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Abstract: Significant amounts of manure are produced in the USA; however, information
on the changes in ecosystem services related to soil biogeochemical cycling for
agroecosystems supported with organic amendments such as manure is limited. A
multi-location field study was initiated in Colorado (CO), Kansas (KS) and Kentucky (KY),
USA in loam soils to evaluate the effects of manure and tillage practices on enzyme
activities that are key to biogeochemical cycling such as B-glucosidase (C cycling),
a-galactosidase (C cycling), B-glucosaminidase (C and N cycling) and phosphomonoesterases
(P cycling). The treatments were as follows: (i) two years of beef manure applications to a
fine sandy loam at different rates (control: 0, low: 34 kg N ha ' and high: 96 kg N ha™)
and tillage practices in CO; (ii) three years of beef manure applications to a silt loam at
different rates (0, low: 67 kg N ha™' and high: 134 kg N ha ') and tillage practices in KS
and; (iii) three years of poultry and dairy manure applications to a silt loam with different
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tillage practices at the same rate (403 kg N ha ') in KY. Tillage practices (none vs.
conventional) had no effect on the enzyme activities. Principal Component Analyses (PCA)
grouped all enzyme activities with the high beef manure application rate after the first year
in CO at 0-5 cm. By the second year, the low and high beef manure rates differed in
enzyme activities for the KS soil with no difference between the low rate and control in CO.
Since the first year of the KY study, acid phosphatase activity was greater in the poultry
treated soil compared to dairy or the control; whereas, C cycling enzyme activities were
similar in soil treated with dairy or poultry manure. For all studies, PCAs for soil samples
from 5-10 cm depth did not reveal treatment separation until the second year, i.e., only
high application rate differed from the other treatments. Results of the study indicated
significant responses in C and P cycling enzyme activities to manure applications within
two years, suggesting potential benefits to soil biogeochemical cycling essential for the
productivity of agroecosystems supported with organic fertilizers.

Keywords: broiler litter; poultry manure; dairy manure; beef manure; corn; tillage;
enzyme activities; biogeochemical cycling; soil quality

1. Introduction

Across the USA, some farmlands have lost a portion of its topsoil through wind and water erosion
induced by decades of intensive cultivation. Several studies have shown that soil degradation is a
result of soil organic matter (SOM) lost through increased soil disturbance and decomposition [1,2].
Decreases in SOM can alter the soil microbial ecology, nutrient cycling and other soil properties
leading to decreases in soil quality and thus productivity. Applying organic amendments, such as
manure, to agroecosystems as the nutrient source is a management practice that can increase SOM and
improve the nutrient status of the soil [3,4]; however, different types and rates of manure application
can have a different impact on soil biogeochemical cycling and SOM dynamics within the initial years
depending on soil type and climatic conditions. Positive influence of manure applications occur due to
the changes in soil microbial communities [5], strongly affecting the soil’s potential for enzyme-mediated
substrate catalysis [6] that control soil nutrient availability and SOM quality and quantity. Therefore,
the assessment of enzymes involved in C, N, and P cycling may provide an indication of the substrate
quality applied with various type of manure, as they are substrate-specific, and of the changes in soil
biogeochemical cycling.

The glycosidases are a group of C cycling enzymes that should be investigated as a function
of manure applications as they play a key role in the breakdown of low molecular weight of
carbohydrates producing sugars; the main source of energy for soil microorganisms. The B-glucosidase
activity, the most predominant glycosidase in soil, is involved in the last limiting step of cellulose
degradation. The a-galactosidase, also known as melibiase, catalyzes the disaccharides hydrolysis,
a-D-galactopyranosides, in soils. The B-glucosaminidase is a key enzyme involved in the hydrolysis of
N-acetyl-B-D-glucosamine residues from the terminal non-reducing ends of chitooligosaccharides [7].
The N-acetyl-B-D-glucosamine hydrolysis considered to be important for soil C and N cycling due to
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its role in converting chitin to amino sugars, a major source of easily mineralizable C and N in humid
soils [8]. The B-glucosaminidase activity has been positively correlated with cumulative N mineralized
in soils [8,9], microbial biomass C and N, and with fungal populations, as indicated by a fungal
fatty acid indicator, e.g., 18:2w6¢ [10]. In addition to C and N cycling, P is also critical for soil
biogeochemical cycling and P is the second-most limiting nutrient after N in agricultural production.
However, information on the effects of different types of manures in soil P cycling enzymes, i.e.,
phosphomonoesterases, that catalyze the hydrolysis of a variety of P sources important in plant
nutrition is scarce [11].

To increase our understanding of biogeochemical cycling and of SOM dynamics in agricultural
eroded land managed with manure, we need to investigate enzyme activities across different management
practices and weather patterns. Therefore, we evaluated the enzyme activities of B-glucosidase,
a-galactosidase, B-glucosaminidase and phosphomonoesterases (acid or alkaline phosphatase), as
influenced by conventional and no-tillage and by manure type and rates of applications compared to
non-treated soil (or treated with commercial fertilizer) in field plots with loam soils in three USA
States: CO, KS and KY.

2. Materials and Methods

This study was conducted in loam soils across the States of CO, KS and KY, USA. The three
study-sites had no previous history of manure application. The rates of manure application for these
studies were selected based on conventional commercial fertilizer associated with each crop at each
location used by producers. The manure was applied every year on the basis of the manure’s organic N
content. At CO and KY sites, conducted in USDA-ARS research farms, the manure was provided by
the nearby commercial feedlot (less than 10 km). At KS site, the manure was provided by the animal
research unit located at the same research center where the experiment was conducted (Agricultural
Research Center in Hays KS). At each site, the experimental design was a randomized split-plot with
three replications, with tillage as the main plot and the nutrient source (manure or commercial fertilizer)
as the split plot.

2.1. Colorado (CO) Study

This study started in 2006 on a Norka-Colby very fine sandy loam (fine-silty, mixed, mesic Aridic,
Argiustolls) with 3-9 % slope near Akron, CO. Tillage treatments were no-till (NT) and the
incorporation of nutrient sources with conventional tillage (CT), defined as sweep tillage at about
13 c¢m depth. Organic manure amendment (beef manure) was applied yearly at a low (34 kg N ha ')
and a high (96 kg N ha™") rate. The control treatment was represented in plots with no manure addition.
For the CT treatment, the manure was surface broadcast in the fall and incorporated within a week
after application. For the NT treatment, manure was surface applied immediately prior to planting. At
this site the crop rotation was corn (Zea mays L.) in 2006, proso millet (Panicum miliaceum L.) in
2007, and forage winter triticale [a cereal hybrid derived by crossing wheat (7riticum sp.) with cereal
rye (Secale sp.)] in 2008. Plot size was 13.7 m wide and 15.2 m long, and the average yearly
precipitation was ~ 400 mm.
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2.2. Kansas (KS) Study

This study started in 2006 on an Armo silt loam soil (fine-loamy, mixed, mesic, Typic Haplustolls)
with 1-3% slope in Hays, KS. Tillage treatments consisted of NT and the incorporation of nutrient
sources with CT using sweep tillage at 13 cm depth. Beef manure was applied yearly at a low
(67 kg N ha ') and a high (134 kg N ha ') rate. We also evaluated plots under inorganic fertilizer (urea)
applied yearly at the same manure N rates. The control treatment represented plots that received no
manure or fertilizer. For the CT treatments, fertilizer or manure was applied as surface broadcast and
then incorporated with the sweep tiller, while for NT treatments were surface applied. The crop
rotation used was grain sorghum (Sorghum bicolor L.) in 2006, forage oat (4Avena sativa L.) in spring
of 2007, winter wheat (Triticum aestivum L.) in fall of 2007, and fallow in 2008. Plot size was 6.0 m
wide and 13.5 m long, and average precipitation was ~649 mm.

2.3. Kentucky (KY) Study

This study started in 2004 on a Crider silt loam soil (fine-silty, mixed, active, mesic, Typic
Paleudalf) with 2—6% slope in Bowling Green, KY. For the CT treatments, manure was applied as
surface broadcast and then incorporated with a rotary tiller, while for NT, treatments were surface
applied. Manure treatments consisted of a control, which received no chemical fertilizer or manure,
and two types of manure (poultry and dairy) applied at a rate of 403 kg N ha'. The plots were under
continuous corn planted in 3.05 m % 6.1 m plots in early May and harvested as grain in September.
Monthly rainfall precipitation during the course of the study was on average 140, 101, 120, 106, and
114 mm in 2004, 2005, 2006, 2007, and 2008, respectively. More information on this study, including
corn grain yields and other soil properties are given by Sistani et al. [12].

2.4. Soil Sampling

Sites were sampled between March and April in each year and samples were obtained from the
three field replicates of each treatment. A composite soil sample consisting of ten 2.5 cm diameter
cores was taken from the 0—5 and 5-10 cm depths of each treatment using an Oakfield soil probe
(Forestry Supplies, Inc. Jackson, MS). Samples were collected between the rows from each plot and
wheel-traffic areas were purposely avoided. Soil samples were placed in sterile polypropylene bags
kept in coolers during field sampling and stored at 4 °C after collection.

2.5. Soil and Manure Analyses

Soil (<5 mm) and manure pH were evaluated in air-dried samples using a glass electrode with a 1:1
soil or manure:water ratio. Soil was analyzed for organic C and total N whereas manure was analyzed
for total C and N contents by using a Vario Max CN analyzer (Elementar Americas, Inc., Mt. Laurel,
NJ, USA). Total P was analyzed in the manure using the Mehlich-3 (M3) extractant [13]. The general
properties of the manure used in these studies are provided in Table 1.
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Table 1. Selected properties of the manure applied to the field studies.

Field Study Manure Application Crop Moisture TC TN TP pH
Year Season % (gkg ™)
Colorado Beef 2006 Fall Corn 30.3 367.6 329 48 6.2
2007 Fall Proso Millet 39.8 3645 136 5.0 8.1
Kansas Beef 2006 Spring Forage sorghum 37.0 491.0 22.0 3.8 5.0
2007 Spring Oat 43.0 288.8 7.7 1.8 45
Fall Winter wheat 8.5 1448 102 2.6 8.0
2008 Fallow

Microbial biomass C (MBC) was determined in field-moist soil (15-g oven-dry equivalent) by the
chloroform-fumigation-extraction method [14] using a KEC factor of 0.45 [15]. The organic C from the
fumigated (24 h) and non-fumigated (control) soil was quantified using a CN analyzer (Shimadzu
Model TOC-V/CPH-TN, Shimadzu Corporation, Japan).

Enzyme activities were determined in soil based on assays described in Tabatabai [16] for
determination of the activities of B-glucosidase, a-galactosidase, and phosphomonoesterases; whereas,
B-glucosaminidase activity was determined as described in Parham and Deng [7]. The enzyme
activities were assayed (<5 mm air-dried soil) in duplicates at their optimal pH values and appropriate
substrate (all are p-nitrophenol derivates releasing p-nitrophenol or PN). The controls were soil
samples to which substrate was added after the incubation step.

2.6. Statistical Analyses

Analysis of Variance (ANOVA) was conducted to examine the effects of tillage, manure type or
manure application rate (the manure treatment varied among sites) and their interaction on the enzyme
activity. Generally, the tillage practices were not significant. Enzyme activity for every year and soil
depth was evaluated using the R statistical software [17] with the Vegan package for Principal
Component Analysis (PCA) [18]. We evaluated the enzyme activities by both PCA and model-based
redundancy analysis (RDA) [19,20], and both provided similar results. Therefore, results for the
enzyme activities were presented in PCA plots. PCA plots of the correlation matrix were obtained for
each year and depth, with a 95% confidence for the enzyme activity, to determine separation due to
manure treatment regardless of tillage.
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3. Results

Results showed that tillage treatment had no significant effects on enzyme activities within the first
years of manure applications. Thus, for each soil at the three sites (CO, KS and KY), the value of the
enzyme activities reported is an average of both tillage and no-tillage practices.

3.1. Soil Enzyme Activities as a Function of Beef Manure Application Rates in CO

For the 0—5 cm soil depth, PCA plots including 5 enzyme activities indicated separation of the high
application rate from the control and low application rate after the first year of beef manure application
(Figure 1). The PCA plot for the second year of beef manure applications showed a trend of separation
between the control and low manure application treatment, which is more obvious when comparing the
PCA plots of the first and second year.

Figure 1. Enzyme activities as affected by beef manure applications for the 0-5 cm
depth in a fine sandy loam in Colorado (CO) (B-Gluc = P-Glucosidase;
Acid Ph = Acid Phosphatase; Alk Ph = Alkaline phosphatase; a-Gal = a-Galactosidase;
B-Glsm = B-Glucosaminidase).
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Individual evaluation of each enzyme activity after the first year of the beef manure application
indicated that B-glucosaminidase and a-galactosidase activities were the most responsive enzymes to
the high application rate, which were about 3 times greater than the control (Table 2). After 2 years, only
acid phosphatase activity was different among the three manure application rates (control< low < high),
while the other enzyme activities were not different in the low application rate and the control.

The PCA plots for 5-10 cm soil depth did not show separation due to the beef manure application
rates until the second year of the study, when all enzyme activities grouped near the high manure
application rate along PC1 (Figure 2). The enzyme activities were generally between 20—58% greater
in the high application rate than the control by the second year of the study at this lower soil depth
(Table 2).
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Figure 2. Enzyme activities as affected by second year of manure applications at the

5-10 cm depth in CO (B-Gluc

= B-Glucosidase; Acid Ph = Acid Phosphatase;
Alk Ph = Alkaline phosphatase; a-Gal = a-Galactosidase; B-Glsm = B-Glucosaminidase).
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Table 2. Enzyme activities in a fine sandy loam as a function of beef manure application

rates in CO .

Enzyme Activities 0-S cm
(mg PN kg ' soil h™") Year Control Low High
Acid Phosphatase Initial 59.98 a 59.18 a 65.37 a
Ist year 62.06 b 76.09b 12331 a
2nd year ~ 63.52 ¢ 81.20b 14253 a
Alkaline Phosphatase Initial 196.95a 20591a 183.46a
Istyear 208.19b 24298b 357.70a
2nd year 219.50b 268.62b 385.77 a
a-Galactosidase Initial 1525a 1193 a 1525a
Ist year 11.52b 14.94 b 3434 a
2nd year 9.58b 14.00 b 36.51 a
B-Glucosidase Initial 84.88 a 91.28 a 9224 a
Ist year 97.28 b 107.58b 19531 a
2ndyear  88.21b 117.21ab 143.38a
B-Glucosaminidase Initial 16.83 a 15.54 a 18.56 a
Ist year 14.29 b 18.06 b 5195a
2nd year  14.09b 25.26 b 7792 a

" Different letters for each enzyme activity at the same depth and year indicate significant
differences (P < 0.05). Values include both tillage treatments (n = 6), which were not significant.
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3.2. Soil Enzyme Activities as a Function of Beef Manure Application Rates in KS

The PCA plots for four enzyme activities at 0—5 cm soil depth revealed no separation of the low
and high beef manure application rates from the control after the first year (Figure 3). However,
a-galactosidase and B-glucosaminidase activities were more associated with the high application rate,
which may explain that the high application rate treatment was already grouping by itself along axis 1.
By the second and third year of beef manure applications, the PCA plots showed that all enzyme
activities were associated to both low and high beef manure application rates.

Figure 3. Enzyme activities as affected by the first years of beef manure applications for
the 0—5 cm depth in a silt loam in Kansas (KS).
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Although all enzyme activities were increased by beef manure by the second year, individual
evaluation of the enzyme activity levels showed that B-glucosaminidase activity was doubled in soil
under the low and high application rates compared to the control (Table 3). By the third year of beef
manure applications, B-glucosaminidase and a-galactosidase showed 37 to 43% greater activities in the
manure treated soil while alkaline phosphatase activity was only 22% greater in the beef manure
treated soil compared to the control. Although an inorganic fertilized treatment, also evaluated here,
was not included in the PCAs, results (Table 3) showed that the soil enzyme activities were similar in
the inorganic fertilized plots and the control.
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Table 3. Enzyme activities in a silt loam as a function of beef manure application rates in KS .

Enzyme Activities 0-5 cm
(mg PN kg soil h™") Year (Fertilizer) * Control Low High

Alkaline Initial nd* 288.76 a  274.18a 25483 a
Phosphatase Ist year 250.17 b 269.79a  269.25a 302.13 a
2nd year 321.23b 290.60b  387.80a  421.26a
3rd year 348.77 b 325.11b 42376 41479 a

a-Galactosidase Initial nd 9.28 a 10.06 a 8.16 a
Ist year 9.00 c 17.59b 20.12 ab 2336 a

2nd year 13.42b 16.30 b 23.02a 26.09 a

3rd year 18.59 ab 15.70 b 24.67 a 27.80 a

B-Glucosidase Initial nd 88.73 ° 89.52 a 83.66 a
Ist year 10546 ° 102.54*° 118.64 a 104.38 a
2nd year 120.64 ° 100.92°  15448a  155.44a
3rd year 84.99 ° 88.82°  104.88a  112.32a

B-Glucosaminidase Initial nd 11.46° 11.07* 12.03°
Ist year 10.02 ¢ 13.20° 13.02° 18.07°

2nd year 18.36° 14.98° 31.07° 33.70*

3rd year 8.32°¢ 16.14° 22.15° 25.69°

' Different letters for each enzyme activity at the same depth and year indicate significant differences (P < 0.05). Values include both tillage treatments (n = 6), which

were not significant; * A comparison of the soil enzyme activities in plots under inorganic fertilizer was also established; ¥ nd = not determined.
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The PCA plots for all enzyme activities at 5-10 cm did not show separation among the beef manure
application rates, except for a trend detected in the second year of applications (Figure 4). Most
enzyme activities were not responsive to the beef manure applications at this lower depth, and there
were only greater activities of alkaline phosphatase and B-glucosidase in the high application rate
compared to the control in the second year of applications (Table 3).

Figure 4. Enzyme activities at the 5—-10 cm as affected by second year of manure applications
in KS (B-Gluc = B-Glucosidase; Acid Ph = Acid Phosphatase; Alk Ph = Alkaline
phosphatase; a-Gal = a-Galactosidase; f-Glsm = -Glucosaminidase).
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3.3. Soil Enzyme Activities as a Function of Dairy and Poultry Manure in KY

The PCA plots for four enzyme activities together at 0—5 cm soil depth showed separation of both
dairy and poultry manure treatments from the control since the first year, and the separation among
treatments became more apparent over time (Figure 5). Greater acid phosphatase activity was
associated with the poultry treated soil; whereas, C cycling enzyme activities, i.e., B-glucosaminidase
and B-glucosidase, were similar in the dairy and poultry treated soil (Table 4).

The PCA plots that included together the four enzyme activities at 5-10 cm soil depth did not show
separation due to dairy or poultry manure applications until the second and third year (Figure 6). More
significant differences in the enzyme activities among treatments were detected in the third year, but
acid phosphatase activity was never affected at this lower soil depth (Table 4).
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Figure 5. Enzyme activities after the first years of poultry or dairy manure applications for

the 0—5 cm depth in a silt loam soil in Kentucky (KY).
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Table 4. Enzyme activities in a silt loam as a function of different manure types in KY *.
Enzyme Activities 0-5 cm 5-10 cm

(mg PN kg™ soil h™") Year Control Dairy Poultry Control Dairy Poultry

Acid Phosphatase Initial = 321.22a 312.67a 310.85a nd* nd nd
Istyear 282.11ab 277.85b 308.23a 179.62a 170.13a 17221 a
2ndyear 341.31b 330.13b 405.46a 229.06a 210.79a 208.28 a
3rdyear 303.88b 310.11b 392.76a 189.83a 190.90a 182.31a

o-Galactosidase Initial 13.12b 26.08 a 27.29 a nd nd nd
Istyear 23.07b 30.55b 48.29 a 8.40b 9.69 ab 12.15a
2nd year 35.97 b 56.80 a 65.45 a 23.10b  2570ab 28.17 a
3rdyear 18.01b 43.17 a 40.18 a 521c 845D 12.14 a

B-Glucosidase Initial 14522b 158.57ab 19133 a nd nd nd
Istyear 151.95b 222.14a 237.10a 72.30b 75.13b  95.66a
2ndyear 182.50b 308.14a 316.35a 78.30b 103.43a 113.36a
3rdyear 15443b 27299a 281.01a 57.76 b 86.87a 89.32a

B-Glucosaminidase Initial 33.07b 46.50a 45.85a nd nd nd
Istyear 44.53 b 62.85a  66.73a 2445 a 25.55a  27.10a
2nd year 41.93 b 64.94 a 67.87 a 23.94 a 28.55a 2571 a
3rdyear 334lc 74.77a  61.46b 20.01 b 2397a 22.18ab

" Different letters for each enzyme activity at the same depth and year indicate significant
differences (P < 0.05). Values include both tillage treatments (n = 6), which were not significant;

1 Nd = not determined.

3.4. Additional Soil Properties in the Three Sites at the End of the Studies

The studies showed that soil pH decreased from 6.8 to 6.5 by the poultry manure applications at
both soil depths in KY (Table 5). For the CO study, soil microbial biomass C (MBC), soil organic C
(SOC) and total N (TN) were only greater in the high beef manure application rate at 0—5 cm, but there

were no differences in these soil properties at 5-10 cm. For the KS study, MBC and TN were greater

under low and high beef manure application rates compared to the control for the 0—5 cm, which is

similar to the trends of enzyme activities; whereas, SOC was only significantly different in the high

beef manure application rate compared to the control. At 5-10 cm depth in KS, only MBC was greater
in the high beef manure application rate compared to the control. In the KY soil, MBC, SOC and TN

were greater due to dairy and poultry manure compared to the control at 0—-5 cm, which was also found for

the C cycling enzyme activities.
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Table 5. Additional soil properties evaluated in the last year of the field studies
corresponding to year 2 in CO and year 3 in KS and KY .

16

Beef manure applied at different rates

Different manure

at same rate

Colorado study Kansas study Kentucky study
Soil (fine sandy loam) (silt loam) (silt loam)

Properties *  Control Low High Control Low High Control  Dairy Poultry
0-5 cm

MBC 2473b 2672b 376.6a 3009b 4299a  439.2a 299.5b 526.0a 4395a

Organic C 9.5b 112b 145a 14.8 b 16.5 ab 17.7 a 15.0c 279 a 22.3b

Total N 1.1b 13b 1.7a 1.5b l.6a 1.7a 1.6 b 2.7a 24 a

Soil pH 79 a 8.0a 7.8 a 83a 83a 8.1a 6.8a 6.8a 6.5b
5-10 cm

MBC 1683a 177.0a 202.3a 240.7b 260.5ab 282.3a 1419a 160.1a 1669 a

Organic C 8.7a 8.7a 95a 13.6a 133 a 145a 9.6 b 11.6a 113 a

Total N l1.1a l1.1a 12a 14a l4a l4a 12b 13a 13a

Soil pH 8.1la 8.0a 7.7 a 85a 84 a 83a 6.8ab 6.9 a 6.6 b

¥ Within the same field study, different letters for each property at the same depth indicate significant
differences (P < 0.05). Means reported includes both tillage treatments (n = 6), which were not significant;
* The units for the soil properties are: MBC = mg C kg ' soil; Organic C = g C kg ™' soil; Total N = g N kg ' soil.

4. Discussion
4.1. Soil Enzyme Activities as a Function of Beef Manure Application Rates in CO and KS

Significant increases in soil microbial communities and their enzyme activities can be expected
under long-term manure applications [21-23]; however, the early assessment conducted with CO and
KS studies revealed different responses of the soil enzyme activities depending on the climatic
conditions and soil type. For example, there was a faster increase in all soil enzyme activities under the
high rate of application in CO possibly related to the sandy nature of the soil (fine sandy loam) with
lower SOM and clay contents compared to the silt loam soil in KS, which did not show the separation
of all enzyme activities until the second year. In addition to differences in SOM levels in the KS and
CO soils, there could also be differences in SOM quality, indicating a different microbial community
and production of enzymes within the first year in the sandier soil in CO compared to the KS soil.
Although all enzyme activities responded faster in the sandier soil in CO, individual evaluation of each
enzyme revealed that for the KS soil, two of four enzyme activities (a-galactosidase and
B-glucosaminidase) were greater in the high beef manure application rate compared to the
control after the first year. In this sense, both CO and KS studies showed that C cycling enzyme
activities were more responsive to beef manure than the P cycling enzyme activities evaluated
(phosphomonoesterases) after the first year. This finding reflects that high C levels are provided in
beef manure and influence C cycling enzyme activities regardless of the study and soil type (compared

to the poultry and dairy manure used in the KY study).
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4.2. Soil Enzyme Activities as a Function of Manure Types in KY

Evaluation of the effects of different manure types on enzyme activities in the KY silt loam soil
showed increases in specific soil enzyme activities by certain manure types. The fact that acid
phosphatase activity was more associated with soil under poultry manure than with dairy manure could
be related to the lower pH in poultry (pH < 7) vs. dairy (pH > 7) manure. The low pH in added poultry
manure caused a decrease in soil pH and subsequently an increase in acid phosphatase activity.
Increases in acid phosphatase activity are generally observed with decreases in soil pH, within a given
range [24]. Parham ef al. [21] explained that the observed effect of soil pH on acid phosphatase
activity could be due to modifications in the quantity, specific activity, or stability of the enzymes with
changes in soil pH. In addition to soil pH, previous studies have emphasized the high levels of P
incorporated by poultry manure increasing the mobility of manure-P in soil with time due to significant
increases in P cycling enzyme activities and microbial diversity [21,25]. Therefore, the fast increase in
acid phosphatase activity in this soil with poultry manure may indicate improvements to P cycling. In
addition, previous results from the same study (KY) indicated that poultry manure applied as a primary
fertilizer at the rate of 13.5 Mg ha' during four years did not result in residual soil test P, Cu and Zn
levels considered to be harmful to surface water or cropping systems. However, corn grain yields were
still similar to those yields from inorganic fertilization under both no-till and tilled conditions [12].

Greater acid phosphatase activity was found in poultry manure than in dairy manure treated soil
whereas C cycling enzyme activities involved in chitin (B-glucosaminidase), cellulose (B-glucosidase)
and melibiose (a-galactosidase) degradation were similar in soil treated with dairy manure and the soil
under poultry manure. Since total C content was greater in poultry manure (200265 g kg ') than dairy
manure (88—-196 g kg '), it could have been expected to detect greater C enzyme activities in soil
under poultry manure, but this was not the case. Therefore, the C cycling enzyme activities may have
responded to differences in substrates C quality than in C quantity between poultry and dairy manure.
A recent study by Tejada et al. [26] with new types of organic amendments (i.e., biostimulants)
emphasized the effect of substrate C-quality differences in their impact on soil enzyme activities and
community structure. They reported that the soil enzyme activities were increased to greater extent by
biostimulants with greater amounts of protein and percentage of peptides [26]. In our study, MBC was
numerically greater (17%) in the surface soil (0—5 c¢cm) under dairy rather than in the poultry manure
treated soil, which may suggest that dairy manure contained more simple C sources and/or a different
(perhaps greater) microbial community. The C cycling enzymes may have also responded to the fact
that dairy manure tended to have higher pH and greater water (up to 2 fold) than poultry manure. In
addition, Sistani et al. [12] reported lower Cu and Zn contents in the dairy manure (by half) than in
poultry manure used in this study. The Cu and Zn are metals that are known to have inhibitory effects
on these C cycling enzymes [27] and thus, may have caused some reductions in these enzyme activities
of poultry manure treated soil. Overall, manure properties, regardless of C content, could explain the
similar levels of C cycling enzyme activities in the dairy manure and the poultry manure treated soils.
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4.3. Relationship between Changes in Soil Enzyme Activities and Other Soil Properties

Results from the KS study demonstrate more benefits to biogeochemical cycling with organic
amendments compared to inorganic fertilizers as the soil enzyme activities were similar in the
inorganic fertilizer and control plots within these first years of plot establishment. In addition, the three
studies regardless of soil and manure type, showed the same trend for soil microbial biomass C and the
C cycling enzyme activities suggesting these enzymes had significant origin from active microbial
communities in the manure and/or those increased in soil due to the additional readily available
substrates associated to the manure [28,29]. These findings show that organic fertilizers, such as
manure, not only provide additional enzymes, microbes and nutrients that are not provided with
inorganic fertilizers, but also a better environment to support further increases in soil microbial
communities and stabilize soil enzymes, such as the reductions in soil compaction [30,31] and
improved SOM and porosity [32].

Our samplings every year between March and April showed generally similar levels of enzyme
activities under the same treatment as reported for another study in TX with organic amendments (i.e.,
poultry manure) [5], however, the levels of the enzyme activities can vary when soils treated with
manure are sampled at different times [21]. The use of PCA plots to visualize the response of several
enzyme activities in this study was a valuable tool that revealed a gradual progressive separation of the
manure treated soils from the control soil over time, which was not possible to be observed from the
individual evaluation of each enzyme activity level.

Previous long-term studies in other loam soils have reported that the impact of manure applications
on enzyme activities and microbial biomass are detected in the 0—30 cm soil layer [21]. Similar to our
study with enzyme activities, less marked effects of manure applications were detected by a long-term
study (12 yrs) on the microbial diversity with depth [33]. However, information on how long does it
take for soil enzyme activities to be affected with the applications of organic amendments is scarce.
Results from our field studies indicated that the enzyme activity responses were not detected until the
second year of manure applications at lower soil depths (5-10 cm) regardless of manure type and rate,
tillage practice, and soil type. However, enzyme activities showed a faster response to manure
applications at this lower depth compared to SOC content, which was still not affected due to beef
manure in CO and KS studies. The less marked effects of manure applications on the enzyme activities
with depth are explained by the decrease in SOM, nutrients and microbial community composition and
activity with soil depth, which can reduce manure decomposition and substrates incorporation into
nutrient cycling within the first years of applications.

5. Conclusions

This multi-location research showed that the sandier soil (fine sandy loam) responded faster to the
beef manure application in CO rather than the silt loam soil evaluated in KS. Both studies in CO and
KS showed that C cycling enzyme activities were more responsive than phosphatase activity to beef
manure, which could be in response to the high levels of total C in beef manure, compared to the
poultry and dairy manure used in KY. Also, results from the silt loam under different manure types in
KY revealed that certain enzyme activities might be more predominant under certain types of manure
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and thus, impacting different biochemical reactions of nutrient cycling. The poultry manure had higher
P and C content than the dairy manure; however, acid phosphatase activity was increased with soil
treated with poultry manure whereas C cycling enzyme activities were similar under both the dairy
manure and poultry manure treated soil. This study revealed significant responses in C and P cycling
enzyme activities to manure applications within 1-2 years at a depth to 10 cm, representing potential
benefits in soil biogeochemical cycling, considered essential for the sustainability of agroecosystems
supported with organic fertilizers.

Acknowledgments
We would like to thank Jon Cotton for his technical assistance with the enzyme assays.
Conflict of Interest

USDA Disclaimer: Mention of trade names or commercial products in this publication is solely for
the purpose of providing specific information and does not imply recommendation or endorsement by
the U.S. Department of Agriculture. USDA is an equal opportunity provider and employer.

References

1. Angers, D.A.; N’dayegamyie, A.; Cote, D. Tillage induced differences in organic matter of
particle size fractions and microbial biomass. Soil Sci. Soc. Am. J. 1993, 57, 512-516.

2. Lal, R. Global soil erosion by water and carbon dynamics. In Soils and Global Change; Lal, R.,
Kimble, J.M., Levine, E., Stewart, B.A., Eds.; CRC Press: Boca Raton, FL, USA, 1995; pp. 131-142.

3. Rochette, P.; Gregorich, E.G. Dynamics of soil microbial biomass C, soluble organic C, and CO,
evolution after three years of manure application. Can. J. Soil Sci. 1998, 78, 283-290.

4. Mikha, M.M.; Rice, C.W. Tillage and manure effects on soil and aggregate-associated carbon and
nitrogen. Soil Sci. Soc. Am. J. 2004, 68, 809-816.

5. Acosta-Martinez, V.; Harmel, D.R. Soil microbial communities and enzyme activities under
various poultry litter application Rates. J. Environ. Qual. 2006, 35, 1309-1318.

6. Kandeler, E.; Kampichler, C.; Horak, O. Influence of heavy metals on the functional diversity of
soil microbial communities. Biol. Fertil. Soils 1996, 23, 299-306.

7. Parham, J.A.; Deng, S.P. Detection, quantification and characterization of B-glucosaminidase
activity in soil. Soil Biol. Biochem. 2000, 32, 1183-1190.

8. Ekenler, M.; Tabatabai, M.A. B-Glucosaminidase activity of soils: Effect of cropping systems and
its relationship to nitrogen mineralization. Biol. Fertil. Soils 2002, 36, 367-376.

9. Ekenler, M.; Tabatabai, M.A. 3-glucosaminidase activity as an index of nitrogen mineralization in
soils. Commun. Soil Sci. Plant Anal. 2004, 35, 1081-1094.

10. Acosta-Martinez, V.; Upchurch, D.R.; Schubert, A.M.; Porter, D.; Wheeler, T. Early impacts of
cotton and peanut cropping systems on selected soil chemical, physical, microbiological and
biochemical properties. Biol. Fertil. Soils 2004, 40, 44-54.

11. Eivazi, F.; Tabatabai, M.A. Phosphatases in soils. Soil Biol. Biochem. 1977, 9, 167-172.



Agriculture 2011, 1 20

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Sistani, K.R.; Maysoon, M.M.; Warren, J.G.; Gilfillen, B.; Acosta-Martinez, V.; Willian, T.
Nutrient source and tillage impact on corn grain yield and soil properties. Soil Sci. 2010, 175,
593-600.

Mehlich, A. Mehlich 3 soil test extractant. Commun. Soil Sci. Plant Anal. 1984, 15, 1409-1416.
Brookes, P.C.; Landman, A.; Pruden, G.; Jenkinson, D.S. Chloroform fumigation and the release
of soil nitrogen: A rapid direct extraction method to measure microbial biomass nitrogen in soil.
Soil Biol. Biochem. 1985, 17, 837-842.

Wu, J.; Joergensen, R.G.; Pommerening, B.; Chaussod, R.; Brookes, P.C. Measurement of soil
microbial biomass C by fumigation extraction: An automated procedure. Soil Biol. Biochem. 1990,
22,1167-1169.

Tabatabai, M.A. Soil enzymes. In Methods of Soil Analysis, Part 2: Microbiological and
Biochemical Properties. Soil Science Society of America Book Series 5; Mickelson, S.H.,
Bigham, J.M., Eds.; Soil Science Society of America: Madison, WI, USA, 1994; pp. 775-833.

R Development Core Team. R: A Language and Environment for Statistical Computing.
R Foundation for Statistical Computing, version 2.13.1; R Foundation for Statistical Computing:
Vienna, Austria, 2011. Available online: http://www.R-project.org/ (accessed on 20 February 2011).
Oksanen, J.F.; Blanchet, G.; Kindt, R.; Legendre, P.; O’Hara, R.B.; Simpson, G.L.; Solymos, P.;
Henry, M.; Stevens, H.; Wagner, H. Vegan: Community Ecology Package, R package version 1;
R Foundation for Statistical Computing: Vienna, Austria, 2011; pp. 17-18. Available online:
http://CRAN.R-project.org/package=vegan (accessed on 20 February 2011).

Legendre, P.; Anderson, M.J. Distance-based redundancy analysis: Testing multispecies
responses in multifactoral ecological experiments. Ecol. Monogr. 1999, 69, 1-24.

Legendre, P.; Gallagher, E.D. Ecologically meaningful transformations for ordination of species
data. Oecologia 2001, 129, 271-280.

Parham, J.A.; Deng, S.P.; Raun, W.R.; Johnson, G.V. Long term cattle manure application in soil.
I. Effect on soil phosphorus levels, microbial biomass C, and dehydrogenase and phosphatase
activities. Biol. Fertil. Soils 2002, 35, 328-337.

Larkin, R.P.; Honeycutt, C.W.; Griffin, T.S. Effect of swine and dairy manure amendments on
microbial communities in three soils as influenced by environmental conditions. Biol. Fertil. Soils
2005, 42, 1-11.

Pérez-Piqueres, A.; Edel-Hermann, V.; Alabouvette, C.; Steinberg, C. Response of soil microbial
communities to compost amendments. Soil Biol. Biochem. 2006, 38, 460-470.

Acosta-Martinez, V.; Tabatabai, M.A. Enzyme activities in a limed agricultural soil. Biol. Fertil.
Soils 2001, 31, 85-91.

Parham, J.A.; Deng, S.P.; Da, H.N.; Sun, H.Y.; Raun, W.R. Long-term cattle manure application
in soil. II. Effect on soil microbial populations and community structure. Biol. Fertil. Soils 2003,
38,209-215.

Tejada, M.; Benitez, C.; Gomez, 1.; Parrado, J. Use of biostimulants on soil restoration: Effects on
soil biochemical properties and microbial community. Appl. Soil Ecol. 2011, 49, 11-17.

Eivazi, F.; Tabatabai, M.A. Factors affecting glucosidase and galactosidase activities in soils. Soil
Biol. Biochem. 1990, 22, 891-897.



Agriculture 2011, 1 21

28.

29.

30.

31.

32.

33.

Garcia-Gil, J.C.; Plaza, C.; Soler-Rovira, P.; Polo, A. Long-term effects of municipal solid waste
compost application on soil enzyme activities and microbial biomass. Soil Biol. Biochem. 2000,
32,1907-1913.

Peacock, A.D.; Mullen, M.D.; Ringelberg, D.B.; Tyler, D.D.; Hedrick, D.B.; Gale, P.M,;
White, D.C. Soil microbial responses to dairy manure or ammonium nitrate applications. Soil Biol.
Biochem. 2001, 33, 1011-1019.

Miller, J.J.; Sweetland, N.J.; Chang, C. Hydrological properties of a clay loam soil after long term
cattle manure application. J. Environ. Qual. 2002, 31, 989-996.

McVay, K.A.; Budde, J.A.; Fabrizzi, K.; Mikha, M.M.; Rice, C.W.; Schlegel, A.J.; Peterson, D.E.;
Sweeney, D.W.; Thompson, C. Management effects on soil physical properties in long-term
tillage studies in Kansas. Soil Sci. Soc. Am. J. 2006, 70, 434-438.

Pagliai, M.; Vignozzi, N.; Pellegrini, S. Soil structure and the effect of management practices. Soil
Tillage Res. 2004, 79, 131-143.

Ros, M.; Pascual, J.A.; Garcia, C.; Hernandez, M.T.; Insam, H. Hydrolase activities, microbial
biomass and bacterial community in a soil after long-term amendment with different composts.
Soil Biol. Biochem. 2006, 38, 3443-3452.

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Impact
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MingLiU
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NSimSun
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /Raavi
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [8.270 11.690]
>> setpagedevice


