed in pumol
Pro g™ DM.

The method used for determination of glycine betaine was

second Grieve and Grattan (1983), in which the reading was
carried out in a spectrophotometer at 365 nm. For calculation
of a standard curve a glycine betaine solution was prepared
and the results were expressed in ug Glycine betaine g™ DM.
The soluble protein contents were determined by the method
described by Bradford (1976), then subjected to reading
absorbance at 595 nm. Each extract was assayed in duplicate,
and the soluble protein content in mg g™* Protein MS.
For the determination of total soluble amino acid the method
of Peoples et al. (1989) with absorbance read at 570 nm in
spectrophotometer was used. The results expressed in
micromol g AA™ MS. The glutamine synthetase activity was
determined by in vitro method of Kamachi et al. (1991). The
reading was taken in a spectrophotometer at 540 nm and the
activity of glutamine synthetase (GS) was determined from
the standard curve p-glutamyl hydroxymate and the results
were expressed in mmol GGH kg™ MS.

The incubation mixture for alcohol dehydrogenase
comprised mol m according to Bertani et al. (1980). The
incubation mixture for the lactate dehydrogenase was
composed of mol m® according to Hoffman and Hanson
(1986). After three minutes at 25 °C, the enzyme activity was
measured at 340 nm. The results were expressed in moles of
NADH" kg™ protein min™.

The method of Lichthenthaler (1987) was used for
determination of chlorophyll a, b, and total carotenoid. Tey
measured in absorbance readings of 470, 646.8 and 663.2 nm
and the concentrations of chlorophylls and carotenoids (in mg
LY calculated and converted to kg™ mmole FM.

Experimental design and statistics

The experimental design was completely randomized with
three water conditions: control, water stress and flooding in
15 repetitions, totaling 45 experimental units, in which each
experimental unit was composed of a plant/pot. It was
applied to analysis of variance in the results and when there
was a significant difference, the means were compared by
Tukey’s test at 5% significance level. In addition, the
standard deviations were calculated for each treatment, and
the statistical analyzes with SAS-institute (1996) and
informed the recommended statistical theories by Gomes and
Garcia, 2002.
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Conclusion

The results of this study show that flooding and the water
deficiency for 30 days are sufficient to trigger changes in
biochemical behavior in the Jatoba plants. In general, our
results indicate that the Hymenaea courbaril L. plants are less
susceptible to flooding than to the water deficiency.
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