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Abstract. We characterized and compared the use of nitrate (N)Ni@ three recognized pioneer and sec-
ondary tropical species, analyzing their relationships with the availability of inorganic nitrogen in the soil of a
riparian forest. We tested the hypothesis that pioneer species of the ecological successiopié glaziov

— Cgl) would be more responsive to N-l§@vailable and would have high nitrate reductase activity (NRA)

in leaves while secondary speciésga marginata— Ima andHymenaea courbari Hco) would have less re-
sponsiveness and would have lower levels of this enzyme on its leaves. We evaluated, tested and compared the
NRA and N-NQ; content in leaves and xylem sap of each species. We measured; NutdtiN-NH; content

in the soil. The results for Cgl showed an N-§lContent of xylem sap that met the demand of NRA and were
correlated with inorganic soil nitrogen, showing the responsiveness of species tg N-i@was verified as

less responsive to assimilation and high N-Nntent in leaves. The species Ima showed an intermediate
behaviour, which suggests the possibility of use of other nitrogen forms. The ecophysiological behaviours of
the plants were related to the seasonal variation and indicate that these plants use strategiffererthrdi
sponsiveness to the use of soil N-NOn this sense and considering that these species are typically used in
ecological restoration projects in Brazil, the knowledge of a strategy for nitrogen use specific to each of them
can assist in choosing the species appropriate to the edaphic conditions of the environment.

1 Introduction can choose the best species in terms of responsiveness to
forms of nitrogen present.
Studies with plant tissue represent dfeetive technique
for determination of plants’ nutritional status. Some relevan

The comprehension of soil-plant nutrient relationships andexamples on methods to estimate the nutrient status by di

adaptive processes of certain species has been of utmogict measurements can be pointed out: (i) tests for determ
importance to the success of ecological restoration. In thisyation of nitrate (N-NQ) in leaves or roots give clear re-
sense, scientific awareness of the basic patterns of nitrogeghonses for assessment of plants’ nitrogen status (Hartz
source utilisation by tree species is essential in order to ung|. 2000), being indicators of consumption and accumula
d_erstand species’. gdaptation and distribution ffedent €n-  tion of N-NGQ;, respectively; (ii) analyses of N-NQin the

wronme_ntall conditions (Koyama et al., 200'1). EX|st|ng_eVI- xylem sap are also relevant to measure the transport of nitr
dence highlights the fact that plants use defined strategies fogen in transit to a site of assimilation before metabolic con
acquisition and use of nitrogen, according to diversity of ni- versions occur (Malavolta et al., 1997; Sodek, 2004); (iii) re-
trogen forms available and their quantity variation and qual-sponsiveness of a known kind N-N@ especially important

ity in the environment (Stewart, 1986; Stewart et al., 1993;in disturbed soils, where the conditions can change radically
K|e”and, 1994, Schmidt and SteWart, 1998, Usman et al.,and soil nitrogen can be converted main'y to N_N(Kro_

2000; Aidar et al., 2003; Pereira-Silva et al., 2006; Schi-nzychker et al., 1997); (iv) several species of trees using sdi

mann et al., 2008). Thus, depending on soil conditions, one
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N-NO; and with high activity of nitrate reductase activity 2 Material and methods

(NRA) in leaves (Stewart et al., 1993) perform as good in-
dicators of absorption and utilisation of N-N®y the plant
(Lee and Stewart, 1978; Pate, 1980; Smifred al., 1984).

In numerous ecosystems, research has been carried out
garding nitrogen use by plants in relation to ecological suc-,
cession (Haines, 1977; Lamb, 1980; Robertson and Vitouselﬁ
1981; Smith and Rice, 1983; Smirfiand Stewart, 1985;
Tilman and Wedin, 1991; Stewart et al., 1990, 1992; Schi-
mann et al., 2008). In tropical and sub-tropical regions, there
is a preference for reduction of N-NOn leaves for plants,
especially for plants with high photosynthetic capacity such
as those considered to be pioneer species (Kronzucker et a
1997; Taiz and Zeiger, 2002). In tropical forests of Australia,
Stewart (1986) proposed the organization of species in a pi-
oneer group — that occurred in locations with elevated lu-
minosity, and that had relatively high levels of NRA in the
leaves — and in a climax group — that occurred in environ-
ments with low luminosity and had low levels of NRA in
the leaves. Later, Aidar et al. (2003) and Pereira-Silva et

2.1 Study area and field experiment

ere study was carried out in the flooded area of the
E/Iogi—Guagu River in the State ofa® Paulo (222242" S;
6°5348’ W; at 609 m altitude), where the original preva-
ent vegetation was savannah with a type of riparian forests
along the rivers (Delitti and Burger, 2000).
The regional climate is tropical, dppen type Cwa, with
rainy summers and seasonal winter droughts. The mean an-
nual temperature and accumulated rainfal=(365 days)

ere 27.2C and 1335.8 mm, respectively (CIIAGRO on-
ihe, 2010). Due to the seasonal nature of the area, the ex-
.periments on the soil-plant relationship of nitrogen use were
carried out during the dry (9 November 2010) and wet (26
November 2010) seasons. Accumulated rainfall (AR) and
potential evapotranspiration (EVP) were calculated for dry
and wet seasons (CIIAGRO on-line, 2010).

al. (2011) found that in the Brazilian Atlantic Forest some 2.2 Species studied

trees have distinct capacities for N-jJ@eduction in the
leaves according to their category of succession (pioneer or
secondary).

Research about physiological responses of nitrogen use for
restoration in functional species is scarce, especially when
considering soil-plant relations to N-NQuse. Furthermore,
there is a lack of literature regarding processes and relations
of nitrogen use for species commonly used in environmental
recuperation, particularly if the purpose is ecological restora-
tion. In this context, this article draws upon the assumption
that species clearly defined in literature as belonging to a
particular type of succession have a typical soil-plant rela-
tionship for nitrogen use. Hence, our analysis characterizes
and compares the nitrogen metabolism — with focus on the
use of N-NQ - of three pioneer and secondary species, an-
alyzing their relationship with the availability of inorganic
nitrogen in the soil of a riparian forest in southeast Brazil.
Considering that these species are typically used in ecologi-
cal restoration projects in this country, the confirmation of a
strategy for nitrogen use specific to each of them can assist in
selecting appropriate species according to the soil conditions
of the environment.

Cecropia glaziovis a heliophilous, pioneer species (PS)
with a life history characterized by a short duration time
(less than 10yr). This species is found in large gaps and
open areas, the edges of rivers and floodplains, and they
produce large numbers of small seeds dispersed by birds
and bats.

Inga marginatais a tropical leguminous species that is
very common in the margins of rivers and streams. They
can grow on degraded land, although it has a preference
for wetlands and fertile soils. It is considered an early
secondary species (ESS), and this tree has a life ex-
pectancy characterized by a medium duration (around
10 to 25yr).

Hymenaea courbarils considered to be tropical legu-
minous species. They are late secondary successional
(LSS) trees with a life expectancy characterized by a
long duration (more than 50yr). This species lives in
the riparian forest, near water and can grow on degraded
land, although it prefers wetlands and fertile soils.

This study is based on the hypothesis that species cIearI& 3 Soil sampling and analysis

defined in the literature as belonging to a particular type

of succession present a characteristic soil-plant nitrogerRates of inorganic nitrogen were determined for the dry
use. Thus, this study characterizes and compares nitrogefm = 8) and wet ( = 8) seasons from intact soil samples col-

metabolism, especially the use of N-§i@ three recognized

lected in a 0 to 5 cm soil horizon at locations near the species

pioneer and secondary species, analyzing their relationshipgnder investigation. The samples were placed in numbered

with the availability of inorganic nitrogen in the soil of a ri-

plastic bottles and immediately sent to the Campinas Agro-

parian forest in southeastern Brazil. Considering that theseomic Institute, Brazil, where they were kept in-20°C

species are typically used in ecological restoration projects irfreezer. Nitrate (N-NQ) and ammonium (N-NE) analyses
Brazil, the knowledge of a strategy for nitrogen use specificwere performed using a N80, (1N) + HgCl, extraction so-
to each of them can assist in choosing the species appropriatation with the addition of GH;100gNa:S, (0.01 %), accord-

to the edaphic conditions of the environment.
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Table 1. Chemical and granulometric analyses of the typical dystrophic Red-Yellow Argisol — PVAd. Data froimeGain (2010).

depth pH MO P K Ca Mg A HA SB CTC V. m Sand Silt Clay
cm CaChb gkg! mgkg? mmolk kg % gkg?
0-20 5.4 20 57 1.0 40 6.0 20 22 47.0 69.0 68 4 530 140 330

samples were read with a spectrophotometer (430 nm) andable 2. Mineral nitrogen content (N-NDand N-NH;), accumu-

quantified (mg kg*) using a standard curve. lated rainfall (AR) and potential evapotranspiration (EVP) during
dry and wet seasons.

2.4 Collection of plant material and analysis N-NO;  N-NH; AR* EVP
Season

Fresh leaf (5 g) and xylem sap (5 ml) samples were collected n N mg kg™ mm

from C. glaziovi(n = 3), I. marginata(n = 3) andH. cour-

baril (n=3) during the first hours of daylight, from 07:00

to 10:00 LT, when there is an increase in leaf nitrate reduc-

tase activity (NRA) and in the plant transpiration flux that * CIIAGRO on line (2010)

leads the N-NQjexf to the leaves. The leaves were removed

from the middle third of healthy branches and kept at4

until the beginning of the laboratory analyses. The defoli-3 Results

ated branches were connected to a vacuum pump for xylem

sap extraction and subsequent N-Nfcontent analysis. All - The area’s pedological characteristics have been describ

analyses were performed in duplicate for each individual. by Geru et al. (2010) and are shown in Table 1. The amoun
For the NRA analyses, the leaves were chopped and transf inorganic nitrogen in the soil during the wet season was

ferred to assay tubes for incubation in the absence of lighthigher compared to the dry season and was influenced by tf

following infiltration under vacuum conditions in a 0.1M high NG; content provided by the greater amount of wate

phosphate hier (K;HPQy) containing 1 % 1-propanol/(v) entering the soil during the summer (Table 2). The result

and 100 mM potassium nitrate (KN according to Stew-  showed the predominance and constancy of NiNHcom-

art (1986). Activity was determined by colorimetric method parison to N-NQ in the both seasons.

(540 nm) and expressed in pkat g Fv We observed some important characteristics of nitroge
Leaf nitrate content (N-NQear) Was determined after ex-  ecophysiology, with a focus on N-NO for the analyzed
traction of 0.5 g of leaves by immersion in 5 ml of methanol species (Table 3). The responsiveness was investigated in tv

for 24 h at room temperature followed by storage-20°C. steps of N-NQ utilisation for plants, the N-N© transport
Both the methanol leaf extract and the xylem sap fN@of ~ and the reduction in the leaves.

each sample were used for the determination of N;N§ C. glaziovi(Cgl) showed anféinity for N-NO;3, indicated
the colorimetric (410 nm) salicylic acid method (Cataldo et mainly by a higher NRA transportation (N-NG) and, in
al., 1975). Data for N-NQ were expressed asnol mi~t of the dry season, N-NQ.or. This nitrogen use behaviour was

wet 8 14.0 19.1 65.1 17.0
dry 8 5.9 20.4 15.7 110

sap andimol g FW! of leaves. quite diferent from the other two species studied, as cont

firmed by the formation of ANOVA groups (Table 3). For
25 Statistical tests marginata(lma) andH. courbaril (Hco) a lower NRA was

observed, as well as a low content in the xylem’s sap an
The One-Way ANOVA with Duncan’s test a posteriori was equivalent values of foliar N principally in the wet sea-
used to compare among the species. The nitrogen soil-plargon (Table 3).

variables, NRA, NQiear, NO3xy and NGjsoil, Were compared Regarding the relationships between consumption, accuy-

by Pearson’s correlation cigients ¢ =0.05) in order to  mulation and transport of N-NQin Cgl and Ima, there was

find pair-wise relationships. an inverse relationship between NRA and N-NQ. This
We used factorial discriminant analysis (FDA) to order and means that a higher NRA was accompanied by a lower N

simplify the information on a two-dimensional map and un- NO3 ¢4 content. Probably as a function of low N-I§@on-

derstand the relationships among variables and species. Thgntrations, Ima also showed an inverse relationship betwes

FDA consists of axes that determine the optimal separatiorN.NogIeaf and N-NQjy. In contrast, Hco did not show sig-

of the predefined groups in space, maximizing thfedénces nificant N-NG; use (Table 4).

between variables and groups. These analyses were carried |ntrinsic behaviours were observed in the relationship be

outusing the software XLStat Addinsétt2007 (experimen-  tween the variables nitrogen use and N-Navailability in

tal version). the soil. The use of N-N©by Cgl was significantly related
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Table 3. One-Way ANOVA comparison tests with Duncan’s test a posteriori. Me&D to nitrate reductase activity (NRA), Nitrate in
leaves (N-NQjear) and in xylem sap (N-N@Qy) for Cgl (Cecropia glaziov), Ima (nga marginata and Hco Hymenaea courbarjl Means
indicated by diferent letters are statistically significant at 5%. nv — not verified.

Species n  Season NRA N-NOgeat N-NO5y
pkatg!Fw mol gt FW mol mi?
Cdql 6 wet 216.1 + 376 B 118 + 26 A 1.23 + 045 B
dry 1513 + 290 B 153 + 02 C nv
Ima 6 wet 69.0 = 6.3 A 97 + 05 A 004 + 002 A
dry 96.7 + 36 A 73 £ 19 A 0.07 = 003 A
Hco 6 wet 50.7 =+ 165 A 102 + 38 A 0.02 =+ 001 A
dry 1088 + 256 A 104 + 03 B 0.07 + 004 A

Table 4. Pearson’s correlation matrix of nitrogen use variables. Nitrate reductase activity (NRA), nitrate in leaves (NN@lem sap
(N-NO;3,y) and in soil (N-NQs.) for Cgl (Cecropia glaziov), Ima (Inga marginata and Hco Hymenaea courbaijl nv — not verified. Bold
data represent a significant p-value.

Species Moan NRA vs. N-NGeaf NRA vs. N-NG;,y N-NO3z Xy vs. N-NGjeaf N
r p r p r p
Cql 6 -0.97 0.007 nv nv
Ima 6 -0.84 0.036 0.86 0.059 -0.90 0.037
Hco 6 0.33 0.585 0.80 0.107 —-0.06 0.921
NRA vs. N-NQ; i N-NO;3 jear VS. N-NGj 50 N-NO3yy vs. N-NG; i 0.005

Nsoil r p r p r P
Cal 6 8 0.90 0.029 -0.94 0.013 nv
Ima 6 8 -0.96 0.008 0.84 0.036 -0.78 0.118
Hco 6 8 -0.82 0.091 -0.05 0.941 -0.65 0.165

to the availability of this ion in the soil. The consumption significantly altered the nitrogen availability processes in the
availability relationship was positive, while the accumulation soil (Dijkstra et al., 2010 and Niboyet et al., 2011). Further-
availability was negative, which signifies that this species re-more, this variation is also influenced by the prevailing soil in
sponds to N-NQ in the soil with more NRA and, conse- the area described by Geeet al. (2010) as typical dystrophic
quently, less N-NGQjeq in the plant. For Ima, there was a less Red-Yellow Argisol — PVAd (Tables 1 and 2). This soil has
significant and inverse relationship, suggesting an intermedia high water retention capacity, with the distinctiveness of
ate responsiveness to N-lJOn contrast, the lack of correla- moderate fertility in the region (V% 50% — EMBRAPA,
tion between the availability and use of N-ljJGhows alow  2006). The soil type can also explain the predominance and
responsiveness of Hco to this ion (Table 4). constancy of N-NH in both seasons (Table 2). The presence
Results of the FDA rejected the null hypothesis of equality of clay is an important factor in the adherence and immobil-
of species groups’ vectors (Fig. 1). The bidimensional scoresty of these ions in soil solution (Nieder and Benbi, 2008).
observed in the FDA showed that Cgl was distant from the The coexistence of NDand NH; observed may have a
Ima and Hco groups and more related to NRA, N-NQ positive synergisticfect in plants (Kronzucker et al., 1997).
and N-NQjy. This reinforced the hypothesis that Cgl have a Plants generally develop better in mixed nitrogen composi-
greater ability to use N-NDfor nitrogen transport in leaves. tions, absorbing mineral nitrogen (N-N@nd N-NH;), ni-
trogen oxides (N¢), molecular nitrogen (Nfrom symbiotic
fixation) or organic nitrogen, with flierent energetic costs
for the metabolization of each nitrogen form (Stewart et al.,
1993, Marschner, 1995; Pereira-Silva et al., 2006). It is be-
lieved that there is a tendency for increased responsiveness
to nitrogen forms that have lower metabolic costs for the
plant. Although not yet consolidated, the literature presents
evidence that Cgl preferentially use this ion. This knowledge

4 Discussion

The lower concentrations and variations of N-Ni@ the soil
demonstrate high mobility by mass flow gadconsumption.
The greater availability of this ion during the wet season is
influenced by precipitation and humidity (Table 2). Changes
in precipitation regimes, through changes in soil moisture,

Web Ecol., 12, 57-64, 2012 www.web-ecol.net/12/57/2012/
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Figure 1. Biplot diagram of the factorial discriminant analysis (FDA) indicating the correlation between nitrogen use variables for each

species’ subject. Nitrate reductase activity (NRA), nitrate in leaves (D xylem sap (N-NQ,y) and in soil (N-NQ;) for Cgl
(Cecropia glaziov)j, Ima (Inga marginatg and Hco Hymenaea courbaijl

would be of great importance, since Cgl is a species combacteria from the generRhizobiumand Bradyrhizobium
monly used in ecological restoration projects. (Faria et al., 1989; Moreira et al., 1992; Goncalves et al.

The greater responsiveness of Cgl to N-NCan be at-  1999). This may explain the lack of responsiveness to N-

tributed to the behaviour of pioneer species that develop unNO; (Table 3, Fig. 1). Less dependence on available nitroge
der sunlight since photosynthesis generates energy througsources especially N-NQwhich can have a deleterious ef-
carbon skeletons (Quilici and Medina, 1998). The N:NO fect on nodules, may explain its wide distribution in natural
absorption by the leaves can be driven primarily by the transcommunities and their ability to colonize less fertile envi-
port of photosynthesis’ electrons, which results in low car- ronments (Goncalves et al., 1999). Along with these obse

bon costs for the plant (Bloom et al., 1992). As seen in thevations, its tolerance to acidity (Lawrence et al., 1995) and

results, Cgl had a high content of N-iyOeven though this  temporary waterlogging and flooding of the soil (Durigan
ion was available in a low quantity in the soil, principally in and Nogueira, 1990) favor the use of Ima in the recovery o
the dry season (Tables 2 and 3; Fig. 1). The high N;sNO degraded areas, especially since this species can assist in
content in Cgl leaves can be related to the levels of xylemcorporating nitrogen in the soil and, therefore, in the growth
transport (Table 3). This process depends on transpirationf other plants.
to allow the outflow of N-NQ and other products absorbed  The low responsiveness of the late secondary species, Hg
by the roots (Sodek, 2004). Our results support the findinggo N-NO; may have dierent explanations. One of them is
of previous research with tropical and sub-tropical specieghe high dficiency of nitrogen resorption observed by Lima
that highlighted the importance of leaves as a N3N&3- et al. (2006) combined with the longer life of its leaves,

similation compartment in species with elevated foliar NRA which represents a form of nutrient conservation and mint

(Harper, 1994). The N-NQuptake can be the bottleneck be- eral loss reduction during senescence and leaf fall (Aerts
tween the source in the soil solution and the assimilatoryl996; Carrera et al., 2003; Eckstein et al., 1999, Lima et al
pathway in the plants (Touraine, 2004). In terms of nitrogen2006). This is an important adaptation mechanism (May an
nutrition, the use of Cgl can represent a key element to theillingbeck, 1992; Pugnaire and Chapin, 1993) that favors its
success of ecological restorations. use in the recolonization of low fertility soils (Aerts, 1996;

Like many native leguminous genera in tropical ecosys-Eamus and Prichard, 1998). Furthermore, the fact that th
tems, Ima can form a symbiotic relationship with-fiking species does not form symbiotic associations, either throug

www.web-ecol.net/12/57/2012/ Web Ecol., 12, 57-64, 2012
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