
Biogeochemistry 7: 241-256 (1989)
© 1989 Kluwer Academic Publishers. Printed in the Netherlands

Chemical composition and nutrient loading by precipitation
in the Trachypogon savannas of the Orinoco llanos,
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Abstract. Samples of bulk precipitation were collected in the Trachypogon savanna, Calabo-
zo, Venezuela, during three consecutive years. In the first year, rain samples were taken daily;
in the following years the samples were grouped on a monthly basis. In addition, samples of
dry deposition were collected during the dry seasons. All samples were analyzed for the
following water soluble cations and anions: PO,-P, SO4-S, NO,-N, NH4-N, Ca+2, Mg+ 2,
K +, Na+ and H+ . The mean annual input rate of chemical constituents (Kg ha ' year ') was:
PO4-P (0.42); SO4-S (2.62); NO,-N (0.21); NH4-N (2.03); Ca +2 (3.50); Mg+ 2 (11.31); K+

(3.60); Na+ (5.93) and H+ (0.03). The total mean input of particulate material to the savanna
during the dry season was 2.06Kgha-'year-', with a soluble fraction of 30%. Possible
sources of nutrients input were analyzed.

Introduction

Trachypogon savannas are widely distributed in northern South America,
covering circa 480 000 Km2 of the Orinoco Llanos; the Oriental Llanos of
Colombia; the hydrographic basins of the Rivers Orinoco, Casiquiare and
Negro in the Amazon Federal Territory, Venezuela and the Valleys of the
Amazon and Esequibo (San Jose et al. 1985) (Map 1).

Aboveground primary production of the Trachypogon savannas varies
between 7.0 and 9.1 tha-' (San Jose & Garcia Miragaya 1982), and under-
ground production between 1.2 and 2.9 t ha-' (San Jose et al. 1982). This
low productive capacity has been attributed to physical and chemical soil
characteristics (San Jose & Garcia Miragaya 1982). These soils are ex-
cessively dry with a lithoplinthic horizon (Smith et al. 1977) close to the
surface; low in: pH, cation exchange capacity, nitrogen and phosphorus.

Studies in tropical communities growing on oligotrophic soils indicate
that atmospheric deposition could be an important source of nutrient input



242

Map . Distribution of the Trachypogon savannas at the Orinoco Llanos.

to the ecosystem (Will 1959; Coutinho 1979; Jordan et al. 1980; Kellman et
al. 1982), even though most nutrients might be recycled from the same
system (Wetselaar & Hutto 1963). According to our knowledge, there is no
information available on the importance of rains as nutrient suppliers to the
Trachypogon savannas, only estimates of the quantities of nutrients in the
precipitation based on sporadic determinations (Escobar 1977).

The present investigation was conducted to determine the precipitation
chemistry and to estimate the soluble constituents of bulk precipitation and
dry deposition during three consecutive years in the Trachypogon savannas
of the Orinoco Llanos. It was felt to be particularly important to quantify the
total chemical input to this savanna, in view of the extreme oligotrophic
character of the soils.

Materials and methods

This study was carried out in a permanent 1-ha plot, located in the Trachy-
pogon savanna of the Biological Station of the Plains (80 56'N; 67°25'W).
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The climate of the area is characterized by a 4-5 month dry season with
potential mean annual evapotranspiration (2400mm) exceeding annual
mean precipitation (1228mm), and a mean annual temperature of 26 C.
The studied plot is covered by a bush island savanna with a herbaceous
layer, isolated trees and small patches of semi-deciduous forest. The domi-
nant grasses are Trachypogon plumosus (Humb. & Bompl.) Nees and Ax-
onopus canescens (Trin.) Pilger. Vegetation and soil of the Biological Station
have been described in detail (Aristeguieta 1965; Blydenstein 1962; Monas-
terio & Sarmiento 1968; Smith et al. 1977).

Three polypropylene (Nalgene) containers with a 2 L capacity each, were
placed (May 1st 1981) in an open field on poles 1.60m above the surface of
the herbaceous layer and spaced at 10 m intervals, delimiting the vertices of
an equilateral triangle. A standard rainwater gauge was placed in the centre
of the same. The system for sample collection has been described in detail
by Montes et al. (1985), with the following characteristics: the containers
remained open throughout the study period; the samples include a combina-
tion of wet precipitation and dry deposition, defined as bulk precipitation
(Whitehead & Feth 1964).

After collecting each rain sample, the containers and funnels were washed
with iso-propyl alcohol, followed by three portions, 200 ml each, of distilled
water. This procedure assures the elimination of any microorganism that
may develop on the container walls. Daily samples with visible organic
matter contamination, bird excrement and/or frass of insects were discar-
ded. Rain samples were collected daily during three consecutive years (1981-
1984) (see Fig. 2 for pattern of precipitation). Daily samples were analyzed
during the first year but during last two years half volumes of each daily
precipitation were taken and composited in polypropylene containers.
Thereafter monthly samples were analyzed. During the dry period dry
deposition was collected on 10 aluminium trays (294 cm2 surfaces and 10 cm
depth) placed at random, at the same height as the rain collectors. These
trays were used during three annual courses on January 19th, 1982; January
4th, 1983 and November 17th, 1983; and samples collected on February
18th and March 28th, 1982; February 15th, 1983 and February 20th and
March 25th, 1984, respectively. Each tray was washed with 250ml of dis-
tilled water, and this suspension was filtered through pre-weighed Whatman
No. 11 filter paper. These pre-weighed filters were dried out at 80 °C and
re-weighed to obtain the weight of the particulate material. There was no
organic debris on the trays and an additional control treatment was carried
out with aluminium containers not exposed to atmospheric conditions.

Samples of bulk precipitation and the filtrate of the particulate material
of dry deposition were preserved in chloroform (10.5 ml per liter) and stored
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in darkness, in polypropylene containers (NALGENE) at 4 0C. Test stan-
dards stored under the same conditions for the same length of time were
included in the experimental design. The chemical determinations were
carried out in less than a month. Samples were colorimetrically analyzed for
water-soluble macronutrients (PO4-P, NO3-N and NH 4-H), using a
Bausch and Lomb., Spectronic 20 photocolorimeter. Phosphate determina-
tions involved the formation of an antimony-phospho-molybdate complex,
which was reduced to an intensely blue-coloured complex by ascorbic acid
(Environmental Protection Agency 1979); nitrate was reduced to nitrite with
hidrazine sulfate, and the nitrite was determined by diazotizing with sul-
fanilamide and N-l-naphtha ethylenediamine dihydrochloride to form a
coloured azo-dye (Kamphake et al. 1967); ammonium was measured by the
salycilate method (Environmental Protection Agency 1979); sulphate was
obtained by the barium chloride precipitation method (Golterman 1969),
using a Shimadzu, Double Bean Spectrophotometer UV-150-02. Calcium,
magnesium and potassium were determined using the Varian Tectron 120-
A/A atomic absorption spectrophotometer. Solutions of lanthanum (La203)
were added to the samples to suppress phosphate interference for calcium
and magnesium analysis. Samples were analyzed for sodium by flame
photometry with Coleman (Perkin Elmer Co.) photometer.

For each rain event the mean bulk precipitation chemistry was calculated
from values for three collectors with a correction for rainfall volume dif-
ferences after applying the equation:

VWNMC = [(c) (vol)]
I(vol)

where c = M1 ' of ion in the bulk precipitation and vol = sample volume
of rainwater present.

To determine the total quantities of nutrients annually incorporated to
the savanna ecosystem, the amount of nutrients in bulk precipitation collec-
ted during the wet season were added to the amount of nutrients in the dry
fallout collected during the dry season. Thus, bulk precipitation correspond
exclusively to composite samples of rainfall and dry fallout collected only
during the wet season. The second term, dry deposition was collected in
aluminium trays as dry fallout only during the dry season.

Results

From May Ist 1981 to April 30th 1982, the daily volume of 101 rains was
measured. Twenty seven samples were not analyzed since their volume
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(< 3 mm) was insufficient for carrying out the required chemical determina-
tions. Another 36 rains presented problems of contamination and accidental
spilling and the samples were discarded. As a result only 38 sampled rains
were analyzed.

Nutrient concentration

Daily volume and the VWMC of soluble constituents (PO4-P, SO4-S,
NO3-N, NH4 -N, Ca+ 2, Mg+ 2 and K + ) in the sample rains, are shown in
Table 1. The effect of rain volume on the concentration of the soluble
constituents was analyzed by correlating the mean weighted concentration
of each constituent (PO4-P, SO4 -S, NH4 -N, Ca+2 , Mg+ 2 , and K+ ) with the
precipitation volume. The results showed no Pearson's correlation (Conover
1980); except for the anion NO3-N with a negative coefficient
(rho = - 0.40, p < 0.05), which indicates an effect of dilution.

Correlations among the VWMC for all anions were significant and they
also were correlated with the cations Ca+ 2, and K+; NH4-N was only
correlated with SO4-S and NO3-N. The concentrations of Mg+ 2 were not
statistically associated with the other ions.

The VWMC of soluble macronutrients (PO4-P, SO4-S, NO3-N and
NH4-N) were significantly higher at the beginning of the wet season (May,
1981 and April, 1982) as compared with the end of the season (October,
1981) (Mann Whitney U Test in Conover 1980).

A particular case was PO4-P which reached concentrations of 0.12 ppm
on May 25th 1981 and 0.10ppm on the 6th April (Table 1). Sporadic
increases in the concentration of some constituents were observed during the
wet season. On the other hand, seasonal patterns of the cations Ca+2 , Mg+ 2

and K+ (Table 1) were less evident. However, there were significant differen-
ces among them, according to the Mann Whitney U test. The mean monthly
concentrations for the annual courses; 1982-1983 and 1983-1984, show
similar values and analogous trends to those described for the daily con-
centrations.

Daily rate of nutrient input

The daily rate of soluble nutrient input by bulk precipitation in the Trachy-
pogon savannas, showed (Fig. 1) a high deposition value (mg m - 2 day ') in
mid wet season (July) of: PO4-P (2); SO4 -S (29); NH4 -N (23); Ca+ 2 (25);
Mg+ 2 (63) and K+ (42). These high values were associated with the highest
daily precipitation (85 mm) occurring in mid wet season (July).
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Fig. 1. Precipitation and daily input rate of constituents during one annual course (1981-1982)
in the Trachypogon savannas at the Orinoco Llanos.

Wet season
The ionic input of non-analyzed rains (1981-1982) was estimated as follows:
due to a statistically significant effect of dilution on the concentration of
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e0

ff9 99

Fig. 2. Monthly input rate of soluble constituents during three consecutive annual courses
(1981-1984) in the Trachypogon savannas at the Orinoco Lanos.

NO,-N depended upon the monthly data, the unknown concentration of

NO,-N per rain event was estimated from the corresponding monthly
regression of the NO,-N concentration analyzed per event as a function of
rainfall amount. For the other ionic concentrations (which were not cor-
related with rainfall volume), the mean concentration of each ion was
estimated from the analyzed rain samples and this value was multiplied byestimated from the analyzed rain samples and this value was multiplied by
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the volume of non-analyzed precipitation. These last calculations were
justified on the basis of temporal changes in concentration observed from
statistical comparisons (Mann Whitney U test on Conover 1980) of the
values between the beginning and the middle of the wet season.

The pattern of monthly input of the ions (PO4-P, SO4-S, NO3-N, NH4-
N, Ca+ 2, Mg+ 2, and Na+ 2 ) as components of the soluble fraction of bulk
precipitation (Fig. 2) showed a marked increase at the beginning of the wet
season. Thereafter this trend was followed by a decrease at the end of the
wet season to values of zero. According to Noether's test (1956), the month-
ly input rate of ions measured during the studied periods did not show a
cyclical trend with a probability ranging from 0.15 to 0.29. Ion input rates
were zero in 1981, in November and from September to November for
PO4 -P and NO3-N, respectively; in 1982, from September to October for
PO4-P, SO4-S, NO3-N and NH4-N and in 1983 from August to October
for PO4 -P, SO4 -S and NO3 -N, with the ion NH4-N showing the same trend
only in October.

Dry season
Table 2 shows the amount of dry deposition (mgm-2day-') collected
during the three dry seasons and the input rate of ions of the soluble fraction

Table 2. Input rate of particulate matter and chemical composition of soluble constituents
analyzed in the dry deposition during three consecutive years at the Trachypogon savanna of
the Orinoco Llanos.

Date Particulate H
+ PO -P SO4 -S NO3-N NH 4-N Ca

+ 2
Mg

+2
K

+ Na
+

material (pgm-
2
day-')

(mgm 2day ')

January 19th 5.00 28.3 81.0 118.0 3.0 48.0 67.0 16.0 10.0 -
February 18th, (0.20) (7.3) (8.6) (15.0) (0.8) (5.3) (10.5) (2.6) (1.5)
1982

February 18th- 7.37 5.6 12.0 11.0 5.0 32.0 67.0 12.0 3.0 -
March 28th.
March 28th, (1.50) (1.3) (0.8) (4.3) (0.7) (10.0) (5.3) (1.6) (1.0)
1982

January 4th 7.86 1.1 124.0 362.0 22.0 17.0 276.0 224.0 67.0 194.0
February 15th, (2.10) (0.3) (5.8) (20.5) (6.3) (8.3) (15.3) (12.6) (13.2) (6.5)
1983

November 1.58 1.1 193.0 85.0 3.0 6.0 20.0 58.0 16.0 108.0
17th-
February 20th, (0.90) (0.2) (10.5) (5.6) (0.2) (1.6) (3.2) (20.2) (2.5) (5.8)
1984

February 20th- 3.64 2.4 262.0 155.0 15.0 94.0 50.0 157.0 26.0 458.0
March 25th (1.10) (0.5) (15.0) (11.0) (1.7) (5.7) (3.6) (15.2) (3.2) (30.6)
1984

Mean value of N = 10; ( ) = standard error.
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of dry fall. It was observed that the input rate of ions of the soluble fraction
of dry fall varied within and among the dry seasons. The NO3-N and K+

depositions were lower as compared to other ions.

Discussion

Soluble constituents determined in the bulk precipitation and in dry deposi-
tion of the Trachypogon savannas during three consecutive years (May 1st
1981 to April 30th 1984) were within the range of values reported in the
literature for the tropics (Meyer & Pampfer 1959; Visser 1961; Thornton
1965; Steinhardt & Fassbender 1979; Jordan et al. 1980; Kellman et al.
1982). An exception was SO4 -S with values much lower than observations
in other tropical sites.

Results reported here reflect the effect of dry deposition on the chemical
composition of precipitation. Thus, the lack of correlation between ion
concentration and precipitation volume might be attributed to seasonal
differences in local meteorology, which affects the generation and dispersal
of atmospheric aerosols (Brassell & Gilmour 1980).

Nutrients input of soluble constituents in bulk precipitation during the
wet season as compared to dry season as expressed by a ratio, range from
2.3 to 7.8 for the three annual courses. These findings indicate that the
distribution of rains seems to determine essential differences in nutrient
inputs to the system. An exception was the phosphorus ratio with a range
of 0.4 to 1.3 times. These results seem to be characteristic of areas with
seasonal climate. Lewis (1981) found similar results for the Valencia Lake
(Venezuela), a tropical watershed characterized by intensive industrial and
agricultural activities. This result could reflect the relatively high concentra-
tion of phosphorus in the ashes produced after burning.

Unusual differences in dry deposition chemistry between years (dry sea-
son) seem also to be related with differences in the length of the dry season.
Thus, lower Mg+ 2 and Ca+2 input rates occurred in 1982, a year with shorter
dry season. Furthermore, the chemical composition and the input rate of dry
deposition apparently also depended on the occurrence of sporadic rains
during the dry season, and on the quality and quantity of the combustible
material present in the Trachypogon savanna (San Jose & Montes 1987).

Possible sources of the soluble constituents might be related to local
acitivities, induced by man, such as the traditional burning of the her-
baceous vegetation during the dry season (November to April) to obtain
palatable and nutritional food-stuffs for cattle. During the combustion of
plant matter, nitrogen and sulfur oxides are released into the atmosphere in
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either gaseous or particulate forms. These gaseous oxides could be washed
out and incorporated to the ecosystem after the rains begin (Bromfield 1974;
Raison 1970; Lewis 1981; Lewis & Weibezahn 1981). Vegetation burning as
a source of particulates may be evidenced from the analysis of the soluble
fraction of particulate material collected during the dry season, which
contained relatively higher concentrations of PO4-P, S0 4-S, Ca+ 2 , Mg+2 ,
K+ and Na+ and low concentration of the nitrogen compounds. This ratio
might reflect the chemical composition of the ashes from burned savannas
(San Jose & Montes 1987). Similar results have been reported by Lewis
(1981) who presumed that the absence of NH4-N and NO3-N ions in ash
samples, is due to vaporization.

Soil dust also could be an important pool of particulates for the wet and
dry deposition. The Mg:Ca ratio ranging from 2.77 to 4.22 in the bulk
precipitation and from 0.22 to 3.07 in the dry deposition could be due to
intra-system cycling of constituents coming from local and regional soils.
Analysis of alluvial soils deposited by the main local rivers (Orituco and
Guarico) indicate Mg:Ca ratios ranging from 1.50 to 2.11 (San Jose &
Montes 1987). The source of these rivers occurs in the Coastal Range (less
than 200 Km north) where deposits of ultrabasic rocks, consisting essentially
of ferromagnesian minerals, are present (Ministerio Minas Hidrocarburos
1970).

Other possible sources of soluble consitituents in the bulk precipitation
include local recycling by biological processes (Henzell & Ross 1973; Al-
exander 1977; Stutte et al. 1979), soil organic matter, microbial cell debris
and pollen (Dalal 1978; Visser 1961), marine source (Eriksson 1952a, b) and
atmospheric pollution (Prospero 1979) which should also be investigated in,
the Trachypogon savannas. On those lines, the ratio approaches could be
used (Schlesinger & Hasen 1980; Schlesinger et al. 1982) for separating the
deposition of new nutrients from the local recycling of nutrients in ashfall
and soil dust. The mean Ca:Na ratio (0.69) for the monthly deposition of
these ions in bulk precipitation suggested an enrichment of Ca ion in bulk
precipitation. This ratio was relatively higher as compared to the ratio
calculated (0.04) for sea water (Masson 1966). The K:Na (1.30 and 0.46 for
1982 and 1983 data) and Mg:Na ratios (2.70 and 3.01 for 1982 and 1983
data) in bulk precipitation were also higher than those ratios for the sea-
water (0.04 and 0.13, respectively) (Masson 1966) suggesting an enrichment
of K and Mg. In relation to the analysis of dry deposition, the ratios (Ca:Na,
K:Na, and Mg:Na) decrease as concentration of Na increased. These results
indicated that marine aerosol could be an important source during the dry
season when prevalence of the easterly trade winds. Similar findings have
been previously reported by Sanhueza et al. (1986).
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The present study indicates that nutrient input from bulk precipitation
and dry deposition (Table 3) seems to supply some of the nutrients necessary
for annual growth of the herbaceous vegetation in the Trachypogon savan-
na. Thus, comparing the calculated input of N, P and K with the respective
amounts present in the total vegetation biomass, including the above ground
biomass and the functional belowground phytomass (San Jose & Montes
1987) suggests that atmospheric deposition supplied only 19.5, 17.4 and
30.7%, respectively of the total amount of nutrients required for a burned
Trachypogon savanna to reach a maximum biomass of 482.33 g m- 2 during
the growth season (San Jose & Montes 1987). An exception to this trend was
Mg input, which was 3.0 fold higher than necessary for the vegetation. If we
suppose that nutrients lost from the system after burning are partially
recycled through precipitation and sedimentation of particles, then an addi-
tional source of nutrients could be the bare soil, which is easily eroded by
wind. The role of the wind erosion as a recycling mechanism might be
evidenced from the high proportion of annual input supplied as dry deposi-
tion.

Nutrient input from the sources analyzed to the Trachypogon savannas,
of extreme oligotrohpic soils, seems to be an important pool for the function
of the savanna ecosystem and further studies could be profitable for under-
standing the nutrient cycle in these savannas. Thus, it could be necessary to
establish the strength of these sources in relation to insoluble constituents,
which make up a high proportion of the particulate matter (Lewis 1981).
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