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The hog plum tree is a species exploited extractively, but this information is not included in official
statistics, despite the socioeconomic relevance of the species in the North and Northeast of Brazil. The
present study aimed to analyze physiological and biochemical processes in Spondia mombin L. plants
under two water regimes. The experiment was conducted in a greenhouse at the Federal Rural
University of the Amazon, Belém, PA. The experimental design was completely randomized with two
water conditions: control and water deficit, with 20 repetitions totaling 40 experimental units, where
each experimental unit consisted of one (1) plant/pot. Moderate/severe water deficit was simulated by
suspending irrigation of the seedlings, respectively, for a 15-day period. There were reductions in the
levels of water potential, nitrate, nitrate reductase and proteins, while the values for ammonium,
glutamine synthetase, amino acids, proline and glycine betaine had a significant increase in plants
under water stress compared with control plants. Young hog plum plants under water deficit undergo
changes in nitrogen metabolic pathways. These changes are indicative of intolerance to extremely dry
environments.
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INTRODUCTION

The hog plum tree (Spondias mombin L.) is a fruit where it is a wild species. lIts fruits are commercialized
species, native to tropical America, belonging to the fresh and can be consumed in the form of juice, ice
Anacardiaceae family, common in the Amazon region, cream, popsicles, custard and mousse. Important species
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of the genus Spondias include the hog plum (S. mombin
L.), the green mombin (S. tuberosa Arruda), and the
golden apple (S. dulcis Parkinson). These species are
exploited extractively or in domestic orchards, but this
information is not included in official statistics, despite
their socioeconomic relevance in the North and Northeast
of Brazil (Quadros, 2013).

Hog plums are considered to have good nutritional
quality; the fruit has a pleasant aroma and a juicy pulp, as
well as a distinctive bittersweet flavor (Silva et al., 2007).
In addition, the fruit is composed of compounds such as
carotenoids and tannins, representing a good source of
this component and playing its most important nutritional
role, that is, its activity as provitamin A, thus gaining
prominence as a probable natural antioxidant.

More than any other environmental stress, soil water
deficit is a serious global problem (Carlin and Santos,
2009). One of the great challenges currently faced by
agriculture, therefore, is to increase crop yields in regions
that are likely to be under water deficit. In response to the
lack of water, plants perform various physiological
events; the most frequent one is osmotic adjustment,
whereby they adapt to keep water potential and cell
turgor at more appropriate levels. Water participates as a
reagent in numerous metabolic reactions; lack of water
affects all aspects of plant growth and development
(Pereira et al., 2012).

Various physiological and biochemical processes, such
as gas exchanges between the inner leaf and the
atmosphere, photosynthesis and metabolism  of
carbohydrates, proteins, amino acids and other organic
compounds, are modified by water deficit (Silva, 2008). In
this context, the aim of this study was to evaluate the
metabolism of nitrogenous compounds in young hog
plum plants (S. mombin L.) under water deficit conditions.

MATERIALS AND METHODS
Experimental setup and location

The experiment was conducted in a greenhouse at the Institute of
Agricultural Sciences (ICA) of the Federal Rural University of the
Amazon (UFRA), in Belém, PA, Brazil (01° 27’ S and 48° 26’ W).
Before the start of treatment, all plants were placed under 50%
shade cloth, irrigated daily for a month to keep them at field
capacity and acclimatization (Fernandez and Sykes, 1968).

Plants

Young hog plum plants grown from seeds were supplied by AIMEX
(Federation of Timber Export Industries from the State of Pard).
Hog plum seedlings were transplanted to 10 kg pots with substrate
containing a mixture composed of black soil, manure and
earthworm humus at a ratio of 3:1:1 (v:v:v), respectively, on a 0.02
m layer of crushed stones to facilitate soil drainage. Before
transplanting, tests were made to check the field capacity of the
pots; liming was performed to correct soil pH, and macro and
micronutrients were supplemented, based on chemical soil
analysis, by applying 600 ml of the nutrient solution of Hoagland
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and Arnon (1950), modified at the Laboratory of Biodiversity
Studies on Higher Plants (EBPS), UFRA.

Experimental design

The experimental design was completely randomized with two
water conditions: control and water deficit, with 20 repetitions
totaling 40 experimental units, where each experimental unit
consisted of one (1) plant/pot.

Statistics

Analysis of variance was applied to the results and when there was
significant difference, the means were compared by Tukey’s test at
5% significance level. Moreover, standard deviations were
calculated for each treatment, and statistical analyses were
performed with the software program (SAS-Institute, 1996).

Plant training

A preliminary experiment was performed to simulate moderate/
severe water deficit by suspending irrigation on the seedlings,
respectively, for 15 days. During the experimental period, the
control plants were watered daily to replace water loss. Watering
was performed individually for each pot, taking into account daily
weighings, forming a set (pot + plant + soil); weed control was also
made, weed from manual weeding without causing nutritional
deficiency, pests and pathogens. The soil was sieved. Then pots
were filled and the average weight of the vessels determined when
the soil was at field capacity. The average weight of the plants in
clod was also made from each treatment. So when planting each
seedling in a respective vessel, the average weight of each pot at
field capacity was known. The vessels were weighed at every turn
of irrigation, and the average weight determined with the soil in the
current humidity. Following irrigation, the weight of a vase with
irrigated soil was made to be the same, thus maintaining the field
capacity. This procedure was determined following the
recommendations of Melo et al., (1998).

Preedawn water potential

Predawn water potential (Yam) was determined between 4:30 and
5:30 am, by means of a pressure pump type Scholander (M670,
PMS Instrument Co., Albany, USA) as described by Pinheiro et al.,
(2007).

Determination of gas exchange

The stomatal condutance to water vapor (gs) and the transpiration
(E) were determined by a portable porometer of dynamics balance
(mod. Li 1600, LiCor, Nebraska, USA). The measurements were
made at 9:00 a.m. As samples, mature leaflets, completely
expanded, were selected from leaves of second or third pair
counted starting from the apex. After gas exchange, leaf samples
were collected and immediately taken to a forced air circulation
glasshouse at 65°C until drought for the flour preparation.

Determination of the biochemical variables
Determination of the concentrations of nitrate

Fifty (50 mg) were weighed of previously lyophilized leaves, adding
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Figure 1. Water potential in young plants of S.mombin under drought. The letters a and b
show statistically significant differences between treatments were compared by Tukey test
at 5% probability. The bars represent the standard deviations of the mean.

total extract, salicylic acid 5% solution in concentrated sulfuric acid.
The concentration of nitrate was obtained from a standard curve
with increasing concentrations of NO3™ (0, 0.5, 1.0, 2.0, 3.0, 4.0 and
5.0 ymol ml™) according the method described by Cataldo et al.,
(1975).

Determination of nitrate reductase activity

200 mg were weighed of leaf disks of 0.5 cm diameter placing the
samples in test tubes containing phosphate buffer isopropanol from
a standard curve obtained with KNO, p.a. (Sigma) according the
method in vivo recommended by Hageman and Hucklesby (1971).

Free ammonium concentrations

Fifty (50 mg) were weighed of lyophilised leaves previously, adding
in the test tubes the total extract, solution A and solution B after
shaking. The free ammonium concentrations were estimated from
the standard curve constructed with (NH4)2SOs p.a. (Sigma)
according to the method described by Weatherburn (1967).

Total soluble amino acid concentrations

Fifty (50 mg) were weighed of previously lyophilised leaves, by
adding the total extract, buffered solution and reagent ninhydrin.
The total free amino acid levels were determined based on a
standard curve adjusted from increasing concentrations of a
standard mixture of L-glutamine according to the method described
by Peoples et al., (1989).

Determination of proline levels

Fifty (50 mg) were weighed of lyophilised leaves previously by
adding in the test tubes total extract, ninhydrin acid and glacial
acetic acid. It was determined through a calibration curve proline
and proline results expressed in mmol g™ dry matter (DM) were
determined according to Bates et al., (1973).

Glycine betaine content determination

Twenty five (25 mg) were weighed of lyophilised leaves previously
by adding H.SO, 2 N test tubes and Kil-I, iced. A standard curve
was used and Glycine — Betaine was determined by the method
described by Grieve and Grattan (1983).

Glutamine synthetase activity

It was determined by the ‘in vitro” method of Kamachi et al., (1991).
The results were expressed in mmol of y-glutamyl-hydroxamate kg™
DM of tissue h™.

Determination of total soluble proteins concentration

The concentrations of total soluble proteins were determined by
method of Bradford (1976). The results were expressed in mg
protein g™ DM.

RESULTS AND DISCUSSION
Water potential

The results showed significant reduction in water potential
(\Ww); the results ranged from -0.28 MPa (control plants)
to -2.855 MPa (plants under water deficit) (Figure 1). This
represents a decrease of 919% of the water potential
compared with control plants. Water potential was
decreased in plants under water stress and this may be
due to biochemical changes that lead to changes in cell
juice concentration. However, it may also have resulted
from the decrease in leaf cell volume by increasing water
deficit in the soil, which prevents water supply to plants
(Pallardy, 2008). This may also have occurred because
the leaf transpiration rate is greater than the absorption
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Figure 2. Nitrate concentration in Young plants of S. mombin under drought. The letters a and b
show statistically significant differences between treatments were compared by Tukey test at 5%
probability. The bars represent the standard deviations of the mean.

capacity (roots) or greater than the transportation
capacity throughout the trunk and branches of trees
(Marenco et al., 2014). Similarly, Fernandes et al., (2015)
found -2.2 MPa when working with eucalyptus plants
grown in a greenhouse under water stress. Lima et al.,
(2015), during a 25-day experiment, found that water
deficit caused a significant reduction in water potential in
andiroba plants, reaching levels near -2.00 MPa, while
the irrigated plants obtained values of - 0.08 MPa during
the experiment.

Nitrate concentration

The results obtained in hog plum plants revealed that
there was a significant reduction in nitrate concentration
in the roots and leaves under irrigation suspension
(Figure 2). For the roots, the values ranged between 0.76
and 0.12 pmoles NO3/g DM for control plants and plants
under water deficit, accounting for a decrease by 83.64%.
By contrast, the values were 0.89 and 0.24 pumoles NOz
/g DM in the leaves of control plants and plants under
water deficit, with a decrease by 73.25%, respectively.

Ammonium and nitrate are the main forms of nitrogen
available to plants. In the processes of reduction and
assimilation, nitrogen can be absorbed both in the leaves
and in the roots simultaneously or between these organs.
They are, therefore, essential processes for plants
because they control their growth and development
(Shan et al., 2012). Thus, nitrate is not only a source of
nitrogen supply, but also a marker for various cellular

processes (Lemos et al., 2008).

For nitrate to be taken up by the roots, it has to be
diluted with water present in the soil. However, nitrate
concentration was reduced during water deficit, as a
possible response to low absorption of nitrate and due to
high retention of the soil solution caused by water deficit
as well as low concentration of NOj3 in the soil (Nobre et
al., 2010). Entry of nitrate into the plant is a process
involving multiple biochemical reactions, and it consumes
high amounts of energy. Water deficiency decreased
nutrient absorption, which provides the lowest root to
shoot transport, because osmotic adjustment in the
leaves occurs more slowly (Suassuna et al., 2012). As a
result, there is a low shoot growth, that is, cell division
was inhibited by stomatal closure, thus reducing
perspiration and consequently affecting the process of
photosynthesis (Galon et al., 2010).

A study conducted by Ananthi and Vijayaraghavan
(2012) on cotton under water deficit, showed that the
latter caused a reduction in the activity of the nitrate
reductase enzyme (Figure 3), which leads to low nitrate
concentration; thus, productivity was remarkably reduced
when water stress was imposed, with flowering being the
most sensitive stage in this process.

Nitrate reductase activity
The results obtained in hog plum plants revealed that the

activity of the nitrate reductase enzyme was significantly
reduced in the roots and the leaves under water deficit
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Figure 3. Nitrate reductase activity in Young plantas of S. mombin under drought. The letters a and b
show statistically significant differences between treatments were compared by Tukey test at 5%
probability. The bars represent the standard deviations of the mean.

(Figure 3). For the root, the values were 0.33 and 0.03
pmoles NO, /g MF/h for control plants and plants under
water deficit, which represents a decrease by 89.51%.
For the leaves, the values were 0.21 and 0.06 pumoles
NO, /g MF/h control plants and plants under water stress,
that is, a decrease by 72.17%, respectively.

Nitrate is the main form of nitrogen assimilated by
plants and its absence is the major factor limiting plant
growth. For this nutrient to be absorbed by plants, an
enzyme goes into action; particularly, nitrate reductase,
which is a physiological indicator of the effect of the
association between them in an environment under water
stress (Rhein et al., 2011).

According to Valduga and Finzer (2010), when a plant
has more limited access to water available in the soil for
its physiological activities, there is a control in stomatal
closure that will occur according to the current amount of
water. In other words, if there is little water available,
guard cells will not be turgid; there will be lower water
potential, thereby leading to a low release of water to the
environment. With this mechanism, the plant can use
water more efficiently. However, as water becomes a
limiting factor in stomatal closure, there is a decrease in
photosynthesis and in the nitrate reductase enzyme
(Marenco et al., 2014). When there are small decreases
in water potential, water tends to respond quickly and
decrease dramatically. A previous study by Castro et al.,
(2008) reported a decrease in nitrate reductase activity
as a result of water deficit in Teak plants.

Another possible inhibition is the occurrence of a high
synthesis-degradation ratio that, in turn, is highly
dependent on its substrate, since the enzyme was

induced by it (Oliveira et al., 2011). Another explanation
for this reduction is the high amount of energy required
by the process; as photosynthesis is consequently
reduced, the energy resulting from this process will be
reduced, causing this enzyme to restrict its activities
(Soares et al., 2011).

A study carried out by Souza et al. (2008) showed data
on hog plum plants, indicating that the nitrate reductase
enzyme had lower activity in the leaves. This may have
been a strategy used by the plants to lose their leaves
during the dry season or during water stress. A similar
result was found by Melo et al., (2014) on Coffea arabica
seedlings, where nitrate reductase activity was reduced
in the leaves under water deficit. Similar results were
observed in another study with Acgai; results indicated
that, nitrate reductase activity was decreased under
water deficit conditions (Freitas et al., 2008). On the
contrary, Oliveira et al. (2005) found that the peach palm
species showed greater reductase activity in the leaves.

Ammonium

In plants under water deficit, free ammonium concen-
tration was increased by 15.48 mmol NH,/kg DM and
8.98 mmol NH,"/kg DM compared to control plants -12.37
mmol NH,"/kg DM and 5.38 mmol NH,'/kg DM - for the
root and leaf tissues, corresponding to a percentage of
25.14 and 66.91%, respectively (Figure 4). This
accumulation of ammonium either in the root and in the
leaves may stem from protein degradation, as can be
seen in Figure 5. The high ammonium concentration may
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Figure 4. Ammonium concentration in Young plants of S. mombin under drought. The letters
a and b show statistically significant differences between treatments were compared by
Tukey test at 5% probability. The bars represent the standard deviations of the mean.
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Figure 5. Activity of Glutamine synthetase in young plants of S. mombin under drought. The
letters a and b show statistically significant differences between treatments were compared by
Tukey test at 5% probability. The bars represent the standard deviations of the mean.

have lowered regeneration as a result of its toxic effect.
The toxic effect of ammonium on tissues can be due to
pH changes and acidification of the environment or toxic
effect of free ammonium levels (Mukeshimana and Kelly,
2013).

Ammonium is assimilated by the enzymes glutamine
synthetase (GS) and glutamate 2-oxoglutarate
aminotransferase (GOGAT), which form the GS/GOGAT

cycle, or by the enzyme glutamate dehydrogenase (GDH),
which participates in an alternative pathway and performs
reversible catalysis for the amination of glutamate
(Masclaux-Daubresse et al., 2006). Glutamate
dehydrogenase (GDH) can also metabolize ammonium,
especially under conditions where there is excess
ammonium. However, some authors reported that this
enzyme is less important than GS, and GOGAT
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Figure 6. Soluble aminoacids concentrations in young plants of S. mombin under drought. The letters
a and b show statistically significant differences between treatments were compared by Tukey test at
5% probability. The bars represent the standard deviations of the mean.

(Shridhar, 2012).

Genetic breeding studies are focused on finding
cultivars and varieties that are more resistant to
environmental adversities, through genotypes with lower
free ammonium accumulation in the tissue and a higher
activity of the glutamine synthetase enzyme, thereby
avoiding the toxicity of this ion.

Glutamine synthetase

Fifteen days after the beginning of the experiment, there
was an increase in the activity of the glutamine
synthetase enzyme in the range of 17.46 and 23.48 mmol
GGH/kg DM in plants under water stress when compared
to control plants -12.58 and 17.49 GGH mmol/kg DM for
root and leaves, respectively (Figure 5). It can be seen
that, even under water stress, the plants maintained the
activity of this enzyme, then moving onto free ammonium
incorporation in the formation of amino acids, as
evidenced by the information in Figure 6. A glutamine
synthetase (GS) converts ammonium into amino acids,
thereby preventing its excessive accumulation, which
could lead to toxicity and inhibition of biological nitrogen
fixation (Prell and Poole, 2006; Bernard and Habash,
2009). This can be observed through ammonium
accumulation and high GS activity in the present study.

In order to keep nitrogen balance, glutamine
synthetase may be located in tissues and organs
involved in the generation and transport of reduced
nitrogen (Miflin and Habash, 2002). The substrate used
for GOGAT, glutamine, did not limit the reaction, because
there is still a high GS activity even in plants under water

stress.

In the present study, and also in the study by
Masclaux-Daubresse et al., (2006), who worked with
tobacco plants, GS activity was higher in the leaves than
in the roots, which is probably associated with primary
and secondary N assimilation. By contrast, Oliveira Neto
et al. (2009) found different results when working with
sorghum plants under water stress.

Amino acids

The total soluble amino acid concentrations showed a
significant increase. The values were 43.38 and 59.59
pmol AA.g"l M in roots and leaves, respectively (Figure 6)
for the control plants and 65.65 and 87.49 umol AA.g'l M
in roots and leaves, respectively, for plants under water
stress. The total soluble amino acid content was
increased by 51.34% in the roots and 46.82% in the
leaves when under water stress for 15 days. In the
present study, the amino acid accumulation recorded can
be explained by the possible inactivation of protein
synthesis. Another factor that may be considered for the
results is the fact that proteolytic enzymes degrade
proteins by breaking peptide bonds, thus increasing free
amino acid content (Sousa et al., 2015). These results
are in agreement with those obtained by Rivas et al.
(2013) who found a significant increase in amino acid
levels when working with Moringa oleifera plants under
water deficit for 10 days. Moura (2010) who studied
Jatropha curcas plants, found opposite results for total
soluble amino acid content when the plants were under
water deficit when such stress was more intense.
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Figure 7. Proline concentrations in young plants of S. mombin under drought. The letters a and
b show statistically significant differences between treatments were compared by Tukey test at
5% probability. The bars represent the standard deviations of the mean.

Proline

There was a significant increase in proline levels (Figure
7), which were 2.76 pmol pro/g DM in the roots and 3.56
pumol pro/g DM in the leaves for control plants, while the
values for the plants under water stress were 6.47 ymol
pro/g DM in the roots and 9.23 pmol pro/g DM in the
leaves. There was an increase in proline content by
134.42% in the roots and 159.27% in the leaves when
the plants were under water deficit. Lisar et al., (2012)
showed that proline accumulation cannot be considered
as a resistance factor but an indicator of tolerance as a
result of osmotic adjustment by the plant when exposed
to water stress. However, proline accumulation brings
several advantages in addition to osmotic adjustment.
This molecule can avoid damage to cell membranes and
prevent protein denaturation by forming some types of
reactive oxygen species (ROS), especially hydroxyl
radicals (Verbruggen and Hermans, 2008). This is due to
the fact that NADPH is used during proline synthesis
(Jortzik et al., 2010). This finding was confirmed by
Amorim et al., (2011) who researched proline content in
Anacardium occidentale leaves under water deficit, and
found an increase in this solute in response to such
stress. Husen (2010), when working with two different
teak clones, found significant increase in proline content
by 82.09 and 87.09% after 20 days under water deficit.

Glycine betaine

The reported amounts of glycine betaine (Figure 8) in the

leaves of plants under water stress were 12.48 mg/g DM,
which represents an increase of 171.8% compared to the
irrigated plants (4.59 mg/g DM), while the values found in
non-irrigated roots were 10.76 mg/g DM, which accounts
for 198.8% compared to the control treatment (3.6 mg/g
DM). The increased levels of glycine betaine are
associated with the fact that it is an effective osmotic
adjuster in plant species. It is tolerant to various types of
abiotic stress and its properties suggest promising
strategies for developing stress-tolerant plants (Wani et
al.,, 2013). Glycine betaine is involved in osmotic
adjustment, protection of cellular structures and
antioxidant protection (Silva et al., 2010). Therefore, the
accumulation of this solute may have contributed to the
protection of plants in the harsh conditions of osmotic
potential in soil; it can act as an osmolyte and maintain
water balance between the plant cell and the
environment. This increase in glycine concentration was
observed in Jatropha curcas plants in the treatments with
irrigation and non-irrigation after 35 days of water stress
(Sousa et al., 2012). However, there was no significant
change in glycine betaine concentration in young plants
of Khaya ivorensis A. Chev. under water deficit
(Albuquerque et al., 2013).

Proteins

The values for total soluble protein levels (Figure 9) in
plants under water stress were 0.031 mg protein/g DM in
the roots and 0.0948 mg protein/g DM in the leaves, with
a considerable decrease compared to control plants,
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Figure 8. Glycine betaine concentrations in young plants of S. mombin under drought. The
letters a and b show statistically significant differences between treatments were compared by
Tukey test at 5% probability. The bars represent the standard deviations of the mean.
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Figure 9. Total Soluble Protein Concentrations in young plants of S.mombin under drought. The
letters a and b show statistically significant differences between treatments were compared by
Tukey test at 5% probability. The bars represent the standard deviations of the mean.

whose values were 0.06767 mg protein/g DM in the roots
and 0.2135 mg protein/g DM in the leaves. Thus, there
was a decrease of 45.81% in the roots and 44.03% in the
leaves. According to Maraghni et al., (2011), protein
metabolism was significantly affected by water deficit, yet
protein biosynthesis is one of the first metabolic events
paralyzed after the perception of stress. Proteolysis then
starts; it is an event that promotes an increase in soluble

amino acid content, with consequent reduction of protein
concentration (Brito et al., 2008). These results
corroborate those found by Lechinoski et al. (2007) while
working with Teak plants; therefore, water deficit reduces
total soluble protein concentrations in the tissues of hog
plum plants, probably as a result of increased activity of
proteolytic enzymes that break down reserve proteins
while reducing their synthesis. Opposite results were



reported by Viana et al.,, (2014) when working with
Eucalyptus urophylla plants after 20-day exposure to
water stress.

Conclusion

The metabolismo of tapereba plants altered nitrogen
metabolism when subjected to drought, reducing the
water potential, nitrate concentration, and protein
concentration of nitrate reductase activity, and increasing
concentration of proline, glycine betaine, amino acids,
ammonium and glutamine synthetase activity. There is
still a need for further research to precede this study,
especially as concerns the use of more varieties of this
species, the genre Spondia, which are diverse. Therefore,
studies that address the physiology, biochemistry and
antioxidant enzymes in such species, to indicate varieties
more resistant or tolerant to water stress are necessary.
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