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Abstract

Beet vinasse (BV), a green manure constituted by Trifolium pratense L. uncomposted (TP) and composted with beet vinasse (at 1:1
rate, (TP + BV)1, and 2:1 rate, (TP + BV)2) at 10 t organic matter ha�1 rate were applied during a period of four years for purpose of
restoration of a Xelloric Calciorthid located near Seville (Guadalquivir Valley, Andalusia, Spain). The effect on the plant cover, soil phys-
ical (structural stability and bulk density), chemical (exchangeable sodium percentage), and biological properties (microbial biomass, soil
respiration and enzymatic activities such as dehydrogenase, urease, b-glucosidase, phosphatase and arylsulfatase) were determined. The
application of BV had a detrimental impact on soil physical (structural stability decreased 16.5% and bulk density increased 18.7%
respect to the control soil), chemical (exchangeable sodium percentage increased 87.3% respect to the control soil), and biological prop-
erties (microbial biomass, soil respiration, and dehydrogenase, urease, b-glucosidase, phosphatase and arylsulfatase activities decreased
by 53.5%, 24.5%, 27.8%, 15%, 39.7%, 42.7%, and 65.6%, respectively with respect to the control soil), probably because high quantities of
monovalent cations (Na principally) were introduced into the soil by the vinasse, thus destabilizing its structure. The application of TP
had a positive impact on soil physical (structural stability increased 5.9% and bulk density decreased 6.1% respect to the control soil), and
biological properties (microbial biomass, soil respiration, and dehydrogenase, urease, b-glucosidase, phosphatase and arylsulfatase activ-
ities increased by 66.3%, 45.6%, 97.7%, 98.9%, 97.7%, 87.2%, and 89.4%, respectively with respect to the control soil). However, when BV
was co-composted with a green manure, principally at a 2:1 rate, the resulting compost had a positive effect on soil physical (structural
stability increased 10.5% and bulk density decreased 13.5% respect to the control soil), and biological properties (microbial biomass, soil
respiration, and dehydrogenase, urease, b-glucosidase, phosphatase and arylsulfatase activities increased by 68.9%, 46.2%, 97.5%, 98.4%,
99.1%, 90.5% and 91.6%, respectively with respect to the control soil). After four years, the percentage of plant cover decreased 64.3% in
the BV-amended plots respect to the control soil, whereas increased 82.8%, 81.6% and 81% in the (TP + BV)2, (TP + BV)1 and TP treat-
ments, respectively. While the application of BV deteriorates the soil and therefore does not contribute to its restoration, the application
of TP, and BV composted with TP protects the soil and will contribute to its restoration.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

One of the major environmental concerns is soil degra-
dation. Inappropriate technologies have resulted in soil
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quality deterioration, leading to soil organic matter losses
and structure degradation, affecting water, air and nutri-
ents flows, and consequently plant growth (Golchin et al.,
1995; Tejada et al., 2006b). For this reason, the application
of organic wastes with a high organic matter content, such
as fresh and composted urban wastes (Ros et al., 2003),
shredded and composted plant materials derived from
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Table 1
Initial soil characteristics and standard error in parenthesis (data are the
means of four samples)

pH 7.6 (0.14)
Electrical conductivity

(dS m�1)
0.23 (0.04)

Clay (g kg�1) 313 (15)
Silt (g kg�1) 259 (22)
Sand (g kg�1) 428 (31)
Texture Clay loam
Dominant clay types Illite, illite-montmorillonite (interstratified)
CaCO3 (g kg�1) 351 (25)
Kjeldahl N (g kg�1) 0.9 (0.03)
Total C (g kg�1) 6.3 (0.09)
C/N ratio 7 (3)
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municipal landscape (Walker, 2003), and cotton gin com-
post and poultry manure (Tejada et al., 2006b) to semiarid
soils has become a common environmental practice for soil
restoration, maintaining soil organic matter, reclaiming
degraded soils, and supplying plant nutrients.

Organic by-products originating from industrial pro-
cesses represent an important source of nutrients, especially
for organic fertilization. In this respect, beet vinasse, a final
by-product of the sugar industry, is a product of great
interest because of its organic matter content (398 g kg�1),
N (32.5 g kg�1) and K (126 g kg�1) concentrations. Sugar
beet is processed to produce crystalline sugar, pulp and
molasses, the last being fermented to produce alcohol.
After removal of the alcohol by distillation the remaining
material is known as vinasse. In SW Spain, the annual pro-
duction of beet vinasse is about 5 · 103 Mg (Madejon et al.,
2001).

However, beet vinasse presents a high Na concentration
(21 g kg�1). This aspect is the main responsible for the
deterioration of soil physical, chemical and biological
properties after the addition of beet vinasse to soil under
dryland conditions, favouring soil erosion as well as a
decrease in soil microbial biomass and in crop productivity
(Tejada and Gonzalez, 2005, 2006a). Some authors have
suggested that the problems associated with the addition
to soil fresh residues (such as beet vinasse) may be over-
come by co-composting with solid agricultural wastes
(Madejon et al., 2001; Diaz et al., 2002).

The application of green manures to soil is considered a
good management practice in any agricultural production
system because stimulate soil microbial growth and activ-
ity, with subsequent mineralization of plant nutrients
(Eriksen, 2005), and therefore increase soil fertility and
quality (Doran et al., 1988). Leguminous and non-legumi-
nous plants are used as green manures. Leguminous green
manures can fix large quantity of atmospheric N2 and can
provide useful amounts of organic matter on soil. Non-
leguminous green manures only can increase the organic
matter in soil and do not fix atmospheric N2. For this rea-
son, beet vinasse may be overcome by co-composting with
green manures.

Physical and chemical properties have been used to eval-
uate the effects of the application of different sources of
organic matter on soil during long-term experiments (Tej-
ada and Gonzalez, 2004). However, such properties change
very slowly and need many years to provide any significant
results. In contrast, microbiological and biochemical prop-
erties are very responsive and provide immediate and pre-
cise information on small changes occurring in soil (Dick
and Tabatabai, 1993). In fact, they may also indicate the
soil’s potential to sustain microbiological activity (Paul
and Clark, 1989).

In view of the above, the objective of this study was to
evaluate the effects of using fresh beet vinasse, green man-
ures and beet vinasse composted with green manures as a
bulking agent, as soil amendments at different rates on soil
restoration, comparing some physical (soil structural sta-
bility and soil bulk density), chemical (exchangeable
sodium percentage) and biological soil properties (soil res-
piration, soil microbial biomass and soil enzymatic activi-
ties) in a semiarid Mediterranean agro-ecosystem.
2. Methods

2.1. Site and properties of organic wastes

The study was conducted from October 2001 to October
2005 near Seville (Guadalquivir Valley, Andalusia, Spain)
on a Xerollic Calciorthid (Soil Survey Staff, 1987) with a
2% slope. The general properties of this soil (0–25 cm)
are shown in Table 1. Soil pH was determined in distilled
water with a glass electrode (soil:H2O ratio 1:1). Soil elec-
tric conductivity was determined in distilled water with a
glass electrode (soil:H2O ratio 1:5). Soil texture was deter-
mined by the Robinson’s pipette method (SSEW, 1982)
and dominant clay types were determined by X-ray diffrac-
tion. Soil Kjeldahl-N was determined by the Kjeldahl
method (MAPA, 1986). Total CaCO3 was measured by
estimating the quantity of the CO2 produced by HCl addi-
tion to the soil (MAPA, 1986). Soil organic carbon was
determined by oxidizing organic matter in soil samples with
K2Cr2O7 in sulphuric acid (96%) for 30 min, and measur-
ing the concentration of Cr3+ formed (Sims and Haby,
1971).

The organic wastes applied were: fresh non-depotassi-
fied beet vinasse (BV), a green manure composted and con-
stituted by leguminous plants (Trifolium pratense, L.) (TP),
and a compost obtained by mixing of TP and BV at a 1:1
rate [(green manure:beet vinasse) (weight:weight)] and 2:1
rate [(green manure:beet vinasse) (weight:weight)].

Plant residues were composted. Prior to composting, the
residues were crushed using a shredder (Bione sgon 2.0,
Sandri Garden srl). TP residues were composted in trape-
zoidal piles (2 m high by 2 m width by 3 m bug) and under
aerobic conditions. The compost was turned once a week
during the first month and every other week thereafter in
order to maintain an aerobic environment in the pile. Dur-
ing the thermophilic phase, the piles were watered regularly
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to maintain moisture contents at around 55%. To assure an
adequate composting process, 50–60% is the recommended
range for moisture content (McKinley et al., 1985). The
composting process was carried on 179 days, when the
C:N ratio and the temperature had become constant.

The combination of TP + BV was composted under
similar conditions to those previously described. The com-
posting process lasted 190 days for the proportion 1:1 and
207 days for the proportion 2:1.

The general properties of the organic wastes at the end
of the composting process are shown in Table 2. Organic
matter content was determined by dry combustion method
(MAPA, 1986). To determine humic and fulvic acids-C,
organic waste was extracted with 0.1 M sodium pyrophos-
phate and 0.1 M sodium hydroxide at pH 13 (Kononova,
1966). The supernatant was acidified to pH 2 with HCl
and allowed to stand for 24 h at room temperature. To sep-
arate humic acids from fulvic acids, the solution was centri-
fuged and the precipitate containing humic acids was
dissolved with sodium hydroxide (Yeomans and Bremner,
1988). After the removal of humic acids, the acidic filtrate
containing the dissolved fulvic acid fraction was passed
through a column of XAD-8 resin. The adsorbed fulvic
was then recovered by elution with 0.1 M NaOH, desalted
using Amberlyst 15-cation-exchange resin, and finally
freeze-dried. The carbon content of humic acid and fulvic
acids was determined by the method of Sims and Haby
(1971). For BV, inorganic soluble P (PO4H�2 principally)
was determined by Willians and Stewart method, described
by Gitian and Carballas (1976). For green manures and
green manures + BV, inorganic soluble P were determined
by Willians and Stewart method, described by Gitian and
Carballas (1976) after nitric and perchloric acid digestion.
For BV, K and Na were determined by atomic emission
spectrometer, and for green manures and green manur-
es + BV, K and Na were determined by atomic emission
spectrometer after nitric and perchloric acid digestion.
2.2. Experimental layout and treatments

The experimental layout was in a randomized complete
block design with five treatments and three replicates per
treatment. The plot size was 5 m · 6 m. The treatments
were the following: (1) Control soil, non-fertilized control
Table 2
Characteristics of organic wastes used and standard deviation in parenthesis (

BV TP

pH (H2O) 4.8 (0.2) 6.
Density (Mg m�3) 1.25 (0.11)
Organic matter (g kg�1) 398 (18) 35
Humic acid (g kg�1) 0.64 (0.17) 10
Fulvic acid (g kg�1) 81.0 (5.6) 34
Total N (g kg�1) 32.5 (2.4) 40
C:N ratio 5.9 (0.2) 8.
P (g kg�1) 0.3 (0.1) 3.
K (g kg�1) 126 (11) 10
Na (g kg�1) 21 (4) 0.
plot; (2) BV, fertilized with 25.12 t ha�1 of BV (10 t organic
matter ha�1, fresh matter, 20100 l ha�1); (3) TP, fertilized
with 28.571 t ha�1 of TP (10 t organic matter ha�1, fresh
matter); (4) (TP + BV)1, fertilized with 16.722 t ha�1 of
TP + BV at a 1:1 rate (TP: BV) (weight:weight) (10 t
organic matter ha�1, fresh matter); and (5) (TP + BV)2,
fertilized with 13.423 t ha�1 of TP + BV at a 2:1 rate
(TP: BV) (weight:weight) (10 t organic matter ha�1, fresh
matter).

BV was mixed with 2000 l ha�1 of water with the objec-
tive of decreasing the density of the byproduct and facilitat-
ing its handling in field. The organic wastes were applied to
the soil surface at the same amount on 10 October 2001, 2
October 2002, 7 October 2003 and 6 October 2004, respec-
tively. The quality of all organic wastes was the same dur-
ing the experimental period. In this respect, organic wastes
were kept in refrigeration 0 �C after their application the
first year, so that there were no problems of mineralization
of the organic compounds of these products.
2.3. Soil sampling and analytical determinations

Plant cover, or percentage of soil covered by the octag-
onal projection of the aerial part of each plant, was deter-
mined by the lineal intercept method (Canfield, 1941).

Soil samples (0–25 cm) were collected from each plot
with a gauge auger (30-mm diameter) on 1 October 2002,
6 October 2003, 5 October 2004, and 8 October 2005,
respectively. Three subsamples were collected from each
plot. After air drying, the soil samples were ground to pass
a 2-mm sieve and stored in sealed polyethylene bags at 4 �C
until analysis.

Soil structural stability was determined by the Hénin
and Monnier method (1956) and classified according to
Baize criteria (1998). The aggregate size fraction <2 mm
was used. The proportions (%, w/w) of stable Ag, Aga

and Agb aggregates (corresponding to untreated, alcohol-
treated and benzene-treated aggregates, respectively) were
calculated, and the instability index, Is, was obtained using
the equation:

Is ¼ ð% < 20 lmÞ max
AgþAgaþAgb

3
� 0:9ð% CSÞ
data are the means of six samples)

(TP + BV)1 (TP + BV)2

2 (0.1) 5.3 (0.1) 5.6 (0.1)

0 (11) 598 (15) 745 (21)
.2 (0.1) 10.7 (0.2) 20.2 (0.3)
.8 (1.6) 65.6 (0.8) 85.3 (1.6)
.8 (1.7) 64.8 (1.2) 82.2 (1.9)
8 (0.7) 27.4 (1.3) 30.3 (1.2)
5 (0.4) 1.9 (0.2) 3.2 (0.7)
.1 (0.5) 66.4 (1.4) 83.5 (2.2)
12 (0.05) 10.1 (1.2) 6.8 (0.2)
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where (% < 20 lm) max indicates the largest proportion of
suspended particles <20 lm determined for the three sam-
ples treatments, and % CS is the largest proportion of
coarse sand (the 0.2–2 mm fraction) forming part of the
stable aggregates.

Soil bulk density was determined using the core method.
The soil was weighed and dried at 105 �C for 48 h before
determining bulk density as the ratio between soil dry
weight and the ring volume, according to the official meth-
ods of the Spanish Ministry of Agriculture (MAPA, 1986).

The exchangeable sodium percentage (ESP) was also
determined, using the formula

ESP ¼ 100� Nax

CES

� �

where Nax is the exchangeable sodium (cmol kg�1) and
CEC is the cation exchange capacity of the soil
(cmol kg�1). Exchangeable sodium (Nax) was determined
with 1 M ammonium acetate at pH 7 (Richards, 1954)
and the cation exchange capacity was determined with
1 M ammonium chloride solution in ethanol/water (60:40
v/v) at pH 8.2 (Tucker, 1954). Extracted Na was deter-
mined by flame photometry.

Soil microbial biomass was determined using the CHCl3
fumigation-extraction method (Vance et al., 1987). The
activity levels of six soil enzymes were measured. Dehydro-
genase activity was measured by reduction of 2-p-iodo-3-
nitrophenyl 5-phenyl tetrazolium chloride to iodonitrophe-
nyl formazan (Garcı́a et al., 1993). Urease activity was
determined by the buffered method of Kandeler and Ger-
ber (1988) using urea as substrate. b-glucosidase activity
was determined using p-nitrophenyl-b-D-glucopyranoside
as substrate (Masciandaro et al., 1994). Alkaline phospha-
tase activity was measured using p-nitrophenyl phosphate
as substrate (Tabatabai and Bremner, 1969). Arylsulfatase
activity was determined using p-nitrophenylsulphate as
substrate (Tabatabai and Bremner, 1970).

In the laboratory, and in the samples at the end of the
experiment (8 October 2005), soil respiration for all treat-
ments was measured by incubation for 3, 7, 15, 30, 60
and 90 days. Total C–CO2 collected in the NaOH flasks
was determined by the addition of an excess of 1.5 M BaCl2
followed by titration with standardized HCl using a phe-
nolphthalein indicator (Zibilske, 1994).
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Fig. 1. Instability index (log 10 Is), bulk density (Mg m�3), and
exchangeable sodium percentage (ESP) (d), in soils to which organic
wastes were applied. Error bars represent the standard error of means.
Structural stability (log 10 Is) (Baize, 1988): ‘‘Very stable = <1.0’’;
‘‘Stable = 1.0–1.3’’; ‘‘Slightly stable = 1.3–1.7’’; ‘‘Unstable = 1.7–2.0’’;
‘‘Very unstable = >2.0’’ NS, *, **, ***: non-significant or significant at
p < 0.05, 0.01 or 0.001, respectively.
2.4. Statistical Analysis

Analysis of variance (ANOVA) was performed using the
Statgraphics v. 5.0 software package (Statistical Graphics
Corporation, 1991). ANOVA was based on the LSD crite-
rion (least significant differences between means using Stu-
dent’s t), considering a significance level of p < 0.05
throughout the study. For the ANOVA analysis, the tripli-
cate data were used for each fertilizer treatment and every
experimental season; although in the tables the values that
appear are the average of the triplicate. Data were sub-
jected to factor analysis using varimax rotated factor
matrix.

3. Results

3.1. Soil physical and chemical properties

At the end of the experimental period, structural stabil-
ity decreased in soils amended with BV but increased in
soils amended with the others organic wastes (Fig. 1). In
this respect, instability index increased 16.5% in BV-
amended soils with respect to the control soil, whereas
TP treatment increased structural stability 5.9%, and for
TP + BV composts the highest structural stability was
observed in the soils amended with the organic waste with
a higher humic acid concentration, (TP + BV)2. Thus, soil
structural stability increased 10.5% and 7.9% in soils
amended with (TP + BV)2 and (TP + BV)1, respectively,
with respect to the control soil. Statistical analysis showed
differences between the treatments at the end of experimen-
tal period.

Soil bulk density increased 18.7% in BV-amended soils
with respect to control soil. However, soil bulk density
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decreased in the others amended soils. This decrease was
higher in the soils amended with those organic wastes with
a higher content in fulvic acids. In this respect and at the
end of the experimental period, bulk density decreased
6.1%, 10.1% and 13.5% in soils amended with TP,
(TP + BV)1, (TP + BV)2, respectively. Again, the statisti-
cal analysis showed differences between the treatments at
the end of experimental period.

Exchangeable sodium percentage increased significantly
in BV-amended soils when compared with the others
organic waste amended soils during the experimental per-
iod. For BV amended soils ESP had reached critical sodic-
ity values (ESP 15.8) mentioned by Richards (1954) at the
end of the experimental period. However, for the others
organic wastes amended soils, ESP did not reach the criti-
cal sodicity value of around 15 mentioned by Richards
(1954). The control soil presented the lowest ESP value
of all treatments assayed. The statistical analyses showed
important significant differences for all treatments during
the experimental period.

Because the same amount of organic matter was added
to the soils, the variability in the results obtained in the soil
physical and chemical properties must be due to the differ-
ent chemical nature of the various organic wastes added to
the soil (Table 2).

3.2. Soil biological properties

Fig. 2 shows the respiration (CO2 evolved during 90
days incubation experiment) and microbial biomass values
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in the soil during the experimental period. At first sight, the
results for both parameters seem contradictory since the
data for these parameters differ substantially for the same
rate of organic matter applied to the soil.

At the end of experimental period, the soil microbial
biomass and soil respiration values for BV-amended soils
were different from the values obtained for soils amended
with the others organic wastes; both parameters decreasing
in the first case and increasing in the second. In this respect,
soil respiration decreased 24.5% and soil microbial biomass
decreased 53.5% in BV-amended soil respect to the control
soil. Respect to the TP-amended soils and at the end of the
experimental period, soil respiration and soil microbial bio-
mass increased 45.6% and 66.3%, respectively, respect to
the control soil. Respect to the green manures composted
with BV, the highest respiration and microbial biomass
was observed in the soils amended with the organic wastes
with a higher fulvic acid concentration. In this respect, soil
respiration was highest 85.2% and 83.3%, respectively in
(TP + BV)2 and (TP + BV)1 respect to the control soil at
the end of the experiment. Also, soil microbial biomass
was highest 68.9% and 67.8%, respectively in (TP + BV)2
and (TP + BV)1 respect to the control soil at the end of
the experiment. The statistical analyses showed important
significant differences for all treatments during the experi-
mental period.

The activity of the dehydrogenase enzyme was signifi-
cantly inhibited at the end of the experimental period in
the BV-amended soils (Fig. 2). However, it was signifi-
cantly stimulated in the other treated soils. However, this
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Table 3
Factorial analysis for all parameters analyzed and for all treatments
studied

Eigenvalue % Variance Varimax rotated
factor matrix

1 2

Instability index 7.679 76.789 �0.533 0.759

Bulk density 1.397 13.969 �0.545 0.761

ESP 0.564 5.639 0.097 0.845
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stimulation depends of the chemical composition of
organic matter applied to the soil, highlighting a higher
stimulation of this enzyme in soils amended with those
organic wastes with a higher concentration of fulvic acids.

As in the case of dehydrogenase activity, urease, b-glu-
cosidase, phosphatase and arylsulfatase activities was
strongly inhibited by BV addition to the soils, whereas
was stimulated by the addition to the soil of TP,
(TP + BV)1 and (TP + BV)2 treatments (Figs. 2 and 3).
Again, the stimulation of these enzymes depends of the
chemical composition of the organic wastes. Again, the sta-
tistical analyses showed important significant differences
for all treatments during the experimental period.

3.3. Plant cover

One year after the organic amendment, the treated plots
were covered with spontaneous vegetation; Borago offici-
nalis, Chrysanthemum coronarium, Diplotaxis muralis,
Lavatera cretica, Paronychia argentea, Trifolium angus-
tifolium and Trifolium stellatum, being the most abundant
species. Fig. 4 shows the evolution of percentage of plant
cover after the application of the organic wastes during
the experimental period. After 4 years, the percentage of
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Fig. 3. b-Glucosidase, phosphatase, and arylsulfatase activities in soils to
which organic wastes were applied. Error bars represent the standard error
of means. PNP: p-nitrophenol; PNF: p-nitrophenyl NS, *, **, ***: non-
significant or significant at p < 0.05, 0.01 or 0.001, respectively.

Microbial biomass 0.179 1.795 0.904 �0.308
Dehydrogenase activity 0.084 0.839 0.974 �0.194
Urease activity 0.039 0.397 0.969 �0.202
Glucosidase activity 0.028 0.283 0.973 �0.203
Phosphatase activity 0.013 0.129 0.968 �0.133
Sulfatase activity 0.009 0.089 0.916 �0.148
Plant cover 0.007 0.071 0.944 �0.211
plant cover decreased 64.3% in the BV-amended plots with
respect to the control soil, and increased in the other
organic wastes amended plots. However, this increase
depends of the chemical composition of organic matter
applied to the soil. The percentage of plant cover increased
respect to the control soil in following order: plot amended
with (TP + BV)2 (82.8%) > plot amended with (TP + BV)1
(81.6%) > plot amended with TP (81.0%).

In order to predict the properties most decisively influ-
encing soil remediation, variables were subjected to facto-
rial analyses (Table 3). The factors selected were those
having a greater-than-unity eigenvalue, and these factors
were found to account for 90.758% of the overall variance.
Varimax rotated factor matrix indicated two factors. The
first factor was found to encompass the variables instability
index (log 10 Is), bulk density and ESP, while the second
factor encompassed the variables microbial biomass, enzy-
matic activities and plant cover.

4. Discussion

4.1. Soil physical and chemical properties

The results obtained for BV-amended soils are very dif-
ferent than obtained for the other organic waste amended
soils.
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For BV-amended soils, the organic amendment
decreased soil structural stability and increased soil bulk
density. This was especially evident at the end of experi-
mental period. According with Tejada and Gonzalez
(2005) and Tejada et al. (2006c), the negative effect of vin-
asse on soil structure may be due to its nature, since BV
contains a high concentration of Na+. Pernes-Debuyser
and Tessier (2004) and Bronick and Lal (2005) found that
the Na+ is a highly dispersive agent resulting directly in the
breakup of aggregates. Exchangeable Na+ in the soil solu-
tion and at the exchange sites contribute to repulsive
charges that disperse clays particles. Exchangeable sodium
percentage increased during the experimental period.
According to Mamedov et al. (2002), this increase favours
the dispersibility and aggregate disintegration in these soils.
Also, BV is a waste with low humic acid-C and high fulvic
acid-C concentrations. Piccolo et al. (1997) and Whalen
et al. (2003) suggested that the aggregate stability is signif-
icantly correlated with humic but not to the fulvic acid con-
centration, because the humic acids are directly involved in
the clay–organic complex formation, whereas the fulvic
acids not. For this reason, the aggregates formed in BV-
amended soils are not very stable (Tejada and Gonzalez,
2005; Tejada et al., 2006c).

TP and TP + BV treatments increased soil structural
stability. These results are in agreement with those of Spac-
cini et al. (2004), Tejada and Gonzalez (2006a) and Tejada
et al. (2006c) who found that organic matter acts as a
cementing factor, necessary for flocculated soil particles
to form stable aggregates. The highest values of structural
stability were observed in TP + BV treatments followed by
TP treatment. Probably the better behaviour of the
TP + BV composts with respect to TP is due to their higher
humic substance content, which decreases in the following
order: (TP + BV)2 > (TP + BV)1 > TP. Chaney and Swift
(1984) and Piccolo and Mbagwu (1990) suggested that
the aggregate stability is significantly correlated with humic
acid concentration, because the humic acids are directly
involved in the clay–organic complex formation.

In addition, bulk density decreased as a result of the
dilution of the denser soil mineral fraction and soil aeration
increased because of the increase in soil porosity with the
structural stability. This increase was especially evident
for green manure composted with BV and at the end of
the experimental period and was in line with Kay et al.
(1997) and Tejada and Gonzalez (2006a) and Tejada
et al. (2006c).

4.2. Soil biological properties

BV treatment decreased soil microbial biomass, soil
respiratory activity and soil enzymatic activities. According
to Tejada and Gonzalez (2005, 2006a) and Tejada et al.
(2006c) the degradation of soil structure and increase of
soil bulk density and ESP, can cause the development of
soil anaerobic conditions and therefore a decrease in soil
microbial biomass, soil respiration and soil enzymatic
activities. According to Tate (2002) oxygen concentration
in soil can affect the metabolic status of the enzyme-pro-
ducing cells. Disruption of soil aggregates alters negatively
the oxygen diffusion rate from the atmosphere above the
soil into the soil matrix as well as the rate of its
consumption.

Our results showed that the soil in which a decrease in
soil microbial biomass was observed, showed a high soil
instability index (log 10 Is), which is perhaps due to the
addition of large amounts of this organic amendment. Sev-
eral studies have indicated that soil microbial processes are
directly and indirectly influenced by soil structure; for
example, the inverse relationship between ESP and soil
organic matter content has long been known (Aylmore
and Sills, 1982). The presence of small pores reduces acces-
sibility of organic materials to decomposers, leading to the
physical protection of C and a reduction in N mineraliza-
tion (Van Veen and Kluikman, 1990). The spatial distribu-
tion of microbes and soil mesofauna has been shown to be
partially associated with the size distribution of aggregates
(Jastrow and Miller, 1991). Obviously, a decrease of the
microbial biomass and respiratory activity of the soil
affects negatively to the soil enzymatic activity.

The decrease in soil microbial biomass and activity can
be also due to the high Na content of BV (Tejada et al.,
2006c).

For TP and TP + BV amended soils, the organic
amendment increased soil microbial biomass and soil respi-
ration. According to Tejada and Gonzalez (2006a) and Tej-
ada et al. (2006c), the general increase in biomass C
observed can be attributed to a positive effect of these
organic materials in the soil physical properties and also,
to the incorporation of easily degradable materials, which
stimulate the authoctonous microbial activity of the soil
as well to the incorporation of exogenous microorganisms
(Schaffers, 2000; Tejada and Gonzalez, 2006a). Soil micro-
bial respiration, measured through carbon dioxide produc-
tion is a direct indicator of microbial activity, and
indirectly reflects the availability of organic material
(Gomez et al., 2001; Tejada and Gonzalez, 2006a).

Soil microbial biomass increase affects positively soil res-
piration and enzymatic activities.

Dehydrogenase activity typically occurs in all intact, via-
ble microbial cells. Thus, its measurement is usually related
to the presence of viable microorganisms and their oxida-
tive capability (Trevors, 1984). According to Rao and
Pathak (1996), the incorporation of organic amendments
to soil stimulate dehydrogenase activity because the added
material may contain intra- and extracellular enzymes and
may also stimulate microbial activity in the soil.

Measurement of soil hydrolases provides an early indica-
tion of changes in soil fertility since they are related to the
mineralization of such important nutrient elements such
as C, N, P and S (Ceccanti et al., 1994). Urease catalyses
the hydrolysis of urea to carbon dioxide and ammonium,
and it is widely distributed in microorganisms, plants and
animals (Nannipieri et al., 2002). The stimulation of this
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enzymatic activity in TP and TP + BV treatments with
respect to the non-amended soil suggests that these amend-
ments do not contain compounds toxic for this enzyme.
They increased soil microbial growth due to the substrates
added, and the added microbial cells and/or enzymes, which
counteract any inhibitory effect of the toxic compounds.
The observed stimulation of urease activity was higher in
the TP + BV treatments than in the TP treatment, probably
due to the higher microbial biomass produced in response.

b-Glucosidase activity reflects the state of the organic
matter and the processes occurring therein (Garcı́a et al.,
1994). The higher b-glucosidase activity in organic
amended soils can be explained by the positive effect of
the organic amendment on the activity of this enzyme,
probably due to the higher microbial biomass produced
in response (Tejada et al., 2006c).

Soil phosphatase and arylsulfatase activities were higher
in the TP + BV amended soils than in TP amended soils.
The high activity detected in the amended soils suggests
either the existence in the organic wastes of phosphorus
and sulphate compounds that can act as substrate for the
enzyme, or the existence of microbial populations which
need inorganic phosphorus or sulphur for their own devel-
opment, stimulating the enzyme synthesis.

As regards the results of the varimax rotated factor
matrix, the studied properties were grouped into two fac-
tors; one of them containing all the physical and chemical
properties (which need a long time to affect the soil proper-
ties), and the other containing all the biological properties,
which respond rapidly and sensitively. These results are in
agreement with Garcı́a et al. (2000), who found that soil
biological and biochemical parameters are more sensitive
indicators of changes occurring in the soil than physical
or chemical parameters. Due to their sensitivity, these
properties provide rapid and accurate information on
changes in soil quality.
4.3. Plant cover

Since soil enzymatic activities are responsible for impor-
tant cycles such as C, N, P and S, plant cover increased sig-
nificantly when TP and TP + BV treatments were applied
to the soil. The density of plant cover at the fourth year
was higher than that of the third, second and first year,
respectively, due to the residual effect of the organic matter
of each organic waste after its application in the third, sec-
ond and first experimental seasons.

These results are very important, principally in arid
zones where the risk of desertification and soil loss is a real
problem (Garcı́a et al., 1994).

The decrease in plant cover when soil is amended with
BV can be explained by the negative effect of this amend-
ment rich in Na+ on soil structure and the toxic effect of
Na+ on plants and microorganisms. Since soil enzymatic
activities decreased progressively during the experimental
period, the density of plant cover at the fourth year was
lower than that of the third, second and first year,
respectively.

5. Conclusions

The application of fresh beet vinasse under dryland con-
ditions caused a decrease in soil physical, chemical and bio-
logical properties and plant cover density, in spite of
having a high organic matter content. Perhaps the increase
in monovalent cations (Na+, particularly) is responsible for
this behaviour. The application of green manure consti-
tuted by leguminous plants (T. pratense L.) had a positive
effect in soil physical, chemical and biological properties,
and therefore this organic waste may be considered a good
strategy for recovering semiarid areas. When BV was co-
composted with the green manure previously mentioned
principally at a rate of 2 (green manure):1 (beet vinasse),
an increase in soil physical and biological properties was
obtained. This organic treatment also favours the appear-
ance of spontaneous vegetation, which will protect the soil
and will contribute to its restoration. Consequently, the
addition of beet vinasse co-composted with this green man-
ure may be considered a good strategy for recovering semi-
arid areas.
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