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Abstract 

Sorption of NO- by different horizons of a highly weathered, acid tropical soil was measured in 
laboratory batch experiments. Sorption was found to increase with depth, ranging from small amounts 
in the 0-15 cm layer to amounts that would be roughly equivalent to 25 to 50% of the NO- in the 
90-120 cm laver at water and NO contents commonly found under field conditions. Calculations. 
based on sorption isotherms, demonstrated how sorption may be important for managing N in a tropical 

3
acid soil. Sorption of CI- was also found in the range of 0.1 and 2.0 mol m . In this range of 
concentrations sorption of NO-- and chloride were found to be independent, suggesting that anion 
exchange sites were far from saturated. 

Introduction 

Nitrate leaching is an important factor for man-
aging soils in the humid tropics. Acid soils of the 
tropics have been shown to retain N03 despite 
large fluxes of water through the soil profiles 
(Black and Waring. 1976; Jones. 1976; Ng kee 
kwong and Deville. 1984: Wong et al., 1987). 
This retention of NO- has been attributed to 
physical and chemical properties characteristic of 
these soils. 

Wetselaar (1962) and Wild Babiker (1976) 
hypothesized that preferential flow of water 
through macropores in well aggregated soils 
leaves behind NO in micropores. Tritiated 
water and dye studies of Seyfreid and Rao 
(1987) support this hypothesis: however, they 
contend that preferential water flow occurs only 
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under saturated conditions through 'conducting 
pore sequences'. Many acid soils in the tropics 
are so permeable that rainfall intensity in­
frequently exceeds infiltration rates. 

Anion sorption may also cause retention of 
NOT. Several workers have reported significant 
sorption of N0 3 in tropical acid soils (Black and 
Waring, 1976: Kinjo and Pratt. 1971; Ng kee 
kwong and Deville, 1984; Parmar et al., 1980: 
Singh and Kanehiro, 1969). The mechanism of 
sorption of N0 is theorized to be due to 
couiombic attraction of N03 and positively 
charged sites on kaolinitic and allophanic materi­
als, and protonated hydroxyl groups of 
aluminum and iron oxides (Hingston et al.. 1972: 
Singh and Kanehiro, 1969). Consequently NO­
sorption increases with increasing electrolyte 
concentration and with decreasing pH (Singh 
and Kanehiro. 1969). 
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While the properties of NO, sorption such as 

the role of pH mineralogy, surface area, and 
organic matter have been investigated (Black 
and Waring, 1979), most studies were conducted 
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with solutions of concentrations of 0.5 to termined for each composite sample so that ex­

50 cmol L- N03 (Black and Waring, 1979; changeable NO could be calculated on an oven-

Kinjo and Pratt. 1971, Singh and Kanehiro, dry basis. 
1969). These concentrations are outside the Soil from each horizon was equilibrated with 
0.101 	 to 0.1cmol L-* NO1 range commonly Ca(NO 3 ), solutions of concentrations of 0,0.36. 

-
found under field conditions (Arora and Juo. 1.07. 2.14, 2.86, 4.29, 7.14 mole m 3of NO 3 . In 

1982: Black and Waring, 1976: Wong et al., order to study the effect of cations on NO­

1987). For the purpose of modeling the transport 	 sorption, solutions of KNO 3 with concentrations 
of 1.07 or 2.86 mole m were also equilibratedof NO, in agronomic soils, sorption isotherms 

need to be measured at concentations repre- with soil from each layer. Soil of the 60-90cm 
horizon was equilibrated with 0.0, 0.5, 1.0,sentative of those likely to be found under field 

conditions. We conducted batch equilibration ex- 2.0 mole m- KCI solutions to determine 
whether Cl- sorption was significant. Treatmentsperiments to quantify NO- sorption by an oxisol 

of the central Amazon basin with amounts equiv- were duplicated. Twenty-gram samples of air-dry 

alent to adding 8 to 150 kg ha -'of N to a layer soil and 20 mL of solution were added to 50-ml. 

15 cm thick. plastic centrifuge tubes. Tubes were agitated ,h 
and centrifuged 15 minutes at 3000 rpm to obtain 
a clear supernatant. A kinetic study of NO 
sorption showed that after I h the concentrationMaterials and methods 
of NO, in solution did not change appreciably. 

Soil used in the sorption study was composited Supernatants were decanted and filtered through 

from samples of a held, used for maize experi- 0.1 Am polycarbonate filters. The chemical com­

over the last 6 years (Cahn. 1991), and position of the supernatant and solution remain­ments 
located at the Centro de Pesquisa Agroflorestal ing in soil were assumed to be equivalent. Super­

de Amazonia, (CPAA) 30 km northeast of Man- n,. tant solutions we:e analyzed for Cl-, NO0, 
and SO- with a Dionex 2000i ion chromato­aus, Brazil. CPAA is the national research center 

equipped a HPIC-AG3for agroforestry of the Amazon and is operated graph, with separator 

by the Empresa Brasileira de Pesquisa Ag- column. 
+ NH*) wasropecuaria (EMBRAPA). The soil is classified Inorganic nitrogen (N0 3 + NO 2 

aby U.S. soil taxonomy as a v'ery fine kaolinitic, extracted from bulk samples with 2 M KCI at 

isohyperthermic Typic Acrudox (Melgar. 1989) solution-soil ratio of 5 to determine initial levels 

or by Brazilian soil taxonomy, a yellow latosol. of NO- (N,). Ammonium and NO- were ana-

Avcrage clay content of the soil is 80% (Melgar. lyzed by MgO-Devarda's alloy s.L-:m distillation 

1989), average pH is 4.5. and effective cation as described by Keeney and Nelson (1982). 
bulk soil, analyzed by ionexchange ranges between 1.0 and 3.0 cmol kg- Water extracts of 

(Cahn, 1991). chromatography, did not contain significant 
Samples were collected at 15-cm intervals of levels of nitrite. 

depth to 120cm from 32 plots of 5 by 8 m Sorbed NO. was calculated by the equation: 

dimensions during November 1988. May 1989, 
NJ(V + V,)]November 1989. and March 1990. Half of the [V x N, + N.,x W ­

plots received calcitic limestone (4.000 kg ha-_ of N, W (1) 

CaCO,), incorporated to 15-cm depth, during 
October. 1988. Soil was air-dried and ground to where N, is the amount of sorbed NO 3 per 

concen­pass through a sieve of 2-mm openings. Compo- weight W of oven-dry soil. N, is the 

site samples, representative of 0-15. 15-30. 30- tration of NO- in solution after equilibration. N, 
6(). 60-90. and 90-120cm horizons, were made is the concentration of NO 3 in volume V added 

by combining 20 g of soil from 12 to 13 randomly to the soil, N,1 is the initial amount of NO. per 

chosen plots of each sampling date. Each compo- weight of oven-dry soil. and V,, is the volume of 

site sample was blended 2hrs in a twin shell dry water initially ia the air-dry soil. 

mixer. The gravimetric water content was de- To empirically describe the relationship be­



tween the concentration of NO, in the soil 
solution and the amount sorbed on the soil. 
Freundlich equations of the cype 

X = aS" (2) 

where X = amount of sorbed NO- per unit 
weight of soil. ool kg - '. S =NO, ccncentration 
in solution. mol nt 3 and a and b are parame-
ters. were fit to the data with one equation for 
each laver. The Freundlich equation best de­
scribes data of dilute adsorbate concentrations, 
where a maximum sorption was not determined 
(Bohn et al., 1979). 

Results and discussion 

The possible differences in sorption of NO. from 
Ca and K solutions were tested by regressing the 
concentrations of NO, remaining in solution 
with the 2 salts after reaction with the soil. The 

resulting regression had a slope of 0.1'9 an inter-
cept of 0(.002 and an R of 0.95. On this basis ihe 
sorption was judged to be the same for both salts 

and the data were combined. 
Data presented in Figu; 2 1 showed that NO3 

sorption increased with depth and NO3 concen-
tration. Parameters of isotherms (Eq. 2) for each 
depth are presented in Table 1 together with pH 
and initial NO content. 

0 
I 90-120 CM 
Fn ,X"
o 3 60-90 cm 0 

S306 30-60 cThecm"5 ,, 
E2 / .. 

V / 6-

,r'1-30cm 

0Z 0 0-15 cm 
0 . 

0 I 2 3 4 5 6 7 
NO 3 in solution, mol m - 3  

Fig I. Nitrate concentrations sorbed on soil plotted against 
NO, concentrations in solution for live depths of soil. Sym-

hols are experimental points, lines are of the type equation 

(2) with parameters prcsented in Table 2. 
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Table I. The pH (1:1 soil-water ratio), initial NO, contents 

(N,) and parameters in equation (2) fitted to the NO, data 

for soil samples from different depths 

Depth pH N, Parameters 

(cm) (mol x 10 'kg ' a b 

0- 15 4.98 1.6 8.2 x 1 ' 0.59 
15- 30 4.44 1.9 4.6 x 1(0 0(.81 

30- 60 4.47 1.3 4.6 x 10' 1.1)3 
60- 90 4.54 1.3 9.8 x mo-, 0.68 
90-121 4.58 1.6 1.6 x 10' (.65 

Both pH and organic matter have been nega­

tively correlated with anion sorption (Black and 
Waring, 1979). These relations may explain dif­
ferences in sorption between the topsoil (0­
15 cm) and the subsoil horizons, but would not 
explain differences among subsoil horizons since 
pH differences are small and we presume that 
the differences in organic matter content are also 
small. Likewise, soil texture, similar throughout 
the subsoil profile (Melgar. 1987), does not cor­
relate with the pattern of NO3 sorption. We 
speculate that the pettern of NO sorption in the 
profile may relate to the compositions of Al and 
Fe minerals at different depths. 

Chloride sorption, was found to increase as a 
function of concentration of CI- in so'.:ion in 
the 60-90 cm layer (Table 2). Increasing sorbed 
Cl- did not change levels of N03 in solution 
(Fig. 2b). Likewise. increasit.g amounts of sor­
bed NO3 did not affect the concentrations of Cl 
in solution (Fig. 2a). The noninterference be­
tween sorption of NO3 and Cl- suggests that the 
anion exchange sites were far from saturated 
even at the highest solute concentrations chosen
for this study. 

effect of NO 33 sorption on leac' ing is 
illustrated by the following. Suppose that 
50 kg ha-' of NO.-N is contained in a laver of 

Table 2. Concentration of CI in solutions added and after 
equilibrations (linal) with soil from 60-9(1cm depth 
Concentration (mol x 10 ') 

Added Final 

0.0 0.1 

1). 
.5 1.6 

0.51 

2.11 1.2 
1.22.0 

(T)
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Fig. 2. Effect of adding NOI on Cl in solution (A) and 

etfect of adding CI on NOI in solution (B). 

soil 10cm thick. the volumetric -water content is 
50%. and the bulk density is Igcm 3 . Based on 
the isotherms of Figure 1. (Eq. 2), 89% of the 
total NO, in the surface horizon will be in 
solution while 29% in the 90-120cm layer will 
be in solution. Corresponding calculations for 
150 kg of NO -N ha are 90% for topsoil and 
46% for subsoil layers. Consequently, NO, 
should leach from the topsoil faster than from 
the subsoil. and the proportion of NO that is in 
the subsoil should increase with cumulative 
rainfall. 

These effects of sorption were reported in the 
leaching study of Cahn (1991), who found that 
NO concentrated in the lower horizon of the 
Manaus oxisol between 60 and 120 days after 
fertilizer application. Similarly, Wong et al. 
(1987) and Jones (1976) found that NO ac-
cumulated in the lower horizons of acid Nigerian 

soils. 
Although the subsoil retains NO, offering a 

temporary reservoir of N for the crop in the late 
season, excessive soil acidity inhibits deep root 

penetration (Cahn. 1991); consequently. NO- in 
the subsoil is destined to leach to lower depths. 
along with associated cations. Deep-rooting 
crops. which could tolerate subsoil acidity, might 
extract NO, retained in the subsoil. 

Conclusions 

The results demonstrated that NO3 sorption is 
an importamt phenomenon at concentrations rep­
resentative of crop conditions in the soil we 
studied, particularly in the lower horizons. Ni­
trate sorption may strongly influence the dis. 
tribution of NO- in an oxisol a.' should be 
considered when studying the management of N 
in these soils. 

studies will be needed to establish the 
soil properties for the phenomenon and its spa­
tial distribution both within profiles and among 
profiles because of its importance to N manage­
ment. On the one hand sorption tends to retard 
leaching in the soil in the region deeper than 
40cm: this could serve as a temporary storage 
for NO. Thus NO leached out of the surface 

layers of the soil early in the season and tempo­

rarily stored in the sub-surface layers might be 
used later in the season. On the other hand. 
sorption may reduce N uptake and hence the 
benefits of retarded leaching may not always be 
as large as expected. 
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