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Abstract 
Base cations are essential to the sustainability of forest ecosystems. They are important for 

neutralizing the acidifying effects of atmospheric deposition. There is the need for in-depth 

understanding of base cation depletion and leaching from forest canopy. This is important 

particularly due to the increasing acidification and anthropogenic influences that alter 

biogeochemistry of the ecosystems. Availability and leaching of base cations (Ca
2+

, Na
+
, P, and 

K
+
) from the tree canopies were examined in two rubber (Hevea brasiliensis Willd. Muell-Arg) 

stands (40- and 15-year-old) in southwestern part of Nigeria. The chemical composition of 

throughfall in the area was dominated by calcium. Concentrations of Ca
2+

, Na
+
, P, and K

+
 were 

relatively high throughout the sampling periods. Significant differences (P < 0.05) were observed 

between precipitation and throughfall in concentrations of nutrient elements, and the enrichment 

occurred within the rubber plantation for all the nutrient elements. Ca
2+

 is  mainly from 

precipitation , while over 70% of total K and total Mg  were probably leach from canopy. Total 

annual nutrient returns via throughfall for the 15-year-old stand were 28.39, 4.49, 38.9, and 3.54 

kg ha year 
-1

 for Ca
2+

, Mg
2+

, K
+
 and Na

+
 respectively, while that of the 40-year-old stand were 

22.7, 3.64, 36.3, and 3.17 kg ha year 
-1

 for Ca
2+

, Mg
2+

, K
+
 and Na

+
 respectively. 

Keywords: Agroecosystem; atmospheric deposition; base cations, Hevea brasiliensis; nutrient 

cycling, throughfall,            

 

Introduction 
One of the major pathways by which 

atmospheric depositions can alter and damage 

forests is base cation depletion due to 

increasing soil acidity.  Base cation depletion 

induced by atmospheric deposition has a 

major detrimental effect on nutrient cycling 

and forest health (Dean, 2002; Likens et al., 

1996; Lawrence and Fernandez, 1993; Zhang 

et al., 2006a). Base cations are nutrients for 

forest ecosystems and vegetation and are thus 

of importance for the sustainability of 

ecosystems (Lindberg et al., 1986; Weathers 

et al., 2001). Base cations such as Ca
2+

, P, and 

K
+
  are the most prevalent, exchangeable and 

weak acid cations in the soil and generally 

originates from combination of wind erosion 

of soils, agricultural tillage practices, and 

traffic on unpaved roads (Draaijers et al., 

1997). Base cations also occur in the air in the 

particulate phase and in precipitation, and are 

largely dissolved and occur as ions.   

Input of base cation counteracts the 

acidification effects as it increases the base 

cation pool in the soil and, if associated with 

carbonates or oxides, they add alkalinity to the 

soil (Draaijers et al., 1997; Gorham, 1994; 

Westling and Lővblad, 2004). However, loss 

of base cations from forest soils can be 

accelerated by acid rain, by forest regrowth 

following harvest removals, and by declining 

inputs of base cations from atmospheric 

deposition. Cation leaching from tree canopy 

could affect physiological processes, damage 

flowering and dormancy patterns, and make 

plants more vulnerable to diseases and the 

effects of freezing (DeHayes et al., 1999; Lin 

et al., 2001; Wilby, 1997; Zhang et al., 

2006c).  

Monitoring forested throughfall may be a 

useful technique to estimate the amount of dry 

deposition to the forest stands provided that i) 

the pollutants are not taken up irreversibly by 

canopy and  ii) canopy leaching of compound 

taken up by roots and transported to the leaves 

is negligible ( Lindberg et al., 1990; Zhang et 

al., 2006b). Reliable data on base cation 

leaching is thus of importance in forest and 
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ecosystem management and has been 

measured and well documented many 

European North American, and Asian sites 

(Lovett et al., 1996; Liu et al., 2002; Nelson, 

2002; Staelens et al., 2005). However, this is 

not true of most tropical forest ecosystem that 

is noted for low base saturation in soils, high 

humidity, and relatively short dry periods 

between rain events. For most areas, the data 

on base cation deposition and leaching from 

forest canopy are at present uncertain.   

This study is focused on the examination 

of the relationships between atmospheric 

deposition and base cation leaching in a rubber 

(Hevea brasiliensis Willd. Muell-Arg) 

plantation agroecosystem in south western part 

of Nigeria. The specific objectives of study 

were to (i) evaluate the base cation 

concentration and fluxes in bulk open 

precipitation and throughfall in both dry and 

wet seasons, (ii) quantify base cation leaching 

from the canopy relative to the canopy’s 

nutrient content, (iii) identify any seasonal 

variation in base cation leaching from the 

rubber canopy, and (iv) examine variations in 

base cation leaching in two different rubber 

age stands to ascertain the influence of age 

stands on base cation leaching. 

 

Materials and Method 

Study Area 
The present study was carried out between 

July 2005 to June 2006, in an old rubber 

plantation at Ikenne, southwestern Nigeria 

Latitude 6
o 
50' to 6

o 
54' N and Longitude 3

o
 40' 

to 3o 45' E (see Fig. 1) and about 110 m above 

sea level. The vegetation type of the area 

acquire for the establishment of the rubber 

plantation in the early 1960s  previously 

consisted of trees species such as Isotonia 

boonei, Cola gigantea Antiaris africana, 

Pentaclethra macrophylla, and Elaeis 

guineensis (Gbadegesin, 1987). Mean annual 

precipitation in the area was between 1,500 

mm and 1,750 mm with a maximum in July 

and a mean annual temperature of 27
o
C.  

The soils of the area is ultisols, which are 

considered marginal for agricultural 

production since the soils are highly 

weathered, low in cation exchange capacity 

(CEC), base saturation and pH (West et al., 

1998). The texture of the surface soils is 

usually loamy and sandy, becoming heavier 

with clay at greater depths, frequently with 

gravel layer at 30-60 cm. the CEC varies from 

1.3 Cmol/kg to 17.3 Cmol/kg in the topmost 

layer (Aweto, 1987) and the soil pH values 

ranges from 6.5 to 6.7 in the topsoil. However, 

a rapid decline in pH and aluminium toxicity 

occurs with depth and this can lead to serious 

fall in productivity after only a few years of 

cultivation (Periaswamy and Ashaye, 1982). 

The soil is characterised by low levels of soil 

organic matter, exchangeable cations (Ca, Mg, 

K and effective CEC, pH, N, P and high level 

of total acidity (Al + H) and exchangeable Mn 

(Amusan et al., 2005). Cation exchange 

capacity (CEC) varies from 1.3me/100gm to 

17.3me/100gm in the topmost layer (Aweto, 

1987). Of the 1,111 hectares of land acquired 

for the rubber plantation, effective rubber trees 

presently cover about 500ha of which about 

98% are old and not economically viable.  The 

Rubber Research Institute of Malaysia (RRIM 

501) clones were planted at different years 

(1961, 1991, and 2000) per hectare in different 

block within the plantation. There is an 

average of 450 trees per hectare in each rubber 

stands.  
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Figure 1 Location of study Area 

 

Sampling Design 
The two rubber age stands ((40- and 15-

year-old).) selected for this study were located 

within 200 m of each other and this allows for 

comparison between the different age stands. 

Two replicate experimental plots were 

established in each rubber age stands on flat 

surface, and each experimental plot (50×20 m) 

comprises a central zone, surrounded by a 

buffer zone approximately 1 metre wide and 

each plot. Eight throughfall collectors were 

randomly distributed in each plot. The funnel-

type gauges used for the purpose of this study 

were based on the design by Lawrence and 

Fernandez (1993) and adopted by Nelson 

(2002) because of its simplicity and ease of 

installation and manipulation. Each funnel had 

a 6-cm vertical tip and a 45 
o
C slope to 

minimize splashing (Liu et al., 2002). The 

funnels type collectors were installed 2-2.5 m 

from each other, avoiding trunks. The 

collectors were placed under vegetation 

canopies 1.5 m above the ground and arranged 

in a line. Throughfall collectors were placed 

within the plots in such ways to avoid edge 

effects.  

All leaves and branches 1 m above the 

funnels were cleared to reduce the direct 

impact of plants.  De-ionized water (DI) rinsed 

polywool plug was inserted into the neck of 

each funnel to exclude insect frass and plant 

litter from the collection bottle. Five collectors 

were randomly distributed in open ground 

adjacent to the rubber age stands to collect 

incident precipitation (bulk precipitation). The 

five collectors were used to ensure that any 

samples, which were clearly polluted, could be 

discarded without the loss of the whole sample 

for the sampling period (Thimonier, 1998; 

Mosello et al., 2002). Because volume and 

chemistry differed among the five 

precipitation collectors by less than 5 %, 

samples from the collectors were combined 

(Thimonier, 1998). In order to check on 

possible contamination on the site, field blank 

tests were carried out at least once every three 
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month. For this purpose, samples of 50-100 ml 

deionized water was poured into the sample 

collector at the time of collection in days 

without precipitation, and subjected to the 

same procedure as an ordinary precipitation 

sample (Sevruk, 1989).   

Sample collection and laboratory analysis 

Throughfall and bulk precipitation 

samples were collected bi-weekly from the 

two rubber stands between July 2005 and June 

2006. Throughfall and bulk precipitation 

volume was measured in the field and a 500 

mL subsample collected, and the remainder of 

each sample was used to clean the collectors, 

tubing, and storage jars. At every three 

months, the collectors are washed with acid 

(Sevruk, 1989).  Samples were taken to the 

laboratory in pre-labelled 120cm
3
 capacity 

snap lid collection bottles and immediately 

frozen and stored at 4 0C. The analyses of 

cations (Na
+
, Ca

2+
, Mg

2+
, and K

+
)  in filtered 

samples (0.45 µm sterilized filter paper) were 

determined by flame atomic absorption 

spectrometry ((AAS Atomic Absorption 

Spectrum- 932, GBC Scientific Equipment  

pty. Ltd, Australia).  All tests were carried out 

at the Institute for Agricultural Research and 

Training, (IAR&T) Ibadan, Nigeria.  

 

Statistical Analyses  
Differences in ion concentrations and 

fluxes between precipitation and throughfall 

and between the two rubber age stands were 

estimated using one-way ANOVA. The 

statistical analyses were performed using the 

SPSS for windows Version 11.0 (SPSS, 2003).  

 

Results and Discussion  

Rainfall and throughfall chemical 

composition 
The throughfall pH increased significantly 

(p < 0.05) compared to the bulk precipitation 

ranging from 5.83 to 6.53 (Table 1). This was 

influenced by the leaching of base cations 

from the canopy of the rubber trees. 

Concentrations of the cations were relatively 

high throughout the sampling periods with 

calcium concentration dominating others in 

the throughfall.  Total annual nutrient inputs 

reaching the rubber floors in each stand 

indicated that canopy leaching  occurs for all 

the cations at different rates. About 91 % of 

the total annual K
+
, 52 % of Ca

2+
, and 67 % of 

the total annual Mg
2+

 throughfall input was 

due to canopy leaching. Table 1 shows 

volume-weighted mean concentrations  of the 

cations in  both precipitation and throughfall 

samples in the  rubber stands 

 

Table 1  Volume-weighted mean concentrations (± SD) in precipitation and throughfall in rubber 

(Hevea brasiliensis) plantation agroecosystem at Remo Rubber Plantation, Ikenne, SW Nigeria in 

dry season (n= 12) and wet season (n=18). Nutrient concentrations in throughfall vs. precipitation 

are compared in analysis of variance.  

 

Items   Season  pH          Ca2+    Mg2+       K+         Na +             H+     

                µeqL
-1

 

    
  Dry  6.24          14.95

a
     0.13

a
        1.58 

a
        2.82

a
 0.11

a
    

Bulk  Wet  6.39               17.29
b
          0.12

a
       1.93

b
        2.91

a
 0.13

a
 

Precipitation Annual   6.32               15.85a           0.12        1.76 b        2.87a 0.12a       

 
40-Year-old Dry  6.22         15.42

a
    0.11

a
       1.67

a
        2.95

b
 0.11

a
     

Throughfall Wet  6.50              18.09
b
      0.12

a
       1.94

c
        3.09

b
 0.12

a
    

  Annual  6.37              16.75
b
     0.11

a
       1.81

b
        3.02

b
 0.11

a
     

15-Year-old Dry  6.29          16.58
a
     0.12

a
        1.69 

a
        2.90

a
 0.11

a
  

Throughfall Wet  6.47          17.95
b
    0.15

a
        2.12 

b
        3.02

a
 0.12

a
   

  Annual  6.38          17.27
b
    0.13

a
        1.91 

b
        2.96

a
 0.11

a
     

 
Different letter between solution compositions in the columns indicate significant differences at 

the 95 % level of confidence. 
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The high leaching flux of base cations 

under the rubber stands is partly due to 

calcareous parent materials from which 

weathering frees large amounts of base 

cations. In most cases, base cation leaching is 

higher than deposition, and this show that the 

acid input is almost completely buffered by 

the release of base cations from the tree 

canopy.           The enrichment of elements in 

throughfall has been ascribed to the 

dissolution and washout of atmospheric 

material deposited on canopy (Laclau et al., 

2003; Levia and Frost, 2006; Liu et al., 2002; 

Parker, 1983) or due to exchange between 

rainfall and elements in internal plant parts 

(Marquez and Ranger, 1997).  Throughfall is 

enriched in sodium probably because of the 

marine influence (tropical air mass from the 

Atlantic Ocean), which is about 70 km away 

from the study site. In studies comparing 

throughfall with deposition measurements, it 

is generally concluded that for sodium, canopy 

exchange is negligible (Erisman et al., 2002). 

Ca
2+

 is  mainly from precipitation , while over 

70% of total K and total Mg  were probably 

leach from canopy.  

 

 
Table 2 Seasonal and annual input of nutrients via bulk precipitation and throughfall (All Stands) 

in rubber (Hevea brasiliensis) plantation agroecosystem at Remo Rubber Plantation, Ikenne, SW 

Nigeria in dry season (n=12) and wet season (n=18). 

 

Items     Season           Ca
2+

    Mg
2+

       K
+
         Na

+
            

                     kg ha year 
-1

 

    
Bulk    Dry           0.83     0.16        0.28        0.15  

Precipitation   Wet          9.95    1.52        1.85        3.32  

    Total                10.78    1.68        2.13        3.47  

 

40-year-old   Dry           0.92     0.15        3.78        0.15  

Throughfall   Wet          21.73    3.49        32.5       3.02 

  

    Total          22.65    3.64        36.3       3.17  

 

15-year-old   Dry           1.56     0.29        3.31        0.27  

Throughfall   Wet          26.83    4.20        35.6       3.28  

    Total           28.39    4.49        38.9       3.54  

 

 

As can be seen from Table 2., the total 

annual nutrient returns via throughfall for the 

15-year-old stand were 28.39, 4.49, 38.9, and 

3.54 kg ha year 
-1

 for Ca
2+

, Mg
2+

, K
+
 and Na

+
 

respectively, while that of the 40-year-old 

stand were 22.7, 3.64, 36.3, and 3.17 kg           

ha year 
-1

 for Ca
2+

, Mg
2+

, K
+
 and Na

+
 

respectively. Inputs of these elements in the 

different rubber stands are higher in the 15-

year-old stand than the 40-year- old stand. 

Base cations are typically leached from the 

tree foliage and foliar uptake of H
+ 

buffer 

anthropogenic acidity and promote foliar 

leaching of cations to maintain charge balance.  

 

Conclusion 
Base cation species show large differences 

between throughfall and bulk deposition 

because of canopy exchange. Base cations 

(Ca2+, K+, Na+, and Mg2+) amount and fluxes 

are increased in throughfall. Inputs of base 

cations in the different rubber stands are 

higher in the 15-year-old stand than the 40-

year- old stand. Data on base cation deposition 

and leaching are important for studying the 

effects of acidification of agroecosystem. 

Deposition levels sufficient to cause some 

damage to ecosystems have not being 

observed in the study area; however efforts 

should be geared towards forestalling any 
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future occurrence in order to ensure 

sustainable agricultural development.  
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