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Abstract A limited number of studies focusing

nitrogen metabolism have been carried out with plants

from Cerrado, the second largest biome of Brazil.

Canavalia ensiformes is a legume native from Cerrado

and is considered an important forage crop that

contributes to soil nitrogen (N) improvement. There

are few studies related to amino acid metabolism and

growth capacity under nitrogen deficiency for this

plant species. Therefore, the objective of this work

was to study the profile of soluble amino acids during

the growth cycle (from vegetative to the reproductive

stage) of Canavalia ensiformis. Major changes in the

concentration and composition of soluble amino acids

at the beginning of the reproductive stage were

observed indicating important alterations in amino

acids metabolism. The data revealed that N-stress

conditions led to increased aspartate and decreased

asparagine contents in most organs and developmental

stages of C. ensiformis. A pronounced increase in

glutamate concentration during N-stress was also

detected. Glutamine, alanine, GABA, threonine, his-

tidine, arginine and glycine metabolisms were prob-

ably impaired by N deficiency, which was dependent

upon plant developmental stage. The effect of nitrate

presence or absence on amino acids metabolism in C.

ensiformis is discussed.

Keywords Amino acids � Leguminous � Nitrate �
N-stress

1 Introduction

Cerrado is the second largest Biome of Brazil

accounting for about 25 % of Brazilian land severely

affected by degradation and deforestation (Klink and

Machado 2005; Ribeiro et al. 2011). Studies focusing

on the physiology of the plants growing on Cerrado

conditions such as low availability of nitrogen (N) are

scarce. N is one of the most essential nutrients required

for all living organisms and is considered a limiting
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Botânica, Universidade Federal de Alagoas, Maceió, AL,

Brazil

R. A. Azevedo
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factor for plant growth and development around the

world. N is present in low concentrations in Cerrado

regions, which makes the plant species from Cerrado

interesting biological models to understand how these

plants cope with this situation. In addition, little is

known about the characteristic of N use efficiency by

tropical plants species since most experiments has

been conducted in temperate ecosystems (Aidar et al.

2003; Omena-Garcia et al. 2011). It is essential to

understand the physiology of tropical plants since

these biomes are constantly suffering anthropogenic

impacts, which expose plants to new environmental

conditions and potential impact on the N cycle.

Besides the high amount of N2 in the atmosphere, N

is considered the major limiting nutrient for plant

growth and development (Lea and Azevedo 2006,

2007; Andrews et al. 2009). Therefore, plant species

growing on N-poor soils have developed sensitive and

selective systems for N uptake and transport (Williams

and Miller 2001; Medici et al. 2003). Additionally,

plants have developed a very efficient regulatory

network in which carbon and nitrogen assimilations

are linked in order to keep the balance of carbon/

nitrogen for optimum plant growth (Tischner 2000).

There are several forms of available N that can be

used by plants species but which depend upon genesis

and properties. In addition to ammonium and nitrate,

N can also be found in soils as peptides, urea and

purines (Lea and Azevedo 2006). Ammonium is

usually found under special conditions such as low

aeration, acid pH or high phenols concentrations in the

soil. After organic matter decomposition by soil

bacteria, ammonium is quickly taken up by plant

roots (Hayden et al. 2010). However, nitrate is the

most common form of available N in soils (Medici

et al. 2004a, b).

Despite the high concentration of atmospheric N2,

only a fraction of plant species is able to assimilate it

because some plant species form an association with

some nitrogen fixing bacteria. Some prokaryotic

microorganisms or soil bacteria have developed a

unique biochemical mechanism that allow them to

reduce N2 to ammonia. Many of these microorganisms

are able to associate symbiotically with other organ-

isms, but leguminous is the only group of higher plants

that have developed a wide symbiotic association

(Fabra et al. 2010; Ling et al. 2013). The direct uptake

of ammonium from the soil by the roots, as final

product of nitrate assimilation or nitrogenase activity,

is rapidly assimilated by the GS/GOGAT cycle,

glutamine synthetase (GS, EC 6.3.1.2), glutamine

oxoglutarate aminotransferase or simply glutamate

synthase (GOGAT, EC 1.4.7.1) (Lea et al. 2007). After

assimilation, the excess of amino acids can be

exported from the leaves to the root through the

phloem, while in roots the inverse route through the

xylem takes place (Lohaus 1998).

Amino acid transport and metabolism are linked to

environmental changes (Tsai et al. 2003). In fact,

waterlogging and N-stress alters the level of amino

acid in the xylem sap (Amarante et al. 2006; Justino

and Sodek 2013). Similarly, organic N transport has

been shown to be altered by seasonal changes in

Piptadenia gonoacantha, Guapira opposita, Schizolo-

bium parahyba and other tropical trees (Aidar et al.

2003). In this way, the amount of organic compounds

can indicate the internal N status and the pool of these

organic N compounds can indicate the survival

strategies probably used by the species to deal with

abiotic changes depending on the N levels in soils,

apart from its role in the regulation of plant

metabolism and nutritional aspects (Brennecke et al.

1996).

Considering that Canavalia ensiformes is an im-

portant crop plant species used as forage as well as for

green manure due to its capacity for N fixation and that

this plant is typically from Cerrado, the main objective

of this study was to investigate how N metabolism

works in contrasting situations of N availability by

analyzing the amino acids profile in different tissues

during the plant life cycle. Our expectative is that

eventual changes in amino acids profile may indicate

the N source that is used by the plant according to the

environmental situation that it is subjected to.

2 Materials and methods

2.1 Experimental design

Commercial seeds of Canavalia ensiformis (L.) D.C.

(jack bean) provided by Piraı́ Sementes (Piracicaba,

SP, Brazil) were germinated in filter paper rolls with

the bottom immersed in distilled–deionized water for

7-10 days in a growth chamber at 25 �C. At the end of
this period, the plantlets were transferred to 4 L pots in

a hydroponic system with continuous aeration and

maintained in a greenhouse at temperatures ranging
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from 25 to 30 �C and kept for 100 days continuous

supplied with Hoagland’s nutritive solution (Hoagland

and Arnon 1950) containing 7.5 mM nitrate (T1) and

without nitrate (T2) as described by Camargos et al.

(2006). Three biological replicates for each develop-

mental stage [vegetative (S1) and onset of flowering

(S2)] were used. Roots, leaves and stems were

collected and placed directly into liquid nitrogen and

stored at -80 �C for further analyses.

2.2 Amino acids extraction and quantification

Amino acids were extracted from the plant tissues by

homogenization of 1 g fresh weight tissue with 10 mL

of MCW (methanol/chloroform/water—12/5/3 v/v—

Bielski and Turner 1966) in a Polytron ultrasonic

homogenizer. After centrifugation at 8009g, the

supernatant (4 vol) was mixed with chloroform

(1 vol) followed by water (1.5 vol) and the mixture

shaken vigorously in a separating funnel. After phase

separation the upper aqueous phase was recovered and

used for analysis.

The amino acids contents were determined by the

ninhydrin method by adding citrate buffer (0.2 M, pH

5.0), ninhydrin (5 %), potassium cyanide (0.001 M),

and ethanol (60 %) to the samples (Yemm and

Cocking 1955).

2.3 Amino acids analysis by reverse-phase HPLC

Soluble amino acids were separated and analyzed by

reverse-phase HPLC as their o-phthaldialdehyde

(OPA) derivatives, based on the method described

by Jarret et al. (1986) and optimized by Azevedo et al.

(2004). A Spherisorb ODS-2 column (5 lm,

4 9 250 mm) was used and eluted at 0.8 mL min-1

with a linear gradient formed by solutions of 65 %

methanol and phosphate buffer pH 7.25 (50 mM

sodium acetate, 50 mM disodium phosphate, 1.5 mL

acetic acid, 20 mL tetrahydrofuran, 20 mL methanol

in 1 L of water). The gradient increased the proportion

of 65 % methanol from 20 to 60 % between 0 and

25 min, 60 to 75 % from 25 to 31 min, and 75 to

100 % from 31 to 50 min. The column effluent was

monitored by a Shimadzu fluorescence detector

(model RF350) operating with and excitation wave-

length of 250 nm and an emission wavelength of

480 nm. The amino acids proline and cysteine, which

do not form an OPA derivative, could not be

determined and therefore were excluded.

2.4 Statistical analysis

The data for the same parameters and at the same

developmental stage were submitted to analysis of

variance and the means were compared by the Tukey’s

test at 5 % of significance.

3 Results

During the life cycle of C. ensiformis the dry weight

was higher in plants cultivated in complete Hoagland

nutritive solution (T1) when compared to plants

cultivated in the absence of nitrate (T2) (Table 1).

The total soluble amino acids content was higher in T1

than in T2 for all tissues and in both developmental

stages studied (Table 2). Glutamate and aspartate

contents were equally high in T1 and T2 leaves in

vegetative stage (S1), whereas asparagine was the

main N-containing compound found in the stems in

both T1 and T2 treatments (Tables 3, 4).

Similarly, the same amino acid pattern was ob-

served in the root system, although the content of

asparagine was higher than 90 mol% in stems and

roots in T1 in S1 stage, whereas aspartate and

glutamate were shown to be decreased. In S1 stage,

asparagine represented 54 % of the total soluble

amino acid pool in stems in T2; this content of

asparagine was shown to be decreased in T2 in

flowering stage (S2), whereas aspartate and glutamate

contents were increased in S2 stage. Canavanine was

the predominant amino acid in the root system of the

N-stressed plants (T2) during S1.

Table 1 Dry weights (g) of C. ensiformis tissues during

vegetative (S1) and flowering (S2) stages under 7.5 mM nitrate

presence (T1) or nitrate absence (T2)

Leaf Stem Root

T1 T2 T1 T2 T1 T2

S1 4.29a 1.26b 2.61a 0.86b 1.39a 0.82b

S2 24.17a 1.63b 11.52a 1.62b 7.02a 1.27b

Means followed by different letters differ between nitrogen

treatments, for the same plant organ and development stage, at

5 % probability level according to Tukey test
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At S2 stage the composition of amino acids in all

tissues was different when compared to S1 stage

(Tables 3, 4). Leucine was the most representative

soluble amino acid in leaves of plants treated with

nitrate (T1), accounting to 48 % of total soluble amino

acid pool. GABA accounted for the second largest

pool in leaves (14 %), but was not observed in stems or

roots (Table 4). Moreover, glutamate and aspartate

decreased while histidine, threonine and arginine

contents increased in leaves (S2). Interestingly, as-

paragine increased whereas glutamine was inversely

decreased in leaves and stems during S2 when

compared to S1. Aspartate and glutamate were

decreased in T1 but were higher in T2 in S2. However,

differently from stems, in roots increased concentra-

tions of aspartate and glutamate were observed in T1.

4 Discussion

The data obtained for C. ensiformis under the condi-

tions tested in this work revealed that the responses to

N-stress may involve changes in amino acid metabo-

lism. Major changes in the soluble amino acid pool of

leaves, stems and roots in C. ensiformis under

N-deficiency were observed. In fact, the internal pool

of soluble amino acids in plant tissues indicates the N

status by providing a signal that can regulate nitrate

Table 2 Amino acids concentration (lmol g-1) in C. ensi-

formis tissues during vegetative (S1) and flowering (S2) stages

under 7.5 mM nitrate presence (T1) or nitrate absence (T2)

Leaf Stem Roots

T1 T2 T1 T2 T1 T2

S1 15.73a 6.11b 41.12a 19.55b 27.9a 10.51b

S2 7.62a 1.41b 7.49a 2.85b 9.84a 0.71b

Means followed by different letters differ between nitrogen

treatments, for the same plant organ and development stage, at

5 % probability level according to Tukey test

Table 3 Quantitative analysis of soluble amino acids (mol% ± S.E) in tissues of C. ensiformis during vegetative stage (S1)

Amino acids Leaf Stem Roots

T1 T2 T1 T2 T1 T2

Aspartate 39.04 ± 0.01 15.22 ± 0.02 1.54 ± 0.02 20.29 ± 0.02 1.49 ± 0.01 13.44 ± 0.02

Glutamate 18.72 ± 0.02 60.30 ± 0.03 ND 0.46 ± 0.01 5.56 ± 0.01 6.45 ± 0.01

Asparagine 12.84 ± 0.01 ND 96.91 ± 0.02 54.61 ± 0.01 90.11 ± 0.03 2.90 ± 0.02

Serine ND ND ND ND ND 11.07 ± 0.01

Histidine ND ND ND ND ND ND

Glutamine ND ND ND ND ND ND

Canavanine ND ND ND ND ND 65.74 ± 0.03

Glycine ND ND ND ND ND ND

Threonine ND ND ND 6.78 ± 0.01 2.83 ± 0.02 ND

Arginine 29.38 ± 0.02 ND ND ND ND ND

Alanine ND ND ND ND ND ND

GABA ND ND ND ND ND ND

Tyrosine ND 9.85 ± 0.01 ND ND ND ND

Metionine ND 14.63 ± 0.01 ND 1.38 ± 0.02 ND 0.39 ± 0.01

Valine ND ND 1.54 ± 0.02 ND ND ND

Phenylalanine ND ND ND 16.47 ± 0.02 ND ND

Isoleucine ND ND ND ND ND ND

Leucine ND ND ND ND ND ND

Lysine ND ND ND ND ND ND

T1: plants cultivated with 7.5 mM of nitrate, T2: plants cultivated without nitrate

ND not detected/below detection limits
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uptake by the plant root system (Miller et al. 2008; Fan

et al. 2009). Therefore, environmental changes may

impair metabolism and the exportation of N from the

roots to the shoots (Justino and Sodek 2013; Lanza

et al. 2014). For instance, reduction of glutamine and

increase of alanine in xylem sap were observed in

nodulated soybean plants under waterlogging stress

(Amarante et al. 2006; Justino and Sodek 2013).

N-stressed soybean plants exhibited altered N con-

centration and the distribution of N compounds

transported to the shoots might reflect changes in

amino acids metabolism in the roots (Lima and Sodek

2003; Amarante et al. 2006). In C. ensiformis the

amount of total soluble amino acids was significantly

different between vegetative (S1) and flowering (S2)

stages and higher contents of aspartate and glutamate

were observed in leaves of T1 (7.5 mM nitrate

presence). Such results suggest that nitrate reduction

takes place preferably in the shoot, confirming the

previous report by Camargos et al. (2006), whereas

asparagine is an important N-transport compound in

major higher plants. Moreover, Lohaus (1998) report-

ed that the reduction of nitrate was altered in response

to the levels of soluble amino acids in sugar beet.

Glutamate, aspartate and arginine are clearly the

major forms of soluble amino acids accumulated in

leaves in T1 (7.5 mM nitrate presence) during vegeta-

tive stage (S1). As observed in this study (Table 3),

glutamate, glutamine and aspartate are the most abun-

dant soluble amino acids encountered in leaves of plant

species that reduce nitrate primarily in the shoot such as

barley, spinach and potato, whilst asparagine is less

abundant (Lohaus 1998; Camargos et al. 2006). How-

ever, in stems, asparagine was the predominant amino

acid in the two treatments applied, for instance in S1

stage ofT1plants,whereas lowcontents of aspartate and

glutamate were detected. It has been reported in maize

that the increase in the asparagine content decreases the

concentration of glutamate, alanine and aspartate, and

only asparagine may represent more than 45 % of the

Table 4 Quantitative analysis of soluble amino acids (mol% ± S.E.) in tissues of C. ensiformis during flowering stage (S2)

Amino acids Leaf Stem Roots

T1 T2 T1 T2 T1 T2

Aspartate 1.56 ± 0.01 40.73 ± 0.02 3.20 ± 0.03 28.40 ± 0.01 2.02 ± 0.01 24.22 ± 0.02

Glutamate 2.36 ± 0.01 26.62 ± 0.02 1.32 ± 0.02 7.90 ± 0.01 3.59 ± 0.01 6.23 ± 0.01

Asparagine 8.62 ± 0.02 4.90 ± 0.03 62.31 ± 0.01 17.38 ± 0.02 24.40 ± 0.01 6.23 ± 0.02

Serine 0.98 ± 0.01 6.65 ± 0.01 0.94 ± 0.02 4.27 ± 0.02 ND 10.88 ± 0.02

Histidine 2.85 ± 0.01 4.59 ± 0.02 1.81 ± 0.01 0.66 ± 0.02 5.35 ± 0.01 43.49 ± 0.03

Glutamine 1.06 ± 0.02 12.19 ± 0.01 0.17 ± 0.01 35.47 ± 0.03 9.16 ± 0.02 0.98 ± 0.01

Canavanine 0.88 ± 0.01 2.63 ± 0.02 0.51 ± 0.01 ND 1.40 ± 0.03 1.11 ± 0.01

Glycine 1.31 ± 0.01 ND 1.17 ± 0.02 ND 3.93 ± 0.02 ND

Threonine 0.06 ± 0.01 ND ND ND ND ND

Arginine 9.93 ± 0.03 ND 6.77 ± 0.01 ND 30.78 ± 0.02 ND

Alanine 0.32 ± 0.01 ND 5.48 ± 0.02 ND 6.32 ± 0.01 ND

GABA 13.97 ± 0.02 ND ND ND ND ND

Tyrosine ND ND ND ND 2.53 ± 0.02 ND

Metionine 0.01 ± 0.01 1.67 ± 0.01 1.05 ± 0.01 4.09 ± 0.02 5.80 ± 0.02 6.83 ± 0.02

Valine 1.34 ± 0.02 ND 2.18 ± 0.03 0.94 ± 0.01 3.03 ± 0.01 ND

Phenylalanine 2.42 ± 0.01 ND 1.56 ± 0.01 0.45 ± 0.01 1.05 ± 0.02 ND

Isoleucine 3.45 ± 0.02 ND 1.47 ± 0.01 0.40 ± 0.01 0.62 ± 0.01 ND

Leucine 48.49 ± 0.03 ND 10.05 ± 0.02 ND ND ND

Lysine 0,35 ± 0,02 ND ND ND ND ND

T1: plants cultivated with 7.5 mM of nitrate, T2: plants cultivated without nitrate

ND not detected/below detection limits
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total soluble amino acids transported (Lohaus 1998).

Atkins et al. (1983) reported that in leaves of Lupinus

albus, during the developmental cycle, asparagine

accounted to 89–93 % of the total of soluble amino

acid pool in the leaf tissue. Such high asparagine

concentration was observed in the roots ofC. ensiformis

in S1 stage, accounting to 90 % in T1, which may be

explained by the low concentration of aspartate and

glutamate, since these two amino acids contribute to the

synthesis of asparagine.

Asparagine accumulation decreased and aspartate

and glutamate contents increased during N-stress

treatment (T2). On the other hand, as leaf fresh weight

was reduced by N-stress, plants transported and

accumulated N as canavanine (Table 4) possibly in

order to save carbon, since this amino acid has low

C:N ratios (Corbesier et al. 2001). Apparently, in order

to maintain N transport in plants that exhibited leaf

biomass reduced by N-deficiency, plants transported

and accumulated specific amino acids, probably

compensating for photosynthetic limitations.

Total amino acid pool increased in all tissues of

flowering plants (S2) with a marked increase in

glutamine, followed by glycine and serine. Stitt et al.

(2002) reported that asparagine acts as donor of amine

group for the synthesis of amino acids in the

photorespiratory cycle, which appears to explain the

high contents of serine and glycine in T2 and T1 of S2,

respectively, when compared to asparagine as ob-

served in C. ensiformis. In sorghum, glycine increased

during the vegetative and reproductive stages when

the plants were supplied with nitrate (Neto et al. 2009).

The leucine content was predominant among all amino

acids in T1 (7.5 mM nitrate presence) accounting to

about half of the total soluble amino acid pool, which

might be explained due to altered regulation of the

biosynthetic pathways at the developmental stages of

plant growth (Noctor et al. (2002). Comparing the data

in Tables 1 and 2 some differences can be observed,

but more studies of the specific alterations to the

leucine synthetic pathway need to be addressed to

understand and the changes observed in this study.

The glutamine increase observed in leaves at the

flowering stage suggests that this amino acid can act at

the beginning of the pathway that promotes the

transition to the flowering stage (Corbesier et al.

2001; Camargos et al. 2006). Corbesier et al. (2001)

working with Arabidopsis thaliana, reported that the

composition of the leaf exudate was also changed

during the transition to the flowering stage, with an

increased leaf export of glutamine in LD (long day

plants) and of asparagine inDSD (displaced short day).

GABA (c-amino butyric acid) concentration was high

in leaves of T1 (7.5 mM nitrate presence), and

according to Bown and Shelp (1997) this non-proteic

amino acid plays a role in plant development as well as

a temporary N storage compound. GABA is synthe-

sized in the cytosol through the irreversible decar-

boxylation of glutamate by GAD (glutamate

decarboxylase), a process that is considered important

as energy source due to the generation of succinate,

which integrates the Krebs’cycle (Shelp et al. 1999).

The decrease of glutamate and increase of GABA inT1

during the flowering stage (Table 4) suggest that the

pool of glutamate is being directed to supply the energy

demand during flowering. As GABA synthesis is

mainly controlled by GAD, it is possible that this

enzyme is regulated according to the plant develop-

ment and N status of C. ensiformis. Chen et al. (1994)

reported high levels of GAD (glutamate decarboxy-

lase) expression during flowering and germination of

petunia plants, which supports our findings since we

could not detect GABA (c-amino butyric acid) in any

organ in vegetative stage (S1) although high levels of

glutamate were observed in leaves.

In all plant tissues analyzed (leaves, roots and

stems) at the flowering stage (S2), an increase in the

level of aspartate in relation to asparagine was

observed (Table 4). Lima and Sodek (2003) demon-

strated that alterations in the supply of N alter the

aspartate and asparagine ratios in soybean. In contrast,

histidine and arginine exhibited lower contents in the

two treatments when compared to the concentrations

of aspartate and glutamate in both developmental

stages. Based on these results it is possible that an

increase in histidine and arginine occurred, instead of

those belonging to the aspartate pathway (aspartate,

methionine, isoleucine and lysine) (Azevedo et al.

1997; Azevedo and Arruda 2010). Additionally,

arginine, as the biosynthetic precursor of polyamines,

a class of compounds related to plant development and

to some extent also related to abiotic stress tolerance,

suggest the regulation of arginine biosynthesis to

support the synthesis of polyamines that can be further

transported and degraded to provide N to other tissues

(Moschou et al. 2012).

In roots, the increase in aspartate and glutamate

concentrations were also observed when compared to
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stems in T1 (Table 4). In a similar manner, Lohaus

(1998) reported that glutamine was shown to be

present in high concentrations in maize, while the

asparagine content was decreased. In C. ensiformis, N

deficiency decreased asparagine in contrast to what

was observed in soybean (Antunes et al. 2008), which

exhibited increased asparagine, but not glutamine. In

this work, histidine, arginine and threonine concen-

trations were shown to be higher at flowering (S2) in

relation to vegetative stage (S1), whilst glycine, which

was not detected in S1, was found in S2 during the

flowering stage (Table 4). Camargos et al. (2004)

observed that glycine concentrations were higher in

mature seeds in C. ensiformis, suggesting that an

increase in the synthesis of this amino acid at this

developmental stage can be related to its accumulation

in seeds.

Analysis of xylem sap exudate at the flowering

stage (data not shown) in response to nitrate revealed

that leucine was the preferred transported amino acid

during this stage instead of glutamine. Amino acids

from the xylem sap are useful indicators of responses

by the assimilatory N processes in the root system

(Amarante et al. 2006). Thus, alterations of glutamine

levels appear to be related to the change in the site of

nitrate reduction indicating that this mineral N source

started to be reduced in the roots as previously

proposed by Camargos et al. (2006). The fact that

nitrate acts inhibiting flowering may explain the

alteration in the preferential site of nitrate reduction

according to the developmental stage (Corbesier et al.

2001; Canatto et al. 2014).

In T1 (7.5 mM nitrate presence) of flowering stage

(S2) high serine and glycine concentration were

observed in the tissues analyzed, the latter found in

larger concentrations when compared with T2 (ab-

sence of nitrate). The high concentration of leucine

was accompanied by low glutamate concentration,

which apparently indicates a preferential increase in

leucine synthesis. On the other hand, leucine biosyn-

thesis has not been well investigated, but there are

indications that the inhibition of the synthesis of this

amino acid may occur by feedback with micromolar

concentrations of leucine (Coruzzi and Last 2000).

Quantitative alterations were clearly observed for

the total soluble amino acid contents in leaves during

the flowering stage (S2) with T1 (7.5 mM nitrate

presence) exhibiting significant increases when com-

pared to absence of nitrate (Table 4). In roots,

significant variation in the concentration of soluble

amino acids were found in both treatments, T1

exhibiting the highest levels and T2 the lowest.

Asparagine values reduced in the tissues of plants

under N-deficiency clearly indicated a markedly

change in the aspartate/asparagine ratio in the tissues.

Decrease in asparagine content in higher plants under

N–deficiency has been reported as observed for

example in soybean and others legumes and non–

legumes plant species (Amarante et al. 2006). More-

over, decrease of asparagine synthetase activity of the

nodules was also observed (Lima and Sodek 2003).

In conclusion, our data suggest that nitrate N-defi-

ciency imposed several alterations in amino acid

metabolism and these effects are related to increase

and decrease of amino acids contents in C. ensiformis

tissues supplied or not with nitrate, with alterations in

aspartate/asparagine ratios under N-deficiency. Addi-

tionally, the presence of soluble amino acids such as

leucine, histidine, arginine, phenylalanine and cana-

vanine suggest major changes in amino acid metabo-

lism between developmental stages according to N

supplementation or not.
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