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In order to cbtain a basis for determining the relative importance of
different ecosystems and nitrogen cycling processes within the Amazon basin,
a survey was made of the data available on nitrogen concentrations in water

entering and leaving the whole Amazon basin and a waterbasin on oxisol and

ultisol near Manaus, Brasil. Biological mitrogen fixation in forests on

ultisol, oxisol and entisol (“warzea") in Central Amazzonia was also
cansiéére&.‘ 4 to & kg are lost per hectare per year via the Amazon River,
and a similar amount e%tgrs in'the rainfall. Roétjassociated biological
nitrogen figatiuﬂ washuensideredhto contribute 2 kg N ha * yr ! to forests

on oxiseol, 20 kg N nh ! yr-lxo forests om ultisol and 200 kg W ha ! yrui to
ko

4
and stream watey entering and leaving the waterbasin near Manaus than N-NO

forests on fertile varzea soils. There was 5-10 fold more N-NH, in the rain

3'
From calculations based on this data, and making certzin assumptions, the

following nitrogen balance figures were obtained: input through rain:

3% x 10° 3

t yr_}; input through bioclogical nitrogen fixatien: 120 x 107 ¢

yr 1; output through the Amazon River: 36 x lﬂs 14 yrml; sutput through
denitrification and volatilization (by difference) 120 x 10° ¢ yr_i

L]

INTRODUCTION

If the nitrogen balance in a homogeneous ecosystem under controlled
management such as sugar cane, rice or corn is a difficult problem to solve,
the integrated problem of nitrogen flux in tropical forest, where the
principal characteristic is the heterogeneity of the flora and fauna, is

even more complex. In addition; the soil variability combined with climatic

Paper presented at the Scope Nitrogen Cycling in Latin American. Ecosystcms
Workshop, CIAT, Cali, Colombia, 16~ 21st March, 1981.
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diversity results in different ecosystems within the Amazon region which
range from campina vegetation to tropical Tain fcrastJWhose complexity was
defined by Humbolt as "Amazonian Hileis". Depending on the degree of detail
which is being considered, a greater or smzller number of geobotanie
associations can be characterized for the region, and the nitrogen balance
should be defined for each one of these. By means of integration the global
balance for the Amazon basin gould then be calculated. Unfortunately, this
detailed information is not available and the measurements of nitrogen flux
which do exist are mostly préliminary estimates of the& nitrogen gained or
XQSt-by a particular mechanism and of the concemtrations of certain chemieal

compounds of mitrogen. Some more complete studies have been carried out o

P tos LI

specific ecosystems within the Amazon basin in Venezuela (e,g.'jdrdan et
alii, 1981). '

In this study three aspects of the nitrogen balance of the Amazon basin

will be considered:

1) A ‘tentative estimate of the nitrogen balance of the whole Amazon
basin based on data of the nitrogen concentration and flow rate of the

rivers Solimoes and Amazonas.

+ \ .. .
2} Datz on the NOB and NHA fluxes in a waterbasin in Central Amazonia

near Manaus.

3) Data on the inputs of nitrogen via biological nitrogen fixation to
three Central Amazonian ecosystems and some fertilization and inoculation

studies in the three so0il representing these three ecosystems.

The study is intended as a basis for identificarion of suitable sites

and topies for further investigations.

%

We emphasize the great need for the intensification of research
projects with the cbjective of filling some of the gaps in present knowledge
and in particular, considering the increasing population pressure in the
region, that iyrig important that these studies should be started as soon as

possible before natural environmental conditions are altered by human

l

activities.
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1) Nitrogen balance of the Amazon basin

An estimate of the nitrogen balance of the Amazon basin was made using:

2) The flux of the River Amazonas measured by Oltman (1967) . at
Qﬁidos. ' ’

b) No'; concentrations measured by Gibbs (1972) at the mouth of the R.
Amazonag.

¢} Concentrations of various forms of nitrogen measured by Schmidt{1972)

at Manaus.

It was necessary to make some assumptions in order that the existing

data could be extrapolated to the whole Amazon basin:

a) That the relative concentrations of the various nitrogen compounds

do not vary along the River Amazonas after Manaus.

b) That the flow rate of the River Amazon expressed on an area bagis is

the same for the area from Obidos to the wmouth as that above Obidos.

The data are summarized in Figures 1, 2 and 3 snd Tables 1 and 2,

Fig. 1 -~ Shows the mean monthly concentration of the various nitrogen
compounds in the river water, along with the total monthly discharge. It is
evident that N~N03 is controlled by the river flow; highest discharge is
coincident with lower N—RSB concentrations. This trend is also true for
the organic nitrogen, although we have no explanation for the peak that

e

occurred in August. §“N02 was very low throughout the year,

Fig. 2 §f§hnws the total monthly fluxes for suspended organic N,
Kjeldahl N and total N. Although concentration is inversely correlated to
. discharge, this is not true for total N fluxes, where the highest quantities

are being transported during the highest river discharge.

Figure 3 is derived from ?igﬁre 2 and shows that almost 90% of the

nitrogen in the River Amazonas is in the organiec form, and that this values
stays almost constant throughout the year. The second most i{mportant loss of

nitrogen is in the form of organic nitrogen in suspension, which shows greater
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variation during the year. The authors cited conclude that soluble N‘—NH4 is
relatively unimportant in comparison with soluble organic N. The contribution

of N-§§; is alsc very small,

Table 1 shows a large discrepancy between the data of different

authors and ewmphasizes the need for further research in this ares.'

Table 2 shows that the R. Amazonas discharges about 234 x 103 connes of
nitrogen per month, with a m#ﬁimun in April of 370 x 103 tonnes, and a
minimum in October of 130 x 183 tonmes. The total annual loss of nitrogen
from the Amazon basin is 3.1 x 106 tommes which is equivalent to a loss of
approximately & to 6 kg nitrogen ha * yr-l‘ This is a minimum value
considering that the caleulation was based on the lowest values found in the

literature {(see Table 1).

2) N"N(}B and NH: flows in a Central Amazonian waterbasin

In 1979 water balance studies were initiated in a Central Amazonian
waterbasin, through a United Nations project BRA/172/010. This waterbasin
15 located approximately 60 km north of Manaus, off the road from Manaus to
Caracas (BV-8). The basin is about 22 km? and supports typical "ierra firme"
{(non-flooded) rain forest growing mainly on oxisol, although ultisols are
frequent along the stream beds. Over the last two years precipitation has
been measured with 11 pluviometers, the stream flow has been measured at two
sites and conventional meteorological measurements have been made at a
climatological station which includes a 20 mz evaporation pan. Figure 4
indicates the distribution of the instrumantsxutilized and the loeation of

the climatological statiom.

In 1980 rainwater, throughfall water and stream water were sampled at

weekly intervals and asnalysed for various elements including N-NH'  and

4
N—ﬁagﬁ In this paper preliminary data for balance of bimNH+ and ¥-NO, in

4 3
May and June of 1980 are presented.

Table 3 shows that the R—.NHA concentration in rainwater was 0.02 ppm,
and §~N03 was 0.005 ppm for both months., Total nitrogen input in yainfall
was calculated to be 49,0 kg and 44.2 kg for May and June respectively.
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+
Stream: water concentrations were 0.043 ppm and 0.025 ppm of N*Hﬁa for
1

May and June respectively. —303 concentrations were lower at 0.005 ppm
for both moLths. ”tetal outflow was calevlated to be 1.1 % 136 53

0.98 x 106 m3 for May and June respectively. Total cutput was therefore

calculated to be 37.8 kg ¥ and 20.2 kg N for each month,

i
i

and

GuCPuJ rate of ﬁ“NGE was found to be approximately 00,0005 kg hawl for

both @onthé. These wvalues are much lower than the output rate of nitrate
calculated 'for the same months by Schmidt {1972}, which ﬁaévapproximataly
0.025 kg N jha -

!
i
i

3} Nitrogen inputs via biological nitrogen fixation

i %

Nitrogen fixation has been studies in various systems in the vicinity
of Manaus,|by acetylene reduction, nodule distribution and natural isctope.
variation methods. Also inoculation experiments have been carried out in

i

the different local soils with some legume crops.

i
The studies concentrated on three soll types which are significent in

the region for different reasons. Firstly, the "warzea™ is the fertile
alluvial soil which ogcurs along the banks of white water rivers, such as
the Solimoes and the Amazonas, The natural forest vegetation on this soil
has neariﬁ all been cleared and the land is used for relatively intensive
production of vegetables, milk, sorva [Cowma guianesisd}, jute, etc,, even
though it.is flooded for three or four months of the year., There are many
introduced and native grasses, legumes and other plants growing there,

which are often adapted to flooding and some of which can float,

) Secendly, the campina and campinarana vegetation grows on white sandy
soil covered with a layer of semi-decomposed material and live roots up to
one meter thigck. Water in streams draining these areas is tea-coloured
due to high concentrations of organic compounds, and forms the black water
rivers, such as the Rio Negro. The vegetation in these areas appears
xerophytic, although this is in fact an adaptation to the oligotrophic
conditions. It is low in stature, is domipate& by certain species, some of
which are legumes, and the tree trunks, branches and leaf surfaces are
colonized by epiphytes and lichens. The sites tend to be small and

separated by other types of forest and a certain degree of endemism has
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“been found; The soil is of no use for agriculture, but the sites are being

| Vo .
destroyed because the sand is needed for road construction.

Thirdly, and by far the most 1mportant in tarms of area occupleﬁ and
problems presented for agrlcultural develcpment is the rain fnrest growing
on oxisolsiand ultisols. This forest is more dlversa than camgxna . S
L LN * n

vegetatiunf Legumes are one of the five most abundant families (Raé:&gues)
It has 2 h?gh biomass {473 tonnes ha 1, Klngle 1976} and is being

increasingly used for g wide range of 2gricultural production including sugar
cane, pastfres, rubber, cocoa, fruit trees and subsistence ¢rops such as rice,
cowpeas and cassava.

The studies have shewn that:

1) Although there is a high proportion of legumes in the primary rain

forest on joxisol they are only sparsely nodulated (Norris,i" - ; Sylves-
ter-Bradl4y et alii tin-press). The highest rates of acetylene reduction

detected §n the root mat extrapolated to 1.5 kg N fixad‘nhni yr-l.

ESHIIé

t
2) There is no difference in the & N between legumes and

non~legumes in primary forest on oxisols, but there is a significant
difference between 1eaves of legumes and non-legumes in campina vegetation

.,-

{Victoria- et &111, 1§80 Table 4). Nodules were not found on roocts of

legume plants in campina vegetation, but this may be because they were very

deep (uapubllshed cbservation).

- =~ " -5
- . e . - PO o,
bt - L ~
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3) Epiphytes -and llchens in campina vegetation did show acetylene
reducing activity but this was difficult to quantify on a per hectare

basis. (Leite dos Anjos & Sylvester-Bradley, unpublished).

. 4) Legumes in rain forest on ultisol were nodulated (Norris, ')
and their roots reduced acety]ana. The highest rates detected extrapolated

[

to 20 kg N fixed ha_l yr (Sylvester—ﬁradley et alii, 1nmpress)

-
5} legumes in primary forest on varzea soil were veiy well nodulated.
The hxghest rates of ascerylene reduction datected extrapolated to 243 kg N

i

fixed ha (Sylvester-Bradley et alii, in prﬁss]

6) Acetylene reduction act1v1ty 1n roots of aquatic plants and termites

(Sylvester-Bradley et alii, 1978; }§ﬁﬁ) was also detezted It was found
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that acety%ene reduction by termites was extremely sensitive to

disturbance,
|

7) Inmoculation of cowpeas and winged beans grown in oxisel did not
increase t?eir nodulation, but inoculated plants with complete fertilization
b
excepting pitrogen grew much better and were well nodulated (Oliveira &
H Lt

Sylvester—Bradley, submitted).
i

[ . Lo R .
8) Buining the vegetation before collecting the 501%£fas not as

effective Fs fertilization for increasing plant growth (Oliveira &

Sylvester—Bradley, submitted),.

L
3

Some of these data are summarized in Table §.

These, data on nitrogen fixation, although limited in their scope,
have some linteresting implications. Firstly, the large difference in the

levels of |root associated nitrogen fixarion in oxisols, ultisols and

entisols %mply that there must also be large differences in losses of

nitrogen from these systems.
|

Secondly, the limiting facrors for growth and nitrogen fixation in
each soil type are presumably different, For example, varzea soil
contains over 30 ppm phosphorus, whereas oxisols and ultisels contzin around
2 ppm. In ultisols losses of nitrogen by leaching are likely to be greater
than in oxisols. Thus the potential for nitrogen fixation in the varzea is
much greater than in oxisols and ultisols because phosphorus is not
limiting. - Many more problems would be expected with using biclogical
nitrogen fixation as a source of nitrogen for crops zfter clearing the
forest from uvltisoels and oxisols than in the varzes. The tenfold greater
nitrogen fixation detected in ultisels than in oxisols is presumably due to
a greater loss of nitrogen from ultisols by leaching. These soils are
considerad by local farmers to be easier to cultivate than oxisocls, and they
support better nodulation in pot experiments. However, they tend to ocecur
on more sloping ground and therg,fare are more easily eroded. Consequently,
oxigsols are considered as prefegébie for agricultural development. There
may be several reasons for the low nitrogen fixation in oxisols. 1t seems
most likely to be due to a combination of high seil nitrogen (8000 kg N
ha j Klinge, 1976), low phosphorus, and possibiy toxic subst%nces

produced by the vegetation which inhibit nitrogen fixation.
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Thirdly the occurrence of greater nitrogen fixation associated with
epiphytes i; campina vegetation than in primary forest implies that the
importance %ﬁ epiphytes should be asgessed in different kinds of tropical
rainforest go that their contribution of nitrogen to the system relative to

other nitrogen inputs can be determined.
H

General Considerations

Based on the data presented here and information from other authors
during this meeting, especially the working group for tropical rain férest
{Jordan, ﬁe?rera and Sanhueza) it has been possible fo establish a balance
of nitrogen: for the Amazon basin. The hypotheses and information utilized

weret ]

1} The| overall flow of nitreé&ﬁ at the mouth of the Amazon River is
6 kg N ha_l yr—i.

i - -
2) The input of nitrogen via the rain is & kg ha ! yr 1.
H
3) Biological nitrogen fixation was calculated considering that oxisols
occupy 50%Z of the Amazon basin with a rate of nitrogen fixation of 2 kg
hawi yr_l; ultisols occupy 457 with a rate of nitrogen fixation of 20 kg

ha 1 yrﬂl and the remaining 5% is occupied by solls with a2 high potential
nitrogen fixation of 200 kg haﬂl yrwl, Thus oxisols (3 x 133 ha) £ix

6 x 105 kg N yr_l, ultisols (2.7 x 108 ha) fix 54 x 105 kg H yr_l and varzea
and other fertile soils (0.3 x 108 ha) fix 60 x 105 kg N yrwl, which works

out to an average of 20 kg N fixed biologically ha-l yr 1.

Accordingly the losses of nitrogen by denitrification and veolatilization
should be of a similar magnitude, unless the system is accumulating nirrogen,
or agricultural development is causing lesses of nitrogen and not replacing

them by fertilization or nitrogen fixation.

The overall nitrogen balance for the Amazon basin therefore works out
a2 -1 . . . . .

t yr °; input from biclogical nitregen fixation

5

te input from rain: 36 x 10

5 - ’* . - :
120 x 107 ¢ yr 1; ontput from the Amazon River 36 x 107 t yr 1; ontput by

denitrification and wvolatilization (by difference) 12t x% 1Q§ £ yr-1



Table 1 - Mean nitrate-nitrogen concentration obtained by various

authours and the mean monthly discharge of N-NOj.

Discharge 0ltman (1967) Gibbs (1972) |  SCHMIDT 72, -
Obidos (x 10°m?) | - ~N-NQ; e e Ne=NOD 3+ -1 -N=NO3 . mass.flowmt—— —
(O1tman 1967) {ppm) (mass x 10%6n) ppm (mass flow) ppm  {x 10*ton)
JAN...... 295 ‘ 0,065 19,2
FEBuvunn. 349 . 0,084 22,3
‘MAR......455 ~ | : Max. conc. 0,3 ppm| 0,043 19,6 .
APR......557 E Hin. conc. 0,1 ppm| 0,035 19,5
MAY...... €43 KHean 0,2 ppm| 0,023 14,8
JUN. .....622 b 0,018 1n,2
JUbevunes 543 g1 54,9 Total year 0,99 x
g 10%ten | 0,028 15,4
AGO...... 442 a1 " 44,2 0,024 10,6
SEP..vun. M Hean (Honth) ‘82,5 0,040 12,4
OCT......241 . 10%on | 0,084 20,2
NOV.....,220 | 0,076 16,7
DEC...... 254 v ‘ 0,071 18,0

TOTAL  199,9
MEAN (MONTH) 16,7



Table 2 - Total nitrogen discharge at Obidos (SCHMIDT, 1972) and the calculated
h

discharge at the month,

SCHMIDT {1972)

m e MOUTH{CORRE E)—

DIS CHARGE N-TOTAL {x10° ton)

(0BIDOS) TOTAL (x 107 ton) Kg/ha
IMN. ....295 237.8 266.8 0.4
FEB. .. ..349 291.6 314.8 0.5
MAR. ....455 269.8 301.2 0.5
APR.....557 332.0 370.1 0.6
MAY.....643 229.0 254.9 0.4
JUN.. .. .622 285.5 318.1° 0.5
Juk.....549 235.0 261.9 0.4
AGO.. .. 442 338.6 377.6 0.6
SEP......311 134.0 149.6 0.2
0CT.....241 117.3 130.5 0.2
NOV.....220 154.0 172.2 0.3
GEC.....254 189.2 211.6 0.4
TOTAL YEAR .813.8 3.129.3 5.0
MEAN (MONTHLY) 234.5 234.5 0.42

1415
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Table 3 ~|Preliminary nitrogen balance of R*NR: and N-NOj; at the water

[ -
basin for the months of :zz;ay and june 1980,

: INPUT
i )
Mean Total 0+ NO3 NH, NO, TOTAL
prec. ?pt’ m m k & X :{;a L
(nm) (m3} pp PP B g Ity
} o
MAY 133‘3 2,9x10° 0,02 0,005 45,7 3,3 49,0
JUNE 132,6 2.6x10° 0,02 0,005 41,2 3,0 44,2
|
!
: OUTPUT
TIGARﬁPE NH., NO; NH,, NO; TOTAL
QTAL FLOW ! -
) TPm ppm kg kg OUT,~
"MAY  1,1'x 10% 0,042 0,005 36,6 1,2 37,8
JURE  0,98x 10° 0,025 0,005 19,1 1,1 20,2

N-NO3 OUTFLOW RATE (Kg/ha)

e —

"Bacia Modelo" SCHMIDT (1972)

MAY 0,00055 . 0,0296
JUNE 6,00050 10,0224




Table 4 - §'°8%/00 in leaves of legume and non-legume trees growing on two soil types in Central

Amazonia, Brazil, relative to '°’N/'“N of atmospheric N; (Victoria et alii, 1979).

R I :
COMMON NAME OF PLANT R. Ducke Campina
{clayey soil) (sandy soil)

Legume
Macucu {Aﬁdii’wﬁiai‘,{ée&iﬂ) - - 1.9
Faveira {P{fhecolobium Spl + 3.9 -
Angelim {P.ithecolobium Racendohum) + 7.8 . -
Mulrapiranga {Caesalpinoidae) + 6.5 - 1.6
Visgueiro [Pankia Sp) +10.0 -
Copaiba roxa (Caesalpifinoidac) ' + 8.1 -
Tetto [Pa,é;s.éfx'_m;icfaal - - 2.2

Non-—lsgume‘
Mata-mata |lecitidaceae) + 5.8 -
Ucuuba branca {Winola Surinasuensis) + 5.9 -
Casca doce {GLycoxylon Tnophilwiu) - ' - 7.0
Andiroba (Carapa Guianensis) + 7.0 -

Pitomba de macaco (Sapataceae) - - 7.0

[AL
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Table ;5 — Nitrogen fixation (C .H, reduction) in various systems in Central
. : Amazonia, Brackets

indicate an approximate estimate, AR

kg N ha-*yr—1

root% of primary forest on clayey soil -1.50
rooté of secondary forest on clayey soil{no cultivation) 2.@5
roots of secondary forest on sandy soil ) 20

roots of primary forest on alluvial séil ) 243
epiphytes on campina vegetation (5-20)
epiphytes on primary forest on clayey soil ‘ (0-5)
aguatic macrophytes . : (100}
termites ’ (0-5)
grassroots in oxisol in "improved pastures” {very low)
grass roots in allavial ("varzeai soil . . {much higher)
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Fig. 1 - Monthly discharge of the Amazon river at Obidos (OLTMAN, 1967)

and mean monthly concentration of the various nitrogen
compounds (SCHMIDT, 1972).
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Fig. 2 - Menthly river discharge (OLTMARN, 1967) and total mom:h‘ly fluxes
of nitrogen, calculateisith SCHMIDT (1972) data
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Fig. 3 ~ Monthly river discharge (OLTMAN, 1967) and relative distribution

of the various nitrogen compounds,
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