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Abstract

The aim of the present study was to determine the effect of two implanted forest 
species with different vegetal residue chemical compositions on the biological and 
biochemical properties of soil. The study site was located in the INTA Forestal Sta-
tion of Trevelin, Chubut, Argentina. Samples were extracted from soil in forest plots 
dominated by Radiata Pine (Pinus radiata D. Don.) or European Ash (Fraxinus ex-
celsior L.). Microbial respiration, dehydrogenase activity, community-level physi-
ological profile (CLPP) and index of microbial community functional diversity were 
used as biological parameters; and acid phosphatase, protease and β-glucosidase 
activities were employed as biochemical parameters. Microbial respiration, de-
hydrogenase and acid phosphatase activities showed greater values in soil under 
European Ash trees; however, significant differences in protease and β-glucosidase 
activities were not observed among species. The higher organic C content of soil 
under European Ash trees and lower lignin and greater N and P content of the leaves 
of European Ash trees could be responsible for the greater biological and biochemi-
cal activities observed in the soil. Principal component analysis (for PC1) showed 
significant differences in the physiology of microbial communities associated with 
these forest species. The Shannon-Weaver Index (H) of the functional diversity of 
microflora did not present significant differences among forest species. 

Keywords: forest soil, implanted tree species, microbial respiration, dehydrogenase 
activity, microbial functional diversity, enzymatic activity 
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1. Introduction

The type of vegetation cover and dominant tree spe-
cies of forest ecosystems affects the chemical, biolog-
ical and biochemical properties of soils (Priha et al., 
2001). Due to the accumulation of organic residue, a 
significant proportion of the nutrients extracted from 
soil are retained by trees, and the decomposition of 
plant residue releases nutrients, which can be reused 
by vegetation and microorganisms (Smolander and 
Kitunen, 2002, Ayres et al., 2006). Moreover, tree 
roots influence the development and activity of mi-
croflora. Previous studies have shown that the compo-
sition of the soil microbial community may be influ-
enced by the diversity of plant species or the type of 
forest vegetation/afforestation (Balser and Firestone, 
2005). Therefore, the characteristics of microflora 
are dependent on the biomass and quality of materi-
als produced by different tree species (Smolander and 
Kitunen, 2002). Microorganisms play a fundamental 
role in many essential processes and functions carried 
out in the soil and affect metabolism and plant growth 
(Paul and Clark, 1996).

Dehydrogenase, an intracellular enzyme, and car-
bon microbial respiration are parameters of soil biolog-
ical activity. In contrast, the activities of extracellular 
enzymes are a measure of the potential of soil to carry 
out biochemical processes responsible for the release 
of nutrients to plants and microorganisms through the 
transformation of organic matter. Microbial commu-
nities and soil biological activity are closely linked to 
nutrient cycling (Ushio et al., 2008). However, soil 
microbial diversity also affects soil biological activ-
ity. To determine microbial diversity, microorganisms 
must be quantified and identified, and the functional 
role of microorganisms must be investigated (Kjoller 
et al., 2000). Several studies have shown that func-
tional diversity, especially the catabolic versatility of 

microorganisms and degradation potential of a soil, 
is more important than the taxonomic diversity of the 
community (Balser and Firestone, 2005). In previous 
studies, microplates with different carbon substrates 
were used to identify functional differences in soil 
bacterial communities. Using this methodology, dif-
ferences in carbon source use profiles were associated 
with different types of vegetation and water samples 
(Garland and Mills, 1991, Semmartin et al., 2010).

 Because biological and biochemical properties are 
closely associated with many functions carried out in 
the soil, these parameters are excellent indicators of 
soil quality. Long-term productivity is based on the 
development of management strategies for the main-
tenance and protection of soil quality, which can be 
evaluated through sensitive and appropriate indicators.

 The aim of the present study was to evaluate the 
influence of two implanted tree species with different 
plant residue chemical compositions on microbiologi-
cal parameters such as microbial respiration, dehy-
drogenase activity, microbial functional diversity and 
biochemical properties of soil, including various en-
zyme activities (ß-glucosidase, acid phosphatase and 
proteases).

2. Materials and methods

2.1. Study site and sample collection
The research site is located in the Forest Station of the 
Argentinian Agricultural Technology Institute (INTA) 
of Trevelin, Province of Chubut, Argentina, at 43º 
south latitude, 71º 31’ west longitude (altitude = 470 
m). The surface station is approximately 3.020 ha in 
size, and large areas of native forest and numerous 
experimental plots implanted with different species 
are present. The soils are classified as Andisols, and 
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the original material consisted of volcanic ash mixed 
with colluvium material. In addition, the soils can be 
distinguished by the presence of amorphous compo-
nents (allophane and imogolite). The climate is char-
acterised by an average rainfall of 942 mm per year, 
of which 80.6% occurs between April and September. 
The annual maximum mean temperature is 15.7ºC, 
and the annual minimum mean temperature is 3.4ºC. 
In December and February of each year, temporary 
droughts occur, which affect the growth and develop-
ment of several forest species.

In total, ten trees of each species in good sani-
tary stages with similar diameters were selected. A 
composite sample of soil was obtained from four 
subsamples taken from underneath each of the se-
lected trees. Soil samples were collected from the 
soil surface (at a depth of 10 cm) at the foothill of 
two 2-ha plots forested with Radiata Pine (Pinus ra-
diata D. Don.) and European Ash (Fraxinus excel-
sior L.). The plots had identical implantation times 
(50 years). Soil samples were taken after removing 
the litter from the soil surface and were obtained at 
the same distance from the trunk of the selected tree. 
Wet samples were taken to the laboratory, stored 
in plastic bags and refrigerated at 4ºC until analy-
sis. Samples were sieved on a 4-mm or 2-mm mesh 
sieve, depending on the analysis. The results were 
expressed based on dry soil analysed at 105ºC. 

In addition, five samples of fresh fallen leaves of 
each species were air-dried, milled (<0.5 mm) and 
analysed in duplicate to determine the content of ni-
trogen, phosphorus, lignin and cellulose.

2.2. Soil analysis

Microbial Carbon respiration (Anderson, 1982): car-
bon due to microbial respiration was determined by 
measuring CO2 released during soil incubation.

Dehydrogenase activity (Gong, 1996): soil samples 
were incubated with a solution of a quaternary am-
monium salt (chloride of 2-p-iodofenil-3-p-nitrophe-
nyl-5-phenyl tetrazolium or INT), which functions 
as an artificial electron acceptor. Formazan (INTF) 
produced during incubation was extracted and deter-
mined colourimetrically.

Activity of hydrolytic enzymes:

Activity of acid phosphatase (EC 3.1.3.2) (Dick et al., 
1996): soil samples were incubated with p-nitrophe-
nyl phosphate as a substrate, and p-nitrophenol re-
leased from the soil was determined colourimetrically 
(without toluene).
Protease activity (Ladd and Butler, 1972, modified 
by Dilly and Munch, 1996): soil samples were incu-
bated with casein as a substrate, and tyrosine released 
from the soil was determined colourimetrically using 
Folin-Ciocalteau reagent.
ß-glucosidase activity (EC 3.2.1.2) (Dick et al., 1996): 
soil samples were incubated with p-nitrophenyl ß D-
glucoside as a substrate, and p-nitrophenol released 
from the soil was determined colourimetrically. 
Microbial functional diversity was measured by de-
termining the use of various carbon sources, accord-
ing to the technique described by Garland and Mills 
(1991) and adapted by García de Salamone (2007). 
The analysis of community level physiological pro-
files (CLPP) of carbon use was performed using sterile 
microplates. In the present study, only four composite 
samples from each tree species were considered. Soil 
suspensions and dilutions were made for each sample. 
A 10-4-dilution was used to inoculate the microplates, 
which were incubated at 30°C for 4 days. Absorbance 
records at 590 nm were obtained using an automated 
microplate reader Multiskan EX TM, (Thermo Corpo-
ration, Vantaa, Finland). Absorbance data were ana-
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lyzed and the indexes of Shannon–Weaver (H) were 
calculated to characterize functional diversity as de-
scribed by Gómez et al. (2004).

Chemical parameters: The organic carbon content 
was determined according to the method described 
by Walkley and Black (Nelson and Sommers, 1982), 
and the soluble carbon content was determined us-
ing a volumetric technique (Tinsley, 1950). The total 
N content was determined by the Kjeldahl method 
(Page et al., 1982), and extractable P was measured 
using Bray-Kurtz No. 1 (Olsen and Sommers, 1982) 

2.3. Foliar analysis

 The N content was determined according to the semi-
micro Kjeldahl method (Page et al., 1982), and the 
available P content was measured according to the 
Murphy-Riley method (1962). The lignin-cellulose 
content was determined using the method described 
by Anderson and Ingram (1993).

2.4. Statistical analysis

Carbon respiration, dehydrogenase and extracellular 
activities and chemical soil variables were statistically 
analysed using a one-way analysis of variance, and a 
completely randomised design was employed. Prior 
to the ANOVA, the normality of the data and homoge-
neity of the variance were verified. Mean comparisons 
were performed using Tukey’s test (p < 0.05). CLPP 
were obtained using multivariate principal component 
analysis. The statistical software INFOSTAT/PRO-
FESIONAL ® Versión 1.1 (University of Rio Cuarto, 
Córdoba, Argentina) was used for the analyses.

3. Results 

Microbial carbon respiration and dehydrogenase activ-
ity (microbial activity) showed significant differences 
(p < 0.05) among soils between the two species (Fig-
ure 1 and 2). The highest values for these two variables 
corresponded to soil under European Ash trees.

Figure 1. Mean microbial respiration in soil under Radiata Pine (Pinus radiata D. Don) and European Ash 
(Fraxinus excelsior L.) trees. Different letters indicate significant differences among species, according to Tukey’s 
test (p < 0.05).
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The mean acid phosphatase activity was significantly 
(p < 0.05) higher in soil under European Ash trees 
(Figure 3). Although the protease activity (Figure 4) 
did not show significant differences among species  
(p < 0.05), higher activities were observed under Euro-

pean Ash trees. The b-glucosidase activity (Figure 5) 
of soil did not show significant differences (p < 0.05)  
among species. Similarly, significant differences in 
the soluble C content (Table 1) of soil were not ob-
served among species.

Figure 2. Mean dehydrogenase activity (1b) of soil under Radiata Pine (Pinus radiata D. Don) and European 
Ash (Fraxinus excelsior L.) trees. Different letters indicate significant differences among species, according to 
Tukey’s test (p < 0.05).
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Figure 3. Mean acid phosphatase activity of soil under Radiata Pine (Pinus radiata D. Don) and European Ash 
(Fraxinus excelsior L.) trees. Different letters indicate significant differences among species, according to Tukey’s 
test (p < 0.05).

Figure 4. Mean protease activity of soil under Radiata Pine (Pinus radiata D. Don) and European Ash (Fraxinus 
excelsior L.) trees. Different letters indicate significant differences among species, according to Tukey’s test  
(p < 0.05)
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Figure 5. Mean β-glucosidase activity of soil under Radiata Pine (Pinus radiata D. Don) and European Ash 
(Fraxinus excelsior L.) trees. Different letters indicate significant differences among species, according to Tukey’s 
test (p < 0.05).

Table 1. Mean organic carbon, soluble carbon, total 
N and available P content of soil under Radiata Pine 
(Pinus radiata D. Don) and European Ash (Fraxinus 
excelsior L.) trees. Different letters indicate significant 
differences among species, according to Tukey’s test 
(p < 0.05).

Species Organic 
C (%)

Soluble C 
(mg C kg-1)

Total 
N (%)

Available P 
(mg P kg-1)

Pine 2.3 b 167 a 0.33 a 24 a

Ash 3.5 a 180 a 0.30 a 26 a

The N and P content of senescent leaves showed the 
highest values ​​in European Ash trees; however, the 
lignin and cellulose content showed the lowest values 
in this species (Table 2).

Table 2. Lignin, cellulose, N and P content of 
senescent leaves of Radiata Pine (Pinus radiata D. 
Don) and European Ash (Fraxinus excelsior L.) trees.

Species Lignin 
(%)

Cellulose
 (%)

Leaf N 
 (g kg-1)

Leaf P 
 (g kg-1)

Pine 14.3 17.6 10.8 1.2
Ash 7.22 10.52 28.6 4.7
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In the principal component analysis (PCA), the car-
bon substrate use patterns explained 40% and 20% 
of the total variance for PC1 and PC2, respectively 
(Figure 6). The physiologies of microbial commu-
nities associated with both forest species were sig-
nificantly different, as indicated by the variance in 
the PC1 values. The Pearson correlation coefficients, 
which are shown in brackets for each of the carbon 
sources, were the highest for dextrose (0.28), ma-
lic acid (0.27), salicylic acid (0.27) and putrescine 
(0.27). The group formed by glutamine, proline, ar-
ginine, histidine and cellobiose showed intermedi-
ate values ​​(0.26 to 0.23). The other carbon sources 

(lactic acid, mannitol, Tween 20, itaconic acid, citric 
acid, glycine, maltose, rhamnose, glycerol, phenyl-
alanine, xylose, fructose, benzoic acid and oxalic 
acid) showed values less than 0.22. The absorbance 
values of the four carbon sources indicated that the 
substrates differentially promoted the activity of mi-
crobial communities associated with both tree spe-
cies (Table 3). Thus, phenylalanine and oxalic acid 
were the predominant carbon source of the micro-
bial community associated with European Ash trees, 
while dextrose and arginine were the predominant 
carbon source of microflora in the soil under Radiata 
Pine trees. 

Figure 6. Principal component analysis of community-level physiological profiles of microflora associated with 
both tree species. PC1 and PC2: Principal component 1 and 2. Individual and mean PC1 values for samples af-
fected by Radiata Pine (Pinus radiata D. Don) and European Ash trees (Fraxinus excelsior L.). Different letters 
indicate significant differences among species, according to Tukey’s test (p < 0.05).
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Table 3. Absorbance values corrected by time for four carbon sources with high Pearson correlation coefficients 
with respect to PC1. Different letters indicate significant differences among species, according to Tukey’s test  

(p < 0.05).

Absorbance values at 590 nm
Species Dextrose Arginine Pheny lalanine Oxalic Acid

Pine 0.17 b 0.07 b 0.34 a 0.02a
Ash 0.11 a 0.05 a 0.38 b 0.03b

The Shannon Weaver (H) index of microbial 
functional diversity did not show significant differ-
ences among microbial communities associated with 
European Ash and Radiata Pine trees (Figure 7).

4. Discussion

Microbial respiration and dehydrogenase activity in 
the soil under European Ash trees were greater than 
that of Radiata Pine trees due to differences in the leaf 
N, lignin and cellulose contents of the residues (Table 
2). A lower ratio lignin/cellulose and higher foliar N 

content could be associated with a higher rate of plant 
material decomposition and greater biological and 
biochemical activity in the soil (Osono and Takeda, 
2005). Similar results have been observed by Paul et 
al. (2002). In the aforementioned study, soil CO2 pro-
duction in Eucalyptus forest was compared to that of a 
plantation of Radiata Pine trees. The lower production 
of CO2 in the latter was attributed to the relatively low 
quality of the litter. Recalcitrant phenolic compounds 
such as lignin and tannins inhibit microbial activity, 
slowing the rate of decomposition and mineralisation 
of soil organic matter (Satti et al. 2003). 

Figure 7. Shannon index of the microbial functional diversity of soil under Radiata Pine (Pinus radiata D. Don) 
and European Ash (Fraxinus excelsior L.) trees. Different letters indicate significant differences among species, 
according to Tukey’s test (p < 0.05).
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In contrast, the higher acid phosphatase activity 
under European Ash cover could be related to the high 
leaf P content of this species, which is associated with 
a high rate of plant residue decomposition. 

Although significant differences in the protease 
activity of soil under the species (p < 0.05) were not 
observed, a tendency toward higher values was de-
tected ​​in soil under European Ash trees. In accordance 
with our results, protease activities ​​recorded by Rivas 
et al. (2009), which were obtained from soil under 
Nothofagus obliqua (Mirb) Oerst., were higher than 
those of Radiata Pine. However, the authors also dem-
onstrated that the protease activity presented seasonal 
variations. Thus, protease activity levels in the forest 
soil of Nothofagus obliqua were significantly higher 
than those ​​observed in the soil of Radiata Pine in sev-
eral months of the year. 

The ß-glucosidase activity of soil may be related 
to the soluble carbon content (a measure of the amount 
of labile carbon) (Table 1), which did not show sig-
nificant differences among species. The association 
between these two variables may be attributed to the 
involvement of b-glucosidase in the final pathways of 
the C cycle when soluble carbon compounds with low 
molecular weight are produced (Jiménez et al., 2004).

The higher organic carbon content (Table 1) could 
partially explain the higher microbial and extracellular 
enzyme activities. Additionally, our results could be 
explained by differences in the composition of plant 
material produced by each species. High percentages 
of lignin and high ratios of lignin/cellulose materi-
als indicate the presence of recalcitrant substances. 
The percentage of lignin and the lignin/cellulose and 
lignin/N ratio observed in the leaves of European Ash 
are 7.2%, 0.68 and 0.25, respectively, while those of 
Radiata pine are 14.3%, 0.81 and 1.32. These results 
show that European Ash trees present lower lignin 
contents and lignin/cellulose and lignin/N ratios than 

Radiata Pine, which is reasonable considering that 
European Ash is a broadleaf species and Radiata Pine 
is a conifer.

In accordance with our results, Priha et al. (2001) 
concluded that forest species such as birch (Betula 
pendula and Betula pubescens) show higher carbon 
respiration values and enzyme activities than those in 
soil under Spruce (Picea mariana). The authors sug-
gested that the differences in carbon respiration rates 
and enzyme activities may be due to differences in 
the amount of labile carbon released by each species 
and the impact on soil microorganisms. Chodak and 
Niklinska (2010) found that tree species such as Al-
der (Alnus glutinosa) accumulate greater amounts of 
carbon and nitrogen in the soil and have larger and 
more active microbial communities than do planta-
tions with Pines (Pinus sylvestris) and Larches (Larix 
decidua), indicating that broadleaf species stimulate 
more growth in microbial communities than conifers. 

The carbon sources that showed differential mi-
crobial activities among tested soils (Table 3) are of-
ten present in the rhizosphere of plants (Bolton et al., 
1993). The CLPP technique allows the growth of cul-
turable microflora to be compared. The significantly 
lower utilisation of dextrose by the microbial com-
munity associated with soil beneath European Ash 
trees could indicate that the relatively high values ​​of 
microbial respiration (Figure 1), dehydrogenase activ-
ity (Figure 2) and acid phosphatase activity (Figure 
3) of this tree species are related to the use of carbon 
sources that are less accessible, such as phenylalanine 
and oxalic acid. Because the assay allows the growth 
of microflora over a short period of time, the micro-
bial community associated with Radiata Pine was 
more adapted to the availability of dextrose and ar-
ginine. Similar results have been obtained for several 
different crops, including rice (García de Salamone et 
al., 2010), wheat (Naiman et al., 2009) and pasture 
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(Semmartin et al., 2010). Moreover, microbial com-
munities in the rhizosphere can respond to changes 
produced by applied management conditions.

Differences in the physiology of microflora were 
observed in the CLPP; however, significant differ-
ences in the Shannon Weaver (H) index of microbial 
functional diversity were not detected among micro-
bial communities associated with both tree species 
(Figure 7) due to the overlapping and redundancy 
of functions among members of the microbial com-
munity (Naeem et al., 1995). In accordance with 
our results, several studies have shown that differ-
ences among plant species do not necessarily involve 
changes in soil processes (Semmartin et al. 2008). 

5. Conclusions

Microbial respiration, dehydrogenase and acid phos-
phatase activities were significantly higher in soil 
associated with European Ash species. Protease and 
β-glucosidase activities did not show significant dif-
ferences among species. Microbial communities as-
sociated with these two forest species showed differ-
ent CLPP values and similar H functional diversity 
indices. In soils under European Ash trees, the higher 
content of labile C, which was associated with a low 
lignin content and higher nitrogen and phosphorus 
levels in leaves, enhanced soil biological and bio-
chemical activity. 

The influence of other parameters such as root 
activity and seasonal factors should be evaluated in 
future studies. Additionally, other tree species should 
be studied, and complete comparative and correlation 
analyses among soil variables and plant species attri-
butes should be conducted.
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