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SUMMARY 

In order to obtain 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, Brásil. Biological nitrogen fixation in forests on 

ultisol, ox~sol and entisol (nvarzeatt) in Central Amazonia was a1so 

considéred. 4 to 6 kg are lost per hectare per year via the Amazon River, 
f • l '. 

and a similar amount enters in'the rainfall. Root associated biological 
, ' 

nitragen fixarion was ""onsidered' to contribute 2 kg N I).a-\ yr- 1 t~ forests 

on oxisol, 20 kg N nh-¡ yr-11rtl forests on ultisol and 200 kg N ha-\ yr- 1 to. 

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

and stream water entering and leavin¡; the waterbasin near Manaus than N-N0
3

" 

From calculations based on this data, and making "ertsin assumptions, the 

following nitrogen balance figures were obtained·: input through rain: 
5 -1 ' 5 

36 x 10 t yr ; input through biological nitrogen fixation: 120 x 10 t 
-1 5 -1 yr ; output through the Amazon River: 36 x 10 t yr ; output 

denitrification and volatilizatian (by difference) 120 x 105 t 

INTRODUCTION 

through 
-1 

yr 

If the nitragen balance in a homogeneous ecosystem under contro11ed 

management such as sugar cane, rice or corn is a difficult problem to solve, 

the integrated problelll of nitrogen flux in. tropical fores t, where the 

principal characteristic is the heterogeneity of the flora and fauna, is 

even more complexo In addition; the soi,l varíability combined with climatic 

Paper presented at the Scope Nitrogen Cycling in Latin American. Ecosyst~ms 
Workshop, CIAT, Cali, Colombia, 16 - 21st ~jarch, 1981. 
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diversity results in different eeosystems within the Amazon region which 

range from campina vegetation" to tropical rain forest¡whose c~plexity was 

defined by Rumbolt as "Amazonian Hi leia". Depending on the degree of détail 

which i5 being considered, a greater or smaller number of geobotanic 

associations can be characterized for the regian, and the nitrogen balance 

should be defined for each one of tbese. By means of integraríon che global 

balance for the Amazon basin eould then be calculated. Unfortunately, this 

detailed information is not ayailable and the measurements of nitrogen flux 

which do exist are mostly preliminary estiniat:es of the nitrogen gained or 

lo"st by a particular mechanism sud of the concentrations of certain chemieal 

compounds of nitrogen. Sorne more complete studies have been "carried o~t on 

specific ecosystems 

aHi, 1981). 

I ¡, r'" ~. ' • .: ..... 
within the Amazon basin in Venezuela (e.g. Jordan et 

" 

In this study three aspects of the nitrogen balan~e 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 SoBrooes and Amal<onas. 

+ 2) Data on the N0
3 

and NH
4 

fluxes in a waterbasin in,Central Amazonia 

near Manaus. 

3) Data en tha inputs of nitrogen via biological nitrogen fixation to 

three Central Amazonian ecosystems and sorne fertilization and inoculation 

.tudies in the three soil:representing these three ecosystems. 

Ihe study is intended as a basis for identification of suitable sites 

and topics for further investigatíons. 

We emphasize the great need for the intensific:ation of research 

projec:ts with the objective of filling sorne of the gap" in present knowledge 

and in particular, c:onsidering the increasing population pressure in the 

regien, that it i5 important that these studies should be started as soon as 
... 1(' :. 

possible before "natural environmpntal c:onditioos are altered by human 

activities: 
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1) Nitrosen balance oí the Amazon basin 

An estimate oí the nitrogen balance of the Amazon pasin "'as made using: 

ü) !he flux of the River Amazonas measured by Oltman (1967), at 

Obidos. 

b) NO) concentrations measured by Gibbs (1972) at the mouth of the R. 

Amazonas. 

e) Concentrations of various forms of nitrogen measured by Schmidt(1972) 

at Manaus. 

lt ",as necessary to make sorne assumptions in order that the existing 

data could be extrapolated to the ",hole Amazon basin: 

a) That the re1ative concentrations of the various nitrogen compounds 

do not vary álong the River Amazonas after Hanaus. 

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

the same for the area 'from Obidos to the mouth as that abo~e Obidos. 

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

Fig. 1 -'Shows the mean monthly concentration of the various nitrogen 

eompounds in the river water, along ",ith the total monthly discharge. lt is 

evident that N-N03 is controlled by the river flo",; highest discharge is 

coincl,dent with lower N-NO; concentrations. This trend is also true for 

the organic nitrogen, a1though we have no explanation for the peak that 

occurred in August. N-N02 "'as very low throughout the year. 

Fig. 2 ~'$hows che total monthly fluxes for suspended organic N, 
" J 

Kjeldahl N and total N. Although concentration is inversely correlated lOo 

discharge, this is not trne for total N fluxes, where the highest quantities 

are being transported during the highest river discharge. 

Figure 3 is derived froro Figure 2 and shows that almost 90% of the 

nitrogen in the River Amazonas is in the organic form, and that this "Blues 

stays almost constant throughout the year. The second most important 10ss of 

nitrogen is in the forro of organic nitrogen in suspension, which shows greater 
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variation during the year. The authors cited con elude that soluble N-NH 4 is 

relatively unimportant in comparison with soluble organic N. The contribution 

of N-NO; i5 also very small. 

Table·l shows a large disc,epancy between the data of rlifferent 

authors and emphasizes the need for further research in this ares ;'<." 

Table 2 shows that the R. Amazonas discharges about 234 x 103 toones of 

nitrogen per manth, with a m~~imun in April of 370 x 103 tonoes, and a 

mini~um in October of 130 x 103 tannes. Ihe total annual 1055 of nitrogen 

from the Amazon basin is 3.1 x 106 connes which is equiva1ent to a 105s of 
-1 -1 

approximately 4 to 6 kg nitrogen ha yr This i5 a minimum value 

considering that the calculatian was based on the lowest va1ues found in che 

1i te rature (see Tab le 1). 

2) N-N03 arid NH: flows in a Central Amazonian waterbasin 

In 1979 water balance studíes were initiated in a Central Amazanian 

waterbasin, through a United Nations projeet BRA/172/010. Ihis ~aterbasin 

is located approximately 60 km north of Manaus, off the road from ~~naus to 
2 Caracas (BV-S). The basin i8 about 22 km and supports typical "terra firme" 

(non-flooded) rain forest growing mainly en oxisol, although ultisols are 

frequent alang the stream beds. Over the last two years precipitatíon has 

been measured with 11 pluviometers, the srream flow has been"measured at two 

sites and convenríonal meteorologieal measurements have be en made at a 

climato1ogical station which includes a 20 m2 evaporation pan. Figure 4 

indicares rhe distribution of the ínstruments utilized and the location of 

the climatological station. 

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

weekly íntervals and analysed for varíous elements 

N-N0
3

• In this paper preliminary data for balance 

May and June of 1980 are presented. 

. 1 . N + d l.nc udl.ng ,-NJ{ 4 an 
+ -of N-NH and N-NO in 
4 3 

Table 3 sh~s that the N~NJ{4 concentration in rainwater was 0.02 ppm, 

and N-N03 was 0.005 ppm for both months. Total nitrogen input in rainfall 

was calculated to be 49.0 kg and 44.2 kg for May and June respectlvely: 
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Scream;water concentrations were 0.043 ppm and 0.025 ppm of N-NH4 
May and Junf! respective1y. N-NO) concentrations were lower at 0.005 ppm 

h . 6 3 
for both mo ths ..... ·total outnow was calculated to be 1.1 x 10 ¡;; and 

6 L3 ' 
0.98 x 10 in for Hay and June respectively. TOé.al ou!:put wag therefere 

I 
ealculated :to be 37.8 kg N and 20.2 kg N for eac!l ¡oonth. 

1 

for 

oucputl rate of N-NO-
3 i 

-1 was found to be approximate1y 0.0005 kg ha for 

both months. These vaIues are much lower than the output rate of nitrate 

calcuiatedl¡for the same months by Sehmidt (1972), which was 'approximately 
-1 

0.025 kg N ¡ha • 
, 
I , 

3) NitrogeJ input s via biological nitrogen fixation 
¡ 
I 

Nitrogen fixation has been studies' in various systems in the vicinity 

of Manaus,lbY acety1ene reduction, nodule distribution ~d natural isotope. 

variation ~ethods. Also inoculation e~~eriments have been carried out in 
1 

the different local soils with sorne legume crops. 

The s'tudies concentrated on three soi1 types ",hieh are signifieant in 

the regían for different reasons. Firstly, the "varzea" is the fertile 

alluvial soi1 whieh oeeurs along the banks of white water rivers, sueh as 

the Solimaes and the Amazonas. The natural forest vegetation on this soi1 

has nearly a1l been eleared and the land is used for relatively intensive 

produetian of vegetables, milk, sorva \CoumQ gu.i.<1Itu,ul, jute, etc., even 

though it, is flooded for three or four months o.f che year. There are l1Iany 

introdueed and native grasses, legumes and other plants growing there, 

",hieh are often adapted to flooding and sorne of "hieh ean float. 

Secondly, the eempina and campinarane vegetarian grows on white sandy 

soi1 eovered with a layer of semi-decomposed material and live roots up to 

one met~i thiock. Water in streams draining these areas is tea- coloured 

due to high concentrations of organie compounds, snd forrns the black water 

rivers, such as the Rio Negro. The vegetation in these areas appears 

xerophytic, although chis is in fact an adaptation to the oligotrophie 

conditions. lt is low in stature, is domi~ated by certain species, some of 

whieh are legumes, and the tree trunks. branches and leaf surf.aees are 

colonized by epiphytes and lienens. The sites tend to be small and 

separated by other types of forest and a certain degree of endelOism has 



, -

'" 

f 
.. (:\",:, , ..... 

6 

been found: 
" 

The soil is of no use for agricu1ture, but the sites are being 
I 

destroyed because the sand is needed for road construction. . , 

ThirAy, and by far the most impcrtant in terms of area occupied and , ., .' . . . 
prob1ems ptesented for agric~ltural' deve1opment'is the rain forest growing 

I ." '. 
on oxisolsjand ultisols. Thís forest is more diverse tuan campiu"; •. I, ...... 'i .j 

vegetatíonf Legumas are one of the five ~st.~bundant.fami1ies (Rñ¿p~~s). 

lt has a hl.gh biomass (473 tonnes ha-1 , Ring·le 1976) and is being 
. I 

increasingiy used for 4 wide range of agricultural production inc1uding sugar 

cane, pa~tLres, rubber, cocoa, fruit trees and subsistenee crops sueh as rice, 
I 

cowpeas sud cassava. 
I 

, I . h The s~ud1es ave shown that: 

1 
1) A~though there lS a high proportion of legumes in the primary rain , 

forest on ¡oxisol ~~ey. ~r:,~_ o~ly sparsely nodu1ated (Norris, í ," .. -¡ ; Syl ves

ter-Bradl~y et a111 (~~s). Tue highest rates of acetylene reduction 
I --- -1 -1 

deteeted ~n the root mat extrapolated to 1.5 kg N fixed ph yr , 

, 15 14 
2) Tuere i5 no difference in the Ó NI N between 1egumes and 

non-legumes in primary forest on oxisols, but there ís a sígnifícant 

difference bet-ween, leaves. of legumes and non-legumes in campina vegetatíon 

(Victoria' et alii:' HiSO;"-Tahle 4). Nodules were not found on roots of 

1egume plants in campina vegetation, but this may be beeause they were very 

deep.· (unpuhlishe.d observation). 
. . , .. ', -' ~"." " . 

3) Epiphytes ~d lichens.in campina vegetatíon did show acetylene 

reducing activity but this was diffícult to quantify on a per hectare 

has is., (LeÜe dos Anj os & Sylvester-Bradley, unpublished). ,. 

4) Legumes in rain forest on u1tisoi were nodulated (Norris, '. ") 

and theír roots reduced acetylene. The highest rates det,e.';'t_ed extrapolated 
-1 -1 

to 20 I<g N fixed ha yr (Sylvester-Bradley!..!:. aHí, in-press). 

," 
S) Legumes in priroary forest on varzea soí1 were :'!.,,:·ty well nodulated. 

The highest rates of aeety1ene reduction detected extrapolated to 243 kg N 
• 1 • . 

fixed l>a-1 (Sylvester-Bradley !..!:. alU, in p~es~). 

6) Aeetylene reduction activ\ty.i~ roots oí aquatic planes and termites 
'., '.:1' '", 

(Sy1vester-Bradley et alii, '1978; ·19'80) was also detected. It was found 
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that acetylene reduction by termites was extremely sensitive to 
I 

disturbance. 
I 

7) ln~culation of cowpea.s and winged beans grow1\ in oxisol did not 
; 

in crease their nodulation, but inoculated plants with comple~e. fertilization 
I ...... ~ 

excepting ~itrogen grew much better and were well nodulated (Oliveira & 
! 

Sylvester-Bradley, submitted). 

! 
8) Bukning the vegetation'before co11ecting the soi1 was not as 

I -~ 
effect1ve ¡S fertilization for increasing plant growth .(Oliveira & 

Sylvester-Bradley, submitted). 

! 

Sorne ~f these data are summarized in TabIe S. 

! 
Ttres e¡! data on ni trogen fixation, aIthough limited in their s cope, 

have sorne ¡interesting imp1ications. Firstly, the large' difference in the 

levels of root associated nitrogen fixation in oxiso1s, ultiso1s and 
.' enti50ls lmp1y that there must also be large differences in losses of 

nitrogen froID these systems. 

Secondly, che limiting factors for gra.·th and nitrogen fixation in 

each soíl type are presumably different. For example, varzea soil 

contains over 30 ppm phosphorus, whereas oxís01s and ultisols contain around 

2 ppm. In ultisols los ses of nitrogen by leacbing are like1y to be greater 

than in oxiso15. Thus the potential for nitragen fixation in the varzea i5 

much greater than in oxisols and ulti501s because phosphorus i5 not 

limiting. Many more problems would be expected wich using biological 

nitrogen fixation as a source of nitrogen for crops after clearing the 

forest from ultisols and oxisols than in the varzea. The tenfold greater 

nitrogen fixation detected in u1tisols than in oxisols is presumably due to 

a greater 10s5 of nitrogen from ultisols by leaching. !hese soils are 

considerad by local farmers to be easier to cultivate than oxi501s, and they 

support better nodulation in pot experiments. However, they tend tO occur 

on more sloping ground and chere fore are more easily eroded. Consequently, 
'.~ . 

oxi5015 are considered as preferable for agricultural developmenc. Ihere' 

may be several reasons for che low nitrogen fixacion in oxi5015. lt seems 

most like1y to be due to a combination of high soi1 nitrogen (8000 kg N 
-1 

ha ¡ Klinge, 1976), low pho5phorus, and possib;'y toxic substances 

produced by the vegetation which inhibít nitragen fixation. 
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Thirdly the occurrence of greater nitrogen fixation associated with 
I 

epiphytes in campina vegetation than in primary forest implie5 that the 

importance Ff epiphytes should be assessed in different kinds of tropical 

rainforest ro that their contribution of nitra gen to the system relative to 

other nitrogen inputs can'be determined. , , 
¡ 

General Con~iderations 
j 

i 
Based Fn the data presented here sud information from other authors 

during this! meeting, especia11y the working group for tropical rain forest 

(Jordan, Herrera and Sanhueza) it has been possible to establish a balance 

of nitroge~ for the Ámazon basin. The hypotheses and information utilized 
I 
I 

were: ! 

I 
1) Thel overall fl()W of nitrogen at the mouth of the Amazon River is 

-1 -1 
6 kg N ha yr • , 

I 
I -1 -1 

2) Th~ input of nitrogen via the rain is 6 kg ha yr 

3) Biological nitrogen fixation was calculated considering that oxisols 

occupy 50% of the Ámazon basin with arate of nitrogen fixation of 2 kg 
-1 -1 

ha yr ; u1tisols occupy 45% with arate of nitrogen fixation of 20 kg 

ha- l yr-1 ~d the remaining 5% i5 occupied by soi1s with a high potential 

nitrogen fixation of 200 kg ha- l yr- l !bus oxis01s (3 x 108 ha) fix 

6 x 105 kg N yr -1, ultisols (2.7 x 108 ha) fix 54 x 105 kg N yr -1 and varzea 
8 5-1 and other fertile soi1s (0.3 x 10 ha) fix 60 x 10 kg N yr ,which works 

-1 -1 
out to an average of 20 kg N fixed biologica11y ha yr 

Accordingly the 10sses of nitrogen by denitrification and volatilization 

shpuld be of a similar magnitude, unless the system is accumulating nitrogen, 

or agricultural development i5 cáusing losses of nitrogen and not replacing 

them by fertilization or nitrogen fixation. 

The overall nitrogen balance for the Amazon basin therefore works out 

to input from rain: 36 x '105 t yr-1; input from biological nitrogen fixation 
5 -1" 5 -1 

120 x 10 t yr ; ontput from the Amazon ~iver 36 x 10 t yr ; ontput by 

denitrification and volatilization (by difference) 120 x 105 t yr-1 • 
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", .. -_.- Table 1 - Nean nitrate-nitrogen concentration obtained by various 

autho_u'rs and the mean month ly discharge of N-NO;. 

Di S charge 01 tman (1967) Giobs (1972) SCIU\! DT 72. - ' 

, 

Obi dos (x 10 9ml ) ,N-NO¡ -- .. ---- ---N~NO 3-'------ - -; -N=No-._ffia-s-s,_f.low, ___ 1 

(qJtman J 96 7) (ppm) (ma~s x 10\On ppm (mass flow) ppm (x 10 ' ton) 
1 

JA~ ...... 295 0,065 19,2 

FEB •••••• 349 - 0,064 22,3 

-I·~R •••••• 455 Nax. conc. 0,3 ppm 0,043 19,6 

APR ...... 557 /4; n. conc. 0,1 ppm 0,035 19,5 
HAy ...... 643 I,!ean 0,2 ppm 0,023 14,8 

JUII •• ' •••• 622 
, 

0,018 11 ,2 
JUL •••••• 549 0,1 54,9 Total year 0,99 x 

• 10 Gton 0,028 15,4 
AGO •••••• 442 0,1 . 44 2 

" , 0,024 10,6 
SEP •••••• 311 

l-laan (I~on th )82,5 ) 0,040 12,4 

OCT •••••• 241 ' 10 3 too 0,084 2e,2 

NOV •••••• 220 0,076 16,7 
OEC •••••• 254 0,071 18,0 

TOTAL 199,9 
lilEAN (MONTH) 16,7 

. , 

. 



- ._ ...... .. 2 

• 

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

discharge at the rnopth. 

DISCHARGE 

JAN ..... 295 
FEB .•.•. 349 
MAR ..... 455 
APR ..... 557 
MAY •..•. 643 
JUN ..... 622 
JUL. .... 549 
AGO ..... 442 
SEP ..... 311 
OCI. .... 241 
NOV ..... 220 

DEC ..... 254 

TOTAL YEAR 

~lEAN (MONTHLY) 

SCHMIDT '(1972) ,. 
N-TOTAL (xlO' ton) 

(OBIDOS) 

237.8 
291.6 
269.8 
332.0 

229.0 
285.5 
235.0 
338.6 
134.0 
117.3 
154.0 
189.2 

2.813.8 
234.5 

f ., ----------MOItTH- eORREthi----.. -·-·---·~--·---

TOTAL (x 10 3 ton) Kg/ha 

266.8 0.4 
314.8 0.5 
301.2 0.5 
370.1 0.6 

254.9 0.4 
318.1 . 0.5 
261.9 0.4 
377.6 0.6 
.149.6 0.2 
130.5 0.2 
172.2 0.3 
211.6 0.4 

3.129.3 5.0 
234.5 0.42 

.... 
o 



I 
1 

I , 
I 

I 

11 

Table 3 -IPreliminary nitrogen balance of N-MH! and N-NO; at the water 
1 ,",",,'_ I basin for the months of i~y ,and Junc 1980. 

MAY 
JUNE 

Mea~ , 
prer:
(mm) 

I 

Total 
ppt. 
(ml

) 

IGARAPE 
TOTAL FLOW 

(in3 ) 

'}lA'i 1,l'x 106 

JUNE O, 98x 10 6 

+ 
NH~ 
ppm 

0,02 

0,02 

NH. 
ppm 

0,042 

0,025 

1 N P U T 

NO, NH~ 

ppm kg 

0,005 45,7 

0,005 41,2 

OUTPUT 

0,005 

0,005 

NH .. 
kg 

36,6 

19,1 

N-NO, OUTFLOW RATE (Kg/ha) 

3,3 

3,0 

NO, 
kg 

1,2 

1,1 

TOTAL 
i1Iií" "~ n.< 

49,0 

44,2 

TOTAL 
OUT..-- , .. 

37,8 

20,2 

"Bacia Modelo" SCHHIDT (1972) 

}!AY 

JUNE 

0,00055 

0,00050 

, 0,0296 

0,0224 



Table 4 - 6 15 N% o in' le aves of legume and non-legume trees growing on two soi1 types in Central 

Amazonia, Brazil, relative to 15N/I'N of atmospheric Nz (Victoria ~ ~¡ 1979). 

COMMO. NANE OF PLANT 

Legume 

Macucu (A1!.dÜto(ea.ti.~OUal 
Faveira (P.i..thecolob'¿um Sp) 

Ange lim {P.i..t/¡ecotob'¿wll rRaCelttM.um 1 

'Iuirapiran'ga {Caúalp'¿l1o,¿dael 

Visgueiro {Pank.i.a Sp I 

Copaiba roxa (Caebalp'¿¡LtJlO.¿dae) 

Tento (Pa.¡I p.iUoli:¿dae I 

Non-le¡¡ume 

Mata-mata I Lec.i..tUa.ceael 

Ucuuba branca [V'¿l¡ota. S Ul!..i.nabueltb.ú.I 

Casca doce (GtycoxyiOlt ·1ItOplú.lwud 

Andiroba [CaJL<lpa Gu.i.al1el1b.ú.) 

pitomba de macaco {Sapataceae.l 

R. Ducke 
(c1ayey soil) 

+ 3.9 

+ 7.8 

+ 6.5 

+10.0 

+ 8.1 

+ 5.8 

+ 5.9 

+ 7.0 

-----"._-_._-~ .. _- ----_ .. _---

Campina 
(sandy soil) 

- 1.9 

- 1.6 

- 2.2 

7.0 

- 7.0 

,... 
'" 
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i Table ¡S 
¡ 

Nitrogen fixation (C.H, reduction) in various systems in Central . --
Amazonia, Brackets indicate an approximate estimate.""' ' . . ,: , 

of primary forest on c1ayey soi1 . loSO 

, 
rood of secondary forast on clayey soil(no cultivation) 

I 
2.45 

i 
I 

,. 
roots of secondary forest on sandy soil 

I 
20 

rootr of primary forest on alluvial soi1 243 

, , 
ep1phytes on campina vegetation I . (S-20) 

epiphytes on primary forest on clayey soi1 (O-S) 

aquatic macrophytes (100) 

termites (0-5) 

grassroots in oxiso1 in "improved pastures" (very low) 

grass roots in alluvial ("varzea" soil (much higher) 

-
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Fig. 1 - Monthly discharge of the, Amazon ri ver Bt Obidos (OLUú\N. 1967) 

. and mean month1y concentration of the various nitrogen 

compounds (SCHmDT. 1972). 
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Fig. 2 - Monthly river discharge (OLTHAN. 1967) and total monthly fluxes 

of ni tro&!!n. calculatc, ,/Ú;' SCHHIDT (1972) "clac-a-, 
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NH. + ORG. IN SOLUTION 

.ORG. SUS? 

Fig. 3 - Monthly river díscharge -(OLTr·lAN, 1967) and relative distribution 

of the various nitrogen compounds. 
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