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ABSTRACT

Soils located at the Mexican Trans-volcanic Belt (MTB) have a worrying degree of degradation due to inappropriate management practices.
Early indicators of soil changes are very useful to alert about negative impacts of wrong managements on these volcanic soils. The aim of this
work was to evaluate the short-term effects (4 years) of different agricultural practices on soil organic matter (SOM) quality and to validate the
potential of the selected biochemical properties as optimal early indicators of soil quality in Mexican cultivated Acrisols. During 2002-2005
four agronomic management systems: conventional (Tc); improved conventional (Ti); organic (To) and fallow (Tf) were assayed in plots
located at the MTB. An uncultivated soil under grass cover (Sg) was used as reference. Soil samples were collected at 0—10 cm depth and were
analysed chemically (soil organic C, total N, water-soluble C and humic C), and biochemically (total and extra-cellular enzyme activity).
After 4 years, soil organic C, total N, water-soluble C and dehydrogenase activity had higher values in To, followed by Ti treatment. A similar
response pattern was observed in the extra-cellular enzyme activity. The highest total enzyme activity was found in Sg, followed by Ti and To
treatments, and the lowest values appeared in Tc and Tf. To and Ti increased SOM contents of the degraded Acrisols studied, while Tc and Tf
managements decreased the quality of these soils. The results showed that the assayed soil enzymes can be used as indicators of quality
changes of these Mexican volcanic soils. Copyright © 2010 John Wiley & Sons, Ltd.

KEY WORDS: volcanic soils; agricultural managements; extra-cellular enzyme activity; humic C; soil metabolic potential

INTRODUCTION and have been subjected to overuse, which resulted in
erosion, further limiting the soil fertility and reducing
their productivity (Gallardo et al., 2005). The rehabilitation
and improvement of these volcanic soils are essential as
preliminary steps for sustainability and a better quality of
life in the area.

The knowledge of many soil properties is necessary to
define soil quality. Once these properties have been
determined and quantified, the most suitable strategies for
soil management can be undertaken. Soil chemical and
physical parameters such as pH, texture, bulk density, water
retention capacity, soil organic matter (SOM) or nutrient
availability have been used to measure soil quality (Doran
and Parkin, 1996; Gil-Sotres et al., 2005). However, these
parameters change very slowly and several years are usually
required to observe significant changes. On the other hand,
soil biological and biochemical properties (such as C and N
microbial biomass, mineralizable N, soil respiration or
enzyme activity) are responsive to small changes in soils,
thereby providing immediate and accurate information on

* Correspondence to: J. F. Gallardo, CSIC, Aptado. 257, Salamanca 37071, changes in soil quahty (Nanmplerl et al" 1990; Yakov-
Spain.E-mail: jgallard@usal.es chenko et al., 1996).

Soil is a non-renewable natural resource in the life span of a
human being generation, therefore needs to be preserved
and, if it is possible, its productive capacity and quality
improved. Karlen et al. (1997) defined soil quality as ‘the
capacity to function within natural or managed ecosystem
boundaries, to sustain plant and animal productivity,
maintain or enhance water and air quality, and support
human health and habitation’. Understanding soil functions
is necessary to provide strategies for rehabilitation of
degraded soils. In natural conditions soils tend towards
maintaining equilibrium between pedogenetic properties
and the natural vegetation (Parr and Papendick, 1997). Soil
equilibrium can easily be disturbed, especially by human
intervention (e.g. unsuitable agricultural practices) or
natural events.

Since historical times soils located at the Mexican Trans-
volcanic Belt (MTB) have undergone strong human impacts

Copyright © 2010 John Wiley & Sons, Ltd.
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Few studies about the effect of organic amendments on
soil micro-organisms for soil rehabilitation purposes have
been conducted (Villar et al., 2004; Mabuhay et al., 2006). In
addition to this, little information exists on the biochemical
and biological properties of degraded soils developed from
old volcanic deposits, such as those found at the MTB
(Alvarez et al., 2000). According to the weathering degree,
the young volcanic-ash soils contain allophanic minerals
and Al and Fe-oxides with positively charge surfaces and,
consequently, can establish strong covalent bonds with
humic substances (Oades, 1995). Therefore, the enzymes of
these volcanic soils (which have high contents of humic
compounds) should have an elevated stability and resistance
to physical and microbial degradation (Ceccanti and Garcifa,
1994). Humus-enzyme complexes are considered important
for soil quality, since they represent the ‘crossing-point’
between mineral and organic reactions in soil (Ceccanti and
Masciandaro, 2003). Information on this subject referring to
soils derived from old volcanic materials is not available.

The role of soil enzyme activities as early and sensitive
indicators of management-induced changes in soil quality
has been widely suggested (Garcia et al., 1994; Dick et al.,
1996; Masciandaro and Ceccanti, 1999). The study of
different hydrolase-enzyme activities is important since they
indicate the soil potentiality to carry out specific bio-
chemical reactions and also maintain soil fertility (Burns,
1982). As examples, urease (URa) and protease (PRa)
activities have been widely used in the evaluation of soil
quality changes due to soil management (Pascual et al.,
1999; Saviozzi et al., 2001). They act in the hydrolysis and
transformation of organic N to inorganic forms, the former
using urea-type substrates and the latter simple peptidic
substrates. The acid phospho-monoesterase (PHa) activity is
a good index of SOM quality and quantity and has been
frequently used for estimating soil quality changes due to
management (Bergstrom et al., 2000). PHa catalyses the
hydrolysis of P organic compounds to phosphate esters.
With regard to the enzymes involved in the C cycle,
B-glucosidase (GLa) has been the most widely used to
evaluate soil quality in soils subjected to different manage-
ment systems (Saviozzi et al., 2001). GLa catalyses the
hydrolysis of chains of 8-glucosides to form S-glucose and
indicates the potential for SOM decomposition.

Table 1. Characteristics of the cultivated and natural soils (2002)

Water soluble C (WSC) is the most degradable fraction of
SOM, acting as an immediate energy source to the micro-
organisms (Cook and Allan, 1992). The study of this fraction
is also interesting in agricultural soils as it determines the
soil’s potential microbial activity (Ceccanti and Garcia,
1994).

The aims of this work were: (a) to evaluate the effects of
different agricultural management practices on SOM and
biochemical properties related to soil microbial activity; and
(b) to assess the effectiveness of the chosen biochemical
properties as optimal early indicators of soil quality in
representative Mexican cultivated degraded soils derived
from old volcanic materials.

MATERIALS AND METHODS

Site Characteristics and Soil Management Practises

The experimental site is located in the West of the MTB, at
the Atécuaro catchment, close to the city of Morelia (State of
Michoacan: 19° 35'N; 101° 12'W; at 2270m a.s.l.). The
climate is temperate and sub-humid. Annual rainfall is close
to 800 mmy ', falling about 85 per cent of this total during
the summer season (from June to September). Mean annual
temperature is close to 14°C. Andosols (mostly in the
mountains) and Acrisols (in downslopes and valleys, where
agricultural areas are found) are dominant at the Atécuaro
catchment, comprising near 70 per cent of the total surface
area (Gallardo et al., 2005).

The soil at the experimental site is a degraded Acrisol,
deep, acid (pH 4-9), rich in clay (50-60 per cent) and
sesquioxides, derived from weathered volcanic material
(Table I). The Ap horizon was poor in soil organic C (SOC
<18mgCg "), total N (Nt <1-6mgN g "), and available P
(Bray-P < 6mgPkg™"). The Fe extracted with the dithio-
nite, citrate and bicarbonate solution (Fepcg) was the
dominant Fe fraction in the soil (5-6 per cent), showing that
this soil has mainly crystalline Fe oxides and oxy-
hydroxides. Hidalgo, (Personal communication, unpub-
lished results) found that the soil fine fraction (<2 pwm) of
this Acrisol contained Fe oxides and oxi-hydroxides:
goethite, hematite, akaganeite, magnetite, kaolinite (a clay
with low activity, usual in tropical soils) and quartz. The

Parameters Texture pH (H,0) CEC BS (%) SOC Nt C/N Bray P Feoxa Fepcs Feoxa/
soils 1:2 (cmol.kg™") (mgg™") (mggh (mgkg™) (%) (%)  Fepcp
Cultivated Clay 4.9 17-5 38-0 17-9 1-50 119 51 0-77 56 0-14
Natural (Sg) Clay 53 18-2 45-2 18-7 1.74 10-7 7-5 — — —

CEC; cationic exchange capacity, BS; base saturation, SOC; soil organic C, Nt; total N, Bray-P; available P, Feqxa; Fe extracted with acid oxalate, Fepcg; Fe

extracted with dithionite, citrate and bicarbonate solution.

Copyright © 2010 John Wiley & Sons, Ltd.
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amorphous Fe (Fepxa) content is lower than 1-0 per cent;
then, the Feqoxa/Fepcp ratio, an index of crystallinity degree
of Fe minerals (‘age of iron oxides’), is close to 0-1, a value
reported for Andriesse (1978) for old tropical soils. The high
clay content (>50 per cent) of this soil favours the formation
of organic-Al complexes, highly resistant to the biological
attack and the physical degradation (Pajares and Gallardo,
2007).

During 2002-2005 four terraces of 1000 m?> each, with the
same slope and bedrock, were cultivated for research
purposes. The terraces were divided into two plots of 500 m*
each. Due to particular field conditions (imposed by the
geographic characteristics of the place, and the way of the
farmer to cultivate the land) it was not possible to install a
truly complete randomized treatment design. Thus, two
replicates of each treatment were installed in each terrace
(two plots per treatment). In 2002, at the beginning of the
present research, preliminary soil analyses were performed
in all the plots to ensure that the starting conditions were
similar in all the cases (Table I).

Each terrace was subjected to different agronomic
management system (Table II): (a) Conventional (Tc),
ploughed every year using crop rotation with low fertilizer
input, and full exportation of crop residues at the end of
the agricultural cycle; (b) Organic (To), using organic
sub-product inputs as nutrient sources every year (cow and
poultry manure, and compost) and crop rotation; (c)
Improved conventional (Ti), mulching with crop residues
to protect the soil in 2004 and 2005, moderate inputs of

Table II. Characteristics of the agronomic treatments under study

inorganic fertilizers according to the crop demand, and crop
rotation and (d) Fallow (Tf), 1 year in fallow and the next
with a crop and so on, fertilization was low during the crop
year and cattle grazed the native pasture during the fallow
year. Prior to this experiment the landowner had cultivated
the land employing Tf, the dominant system in this Mexican
district.

Tillage of the experimental plots was done according
to the traditional mechanical technology of local farmers
(mules and sometimes tractor). Nitrogen fertilizer was
applied as urea, and phosphorus fertilizer as triple super-
phosphate (2002 and 2003) and diamonic phosphate (2004
and 2005) in Tc, Ti and Tf. Fertilizers were added at sowing
time every year. The crops of each particular year were
determined by the farmer, depending on his needs. A soil
under native spontaneous grass cover (Sg) and close to the
experimental plots was used as reference.

Soil Physico—chemical and Biochemical Analyses

In August 2005, at the end of the experiment, three
composite soil samples (with a minimum of 10 simple
subsamples each) were taken from the top layer (0—10cm,
using a cylindrical probe) from each plot and from the
reference soil. Soil samples were mixed, homogenized, air
dried and sieved to a 2-mm mesh before chemical and
biological analysis.

Soil pH was analysed in water (1:2 ratio). Soil organic C
(SOC) was determined by dry combustion (TOCA,
Shimadzu) and Nt was measured using the micro-Kjeldahl

Year  Tc (plots 1 & 2) To (plots 3 & 4) Ti (plots 5 & 6) Tf (plots 7 & 8)
Crops 2002 Broad bean®-vicia® Broad bean-vicia® Broad bean-vicia® Fallow

2003 Oat®-vicia® Oat®-vicia® Oat®-vicia® Oat‘-vicia®

2004 Maize“-bean® Maize-bean® Maize“-bean® Fallow

2005 Maize®-bean® Maize®-bean® Maize-bean® Maize-bean®
Total fertilization 2002 40-30-14 None 60-96-40 None
N-P-K (kgha™")

2003 60-40-0 None 80-40-0 60-40-0

2004 140-100-0 None 140-100-0 None

2005 140-100-0 None ) 140-100-0 140-100-0
Organic additions 2002 None 15Mg WM ha~'EB' None None
(mgha™ b

2003 None 15Mgha™" compost None None

2004 None 10Mgha™" compost+2Mg DMha™'  Cover of 4MgDMha™' of None

poultry manure wheat residues
2005 None 6MgDMha ™! poultry manure Cover of 4MgDMha™" of None

wheat residues

Undetermined or guidance habit associated with maize, EB; Bovine manure/dung, DM; Dry material, WM; Wet material, Tc; conventional, To; organic, Ti;

improved, Tf; fallow.
“Vicia faba.

"Vicia villosa.

“Oat strigosa.

9Zea mais.
“Phaseolus vulgaris.

Copyright © 2010 John Wiley & Sons, Ltd.
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method (Bremner, 1996). Extraction of WSC from the soil
was carried out with distilled water (1:10 solid/liquid ratio)
by shaking incubation at 50°C for 1h, followed by
centrifugation at 15000rpm for 15min (Garcia er al.,
1990). Humic acids were extracted from the soil by shaking
the samples with Na,P,0O; (0-1M, pH 7-1) in a 1:10 solid/
solution ratio. The extracts were centrifuged, filtered
through a Millipore 0-45 um membrane, and dialysed.
After dialysis, extracts were concentrated (by ultra-
filtration) and brought to the volume exhibited prior to
dialysis (Masciandaro and Ceccanti, 1999); the extracts
were used for the analysis of C content and enzyme
activities. Pyrophosphate-extractable C (humic C, HmC)
and WSC were determined by oxidation with hot K,Cr,O,
(Nelson and Sommers, 1996).

Dehydrogenase activity (DHa) was determined by
the reduction of 2-p-iodo-nitrophenyl-phenyltetrazolium
chloride to iodonitrophenylformazan (INTF) using 1g of
soil at 60 per cent of field capacity for 20h at 22°C in
darkness. INTF was measured spectrophotometrically at
490 nm (Masciandaro et al., 2000). The metabolic potential
index (Masciandaro et al., 1998; Caravaca et al., 2002)
was calculated as the ratio between the indicator of soil
microbial activity (DHa) and the sources of energy for
micro-organisms (WSC).

Regarding to hydrolytic enzymes, total enzyme activity
was measured in soils samples and extra-cellular enzyme
activity in dialysed pyrophosphate extracts (Masciandaro
and Ceccanti, 1999; Benitez et al., 2005). URa and PRa
activities were analysed using urea and N-a-benzoyl-L-
argininamide (BAA) as substrates, respectively. Both
activities were determined as the NH; released in the
hydrolysis reaction (Nannipieri et al., 1980). PHa and GLa
were determined using p-nitrophenyl phosphate disodium
and p-nitrophenyl glucopyranoside as substrates, respect-
ively. These assays are based on the release and detection of

p-nitrophenol (PNP) in a spectrophotometer at 398 nm
(Tabatabai, 1994).

Statistical Analyses

All the analytical assays were carried out in triplicate and
results were analysed statistically. All response variables
were normally distributed or could be transformed to
normality with a square root transformation. Although the
spatial design might initially be considered pseudo-
replicated, we applied a #-student’s test for individual
treatment comparisons to corroborate that there were not
significant differences between the two replicates of every
treatment; then we applied another z-student’s test compar-
ing separately every treatment with the other treatments to
determine overall differences among treatments. A Pearson
correlation analysis was performed between the different
parameters.

RESULTS

Because soil pH of these soils was acid and, therefore, could
potentially be harmful to crops, 5-0Mgha™' CaCO; was
initially applied to the agricultural plots; then soil pH
increased between 0-4 and 0-5 units in all the managements
after 4 years of cultivation, while in Sg remained constant
with time (Tables II and III).

Values of SOC and Nt ranged from 17-7 to 20-0mgC g~
and from 1-53 to 1-87mgNg~' in the soil samples,
respectively (Table III); the highest values were found in
To and Ti treatments, and the lowest values in Tf manage-
ment. The highest C/N ratio was found under Tf (C/N:12-8)
while To had the lowest value (C/N:10-7). HmC ranged from
1.8mgCg 'inTfto2-2mgC g~ " in Ti and To; while WSC
ranged from 399 to 517 pgCg ™', with the highest value
in To. Dehydrogenase activity ranged from 0-58 to

Table III. Physico—chemical and biochemical characteristics of cultivated and uncultivated soils

Parameters Soil pH SOC Nt C/N HmC WSC DHa DHa/WSC
managements  (H0) (mgCg™') (mgNg™') (mgCg™) (ngCg™) (ngINTFg 'h™') (pgINTFmg 'Ch™')
Te 53a 178 ¢ 1-60 b 11-1 ab 1-87 be 399 ¢ 0-58 b 1-45b
Standard dev. 0-2 0-4 0-02 0-1 0-14 27 0-14 0-26
Ti 53a 18-7 ab 1-70 ab 11-0 ab 221 a 485 b 125 a 257 a
Standard dev. 0-1 04 0-08 0-1 0-05 4 0-08 0-15
To 54 a 200 a 1-87 a 107 b 220 a 517 a 1-35a 2-61 a
Standard dev. 0-2 0-8 0-11 02 0-12 11 0-16 025
Tf 54 a 183 be 1-47 b 125a 1-77 ¢ 407 ¢ 0-59 b 1-46 b
Standard dev. 0-1 0-6 0-15 14 0-15 15 0-01 0-04
Sg 53a 185 be 1-70 ab 109 ab 196 ab 423 ¢ 0-67 b 1-59b
Standard dev. 0-1 0-5 0-1 0-4 0-07 30 0-08 0-08

SOC; Soil organic C, Nt; total N, Hm-C; humic C, WSC; water soluble C, DHa; dehydrogenase activity, DHa/WSC; metabolic potential, INTF; iodo-
nitrotetrazolium formazam, PNP; p-nitrophenol, Tc; conventional, To; organic, Ti; improved, Tf; fallow, Sg; grass cover.
Different letters for each variable indicate statistically different values (Student’s r-test at p < 0-05).

Copyright © 2010 John Wiley & Sons, Ltd.
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135 wg INTFg ' h™' in these soils, with the highest values
found under To and Ti. The metabolic potential index (DHa/
WSC) ranged between 1-45 under Tc and 2-61pg
INTEmg C~"h ™" under To. The Sg had intermediate values
of all these parameters between the new implemented
managements (To and Ti) and those conventionally applied
(Tf and Tc).

With regards to total hydrolytic enzyme activity
(Figure la), URa and PRa were lower in Tf management
(16-4 and 42-2 wg NH; g~ ' h™', respectively), having Sg the
highest values (21-6 and 70-7 ng NH; g ' h™", respectively).
GLa showed the lowest values in Tc and Tf managements
(78-3 and 86-6 LgPNPg 'h™!, respectively). The values
of PHa were significantly higher in Ti and Sg (1833 and
1727 wngPNPg 'h™!, respectively) and lower in Tf
(1302 ugPNPg 'h™h.

The highest extra-cellular activity of enzymes involved in
C (GLa), N (URa and PRa) and P (PHa) cycles was found
under To management and the lowest activity under Tc
management (Figure 1b). GLa activity ranged from 159 to
34-4 wg PNP g~ ' h™'; PHa was higher under To and Ti (57-3
and 52-0 ug PNP g~ 'h™', respectively) and lower under Tc
(23-9ugPNPg 'h™'); URa and PRa activities were also
lower in Tc management (6-5 and 5-7 pgNH;g 'h™!,
respectively).

DISCUSSION

Values of SOC and Nt found in these experimental plots
were lower than those found by Nishiyama et al. (2001) and
Zagal and Coérdova (2005) in cultivated volcanic soils.
Traditional cultivation practices generally aggravate land
degradation, decreasing SOC content due to disruption of
the equilibrium between the competing processes of humus
formation and mineralization (Masciandaro et al., 1998;
Saviozzi et al., 2001). The regular use of organic manure
tends to counterbalance these processes maintaining high
levels of SOM (Wu et al., 2004). In the present case the
highest values of SOC and Nt found in the soil under To
management were due to organic manures and composts
incorporated to the soil for 4 years (Table III). According to
Chander et al. (1999), the continuous incorporation of
organic residues favours the significant increase of SOC and
maintains the agricultural productivity. The C/N ratio (an
indicator of the intensity of SOM mineralization) was higher
under Tf treatment, which could be due to the organic
residues input (mainly roots) poor in N after the grazing
period (Masciandaro et al., 2004; Covaleda et al. 2006%%).
The low value of C/N ratio under To was due to the poultry
manures applied with this management. Poultry manure is
known to be arich source of N for plants (Moore et al., 1995)

10000
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a: TOTAL ACTIVITY | a 4 . a
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10 1
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Figure 1. Total and extra-cellular enzyme activity: urease (ugNH; g "h™"), protease-BAA (ugNH;g 'h™'), -glucosidase (ugPNPg 'h™') and phos-
phatase (ugPNPg~'h™"). Values for each parameter with the same letter are not significant at p < 0-05 according to r-Student’s test.

Copyright © 2010 John Wiley & Sons, Ltd.
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and the C/N ratio in this treatment indicates an evolution of
the organic residues towards more humified forms.

The lowest values of HmC in Tf and Tc managements
were related to the low SOC contents and suggests a slow
humification rate and/or a mineralization increase with
respect to Sg and the other managements (To and Ti), where
the applied organic manures and the mulching stimulated the
humification process.

Water soluble C had the highest value under To. This
finding is congruent with the yearly application of organic
material that contains labile C to this treatment, which
resulted in the highest SOC content. The highest value of
DHa activity, an index of soil microbial metabolism (Garcia
et al., 1997), was also found in To and it was related to its
high labile C content (WSC). Organic amendments improve
the stability of soil structure and increase water retention,
which stimulate soil enzyme activity (Marcote ef al., 2001).
The lowest DHa activity under Tc and Tf can be directly
related to the low SOM contents in the Acrisols cultivated
with these treatments, what could cause a decrease of the
number of associate microorganisms (Garcia et al., 1997).
The values of the DHa/WSC ratio were higher in To and Ti,
indicating higher soil microbial activities (likely due to the
addition of easily decomposable organic compounds under
these two managements). Similarly to other parameters,
the DHa/WSC ratio was lower in Tc and Tf, suggesting a
decrease of soil metabolic activity when these managements
were applied.

Total hydrolytic-enzyme levels were significantly lower
in Tf and Tc than in Sg, which has not suffered from human
intervention (Figure 1a). The existence of plant cover and its
progressive mineralization was the cause of the highest
enzyme activities in Sg. In addition, the highest values of
GLa in To, Ti and Sg suggest an enrichment of fresh-plant
materials of cellulolytic nature acting as substrate for the
B-glucosidase enzyme (Caravaca et al., 2002). Although
different studies have shown that PHa activity increases as a
consequence of organic additions (Pascual et al., 1999;
Chakrabarti et al., 2000) and decreases when P fertilizers are
used (Olander and Vitousek, 2000; Bohme and Boéhme,
2006), the PHa activity was significantly higher in Sg and Ti
(where P fertilizers were applied) than in the other
managements. According to Saviozzi et al. (2001), URa
and PRa activities decrease as a result of ploughing (Tc
management in this study).

Enzyme activity of fine texture soils (like in this case)
depends in part on the activity of extra-cellular enzymes
immobilized by mineral colloids, which may not be as
sensitive to environmental factors as microbial activity
(Nannipieri et al., 1996). The enzymes linked to humic
colloids retain their enzymatic activity in soil extracts due to
the protection from physical-chemical denaturation and
microbial attack (Garcia et al., 1994; Nannipieri et al.,

Copyright © 2010 John Wiley & Sons, Ltd.

1996). In general, the extra-cellular enzyme activity was
lower under Tc management and higher under To treatment,
where available organic substrates (WSC) were higher
(Figure 1b); suggesting an interaction between the available
energy-rich compounds and the biochemical energy
accumulated and preserved in humus-enzyme complexes
(Masciandaro and Ceccanti, 1999). The GLa and PHa extra-
cellular activities were the most significantly affected by the
applied managements, whereas the URa and PRa extra-
cellular activities showed less variability among the
different applied treatments; indicating that the latest two
enzymes®* had higher resistance to the physical-chemical
stress and microbial attack (and therefore less influenced by
the agricultural managements) than the former two enzymes.

Specific enzyme activities have been used to compare
values of enzymatic activities in soils with different organic
matter contents (Masciandaro and Ceccanti, 1999; Benitez
et al., 2005) and could be considered as simple indexes of
soil quality. In this study specific extra-cellular activities for
each hydrolytic enzyme were calculated per unit of HmC
(pyrophosphate-extracted C) to evaluate the intensity of the
biochemical activity of the humic fraction of the SOM
according to each soil management (Table IV). Specific
extra-cellular activities showed a similar tendency in
relation to the absolute extra-cellular activities (excepting
specific PRa, which did not show significant differences); in
general the lowest values were found in Tc treatment and the
highest values in To treatment. Therefore, the application of
organic residues to the soil increased the enzymatic activity
due to the direct addition of microorganisms and enzymes to
the soil or indirectly by the addition of easily available
substrates for microorganisms that increase their activity
(Garcia et al., 1994; Benitez et al., 2005).

According to these results, enzyme activities are related to
SOM content (Table V); then, the different managements
applied in these soils derived from old volcanic materials
modified the SOM content, affecting the humus-enzyme
complexes activity and the soil metabolism.

Table V shows the correlation matrix for all the studied
parameters. There was a positive correlation between SOC,
Nt, HmC, WSC, DHa and GLa, which means that these
enzyme activities were influenced by the energy availability
(SOC and WSC contents). A very significant correlation was
also found between DHa and WSC (r=0-974, p <0-01),
suggesting a relationship between the availability of labile
and easily mineralizable SOC and the activity of microbial
populations. The close correlation between DHa and HmC
(r=0-921, p <0-01) indicated that SOM humification is a
biological process controlled by micro-organisms activity
(Ceccanti and Garcia, 1994). A high positive correlation
existed among the overall total enzyme activities (URa, PRa,
GLa and PHa), suggesting an equilibrium between the
principal nutrients cycles. In general, extra-cellular enzyme
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© 0o ~NO OO WNLERE

ENZYME®! ACTIVITY AS AN INDICATOR OF SOIL QUALITY CHANGES 7

Table IV. Specific enzyme activity (absolute extra-cellular enzyme activity/ humic C) of cultivated and uncultivated soils

Parameters URa PRa GLa PHa
managements (wgNH;mg~'Ch™) (ngPNPmg~'Ch™")

Tc 3-47 be 3-10 a 85¢c 13-9d
Standard dev. 0-06 0-49 1.5 0-1
Ti 3.75 ab 296 a 112 b 23-5 ab
Standard dev. 0-35 0-86 09 1-1
To 3-69 a 299 a 157 a 260 a
Standard dev. 0-02 0-43 19 0-6
Tf 3-64 ab 378 a 117 b 19-5 be
Standard dev. 0-20 0-90 0-3 4.2
Sg 281 c 375 a 13-0 b 18:6 ¢
Standard dev. 0-39 0-76 0-1 1-5

URa; Urease, PRa; protease-BAA, GLa; 3-glucosidade, PHa; phosphatase, PNP; p-nitrophenol, Tc; conventional, To; organic, Ti; improved, Tf; fallow, Sg;

grass cover.

Different letters for each variable indicate statistically different values (Student’s r-test at p < 0-05).

Table V. Correlation coefficients between different parameters

SOC Nt HmC WSC DHa URa-tot PRa-tot GLa-tot PHa-tot URa-ext PRa-ext GLa-ext PHa-ext
SoC 1
Nt 0-832° 1
HmC 0-755* 0-780° 1
WSC 0-868° 0-729* 0-920° 1
DHa 0-802° 0-638* 0-921° 0.974° 1
URa-tot  0-367 0595 0561 0397  0-346 1
PRa-tot 0433 0536 0586 0477 0413 0919° 1
GLa-tot 0-648* 0-667* 0-755* 0-688* 0-639* 0-818°  0-943° 1
PRa-tot 0207 0347 0620 0401 0423 0-779° 0-810° 0.776° 1
URa-ext 0-664* 0-507 0-739*° 0-780° 0-810° 0012 —0-013 0239  0-203 1
PRa-ext 0-525 0513 0311 0280 0-164 0-601 0598 0592 0438  0-176 1
GLa-ext 0-902° 0-722% 0-750° 0-864° 0-797°  0-475 0-603 0-780°  0-289 0-497 0-502 1
PHa-ext 0-846° 0528 0-781° 0.918° 0-916° 0-246 0420 0-663* 0362  0737* 0335  0-858° 1

Correlation coefficients are significant at p < 0-05 (two tailed).
PCorrelation coefficients are very significant at p < 0-01 (two tailed).

activities also showed a good correlation with the different
forms of C and N. The absence of correlation between extra-
cellular and total enzyme activities confirmed the humic
stabilized nature of these enzymes and that the extra-cellular
enzyme activity is not so dependent of the micro-organisms
action.

In summary, these correlations showed that the studied
biochemical indices can provide good indications of SOM
quality under different agronomic management systems in
this degraded volcanic soil.

CONCLUSIONS

Retention of crop residues and addition of composts
and farm manures (organic management), or mulching
and fertilizer inputs adjusted to crop demand (improved
management) resulted in an improvement of soil quality,
mainly by increasing of SOC and N contents, and

Copyright © 2010 John Wiley & Sons, Ltd.

biochemical parameters related to microbial activities
involved in C and bio-elements cycles in soils derived
from old volcanic materials. Both treatments contributed to
improve the organic reserves and the quality of the degraded
Acrisol selected for this field experiment.

The activity of the assayed soil enzymes was strongly
depressed under intensive agronomic use (conventional
and fallow systems) and was enhanced under conservative
managements (organic and improved managements). In
the short-term (4 years) these enzyme activities, particularly
those linked to stable humus complex (especially g-
glucosidase and phosphatase), were more sensitive to
agricultural practices than changes in SOC and HmC
contents in this degraded Acrisol. Consequently, the assayed
soil enzymes activity can be considered as good indicators of
soil quality changes. In addition, water soluble C and the
DHa/WSC ratio were also evidenced as good indicators of
SOM quality of this Acrisol.

LAND DEGRADATION & DEVELOPMENT, 21: 1-9 (2010)



© 0o ~NO OO WNLERE

8 S. PAJARES ET AL.

ACKNOWLEDGEMENTS

The authors thank the European Union for supporting the
REVOLSO Project INCO-DEV Program) and the Spanish
Ministry of Education & Science. Thanks are also due to
C. 1. Hidalgo (Colegio de Postgraduados de Montecillo,
Mexico) for the mineralogical identification of soil clays
analysis and J. Padilla (Colegio de Postgraduados de Mon-
tecillo, Mexico), C. Macci, S. Doni and laboratory tech-
nicians from the Istituto per lo Studio degli Ecosistemi
(CNR, ltaly) for theirs lab assistance.

REFERENCES

Alvarez JD, Ferrera R, Etchevers JD. 2000. Actividad microbiana en
tepetates con incorporacion de residuos organicos. Agrociencia 34:
523-532.

Andriesse JP. 1978. A study into the mobility of iron in podzolized Serawak
upland soils by means of selective iron extraction. Netherland Journal
Agricultural Science 27: 1-12.

Benitez E, Sainz H, Nogales R. 2005. Hydrolytic enzyme activities of
extractable humic substances during the vermicomposting of a ligno-
cellulosic olive waste. Bioresource & Technology 96: 785-790. 10.1016/
j-biortech.2004.08.010

Bergstrom DW, Monreal CM, Tomlin AD, Miller JJ. 2000. Interpretation of
soil enzyme activities in a comparison of tillage practices along a
topographic and textural gradient. Canadian Journal of Soil Science
80: 71-79.

Bremner JM. 1996. Total nitrogen. In Methods of Soil Analysis: Chemical
Methods. Soil Sci. Soc. Am., Sparks DL (Ed.). Madison?® WI; 1085~
1086.

Bohme L, Bohme F. 2006. Soil microbiological and biochemical properties
affected by plant growth and different long-term fertilisation. European
Journal of Soil Biology 42: 1-12. 10.1016/j.ejsobi.2005.08.001

Burns RG. 1982. Enzyme activity in soil: location and a possible role in
microbial ecology. Soil Biology Biochemistry 34: 121-125.

Caravaca F, Masciandaro G, Ceccanti B. 2002. Land use in relation to soil
chemical and biochemical properties in a semiarid Mediterranean
environment. Soil Tillage & Research 68: 23-30. 10.1016/S0167-
1987(02) 00080-6

Ceccanti B, Garcia C. 1994. Coupled chemical and biochemical method-
ologies to characterize a composting process and the humic substances. In
Humic Substances in the Global Environment and Implications on
Human Health, Senesi N, Miano TM (Eds). Elsevier: Amsterdam;
1279-1284.

Ceccanti B, Masciandaro G. 2003. Stable humus-enzyme nucleus: the last
barrier against soil desertification. In Preserving soil quality and soil
biodiversity-The role of surrogate indicators, Lobo MC, Ibaiiez JJ (Eds).
CSIC-IMIA: Madrid; pp 77-82.

Chander K, Kapoor K, Singh S, Goyal S. 1999. Impact of soil management
practices on soil microbial biomass and microbial activities. In Manage-
ments of Tropical Agro-ecosystem and the Beneficial Soil Biota, Vikram
RM (Ed.). Science Publishers: Enfield, New Hampshire; 115-131.

Chakrabarti K, Sarkar B, Chakraborty A, Banik P, Bagchi DK. 2000.
Organic recycling for soil quality conservation in a sub-tropical plateau
region. Journal of Agronomy and Crop Science 184: 137-142.

Cook BD, Allan DL. 1992. Dissolved organic matter in old field soils: total
amounts as a measure of available resources for soil mineralization. Soil
Biology and Biochemistry 24: 585-594.

Dick RP, Breakwill D, Turco R. 1996. Soil enzyme activities and biodi-
versity measurements as integrating biological indicators. In Handbook
of Methods for Assessment of Soil Quality. Soil Sci Soc Am., Doran JW,
Jones AJ (Eds), Madison®® WI; 247-272.

Doran JW, Parkin TB. 1996. Quantitative indicators of soil quality: a
minimum data set. In Methods for Assessing Soil Quality. Vol 49. Soil

Copyright © 2010 John Wiley & Sons, Ltd.

Sci Soc Am., Doran JW, Jones AJ (Eds). SpecialQ7 Publication, Madison;
25-37.

Gallardo JF, Bravo M, Prat C, Medina L, Fregoso L, Serrato B, Mendoza M,
Etchevers JD, Pajares S. 2005. Recuperacion de Agrosistemas degrada-
dos en la Cuenca del Lago de Cuitzeo (Michoacan, México): II. Control
de carcavas. In Control de la Degradacion de Suelos. Jiménez R, Alvarez
AM (Eds.) UAM: Madrid?®; 269-263.

Garcia C, Hernandez T, Costa F. 1990. Study of water extract of sew-age-
sludge compost. Soil Science and Plant Nutrition 37: 399—408.

Garcia C, Hernandez T, Costa F, Ceccanti B. 1994. Biochemical parameters
in soils regenerated by the addition of organic wastes. Waste Management
and Research 12: 457-466.

Garcia C, Hernandez T, Costa F. 1997. Potencial use of dehydrogenase
activity as an index of microbial activity in degraded soils. Communi-
cations in Soil Science and Plant Analysis 28: 123-134.

Gil-Sotres F, Trasar C, Leir6s MC, Seoane S. 2005. Different approaches to
evaluating soil quality using biochemical properties. Soil Biology and
Biochemistry 37: 877-887. 10.1016/j.50ilbio.2004.10.003

Karlen DL, Mausbach MJ, Doran JW, Cline RG, Harris RF, Schuman GE.
1997. Soil quality: a concept, definition, and framework for evaluation.
Soil Science Society of American Journal 61: 4-10.

Mabuhay JA, Nakagoshi N, Isagi Y. 2006. Microbial responses to organic
and inorganic amendments in eroded soil. Land Degradation & Devel-
opment 17: 321-332.

Marcote 1, Hernandez T, Garcia C, Polo A. 2001. Influence of one or two
successive annual applications of organic fertilizers on the enzyme
activity of a soil under barley cultivation. Bioresource Technology 79:
147-154.

Masciandaro G, Ceccanti B. 1999. Assessing soil quality in different agro-
ecosystems through biochemical and chemico-structural properties of
humic substances. Soil Tillage and Research 51: 129-137.

Masciandaro G, Ceccanti B, Benedicto S, Lee HC, Cook HF. 2004. Enzyme
activity and C and N pools in soil following application of mulches.
Canadian Journal of Soil Science 84: 19-30.

Masciandaro G, Ceccanti B, Gallardo JF. 1998. Organic matter properties in
cultivated versus set-aside arable soils. Agriculture, Ecosystem and
Environment 67: 267-274.

Masciandaro G, Ceccanti B, Ronchi V, Bauer C. 2000. Kinetic parameters
of dehydrogenase in the assessment of the response of soil to treatments
by vermin-compost and inorganic fertilisers. Biology and Fertility of Soils
32: 479-483.

Moore PA, Daniel TC, Sharpley AN, Wood CW. 1995. Poultry manure
management: environmentally sound options. Journal of Soil and Water
Conservation 50: 321-327.

Nannipieri P, Ceccanti B, Cervelli S, Matarrese E. 1980. Extraction of
phosphatase, urease, protease, organic carbon and nitrogen from soil. Soil
Science Society of American Journal 44: 1011-1016.

Nannipieri P, Ceccanti B, Grego S. 1990. Ecological significance of
biological activity in soil. In Soil Biochemistry, Vol 6. Bollag JM,
Stotzky G (Eds). Marcel Dekker: New York; 293-355.

Nannipieri P, Sequi P, Fusi P. 1996. Humus and enzyme activity. In Humus
Substances in Terrestrial Ecosystems, Piccolo A (Ed.). Elsevier: Amster-
dam; 293-328.

Nelson SW, Sommers LE. 1996. Total carbon, organic carbon and organic
matter. In Methods of Soil Analysis: Chemical Methods. Soil Sci Soc Am.,
Sparks DL (Ed.). Madison?’ WI; 961-1010.

Nishiyama M, Sumikawa Y, Guan G, Marumoto T. 2001. Relationship
between microbial biomass and extractable organic carbon content in
volcanic and non-volcanic ash soil. Applied Soil Ecology 17: 183—
187.

Oades J. 1995. Recent advances in organo-mineral interactions implications
for carbon cycling and soil structure. In The Fungal Community. Its
Organization and Role in the Ecosystem, (2nd edn). Wicklow DT (Ed.).
Mercel Dekker: New York; 521-561.

Olander LP, Vitousek PM. 2000. Regulation of soil phosphatase and
chitinase activity by N and P availability. Biogeochemistry 49: 175-190.

Pajares S, Gallardo JF. 2007. Impact of soil managements on soil N
distribution of a Mexican volcanic soil. In Towards a Better Efficiency
in N Use. Bosch AD, Teira MR, Villar JM (Eds), Milenio: Lleida, Spain;
472-474.

LAND DEGRADATION & DEVELOPMENT, 21: 1-9 (2010)



© 0o ~NO OO WNLERE

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

ENZYME®! ACTIVITY AS AN INDICATOR OF SOIL QUALITY CHANGES 9

Parr JF, Papendick RI. 1997. Soil quality: relationship and strategies for
sustainable dryland farming systems. Annals of Arid Zones 36: 181-191.

Pascual JA, Garcia C, Hernandez T. 1999. Lasting microbiological and
biochemical effects of the addition of municipal solid waste to an arid
soil. Biology and Fertility of Soils 30: 1-6.

Saviozzi A, Levi-Minzi R, Cardelli R, Riffaldi R. 2001. A comparison of
soil quality in adjacent cultivated, forest and native grassland soils. Plant
and Soil 233: 251-259.

Tabatabai MA. 1994. Soil enzymes. In Methods of Soil Analysis. Part 2.
Chemical and Microbiological Properties, Weaver RW, Angle JS,
Bottomly PS, Bezdicek D, Smith S, Tabatabai MA, Wollum A
(Eds), ASA-SSSA: Madison WI, USA; 775-833.

Copyright © 2010 John Wiley & Sons, Ltd.

Villar MC, Petrikova V, Diaz-Ravifia M, Carballas T. 2004. Changes in soil
microbial biomass and aggregate stability following burning and soil
rehabilitation. Geoderma 122: 73-82.

Wu T, Schoenau JJ, Li F, Qian P, Malhi SS, Shi Y, Xu F. 2004. Influence
of cultivation and fertilization on total organic carbon fractions in
soils from the Loess Plateau of China. Soil Tillage and Research T7:
59-68.

Yakovchenko VI, Sikora LJ, Rauffman DD. 1996. A biologically
based indicator of soil quality. Biology and Fertility of Soils 21: 245—
251.

Zagal E, Cordova C. 2005. Indicadores de calidad de la materia organica del
suelo en un andisol cultivado. Agricultura Técnica 65: 186-197.

LAND DEGRADATION & DEVELOPMENT, 21: 1-9 (2010)



0o ~NO UL WNPEP

Author Query Form (LDR/992)

Special Instruction: Author please include responses to queries with your other corrections and
return by e-mail.

Q1:
Q2:
Q3:
Q4:
Qs:
Qé6:
Q7:
Q8:
Q9:

Author:
Author:
Author:
Author:
Author:
Author:
Author:
Author:
Author:

Please check the suitability of the suggested short title.

Please verify the e-mail id of corresponding author.

Reference is not given in the list. Please provide it in the reference list.

‘Enzimes’ has been changed ‘enzymes’ here and elsewhere in the paper, please check.
Please provide the publisher name.

Please provide the publisher name.

Please provide the publisher name.

Please check the page range.

Please provide the publisher name.



WILEY

WILEY AUTHOR DISCOUNT CLUB

We would like to show our appreciation to you, a highly valued contributor to Wiley’s
publications, by offering a unique 25% discount off the published price of any of our
books*.

All you need to do is apply for the Wiley Author Discount Card by completing the
attached form and returning it to us at the following address:

The Database Group (Author Club)

John Wiley & Sons Ltd

The Atrium

Southern Gate

Chichester

PO19 8SQ

UK
Alternatively, you can register online at www.wileyeurope.com/go/authordiscount
Please pass on details of this offer to any co-authors or fellow contributors.

After registering you will receive your Wiley Author Discount Card with a special promotion
code, which you will need to quote whenever you order books direct from us.

The quickest way to order your books from us is via our European website at:

http://www.wileyeurope.com

Key benefits to using the site and ordering online include:

e Real-time SECURE on-line ordering

e [Easy catalogue browsing

e Dedicated Author resource centre

e Opportunity to sign up for subject-orientated e-mail alerts

Alternatively, you can order direct through Customer Services at:
cs-books@wiley.co.uk, or call +44 (0)1243 843294, fax +44 (0)1243 843303

So take advantage of this great offer and return your completed form today.

Yours sincerely,

\/ /kQ—Qw—v

Verity Leaver
Group Marketing Manager
author@wiley.co.uk

*TERMS AND CONDITIONS
This offer is exclusive to Wiley Authors, Editors, Contributors and Editorial Board Members in acquiring books for their personal use.
There must be no resale through any channel. The offer is subject to stock availability and cannot be applied retrospectively. This
entitlement cannot be used in conjunction with any other special offer. Wiley reserves the right to amend the terms of the offer at any
time.



WILEY

REGISTRATION FORM
For Wiley Author Club Discount Card

To enjoy your 25% discount, tell us your areas of interest and you will receive relevant catalogues or leaflets

from which to select your books. Please indicate your specific subject areas below.

Accounting

Public
Corporate

Chemistry

Analytical
Industrial/Safety
Organic
Inorganic
Polymer
Spectroscopy

Encyclopedia/Reference

Business/Finance
Life Sciences
Medical Sciences
Physical Sciences
Technology

Earth & Environmental Science

Hospitality

Genetics

Bioinformatics/
Computational Biology

Proteomics

Genomics

Gene Mapping

Clinical Genetics

Medical Science

Cardiovascular
Diabetes

Endocrinology

Imaging
Obstetrics/Gynaecology
Oncology

Pharmacology
Psychiatry

Non-Profit

e
e e

Lo R N B W W W |
e e e e e e

e
et e e e et

[]
[]

i
—

e
[ S S |

emleeles enlen Ren N R oy |
e e e e e e e e

[]

Architecture

Business/Management

Computer Science

Database/Data Warehouse
Internet Business
Networking
Programming/Software
Development

Object Technology

Engineering

Civil

Communications Technology
Electronic

Environmental

Industrial

Mechanical

Finance/Investing

Economics
Institutional
Personal Finance

Life Science

Landscape Architecture

Mathematics
Statistics

Manufacturing

Materials Science

Psychology

Clinical

Forensic

Social & Personality

Health & Sport

Cognitive

Organizational
Developmental & Special Ed
Child Welfare

Self-Help

Physics/Physical Science

L W W s W W s W T s W W W W |
— e e e e e e e e e

Please complete the next page /




W

WILEY
I confirm that I am (*delete where not applicable):

a Wiley Book Author/Editor/Contributor* of the following book(s):
ISBN:
ISBN:

a Wiley Journal Editor/Contributor/Editorial Board Member* of the following journal(s):

SIGIN ATURE et e e e et s e e e e e e e s e e e ee e b aaaaaans Date:

PLEASE COMPLETE THE FOLLOWING DETAILS IN BLOCK CAPITALS:

TITLE: (e.g. Mr, Mrs, Dr) ..ccccevevvrrene FULL NAME: ittt s ene e
JOB TITLE (or Occupation): ¢ EeeeeeateeeeeteeeeeeteeeeateeeeateeeeasteeeeanteeeanteeeoneeeeansteeeanneeeeanteeeeanEeeeanaeeeanteeeanaeeeanraeeeanres
D N g I = O PSP .
COMPANY/INSTITUTION: .ottt ee et e et e st e e e steetesseeeteesae e teaneeaseeaseeaaeenteeneeameesaeebeenseensesnsesseenseensennses
A D RESS : . ettt et et Rt Rt oAt oAt e a e et e eRe Rt oA e eReen e e At ARt eEeeReeR e et e eReeReeReeReene et e te Rt eneeneenentennn
LI LN I S
(@018 1 IS 17N I = SRR
L@@ 11\ I (TSRS
POSTCODE/ZIP CODE: ....eiiitietiet ettt ettt sttt ettt et e e sae e s ae e be e eeemteaseeaseesaeembeemeeeseesmeeaseenteenseanseaneenseeseeenseanneans

DAY TIME TE L. oot e e e h e st e st e s e e e sh e e e s R e e e R e e s s e e s an e e sae e e sae e e smee e sae e e sre e e reesneenaneen

YOUR PERSONAL DATA
We, John Wiley & Sons Ltd, will use the information you have provided to fulfil your request. In addition, we would like to:

1. Use your information to keep you informed by post of titles and offers of interest to you and available from us or other
Wiley Group companies worldwide, and may supply your details to members of the Wiley Group for this purpose.
[ 1 Please tick the box if you do NOT wish to receive this information

2. Share your information with other carefully selected companies so that they may contact you by post with details of
titles and offers that may be of interest to you.
[ 1 Please tick the box if you do NOT wish to receive this information.

E-MAIL ALERTING SERVICE
We also offer an alerting service to our author base via e-mail, with regular special offers and competitions. If you DO wish to
receive these, please opt in by ticking the box [ 1.

If, at any time, you wish to stop receiving information, please contact the Database Group (databasegroup@wiley.co.uk) at John Wiley & Sons Ltd,
The Atrium, Southern Gate, Chichester, PO19 85Q, UK.

TERMS & CONDITIONS

This offer is exclusive to Wiley Authors, Editors, Contributors and Editorial Board Members in acquiring books for their personal use. There should
be no resale through any channel. The offer is subject to stock availability and may not be applied retrospectively. This entitlement cannot be used
in conjunction with any other special offer. Wiley reserves the right to vary the terms of the offer at any time.

PLEASE RETURN THIS FORM TO:

Database Group (Author Club), John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, PO19 85Q, UK author@wiley.co.uk
Fax: +44 (0)1243 770154



	Untitled
	lease
	Untitled



