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Abstract - In Amazonian floodplains the trees are exposed to extreme flooding of up to 230 
days a year. Waterlogging of the roots and stems affects growth and metabolic activity of the 
trees. An increased leaf fall in the aquatic period and annual increment rings in the wood indicate 
periodical growth reductions. The present study aims at documenting seasonal changes of metabolism and vitality of adult trees in the annual cycle as expressed by changes of leaf nitrogen 
content. Leaves of six tree species common in floodplains in Central Amazonia and typical 
representants of different growth strategies were collected every month between May 1994 and 
June 1995 in the vicinity of Manaus, Brazil. Mean leaf nitrogen content varied between 1.3% 
and 3.2% in the non-flooded trees. Three species showed significantly lower Ν content in the 
flooded period (p=0.05, 0.001, 0.001), the difference ranging 20-25% lower than in the non-
flooded period. Two species showed no significant difference while Nectandra amazonum showed 
32% more Ν in the flooded season (p=0.001). Leaf nitrogen content was generally high when 
new leaves were flushed (in the flooded period) and decreased continuously thereafter in all species. 
Three species showed an additional peak of nitrogen during the first month of the terrestrial 
phase, in leaves which had flushed earlier, indicating that flooding may disturb nitrogen uptake. 
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Mudanças Sazonais do Conteúdo de Nitrogênio nas Folhas de Arvores das Áreas 
Inundáveis da Amazônia. 

Resumo - Em áreas inundáveis da Amazônia as árvores estão expostas a extremos de inundação 
de até 230 dias por ano. A submersão das raízes e do tronco afeta o crescimento e as atividades 
metabólicas das árvores. O aumento da queda de folhas na fase aquática e o incremento anual nos 
anéis do lenho, indicam reduções de crescimento periódicas. O presente estudo visa documentar 
em um ciclo anual mudanças sazonais no metabolismo e vitalidade de árvores adultas, expressas 
pelas mudanças no conteúdo de nitrogênio das folhas. Seis espécies de árvores comuns em áreas 
inundáveis da Amazônia Central e típicos representantes de diferentes estratégias de crescimento, 
tiveram suas folhas coletadas a cada mês entre maio de 1994 e junho de 1995, nas cercanias da 
cidade de Manaus, Brasil. A média do conteúdo de nitrogênio variou entre 1,3% e 3,2% em árvores 
não inundadas. Três espécies tiveram concentrações de Ν significativamente menores no período 
de inundação (p = 0,05, 0,01, 0,01), sendo 20 a 25% menores que as concentrações no período 
não inundado. Duas espécies não tiveram diferenças significativas, enquanto Nectandra amazonum 
teve 32 % mais Ν quando inundada (p = 0.001). O conteúdo de nitrogênio foliar foi geralmente 
alto quando brotaram folhas novas (no período inundado) seguido por um decréscimo contínuo, 
embora três espécies atingiram seu pico de conteúdo de Ν no primeiro mês da fase terrestre, em 
folhas que haviam brotadas antes, indicando que a inundação possivelmente inibe a assimilação 
de nitrogênio. 

Palavras-chave: nitrogênio, folhas, estratégias de crescimento, inundação, várzea, áreas inundáveis, 
Amazônia. 

Introduction 

In Amazonian floodplains the 
trees are exposed to extreme flooding 

which can last up to 230 days a year 
(Junk, 1989). Waterlogging of the roots 
and the stems affects growth and 
metabolic activity of the trees because 
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root growth is impeded and the absorp
tion of water and nutrients is inhibited 
(Gill, 1970; Kozlowski, 1984; Blom& 
Voesnek, 1996). Only adapted species 
can tolerate these conditions, e.g. by 
reducing the metabolic activity as in 
the temperate species Alnus rubra, 
Fraxinus latifolia, Nyssa aquática, 
Taxodium distichum or Quercus 
lyrata (Ewing, 1996; Pezeshki, 1987; 
Pezeshki et al, 1996). Some species, 
for example the tropical trees 
Hymenaea courbaril and Chorisia 
speciosa, can maintain or even in
crease growth and photosynthetic ac
tivity despi te flooding (Joly & 
Crawford, 1982). 

About 100 tree species per hect
are — to a large extent habitat-endemic 
— grow in Amazonian floodplains 
(Worbes 1997). Independent of their 
growth strategies, whether pioneers or 
non-pioneers (sensu Swaine & 
Whitmore, 1988), evergreen or decidu
ous species, they must have physi
ological, anatomical and morphological 
adaptations to be able to withstand the 
prolonged flooding. In fact, in selected 
species the formation of adventitious 
roots, lenticels, stem hypertrophy, and 
pressure ventilation were documented 
(Schlüter & Furch, 1992; Schlüter et 
al, 1993, Parol in, 2000; 2001 ; 
Waldhoff et al., 1998; Graffmann 
2000). Yet, up to date, very little is 
known about tree ecophysiology in this 
ecosystem, and about its changes in 
the course of the year. Many tree spe
cies form annual increment rings indi
cating periodical growth reductions 
(Worbes, 1986; 1989). This might be 
linked to leaf phenology: leaf fall is in

creased in the aquatic period (Ferreira, 
1991; Worbes, 1992; Wittmann & 
Parolin, 1999), perhaps because of the 
necessity to reduce the transpirational 
surface of the trees. Respiration, pho
tosynthetic assimilation, leaf chlorophyll 
content and water potential are lower 
in flooded trees than in non-flooded 
ones (Scholander & Perez, 1968; 
Furch, 1984; Schlüter, 1989; Schlüter 
& Furch, 1992; Schlüter et al, 1993; 
Parolin, 1997). 

The knowledge which exists to 
date about the metabolic activity of 
trees in Amazonian floodplains indi
cates a periodicity which is closely 
linked to the flooding periodicity. Yet, 
a continuous documentation of growth 
activity of adult trees along the year is 
missing or available only in non-pub
lished theses (Parolin, 1997; Maia, 
1997; Armbriister, 1999). The present 
study aims at documenting seasonal 
changes of metabolism and vitality of 
adult trees in an annual cycle. The 
assimilating organs which are indica
tors of the vitality of a tree (Medina, 
1984; Walters & Reich, 1989) have 
changes of their nitrogen content which 
might be used as an indicator for stress 
reactions in the course of the year. 
Leaf nitrogen content depends on leaf 
age (Field, 1983; Field & Mooney, 
1983; Reich et al, 1991, 1994): senes
cent leaves have lower nitrogen con
centrations than young leaves. On the 
other hand, environmental factors, in
cluding the availability — or excess — 
of water, may regulate the efficiency 
of nitrogen use for growth (Raison & 
Myers, 1992). Leaf nitrogen content is 
therefore used here as a parameter for 



the documentation of seasonal changes 
of tree vitality in the floodplains. 

Material and Methods 

Study trees — Six tree species 
were chosen, all common to várzea flood-
plains in Central Amazonia and typical 
representants of different growth strategies 
and flood tolerance (Prance, 1979; Worbes 
et al., 1992): Cecropia latiloba 
(Cecropiaceae, "Embaúba", evergreen pio
neer), Senna reticulata (Caesalpiniaceae, 
"Matapasto", evergreen pioneer), 
Nectandra amazonum (Lauraceae, 
"Louro", evergreen non-pioneer), Crateva 
benthamii (Capparidaceae, "Catoré", de
ciduous non-pioneer), Tabebuia barbata 
(Bignoniaceae, "Capitari", deciduous non-
pioneer) and Vitex cymosa (Verbenaceae, 
'Tarumã", deciduous non-pioneer). 

Only adult, healthy trees were 
chosen which were situated between 
21 and 27 meters above sea-level (m 
asl) and were subjected to a period of 
inundation of eight (Cecropia latiloba 
and Vitex cymosa), five (Crateva 
benthamii and Tabebuia barbata) 
and four (Senna reticulata and 
Nectandra amazonum) months. 

Study site - The marked trees 
were situated at the Costa do Catalão 
(Barranco and Fazenda Lira) in the 
vicinity of Manaus, Brazil, near the 
confluence of the Amazon (Solimões) 
River with the Negro River (approxi
mately 3°S, 60°W). 

Climate and hydrology - Rain
fall shows a marked dry season be
tween June and September, and a rainy 
season from December to May (Fig. 
1). Mean annual rainfall ranges from 

1700 to 2300 mm, and mean monthly 
temperature lies between 26.3°C and 
27.2°C. River level is markedly sea
sonal. The rising phase is between late 
December and early July, while the 
draining period lasts from the end of 
July to the end of November (Fig. 2). 
During the high water period, most 
deciduous trees lose their leaves. 

Measurements of leaf nitrogen 
content — The study was performed 
between May 1994 and June 1995. 
Non-flooded sun-exposed leaves of 
each of five marked individuals per 
species were collected at monthly in
tervals in the field. Only fully expanded 
leaves were chosen, except for the 
months where only senescent or 
young leaves were present on the 
trees, as was the case in the three 
deciduous species. The leaves were 
chosen from the lower canopy, i.e. 
from similar positions on the tree 
(Hikosaka et al. 1994). The collected 
leaves of the five trees per species 
were mixed in paper bags, transported 
on ice and in the dark to the Amazon 
Research Institute in Manaus (INPA) 
and oven dried in paper bags for 36 
hours at 60°C. 

Leaf nitrogen content was deter
mined with the method of Kjeldahl us
ing the "Vapodest 5" (Gerhardt, 
Kjeldaltherm Jürgens): 0.2 g of finely 
ground leaves were used, with 5 ml 
H 2 S 0 4 (98 %) and 1 Kjeltabs ST (0.3 g 
K 2 S0 4 , 0.0035 g Selenium) as catalyst. 

Results 

Leaf nitrogen content of the six 
species varied between 1.3% and 



mean 1991-95 study period 1994/95 

Figure 1. Monthly rainfall measured near the study sites on lhe Ilha de Marchantaria: mean 
rainfall in the years 1991 to 1995 (bars) with standard deviation, and in the study period 1994/ 
5 (l ine). 

mean 1987-95 - study period 1994/95 

Figure 2. Monthly water level above sea level of the Rio Negro measured at the port of Manaus: 
mean water level in the years 1987 to 1995 (bars) with standard deviation, and in the study 
period 1994/5 (line). 



3.2% in the terrestrial phase (Tab. 1). In 
Nectandra amazonum, the lowest nitro
gen contents were measured, the high
est were found in Senna reticulata. The 
two pioneers Cecropia latiloba and 
Senna reticulata, and Crateva 
benthamii had similar values, which 
could reach a maximum of 3.4%. In 
Nectandra amazonum, Tabebuia 
barbata and Vitex cymosa the nitrogen 
contents did not exceed 2.6%. 

Three species showed signifi
cantly lower leaf nitrogen content in 
the waterlogged phase, the difference 
ranging 20-25% lower than the terres
trial phase (Tab. 1). Two species 
showed no significant difference be
tween the two seasons while 
Nectandra amazonum showed a 32% 
increase in mean leaf Ν content in the 
flooded season compared to the non-
flooded period. 

In the annual cycle, leaf nitrogen 
content was generally high in the 
months when new leaves were flushed 
and were fully expanded, and maximum 
values could be measured in the ter

restrial as well as in the aquatic period 
(Fig. 3). Leaf nitrogen content de
creased continuously after leaf expan
sion in all species, but three species, 
Cecropia latiloba, Tabebuia barbata 
and Vitex cymosa, flushed in the inun
dated period and reached a peak in 
October, the first month of the non-
flooded period. 

Discussion 

Changes of nitrogen content 
in the annual cycle - Leaf nitrogen 
content of the six analysed species 
showed characteristic changes in the 
annual cycle. The general decrease of 
nitrogen content after the expansion of 
new leaves (Fig. 3) indicates that it 
was linked to leaf development. Nitro
gen content is highest in newly devel
oped young leaves and decreases with 
leaf age (Field, 1983; Field & Mooney, 
1983; Reich et ai, 1994). In the study 
trees, all species had elevated nitrogen 
concentrations when new leaves were 
flushed, which occured in the flooded 
period (Worbes, 1997). Three species 

Table 1. Mean leaf nitrogen content of the six study species in the non-flooded and water
logged months: minimum and maximum measured nitrogen contents, average of the measure
ments in the terrestrial phase, average of, the measurements in the aquatic phase with standard 
deviations, difference between terrestrial (= 100 %) and aquatic phase, F-ratio ANOVA and 
statistical probability Ρ (* p=0.05; ** p=0.01; *** p=0.001; n.s. not significant). 

Spec ies min -
[% 

max 

I 
Ter res t r ia l phase 

[%] 
A q u a t i c phase 

[%] 
D i f f e rence 

[%] 
F-rat io Ρ 

C. latiloba 2.1 - 3.6 2 .55 ± 0.4 2 .48 ± 0.4 -2.5 0.27 n.s. 

S. reticulata 2.0 - 3.7 3.17 ± 0.5 2.5 ± 0.2 -21 .1 2 3 . 8 3 ... 
N. amazonum 1.0 - 2.2 1.31 ± 0.2 1.72 ± 0.4 31 .6 14 .43 ... 
C. benthamii 1.4 - 3.4 2 .56 ± 0.5 2 .35 ± 0.6 -8.1 1.18 n.s. 

T. barbata 0.9 - 2.4 1.86 ± 0.2 1.49 ± 0.5 -19 .7 5 .99 

V. cymosa 0.8 - 2 .6 1.86 ± 0.4 1.4 ± 0.3 -24 .6 17.36 ... 
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Figure 3 . Leaf nitrogen content in the annual cycle in the six chosen species (A Cecropia latiloba, 
Β Senna reticulata, C Nectandra amazonum, D Crateva benthamii, Ε Tabebuia barbata, F Vitex 
cymosa). Monthly nitrogen content as percent of leaf dry weight, with standard deviation, be
tween May 1994 and June 1995. Sample size per species and month (n) = 3 measurements of 
combined samples from 5 trees. Months in box = aquatic phase. Arrow = flush of new leaves. 

§ 3 



had significantly different nitrogen con
tents in the flooded phase (Tab. 1) 
which might be directly linked to wa
terlogging. Flooding may disturb the 
capacity of the roots for nitrogen up
take. Only few species, e.g. Oryza 
spp., are known to be able to take up 
nutrients from waterlogged soils 
(Hook, 1984). This was never analysed 
in soils which are flooded by several 
meters of water like in Amazonian 
floodplains. With flood end, some spe
cies showed increased nitrogen content 
even without flushing new leaves (Fig. 
3: A, E, F). These peaks measured in 
October may be related to the fact that 
most plants respond to increased nitro
gen availability with significant in
creases in leaf nitrogen content 
(Osman & Milthorpe, 1971; Gulmon & 
Chu, 1981). With the end of submer
gence, the roots recover their normal 
functioning (Meyer, 1991) and the in
creased nitrogen uptake is reflected by 
higher leaf nitrogen values. 

The high nitrogen content of the 
new leaves flushed at high water levels 
might not result from an increased uptake 
of nitrogen, but from the internal cycling 
of stored reserves (Millard & Proe, 1991; 
Sanchez et at, 1991). A key process in 
such internal cycling is the withdrawal of 
nitrogen from leaves during senescence 
for storage in shoots and roots (May & 
Killingbeck, 1992). 40-70% of leaf nitro
gen content were resorbed in floodplain 
trees of the temperate regions 
(Tremolieres et al, 1999), and the resorp
tion from senescent leaves of Vaccinium 
was higher in deciduous than in evergreen 
species (Gerdol et al., 2000). 

Role of growth strategies — 

The pioneer species had the highest 
nitrogen concentrations with about 3%. 
Similar values were found in Cecropia 
ficifolia in the Terra Firme (Ellsworth 
& Reich, 1996). Fast-growing species 
typically have a higher total organic 
nitrogen concentration per unit plant 
weight, allocate more nitrogen to the 
leaves, and have a higher photosyn-
thetic nitrogen use efficiency (Poorter 
& Remkes, 1990). The three decidu
ous species had higher leaf nitrogen 
contents than the evergreen 
Nectandra amazonum, which reflects 
a pattern found also in savanna trees, 
where deciduous trees have higher ni
trogen contents than evergreen species 
(Medina, 1984). 

There was a significant differ
ence between leaf nitrogen content of 
flooded and non-flooded stages for four 
species, and no significant pattern for 
two species, but the changes in the 
annual course did not appear to be 
related to pioneer or non-pioneer 
growth habit, or to evergreenness and 
deciduousness. 

Conclusions 

The data of the present study 
shows that seasonal changes of flood
ing are reflected by changes of leaf 
nitrogen content in the study period. 
Several types of changes occurred 
which are summarized in Table 2. How 
nitrogen content and flooding are linked 
and which physiological processes are 
responsible for the interactions is not 
yet understood. Further investigations 
with regard to biochemical, anatomical 
and morphological adaptations in the 
rooting zone are needed here. 



Gradual drop in Ν- χ χ χ χ χ 
content with leaf age 

Peak in N-content 
delayed alter flush, χ χ χ 
until water drops 

Average N-content 
higher in terrestrial χ χ χ 
months 

Average N-content 
higher in aquatic χ 
months 

No statistical 
difference between 
N-content in flooded χ χ 
versus terrestrial 
months 
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