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ABSTRACT

Nitrogen is frequently the limiting mineral nutrteffior plant productivity and it is essential to abt an
understanding of how this element is assimilated iBsymetabolism regulated, in crop planithie objective of this
work was to study nitrogen metabolism in the traplegumeCanavalia ensiformjsa plant species used as a green
manure. The nitrate dose provided changed the curat@®ons of ureides exported via the xylem, whilsd
developmental stage alterations demonstrated faénte the form of ureide exported via the xyleongtlering
the content of ureides as an indicator of N-fixatgiatus, it could be concluded that N-fixation \aéfected in the
presence of nitrate i€. ensiformis
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INTRODUCTION important for plant metabolism and in the diet of
animals (Azevedo et al., 1997; 2004; Brennecke et
Mineral nutrition is essential for plant growthal., 1996; Santos et al., 2006). Plants acquire
(Medici et al., 2004; 2005; Garcia et al., 2006nitrogen from the soil mainly in the form of
Oroka and Omoregie, 2007); nitrogen is frequentlyitrate, which in order to be utilized must be
the limiting mineral nutrient for plant productiyit reduced to ammonia by the enzymes nitrate
(Gaiad et al., 2006; Lea and Azevedo, 2006) and ieductase and nitrite reductase to be assimilated b
is important in animal nutrition (Huaynate et al.the glutamine synthetase/glutamate synthase
2006). On the other hand, it is important to notsystem (GS/GOGAT) (Medici et al., 2008ga
that the production of nitrogenous waste byand Azevedo, 2006; 2007). In tropical legumes,
livestock agriculture is a significant environmdnta when ammonia is derived from nitrogen fixation in
concern in terms of pollution of land and waterthe symbiotic nodule association, the nitrogen
(Kingston-Smith et al., 2006). Amino acids are theroducts exported by the root system via the
most important compounds that contain nitrogexylem are manly ureides (do Amarante et al.,
(Azevedo et al., 2006; Ferreira et al., 20062006). However, when ammonia is formed by
Pompeu et al., 2006; Landry and Delhaye, 200&ssimilatory nitrate reduction, the products
Lea and Azevedo, 2007; Varisi et al., 2007) anéxported are mainly the amino acid amides
are incorporated into proteins, which are extremelasparagine and glutamine (Lea and Azevedo,
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2006). In plants the ureides allantoin and allantoiRESULTS AND DISCUSSION
acid are formed in purine metabolism, and in some
legumes both compounds play an important role a&t the onset of flowering (S1) of. ensiformisa
nitrogen sources (Filippi et al., 2007). Asparagingignificant increase in nitrate concentration was
also plays an important role in nitrogen storag@bserved in all the organs analyzed (leaves, stems,
and transport (Lea et al., 2007). In previous worland roots), as a consequence of increasing nitrate
on C. ensiformis Camargos et al. (2004) observedin the nutrient solution (Table 1). Perin et al.
that the distribution of amino acids in different(2004) demonstrated that @rotalaria juncea an
tissues and organs was dictated by théncreased supply of nutrients led to nitrogen
developmental age of the plant. accumulation and increased biomass. Stress
The objective of this work was to study changes ionditions that impair N assimilation in several
ureide metabolism during the reproductive periodistinct plant species, including legume species of
of C. ensiformisin response to nitrate. both ureide- and amide-exporting categories, have
been shown to lead to specific changes in the
amino acid composition of the xylem (do
MATERIAL AND METHODS Amarante et al., 2006). Excess nitrogen supply has
also been shown to induce high levels of oxidative
Commercial seeds @. ensiformigL.) D.C. (Jack stress in maize roots (Medici et al., 2004).dn
bean), were provided by Pirai Sementesensiformis the nitrate levels in organs seemed to
(Piracicaba, SP). The seeds were germinated be influenced linearly by the nitrate dose supplied
filter paper rolls with the bottom immersed inwithout indication of any pattern with regard to
water. The seedlings were transferred to 4 L potshanges in development, since nitrate goes up
containing vermiculite and maintained in adramatically from Fto T, in all organs in S1, but
glasshouse at temperatures from 25 to 30°C, undgoes down from Tto T, in S2 (Table 1).
natural daylight conditions, where the maximumAt the S1 stage of development ©f ensiformis
light intensity reached 205@mol m? s around the total concentrations of ureides (allantoin +
midday, at the Genetics Department/ESALQ/USPallantoic acid) in plants that received nitrate in
The plants were maintained for 100 days, suppliegolution were higher than those reported by
with Hoagland's nutritive solution, without nitrate Camargos et al. (2006) for the plants at the
(To), with 7.5 mM nitrate (), and 15 mM nitrate vegetative stage. This behavior was also reported
(T,), change regularly (every 4 daysfhe T, by Peoples et al. (1991) in three species of the
treatment was inoculated with a commerciabenusArachis The total amounts of ureides in T
inoculant. Three replicates were analyzed for eaciind T, were similar to those reported by Atkins et
developmental stage (onset of flowering [S1] anal. (1992) for soybean tissues, under conditions in
fruiting stage [S2]). Roots, leaves, and stems wenghich the plants were not fixing nitrogen
collected and placed directly into liquid nitrogen,symbiotically. Herridge et al. (1996) reported the
at about 10:30 a.m., and were then maintained apresence of ureides in the xylem sap and in an
80°C for later analyses. The xylem sap wasgxtract of stem tissues oficacia mearnsiji
collected by exudation for one hour (betweerwhereas in Gliricidia sepium and Sesbania
10:00 and 11:00 a.m.) and stored at -80°C fagrandiflora, these authors observed high
further analyses. concentrations of ureides in the sap, but not in
The extraction of total ureides (allantoin andstems. Ureides have been observed in unnodulated
allantoic acid) was carried out as described bplants and in non-nitrogen-fixing species,
Vogels and Van Der Drift (1970) using allantoincontradicting the frequent idea that ureides are
as a standard. Nitrate was determined by theirect products of nitrogen fixation. InC.
method of Camargos et al. (2006). ensiformisthe ureide concentrations in organs and
A complete randomized experimental design wagylem sap of plants that received nitrate (Tables 1
used with three replications. The quantitativeand 2, respectively) were higher than the
analyses data, for the same parameter and at tbencentrations observed by Herridge et al. (1996)
same developmental stage, were submitted tor arboreal species. Although some of the values
analysis of variance and the means were comparetyserved for allantoin and allantoic acid in all
by Tukey test at 5% significance. organs in S1 and S2 were not statistically differen
overall there was a clear decrease trend;iand
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T, in relation to | (Table 1). Peoples et al. (1991)in total ureide levels were significant in the xyle
observed an increase in the levels of ureides owirgap sampled from T1 and T2 plants when
to the beginning of the reproductive period incompared with §. In S2, T, exhibited a higher
Arachisspecies and soybean plants, which allowedllantoin content when compared tg Whilst the

to correlate the results obtained in this work withvariations obtained for allantoic acid were not
developmental stage of the plant, but withsignificant between Tand T, and the values were
reduction in ureides concentration. The valuesimilar to those observed f@esmodium rensonii
obtained for ureides were higher than thoseand soybean (Peoples et al., 1992; Atkins et al.,
reported by Atkins et al. (1992) and Herridge et al1992; Herridge et al., 1996). 1@. ensiformis it
(1996) for plants that received nitrate, suggestingias observed that there was not a direct
that C. ensiformishad a ureide metabolism with correlation between the amount of nitrate supplied
lower sensitivity to nitrate exposure than theto the plant and the concentrations of ureides
species studied by Atkins et al. (1992) andresent both in the xylem sap (Table 2) and in the
Herridge et al. (1996), even though the level®rgans (Table 1). There is considerable variation
observed here showed reduction in respect tim the ureide data for xylem sap with regard to
nitrate. Therefore, the reduction observed irallantoin for T, and T treatments, as the, hitrate
relation to | was not the same observed when Ttreatment produced the highest allantoin
and T, were compared, which appeared to indicateoncentration in S1, whereas, Pproduced the
that symbiotic fixation was very sensitive to niera highest concentrations of allantoin in S2, (Table
in C. ensiformis with very little difference 2). Therefore, this behavior does not allow a
between T and T, but a significant difference relationship between the reduction in ureide levels
between the Tand T in relation to T. and the supplied nitrate concentration to be
In xylem sap the highest ureide concentrationestablished. Considering the level of ureides as an
translocated via the xylem were in the form ofindicator of N-fixation status, it was possible to
allantoin. In S1, there was a higher concentrationsay that N-fixation is likely to have been affected
of allantoin in the xylem sap of,Tplants when in the presence of nitrate @ ensiformis

compared to T(Table 2). However, the reductions

Table 1 - Quantitative analysis of nitrate and ureide€amavalia ensiformisrgans during the reproductive staye

Treatment Nitrate Allantoin Allantoic acid

mmol/g fresh weight nmol/g fresh weight nmol/g fresh weight

S1 S2 S1 S2 S1 S2
Leaves
To 1.19C 1.39C 1593.0 A 1781.7 A 1294.0 A 1628
T, 9.23B 5.27 A 294.3B 159.6 B 241.48B 553.2 AB
T, 19.02 A 3.49B 364.0 AB 216.5 AB 247.6 B 926B
CV (%) 3.8 8.6 0.2 0.3 1.0 3.6
Stems
To 0.93C 0.15C 1540.0 A 730.0 A 437.0 A 1560.0 A
T, 9.57B 16.42 A 352.4B 511.3 A 1046 AB 1239B
T, 35.75 A 7.45B 462.1 AB 151.1 B 63.6 B 262 AB
CV (%) 1.8 4.2 0.1 4.9 0.8 0.3
Roots
To 0.04C 0.81C 10909 A 524.0 A 5175A 160X
T, 9.38B 5.37 A 267.8B 95.6 B 229.0B 662.8 B
T, 91.67 A 5.82 A 281.5B 89.7B 27B.9 798.0 AB
CV (%) 1.7 4.6 0.2 1.7 6.2 0.2

B s1: onset of flowering; S2: fruiting stage;; Without NO;; T;: with 7.5 mM NQ; T, with 15 mM NQ;. Values represent
means of three replicates. Values for the same stagring the same letter did not differ signifibaat 5% (Tukey test)
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Table 2- Quantitative analysis of ureidBsn the xylem sap ofanavalia ensiformisluring the reproductive stage

Treatment Allantoin (nmol/mL) Allantoic acid (nmol/mL) Total ureides (nmol/mL)

S1 S2 S1 S2 S1 S2
To 893.3A 767.0 A 932.0A 564.0 A 1825.3 A1331.0 A
T, 1199B 199.6 AB 70.9B 34.8B 190.8B 234.48B
T, 209.8 AB 66.0 B 86.9B 50.8 B 296.7B 116.8B
CV (%) 0.4 0.8 1.0 1.1 0.2 0.4

@ S1: onset of flowering; S2: fruiting stage; Without NOy; T;: with 7.5 mM NQ; T,: with 15 mM NQ . Values represent
means of three replicates. Values for the same stiagring the same letter did not differ signifitaat 5% (Tukey test)
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