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ABSTRACT

Establishment of agroforestry and grass buffers within agroecosystems is believed
to improve soil quality. Soil enzyme activities and water stable aggregates have been
identified as sensitive soil quality indicators to evaluate early responses to soil
management. However, only a few studies compared these parameters among buffers,
grazing pastures, and row crop systems. The objective of this study was to compare the
activities of selected enzymes (B-glucosidase and B-glucosaminidase, fluorescein
diacetate (FDA) hydrolase, dehydrogenase), water stable aggregates (WSA), soil organic
carbon (SOC), total nitrogen (TN), and bulk density as soil quality parameters among
four management treatments: grazed pasture (GP), agroforestry buffer (AgB), grass
buffer (GB) and row crop (RC). Two soil depths (0-10 and 10-20 cm) were analyzed in
all treatments for two consecutive years, 2009 and 2010. The WSA was determined by
wet sieving method while enzyme activities were colorimetrically quantified using a
spectrophotometer in laboratory assays. Soil organic carbon, TN, and bulk density were
also determined by standard procedures. Most of the soil quality indicators were

significantly greater in perennial vegetation treatments compared to row crop. The



dehydrogenase activity in the GP treatment was 323.8 pg TPF g™ dry soil while it was
174 pg TPF g™ dry soil in RC treatment. Similarly, the GB treatment showed an activity
of 811.4 pg fluorescein g™* dry soil in 2010 for FDA enzyme. Although there were
numerical variations, the trends in response of quality parameters were consistent
between years. The B-glucosaminidase activity increased slightly from 155.6 to 177.0 pg
PNP g™ dry soil while B-glucosidase activity decreased slightly from 248.0 to 236.6 g
PNP g™ dry soil in GB treatment during two years. Water stable aggregates increased
from 17.8 to 31.4% in row crop while all other treatments had similar values during the
two-year study. Surface soil revealed greater enzyme activities and WSA than the sub-
surface soil. The treatment by depth interaction was significant (P<0.05) for -
glucosidase and B-glucosaminidase enzymes in 2009 while the interaction was significant
(P<0.05) for dehydrogenase and B-glucosaminidase in 2010. Soil enzyme activities were
significantly correlated with soil organic carbon content (r=0.78 to 0.94; P<0.0001). The
nature of enzyme activities observed in this study support the hypothesis that perennial
vegetation provides favorable conditions for greater enzyme activities and microbial
diversity compared with soils under row crop management. Hence the RC treatment can
be assigned a soil quality index of 0.43, while the perennial vegetation treatments could
attain an index of 0.63-0.67 with respect to a reference soil according to the arithmetic
method. Assessing changes in selected enzyme activities appears to be a useful tool to
determine soil degradation when reference values for similar systems are available.
Implications can be made that perennial vegetation enhances organic matter accumulation

in the soil, has minimum disturbance to the soil and will improve soil quality indicators.
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CHAPTER 1

INTRODUCTION

Agroforestry is a collective term for land use practices that optimize the
environmental as well as economic benefits when trees and/or shrubs are combined with
crops and/or livestock in spatial or temporal arrangements (Gold and Garrett, 2009).
Although these systems are popular and widely practiced in tropical climates, these are
new to temperate climatic regions and are now receiving more attention due to their
environmental as well as economic benefits (Udawatta et al., 2002). For example,
agroforestry and grass buffer practices help reduce nonpoint source pollution losses from
row crop and grazed pasture areas by improving soil hydraulic properties and reducing
surface runoff (Udawatta et al., 2002; Abu-Zreig et al., 2003; Lovell and Sullivan, 2006).
Research has also shown improvements in soil quality parameters and physical properties
as influenced by agroforestry practices (Mungai et al., 2005; Kumar et al., 2008;
Udawatta et al., 2009).

Soil quality is the capacity of a soil to perform a specific function, within natural
or managed ecosystem boundaries, to sustain plant and animal productivity, maintain or
enhance water and air quality, and support human health and habitation (Karlen et al.,
1997; Karlen et al., 2001). Soil quality is considered a key element of sustainable
agriculture (Warkentin, 1996) because it is essential to support and sustain crop, range
and woodland production and helps maintain other natural resources such as water and
air. Soil quality assessment is a process by which soil resources are evaluated on the

basis of soil functions. With the continuous degradation of agricultural soils, the concept



of soil quality has been developed to record the conditions of soil and to quantify the
responses of soils to management changes. Since there is not a single parameter that can
quantify soil quality, it is necessary that a data set be defined comprising measures of
various soil attributes for quantifying soil quality (Larson and Pierce, 1991).

Soil quality indices developed to standardize measured soil quality parameters
produce numeric values, which can be used to assess changes in soil over a period of time
(Wienhold et al., 2004). Different soil assessment methods have been proposed to
examine effects of management practices on overall soil quality (Zobeck et al., 2008).
Those include Minimum Data Set (MDS), Soil Conditioning Index (SCI), Soil
Management Assessment Framework (SMAF), and Agroecosystem Performance
Assessment Tool (AEPAT). The minimum data sets help to recognize related soil
indicators and to assess the link between chosen indicators and important soil and plant
properties (Arsad and Martin, 2002). The SCI has been implemented by the USDA-
NRCS (Natural Resources Conservation Service) to evaluate the effects of crop
management on soil organic matter (USDA-NRCS, 2002). The SMAF is a
comparatively recent method which relies on the consequences of management systems
on changing soil properties and general soil functions (Andrews et al., 2004; Karlen et al.,
2006). The AEPAT is a research oriented index methodology that quantifies
performance of management practices for selected functions (Liebig et al., 2004). Hence,
assessment of soil quality should be achieved most efficiently using a modeling
framework based on collecting and synthesizing an array of soil quality indicators (Harris

et al., 1996).



Good pasture management enhances nutrient cycling efficiency for livestock
growth, soil health, and water quality (Bellows, 2001). Rotational grazing is an
established method of increasing the efficiency of pasture systems (Rinehart, 2008). This
grazing system has been shown to increase livestock productivity (Warren et al., 1986)
and improve soil properties. It has been stated that grazing not only enhances the activity
of soil microbial communities but also induces changes in the size and composition of
microbial communities (Patra et al., 2005). According to the literature, poor management
has been shown to deteriorate soil physical quality and cause soil deformation through
soil compaction (Drewry et al., 2008; Kumar et al., 2008). There is a public concern as
beef cattle production throughout the United States requires better forage management
systems to reduce input costs and protect environmental quality (Sigua, 2003).
Therefore, planning for sustainable pastoral development in the temperate region is very
important. A better management of pastures would help to protect soil, enhance
productivity, and improve environmental quality.

To evaluate the impact of management practices on the quality of soil, and thus to
predict their consequences in the environment, studies have attempted to determine soil
quality by using microbial parameters as indicators (Schloter et al., 2003). An
assessment of soil enzyme activities in ecosystems will help to quantify and evaluate
specific biological processes in the soil. It is important to have a better understanding of
soil enzyme activities as these are easy to measure and they provide rapid responses to
changes in management practices (Dick, 1997; Bandick and Dick, 1999). Soil microbes
and enzymes play a crucial role in several soil biological activities and quantification of

their activities would be a key to understand how they respond to changes in



management, agro-chemicals, and climate change. According to Six et al. (2006), soil
microbes improve soil aggregation and thus water stable aggregates (WSA) can be used
as an indirect measure of enzyme activity. Water stable aggregates provide internal and
external surfaces for carbon storage and enhance microbial processes.

Although there have been extensive studies on soil enzymes (Wirth and Wolf,
1992; Lizarazo et al., 2005; Mungai et al., 2005) and environmental benefits of
agroforestry practices (Udawatta et al., 2002; Seobi et al., 2005; Lovell and Sullivan,
2006), little has been reported on the role of soil enzyme activities in grazed pasture
systems. Similarly, the percentage of WSA has not been evaluated in grazed pasture
systems. Furthermore, quantifiable information is not available that could be used to
evaluate management effects on microbial communities, WSA and other soil quality
parameters on grazing systems. Basic understanding is needed on how tree buffers, grass
buffers and grazed pastures affect soil and ecosystem processes with an ultimate goal to
develop sustainable management systems.

The purpose of this study, which is composed of three main sections, is to
examine the impact of permanent vegetation management on the overall soil quality.
Chapter two provides a literature review pertaining to the study of selected soil quality
parameters on grazed pasture and row crops systems. Chapter three evaluates the
management effects on selected soil quality parameters. Chapter four compares the
temporal variation in the treatment effects on soil quality indicators with two years of
data. Chapter five describes the development of a soil quality index using soil quality
parameters using a scale of 0 to 1 with an assigned value for each management soil type.

This study provides information on the level of enzyme activities, water stable



aggregates, soil organic carbon, soil nitrogen, bulk density and general soil properties at
the study sites. This project ultimately shows the status of soil under grazed pastures,
buffers, and row crops and the importance of management in maintaining environmental
quality. The findings of this research will help suggest the necessary steps to improve
and conserve soil quality, and maintain the productivity of pastureland. In the long-run,

the study will help to determine management plans to improve soil quality.

Objectives
The main objective of this study was to evaluate the influence of agroforestry, and
grass buffers on grazed pastures as compared to row crop management on selected soil
quality parameters and to develop soil quality indices for each management. Specific
objectives are:
» To assess selected soil enzymatic activities under grazed pasture, agroforestry
buffer, grass buffer and row crop management systems.
» To assess water stable aggregates (WSA) and bulk density (Db) under grazed
pasture, agroforestry buffer, grass buffer and row crop systems.
» To evaluate soil organic carbon and soil nitrogen as influenced by the treatments.
» To evaluate the depth effect, landscape effect and temporal variation of selected
soil quality parameters with comparisons of two years of data.

> To develop a soil quality index based on measured soil quality parameters.



Results of the studies were written independently in the format of journal
manuscripts for publication purposes. The first study is accepted for a publication in

Applied Soil Ecology, and the second study is in review in Soil and Tillage Research.
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CHAPTER 2

LITERATURE REVIEW

Agroforestry: a Management Practice

Agroforestry is defined as a practice that deliberately integrates shrub/grasses
with agricultural crops and/or pastures on the same land unit for synergistic benefits due
to biophysical interactions between components (Lundgren, 1982; Nair, 1993; Young,
1997; Gold and Garrett, 2009). Agroforestry is a management practice that optimizes
limited resources through combination of complementary components within a landscape
unit. The interactions in agroforestry systems provide multiple benefits, including
additional income sources, increased and diversified production, improved water quality,
and enhanced habitat for humans and animal life. The maintenance and improvement of
soil quality through organic matter inputs to the soil; nitrogen fixation and nutrient
recycling; carbon sequestration; and biodiversity conservation are other environmental
benefits of agroforestry practices (Young, 1997).

The cultivation of trees with agricultural crops began concomitantly with the
beginning of plant and animal domestication (Smith, 1929; King, 1987; Williams et al.,
1997). Although land management practices that integrate trees and agricultural crops on
the same land area have been reported since the early 20th century (Cook, 1901), real
agroforestry research did not begin until the early 1980s (Oelbermann et al., 2004). As a
consequence of increased environmental concerns, the International Development
Research Centre (IDRC) in Canada concluded that priority should be given to systems

combining trees and crops to optimize sustainable land-use in areas with high population



pressures (King, 1987). As a result, the publication entitled Trees, Food and People-
Land Management in the Tropics (Bene et al., 1977) was developed, where the term
‘agroforestry’ was first used. Until now, research in temperate and tropical agroforestry
systems has paid more attention on the efficiency of these systems in soil and water
conservation, crop productivity, nutrient cycling, and changes in soil physical and
chemical properties (Oelbermann et al., 2004).

Agroforestry practices such as alley cropping and silvopasture have the greatest
potential for conserving and sequestering carbon because of the close interaction between
crops, pasture, trees and soil (Nair, 1998). Therefore, agroforestry systems have great
potential to store carbon in above-, below-ground biomass, and soils, and have the
potential to counteract greenhouse gas release associated with shifting cultivation and
deforestation (Dixon, 1995; Nair and Nair, 2002).

Sanchez (2000) mentioned that agroforestry systems are better than other land-use
practices at the global and local scale because of their role in food production and
ecological conservation. As a result of rigorous land management practices in temperate
(Rosenzweig and Hillel, 2000) as well as in tropical (Schroeder, 1994) regions, a large
area of degraded land has emerged that is suitable for initiating agroforestry land
management practices. There is a great potential to improve these lands by establishment
of agroforestry. Although there has been extensive research in agroforestry, a need still
exists for information regarding the ecological services of agroforestry. In particular, the
assessment of impacts of various types of agroforestry practices on soil quality, microbial

ecology and non-point source pollution is still a field needing further exploration.

10



Pasture Management

Good pasture management enhances nutrient cycling efficiency for livestock
growth, soil health, and water quality (Bellows, 2001, Udawatta et al., 2008, 2009).
Grazing management can be defined as the manipulation of livestock grazing to
accomplish desired results. Grazing management is an important tool for efficient
utilization of the pasture resource which strongly influences pasture and animal
performance. Sustainable grazing management depends on manipulation of livestock and
knowledge of significant threshold (Vallentine, 1990; Holechek et al., 1999).

Rotational grazing is an established method of increasing the effectiveness of
pasture management (Rinehart, 2008). Rotational grazing is characterized by the
intermittent movement of livestock to fresh paddocks to facilitate the regrowth of
pastures. Some popular rotational grazing systems include management-intensive
grazing, multiple-pasture rotation, and short-duration grazing (Gerrish, 2004). This
grazing system requires skillful management which includes electric fencing and novel
water-delivery devices.

The rotational grazing system has been shown to increase livestock productivity
(Warren et al., 1986) and improve soil properties (Kumar et al., 2008). Jones (2000)
stated that livestock grazing can affect vegetation, soils and animal communities.
Livestock plays a role in altering vegetation by redistributing plants and seeds. They may
cause soil trampling and can disrupt microbiotic crusts (Miller et al., 1994; West, 1996;
Belnap and Lange, 2001). It has been stated that grazing not only enhances the activity
of soil microbial communities but also induces changes in the size and composition of

microbial communities (Patra et al., 2005). According to the literature, poor management
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has been shown to deteriorate soil physical quality and cause soil deformation through
soil compaction (Drewry et al., 2008; Kumar et al., 2008).

There is a public concern as beef cattle production throughout the United States
requires better forage management systems to reduce input costs and protect
environmental quality (Sigua, 2003). Therefore, planning for sustainable pastoral
development in temperate regions is very important. A better management of pastures
would help to protect soil, enhance productivity, and improve environmental quality. To
evaluate the impact of management practices on the quality of soil, and to predict their
consequences on the environment, studies have attempted to determine soil quality by

using microbial parameters as indicators (Schloter et al., 2003).

Soil Quality

The notion of soil quality was first reported in the literature in the early 1990s
(Doran and Safely, 1997; Wienhold et al., 2004), and the first official application of the
term was approved by the Soil Science Society of America Ad Hoc Committee on Soil
Quality (S-581) and reviewed by Karlen et al. (1997). Soil quality has been defined as
“‘the capacity of a reference soil to function, within natural or managed ecosystem
boundaries, to sustain plant and animal productivity, maintain or enhance water and air
quality, and support human health and habitation.”” Soil quality has also been defined as
"fitness for use" (Larson and Pierce, 1991) and "the capacity of a soil to function”
(Karlen et al., 1997).

The terms soil quality and soil health have been extensively used to explain soil

productivity and environmental quality. Soil health may be defined as the capacity of a
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soil to function as a living and dynamic system to support biological productivity during
a given period of time (Harris et al., 1996). As soil health depends upon various
processes, specific indicators may be used to quantify or assess soil health (Doran, 2002).
On the other hand, soil quality is a term used to indicate a specific purpose of the soil.
Hence, soil quality can vary depending upon land use. Also, it focuses on the capacity to
meet defined needs such as the growth of a particular crop (Doran and Parkin, 1994). In
short, the term soil health is used under sustainable conditions of plant productivity,
whereas soil quality considers optimizing soil conditions for one particular preferred
objective. Although the two terms differ conceptually, the terms are often used
interchangeably as they are related (Karlen et al., 2001).

Retention of soil quality under rigorous land use and rapid economic development
is a major challenge for sustainable land use (Doran et al., 1996). Deterioration of soil
quality occurs due to nutrient imbalance in soil, excessive fertilization, soil pollution and
soil loss (Zhang et al., 1996; Hedlund et al., 2003). A basic evaluation of soil quality is
very important to assess the degradation trends with various land uses (Lal and Stewart,
1995). The degradation of soil quality is governed by many physical, chemical and
biological components of soil and their interactions (Papendick and Parr, 1992).

The soil quality concept is consistently being improved as the knowledge base
expands on soils and soil quality attributes (Karlen and Stott, 1994). There is not a direct
measure of soil quality. There are certain soil attributes which are sensitive to changes in
management practices which can be used as indicators of soil quality (Andrews et al.,

2004). Hence, the soil quality approach has emerged as an evaluation process which
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consists of a sequence of activities. The following are important considerations for soil
quality assessment:

» Selection of soil quality indicators

» Determination of a minimum data set

» Development of an interpretation scheme of indices

> On-farm assessment and validation

Soil Quality Indicators and Parameters

Soil quality is a dynamic index and can affect the sustainability and productivity
of land use. There exist interconnections among physical, chemical and biological
properties of soil. Assessing soil quality requires evaluation of a number of factors
related to soil quality. Biological indicators scrutinize the biodynamic nature of
ecosystems and are most vulnerable to degradation by land management practices (Brady
and Weil, 2002). Several authors (Doran and Parkin, 1994; Abawi and Widmer, 2000)
have reported that the identification of biological indicators of soil quality is critically
important because of the influence of microbial processes on soil quality. The biological
indicators of soil quality that are commonly measured include soil organic matter,
respiration, soil pH, enzyme activities, microbial biomass and mineralizable nitrogen. To
be useful as biological indicators, Dalal (1998) suggested the following criteria:
measurement of more than one function, sensitivity to management change, the presence
of threshold values and accepted interpretation.

Soil organic matter is a very important parameter which contributes significantly

to soil function and soil quality control, water holding capacity, and susceptibility of soil
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to degradation (Feller et al., 2001). Highly productive agroforestry systems, including
silvopastoral systems, play an important role in carbon sequestration in soils and in
above- and below-ground biomass (Veldkamp, 1994). An increase in the soil carbon
content is related to higher microbial biomass and elevated respiration (Sparling et al.,
2003).

Soil respiration is defined as oxygen uptake or carbon dioxide evolution by the
soil microbial faunal community and includes the gas exchange of aerobic and anaerobic
metabolism (Anderson, 1982). Soil respiration results from the degradation of organic
matter, with the formation of carbon dioxide. When soil is disturbed, a change in soil
respiration can be observed due to more rapid growth and greater mineralization of
microorganisms (Singh and Gupta, 1977). Carbon dioxide evolution from a soil is thus a
measure of the total soil biological activity, including microbial activity (Alef and
Nannipieri, 1995). Bacterial biomass can be useful to determine active organisms and
relative proportion of fungal to bacterial biomass. Soil microbial biomass is the principal
reserve of nutrients such as nitrogen in the soil (Havlin et al., 2005). Literature suggests
that the microbial biomass, microbial respiration rate and their relation to soil organic

matter levels remain important components of soil quality (Wardle, 2002).

Microbial Biomass, Diversity and Activity

Microbial indicators that have been accepted to evaluate soil quality are microbial
biomass, microbial diversity and microbial activity. Microbial biomass and activity can
be used to understand the effects of crop rotation and cultivation practices on soil quality

(Limon-Ortega et al., 2006). Literature shows a strong correlation between soil microbial
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biomass, fertility and health (Vanlauwe et al., 1999; Ladd et al., 2004). Microorganisms
are the main source of enzymes in soils (Tabatabai, 1994), and thus the soil microbial
communities affects the enzyme mediated processes in soil (Kandeler et al., 1996).
Microbial diversity and genetic, taxonomic, and physiological structure can be
studied in relation to soil quality and health because these indicate functional diversity in
soil. Soil microbial biomass is used to quantify populations and also can be used to
assess nutrient dynamics in soil. Soil microbial community changes more rapidly with the
changes in management and environment. Hence these can be used as good indicators of

soil quality.

Soil Enzymes

The term soil enzyme activity is linked to microbial activity and reflects the
physiological work of all living organisms in soil, together with plant roots (Ladd, 1978).
Soil enzymes are pertinent for assessing soil health because they are essential for organic
matter decomposition and the metabolic activity of soil microorganisms (Nannipieri et
al., 2002). Several techniques have been used to determine soil microbial activity such as
the evolution of carbon dioxide, nitrification activity, DNA synthesis in bacteria,
fluorescein diacetate (FDA), and activity of dehydrogenase (Nannipieri et al., 1990).
Some specific metabolic pathways of interest can also be evaluated with enzyme assays
of B-glucosidase and B-glucosaminidase (Anderson et al., 2004; Pavel et al., 2004).

Enzyme activities in soil are mainly the expression of fungi, bacteria, and plant
roots, and play an important role in the biogeochemical cycling of carbon, nitrogen and

other essential elements. Enzyme activities have been used to examine soil microbial
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activity (Anderson et al., 2004), approximate soil resilience to wastes (Benitez et al.,
2004), and assess soil biological properties after fumigation with methyl bromide (Klose
and Ajwa, 2004).

Measuring enzymatic activities and understanding the factors that affect enzyme
expression and substrate turnover rate are significant. Enzymatic activities illustrate soil
metabolic capacity, quality, fertility as well as resilience of the soil when subjected to
various natural and anthropogenic factors (Bloem et al., 2006). Soil enzyme assays are
process level indicators and are presented as a means of determining the potential of a
soil to degrade or transform substrates (Dick, 1994). Because enzymes are difficult to
extract from soils and usually lose their integrity, enzymes in soils are characterized by
measuring their activity under a strict set of conditions (e.g., temperature, pH, buffer and
substrate concentration). Soil enzyme activities are closely related to important soil
quality parameters such as organic matter, soil physical properties and microbial activity
or biomass (Dick, 1994).

Knowledge of several soil enzyme activities can provide information on the soil
degradation potential (Trasar-Cepeda et al., 2000). The assessment of soil enzyme
activities requires low costs compared to other biochemical analysis (Ndiaye et al., 2000),
and the results can be correlated to other soil properties (Moore et al., 2000; Ndiaye et al.,
2000; Trasar-Cepeda et al., 2000). Further, it has been reported that any change in soil
management and land use is reflected in the soil enzyme activities, and that they can
anticipate changes in soil quality before they are detected by other soil analyses (Ndiaye
et al., 2000, Udawatta et al., 2009). Previous studies with soils from various regions have

shown that enzyme activities are sensitive to soil changes due to tillage (Kandeler et al.,
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1999; Acosta-Martinez and Tabatabai, 2001), cropping systems (Ndiaye et al., 2000;
Ekenler and Tabatabai, 2002), and land use (Staben et al., 1997; Gewin et al., 1999;
Acosta-Martinez et al., 2003). The measurements of soil enzyme activities are useful to
detect biological activity as soil enzymes catalyze all biochemical transformations.
Enzyme activities in soil reflect potential estimation of in situ activity. The contrasting
conditions of the assay relative to the field site and the various enzyme sources affect the
measured activity (Nannipieri et al., 2002). Soil enzyme activity measurements have
been used as indices of soil quality (Bandick and Dick, 1999; Badiane et al., 2001). The
enzyme activities have also been used as tools to understand how human activity is

altering biogeochemical cycles in ecosystems (Wick et al., 2000; Saviozzi et al., 2001).

Soil Enzyme Procedures

As presented by Dick (1997), soil enzymes are a precursor of numerous
developments in cells and mediate transformation of organic matter, discharge of
nutrients, biological nitrogen fixation, nitrification, de-nitrification and detoxification.
Enzymes vary significantly with minor variations in space and time (Webster and Oliver,
1990), and their activity is related to the distribution of other soil properties such as
moisture, temperature, organic matter content, substrate (Jordan et al., 1995; Bergstrom et
al., 1998). Enzymatic activity is greatly influenced by management practices (Bandick
and Dick, 1999; Ekenler and Tabatabai, 2003), drainage, and root distribution (Amador et
al., 1997).

Soil enzymes include oxidoreductases, transferases, hydrolases and lyases. The

enzymes most active in soil include B-glucosidase, protease, dehydrogenase, urease,

18



phosphatase, cellulase, 3-glucosaminidase, saccharase, amylase, and pectinase (Alef and

Nannipieri, 1995).

Fluorescein Diacetate (FDA) Hydrolase Enzyme in Soil

There are several enzymatic methods for measuring total microbial activity. One
method is fluorescein diacetate (FDA) hydrolysis (Schnurer and Rosswall, 1982). Green
et al. (2006) have optimized the method to assay FDA in soils by using a static
incubation, using a reducing solvent to terminate the hydrolysis, and covering a large
range of activities. As a result, FDA can be used as a biochemical and biological
indicator of soil quality. The product of this enzyme conversion is fluorescein, which can
be identified by fluorescence microscopy or quantified by spectrophotometry (Schnurer
and Rosswall, 1982).

Fluorescein diacetate is a colorless compound hydrolyzed by membrane-bound as
well as free enzymes resulting in the release of fluorescein. This can be absorbed in the
wavelength and can be measured by spectrophotometry. Several enzymes, such as non-
specific esterases, proteases, and lipases, are responsible for FDA hydrolysis and are
plentiful in the soil environment (Schnurer and Rosswall, 1982). This assay provides a
broad-spectrum indicator of soil biological activity.

The FDA method is recommended for its sensitivity, simplicity and precision to
be studied for soil microbial activity. The FDA hydrolase has been correlated with most
accurate measures of microbial biomass and adenosine triphosphate (ATP) content
(Federle and Ventullo, 1990). The activity of FDA is abundant in a variety of

decomposers and it has been correlated with soil organic matter and carbon contents
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(Dick et al., 1996; Gasper et al., 2001). The activity of these decomposers provide a
precise assessment of total microbial activity as most of the energy flow in the soil
system passes through microbial decomposers (Adam and Duncan, 2001). Also, soil
FDA hydrolase activities are involved directly in the transformation of organic materials

in soil (Sicardi et al., 2004).

Dehydrogenase Enzyme in Soil

Another enzymatic assay to measure total microbial activity is through
dehydrogenase activity. Dehydrogenase activity reveals the total oxidative capacity of
soil microorganisms, which is important in oxidation of soil organic matter (Alef and
Nannipieri, 1995). Dehydrogenase activity can be used as a measure of the intensity of
microbial metabolism in soil (Skujins, 1978; Trasar-Cepeda et al., 2000). Dehydrogenase
activity has also been used as an indicator of microbial activity in response to consecutive
addition of toxic wastes (Benitez et al., 2004). One of the most frequently used methods
to estimate dehydrogenase activity is using triphenyltetrazolium chloride (TTC) as an
artificial electron acceptor (Lenhard, 1956; Tabatabai, 1994). The TTC is reduced to
triphenylformazan (TPF) (Smith and Pugh, 1979; Tabatabai, 1994). Nearly all
microorganisms reduce TTC to TPF, which can be measured spectrophotometrically.

Dehydrogenase is considered as an intracellular enzyme which may also be
extracellularly located in soil due to cell lysis and may be associated with organic matter
or soil colloidal surfaces (Nannipieri et al., 2002). Active dehydrogenases exist as
integral parts of intact cells in soils. Dehydrogenase activity in soils provides information

on the microbial activity in the soil.
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B-glucosidase and B-glucosaminidase Enzymes in Soil

B-glucosidase is used to measure soil carbon decomposition. This enzyme assay
is found to be sensitive in determining soil management effects in several soil types
(Bandick and Dick, 1999). The B-glucosidase, the most predominant glycosidase in soil,
IS very important because it is the substrate involved in the last limiting step of cellulose
degradation. The importance of this enzyme in biological systems has long been
recognized.

The B-glucosidase enzyme is useful as a soil quality indicator, and may reflect
past biological activity and the capacity of a soil to stabilize soil organic matter, as well
as an indicator of management effects on soils (Bandick and Dick, 1999; Ndiaye et al.,
2000). Generally, B-glucosidase activities can provide evidence of changes in organic
carbon before it can be accurately measured by other methods (Dick, 1994; Dick et al.,
1996; Wick et al., 1998). Recently, scientists have begun to explore the role of this
enzyme in microorganisms, plants and invertebrates. This has greatly facilitated its
adoption for soil quality testing (Bandick and Dick, 1999; Stott et al., 2010).

Study of B-glucosaminidase activity, another glycosidase, is important because
very little information is available about chitin degradation in soils from tropical as well
as temperate environments. B-glucosaminidase is a key extracellular enzyme involved in
N mineralization that hydrolyzes C-N bonds of organic sugars to free NH," that can be
taken up by plants (Dick, 1997; Ekenler and Tabatabai, 2002). B-glucosaminidase is a
key enzyme involved in the hydrolysis of N-acetyl-p-D-glucosamine (NAG) residues of

chito-oligosaccharides (Parham and Deng, 2000). This hydrolysis is considered to be
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important in carbon and nitrogen cycling in soils. This is involved in the processes where
chitin is converted to amino sugars, a major source of mineralizable carbon and nitrogen
in soils (Stevenson, 1994; Ekenler and Tabatabai, 2002). B-glucosaminidase activity has
been correlated with the nitrogen mineralized in soils (Ekenler and Tabatabai, 2002),
microbial biomass carbon, and fungal populations (Parham and Deng, 2000; Acosta-
Martinez et al., 2004). The substrates for this enzyme are chitobiose and glycoproteins.
Chitin consists of NAG residues in -1,4 linkages and it is the second most abundant

biopolymer on earth (Stryer, 1994).

Soil Organic Carbon and Nitrogen

Agroforestry systems have a great potential to sequester above- and below-ground
biomass, conserve soil and help in mitigating greenhouse effects (Albrecht and Kandji,
2003). The conversion of intensively cropped agricultural fields to extensive land uses
such as afforested ecosystems helps to sequester carbon in soil. Forest plantations may
sequester SOC especially with establishment on cultivated lands where SOC has been
depleted (Johanson, 1992). The restoration of degraded soils and the adoption of
recommended management practices on agricultural soils can reverse degradative trends
and lead to SOC sequestration (Lal, 2003).

Soil texture, drainage conditions, and slope vary with land uses and control SOC
accumulation (Tan et al., 2004; Awasthi et al., 2005), because it is related largely to
vegetation and topographical features (Franzmeier et al. 1985). Conservation and
restoration degraded lands may greatly contribute in enhancing soil quality (Lal, 2000;

Awasthi et al., 2005). Predicting the distribution of soil organic carbon (SOC) and
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nutrient pools under different land use are important to understand carbon budgets at the
watershed level.

The environmental standpoint includes improvement of soil quality, increase in
biodiversity and removal of carbon dioxide (CO,) from the atmosphere (Batjes and
Sombroek, 1997). Soil carbon sequestration implies removal of atmospheric CO; by
plants and storage of this as soil organic carbon. Mycorrhizal fungi also contribute to
SOC sequestration and increase aggregation (Rillig et al., 2002). Land use and soil
management practices can significantly influence SOC dynamics and C flux from the soil
(Post and Kwon, 2000; McGuire et al., 2001). However, the mechanisms and processes
of soil carbon sequestration are not fully understood (Bajracharya et al., 1998). Spatial
distribution of SOC pools and flux are important for understanding the role of soils in the
global carbon cycle and for assessing potential biosphere responses to climatic change

(Schimel et al., 2007).

Physical Properties, Water Stable Aggregates (WSA) and Bulk Density

Changes in topsoil thickness, subsoil exposure, compaction, infiltration, tillage,
soil structure, and loss of vegetative cover are some of the important physical attributes
which affect soil quality. Soil bulk density (Db) is used as an indicator of soil resistance
to root elongation. Seobi et al. (2005) found soil under perennial grass and tree buffers
had lower bulk density and higher porosity than soil under row-crop management. In the
same way, Rachman et al. (2004) demonstrated that areas under perennial grass for more
than ten years had lower bulk density and higher porosity and saturated hydraulic

conductivity than areas under row crop cultivation for the same soil. Bulk density is
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inversely related to total porosity (Carter and Ball, 1993), which gives an estimate of
space left in the soil for air and water movement. Bulk density is related to natural soil
characteristics such as texture, organic matter, soil structure (Cassel, 1982; Chen et al.,
1998) and varies over the year due to action of several processes: freezing and thawing
(Blevins et al., 1983; Unger, 1991), settling by desiccation, and kinetic energy of rainfall
(Cassel, 1982), and loosening by root action and animal activity.

The percentage of water stable aggregates (WSA) measures the resistance of the
soil to breakdown by water and mechanical stress. Six et al. (2006) stated that soil
microbes improve soil aggregation, and thus WSA can reflect relative microbial activity.
Water stable aggregates are formed by the aggregation of clay (smallest particles),
followed by accumulation of macro-aggregates bound together with bacterial secretions,
fungal hyphae, and fine roots. As described by Tisdall and Oades (1982), soils consist of
dynamic aggregates of different sizes bound together by organic and inorganic
compounds. According to the aggregate hierarchy model (Tisdall and Oades, 1982), soil
organic matter is considered as the principal binding agent of aggregate formation which
starts with the microaggregates. Macroaggregates are considered a secondary soil
structure associated with formation of pores, microbial habitat and physical protection of
organic matter (Carter, 2004). Studies report the proportion of WSA is associated with

perennial vegetation and reduced disturbance of soil (Balesdent et al., 2000).

Soil Quality Index

Minimum Data Set
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A general outline is necessary to evaluate soil quality. That outline can be used to
check changes in the environment associated with agricultural management. A minimum
data set of soil factors has been proposed by Larson and Pierce (1994). It is generally
accepted that such factors should be easy to calculate and represent differences in
management (Visser and Parkinson, 1992).

A minimum data set (MDS) was proposed to measure soil quality and its changes
due to management practices through selection of key indicators such as organic matter,
pH, nutrient status, bulk density, and rooting depth (Larson and Pierce, 1994). Collecting
a minimum data set helps to identify the relevant soil indicators and correlate them with
significant soil and plant properties (Arshad and Martin, 2002). It is a minimum set of
indicators required to obtain a complete understanding of the soil indicators examined.
Moreover, they provide a useful tool for evaluating the status, health, and quality of soil
(Doran et al., 1996; Larson and Pierce, 1994; Doran and Parkin, 1994). Sufficiently
detailed experiments need to be conducted to develop meaningful assessments of soil

status, often expressed as an index of soil quality (Kang et al., 2005).

Scorecards and Soil Quality Kits

The use of scorecards for on-farm soil quality assessment is useful where
qualitative observations of soil health are scored to obtain an overall measure of soil
quality and soil health (Romig et al., 1995). These cards may be developed to evaluate
soil health through farmer observations of soil physical, chemical and biological

properties (Romig et al., 1996). These soil characteristics are classified in terms of

25



descriptive indicators which are interpreted on a graded scale. The soil quality test kits

are used to examine physical, chemical and biological characteristics of soil.
Assessment tools such as soil quality test kits (Liebig et al., 1996) rely on farmer-

based evaluations regarding various soil management practices. This has been aimed to

create an educational tool to increase public awareness of the importance of soil quality.

Soil Quality Indices

Various soil quality indexing methods (Granatstein and Bezdicek, 1992; Andrews
and Carroll, 2001) have been applied to develop a range of critical test values. The soil
quality assessments can be defined within these values (Arshad and Martin, 2002).

A soil quality index is developed to standardize measured soil quality parameters
and produce a numeric value which can be used to assess changes in soil over a period of
time and to compare soils (Wienhold et al., 2004). Various soil assessment methods have
been proposed to examine effects of management practices on overall soil quality
(Zobeck et al., 2008). Those include Minimum Data Set (MDS), Soil Conditioning Index
(SCI), Soil Management Assessment Framework (SMAF) and Agroecosystem
Performance Assessment Tool (AEPAT). The SCI has been implemented by the USDA-
NRCS (Natural Resources Conservation Service) to evaluate the effects of crop
management on soil organic matter (USDA-NRCS, 2002). The SMAF is a
comparatively recent method which relies on the consequences of management systems
on changing soil properties and general soil function (Andrews et al., 2004; Karlen et al.,
2006). The AEPAT is a research oriented index methodology that quantifies

performance of management practices for selected functions (Liebig et al., 2004). Hence,
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assessment of soil quality should be achieved most efficiently using a modeling
framework based on collecting and synthesizing an array of soil quality indicators (Harris

etal., 1996).
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CHAPTER 3
AGROFORESTRY AND GRASS BUFFER EFFECTS ON SOIL QUALITY

PARAMETERS FOR GRAZED PASTURE AND ROW-CROP SYSTEMS

ABSTRACT

Establishment of buffers and incorporation of trees and shrubs are believed to
improve soil quality and thereby improve water quality from grazed pasture systems.
Although enzyme activities and water stable aggregates have been identified as
measurable soil quality parameters for early responses to changes in soil management,
the literature lacks information on those parameters for grazing systems with agroforestry
buffers. The objective of this study was to examine the activities of fluorescein diacetate
(FDA) hydrolase, dehydrogenase, B-glucosidase and -glucosaminidase, the percentage
of water stable aggregates (WSA) and soil organic carbon and nitrogen as soil quality
parameters for grazed pasture and row-crop systems. The study consisted of four
management treatments: grazed pasture (GP), agroforestry buffer (AgB), grass buffer
(GB) and row-crop (RC). The WSA was determined by wet sieving method while the
enzyme activities were colorimetrically quantified using a spectrophotometer in
laboratory assays. Soil organic carbon (SOC) and total nitrogen (TN) contents were also
determined. Two soil depths (0-10 and 10-20 cm) were analyzed for all treatments. The
row-crop treatment showed significantly lower activities compared to all other treatments
for B-glucosidase and B-glucosaminidase enzymes along with lower WSA. The
dehydrogenase activities were significantly higher in GP treatment compared to RC

treatment. The FDA hydrolase activities were not significantly different among
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treatments. Surface soil revealed higher enzyme activities and higher WSA than the sub-
surface soil. The treatment by depth interaction was significant for -glucosidase and -
glucosaminidase enzymes. The soil organic carbon and total nitrogen data strongly
supported the results of enzyme activities and WSA. Implications can be made that
perennial vegetation enhances organic matter accumulation in the soil, has minimum
disturbance to the soil and will have positive impacts on the ecosystem.

Keywords: carbon, cottonwood, depth effect, soil enzyme activities, soil nitrogen,

water-stable aggregates.

Introduction

Beef cattle production throughout the United States requires better forage
management systems to reduce input costs and protect environmental quality. Good
pasture management enhances nutrient cycling efficiency for livestock growth, soil
health, and water quality (Bellows, 2001). It has been stated that grazing not only
enhances the activity of soil microbial communities but also concurrently induces
changes in the size and composition of these communities (Patra et al., 2005). Despite
improvements in certain soil biological parameters, grazing systems have also been
scrutinized for degradation of water, soil and air quality (Abu-Zreig et al., 2003; Acosta-
Martinez et al., 2003; Amador et al., 1997). One possible solution could be to establish
perennial vegetative buffers with grass and tree species.

Agroforestry is a collective term for land use practices that optimize the
environmental as well as economic benefits when trees and/or shrubs are combined with

crops and/or pasture in spatial or temporal arrangements (Gold and Garrett, 2009).
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Agroforestry practices have been shown to improve soil quality, carbon sequestration,
and water quality in cropping systems (Lal, 2004, Nii-Annang et al., 2009). Also, these
practices are believed to reduce nonpoint source pollution from row-crop areas by
improving soil hydraulic properties and reducing surface runoff (Abu-Zreig et al., 2003;
Gilliam, 1994; Lovell and Sullivan, 2006; Udawatta et al., 2002) as well as increase or
maintain soil organic carbon (SOC) through litter fall, reduction in soil erosion and
increased land productivity (Escobar, 2002).

Soil quality has been defined as the capacity of soil to function within ecosystem
boundaries to sustain biological productivity, maintain environmental quality, and
promote plant and animal health (Benedetti and Dilly, 2006; Doran and Parkin, 1994;
Karlen et al., 1997). Soil quality assessment is a process by which soil resources are
evaluated on the basis of soil function (Karlen et al., 1997; Weil and Magdoff, 2004).
Periodic assessment of soil quality with known indicators, thresholds and other criteria
for evaluation will make it easier to quantify these parameters. Hence, assessment of soil
quality and health should be achieved most efficiently using a modeling framework based
on collecting and synthesizing an array of soil quality indicators (Harris et al., 1996).

To evaluate the impact of management practices on the quality of soil, and thus to
predict their consequences in the environment, studies have attempted to determine soil
quality by using microbial parameters as indicators (Schloter et al., 2003). Among the
microbial parameters enzyme activities have been identified as possible indicators of the
quality of soil because of their rapid responses to changes in soil management (Bandick

and Dick, 1999).
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Soil enzymes play key biochemical functions in the overall process of organic
matter decomposition in the soil system (Sinsabaugh et al., 1991). Soil enzyme activities
have been related to soil physio-chemical characters (Amador et al., 1997), microbial
community structure and vegetation (Sinsabaugh et al., 2002) and disturbance (Boerner et
al., 2000). Studies show that enzyme activity and microbial diversity are greater in
agroforestry alley cropping practices due to differences in litter quality and quantity, and
root exudates (Mungai et al., 2005; Myers et al., 2001; Udawatta et al., 2009). Previous
research suggests that relationships between organic matter, microbial activity, and
microbial biomass are good indicators of soil quality (Anderson and Domsch, 1990).

The percentage of water stable aggregates (WSA) measures the resistance of the
soil to breakdown by water and mechanical stress. Six et al. (2006) stated that soil
microbes improve soil aggregation and thus WSA can reflect relative microbial activity.
Water stable aggregates are formed by the aggregation of clay (smallest particles),
followed by accumulation of macro-aggregates bound together with bacterial secretions,
fungal hyphae, and fine roots. As described by Tisdall and Oades (1982), soils consist of
dynamic aggregates of different sizes bound together by organic and inorganic
compounds. According to the aggregate hierarchy model (Tisdall and Oades 1982), soil
organic matter is considered as the principal binding agent of aggregate formation and
which starts with the microaggregates. The lowest hierarchical order of this model, i.e.
the microaggregates, consists of clay particles attached to organic molecules by
polyvalent cations. Macroaggregates are considered a secondary soil structure associated

with formation of pores, microbial habitat and physical protection of organic matter
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(Carter, 2004). Studies report the proportion of WSA is associated with perennial
vegetation and reduced disturbance of soil (Balesdent et al., 2000).

An assessment of soil enzyme activities in the ecosystem will help to quantify and
evaluate specific biological processes in the soil. It is important to have a better
understanding of soil enzyme activities as these are easy to measure and they provide
rapid responses to changes in management practices (Dick, 1997; Bandick and Dick,
1999). Although there have been extensive studies on soil enzymes (Lizarazo et al.,
2005; Mungai et al., 2005; Wirth and Wolf, 1992), little has been reported on their roles
in grazed pasture management systems with agroforestry practices. Understanding and
maintaining biodiversity has become an increasingly important field of research, as well
as a resource management goal. More research is needed for a comprehensive
understanding of buffer effects on overall soil quality (Lovell and Sullivan, 2006) and to
develop environmentally friendly management plans. We hypothesized that there is an
effect of grazed pasture with buffers and row-crop management on soil quality
parameters. The objective of this research was to compare the effects of grazed pasture,
agroforestry buffer, grass buffer, and row-crop management on activity of selected

enzymes, WSA, and soil organic carbon and total soil nitrogen contents.

Materials and Methods
Study Area

The experimental site is located at the Horticulture and Agroforestry Research
Center (HARC) of the University of Missouri in New Franklin, MO (92°74” W and 37°2°

N; 195 m above sea level). Four small watersheds under grazed pasture (GP) were used
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for the study, which include replicate watersheds with agroforestry buffers (AgB) (tree-
grass buffers) and grass buffers (GB). Pastures were seeded with red clover (Trifolium
pratense L.) and lespedeza (Kummerowia stipulacea L.) in 2003. The size of each
watershed is about 0.64 ha (6420 m?) and this area was divided into six paddocks. The
size of each buffer is about 0.16 ha (1605 m?). The cattle were introduced in 2005 and
were rotationally grazed (Kumar et al., 2008). The previous land use for GP, AgB and
GB was similar. The land was under tall fescue grass (Festuca arundinacea Schreb.)
without grazing before the establishments of watersheds. The GB buffer areas were
reseeded with tall fescue (Festuca arundinacea; Kentucky 31) in 2000. The AgB buffers
consisted of eastern cottonwood trees (Populus deltoides Bortr. ex Marsh.) which were
planted into fescue in 2001. Soils for the row-crop (RC) treatment were sampled from an
adjacent corn field on the north side of the pasture areas. This area was under corn (Zea
mays L.)-soybean [Glycine max (L.) Merr.] rotation and during the sampling year the
crop was corn. The size of row-crop treatment was similar to the grazing watersheds.
Soil at the pasture and row-crop sites was classified as Menfro silt loam (fine-silty,
mixed, superactive, mesic Typic Hapludalfs). Average slope for the site is 12.5%. The
annual precipitation of the experimental site for the last 50 years is 925 mm; mean
maximum temperature is 18.8°C and minimum temperature is 6.9°C. The mean annual

temperature in 2009 was 12.6°C. (http://agebb.missouri.edu/weather/history/index.asp).

Experimentation and Sampling
The management treatments were grazed pasture (GP), agroforestry buffer (AgB),

grass buffer (GB), and row-crop (RC). The AgB and GB treatments were in the buffer
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areas of the small watersheds with respective buffer type and the GP treatment was in the
pasture areas in the small watersheds with buffers. The experimental design was
completely randomized with a split plot for soil depths (0-10 and 10-20 cm). There were
two replicates for treatments and three sampling locations per treatment plot. An
additional factor, landscape position, was evaluated for the GP and RC treatments,
resulting in soil samples collected at three landscape positions.

Altogether, 96 total samples were taken from the four treatments during June
2009. The sampling procedure was different between buffer areas and the other two
treatments. For GP and RC treatments, soil samples were collected at three landscape
positions from each treatment: upper, middle and lower (three sub-samples at each
position) and in three transects. Since buffer areas were narrow relative to GP and RC
treatments, only three sub-samples were collected from the middle area within each
buffer. The soil samples for the GB buffer treatment were taken from the center of the
buffer. Samples for the AgB buffer treatment were sampled about 40 cm from the base
of a tree trunk. Hence, each buffer treatment consisted of six sample locations (three sub-
samples and two replications).

Soils were collected with a soil auger and were placed in labeled plastic bags.
The sampling bags were sealed and transported to the laboratory in a cooler. All samples
were maintained at field moist condition and were stored at 4°C until analyzed. Three
separate sub-samples were taken from each sample. One sub-sample was used for
enzyme assays after passing through a 2-mm sieve. The second sub-sample was air-dried
for water stable aggregates and soil carbon and nitrogen analysis. The third sub-sample

was used to determine soil moisture content.
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Laboratory Analyses

WSA and enzyme activities were analyzed in duplicate for each sample. Water
stable aggregates (<250 um diameter) were determined from a 10-g air dried soil sample
using the wet-sieving method (Angers and Mehuys, 1993). The aggregate content was
corrected for soil moisture and expressed on an oven-dry weight basis.

Fluorescein diacetate (FDA) hydrolase was colorimetrically quantified at 490 nm
to indicate the broad-spectrum of soil biological enzyme activities (Dick et al., 1996). A
sieved 1-g moist soil sample was shaken for 15 min with 20 mL of sodium phosphate
buffer and subsequently shaken with 4.8 mM of FDA for 105 min. The absorbance was
measured on the filtrate following acetone hydrolysis. A standard calibration curve was
used to measure the concentration and the concentration was expressed in pg fluorescein
released g™* dry soil.

Dehydrogenase enzyme activity was determined as described by Tabatabai
(1994). Six grams of moist soil sample were used in this analysis. Soil was incubated
with 2, 3, 5-triphenyltetrazolium chloride substrate at 37°C for 24 h. A previously
developed standard curve was used to calculate the concentration of triphenyl formazan
(TPF) product colorimetrically at 485 nm. The enzymatic activity was expressed in g
TPF released g™* dry soil.

B-Glucosidase enzyme activity was determined according to Dick et al. (1996).
The method was based on colorimetric determination of p-nitrophenol (PNP) released by
B-glucosidase with 1-g sieved moist soil samples incubated with buffered (pH 6.0) p-

nitrophenol-B-D-glucoside. The p-nitrophenol released was extracted by filtration and
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determined colorimetrically. Soil was incubated with the p-nitrophenyl-f-D-glucoside
substrate for 1 h at pH 6.0 at 37°C. A pre-developed calibration relationship was used to
determine the concentration of p-nitrophenol colorimetrically (410 nm) and the enzyme
activity was expressed in pg p-nitrophenol released g™ dry soil. B-Glucosaminidase
enzyme activity was determined as described by Parham and Deng (2000). Moist soil
samples (1 g) were used in this analysis. Soil was incubated with the p-nitrophenyl-N-
acetyl-p-D-glucosaminide substrate for 1 h at 37°C. A regression equation developed
with standards was used to determine the concentration of p-nitrophenol produced
colorimetrically (405 nm) and the enzymatic activity was expressed in pg p-nitrophenol
released g™* dry soil.

Soil organic carbon (SOC) and total nitrogen (TN) contents were determined by
dry combustion analysis at 950°C using LECO TruSpec CN analyzer based on

methodology of Nelson and Sommers (1996).

Statistical Analyses

The data were analyzed as a completely randomized design with a split plot for
soil depth using Proc GLM in Statistical Software Package SAS version 9.2 (SAS, 2008).
Soil depth was considered as the split plot. A separate analysis was conducted to assess
whether landscape positions influenced enzyme activities, WSA, SOC and TN; this was
conducted for only two treatments, GP and RC. An analysis was run for the landscape
positions along with their interactions with GP and RC treatments. Since landscape
positions and their interactions were not significantly different, an additional analysis was

run comparing only treatments. To compare all treatments (GP, AgB, GB and RC), the
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landscape positions were averaged for the GP and RC treatments since these landscape
positions were not significantly different. The parameters measured were analyzed
taking into account the four management treatments and two depths. The main effects
consisted of treatment effects (management) and the subplot consisted of depth effects.
The least significant difference tests (Duncan’s LSD) were used for pair-wise
comparisons of treatment means. Differences were declared significant at the five percent

level of significance (p<0.05).

Results
Landscape Effects
The WSA and enzyme data were analyzed first to test for landscape effects.

Landscape effects were not significant for the measured parameters within the grazed
pasture (GP) and row-crop (RC) treatments (Table 3.1). Also, the treatment by landscape
interactions were not significant. Data comparisons were only made with treatments that
contained landscape positions, the GP and the RC treatments. For further analyses in this
study, the enzyme activities and percentage of WSA were averaged across landscape

positions for treatment comparisons.

Water Stable Aggregates (WSA)

Water stable aggregate percentages ranged from 17.8% to 70.5% among the study
treatments. The RC treatment (17.8%) had the lowest WSA level and it was significantly
lower than all other treatments (Fig. 3.1). The GB treatment had the highest WSA

percentage (70.5%). The differences among the AgB, GB, and GP treatments were not
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significant. The AgB, GB, and GP areas had more than three times WSA compared with
the RC treatment. Although the WSA percentage was not significantly different between

the two buffers, it was numerically higher in the GB treatment than in the AgB treatment.

Enzyme Activities

FDA hydrolase activity was highest under GP managed soils, but similar levels
were observed in soils under AgB, GB and RC treatments (Table 3.2). There were no
significant differences among treatments. Soils under perennial vegetation treatments
had 1.1 to 1.3 times the FDA activity compared to soils from cultivated land (RC). The
average FDA hydrolase activity for the perennial vegetation treatments was found to be
937 ug fluorescein g™ dry soil while the activity on the conventionally managed RC
treatment was only 749 pg fluorescein g dry soil.

There were significant differences between GP and RC treatments for
dehydrogenase activity. The GP treatment showed the highest activity (225.6 ug TPF g™
dry soil) and the RC treatment showed the lowest activity (62.4 pg TPF g™* dry soil;
Table 3.2). Similar dehydrogenase activities were observed in soils of the treatments
AgB and GB.

Analysis of B-glucosidase and B-glucosaminidase enzyme activity revealed
significant differences (p<0.01) between the RC treatment and all other treatments (Table
3.2). The GP (243 and 159 pug PNP g™ dry soil) treatment showed the highest activity
and RC (123 and 74 pg PNP g™ dry soil) showed the lowest activity for B-glucosidase

and B-glucosaminidase enzyme activities, respectively. We observed that B-glucosidase
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and B-glucosaminidase enzyme activities were more than two times higher under

perennial vegetation treatments than the RC treatment.

Soil Carbon and Nitrogen

The soil organic carbon (SOC) and total nitrogen (TN) contents were significantly
higher in perennial vegetation treatments compared to the RC treatment (Table 3.3). The
SOC content for the RC treatment was 1.2% while those of other three treatments were
greater than 1.7%. Similarly, the TN content for the RC treatment was 0.13%, while in
other treatments it was greater than 0.19%. The GP treatment had the highest SOC
content while the TN content was highest both in GP and AgB. However, the differences
among perennial vegetation treatments were not significant. These results followed the

same pattern as -glucosidase and -glucosaminidase enzyme activities as well as WSA.

Depth Effects

The depth effect was significant for all parameters at p<0.01 (Table 3.4). This
supports the hypothesis that enzyme activities and water stable aggregates are greater in
the surface soil compared to sub-surface soil. Among the treatments, the AgB showed
the greatest differences in WSA, and FDA hydrolase and f-glucosidase enzyme activities
between the two depths. Similarly for dehydrogenase and B-glucosaminidase enzyme
activities, the highest difference was observed in GP and GB treatments, respectively.
The smallest differences were observed in the RC treatment for all parameters. The
treatment by depth interaction was significant only for B-glucosidase and [3-

glucosaminidase enzyme activities (Figs. 3.2 and 3.3). This indicates that the slopes for
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the enzyme activities were different between the perennial vegetation treatments and the
RC treatment. In essence, greater differences existed between the two depths for

measured parameters in perennial vegetation treatments compared to the RC treatment.

Discussion

The results show that there were no significant variations of parameters with
landscape position. The literature suggests that spatial variations in enzyme activities
may occur when the litter quality and microclimate are significantly different (Mungai et
al., 2005). The non-significance of landscape effects in these soil quality parameters may
be due to lack of variation in litter quality and quantity, micro-climate and other
influencing factors. In support of this argument, Decker et al. (1999) and Mungai et al.
(2005) reported that spatial variation occurs in long-term studies (greater than 10 years
duration). It appears that significant changes in soil physical properties may require more
time at the current study site, which is less than 10 years old. Studies on soil organic
carbon accumulation in temperate zone alley cropping systems show that these practices
require longer time frames to detect changes in the SOC content due to colder climatic
conditions and low C inputs (Oelbermann et al., 2006a; Oelbermann et al., 2006b; Peichl
et al., 2006).

One outcome of our study showed that WSA in the RC treatment was
significantly lower compared to the AgB, GB, and GP treatments. These results are
similar to previous research in which WSA of uncultivated native prairie was 68%
compared to 23% for crop management with conventional tillage (Kremer and Li, 2003),
and WSA of 8% for crop areas and 15% for grass and agroforestry buffers in claypan

soils (Udawatta et al., 2008). Biological activities of soil microorganisms were usually
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greater under perennial vegetation than under row-crop management (Guggenberger et
al., 1999). Differences among studies could be due to soil type, soil and crop
management, vegetation, and duration of management, which influence stability of soil
aggregates. Studies by Kremer and Li (2003) and Udawatta et al. (2008) were on Mexico
silt loam and Armstrong soils, respectively, while the current study was conducted on
Menfro soils. Although numeric values differ, the percentages of WSA in this study
follow a similar pattern; the RC treatment had a significantly lower level compared to
perennial vegetation treatments. The bulk density for the RC treatment was found to be
1.42 g cm™ as compared to the average bulk density of 1.31 g cm™ in buffers and grazing
areas (Kumar et al., 2008), supporting our results showing the highest WSA in GB and
the lowest in the RC treatment.

In this study, the perennial vegetation treatments revealed significantly higher -
glucosidase and B-glucosaminidase enzyme activities compared to RC treatment.
Numerous studies including Bandick and Dick (1999); Kremer and Li (2003); Acosta-
Martinez et al. (2003); Mungai et al. (2005); and Udawatta et al. (2009) also reported
significantly higher activities of these enzymes in perennial vegetation areas compared to
continuously cropped areas. The higher -glucosidase and B-glucosaminidase enzyme
activities in perennial vegetation treatments can be correlated with increased organic
matter accumulation and higher root activity in these treatments compared to row-crop
areas. Another factor that may have attributed to observed differences could be the
growth rates and biomass accumulation of perennial vegetation in these sites. For
example, in central Missouri, Pallardy et al. (2003) reported a biomass accumulation of

2.7 and 14 Mg ha™ for first and second year harvests of poplar clones (Populus deltoids
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and P. nigra Bortr. ex Marsh) which translates to 1.3 and 6.5 Mg C ha™ yr*, assuming
50% C in the biomass. The greater accumulation of biomass and C in these sites may
have increased WSA and enzyme activities under perennial vegetation treatments.

Decomposition of plant and animal residues, root exudates, soil biota and
microorganisms, add soil organic molecules to the soil. A study by Liu et al. (2005)
showed that cover crops increased soil aggregate stability. Dense roots and large root
systems supply large quantities of organic materials to soils during their growing periods
(Goodfriend et al., 2000). Other studies have indicated that root exudation and
senescence as the major source of the organic matter (Goodfriend et al., 2000; Lu et al.,
2002). Although the current study was conducted on a grazing management system, the
results are consistent and the effect of root activity on the soil carbon can be described in
a similar way. The exudates and other organic constituents result in the production of
binding agents in soils. This can lead to greater binding within the surface soil by
polysaccharides (Degens, 1997; Haynes et al., 1991). The greater organic carbon
supplied by the roots of the perennial vegetation promote greater microbial activity and
biomass accumulation. These activities help produce extracellular polysaccharides,
which also have the capacity to stabilize soil aggregates (Lynch and Bragg, 1985;
Roberson et al., 1995). Additionally, plant polysaccharides and fungal hyphae associated
with the perennial vegetation help form more stable macroaggregates (Degens, 1997,
Oades and Waters, 1991; Tisdall and Oades, 1982).

Readily available substrates also contribute to greater microbial and enzyme
activity (Zablotowicz et al., 1998). Mungai et al. (2005) found that FDA hydrolase

activity was significantly higher in tree rows compared to crop alleys for surface soil in a
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temperate alley cropping practice and the differences were attributed to tree age and soil
water content. The FDA hydrolase represents a broad spectrum of enzymes like esterases
and lipases. The FDA hydrolase activity was not significantly different among
treatments in the current study possibly due to high variability within samples. The
significant variation of B-glucosidase, f-glucosaminidase and dehydrogenase enzyme
activities suggests that there was a significant difference in functional microbial diversity
as these enzymes are involved in carbon and nitrogen cycling and organic matter
decomposition (Acosta-Martinez et al., 2003; Mungai et al., 2005).

In this study, enzyme activities strongly followed the distribution of soil carbon
and nitrogen among treatments. The SOC content was highly correlated with
dehydrogenase, B-glucosidase and B-glucosaminidase enzyme activities (r=0.81, 0.94,
and 0.93, respectively; Table 4.5). The greater correlations between enzyme activity and
organic matter were consistent with previously published research (Kremer and Li, 2003;
Mungai et al., 2005; Myers et al., 2001; Udawatta et al., 2008, 2009). It can be
hypothesized that perennial vegetation provided environmental conditions suitable for
greater accumulation of SOC and TN. In a recent study by Kremer and Kussman (2011),
increased total soil organic carbon and total nitrogen in all vegetation sites were
attributed to carbon additions through rhizodeposition from roots of perennial kura clover
(Trifolium ambiguum M. Bieb.). Kumar et al. (2010) conducting a study on the same
watersheds at HARC showed that root carbon was 3% greater in the buffers compared to
rotationally grazed pastures. Similarly, root length density was 4.5 times higher in buffer
treatments compared to grazed pasture. The available soil carbon is likely used for plant

re-growth and maintenance at a high physiological rate due to stress imposed in a grazing
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system (Baron et al., 2002). While in agroforestry and grass buffers, these area are not
being grazed and hence there has been higher root carbon storage in these treatments.
Soil OM, soil N and enzyme activities are greater in the surface soil as compared
to sub-surface soil and these findings agree with published research (Shamir and
Steinberger, 2007; Tangjang et al., 2009). They attributed these differences to higher
organic matter accumulation, favorable moisture and temperature in the surface soil as
compared to sub-surface soil. In this current study, SOC and TN contents were greater in
the surface soil as compared to the sub-surface soil. Furthermore, perennial vegetation
treatments had more SOC and TN compared with the row-crop treatment. Differences in
enzymes activities and percentage of WSA were minimal in RC as there is little variation
of organic matter and microbial activities in surface compared to sub-surface soil.
Literature also suggests that management practices, tillage operations and
cropping systems affect microbial populations and enzyme activities (Knight and Dick,
2004; Mungai et al., 2005). Dehydrogenase has been shown to be sensitive to soil
management effects (Martens et al., 1992) and indicates activity of viable
microorganisms. Kremer and Li (2003) found significantly higher dehydrogenase
activities in native prairie vegetation but similar activities in other agroecosystems.
Similarly, a study conducted by Acosta-Martinez et al. (2003) reported crop rotation and
conservation tillage management increased enzyme activities compared to continuous
crop cultivation. However, higher enzyme activities are not limited to increased activity
by microbial communities but may be associated with humic compounds within the soil
matrix. Research suggests that humic extracts be responsible for as much as 50% of the

B-glucosidase activity of the soil (Busto and Perez-Mateos, 1995); additional studies have
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shown that B-glucosidase may be stabilized by humic or clay colloids thereby
contributing to the retention of considerable enzyme activity (Busto and Perez-Mateos,
2000; Hayano and Katami, 1977). Based on microwave irradiation, Knight and Dick
(2004) showed that long-term management effects on B-glucosidase activity depended on
the changes in the abiontic forms of enzymes. Less disturbed soils or soils with greater
carbon inputs may improve stabilization of enzymes within the soil matrix. Thus for our
study, the treatments with higher SOC (GP, AgB, GB) exhibited higher B-glucosidase
and B-glucosaminidase activities, likely due to greater potential for protecting enzymes

exposed to the soil environment during microbial cell lysis over a period of years.

Conclusions

The objective of this study was to evaluate the changes in water stable aggregates,
enzyme activities, soil carbon and soil nitrogen as soil quality parameters in grazed
pasture systems with buffers in comparison with row-crop management. In the study,
two soil depths (0-10 and 10- 20 cm) were evaluated. In addition, landscape effects were
evaluated for the row crop (RC) and grazed pasture (GP) treatments. All soil quality
parameters measured were either significantly higher or numerically greater in perennial
vegetation treatments compared to the row-crop treatment. The landscape effect and its
interaction with treatments were not significant. Depth effect was significant for all
parameters and there were significant treatment by depth interactions for B-glucosidase
and B-glucosaminidase enzyme activity. This supports the hypothesis that greater
microbial activities and functional diversity exist in perennial vegetation areas compared

to row-crop areas. Soils under row-crops are annually disturbed, which negatively
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influences soil quality. Higher soil enzyme activities and microbial biomass are
enhanced by conservation practices that may lead to increases in other soil quality
parameters such as organic matter content, aggregation and soil water infiltration, soil
sustainability and productivity, and consequently soil and ecosystem functions.

Results of the study show that establishment of agroforestry and grass buffers in
grazing pasture systems improve organic matter content in soils. This adds new
information to the knowledge base as the literature lacks information in grazed pasture
management systems with agroforestry buffers. The study will help improve our
understanding relative to soil microbial activity and functional diversity in soil and soil
carbon sequestration. These improvements may in turn help enhance water and soil

quality.

Acknowledgements

This work was funded through the University of Missouri Center for Agroforestry
under cooperative agreements 58-6227-1-004 with the USDA-ARS. Any opinions,
findings, conclusions or recommendations expressed in this publication are those of the
authors and do not necessarily reflect the view of the U.S. Department of Agriculture.
We would like to express our sincere acknowledgement to Dr. Kremer for laboratory
assistance and guidance. We would also like to express our thanks to Dr. Sandeep

Kumar, Jim Ortbals and Aquib Choudhry for assisting in the field and laboratory work.

References

Abu-Zreig, M., Rudra, R.P., Whiteley, H.R., Lalonde, M.N., Kaushik, K.N., 2003.
Phosphorus removal in vegetated filter strips. J. Environ. Qual. 32, 613-619.

58



Acosta-Martinez, V., Zobeck, T.M., Gill, T.E., Kennedy, A.C., 2003. Enzyme activities
and microbial community structure in semiarid agricultural soils. Biol. Fertil.
Soils 38, 216-227.

Amador, J.A., Glucksman, A.M., Lyons, J.B., Gorres, J.H., 1997. Spatial distribution of
soil phosphatase activity within a riparian forest. Soil Sci. 162, 808-825.

Anderson, T.H., Domsch, K.H., 1990. Application of eco-physiological quotients (qCO2
and gD) on microbial biomass from soils of different cropping histories. Soil Biol.
Biochem. 22, 251-255.

Angers, D.A., Mehuys, G.R., 1993. Aggregate stability to water. In: Carter, M.R. (Ed.),
Soil Sampling and Methods of Analysis. Can. Soc. of Soil Sci., Lewis Publishers,
Boca Raton, FL, 651-657.

Balesdent, J., Chenu, C., Balabane, M., 2000. Relationship of soil organic matter
dynamics to physical protection and tillage. Soil Till. Res. 53, 215-223.

Bandick, A.K., Dick, R.P., 1999. Field management effects on soil enzyme activities.
Soil Biol. Biochem. 31, 1471-1479.

Baron, V.S., Mapfumo, E., Dick, A.C., Naeth, M.A., Okine, E.K., Chanasyk, D.S., 2002.
Grazing intensity impacts on pasture carbon and nitrogen Flow, J. Range Manage.
55, 535-541.

Bellows, B., 2001. Nutrient Cycling in Pastures. Livestock System Guide. Accessed
online (July, 2010) http://www.attra.ncat.org/attra-pub/PDF/nutrientcycling.pdf

Benedetti, A., Dilly, O., 2006. Introduction to approaches to defining, monitoring,
evaluating and managing soil quality. In: Bloem, J., Hopkins, D., Benedetti, A.
(Eds.) Microbiological methods for assessing soil quality. CABI, Wallington, 3 —
14.

Boerner, R.E.J., Decker, K.L.M., Sutherland, E.K., 2000. Prescribed burning effects on
soil enzyme activity in a southern Ohio hardwood forest: a landscape-scale
analysis. Soil Biol. Biochem. 32, 899-908.

Busto, M.D., Perez-Mateos, M., 1995. Extraction of humic-B-glucosidase fractions from
soil. Biol. Fert. Soils 20, 77-82.

Busto, M.D., Perez-Mateos, M., 2000. Characterization of B-D-glucosidase extracted
from soil fractions. Eur. J. Soil Sci. 51, 193-200.

Carter, M.R., 2004. Researching structural complexity in agricultural soils. Soil Till.
Res. 79, 1-6.

59


http://www.attra.ncat.org/attra-pub/PDF/nutrientcycling.pdf

Decker, K.L.M., Boerner, R.E.J., Morris, S.J., 1999. Scale dependent patterns of soil
enzyme activity in a forested landscape. Can. J. For. Res. 29, 232-241.

Degens, B.P., 1997. Macro-aggregation of soils by biological bonding and binding
mechanisms and factors affecting these: A review. Aust. J. Soil Res. 35, 431-460.

Dick, R.P., 1997. Soil enzymes as integrative indicators of soil health. In: Pankhurst, C.,
Duobe , B., Gupta, V.V.S.R., (Eds.), Biological indicators of soil health, CAB
International, Wallingford, UK, 121-156.

Dick, R.P., Breakwell, D.P., Turco, R.F., 1996. Soil enzyme activities and biodiversity
measurements as integrative microbiological indicators. In: Doran, J.W., Jones,
A.J. (Eds.), Methods of assessing soil quality. SSSA special publication 49, Soil
Sci. Soc. Am. J., Madison, WI, USA, 247-271.

Doran, J.W., Parkin, T.B., 1994. Defining and assessing soil quality. In: Doran, J.W.,
Coleman, D.C., Bedzdicek, D.F., Stewart, B.A. (Eds.), Defining soil quality for a
sustainable environment. SSSA Special Publication 35, Soil Sci. Soc. Am., Inc.
and Am. Soc. Agron., Inc., Madison, WI, 3-21.

Escobar, A.G., Kemp, P.D., Mackay, A.D., Hodgson, J., 2002. Soil properties of a
widely spaced, planted poplar (Populus deltoides)—pasture system in a hill
environment. Aust. J. Soil Res. 40, 873-876.

Gilliam, J.W., 1994. Riparian wetlands and water quality. J. Environ. Qual. 28, 896-900.

Gold, M.A., Garrett, H.E., 2009. Agroforestry Nomenclature, Concepts and Practices. In:
Garrett, H.E. (Ed). North American Agroforestry: An Integrated Science and
Practice. 2nd Edition. Agronomy Society of America, Madison, WI, 45-55.

Goodfriend, W.L., Olsen, M.W., Frye, R.J., 2000. Soil microfloral and microfaunal
response to Salicornia bigelovii planting density and soil residue amendment.
Plant Soil 223, 23-32.

Guggenberger, G., Elliott, E.T., Frey, S.D., Six, J., Paustian, K., 1999. Microbial
contributions to the aggregation of a cultivated grassland soil amended with
starch. Soil Biol. Biochem. 31, 407-419.

Harris, R.F., Karlen, D.L., Mulla, D.J., 1996. A conceptual framework for assessment
and management of soil quality and health. In: Doran, J.W; Jones, A.J. (Eds.),
Methods for assessing soil quality, SSSA Special Publication 49, Soil Sci. Soc.
Am., Inc., Madison, WI, 61-82.

Hayano, K., Katami, A., 1977. Extraction of -glucosidase activity from pea field soil.
Soil Biol. Biochem. 9, 349-351.

60



Haynes, R.J., Swift, R.J., Stephen, R.C., 1991. Influence of mixed cropping rotations
(pasture-arable) on organic matter content, water stable aggregation and clod
porosity in a group of soils. Soil Till. Res. 19, 77-87.

http://agebb.missouri.edu/weather/history/index.asp (accessed online, July 2010).

Institute, SAS., 2008. Statistical software package SAS version 9.2. SAS Institute, NC,
USA.

Karlen, D.L., Mausbach, M.J., Doran, J.W., Cline, R.G., Harris, R.F., Schuman, G.E.,
1997. Soil quality: A concept, definition, and framework for evaluation. Soil Sci.
Soc. Am. J. 61, 4-10.

Knight, T.R., Dick, R.P., 2004. Differentiating microbial and stabilized -glucosidase
activity relative to soil quality. Soil Biol. Biochem. 36, 2089-2096.

Kremer, R.J., Kussman, R.D., 2011. Soil quality in a pecan—kura clover alley cropping
system in the Midwestern USA. Agroforest. Syst. (in press).

Kremer, R.J., Li, J., 2003. Developing weed-suppressive soils through improved soil
quality management. Soil Till. Res. 72, 193-202.

Kumar, S., Anderson, S.H., Bricknell, L.G., Udawatta, R.P., Gantzer, C.J., 2008. Soil
hydraulic properties influenced by agroforestry and grass buffers for grazed
pasture systems, J. Soil Water Conserv. 63, 224-232.

Kumar, S., Udawatta, R.P., Anderson, S.H., 2010. Root length density and carbon content
of agroforestry and grass buffers under grazed pasture systems in a Hapludalf.
Agroforest Syst. 80, 85-96.

Lal, R., 2004. Soil carbon sequestration impacts on global climate change and food
security. Science 304, 1623-1627.

Liu, A., Ma, B.L., Bomke, A.A., 2005. Effects of Cover Crops on Soil Aggregate
Stability, Total Organic Carbon, and Polysaccharides, Soil Sci. Soc. Am. J. 69,
2041-2048.

Lizarazo, L.M., Jord4, J.D., Juarez, M., Sdnchez-Andreu, J., 2005. Effect of humic
amendments on inorganic N, dehydrogenase and alkaline phosphatase activities of
a Mediterranean soil. Biol. Fert. Soils. 42, 172-177.

Lovell, S.T., Sullivan, W.C., 2006. Environmental benefits of conservation buffers in the

United States: Evidence, promise, and open questions. Agric. Ecosyst. Environ.
112, 249-260.

61


https://pod51000.outlook.com/owa/redir.aspx?C=3009bc710a9147c6bf9de2cccb59689c&URL=http%3a%2f%2fagebb.missouri.edu%2fweather%2fhistory%2findex.asp

Lu, Y., Watanabe, A., Kimura, M., 2002. Contribution of plant derived carbon to soil
microbial biomass dynamics in a paddy rice microcosm. Biol. Fertil. Soils 36,
136-142.

Lynch, J.M., Bragg, E., 1985. Microorganisms and soil aggregate stability. Adv. Soil Sci.
2,133-171.

Martens, D.A., Johanson, J.B., Frankenburger Jr., W.T., 1992. Production and
persistence of soil enzymes with repeated additions of organic residues. Soil Sci.
153, 53-61.

Mungai, W.N., Motavalli, P.P., Kremer, R.J., Nelson, K.A., 2005. Spatial variation in
soil enzyme activities and microbial functional diversity in temperate alley
cropping systems. Biol. Fert. Soils 42, 129-136.

Myers, R.T., Zak, D.R., White, D.C., Peacock, A., 2001. Landscape-level patterns of
microbial community composition and substrate use in upland forest ecosystems.
Soil Sci. Soc. Am. J. 65, 359-367.

Nelson, D.W., Sommers, L.E., 1996. Total carbon, organic carbon, and organic matter.
In: Sparks, D.L., (Ed.) Methods of soil analysis-part 3, chemical methods. Soil
Sci. Soc. Am. J. Madison, W1, 961-1010.

Nii-Annang, S., Grunewald, H., Freese, D., Httl, R.F., Dilly O., 2009. Microbial
activity, organic carbon accumulation and *3C abundance in soils under alley
cropping systems after 9 years of recultivation of quaternary deposits. Biol. Fertil.
Soils 45, 531-538.

Oades, J.M., Waters, A.G., 1991. Aggregate hierarchy in soils. Aust. J. Soil Res. 29, 815—
828.

Oelbermann, M., Voroney, R.P., Kass, D.C.L., Schlénvoigt, A.M., 2006a. Soil carbon
and nitrogen dynamics using stable isotopes in 19- and 10-yr old tropical
agroforestry systems. Geoderma 130, 356-367.

Oelbermann, M., Voroney, R.P., Thevathasan, N.V., Gordon, A.M., Kass, D.C.L.,
Schlénvoigt, A.M., 2006b. Soil carbon dynamics and residue stabilization in a
Costa Rican and southern Canadian alley cropping system. Agroforest Syst. 68,
27-36.

Pallardy, S.G., Gibbins, D.E., Rhoads, J.L., 2003. Biomass production by two-year-old
poplar clones on floodplain sites in the Lower Midwest, USA. Agroforest. Syst.
59, 21-26.

Parham, J.A., Deng, S.P., 2000. Detection, quantification, and charaterization of -
glucosaminadase activity in soils. Soil Biol. Biochem. 32, 1183-1190.

62



Patra, A.K., Abbadie, L., Clays-Josserand, A., Degrange, V., Grayston, S.J., Loiseau, P.,
Louault, F., Mahmood, S., Nazaret, S., Philippot, L., Poly, F., Prosser, J.1.,
Richaume, A., Le Roux, X., 2005. Effects of grazing on microbial functional
groups involved in soil N dynamics. Ecol. Monogr. 75, 65-80.

Peichl, M., Thevathasan, N.V., Gordon, A.M., Huss, J., Abohassan, R.A., 2006. Carbon
sequestration potentials in temperate tree-based intercropping systems. Southern
Ontario, Canada. Agroforest Syst. 66, 243-257.

Roberson, E.B., Sarig, S., Shennan, C., Firestone, M.K., 1995. Nutritional management
of microbial polysaccharide production and aggregation in an agricultural soil.
Soil Sci. Soc. Am. J. 59, 1587-1594.

Schloter, M., Dilly, O., Munch, J.C., 2003. Indicators for evaluating soil quality. Agric.
Ecosyst. Environ. 98, 255-262.

Shamir, I., Steinberger, Y., 2007. Vertical distribution and activity of soil microbial
population in a sandy desert ecosystem. Microb. Ecol. 53, 340-347.

Sinsabaugh, R.L., Antibus, R.K., Linkins, A.E., 1991. An enzymic approach to the
analysis of microbial activity during plant litter decomposition. Agric. Ecosyst.
Environ. 34, 43-54.

Sinsabaugh, R.L., Carreiro, M.M., Repert, D.A., 2002. Allocation of extracellular
enzymatic activity in relation to litter composition, N deposition and mass loss.
Biogeochemistry 60, 1-24.

Six, J., Frey, S.D., Thiet, R.K., Batten, K.M., 2006. Bacterial and fungal contributions to
carbon sequestration in agroecosystems. Soil Sci. Soc. Am. J. 70, 555-569.

Tabatabai, M.A., 1994. Soil enzymes. In: Weaver, R.W., Angle, J.S., Bottomley, P.S.,
(Eds.), Methods of soil analysis, microbiological and biochemical properties.
SSSA Book. Soil Sci. Soc. Am. Madison, W1, 775-833.

Tangjang, S., Arunachalam, K., Arunachalam, A., Shukla, A.K., 2009. Microbial
population dynamics of soil under traditional agroforestry systems in Northeast
India. Res. J. Soil Biol.1, 1-7.

Tisdall, J. M., Oades J.M., 1982. Organic matter and water stable aggregates in soils. J.
Soil Sci. 33, 141-163.

Udawatta, R.P., Krstansky, J.J., Henderson, G.S., Garrett, H.E., 2002. Agroforestry

practices, runoff, and nutrient loss: a paired watershed comparison. J. Environ.
Qual. 31, 1214-1225.

63



Udawatta, R.P., Kremer, R.J., Adamson, B.W., Anderson, S.H., 2008. Variations in soil
aggregate stability and enzyme activities in a temperate agroforestry practice.
Appl. Soil Ecol. 39, 153-160.

Udawatta, R.P., Kremer, R.J., Garrett, H.E., Anderson, S.H., 2009. Soil enzyme
activities and physical properties in a watershed managed under agroforestry and
row-crop system. Agric. Ecosyst. Environ. 131, 98-104.

Weil, R.R., Magdoff, F., 2004. Significance of soil organic matter to soil quality and
health. In: Magdoff, F., Weil, R.R. (Eds.), Soil organic matter in sustainable
agriculture. CRC Press, Boca Raton, FL. 1-45.

Wirth, S.J., Wolf, G.A., 1992. Micro-plate colorimetric assay for endoacting cellulose,
xylanase, chitinase, 1,3-pB-glucosidase and amylase extracted from forest soil
horizons. Soil Biol. Biochem. 24, 511-519.

Zablotowicz, R.M., Locke, M.A., Smeda, R.J., 1998. Degradation of 2,4-D and
fluometuron in cover crop residues. Chemosphere 37, 87-101.

64



"'60"0 >d 1 JuBOTUSIS JOU 9IOM UWIN[OD B UIYIIM J9)19] SWes ay) Ag pamo||o} eleq

€09 e0'9.LT BT'E0T e8'6¥Cc STy ¥90TC ©6'6L.L Perl.0T ®9'LT ©0'8S Jaddn
BE'E9 eg'0ST BO'TTT ©6'9€C ©9v. eQTSC ®B99G. ©BY6.6 PBOGT ere9 SIPPIN
©Z'86 TA14) BT'eST  ®BLTPCc ®BLO0L ®BOTIC ©B660L BESGEG ©BLOT BG'C9 18O
od do od dOo 0d do od do od do
O e — ---0fp---
uonisod
asepiulwesoon|b-g4 asepisoon|b-¢ aseusboapAysq va4d VSM adeospue]

‘(DY ‘doua-mou
pue 4o ‘ainised pazelh ‘syuawiealy om] sapnjoul) suonisod adeaspue] 831y 1oy syidap [10S SS01oe pabelane sanIANIe SWAZUS

aseplulwesoon|b-¢g pue aseprsoon[3-g 9seud3oIpAyap dse[oIpAy Y4 Yim Suofe (YSA) $91e32133e 9[qe)s 19jem UBIN “[°¢ d[qeL

65



S0'0> d e JuaIoyyIp AT3UBOIIIUSIS JOU dIB UWN[OD B UIYIIM JONJ] dwes 3y} Aq PIMO[[0] Ble(]

QT1vL qocct av¢9 e g8'8y. od
e 9'GaT e 0'8¥¢ ge 8'88 eg8'/e8 a9
e9¢at e 1'8E¢ ge ¢'€9T € (0986 abv
e /"84T e 8'¢re € 9°Gec e ¥'/66 do
................... L ) —
asepiulwesoon|b- g  asepisoon|b-d eseusboapAysq va4d jusweal |

‘Sjuawiea) (DY) douo-mou pue (g9) Jaynq sselb ‘(gbv) Jayng Ansalojoibe ‘(do) aimsed

pazeib 10} SaNIANIR BWAZUS aseplulwesodn|B-g pue aseprsoon|3-¢g 9seudFoIpAyap ‘ase[oIpAy (V) 21eI00RI(] UIISAION[] “7°¢ J[qRL

66



Table 3.3. Soil organic carbon and nitrogen for the grazed pasture (GP), agroforestry

buffer (AgB), grass buffer (GB) and row-crop (RC) management treatments.

Treatment Soil Organic carbon Total soil nitrogen

---------------- % mass basis

GP 18a 0.20a
AgB 1l7a 0.20 a
GB 1.7a 0.19a
RC 1.2b 0.13b

Data followed by the same letter within a column are not significantly

different at p<0.05.
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Table 3.5. Correlation coefficients (r) between FDA hydrolase, Dehydrogenase, [3-

glucosidase, and -glucosaminidase enzyme activities, and soil organic carbon

and total nitrogen contents.

Parameters FDA Dehydrogenase pB-glucosidase B-glucosaminidase

Carbon 0.78 0.81 0.94 0.93
(p=0.0003) (p=0.0001) (p<0.0001) (p=0.0001)

Nitrogen 0.78 0.83 0.93 0.92
(p=0.0004) (p<0.0001) (p=0.0001) (p=0.0001)
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Figure 3.1. Mean water stable aggregate levels (WSA, %) for the grazed pasture (GP),
agroforestry buffer (AgB), grass buffer (GB) and row-crop (RC) management

treatments. Samples were from the 0 to 20 cm soil depth. The bar indicates

the LSD value (35.27).
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Figure 3.2. B-glucosidase enzyme activity as a function of depth for the four study
treatments, grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB),
and row-crop (RC). Samples were from the 0 to 20 cm soil depth. The bar

indicates the LSD value (58.3).
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Figure 3.3. B-glucosaminidase enzyme activity as a function of depth for the four study

treatments, grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB),

and row-crop (RC). Samples were from the 0 to 20 cm soil depth. The bar

indicates the LSD value (57.7).
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CHAPTER 4
VARIATION IN SOIL QUALITY INDICATORS IN GRAZED PASTURE WITH

AGROFRESTRY BUFFERS AND ROW CROP SYSTEMS

ABSTRACT

Incorporation of agroforestry buffers within agroecosystems is believed to
enhance soil quality. Soil enzyme activities and water stable aggregates have been
identified as indicators to evaluate early responses to management. However, few studies
exist that compare these parameters among buffers, grazing pastures and row-crop
systems. The soil quality indicators examined were the selected enzymes (B-glucosidase,
B-glucosaminidase, fluorescein diacetate (FDA) hydrolase, dehydrogenase), water stable
aggregate (WSA), soil organic carbon and total nitrogen as soil quality parameters. The
study consists of grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB) and
row crop (RC). Two soil depths (0-10 and 10-20 cm) were analyzed in 2009 and 2010.
Most soil quality indicators were significantly greater in perennial vegetation treatments
compared to row crop. The trend of response was consistent between years. The 3-
glucosaminidase activity increased from 155.6 to 177.0 pg PNP g™ dry soil while p-
glucosidase activity decreased from 248.0 to 236.6 ug PNP g™ dry soil in GB treatment
during two years. The treatment by depth interaction was significant for -
glucosaminidase in both years. Soil enzyme activities were significantly correlated with
soil organic carbon. Conclusions can be made that interactions between soil management

and quality indicators are of great significance in agroecosystems.
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soil enzymes, soil organic carbon.

Introduction

The interactions between soil biological parameters and management practices
and subsequent effects on environmental quality are of great agricultural and ecological
significance (Watt et al., 2006). Despite the important roles of the soil microbiota in
agroecosystem functions (Verhoef and Brussaard, 1990), very little is known of their
activities, composition, and abundance under grazing pasture systems. The sustainability
of management systems depends on the diversity of the soil microbial community and
their biochemical processes (Pankhurst et al., 1996). The change in microbial community
structure, biomass and activity rates occurs with the severity and duration of the
disturbance (Schloter et al., 2003). Microbial and biochemical soil properties are
suggested as early indicators of changes in soil quality. A better understanding on how to
manipulate environmental conditions to fully utilize the microbial potential will help in
developing more sustainable agroforestry systems.

Agroforestry is an intensive land-use management practice that optimizes the
economic and environmental benefits from biophysical interactions when trees and/or
shrubs are deliberately combined with crops and/or livestock in spatial or temporal
arrangements (Gold and Garrett, 2009). Agroforestry buffers help in reducing nonpoint
source pollution from row crop areas by improving soil hydraulic properties and reducing
surface runoff (Udawatta et al., 2002; Lovell and Sullivan, 2006; Kumar et al., 2008).

Agroforestry buffers have also been shown to increase the soil organic carbon (SOC)
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through litter accumulation and root activity (Young, 1989), reduce soil erosion (Escobar
et al., 2002; Schultz et al., 2004) and increase land productivity (Noble et al., 1998).

Silvopasture is a type of agroforestry management system that is believed to
provide environmental, economical and social benefits. Tree or tree-grass buffers are
used in these systems to protect water resources where animal access is restricted. In
silvopasture systems, grazing and stocking rates affect animals, affect utilization of
nutrients by soil plant systems, and enhance soil microbial activities and thereby soil
ecology of pasture soils (Haynes and William, 1993; Sigua, 2003). The extent to which
these properties can change within a season or pasture management system is of interest
from several viewpoints, including their likely value as indicators of soil quality (Doran
and Parkin, 1994). Thus, incorporation of agroforestry into pastures is believed to
improve soil quality.

Soil quality is defined by Doran and Parkin (1994) as the capacity of a soil to
function within ecosystem boundaries to sustain biological productivity, maintain
environmental quality, and promote plant and animal health. Soil Quality Assessment is
a process by which soil resources are evaluated on the basis of soil functions (Weil and
Magdoff, 2004). Soil quality assessment involves measurement of multiple soil
parameters representing chemical, physical, and biological characteristics (Doran and
Parkin, 1994). Periodic assessments of soil quality with known indicators and thresholds
help to assess the capacity of land for a particular function. Selection of soil quality
indicators depend on soil characteristics, land use and management goals, and

environmental protection (Stott et al., 2010).
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Enzyme activities are recognized as possible indicators of the changes in soil
management. The activities are believed to show generally the early responses to
changes in management practices (Dick 1994; Bandick and Dick, 1999). Soil enzymes
play key biochemical functions in the overall process of organic matter decomposition in
the soil system (Burns, 1983; Sinsabaugh et al., 1991). However, the natural variation
within and among soils is the major constraint (Trasar-Cepeda et al., 2000). Possibly due
to this reason, studies have often stated that results obtained for a particular soil cannot be
generalized due to differences in their inherent soil properties (Gianfreda et al., 2005;
Bielinska and Pranagal, 2007). A number of observations may be required to determine
variability in space and time. It is possible to develop specific measures of functional
diversity with the studies typically dealing with differences in soil enzyme activities.

Information on grazing systems with agroforestry and grass buffer interactions
within the temperate agroforestry zone on soil quality and conservation is limited;
therefore research designed to explore new species and management combinations are
necessary for sustainability of these systems (Jose et al., 2004). To ensure that grazing
pasture systems with agroforestry practices improve soil functioning and environmental
quality, soil quality assessment can be used to provide information needed to evaluate the
impact of implementing these management systems (Andrews et al., 2004). Furthermore,
a better understanding of overall microbial activity and carbon dynamics in an
agroforestry practice will contribute to estimates of environmental and economic benefits
and assist policy and management decisions for these systems (Lee and Jose, 2003). The
objectives of this study were to evaluate the effects of agroforestry and grass buffers on

soil parameters in grazed pasture and row-crop systems and compare temporal variation
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of parameters. We hypothesized that there is an effect of grazed pasture with buffers and
row-crop management on soil quality parameters and that parameter values vary annually

due to variation in soil characteristics.

Materials and Methods
Study Area

The study was carried out at the Horticulture and Agroforestry Research Center
(HARC) of the University of Missouri in New Franklin, MO (92°74" W and 37°2" N; 195
m above sea level). Four small watersheds under grazed pasture (GP) were used for the
study, which include replicate watersheds with agroforestry buffers (AgB) (tree-grass
buffers) and grass buffers (GB). The size of each watershed with buffers is about 0.8 ha.
The grazed pasture area was divided into six paddocks. The cattle were introduced in
2005 and were rotationally grazed (Kumar et al., 2008). The land was under tall fescue
grass (Festuca arundinacea Schreb.) without grazing before the establishments of
watersheds. The GB buffer areas were reseeded with tall fescue (Festuca arundinacea;
Kentucky 31) in 2000. Pastures were seeded with red clover (Trifolium pratense L.) and
lespedeza (Kummerowia stipulacea L.) in 2003. The AgB buffers consisted of eastern
cottonwood trees (Populus deltoides Bortr. ex Marsh.). Soils for the row-crop (RC)
treatment were sampled from an adjacent field on the north side of the pasture areas. The
crop was corn in 2009 and it was soybean in 2010. Soils at the study site were classified

as Menfro silt loam (fine-silty, mixed, superactive, mesic Typic Hapludalfs).

Experimental Design and Sampling
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The management treatments were GP, AgB, GB, and RC. The AgB and GB
treatments were in the buffer areas of the small watersheds with respective buffer type
and the GP treatment was in the rotationally grazed area in the watersheds. The
experimental design was completely randomized with a split plot for soil depths (0-10
and 10-20 cm). There were two replicates for treatments and three sampling locations
per treatment plot.

Soil sampling was conducted during June of two consecutive years, 2009 and
2010. There were three sampling positions per treatment plot and two replications. For
GP and RC treatments, samples were taken from middle landscape positions only. The
soil samples for the GB buffer treatment were taken from the center of the buffer.
Samples for the AgB buffer treatment were sampled about 40 cm from the base of a tree
trunk. Hence, treatments consisted of six sample locations (three sub-samples and two
replications). Soils were collected from two depths (0-10 and 10-20 cm). In 2010, 48
core samples were collected to determine bulk density from all treatments representing
two depths (0-10 and 10-20 cm). Water stable aggregate and enzyme soil samples were
collected with a soil auger and were placed in labeled plastic bags. The sampling bags
were sealed and transported to the laboratory in a cooler. All samples were maintained at

field moist condition and were stored at 4°C until analyzed.

Laboratory Analyses
Water stable aggregates were determined from a 10-g air-dried soil sample using
the wet-sieving method on aggregates > 250 um diameter (Angers and Mehuys, 1993).

The aggregate content was adjusted for soil moisture and expressed on an oven-dry
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weight basis. Soil bulk density was determined by the core method (Blake and Hartge,
1986). Soil organic carbon (SOC) and total nitrogen (TN) contents were determined
following the methodology of Nelson and Sommers (1996). LECO TruSpec CN
Analyzer was used and dry combustion analysis performed at 950°C.

All enzymes were colorimetrically quantified in laboratory assays. B-Glucosidase
enzyme activity was determined based on the procedure of Dick et al. (1996). The
method was based on colorimetric determination of p-nitrophenol (PNP) released by the
substrate with 1-g sieved moist soil samples incubated with buffered (pH 6.0) p-
nitrophenol-B-D-glucoside. Soil was incubated with the p-nitrophenyl-B-D-glucoside
substrate for 1 h at pH 6.0 at 37°C. A pre-developed calibration equation was used to
calculate the concentration of p-nitrophenol colorimetrically (410 nm) and the enzyme
activity was expressed in pg p-nitrophenol released g™ dry soil. B-glucosaminidase
enzyme activity was determined according to Parham and Deng (2000). Soil was
incubated with the p-nitrophenyl-N-acetyl-p-D-glucosaminide substrate for 1 h at 37°C.
A regression equation developed with standards was used to determine the concentration
of p-nitrophenol released colorimetrically (405 nm) and the enzymatic activity was
expressed in pg p-nitrophenol released g™ dry soil.

Fluorescein diacetate (FDA) hydrolase was colorimetrically quantified at 490 nm
(Dick et al., 1996). A sieved 1-g moist soil sample was shaken for 15 min with 20 mL of
sodium phosphate buffer and subsequently shaken with 100 ul of 4.8 mM of FDA for 105
min. The absorbance was measured on the filtrate after acetone hydrolysis. A standard
calibration curve was used to measure the concentration which was expressed in pug

fluorescein released g™ dry soil.
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Dehydrogenase enzyme activity was determined as described by Tabatabai (1994)
using six grams of moist soil sample. Soil was incubated with 2, 3, 5-
triphenyltetrazolium chloride substrate at 37°C for 24 h. A standard curve was used to
calculate the concentration of triphenyl formazan (TPF) product colorimetrically at 485
nm. The enzyme activity was calculated in pg TPF released g™ dry soil.

The water stable aggregates (WSA) and enzyme activities were analyzed in

duplicate for each sample.

Statistical Analyses

The data were analyzed as a completely randomized design with a split plot for
soil depth using Proc GLM in Statistical Software Package SAS version 9.2 (SAS, 2008).
Soil depth was considered as the split plot. Data collected in each of two years were
analyzed separately to determine the treatment effects and the interactions with depth.
The parameters measured were analyzed taking into account the four management
treatments and two depths. The main effects consisted of treatment effects (management)
and the subplot consisted of depth effects. The least significant difference tests
(Duncan’s LSD) were used for pair-wise comparisons of treatment means. Differences

were declared significant at the five percent level of significance (p<0.05).

Results
Water Stable Aggregates (WSA)
Water stable aggregate (WSA) percentages ranged from 17.8% to 70.5% in 2009

and 31.4 % to 65.5% in 2010 among the study treatments. The RC treatment (17.8% and

80



31.4%) had the lowest WSA level and it was significantly lower than all other treatments
in both years (Tables 4.1 and 4.2). The GB treatment had the highest WSA percentage
(70.5% and 65.5%) in both years. Variation in WSA levels within perennial vegetation
treatments for two years was not significant. But the variation of WSA for the RC
treatment in two years was high compared to the other treatments. The WSA was almost
double in the second year compared to the first year within the RC treatment. The
differences among the AgB, GB, and GP treatments were not significant in the first year.
In the second year, the variation of WSA between AgB and GP was not significant and
both the treatments showed significantly lower WSA than the GB treatment. There were

significant depth effects in both years (Tables 4.3 and 4.44; Fig. 4.1).

Soil Bulk Density

Bulk density was estimated only in 2010. The differences in bulk density among
treatments were not significant but the row crop treatment had the highest value (1.42 g
cm™®) and AgB had the lowest value (1.31 g cm™; Table 2). The bulk density values
decreased in the order RC>GP>GB>AgB. Although there were no significant
differences, values trended in expected ways; differences did not exist due to the low

number of replications (two). There were significant depth effects (Fig. 4.2).

Soil Carbon and Nitrogen
Soil organic carbon (SOC) and total nitrogen (TN) contents varied slightly
between the two years. In 2009, the SOC and TN concentrations were significantly

higher in perennial vegetation treatments compared to RC treatment (Table 4.1), but these
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were not significantly different among treatments in 2010 (Table 4.2.). There was a
slight decrease in SOC content (1.8 to 1.6 %) and TN content (0.20 to 0.18 %) in GP
treatment. But the buffer treatments showed slightly higher concentrations in 2010. In
the AgB treatment, SOC content increased from 1.70 to 1.91 % and TN content increased
from 0.20 to 0.22 %. In the GB treatment, SOC content changed from 1.70 to 1.88%
while the TN content changed from 0.19 to 0.20 %. Soil organic carbon and TN contents
in the RC treatment increased from 1.20 to 1.26 % and TN increased from 0.13 to 0.16
%, respectively. There were significant depth effects in SOC and TN (Fig. 4.3a and b).
The perennial vegetation treatments showed a greater decrease in SOC and TN contents

from surface to sub-surface compared to row crop agriculture.

Enzyme Activities
B-glucosidase and B-glucosaminidase Enzyme Activities

Analysis of B-glucosidase and B-glucosaminidase activity revealed significant
differences between the RC treatment and all other treatments in both years (Tables 4.1
and 4.2). The B-glucosidase activities were very similar in 2009 and 2010 in the GP
treatment (242.8 and 240.7 pg PNP g dry soil, respectively). For the AgB treatment, p-
glucosidase activity slightly increased from 238.1 to 246.2 ug PNP g™ dry soil over the
two years. Similarly for the GB treatment, B-glucosidase activity decreased slightly from
248.0 to 236.6 pug PNP g™ dry soil during two years. However, the year to year variation
in B-glucosidase activity in the RC treatment was greater (122.6 vs. 165.3 ug PNP g™ dry

soil, respectively).
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There were comparatively higher activities of 3-glucosaminidase enzyme in the
second year than first year for all treatments. The GP treatment showed -
glucosaminidase enzyme activity of 158.7 pg PNP g dry soil in 2009, while in 2010, it
was 170.8 pug PNP g dry soil. The p-glucosaminidase enzyme activity increased from
152.6 t0 166.5 pg PNP g™ dry soil in the AgB treatment and whereas in the GB
treatment, the activity increased from 155.6 to 177 pg PNP g™ dry soil. The RC
treatment increased by 18.1 pg PNP g™ dry soil from 74.1 in 2009 to 92.2 ug PNP g™ dry
soil in 2010. Among all treatments and years, the RC treatment had the lowest activities.

The treatment by depth interaction was significant for f-glucosaminidase enzyme
in both years while the interaction for 3-glucosidase enzyme activity was significant only

in 2009 (Fig. 4.4; Fig.4.5a. and b.).

Flurorescein Diacetate(FDA) Hydrolase Activity

Higher variability in FDA activities was observed during the two-year study
compared to other enzymes. The FDA activity decreased in all treatments except the GB
treatment in 2010 compared to 2009. In the GP treatment, the activity decreased from
997.4 pg fluorescein g™ dry soil in 2009 to 759.7 pg fluorescein g™ dry soil in 2010.
Similarly, the AgB treatment showed FDA activity of 986 and 804.6 g fluorescein g™
dry soil in 2009 and 2010, respectively. The GB treatment showed similar FDA activity
during the two years (806.2 and 811.4 pg fluorescein g™ dry soil in 2009 and 2010,
respectively). The RC treatment had an FDA activity of 748.8 pg fluorescein g™ dry soil
in 2009 whereas it reduced to 705.4 pg fluorescein g™ dry soil in 2010. The FDA

hydrolase activity was not significant among treatments in 2009 (Table 4.1). In contrast,
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management treatment significantly affected activity in 2010. The RC treatment was not
significantly different as compared to the GP and AgB treatments but was significantly
lower compared to the GB treatment in 2010 (Table 4.2). The differences in activities

among the perennial vegetation treatments were not significant.

Dehydrogenase Enzyme Activity

Dehydrogenase activities differed significantly in both years among treatments
(Tables 4.1 and 4.2). In 2009, the GP treatment revealed significantly greater activity
compared to the RC treatment but the variations among buffers and pasture treatments
was not significant. In 2010, all perennial vegetation treatments showed significantly
higher activity than the RC treatment (Table 4.2). Variations in dehydrogenase activities
were greater among years for this enzyme compared to the other enzymes studied. In
fact, the activities were higher in 2010 compared to 2009 for all treatments. The
dehydrogenase activity in the GP treatment increased from 225.6 pg TPF g™ dry soil in
2009 to 323.8 ug TPF g dry soil. In the AgB treatment, the dehydrogenase activity was
160.8 pg TPF g™ dry soil in 2009 and 310.2 pg TPF g™ dry soil in 2010. The GB
treatment showed the greatest difference between the two years. It increased from 84 ug
TPF g dry soil in 2009 to 337.9 pg TPF g dry soil in 2010. The activity also increased
from 62.4 pg TPF g™ dry soil to 174 ug TPF g™ dry soil in 2010 for the RC treatment.

The depth effect was significant for all enzyme activities in both years (Tables 4.3
and 4.4). There were no significant treatment by depth interactions in 2009; however,
these interactions were significant in 2010 (Fig. 4.6). The difference in activities between

the surface and sub-surface soil was significant for both years.
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Discussion
Water Stable Aggregates (WSA)

The results showed that WSA percentages within soils under RC management
were significantly lower as compared to the GP, AgB, and GB treatments which closely
parallel previous findings. Studies demonstrate that water stable aggregates in natural
grassland, agroforestry, prairies, and managed natural vegetation were found to be
significantly higher compared to cultivated areas with row crop management (Kremer
and Li, 2003; Mungai et al., 2005; Udawatta et al., 2008; 2009; Guo et al., 2010; Kremer
and Kussman, 2011). The greater aggregate stability was attributed to the increased
stabilization of carbon and nitrogen mediated by higher microbial activity and permanent
root biomass associated with perennial vegetation while the lower WSA in the cultivated
areas was attributed to carbon losses and disturbance in the soil structure associated with
prolonged cultivation practices.

Soil organic matter and biological activity in soil highly affect water stable
aggregates. Soil organisms are concentrated in litter, around roots, and surface of
aggregates where organic matter is available (Ingham, 2000). Organic glues resulting
from biological decomposition of organic matter bind soil particles to each other and
stabilize WSA (Tisdall and Oades, 1982). Research indicates that complex
polysaccharide molecules are more important in promoting aggregate stability than
lighter, simpler molecules (Elliot and Lynch, 1984). In the RC treatment, physical
disturbance and tillage operations accelerate organic matter decomposition, and destroy

fungal hyphae and soil aggregates (Frey et al., 2003; Green et al., 2005). Long-term
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cropping practices decrease the length and mass of fine roots and deplete soil organic
matter resulting in a reduction of macro-aggregates (Tisdall and Oades, 1980;
Cambardella and Elliot, 1992).

In contrast, perennial vegetation systems improve soil aggregation and organic
matter accumulation (Franzluebbers et al., 2000). Grass can act as a cover crop, improve
particulate organic matter content, and aggregation by providing continuous grass and
root residues (Franzluebbers and Stuedemann, 2005; Handayani et al., 2008). The carbon
inputs, root penetration and morphology, as well as mycorrhizal association affect
aggregation (Denef et al., 2002). In addition, grassland soils are known for high levels of
organic matter and greater structural stability (van Veen and Paul, 1981).

The reason behind lower aggregate stability in the GP treatment compared to GB
could be due to disturbance on the soil surface by grazing animals, unfavorable effects on
aggregate stability, and low organic matter input (Bird et al., 2007). Grazing causes soil
to break apart, and exposes the organic matter to degradation. Although rotational
grazing is more likely to increase aggregate stability (NRCS 2001), heavy grazing
disrupts the formation of aggregates. Due to differences in management, species
composition, and disturbance, WSA in the GP treatment was comparatively lower among
perennial vegetation treatments but significantly higher than the RC treatment.

Also, the bulk density for the RC treatment was found to be 1.42 g cm™ as
compared to the average bulk density of 1.33 g cm™ in buffers and grazing areas. This
supports our results showing the highest WSA in GB and the lowest in the RC treatment.
The bulk density values were not significantly among treatments probably due to low

replication (only two replicates). Kremer and Li (2003) also found that soils under grass
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vegetation held greater organic matter and had a higher proportion of WSA when

compared with traditionally cropped areas.

Soil Carbon and Nitrogen

The soil organic matter pools (C and N) were affected by management practices.
The SOC and TN contents were significantly greater in perennial vegetation treatments
compared to row crop systems in 2009. The higher root activity, microbial
decomposition and continuous vegetative cover might have contributed greater carbon
and nitrogen accumulation compared to row crop where tillage and cultivation practices
caused losses of carbon and nitrogen. Greater WSA levels also lead to accumulation of
soil organic matter within macroaggregates and protects soil carbon from faunal action
and microbial consumption (Beare et al., 1994; Six et al., 2000). Variations in plant
biomass and morphology can also cause the variation in nitrogen accumulation in soil
(Clements and Williams, 1967). According to Lal (2002), conventional tillage can
deplete soil organic matter as a result of accelerated mineralization, leaching and
translocation. As organic matter increases, soil biological activity increases. This
enhances the diversity of organisms and the ecosystem functions they perform.

The variation of SOC and TN between the two years might be due to crop rotation
and biomass turnover. Rhizodeposition, root exudates, as well as biomass turnover also
varied between two years. In RC treatment, these variations might be contributed by the
crop rotation and time of sampling. The different significance levels in the two years
might be due to these variations. The highest contents were observed in GP in 2009

while these were highest in GB in 2010. The lowest contents were observed in the RC
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treatment in both years. More interestingly, there were significant variations among
treatments in 2009 while these were not significantly different in 2010.

Undoubtedly, there were significant depth effects. There was a greater decline of
SOC content in perennial vegetation from surface to sub-surface soil compared to the row
crop treatment (Shamir and Steinberger, 2007; Tangjang et al., 2009). This supports the
hypothesis that enzyme activities and water stable aggregates are greater in the surface

soil compared to sub-surface soil.

Enzyme Activities

Following the dynamics of WSA and organic matter, the study showed significant
differences in selected enzyme activities. The B-glucosidase and B-glucosaminidase
enzyme activities were most consistent between the two years. These activities were
significantly higher in perennial vegetation treatments compared to row crop
management in both years and these findings agree with results from related research
(Acosta-Martinez et al., 2003; Dick et al., 1996; Kremer and Li, 2003; Mungai et al.,
2005; Udawatta et al., 2008; 2009; Kremer and Kussman, 2011). In a study by Ekenler
and Tabatabai (2003), significantly reduced p-glucosaminidase activity has been
attributed to soil disturbance and conventional tillage. The higher activities of these
enzymes can also be attributed to the increased organic matter and greater activities of
roots compared to conventionally cultivated crop areas (Myers et al., 2001; Kremer and
Li, 2003; Mungai et al., 2005) and the enzyme activities were highly correlated with the

soil carbon and nitrogen (Tables 4.5 and 4.6). Moreover these enzymes have been
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associated with functional microbial diversity as these are involved in carbon and
nitrogen cycling in soil.

Nevertheless the variation of the other two enzymes (FDA and dehydrogenase)
was diverse between the two years. The FDA activities were not significantly different in
2009 among treatments. However, GB treatment showed significantly higher FDA
activities compared to the RC treatment in 2010. Dehydrogenase activities were
significantly higher in the GP treatment compared to the RC treatment in 2009. Higher
activity in GP may be due to slight increase in surface bulk density that seems to
stimulate microbial activity (Pengthamkeerati et al., 2011). In 2010, all perennial
vegetation treatments revealed significantly higher dehydrogenase activities compared to
the row crop treatment. The varied nature of these enzymes could be due to their broad
spectrum of activities which represent viable microorganism activities in the soil (Miller
et al., 1998; Gasper et al. 2001; Kandeler, 2007). The higher variation of dehydrogenase
activities in the two years in the RC treatments could be due to crop rotation and time of
sampling. Studies show that soil management and cover type influence soil
microorganism population, diversity, and soil microbial processes. These in turn cause
the changes in the quantity and quality of plant residue, accumulation of biomass, and
root carbon in the soil profile and by providing a vigorous environment (Bandick and
Dick, 1999; Boerner et al., 2000; Doran, 1980; Kandeler et al., 1999). Additionally,
varying tillage operations, crop rotation, perennial vegetation, residue decomposition and
cropping systems influence microbial diversity and enzyme activity due to changes in
substrate quantity, soil moisture, and temperature (Doran et al., 1998; Mungai et al.,

2005). A similar agroforestry (Mungai et al., 2005) and aforested ecosystem study
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(Myers et al., 2001) showed that microbial communities and enzyme activities were
directly correlated with quality and quantity of vegetation cover. Differences were
attributed to quantity and biochemical properties of the organic materials.

The nature of enzyme activities observed in this study support the hypothesis that
perennial vegetation provides favorable conditions for greater enzyme activities and
microbial diversity compared with soils under row crop management. Inferring results
from this study and the studies of Kremer and Li (2003) and Udawatta et al. (2008; 2009)
it appears that permanent vegetation leads to carbon accumulation and consequently
increases in selected soil quality parameters compared to row crop areas. These
differences can also be attributed to land management. Increased enzyme activities
contribute to favorable soil carbon and nitrogen balance, which favors root growth and

promotes microbial activity.

Conclusions

The objective of this study was to evaluate the changes in water stable soil
aggregates, soil organic carbon, soil nitrogen, and enzyme activities as influenced by
permanent vegetative buffers in grazed pasture management compared with row crop
management. In this study, two soil depths (0-10 and 10-20 cm) were sampled which
contained the highest biological activity and were most likely to demonstrate changes in
soil management and vegetation. Based on water stable aggregates and enzyme
activities, it is obvious that regular disturbance has significantly reduced soil quality in
row crop agriculture. The study showed that establishment of agroforestry and grass

buffers in grazed pasture areas has a significant effect on measured soil quality indicators.
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The buffers were established in 2001 and therefore, the changes reported here occurred in
less than 10 years. The soil quality parameters were significantly greater in permanent
vegetation areas compared to row crop agriculture and the parameters were consistent
during two measurement years. These results showed that organic matter additions from
vegetation as well as soil disturbance from cultivation practices undoubtedly hold a
strong influence over the various enzyme activities taking place within the soil.
Therefore, evaluating soil enzyme activities and soil properties for various management
systems will help in assessing management effects on soil quality.

Measurement of soil organic matter for estimating soil quality reflects long term
effects as accumulation of soil organic matter occurs over several years. Estimation of
water stable aggregates and enzyme activity can be conducted in a short period of time
which will help to understand the effects of management practices. Assessing changes in
selected enzyme activities might be a useful tool to determine land degradation under
certain management practices when reference values for similar systems are available.

As other studies similar to study area of this project have reported that the establishment
of buffers may help to reduce non-point source pollution from agricultural lands.
Conclusions can be made that the establishment of agroforestry and grass buffers in
grazed pasture will enhance soil quality and help maintain ecosystem sustainability. The
findings of the current study will certainly add to the soil quality knowledge base and will

help our understanding of these management systems.

Acknowledgements
This work was funded through the University of Missouri Center for Agroforestry

under cooperative agreements 58-6227-1-004 with the USDA-ARS. Any opinions,

91



findings, conclusions or recommendations expressed in this publication are those of the
authors and do not necessarily reflect the view of the U.S. Department of Agriculture.
We would also like to express our thanks to Yarrow Titus, Jim Ortbals and Aquib

Choudhry for assisting in the field and laboratory work.

References

Acosta-Martinez, V., Zobeck, T.M., Gill, T.E., Kennedy, A.C., 2003. Enzyme activities
and microbial community structure in semiarid agricultural soils. Biol. Fertil.
Soils 38, 216-227.

Andrews, S.S., Karlen, D.L., Cambardella, C.A., 2004. The soil management assessment
framework: A quantitative evaluation using case studies. Soil Sci. Soc. Am. J. 68,
1945-1962.

Angers, D.A., Mehuys, G.R., 1993. Aggregate stability to water. In: Carter, M.R. (Ed.),
Soil Sampling and Methods of Analysis. Can. Soc. of Soil Sci., Lewis Publishers,
Boca Raton, FL, pp. 651-657.

Bandick, A.K., Dick, R.P., 1999. Field management effects on soil enzyme activities.
Soil Biol. Biochem. 31, 1471-1479.

Beare, M.H., Cabrera, M.L., Hendrix, P.F., Coleman, D.C., 1994. Aggregate-protected
and unprotected organic matter pools in conventional- and no-tillage soils. Soil
Sci. Soc. Am. J. 58,787-795.

Bielinska, E.J., Pranagal, J., 2007. Enzymatic activity of soil contaminated with triazine
herbicides. Polish Journal of Environmental Studies 16, 295-300.

Bird, S.B., Herrick, J.E., Wander, M.M., Murray, L., 2007. Multi-scale variability in soil
aggregate stability, implications for understanding and predicting semi-arid
grassland degradation. Geoderma 140,106-118.

Blake, G.R., Hartge, K.H., 1986 Bulk density. In: Klute, A., (Ed.) Methods of soil

samples. Part 1. 2 ed Agronomy Monograph 9, ASA, Madison, WI, pp. 363-
375.

Boerner, R.E.J., Decker, K.L.M., Sutherland, E.K., 2000. Prescribed burning effects on

soil enzyme activity in a southern Ohio hardwood forest: a landscape-scale
analysis. Soil Biol. Biochem. 32, 899-908.

92



Burns, R.G., 1983. Extracellular enzyme-substrate interactions in soil. In: Slater, J.H.,
Wittenbury, R., Wimpenny, J.W.T. (Eds.), Microbes in Their Natural
Environment. Cambridge University Press, London. pp. 249-298.

Cambardella, C.A., Elliott, E.T., 1992. Particulate soil organic matter changes across a
grassland cultivation sequence. Soil Sci. Soc. Am. J. 56, 777-783.

Clement, C.R.,Williams, T.E., 1967. Leys and soil organic matter. 1l. The accumulation
of nitrogen in soils under different leys. J. Agric. Sci. 69,133-138.

Denef, K., Six, J., Merckx, R., Paustian, K., 2002. Short term effects of biological and
physical forces on aggregate formation in soils with differing clay mineralogy.
Plant Soil 246,185-200.

Dick, R.P. 1994. Soil enzyme activities as indicators of soil quality. In: Doran, J.V.,
Coleman, D.C., Bezdicek, D.F., Stewart, B.A. (Eds.), Defining Soil Quality for a
Sustainable Environment. SSSA-ASA, Madison, W1, USA. pp. 107-124.

Dick, R.P., Breakwell, D.P., Turco, R.F., 1996. Soil enzyme activities and biodiversity
measurements as integrative microbiological indicators. In: Doran, J.W., Jones,
A.J. (Eds.), Methods of assessing soil quality. SSSA special publication 49, Soil
Sci. Soc. Am. J. Madison, WI, USA, pp. 247-271.

Doran, J.W., 1980. Soil microbial and biochemical changes associated with reduced
tillage. Soil Sci. Soc. Am. J. 44, 765-771.

Doran, J.W., Elliott, E.W., Paustian, K., 1998. Soil microbial activity, nitrogen cycling,
and long-term changes in organic carbon pools as related to fallow tillage
management. Soil Tillage Res. 49, 3-18.

Doran, J.W., Parkin, T.B., 1994. Defining and assessing soil quality. In: Doran, J.W.,
Coleman, D.C., Bedzdicek, D.F., Stewart, B.A. (Eds.), Defining soil quality for a
sustainable environment. SSSA Special Publication 35, Soil Sci. Soc. Am., Inc.
and Am. Soc. Agron., Inc., Madison, WI, pp. 3-21.

Ekenler, M., Tabatabai, M.A., 2003. Tillage and residue management effects on 3-
glucosidaminase activity in soils. Soil Biol. Biochem. 35, 871-874.

Elliott, L.F., Lynch, J.M., 1984. The effect of available carbon and nitrogen in straw on
soil and ash aggregation and acetic acid production, Plant Soil 78, 335-343.

Escobar, A.G., Kemp, P.D., Mackay, A.D., Hodgson, J., 2002. Soil properties of a

widely spaced, planted poplar (Populus deltoides)—pasture system in a hill
environment. Aust. J. Soil Res. 40, 873-876.

93



Franzluebbers, A.J., Stuedemann, J.A., 2005. Bermudagrass management in the Southern
Piedmont USA. VII. Soil-profile organic carbon and total nitrogen. Soil Sci. Am.
J. 69, 1455-1462.

Franzluebbers, A.J., Stuedemann, J.A., Schomberg, H.H.,Wilkinson, S.R., 2000. Soil C
and N pools under long-term pasture management in the Southern Piedmont USA.
Soil Biol. Biochem. 32, 469-478.

Frey, S.D., Six, J., Elliott, E.T., 2003. Reciprocal transfer of carbon and nitrogen by
decomposer fungi at the soil-litter interface. Soil Biol. Biochem. 35, 1001-1004.

Gaspar, M.L., Cabello, M.N., Pollero, R., Aon, M.A., 2001. Fluorescein diacetate
hydrolysis as a measure of fungal biomass in soil. Curr. Microbiol. 42, 339-344.

Gianfreda, L., Rao, M.A., Piotrowska, A., Palumbo, G., Colombo, C., 2005. Soil enzyme
activities as affected by anthropogenic alterations: intensive agricultural practices
and organic pollution. Sci. Total Environ. 341, 265-279.

Gold, M.A., Garrett, H.E., 2009. Agroforestry Nomenclature, Concepts and Practices. In:
Garrett, H.E. (Ed.). North American Agroforestry: An Integrated Science and
Practice. 2nd Edition. Agronomy Society of America, Madison, WI, pp. 45-55.

Green, V.S., Cavigelli, M.A., Dao, T.H., Flanagan, D.C., 2005. Soil physical and
aggregate-associated C,N, and P distributions in organic and conventional
cropping systems. Soil Science 10, 822-831.

Guo, Z., Yan, G., Zhang, R., Li, F., Zeng, Z., Liu, H., 2010. Improvement of Soil
Physical Properties and Aggregate-Associated C, N, and P after Cropland was
converted to Grassland in Semiarid Loess Plateau. Soil Sci.175, 99-104.

Handayani, I.P., Coyne, M.S., Barton, C., Workman, S., 2008. Soil carbon pools and
aggregation following land restoration: Bernheim Forest, Kentucky. Journal of
Environmental Restoration and Monitoring. 4, 11-28.

Haynes, R.J., Williams, P.H., 1993. Nutrient cycling and soil fertility in the grazed
pasture ecosystem. Adv. in Agr. 49, 119- 199.

Ingham, E., 2000. The Vermicompost foodweb: Effects on plant production. Oral
Scientific Sessions, The Vermillenium (Conference). Kalamazoo, MI. September
21.

Institute, SAS., 2008. Statistical software package SAS version 9.2. SAS Institute, NC,
USA.

Jose, S., Gillespie, A.R., Pallardy, S.G., 2004. Interspecific interactions in temperate
agroforestry. Agrofor. Syst. 61, pp. 237-255.

%94



Kandeler, E., 2007. Physiological and biochemical methods for studying soil biota and
their function. In: Paul, E.A. (Ed.), Soil Microbiology, Ecology, and
Biochemistry. Elsevier, New York, USA, pp. 53-83.

Kandeler, E., Tscherko, D., Spiegel, H., 1999. Long-term monitoring of microbial
biomass, N mineralisation and enzyme activities of a Chernozem under different
tillage management. Biol. Fert. Soils 28, 343-351.

Kremer, R.J., Li, J., 2003. Developing weed-suppressive soils through improved soil
quality management. Soil Till. Res. 72, 193-202.

Kremer, R.J., Kussman, R.D., 2011. Soil quality in a pecan—kura clover alley cropping
system in the Midwestern USA. Agroforest. Syst. DOI 10.1007/s10457-011-
9370-y

Kumar, S., Anderson, S.H., Bricknell, L.G., Udawatta, R.P., Gantzer, C.J., 2008. Soil
hydraulic properties influenced by agroforestry and grass buffers for grazed
pasture systems, J. Soil Water Conserv. 63, 224-232.

Lal, R. 2002. Soil carbon dynamics in cropland and rangeland. Environ. Pollut. 116, 353-
362.

Lee, K.H., Jose, S., 2003. Soil respiration and microbial biomass in a pecan—cotton alley
cropping system in southern USA. Agroforest. Syst. 58, 45-54.

Lovell, S.T., Sullivan, W.C., 2006. Environmental benefits of conservation buffers in the
United States: Evidence, promise, and open questions. Agric. Ecosyst. Environ.
112, 249-260.

Miller, M., Palojarvi, A., Rangger, A., Reeslev, M., Kjaller, A., 1998. The use of
fluorgenic substrates to measure fungal presence and activity in soil. Appl.
Environ. Microbiol. 64, 613-617.

Mungai, W.N., Motavalli, P.P., Kremer, R.J., Nelson, K.A. 2005. Spatial variation in soil
enzyme activities and microbial functional diversity in temperate alley cropping
systems. Biol. Fert. Soils 42, 129-136.

Myers, R.T., Zak, D.R., White, D.C., Peacock, A., 2001. Landscape-level patterns of
microbial community composition and substrate use in upland forest ecosystems.
Soil Sci. Soc. Am. J. 65, 359-367.

Nelson, D.W., Sommers, L.E., 1996. Total carbon, organic carbon, and organic matter.

In: Sparks, D.L. (Ed.), Methods of soil analysis-part 3, chemical methods. Soil
Sci. Soc. Am. J. Madison, W1I. pp. 961-1010.

95



Noble, A.D., Randall, P.J., Sparling, G., Anderson, L.S., Adams, M., Khanna, P.K.,
Raison, R.J., Saffina, P.G., Xu, Z.H., 1998. How trees affect soils? RIRDL Publ.
16, 124.

NRCS. 2001. Agricultural management effects on earthworm populations. Soil
Quality—Agronomy Technical Note No. 11. http://soils.usda.gov/sqi

Parham, J.A., Deng, S.P., 2000. Detection, quantification, and charaterization of -
glucosaminadase activity in soils. Soil Biol. Biochem. 32, 1183-1190.

Pankhurst, C.E., Opjel-keller, K., Doube, B.M., Gupta, V.V.S.R., 1996. Biodiversity of
soil microbial communities in agricultural systems. Biodiver. Conserv. 5, 202-
209.

Pengthamkeerati, P., Motavalli, P.P., Kremer, R.J., 2011. Soil microbial activity and
functional diversity changed by compaction, poultry litter and cropping in a
claypan soil. Appl. Soil Ecol. 48, 71-80.

Schloter, M., Dilly, O., Munch, J.C., 2003. Indicators for evaluating soil quality. Agric.
Ecosyst. Environ. 98, 255-262.

Schultz, R.C., Isenhart, T.M., Simpkins, W.W., Colletti, J.P., 2004. Riparian Forest
Buffers in Agroecosystems — Lessons Learned from the Bear Creek Watershed,
Central lowa, USA. Agroforestry Systems 61, 35-50.

Shamir, I., Steinberger, Y., 2007. Vertical distribution and activity of soil microbial
population in a sandy desert ecosystem. Microb. Ecol. 53, 340-347.

Sigua, G.C., 2003. Soils and environment of grazed pasture ecosystems in subtropical
United States: Trends and research results. J Soil Sediment 3, 258-260.

Sinsabaugh, R.L., Antibus, R.K., Linkins, A.E., 1991. An enzymic approach to the
analysis of microbial activity during plant litter decomposition. Agric. Ecosyst.
Environ. 34, 43-54.

Six, J., Elliott, E.T., Paustian, K., 2000. Soil macroaggregate turnover and
microaggregate formation: A mechanism for C sequestration under no-tillage
agriculture. Soil Biol. Biochem. 32, 2099-2103.

Stott, D.E., Andrews, S.S., Liebig, M.A., Wienhold, B.J., Karlen, D.L., 2010. Evaluation
of B-glucosidase activity as a soil quality indicator for the Soil Management
Assessment Framework. SSSA J. 74, 107-119.

Tabatabai, M.A., 1994. Soil enzymes. In: Weaver, R.W., Angle, J.S., Bottomley, P.S.

(Eds.), Methods of soil analysis, microbiological and biochemical properties.
SSSA Book. Soil Sci. Soc. Am. Madison, WI, pp. 775-833.

96


http://soils.usda.gov/sqi

Tangjang, S., Arunachalam, K., Arunachalam, A., Shukla, A.K., 2009. Microbial
population dynamics of soil under traditional agroforestry systems in Northeast
India. Res. J. Soil Biol.1, 1-7.

Trasar-Cepeda, C., Leiros, M.C., Seoane, S., Gil-Sotres, F., 2000. Limitations of soil
enzymes as indicators of soil pollution. Soil Biol. Biochem. 32, 1867-1875.

Tisdall, J. M., Oades, J. M., 1980. The management of rye-grass to stabilize aggregates of
a red-brown earth. Aust. J. Soil Res. 18, 415-422.

Tisdall, J. M., Oades J.M., 1982. Organic matter and water stable aggregates in soils.
J. Soil Sci. 33,141-163.

Udawatta, R.P., Kremer, R.J., Adamson, B.W., Anderson, S.H., 2008. Variations in soil
aggregate stability and enzyme activities in a temperate agroforestry practice.
Appl. Soil Ecol. 39, 153-160.

Udawatta, R.P., Kremer, R.J., Garrett, H.E., Anderson, S.H., 2009. Soil enzyme
activities and physical properties in a watershed managed under agroforestry and
row-crop system. Agric. Ecosyst. Environ. 131, 98-104.

Udawatta, R.P., Krstansky, J.J., Henderson, G.S., Garrett, H.E., 2002. Agroforestry
practices, runoff, and nutrient loss: a paired watershed comparison. J. Environ.
Qual. 31, 1214-1225.

van Veen, J.A., Paul, E.A., 1981. Organic carbon dynamics in grassland soils. .
Background information and computer simulation. Can. J. Soil Sci. 61, 185-201.

Verhoef, H.A., Brussaard, L., 1990. Decomposition and nitrogen mineralization in
natural and agroecosystems: the contribution of soil animals. Biogeochem. 11,
175-211.

Watt, M., Kirkegaard, J.A., Passioura, J.B., 2006. Rhizosphere biology and crop
productivity: a review. Aust. J. Soil Res. 44, 299-317.

Weil, R.R., Magdoff, F., 2004. Significance of soil organic matter to soil quality and
health. In: Magdoff, F., Weil, R.R. (Eds.), Soil organic matter in sustainable
agriculture. CRC Press, Boca Raton, FL. pp.1-45.

Young, A., 1989. Agroforestry for Soil Conservation. CAB International, Oxford,
England, 276.

97



60°0>d 1 JualayIp AUBIILIUGIS 10U 8J8M UWIN|OD B UIYIM Ja119] awes ay) Aq pamoj|o) ereq

ay'G0L a9'v.i1 ge'q91 STAY4S) €970 €'t et W'TE od
ey'T18 €6°LEE €9°9E¢ e0LLT €020 88T  BCE'T epete) a9
Jqe9'v08 ec01€ LTA) 74 eG'99T €220 6T  BIET 4c'69 gbv
gqe.'6G. egece €L 0v¢ e8°0.LT €810 e09'T  BQE'T 49'99 d9
.................... I B — Q=== - WIB--  ---0p---
vdd Hd 29 SO N.L J0S qd VSM juswiyesl |

‘(2T=U ‘0T0Z Jeak) suawiean (D¥) doio moa pue (g9) Jaunq sselb ‘(gbv) Jayng Ansalogolbe ‘(do) aimsed

pazeib 10J SallIANYe aWAzua ase|olpAy (WY ad) a1e1sdelIq uladsaion|4 pue (HQ) aseusboipAysp ‘(D9) asepisoan|b-g (SD)

aseplulwesodn|b-¢g ‘(NL) uesoniN [e10l ‘(D0S) uogued aiuehio [10s ‘(gqg) Ausuap MIng ‘(WS serebaibbe ajgeis 1alep\ 21 9]0e.L

G0°0>d 18 JUAIIJIP ATIUBOYIUSIS JOU AIOM UWN[OD B UIYIIM I91J] dwes Y} £q Pamo[[0} Bleq

eg'8y.L ar'¢9 q9'¢ct ar'v. QET'0 ac't a8'LT od
€g'/c8 qeg'88 B0'8Y¢ €9'GAT e6T°0 eLT €G'0.L a9
©0'986 qec'eat BT'8EC €9'¢aT e0C°0 eLT €9'89 abv
ey’ /66 €9'Gee egeve €/'8GT €00 eg'T ee'T9 do
...... -10S AUp B Brl---mmmommmoooocooe oo Oy
vdd Hd 29 SO N.L J0S VSM juswiyesd |

"(ZT=U ‘6002 Jeak) siuswieal) (DY) doio mou pue (g9) J1ayng sselb (gbv) Jayng Anssiopolbe

‘(d9) ainised pazelh Joj saniAnde swAzus asejoipAy (wd4d) a1elsdelq ulsdsaion|q pue (HQ) aseusboipAysp ‘(09)

asep1soan|B-g ‘(SD) asepiuluesodn|b-g (NL) uadoniN (0], ‘(DOS) uogred omuedio [10s (YSA) s91e32133e o[qels 1jep\ "'t 9[qeL

98



"10°0>d 18 1uIJIp

APUe1JIUBIS aJe JUaLWILaI] B UIYLIM UWN[OI B UIYIIM SIaNs] Juaiajlip Aq pamoj|o) ered

gc09 Je'66 qo'8y Jo'T109 61T  0c-0T
€6'/8 e0'9vT €89/ €8'968 eBO¥C 0T-0 DY
ge'o6 arvii ag8'ov J9'099 arv9  0c¢-0T
€6°0C¢ €6'TCE €g8'9¢eT e0'S66  e¥'8. 01-0 99
d9'96 g8'8v1 4c'16 gc¢'98. d6'8G  0c¢-0T
©9'80¢ eg'/ce ez'see ®9'GBTT g8, 010 dbv
ay'L0T Jo'9l1 qc'191 Jo'e¥8 d6¢cG  0c¢-0T
€6°60¢ €/'60€ €0'00€ eg'syTT ®©L69 0T-0 d9
............................... [1os . 6 fori----- -0/~ -wo-
asepluiwesoon|b  asepisoon|b
-d -g aseusbolpAysd WwA4d VSM  Yde@ juswieal|

‘(6002 Jeak) suawieal) (DY) douo moa pue (d9) aimsed pazelb ‘(g9) Jayng sselb

(gbvw) Jaynqg Ansaiojoibe oy yidap Yim saniAnde sawAzus pue sayebalibbe ajgels Jajem JO UoneLeA "€ djgel

99



§0°0>d e JuaJalIp AjIUeoILIUGIS 8J9M JUBLIRSI] B UIYIIM ULINJOD B UIYIIM SIaN8] Jualallip Ag pamoj|o) ered

a9°LL a8'1eT qe'9eT qc o8y qo'ee 02-0T

©/'90T ©8'86T B0'ETC ©9°0E6 0N0)% 0T-0 o

48’901 ag8est aT'¥02 aL'L19 q0°SS 02-0T

LTAVA 74 eY'61¢E e8'TLY €2'300T €C9. 0T-0 a9

q9'€01 qz0ost ac'v0c qo'e09 qo'Ly 02-0T

€G'6¢¢ eT¢ve AN % eT'900T ey 1L 0T-0 abv

ar'.0T STAVAS)) 4.'56T av'v85 qoey 0¢-0T

e9'1EC 200 74 e0'CSY eT'GEB 20'89 0T-0 do
e ) e —— --0fp-- -wo-

aseplulwesoon|b-g asepisoon|b-g aseusbolpAysa vad VSM yde@ juawieal |

'(0T0Z Jeak) syuswiean) (DY) dosd moa pue (d9) ainsed pazelb ‘(go) Jeaynq sselb

‘(gbw) Jayng Ansaloyoibe 1o} yrdap yum saniAnde sswAzus pue sajebaibbe ajqeis Jajem Jo uonelleA 'y a|gel

100



(1000°0>d) (1000°0>d) (1000°0>d) (1000°0>d) usbouuN

¢80 G8'0 80 80 [elol
(T000°0>d) (T000°0>d) (T000°0>d) (T000°0>d) uogued
780 680 880 980 o1ueblo |10S
va4 aseuabolpAyaq aseplulwesoon|b-g  asepisoan|b-g Sia1oweled

"(0TOZ 4e9A) 1uB1U02 UBhoJIIU [B10] pue UOQgJed J1URBIO [10S YIIM ‘SallIAIOR sWAZUd

Va4 pue aseusboipAysp ‘asepiuiwesoon|Bb-g ‘asep1soan|b-g Jo (1) SIUSIOFS00 UONRIALIO)) "9°f A[qR ],

(¥000°0=d) (T000°0>d) (T000°0=d) (T000°0=d) uabonIN
8L°0 €80 <60 €60 [e101
(€000°0=d) (T000°0=d) (T000°0=d) (T000°0>d) uog.ed
8L°0 180 €60 ¥6°0 d1uehio |1os
va4 aseusbolpAyaq aseplulwesoon|b-g  asepisoon|b-g Slojeweled

(6002 Jeak) 1us1u0d ushoullu [e10) pue uogJed J1Uehlo [10S UM ‘SaIlIAIOe BWAZUS

Va4 pue aseuaBiolpAysp ‘asepluliesodn|h-¢g “dseprsoon|3-¢ Jo (1) SHUSIOJI0d UONE[ILIOD) *G'Yy S[qe],

101



90

< a a B Surface
< a O Sub-surface
= b
w 60 7 b
£ b
ol
>
X a
% 30 -
o b
3
(]
=
0 n T T T
GP AgB GB RC

Management Treatment

Figure 4.1. Water stable aggregate levels (WSA, %) for the grazed pasture (GP),
agroforestry buffer (AgB), grass buffer (GB) and row crop (RC) management
treatments. Samples were from the 0 to 20 cm soil depth and data presented

were the average of sampling years, 2009 and 2010.
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Figure 4.2. Soil bulk density as a function of depth for the four study treatments, grazed

pasture (GP), agroforestry buffer (AgB), grass buffer (GB), and row crop (RC)

Samples were from the 0 to 10 and 10-20 cm soil depths and sampling was

done in 2010.
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Figure 4.3. Soil organic carbon (a.) and total nitrogen (b.) as a function of depth for the
four study treatments, grazed pasture (GP), agroforestry buffer (AgB), grass

buffer (GB), and row crop (RC) for the year 2010. Samples were from the 0 to
10 and 10 to 20 cm soil depths.
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Figure 4.4. B-glucosidase enzyme activity as a function of depth for the four study

treatments, grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB),

and row crop (RC) for the year 2009. Samples were from the 0 to 10 and 10 to

20 cm soil depths. The bar indicates the LSD value (58.3).
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Figure 4.5. B-glucosaminidase enzyme activity as a function of depth in 2009 (a.) and
2010 (b.) for the four study treatments, grazed pasture (GP), agroforestry
buffer (AgB), grass buffer (GB), and row crop (RC) for the year 2009.

Samples were from the 0 to 10 and 10 to 20 cm soil depth. The bar indicates

the LSD value (57.7 and 29.2, respectively).
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Figure 4.6. Dehydrogenase enzyme activity as a function of depth for the four study

treatments, grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB),

and row crop (RC) for the year 2010. Samples were from the 0 to 20 cm soil

depth. The bar indicates the LSD value (77.3)
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CHAPTER 5
SOIL QUALITY INDICES FOR GRAZING PASTURE WITH BUFFERS

AND ROW CROP MANAGEMENT

ABSTRACT

The objective of this study was to compare the effects of soil management on soil
quality indicators and generate soil quality indices for each site. In this study,
agroforestry buffer (AgB), grass buffer (GB), grazed pasture (GP), and row crop (RC)
management were compared with relatively undisturbed soils of Schnabel Woods (SW)
on activity of selected enzymes. The samples were collected in June of 2010. The SW
soils were mixed with various proportions of coarse sand and the enzyme activities of the
sand-soil mixture were colorimetrically quantified in laboratory assays. The enzyme
activity of SW was assigned a value of 1 and activity in each treatment was assigned a
value between 0 to 1 based on the activity relative to SW. By arithmetic and geometric
methods, the RC treatment obtained a lower quality index of 0.41 to 0.43 while perennial
vegetation treatments obtained a soil quality index of 0.59-0.67. Results showed a lower
quality index for the RC treatment and a higher index for perennial vegetation treatments.
The nature of enzyme activities observed in this study support the hypothesis that
perennial vegetation provides favorable conditions for higher soil quality compared to
row crop management.

Keywords: arithmetic method, enzyme activity, perennial vegetation, reference

soil, soil quality index.
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Introduction

Soil quality has been defined as "the capacity of a soil to function within
ecosystem boundaries to sustain biological productivity, maintain environmental quality
and promote plant and animal health” (Soil Science Society of America, 1997). Soil
quality reflects the biological, chemical, and physical properties and processes and their
interactions within each soil resource (Karlen et al., 2001). It also correlates to the
dynamic nature of soil as influenced by management practices (Mausbach and Seybold,
1998). Carter et al. (1997) stated that the concept of soil quality is relative to a specific
soil function or use. The soil functions include serving as a medium for biomass
production, an environmental buffer, and a habitat of flora and fauna (Schroeder and
Blum, 1992; Brady and Weil, 2002).

Indicators of soil quality should be responsive to management practices, integrate
ecosystem processes, and be sensitive to soil management. Optimum ranges for soil
quality parameters need to be defined for different climates and uses. These indicators
must be estimated to record the improvement or degradation of soil quality (Larson and
Pierce, 1994). Quantifying these variables through comprehensive studies may lead to a
better understanding of the effects of land management practices and natural or human-
caused disturbances on the soil. Many studies have used undisturbed or native soil as a
benchmark for comparison with different management systems (Rasmussen et al., 1989).
Periodic assessment of soil quality with known indicators, thresholds and other criteria
for evaluation will make it easier to quantify these parameters. Assessment of soil
quality and health should be achieved most efficiently using a modeling framework based

on collecting and synthesizing an array of soil quality indicators (Harris et al., 1996;
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Udawatta and Henderson, 2003). However, each function may differ in its response to
changes in certain aspects of soil quality, and these differences may change with plant
species and age, management, and environment (Ryan et al., 1997). Therefore, selection
of parameters for soil quality assessment may vary with management, soil, and function
being evaluated.

Numerous quantitative properties are potential indicators of changes in soil
quality (Smith and Mullins, 1991; Trasar-Cepeda et al., 2000; Miguens et al., 2007).
These include microbial biomass, diversity, and activity; carbon and nitrogen content and
dynamics; fertility status and nutrient availability; soil structure; and water infiltration.
To serve as good indicators, the selected soil properties should be sensitive, easy to
measure, verifiable, and well correlated with soil management and the effect of
environmental (Carter et al., 1997; Seybold et al., 2001).

Of the many parameters singled out as potential indicators of soil quality, organic
matter is one of the most important indices. According to Rasmussen and Collins (1991),
it is the most universal indicator of soil quality presently available. Depletion in soil
organic matter has been linked to the decline of soil quality as a whole and is highly
inclined to management strategies (Ding et al., 2002). Agricultural practices result in a
significant decline of soil organic matter mainly as a consequence of intensive tillage,
inadequate residue management, and an over-reliance on inorganic fertilizers (Rasmussen
and Collins, 1991; Ding et al., 2002). In contrast, establishment of agroforestry and other
types of perennial vegetation has been shown to improve soil organic matter in

agricultural soils (Kremer Li, 2003; Udawatta et al., 2008, 2009).
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Biological indicators represent different functions of soil quality in ecosystems
(Elliott, 1997). Among the microbial parameters, enzyme activities have been identified
as possible indicators of the quality of soil because of their rapid responses to changes in
soil management (Bandick and Dick, 1999; Nannipieri et al., 2002). To evaluate the
impact of management practices on the quality of soil, and thus to predict their
consequences on the environment, studies have attempted to determine soil quality by
using microbial parameters as indicators (Schloter et al., 2003). Enzyme activities have
been identified as measurable soil quality indicators for early responses to changes in soil
management (Elliott, 1997; Bandick and Dick, 1999).

Soil quality indices (SQI) have been proposed in recent years as tools for
assessing effects of soil management practice on soil productivity and health. The use of
SQI to integrate or summarize soil properties is a relatively new concept. Only a few
studies have proposed and developed such indices for agricultural systems (Doran and
Parkin, 1996; Wienhold et al., 2009). The objective of this study was to compare the
effects of land management on soil quality where grazed pasture, agroforestry buffer,
grass buffer, and row crop management were compared with relatively undisturbed soils
from a long-term, undisturbed and wooded area on activity of selected enzymes and

thereby generating soil quality indices for each management.

Materials and Methods
Study Area
The experimental site was located at the Horticulture and Agroforestry Research

Center (HARC) of the University of Missouri in New Franklin, MO (92°74” W and 37°2°
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N; 195 m above sea level). This experiment site consists of four management treatments,
grazed pasture (GP), agroforestry buffer (AgB), grass buffer (GB) and row crop (RC).
The grazed pastures were in four small watersheds which include replicate watersheds
with agroforestry buffers (AgB; tree-grass buffers) and grass buffers (GB). This area was
under rotational grazing since 2005. Soils for the row-crop (RC) treatment were sampled
from an adjacent corn field on the north side of the pasture area and this area was under a
corn (Zea mays L.)-soybean [Glycine max (L.) Merr.] rotation.

The reference soil was sampled from Schnabel Woods, Missouri, twelve miles
southwest of Columbia. Schnabel Woods is a natural conservation area within the loess
bluffs adjacent to the Missouri River floodplain with an 80-acre old-growth tract in the
River Hills region of Missouri consisting of a variety of hardwood stands. Species
composition in Schnabel Woods includes relatively mesophytic conditions. Vegetation
growing on these sites is predominantly sugar maple (Acer saccharum Marsh.), walnut
(Juglans nigra L.), and northern red oak (Quercus rubra L.) (Udawatta and Henderson,
2003). Soils for study treatments and reference site were classified as Menfro silt loam

(fine-silty, mixed, superactive, mesic Typic Hapludalfs).

Soil Sampling

The sampling of soil was performed during June of 2010 in both the study
treatments and the reference site. For the study treatments, the soil samples were
collected from three sub-sample locations for each treatment at two depths with two
replications. The soil samples for the GB buffer treatment were taken from the center of

the buffer. Samples for the AgB buffer treatment were sampled about 40 cm from the
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base of a tree trunk. The soil samples for the row crop were taken from the crop area in
the north side of the grazing area.

The soil in the Schnabel Woods reference site (SW; Table 5.1) was sampled from
a relatively undisturbed area of the site. Three sampling locations were selected within
each of two plots and soils were collected at two depths (0-10 and 10-20 cm) at each
location.

Soils were collected with a soil auger and were placed in labeled plastic bags.
The sampling bags were sealed and transported to the laboratory in a cooler. All samples
were maintained at field moist conditions and were stored at 4°C until analyzed. The

gravimetric soil moisture content was measured for all samples.

Mixing of Schnabel Woods (SW) Soil with Sand

Composite bulk soil samples (=600 g) were prepared by mixing about 100 g of
soil from each of six surface soil and sub-surface soil samples separately. Sand (Table
5.1) was washed three times with DI water and oven dried before mixing with soil.
Eleven soil-sand combinations of 100 g each, thoroughly mixed, were prepared by
mixing Schnabel Woods (SW) bulk soil with coarse sand. The eleven mixed samples

were as follows:

a. 100% sand. g. 60% soil with 40% sand.
b. 10% soil with 90% sand. h. 70% soil with 30% sand.
c. 20% soil with 80% sand. i.  80% soil with 20% sand.
d. 30% soil with 70% sand. J- 90% soil with 10% sand.
e. 40% soil with 60% sand. k. 100% soil
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f. 50% soil with 50% sand.

Laboratory Analysis

Each mixing sample was analyzed in triplicate according to standard procedures
(Table 5.2). Soil organic carbon (SOC) and total nitrogen (TN) contents were determined
by dry combustion analysis at 950°C using LECO TruSpec CN analyzer based on

methodology of Nelson and Sommers (1996).

Soil Quality Index for Each Soil for Each Enzyme

A soil quality index of for each soil for each enzyme was calculated using the
enzyme curves of sand-soil mixtures (Table 5.3).

For example: the dehydrogenase activity of surface SW soil was 847 pg TPF g™,
A soil quality index of 1 was assigned for a soil with this activity. The soil quality
indices for all management treatments for this enzyme were estimated using a simple
linear relationship. The AgB soil had dehydroganase activity of 416 pg TPF g™ soil.
Hence the soil quality index for AgB surface soil was 0.49. Soil quality indices for all
enzymes and for all management treatments were determined in a similar manner.

After estimating the soil quality index for each soil for each enzyme, a single
index was developed for each soil by combining the values of each enzyme (Fig. 5.1).
Three methods were used to calculate soil quality for a soil:

Arithmetic method: In this method, the sum of all the index values was divided by

the number of enzymes to obtain a single value for each soil.

Example: AgB soil,
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Index = (0.49+0.98+0.85+0.52)/4 = 0.71
Geometric method: In this method, the product of all the index values was raised
to the exponent of the reciprocal of the number of enzymes.
Example: AgB soil,
Index = (0.49*0.98*0.85*0.52)** =0.68
Multiplicative method: In this method, the product of all the values was used to
obtain a single index value for each soil.
Example: AgB soil,
Index = (0.49*0.98*0.85*0.52) =0.25
After estimating the indices for each surface and sub-surface soil, the values were

averaged across depths to obtain a value for each soil management system.

Results
Dehydrogenase Activity

The dehydrogenase activity of mixture of Schnabel Woods soil and sand showed
a high correlation with the soil percent in the sand-soil mixture (Fig. 5.2). Curves for
surface and sub-surface soil were linear (surface soil activity = 8.31 * percent soil -10.25;
sub-surface soil activity = 3.54*soil percent + 22.41) with r? values > 0.98.

The maximum activities were 847 and 389 pg TPF g™ soil in the surface and sub-
surface soils, respectively. The AgB, GB, GP and RC treatments had enzyme activity of
310, 338, 324, and 175 ug TPF g™ soil averaged across surface and sub-surface

respectively (Table 5.4). Soil quality index for AgB, GB, GP, and RC treatments were
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0.51, 0.40, 0.38, and 0.21, respecetively, for this enzyme with respect to the reference soil

(Table 5.3).

FDA Hydrolase Activity

The FDA activity increased linearly with the increase of soil percent in the
mixture. However, the rate of increase was low at the beginning up to 40% soil (Fig.
5.3). The equations (surface activity = 20.88 * percent soil -137.2, r* = 0.97; sub-surface
activity = 11.62*soil percent — 138.90, r* = 0.90) explained greater than 90% of the
variations in activities.

The maximum activities were 1953 and 1235 pug fluorescein g™ soil in the surface
and sub-surface soils, respectively. The AgB, GB, GP and RC treatments had FDA
activity of 805, 811, 760, and 705 pg fluorescein g™ soil, respectively (Table 5.4). For
this enzyme, the soil quality indices were 0.50, 0.51, 0.48, and 0.44 for AgB, GB, GP,

and RC treatments, respectively (Table 5.3).

B-glucosidase Activity

The B-glucosidase activity of Schnabel Woods soil mixture with sand was
quadratically correlated with the percent soil in the sand-soil mixture (Fig. 5.4). The
equations (surface activity = 0.013 *(percent soil) > +0.151 * percent soil + 29.94, r* =
0.96; sub-surface activity = -0.007*(soil percent) — 2.3 * percent soil +23.74, r* = 0.91)
described over 93% of the variations in the enzyme activity.

The maximum activities were 346 and 190 pug PNP g™ soil in the surface and sub-

surface soils, respectively. The average f-glucosidase activity in the AgB, GB, GP and
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RC treatments was 246, 237, 241, and 190 pg PNP g™ soil, respectively (Table 5.4).
Hence, soil quality indices of 0.88, 0.86, 0.86, and 0.63 were assigned to management

treatments AgB, GB, GP, and RC, respectively (Table 5.3).

B-glucosaminidase Activity

The B-glucosaminidase activity of Schnabel Woods soil mixture with sand was
also quadratically correlated with the soil percent in the sand-soil mixture in the surface
soil, however the sub-surface soil activity was linearly correlated (Fig. 5.5). The
equations for surface (activity = 0.029 *(percent soil) 2 — 0.307 * percent soil + 14.29)
and sub-surface soils (activity = 1.35* soil percent — 10.49) described significant
variations of enzyme activities with r* > 0.93.

The maximum activities were 270 and 144 pug PNP g™ soil in the surface and sub-
surface soils, respectively. The B-glucosaminidase activities for study treatments were
167, 177, 171, and 92 pg PNP g™ soil for AgB, GB, GP, and RC, respectively (Table
5.4). The soil quality index for the soils of the treatments AgB, GB, GP, and RC

estimated as 0.79, 0.83, 0.80, and 0.47, respectively (Table 5.3).

Soil Organic Carbon (SOC) and Total Nitrogen (TN)

The soil organic carbon and total nitrogen of the Schnabel Woods soil mixture
with sand exhibited a linear relationship with the increase in the soil percent in the
mixture (Fig. 5.6 a. and b.) in both surface and sub-surface soils. These were expected
results as the presence of sand in the mixture diluted the carbon amount; the sand

virtually contained 0% carbon and nitrogen.
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Soil Quality Indices

By the arithmetic method, the soil quality indices for AgB, GB, GP and RC soils
were found to be 0.67, 0.65, 0.63, and 0.45, respectively (Fig. 5.1). For the respective
soils, soil quality indices were 0.65, 0.61, 0.59 and 0.41 by the geometric method.
However, the values were significantly smaller by the multiplicative method as compared
to the arithmetic and geometric methods. The indices obtained by this method were 0.18,
0.15, 0.14, and 0.03 for AgB, GB, GP, and RC treatments, respectively (Fig. 5.1). The
AgB soil had the highest and RC soil had the lowest soil quality index by all three

methods.

Discussion

The activities of selected soil enzymes for the reference soil mixture with sand
provided a rationale to compare the management treatments of HARC. Considering
Schnabel Woods soil as a reference soil was also justifiable as this site represented a
relatively undisturbed soil of the same sub-order of Udalfs. The soil-sand mixture
demonstrated a significant correlation between the enzyme activity and the percent of soil
in the mixture. The activities increased with the increase in the soil percent either
linearly or exponentially. Hence, we compared the activities of managed soils with the
various enzyme curves of the sand-soil mixture.

Our results showed that perennial vegetation treatments had soil quality indices
between 0.63 and 0.67 while the RC treatment had soil quality index of 0.43 with respect

to the reference soil by the arithmetic method. The perennial vegetation treatments
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revealed a soil quality index of 0.59 to 0.65 and the RC treatment had an index of 0.41 by
the geometric method. Similarly, according to the multiplicative method, the soil quality
indices ranged from 0.14 to 0.18 in the perennial vegetation treatments while the RC
treatment had an index of 0.03. In all three methods, the AgB treatment had the highest
index and the RC treatment had the lowest index. The RC treatment had a lower soil
quality index due to lower activities among all treatments (chapters 3 and 4) which
satisfies the general hypothesis that soil quality degrades as a result of soil disturbance
through periodic cultivation practices, effects of agrochemicals and reduction in organic
carbon.

The results indicated that the soil quality index of AgB was six times greater than
that of RC soil according to the multiplicative method. However, the soil quality indices
of AgB were about 1.5 times greater compared to that of RC soil by arithmetic and
geometric methods. It could be interesting to interpret which methods demonstrated
variation of soil quality status in RC and other vegetation treatments the most accurately.
However, further consideration might be necessary to identify the most representative
indicator to estimate soil quality. The results of this study also enabled us to compare
different soil management practices. Our results showed that perennial vegetative cover
and incorporation of trees and shrubs led to an increasing trend in soil quality indices.
These observations reflect the positive changes in soil quality with less soil disturbance
and greater organic matter accumulation. The results also imply that the grazed pasture
did not reveal significantly higher soil quality than buffers in the short duration.

Other quality indicators could also be considered and the responses of indicators

with stresses and disturbances of the soil could be useful for better index development.
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Nevertheless, the soil quality index is a simple index that indicates the variation of soil
characteristics under different management systems. According to Karlen et al. (2001), it
is relative and conditional. They also emphasized the need of better accuracy of indices
estimated for a specific soil.

Using only soil biological indicators to rank soil quality is difficult. As soil
quality is composed of many variables, an exact integration method is necessary to
develop a soil quality index. More importantly, the soil quality indexing methods should
reflect suitability of a particular soil for a specified function. Greater soil quality should
improve soil productivity. Other studies have also reported an increase in crop
productivity with improvement in soil quality (Lee et al., 2006). The current study
demonstrated a general trend of soil quality index in perennial vegetation treatments and
row crop management and the results of this study could be used to compare soils to

explain effects of land management.

Conclusions

In this study, we estimated soil quality indices for various management practices
with respect to a reference soil. The soil enzyme activities were selected as potential soil
quality indicators. Firstly, an index was obtained for each enzyme and each soil
separately. The indices of four enzymes were then combined with arithmetic, geometric
and multiplicative methods to estimate a single value. The soil quality indices estimated
in this study showed that RC soils had a lower quality index and perennial vegetation

treatments had a higher soil quality index. The nature of enzyme activities observed in
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this study also support the hypothesis that perennial vegetation provides favorable
conditions for greater enzyme activities compared to row crop management.

The arithmetic, geometric and multiplicative methods showed a similar trend of
soil quality indices. However, the multiplicative method revealed relatively lower
indices for management soils. According to this method, the AgB soil had six times
greater soil quality compared to RC soil.

It is justifiable to assign a lower quality index to the RC treatment and a higher
index to perennial vegetation treatments assuming the reference soil represents an ideal
soil. The methods used in this study and the results obtained will certainly be informative
for future research. Conclusions can be made that assessing enzyme activity as soil

quality indicators are useful to estimate a soil quality index.
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Figure 5.1. Soil quality indices for agroforestry buffer (AgB), grass buffer (GB), grazed

pasture (GP), and row crop (RC) estimated by arithmetic, geometric and

multiplicative methods.
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Figure 5.2. Dehydrogenase enzyme activities in surface and sub-surface soil of Schnabel

Woods mixed with various proportions of sand (n=3).
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Figure 5.4. B-glucosidase enzyme activities in surface and sub-surface soil of Schnabel

Woods mixed with various proportions of sand (n=3).
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Schnabel Woods mixed with various proportions of sand (n=3).
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Figure 5.6. Soil organic carbon (a) and total nitrogen (b) in surface and sub-surface soil

of Schnabel Woods (SW) mixed with various combinations of sand (n=3).
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CHAPTER 6

CONCLUSIONS

The objective of this study was to evaluate soil quality indicators as influenced by
permanent vegetative buffers in grazed pasture management compared with row crop
management and to develop a soil quality index to compare soils. In addition, landscape
effects for the row crop (RC) and grazed pasture (GP) treatments and soil depth effects
for all treatments were evaluated. Soil enzyme activities (dehydrogenase, fluorescein
diacetate, B-glucosidase, and B-glucosaminidase), water stable aggregates (WSA), soil
organic carbon (SOC), total nitrogen (TN), and bulk density under grazed pasture (GP),
agroforestry buffer (AgB), grass buffer (GB), and row crop (RC) areas were studied
during 2009-2010. The experimental site is located at the Horticulture and Agroforestry
Research Center in New Franklin, Missouri. Grazed pasture and grass buffer areas consist
of red clover (Trifolium pretense L.) and lespedeza (Kummerowia stipulacea Maxim.)
planted into fescue (Festuca arundinacea Schreb.). The agroforestry buffers contain
eastern cottonwood trees (Populus deltoids Bortr. ex Marsh.) planted into fescue. The
row crop area was at the north side of grazed pastures which was under a corn (Zea mays
L.)-soybean [Glycine max (L.) Merr.] rotation. In addition, Schnabel Woods, Missouri
had been chosen as a reference site which is a relatively undisturbed natural forest. Soils
at the sites were Menfro silt loam (fine-silty, mixed, superactive, mesic Typic
Hapludalfs).

Most of the soil quality indicators were significantly greater in perennial

vegetation treatments compared to row crop. The dehydrogenase activity in the GP
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treatment was 323.8 pug TPF g™ dry soil while it was 174 pg TPF g™ dry soil in RC
treatment. Similarly, the GB treatment showed an activity of 811.4 ug fluorescein g™ dry
soil in 2010 for FDA enzyme. However, the RC treatment had an FDA activity of 705.4
ug fluorescein g™ dry soil in 2010. Most importantly, the soil quality indicators were
consistent during the two year study although there were numerical differences. The [3-
glucosidase and B-glucosaminidase enzymes were most consistent during two years,
which were significantly higher in AgB, GB, and GP treatments compared to the RC
treatment. The -glucosaminidase activity increased slightly from 155.6 to 177.0 ug PNP
g* dry soil while B-glucosidase activity slightly decreased from 248.0 to 236.6 pug PNP g°
! dry soil in GB treatment from 2009 to 2010. Water stable aggregates improved from
17.8 to 31.4% in row crop while all other treatments had similar values during the two-
year study. Soil enzyme activities were significantly correlated with soil organic carbon
content and nitrogen (r=0.78 to 0.94; P<0.0001). Based on water stable aggregates,
enzyme activities, soil organic carbon, nitrogen, and bulk density, it is obvious that
regular disturbance has significantly reduced soil quality in row crop agriculture. These
results showed that organic matter additions from vegetation as well as soil disturbance
from cultivation practices undoubtedly hold a strong influence over various soil enzyme
activities.

A separate analysis was conducted to assess whether landscape positions
influenced enzyme activities, water stable aggregates, soil carbon, and total nitrogen.
Data comparisons were only made with treatments that contained landscape positions; the

GP and the RC treatments. Landscape effects were not significant for the measured
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parameters within the treatments. Also, treatment by landscape interactions were not
significant.

In this study, soils were sampled from the surface (0-10 cm) and sub-surface (10-
20 cm) horizons which are believed to express the greatest biological activity and are
most likely to reflect changes due to management and vegetation. Depth effect was
significant for all indicators and there were significant treatment by depth interactions for
B-glucosidase, B-glucosaminidase and dehydrogenase enzyme activities. The [3-
glucosidase activity was 324.3 ug PNP g™ soil in the surface while it reduced t0157.2 pg
PNP g soil in the sub-surface in the GP treatment. Similarly, the B-glucosidase activity
reduced to 131.8 in sub-surface from 198.8 pg PNP g™ in the surface of RC treatment.
All enzymes exhibited a similar pattern between the surface and subsurface soils. This
supports the hypothesis that greater microbial activities and functional diversity exist in
perennial vegetation areas compared to row-crop areas.

Higher soil enzyme activities may lead to increases in other soil quality
parameters such as organic matter content, aggregation, soil sustainability and
productivity, and consequently soil and ecosystem functions. The perennial vegetative
cover also leads to greater carbon accumulation and consequently increases in selected
soil quality indicators. The soil quality indices for the perennial vegetation treatments
ranged from 0.63 to 0.67 and 0.59 to 0.65 by arithmetic and geometric methods
respectively. The AgB had the highest index and RC had the lowest index by all three
methods. The RC treatment had the indices of 0.43 and 0.41 by arithmetic and geometric

methods respectively. Hence in this study, it is justifiable to assign a lower quality index
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to the RC treatment and a higher index to perennial vegetation treatments with respect to
the reference soil with a soil quality index of one.

The nature of enzyme activities observed in this study support the hypothesis that
perennial vegetation provides favorable conditions for greater enzyme activities and
microbial diversity compared with soils under row crop management. Conclusions can
be made that assessing changes in selected enzyme activities can be a useful tool to
determine land degradation when reference values for similar systems are available.
Results strongly support that the establishment of agroforestry and grass buffers in grazed

pasture will enhance soil quality and help maintain ecosystem sustainability.

138



uoljjiw Jad sued =wdd ‘wnisaubey =6\

WINISSe10d =3 ‘Wnigfe) =) ‘usboullu [101 =N1 ‘uogJed a1ueblo [10S =DOS 'SPOOA [80eUYIS =S

doJo Moy =0y ‘ainised pazels) =49 :1ayng sselo) =go) ‘iayng Ansai04016y =gby :suoneinaiqay

6'82T 8'96 v'6.CT 220 1€ ¥9'S 0T0Z-MS
v'eet 9YTZ 6'106 9T°0 92’1 6L 0T02-0Y
9'08 1'68T 1'656 €10 2T L'y 6002-0Y
GG/ 'zt L'0v8T 8T°0 09'T L7'S 0T02-d9
AN €16 G821 020 08'T LS 6002-d9
1’262 9'60T €'2esT 020 88'T 9¢'S 0102-99
G'8€C 8'96 e'oveT 610 0LT 82'G 6002-99
S'70C 8'LTT L'08YT 220 26'T €L'G 0T0Z-9abv
9'8te T'9ET €'0TST 020 0LT 2€'S 6002-9bv
................. wdd ---------------- —-mmmmo- Oy —m-mme-

BIN M |Z8) N.L 208 Hd uonduoseg

*Apn1s ayj ul pasn sajdwies |10S ayl Jo sanJadoud [10s [elsuas)

X1AN3ddV

139



VITA

Bodh R. Paudel was born in Nepal on July 1, 1982 to Mr. and Mrs. Rishi Ram
Paudel. He received his bachelor degree in agriculture in 2006 from Tribhuvan
University, Institute of Agriculture and Animal Science, (Nepal). He joined the
University of Missouri-Columbia in 2009 for his masters degree and received this degree
in Soil Science in 2011. He worked under the advice of Drs. Ranjith P. Udawatta,
Stephen H. Anderson and Robert J. Kremer. He has been accepted for a doctoral position

in Washington State University to begin by Fall 2011.

140



