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ABSTRACT

Sludge from kraft mill wastewater treatment was applied on two soils derived from
volcanic ashes and, the effect on biological parameters of the soils was evaluated. The
soils used in this study were an Andisol belonging of Gorbea Series and an Ultisol
belonging of Collipulli Series. The sludge was added at rates of 0, 10, 20, 30 and 50 t
ha™'. Previously, germination of red clover (Trifolium pratense), white clover (Trifolium
repens), alfalfa (Medicago sativa) and ryegrass (Lolium perenne) was tested to assess
phytotoxicity of the sludge. The different soil-sludge mixtures were incubated at
controlled temperature for 60 days and microbial respiration, microbial biomass carbon,
fluorescein diacetate hydrolysis and acid phosphatase activity were evaluated
throughout the incubation time. All biological parameters evaluated were sensitive
enough to shown the effect of sewage sludge application on soil microorganisms. The
sludge application at different rates increased significantly (P<0.05) the microbial
activity and enzymatic activity of the sludge amended soils. The maximum levels of
activity were observed between 15 and 30 days after sludge application in both Gorbea
soil and Collipulli soil, obtaining the highest values when were applied between 30 and
50 t ha”'. The results of this study suggest that sludge from kraft mill wastewater
treatment may have potential as a beneficial soil amendment for improving biological
properties of the soils.
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INTRODUCTION

The application of sludge from pulp and  waste on soil properties are explained
paper mill wastewater treatment improves by the chemical characteristics of the
physical, chemical and biological sludge: high organic matter (OM) content,
properties of soils, hence vegetable high levels of macro (N, P and K) and
production, and it could be used as a micronutrients (B, Cu, Ni, Zn, Mn, S),
partial replacement of more expensive essential to the plant requirements, and
chemical fertilizers (Zhang et al., 2004; low concentrations of trace metals and
Aravena et al., 2007; Gallardo et al., organic pollutants (Gagnon et al., 2001;
2007). The benefic effects of this organic Gallardo et al., 2007). Additionally,
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sludge increases water-holding capacity
and nutrients retention in the soil,
decreases soil acidification, increases
plant roots penetration, and improves
texture and structure of soils (O’Brien et
al., 2002; Aravena et al., 2007; Rato
Nunes et al., 2008). Then, sludge from
wastewater treatment 1is an attractive
alternative to ameliorate degraded soils.

There is little information published on
the application of sludge from kraft mill
wastewater treatment into Chilean soils
derived from volcanic ashes (Andisols
and Ultisols). In Chile, this type of soil
represents approximately 3.1 million ha,
and presents diverse degrees of erosion.
According to a recent study realized and
next to be published by the Center of
Information of Natural Resources
(CIREN), about of 47,000,000 ha are
eroded, representing 60% of national
territory, of these being seriously affected
agricultural and productive lands.

The main characteristics of Chilean
soils derived from volcanic ashes are
acidic pH (4.7 to 6.5, with the average of
5.5), high extractable Al and, high P
fixation which increases when pH
decreases (Mora et al., 2006a). Toxicity
produced by aluminum is considered to be
one of the most important limiting factors
in plant growth in soils with high acidity
(Gallardo et al, 1999; Gallardo et al.,
2005). On the other hand, phosphorus is
an essential nutrient for the metabolism of
living organisms. However, in spite of its
wide distribution in nature, phosphorus is
a limited resource and it is deficient in
most soils (Fuentes et al., 2006).

Soil quality can be evaluated
quantitatively through physico-chemical
and biological parameters. Measurements
of biological parameters have been used
to indicate changes in soil quality due to
long-term treatments and different forms
of management (Nannipieri et al., 1995;
Alvear et al.,, 2006; Ros et al., 2006).
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However, it is not clear which indicator
responds to a specific soil treatment.
Therefore, the use of multiple biological
and biochemical properties is often
suggested. General biochemical properties
such as microbial biomass, CO, evolution
from microbial respiration, and hydrolysis
of fluorescein diacetate (FDA), which
represent an estimation of microbial
activity, are general methods to obtain an
adequate index of soil fertility (Adam and
Duncan, 2001; Sanchez-Monedero et al.,
2008), as well as specific biochemical
properties such as hydrolytic soil enzymes
related to carbon, nitrogen and
phosphorous cycles are suggested (Ros et
al., 2006). Specifically, phosphatases
comprise a broad group of extra-cellular
enzymes which catalyze the hydrolysis of
both phosphate ester bonds and anhydride
bonds. These enzymes release
orthophosphate  from  organic and
inorganic compounds, thereby increasing
the bioavailable P; hence their behavior
can be related to phosphorus levels in the
soil, being a good indicator in soils
derived from volcanic ashes (Deng and
Tabatabai, 1997; Mora et al., 2006b).

In general, the incorporation of organic
residues can improve soil condition. The
application of sludge from kraft mill
wastewater treatment have modified some
physical and chemical properties of an
Andisol (Aravena et al., 2007; Gallardo et
al.,, 2007), however its effect on some
biological properties has not been
evaluated. Following the previous
research, the aim of this study was to
assess the effect of application of different
rates of sludge from the kraft mill
wastewater treatment on the biological
properties of soils derived from volcanic
ashes. In our case, we choose global
parameters such as microbial respiration,
microbial biomass carbon (MBC) and
FDA hydrolysis and, specific parameters
such as acid phosphatase activity to
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evaluate the effect of the application of
kraft mill sludge on two soils of volcanic
origin. Previously, the phytotoxicity of
sludge before its applying to soils was
also evaluated.

MATERIAL AND METHODS

Soils and sludge

The soils used in this study were an
Andisol belonging to Gorbea Series
(Mesic, Typic Hapludands) and an Ultisol
belonging to Collipulli Series (Typics
Rhodoxeralfs ) (Ciren, 2002), both soils
from southern Chile. Soil samples were
collected from the surface layer (0-20
cm), air dried, passed through a 2 mm
sieve and stored in plastic bags at 4°C.

The sludge used in this trial was
obtained from an aerated pond that treated
bleached kraft mill wastewater and was
collected from a landfill after one year
disposal. Selected soil properties of both
soils and characteristics of the secondary
sludge used as soil amendment are
summarized in Table 1.

Phytotoxicity assay

The sludge phytotoxicity was evaluated
according to standard methods proposed
by Zucconi et al. (1981) and Tiquia
(2000). Briefly, a filter paper Whatman
N° 2 moistened with sludge extract (1:10
w/v with deionized water) was placed in
sterile Petri dishes. Then, 30 seeds of
Trifolium pratense (red clover), Trifolium
repens (white clover), Medicago sativa
(alfalfa) or Lolium perenne (ryegrass)
were added on the filter paper. Deionized
water was used as control. Plates were
sealed with parafilm to minimize moisture
loss and stored for 7 days at 25°C. At the
end of the incubation period, the
percentage (%) of seed germination in
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sludge extract was calculated in relation
to germination obtained in the control test
(100%).

Incubation soil-sludge mixtures

The equivalent of 0, 10, 20, 30 and 50 t
ha™' of sludge were applied to Gorbea soil
and Collipulli soil and then carefully
mixed. Considering that sludge is
incorporated into the first 20 cm of the
soil and, according with soil bulk density
(Table 1), 0, 5.26, 10.92, 15.78 and 26.30
g per 1,000 g of Gorbea soil, and 0, 4.24,
8.48, 12.72 and 21.20 g per 1,000 g of
Collipulli soil were applied. After
homogenizing the soil-sludge mixtures,
the incubation of each treatment was
conducted for 60 days in a growth
chamber at constant temperature (20 + 2
°C), the humidity was adjusted to 50-60%
of water holding capacity (WHC) and
maintained at a constant level throughout
the experiment by distilled water addition.
Samples of soil and mixture were taken
every 15 days for the determination of
carbon biomass, FDA hydrolysis and acid
phosphatase activity during the incubation
period.

Microbial parameters

Cumulated microbial respiration of the
soils and soil-sludge mixtures were
estimated by measuring CO, evolution
(Alef, 1995), beginning after 15 days of
sludge application in soils. Portions of
fresh moist soil and soil-sludge mixtures
(50 g) were placed into 1 L capacity
sealed flasks and incubated for 20 days at
25°C.

The CO, production during the
incubation was trapped in 10 mL of
NaOH 0.5 M placed in each flask. A vial
with distilled water was used to keep the
humidity  constant throughout the
experiment. The excess alkali was back
titrated with a solution of 0.1 M HCI after



Effect of sludge from kraft mill wastewater on soil biological parameter,
Gallardo et al.

Table 1. Chemical Characterization of Gorbea soil, Collipulli soil and sludge at the

beginning of the experiment.

Parameter Gorbea soil Collipulli soil Sludge
Soil bulk density (g cm™) 0.95 1.18 -
Nitrogen (mg kg™) 21.96 £ 0.59 18.19+1.57 586.2 £ 6.55
Phosphorus (mg kg™ 11.53 +0.99 10.20 +£0.99 313.00 +19.16
pH (H,0) 4.76 £0.02 5.62+0.02 6.97 £ 0.02
Organic matter (%) 15.05+0.13 16.37+0.03 76.1 +0.96
Potassium (cmol(+) kg™) 0.16 £ 0.01 0.39 +0.02 3.62+£0.31
Sodium (cmol(+) kg™ 0.07 £ 0.001 0.07+0.01 41.55+£1.67
Calcium (cmol(+) kg™ 0.48 +0.02 5.52+0.08 27.95+1.63
Magnesium (cmol(+) kg'l) 0.48£0.01 1.27 £0.09 13.68 £0.39
Aluminum (cmol(+) kg™) 0.94 +0.01 0.13 +£0.01 0.03 +0.001
Total Bases (cmol(+) kg™) 1.13+0.03 7.19£0.20 86.80 = 4.00
CICE (cmol(+) kg™ 2.07 +0.04 7.32+0.21 86.83 +4.00
Al saturation (%) 45.41 1.72 0.04
Zinc (mg kg™) 0.30+0.02 0.24 +£0.01 376.30 £ 1.31
Manganese (mg kg™') 4.95+0.16 25.09+2.03 111.15+£1.97
Copper (mg kg'l) 1.17+£0.04 5.60+0.17 5.04 +0.05
Iron (mg kg™) 34.96 + 1.46 31.12+1.32 18.47+0.11
Conductivity (dSm™ et s 16.6 +0.76

The average values and the standard error are presented (n=3).

precipitating the carbonate with 1 mL of
1.5 M BaCl, solution using phenol-
phthalein as indicator. The NaOH
solutions were replaced periodically
before re-closing the flasks. The data
were expressed as mg CO,-C 100 g’ of
soil.

The MBC was determined by the
chloroform fumigation-extraction method
proposed by Vance et al. (1987). Moist
soil and soil-sludge mixture subsamples
(25 g) were fumigated with alcohol-free
CHCI; in a closed vessel for 24 h. The
organic carbon content of fumigated
and unfumigated (control) treatments
was extracted with 0.5 M K,SO, and
determined by wet combustion of OM
treated with a mixture of 0.5 M sodium
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dicromate and sulfuric acid (Sadzawka et
al., 2004). An extraction efficiency
coefficient of 0.45 was used to convert
organic C to MBC (Vance et al., 1987).
The total microbial activity was
determined through FDA hydrolysis
according to method proposed by
Schniirer and Rosswall (1982). Briefly,
1.5 g of soil and soil-sludge mixtures
were incubated in a 25 mL flask with 9.9
mL of sodium phosphate buffer. The
reaction was started by addition of 0.1 mL
of FDA solution (1 mg mL™). After 1
hour of incubation at 25°C in an
incubation bath, 10 mL of acetone were
quickly added to stop the reaction.
Samples were filtrated (Whatman N° 40)
and the absorbance in the supernatant was
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measured at 490 nm. The concentration of
the released fluorescein was calculated by
a calibration curve with standard
quantities of fluorescein and the results
were expressed as ug FDA g'h™',

The acid phosphatase activity was
determined according to the method of
Tabatabai and Bremner (1969). One g of
soil and soil-sludge mixtures were placed
in plastic tubes, the reaction started with
the application of p-nitrophenyl-f-
glucopiranoside, after incubation for 1
hour at 37°C, the release p-nitrophenol
(PNF) by the specific enzyme by
spectrophotometer at 400 nm was
measured. The enzyme activity was
expressed as pmol PNF g h'.

Data analyses

All the experiments were carried out in
triplicate. The data were statistically
analyzed by one-way analysis of variance
(ANOVA). When statistical differences
were observed, means were separated
using Tukey's minimum significant
difference test (P < 0.05).

RESULTS

Soils and sludge characteristics

Table 1 shows the physico-chemical
characterization of the kraft mill sludge,
Gorbea soil and Collipulli soil. The
Gorbea soil presents acidity problems (pH
4.7), and an elevated percentage of
aluminum saturation (45%) due to
aluminum solubilization (AI’") occurs in
acid conditions. By contrast, Collipulli
soil presents a pH of 5.6 and consequently
lower aluminum saturation percentage
(1.7%) because, the equilibrium changes
to the neutral species of aluminum
(Al(OH);) as pH increases (Mora et al.,
2006a).
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The levels of N (22 mg kg™), K (0.16
cmol(+) kg™), Ca (0.48 cmol(+) kg™), Mg
(0.48 cmol(+) kg') and CICE (2.07
cmol(+) kg') in Gorbea soil were low
compared with Collipulli soil that
contains 18.2 mg kg of N, 0.39 cmol(+)
kg of K, 5.5 cmol(+) kg of Ca, 1.27
cmol(+) kg of Mg and CICE of 7.32
cmol(+) kg™

Phosphorous and OM levels were
similar in both soils. The sludge presented
a high content of OM (76%),
macronutrients (N, P, K, Ca and Mg), and
micronutrients (Mn, Cu and Zn). On the
other hand, the content of Fe and Al are
lower compared with Gorbea soil and
Collipulli soil. According with the sludge
characterization, it is expected that its
addition to the soils could contribute to an
improvement in the characteristics of this
soil and therefore to its fertility. However,
the high levels of Zn and Mn must be
taken account because these elements are
considered to be toxic for seeds
germination and soil microorganisms.

Phytotoxicity assay

The phytotoxicity of the sludge before its
application to soils on four vegetable

species was evaluated and the
germination index (GI) was calculated
(Table 2).

The GI is commonly used as an
indicator of salinity or the presence of
toxic compounds, such as polyphenols, in
stabilized organic waste (Zucconi et al.,
1981). Chilean normative (NCh 2880. Of
2004) recommends a GI upper 80% using
sensitive radish species as indicators of
toxic compounds in sludge (INN, 2004).
According to Zucconi et al. (1981) a GI
lower than 50% shows the presence of
high toxicity compounds, a GI between
50-80% shows the presence of moderate
toxicity compounds and GI upper at 80%
shows a nontoxic sludge.
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Table 2. Seed germination (%) of red
clover, white clover, alfalfa and ryegrass
after exposure at sludge extract in relation
at seed germination in deionized water
(control).

Plant specie  Germination index (%)
Red clover 133+£5.2

White clover 76 £10.5
Alfalfa 145+ 14.7
Ryegrass 43+3.2

The average values and the standard deviation are
presented (n=3).

Our results showed high germination rate
for red clover (133% of emergence) and
alfalfa (145% of emergence), even higher
than control germination, indicating non
phytotoxic effect of the sludge for these
crops according with NCh 2880 Of 2004.
In contrast, the rate of seed germination
for white clover (76% of emergence) and
ryegrass (43% of emergence) was
affected negatively with sludge extract.
The results can be explained for high
salinity and therefore the high electrical
conductivity (16.6 dS m™) of the sludge is
higher than the value established by
Chilean Normative (< 8 dS m™) for
organic wastes. A high conductivity
affects  physiologically the plants,
specifically electrical conductivity can
influence the water relations of the media
thereby influencing germination (O'Brien
etal., 2002).

On the other hand, high Zn (376 mg
kg™') and Mn (111 mg kg") concentration
into kraft mill sludge (Table 1) could
cause inhibition on germination of these
seeds. Considering the previous facts, it is
important to know the toxicity degree of
kraft mill sludge alone for each crop, to
establish the better sludge-soil dosage to
minimizing the inhibitory effect of the
amendment on seed germination and soil
productivity.
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Microbial respiration

CO, production was evaluated for sludge
and for different soil-sludge mixtures. The
cumulative CO, after 20 days of sludge
application in both soils are shown in
Table 3. The microbial respiration of the
sludge (1,873 mg CO,-C 100 g) was 28
times and 44 times higher than observed
in Gorbea soil and Collipulli soil,
respectively. The respiration of the sludge
is equivalent at a respiration rate of 1.23
mg C-CO, g d', and was below the limit
established by NCh 2880 Of 2004 (8 mg
C-CO, g' d') indicating that sludge is
stabilized. Application of growing rates of
sludge increased the soil microbial
respiration in both Gorbea and Collipulli
soils. For Collipulli soil, the respiration
increased as the sludge application was
raised, obtaining a CO, production 80%
higher, compared with unamended
Collipulli soil, when 50 t ha™ of sludge
was added.  The highest respiration
activity (118 mg CO»-C 100 g') was
observed for Gorbea soil, specifically
when 30 and 50 t ha” were added. The
CO, evolution was about 80% higher than
that observed for unamended Gorbea soil,
except when 10 t ha' of sludge was
added, being significantly (P<0.05) lower
than the unamended soil.

The addition of sludge increased the
CO, production of both soils, increasing
almost two times the respiration activity
when 50 t ha” were applied, in respect to
the unamended soils. This increment is
associated with large amount of easily
available carbon, nitrogen and
phosphorous sources of the sludge (Table
1) that would have triggered microbial
activity. A similar response between soils
after sludge application (50 t ha™) was
observed, in spite of the acidic conditions
of Gorbea soil (pH of 4.7) that influence
the aluminum saturation (Gallardo et al.,
1999) and the phosphorous availability,
hence, the biological activity of the soil.
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Table 3. Cumulated CO, production (mg CO,-C 100 g™') after 20 days of incubation.
Amended Collipulli soil and amended Gorbea soil with sludge at rates of 0, 10, 20, 30

and 50 t ha™.
Sample Rate of sludge (t ha)
0 10 20 30 50
Sludge 1,873*
Gorbeasoils 6583 (120)b  49.66 (120)c  63.65(12D)b 11477 (1.25)a  117.85 (1.85)a
Collipulli soil ~ 42.60 (0.01)c 45.37(0.86)c 51.02(0.86)b  70.83 (0.87)a  76.28 (0.87)a

This value was no considered in statistic analysis. Different letters indicate significantly different values of
each treatment, in a same line, ANOVA with Tukey test, (P<0.05). The average values and the standard

deviation are presented (n=3).

Generally, the sludge application leads to
a increase of OM in soil (Rato Nunes et
al., 2008) due to contribution of stable
and soluble OM, both characterized by
increase of soil microbial mineralization
(Gagnon et al., 2001). According to
studies carried out by Gallardo et al.
(2009a) an increase of soil OM have been
observed for both Collipulli and Gorbea
soils after sludge application (30 t ha™),
explaining the benefic effect of sludge on
soil microbial activity observed through
this study.

Microbial biomass carbon

The MBC is considered as a
representative method to estimate the
whole soil functional entity and moreover
to play an important role in nutrient
cycling and OM transformation (Goyal et
al, 1999; Hojati and Nourbakhsh, 2006).
Increasing rates of sludge application
raised MBC (Figure 1 A,B) in both
sludge-amended Gorbea and Collipulli
soils. The MBC in Gorbea soil increased
with the increment of sludge application,
and the higher level (12,000 mg kg™) was
obtained after 15 days of incubation with
the application of 50 t ha™ of sludge. For
Collipulli soil, the applications of sludge
increased the MBC especially when 30
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and 50 t ha” of sludge were applied, this
response was observed throughout the
whole incubation period (0-60 days). The
highest MBC values for Collipulli soils
were observed after 15 days of sludge
application, with level of about 7,000 mg
kg" of MBC for Collipulli soil with 50 t
ha™' of sludge application. After 45 days
of incubation, the MBC decreased in both
amended and unamended Collipulli soil.
However, the values of MBC in amended
soils were higher than in unamended soils
(Figure 1B). The MBC in Gorbea soil
(Figure 1A) amended with sludge was
significantly higher (2 or more times) than
that observed for Collipulli soil (P<0.05)
(Figure 1B).

Soil microbial biomass is a small but
labile component of soil OM. Soil
microbial ~ biomass and  biological
activities are frequently used as an
indicator of changes in soil resulting from
soil management and environmental
stresses in  agricultural ecosystems.
Previous results obtained by Gallardo et
al. (2007) and Saravia (2008) indicate that
kraft mill sludge application increase the
input of OM, and the availability of
macronutrients and micronutrients. The
effect of sludge application on chemical
properties would be directly associated
with the improving of biological
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Figure 1. Microbial biomass carbon (MBC) in amended Gorbea soil (A) and amended
Collipulli soil (B) with sludge at rates of 0, 10, 20, 30 and 50 t ha™, during 60 days of
incubation. The average values and the standard error are presented (n=3).

properties, vital for the nutrient turnover
and long-term productivity of the studied
soils derived from volcanic ashes.

The sludge has high contents of
nitrogen, phosphorous and OM (Table 1)
increasing the global microbial activity of
the soils as reported by other authors
(Goyal et al, 1999; Hojati and
Nourbakhsh, 2006; Gallardo et al., 2007).
Goyal et al. (1999) studied the influence
of inorganic fertilizers and organic
amendments on soil OM and soil
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microbial properties under tropical
conditions, they found that MBC carbon
increased, compared to the control soil,
about 3 times in soil amended with wheat
straw and inorganic fertilizers. Hojati and
Nourbakhsh (2006) studied the effects of
cow manure, sewage sludge (25 and 100 t
ha™') and chemical fertilizer (250 kg ha™)
on MBC and enzyme activities in a
calcareous soil cropped to corn. They
found that applications of organic
amendment increased soil organic C, total
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N, MBC, soil enzymes and corn yield
compared to control and chemical
fertilizer treatments. On the other hand,
Gallardo et al. (2007) have shown that
application of sludge at rates of 25 to 75 t
ha™! increased, soil pH and decreased the
percentage of Al saturation of 43% to
4.5%, improving the soil productivity
which is verified through the increment of
MBC, principally in Gorbea soil amended
with 30 and 50 t ha of sludge.

FDA activity

The FDA activity represents an estimation
of microbial activity, showing the global
hydrolytic capacity of the soil for
microbial decomposition of OM (Adam
and Duncan, 2001; Sanchez-Monedero et
al., 2008).

The FDA values were significantly
different (P<0.05) between the evaluated
soils. Gorbea soil (Figure 2A) amended
with the sludge was about 1.5 or more
times higher than the values obtained in
Collipulli soil (Figure 2B). The FDA
activity in Gorbea soil increased with the
increment of sludge application, and the
higher level (180 pg FDA g' h') was
obtained with the application of 50 t ha™
of sludge, after 30 days of incubation.
Similar to those results of FDA obtained
with Gorbea soil throughout the all
incubation period (0-60 days), the FDA
hydrolysis in sludge-amended Collipulli
soil was significantly different (P<0.05)
compared to unamended Collipulli soil.
High rates of sludge application
contribute to increase the FDA reaching
the maximum levels 30 days after
application of sludge. For this time, the
FDA activity was about 4.8 times for
Collipulli soil with 50 t ha of sludge
application compared to unamended soil.
After 45 days of incubation, the FDA
values decreased in both amended and
unamended Collipulli soil, however, the
values of FDA obtained in amended soil
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were higher than in unamended soil
(P<0.05).

The increase of FDA hydrolysis
indicates increment in the activity of the
microorganisms due to OM contribution,
macro and micronutrients, and pH
increment by the sludge application. All
these elements are essential for microbial
growth and soil activity. Gallardo et al.
(2007) established that sludge application
at rates of 25 to 75 t ha' increases the
OM, N and P contents in Gorbea soil
amended with kraft mill sludge. The
authors showed that Mn and Zn presence
show no negative effects on biological
activities of the soil with these levels of
sludge application, while the decrease of
Al saturation and increase of pH favored
the development of soil microorganisms.
Similar results have been obtained by
Gallardo et al. (2009b) with an Andisol
belonging to Freire Series in a field study.
On the other hand, Sanchez-Monedero et
al. (2008) studied three different
composting mixtures at different phases
of the composting process in a semi-arid
soil for 2 months under laboratory
conditions. The authors found that FDA
hydrolysis activity was mainly affected by
the stabilization degree of the added OM,
and it was unaffected by the disturbance
caused to soil microflora, as evidenced by
qCO,. They concluded that FDA
hydrolysis determination could serve as
an estimation of the size of the soil
microflora in freshly amended soils,
despite the disturbance caused by the
exogenous OM.

Acid phosphatase

Acid phosphatase is a specific enzymatic
activity involved in cycling of phosphorus
in soils. Specifically, its function is the
phosphorus mineralization through attack
of phosphomonoesterase bond present in
soil OM, then its increases the phosphorus
availability to microorganisms and plants.
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Figure 2. Fluorescein diacetate hydrolisys (FDA) in amended Gorbea soil (A) and
amended Collipulli soil (B) with sludge at rates of 0, 10, 20, 30 and 50 t ha', during 60
days of incubation. The average values and the standard error are presented (n=3).

Our results showed that the sludge
application at high rates increases the
phosphatase activity in both Gorbea soil
and Collipulli soil (Figure 3 A,B) during
throughout incubation time (0-60 days),
being significantly different (P<0.05)
compared to unamended soils. The
maximum activity was observed at 30
days of sludge application, and then the
phosphatase activity decreased in both
amended and unamended Gorbea and
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Collipulli soils. However, the values of
the enzyme in amended soils were higher
than in unamended soils. For Gorbea soil
(Figure 3A) the levels of this enzymatic
activity was 6 times higher after 30 days
of incubation when 50 t ha™ of sludge was
applied, compared to unamended soil.
Similarly, the phosphatase activity in
Collipulli soil (Figure 3B) the level of this
enzymatic activity was 5.5 times higher,
compared to unamended soil, after 30
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Figure 3. Acid phosphatase activity in amended Gorbea soil (A) and amended
Collipulli soil (B) with sludge at rates of 0, 10, 20, 30 and 50 t ha-1, during 60 days of
incubation. The average values and the standard error are presented (n=3).

days of incubation when 50 t ha' of
sludge was applied.

The highest acid phosphatase activity
observed in sludge-amended Collipulli
and Gorbea soils is similar to the results
obtained for microbial biomass carbon
and FDA hydrolysis, indicating that the
sludge addition contributes to increase the
overall microbial activity in these soils of
volcanic origin. Acidic soils such as used
in this study are characterized by present
low plant-available phosphorus.
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The sludge addition decreases acidity of
the soils and consequently decreases Al
saturation and increases available P
(Gallardo et al., 2007). An increase of
phosphorus availability in soil have been
well correlated with the increase of
phosphatase activity, being an adequate
indicator of microbial activity and of
modifications occurred in the soil due to
sewage sludge application (Fernandez et
al., 2005; Ros et al., 2006). In general, the
additions of organic amendment in soils,
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such as sewage sludge, increment the soil
microbiological  activities  (Sanchez-
Monedero et al., 2008). Studies by
Gallardo et al. (2007) have shown that the
application of sludge from kraft mill
sludge increases about 3 times the amount
of available P with the addition of 75 t
ha”' of sludge to the Gorbea soil which
explains the increment of phosphatase
activity in sludge-amended soil.

CONCLUSION

This work showed that MCB, microbial
respiration, FDA activity and acid
phosphatase  activity  increased  as
increasing rates of sludge from kraft mill
wastewater treatment were applied to
Gorbea and Collipulli soils. The
biological parameters exhibited maximum
levels between 15 and 30 days after
sludge application when were applied
between 30 and 50 t ha! in both soils, and
the positive effect of sludge was observed
until the end of the experiment (60 days).
In view of our results, we recommended
the use of kraft mill sludge as improver of
biological properties of soils, previously
verifying its level of phytotoxicity and
stability to avoid potential hazardous
effects over the soil or the plants.
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