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Abstract 

Concentrations of Ni were determined in xylem and phloem of Quercus ilex trees growing on serpentine and sandy 
loam soils of northeast Portugal. Radial distribution patterns of Ni in stemwood were compared to variations in 
annual growth increments of the trees. 

Concentrations of Ni in xylem and phloem were higher in Q. ilex from serpentine soil, when compared with Q. 
ilex of a sandy loam soil. 

The radial distributions of Ni showed large variations among the trees, although they all grew in the same area 
within a short distance from each other. These differences can be caused by small-scale spatial variations in the 
soil. Therefore, the use of such radial Ni distributions for a retrospective biomonitoring of the Ni pollution of larger 
areas appears questionable. 

Introduction 

Serpentine soils have high levels of the trace elements 
Ni, Cr, Co, as well as of the nutrient Mg, but low levels 
of some essential nutrients like Ca, N and P (Brooks, 
1987). Usually they have a low water-holding capac- 
ity (Proctor and Woodell, 1975). Such soil properties 
can cause severe problems for plant growth. The flora 
associated with these soils is rich in specially adapted 
endemic species (Arianoutsou et al., 1993). 

The serpentine soils of north-east Portugal cover an 
area of 8000 ha (Pinto da Silva, 1970). Quercus ilex L., 
a mediterranean evergreen tree, grows in the serpentine 
soils of north-east Portugal. It appears undersized when 
compared with Q. ilex of a sandy loam soil (Menezes 
de Sequeira and Pinto da Silva, 1992). 

In areas with airborne and groundwater trace ele- 
ment pollution, concentrations of various elements in 
wood have been used to monitor environmental pol- 
lution levels (Burton, 1985; Hagemeyer, 1993). In 
some cases, radial trace element distributions in tree 
stems were used as chronological records of past pol- 
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lution levels (Kudo et al., 1993; Meisch et al., 1986; 
Momoshima and Bondietti, 1994; Yanosky and Vrob- 
lesky, 1992). Such a retrospective biomonitoring is 
based on the assumption that the element accumula- 
tion in currently growing tree rings is proportional to 
the availability of the elements in the environment. 
Quercus ilex from the serpentine soils were always 
exposed to high levels of Ni. Therefore, assuming that 
the availability of Ni in serpentine soils does not change 
significantly with time, concentrations of Ni in growth 
rings of the trees should not vary much with time, i.e. 
with radial position in the stem. In this study, the way 
increased trace element levels of a naturally contami- 
nated serpentine soil affect radial element distributions 
in stemwood was investigated. Concentrations of Ni in 
xylem and phloem were compared in Q. ilex from ser- 
pentine and from a sandy loam soil. 

Materials and methods 

The serpentine area was located near the city of 
Braganqa and the sandy loam (umbric leptosol) area 
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was in the Montesinho Natural Park, both in north-east 
Portugal. The pH(H20) of the serpentine soil ranged 
from 5.4 to 6.2, and the pH(H20) of the sandy loam 
soil was between 5.0 and 6.2. In each area, both with 
a closed forest stand, a total of 10 holm-oaks (Quer- 
cus ilex L. subsp, ballota (Desf.) Samp., Jorge Paiva, 
personal communication) with stem diameters ranging 
from 10 to 20 cm were cut 20 to 30 cm aboveground. 
The lowest 1 m long stem parts were cut off, wrapped 
in plastic bags and transported to the laboratory. The 
wood was stored at - 2 0  °C to avoid movements of 
mineral elements. 

The surface of the stem sections was polished with 
sand-paper to improve the visibility of tree-rings. Trees 
of the sandy loam soil had 25-50 growth rings and 
those from the serpentine soil had 24-37 growth rings. 
Xylem samples were collected between the pith and 
the cambium, every 5 tree rings, in four perpendicular 
directions of the stem. Each sample included wood of 
5 tree rings. The four directions were mixed. To obtain 
wood chips, a TiN3 coated steel drill was used to avoid 
Ni contamination. Holes were bored into the stem cross 
sections and the obtained wood chips were gathered on 
a sheet of paper that covered the stem surface. The first 
portion of superficial wood material was discarded to 
minimize contamination. To collect phloem samples, 
strips of outer bark were removed and only the inner 
part was sampled with a scalpel blade. 

Xylem and phloem samples were oven dried at 60 
°C for 24 h and wet ashed with 2 mL of concentrated 
HNO3 in Teflon pressure vessels for 7 h. 

Soil samples were collected about 1 m from the 
stem in four perpendicular directions of each tree. 
These samples were collected at 15 and 60 cm depth, 
assuming that the roots responsible for absorbing most 
nutrients are concentrated between these two depths. 
The four samples were mixed, air-dried and sieved 
with a 2 mm screen. Concentrations of exchangeable 
ions in soil samples were determined in extracts of 1 
M ammonium acetate (extraction at pH 7 with soil: 
extractant ratio of 1:10 for 30 minutes). For the quan- 
tification of total element concentrations soil samples 
were wet ashed with a mixture of concentrated HNO3, 
HC104 and HF (volume ratio 3:1:5). 

Concentrations of Ni in soil samples were deter- 
mined by flame AAS (Perk±n-Elmer 380) and those in 
xylem and phloem were determined by graphite fur- 
nace AAS (Perk±n-Elmer 5100). The quality of trace 
element analytical results was checked with analy- 
sis of standard reference material GBW 08505 (tea 
leaves, Reference Center for Eco-Environmental Sci- 

Table 1. Total and exchangeable ( l M ammonium acetate 
soil extracts) concentrations of Ni in sandy loam and ser- 
pentine soils. Means ± SD of 10 samples 

Site Soil Ni (/~mol g- I soil DW) 
depth Exchangeable Total 
(cm) 

Sandy loam 0-15 0.002±0.001 1.0±0.3 
30-60 0.0009-+-0.0008 1.24-0.4 

Serpentine 0-15 0.1 ±0.06 25. l ±4.4 
30-60 0.2±0.05 25.0±3.6 

ences, Academia Sin±ca, Beijing, China) with a certi- 
fied value for Ni of 7.6+0.48 mg kg-  1 DW. Analytical 
results of Ni determinations of reference material were 
8.404-0.85 mg kg - l  D.W.i.e. 110% of the certified 
value. The detection limit of Ni in graphite furnace 
AAS (defined as 3 × the standard deviation of the blank 
values) was 29.6 #g kg-  1 D.W. 

In order to evaluate the influence of wood produc- 
tion on Ni concentrations, widths of wood rings were 
measured in four perpendicular directions of the stem 
using a tree-ring measuring apparatus and the comput- 
er program CATRAS (Aniol, 1983). To assess wood 
production, the wood surface area corresponding to 5 
tree rings, assuming the cross-section of the stem as a 
circle, was determined. 

Statistics 

The student's t-test was used to compare mean values 
of soil and plant concentrations. 

Results  

Concentrations of  N± in soil 

Exchangeable and total concentrations of Ni were 
higher in the serpentine soil than in the sandy loam 
soil (p<0.001, Table 1). The exchangeable fraction 
of Ni was significantly different between the two soil 
depths, both in the sandy loam (p<0.05) and serpentine 
soil (p<0.001, Table 1). 

Concentrations of N± in xylem and phloem 

Concentrations of N± in the xylem and phloem ofQ. ilex 
from the serpentine soil were much higher when com- 



Table 2. Concentrations of Ni in xylem 
and phloem of Quercus ilex L. in sandy 
loam and serpentine soils. Means + SD 
of 10 trees 

Site Ni (nmol g -  l DW) 

Xylem Phloem 

Sandy loam I1.3±6.7 31.6±22 

Serpentine 84.6±27 218±75 

pared with trees from the sandy loam soil (p<0.001, 
Table 2). 

Concentrations of Ni were higher in the phloem, 
both in trees from the sandy loam and serpentine soil 
(p<0.05). 

Radial distributions of Ni in stemwood 

The radial distributions of Ni in the sandy loam and 
serpentine soil had no common pattern (Figure 1). An 
increase in Ni concentrations in the outermost rings 
was found in several trees from the sandy loam soil. In 
the serpentine soil, three trees showed highest concen- 
trations of Ni at the stem center. In some trees there 
was a small peak of Ni in outer parts of the stems 
comprising 5- to 10-year-old wood (Figure 1). 

Comparison between wood production and Ni 
concentration in the stemwood 

Comparing wood production and Ni concentration 
in each individual tree, three different patterns were 
found, both on the serpentine and sandy loam soil. 
The first pattern showed an opposite relation between 
wood production and Ni concentration (Figure 2a). 
This was also observed in four other trees of the sandy 
loam soil and one tree of the serpentine soil (data not 
shown). The second pattern showed a parallel relation 
between wood production and Ni concentration (Fig- 
ure 2b). This was also observed in three other trees of 
the sandy loam soil, and two trees of the serpentine 
soil (data not shown). The third pattern is designated 
intermediate pattern because an opposite and parallel 
relation was found in different parts of the same tree 
(Figure 2c). This was also observed in four other trees 
of the sandy loam soil and three trees of the serpentine 
soil (data not shown). 
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Discussion 

The serpentine soil had higher concentrations of Ni, 
compared with a sandy loam soil. Quercus ilex L. 
growing on serpentine soils also showed higher con- 
centrations of Ni in the xylem and phloem. 

The analysis of elements in annual growth rings 
was repeatedly used to collect information about the 
soil chemistry in the past (Burton, 1985; Cutter and 
Guyette, 1993; Hagemeyer, 1993). When the wood 
vessels cease to function they may store part of the 
xylem sap chemistry. A fundamental principle of den- 
drochemistry, used as a tool for biomonitoring of envi- 
ronmental pollution, is the stability of the radial dis- 
tribution patterns of the elements (Hagemeyer, 1993; 
Hagemeyer et al., 1994). However, it was observed 
that such patterns can change with time (Hagemeyer et 
al., 1992). Probably some elements can move at a cer- 
tain rate in radial direction through the ray parenchyma 
cells (McClenahen et al., 1989; Sauter, 1982). 

The growth rates can also influence the concentra- 
tion of elements in wood rings (Ferreti et al., 1992, 
1993). During periods of declining growth higher con- 
centrations of the elements were found (Baes and 
McLaughlin, 1984; Ragsdale and Berish, 1988). This 
was also observed in some Q. ilex trees (Figure 2a). 
In such trees radial patterns of Ni depend on growth 
rates and do not reflect changes in Ni soil concentra- 
tions. However, other trees showed a positive relation 
between wood production and Ni concentration (Fig- 
ure 2b) or a mixed pattern with positive and negative 
relations in the same tree (Figure 2c). The diluting 
effect of wood production on the concentration of the 
elements cannot explain the radial patterns of Ni found 
in some Q. ilex trees. 

The radial distribution patterns of Ni are not mere- 
ly a reflection of the varying soil chemistry, but may 
be also affected by internal physiological processes of 
the tree, like heartwood formation (Stewart, 1966), 
and physico-chemical properties like the cation bind- 
ing capacity of the wood (Momoshima and Bondietti, 
1990). 

The concentration levels of the observed radial dis- 
tributions of Ni reflect the soil concentrations (Table 
2). It is concluded that biomonitoring of plant-available 
element levels of the soil is possible with such data. 
However, the radial distributions do not contain any 
useful information about variations in the soil chem- 
istry in the past. Although the serpentine trees were 
always exposed to rather constant levels of Ni in the 
soil, the radial distributions of this element were vari- 
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Figure l. Radial distributions of Ni in stemwood of l0 Quereus ilex trees growing on the sandy loam and serpentine soil. 
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able. Assuming that the availability of Ni in serpentine 
soils does not change significantly with time, the radial 
distributions of Ni in stemwood should be more uni- 
form, if they depend mostly on Ni availability of the 
soil. Additionally, the 10 investigated trees showed no 
common radial distribution patterns, of Ni, although 
they all grew in the same area within a short distance 
from each other. The differences in Ni distributions 
can be caused by spatial variations in the soil. There- 
fore, the use of radial Ni distributions for a retrospec- 
tive biomonitoring of temporal changes of Ni levels of 
larger areas is questionable. 
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