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ABSTRACT

czurak-Dainard, M. M. sc., The university of Manitobao December 2005. The
of manure application on soil microbial properties and nutrier

cycline in Manitoban soils. Major professor, Dr. David Burton.

The impact of long-term manure application on soil microbial properties was studied at

ten sites across the south portion of Manitoba. Each site had different management

histories, but consisted of adjacent non-amended and manure-amended (hog or cattle)

fields. With no long-term manure-amended field plots available in Manitoba, this study

provided a survey of the impacts of long-term manure-amendment on range of soil

properties. Biological, physical and chemical soil aspects as well as predictive measures

of N mineralization (KCl extractable NH4*, laboratory incubations) were tested against

field N mineralization as influenced by manure treatment.

Site differences dominated most parameters examined; suggesting that approaches to N

mineralization prediction must include site-specific characteristics. Many parameters

responded differently to manure treatment. In general, manure application stimulated

microbial community size and activity as demonstrated by higher levels of microbial

biomass c (MBC), microbial biomass N (MBN), glutaminase, urease, and

dehydrogenase. These parameters were correlated to extractable organic carbon levels,



which were greater in manure-amended soils. Hence, manure application by increasing

the availability of carbon substrate, enhanced the microbial community and increased the

mineralization potential of the soil. The influence of manure amendment was most

consistently expressed in sites with longer manure management histories (>35 years).

Step-wise regression analyses demonstrated distinct relationships between selected

variables on manure-amended and non manure-amended sites. The variation in field N

miner:alization in manure-amended soils was best described by MBN, urease, organic

carbon, pH, and sand content (R2 : 0.76, RMSE 1.07).

Manure application did not signif,rcantly impact on soil microbial diversity as measured

by substrate utilization patterns; however, longer histories of manure application tended

to have gteater microbial diversity as shown by the Shannon Diversity Index and partial

RDA analyses. Texture, culTent crop and manure type also affect the diversity of the

microbial community and other biologicaland chemical observed in this study.

This study demonstrated that biological parameters are critical to the understanding of

nutrient dynamics in manure-amended soil, but no one single measure can be used. Site-

specific characteristics and the potential for nitrogen loss via leaching and denitrificatiorr

also need to be considered to allow estimation of plant available N.
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1. INTRODUCTION

The history of use of land for agriculture in Canada is relatively short compared to older

agricultural civilizations. Since the turning of the sod on the Great Prairies nearly 100

years ago, we have had a dramatic impact on this soil. As the century progressed,

agriculture became more intensive. The economy has become more globally based with

a heavily reliance on agricultural export markets. In addition, the numbers of farms have

decreased and farm size has increased in response to economies of scale. These larger

agricultural operations tend to be more intensive and more specialized. As a result, there

is a greater concentration of animal waste production per land base associated with

livestock operations. The high water content and low nutrient content of manure makes it

expensive to haul and spread. Hence, most producers would prefer to spread manure as

close to the operation as possible to minimize costs. However, reapplying high

concentrations of manure to the same land area year after year can over load the nutrient

storage capacity of the soil and lead to nutrient leaching and runoff into groundwater and

surface waters. ln Manitoba, regulations have been established to help producers manage

their animal manure as a soil nutrient resource. These regulations limit the soil's nitrate

levels to no greater than 150 ppm. Phosphate is not currently been regulated in

Manitoba, but it is in other provinces and states. In the future, it is anticipated the

phosphate levels will be regulated here, as well



Monitoring only the inorganic nutrient content of soil, the pool considered to be

immediately available to the plant, can become problematic. Manure amendment also

increases the organic nutrient content of the soil and results in an increased nutrient

mineralization capacity. Without knowing the soil's mineralization potential, it is

difficult to assess the soil's nutrient status for crop growth. Thus, it makes determining

the amount of nutrients available to the crop and at risk of environmental impact

complicated. There is a need to understand and to be able to measure/predict the

mineralization potential in Manitoba's manure- amended soils. Microbial parameters

influence nutrient cycling in the soil. Other studies exist that demonstrate these effects,

but they tend to take place in regions with different soil forming factors that influence the

way soil behaves. The goals of this project were to assess the suitability of different

microbial and biochemical parameters in predicting nutrient mineralization and the

impact from long-term manure-amended soils in Manitoba's temperate climate.



2. LITERATURE REVIEW

2.1 Manure

Manure is a heterogeneous mixture of partly digested feed, fecal matter, and various

inorganic and organic molecules. Its composition is influenced by the livestockspecies,

mass, age, food intake, how it was housed, how the manure is collected and stored and

what climate this all occurred in (Eghball et a1.,2002). The quality of the organic N and

the ratio of inorganic:organic N in different types of manure can greatly influence N

mineralization. Manure has higher potential N mineralization rates prior to composting

as compared to composted manure due to the larger number of stabilized organic N forms

formed during composting (Tyson and Cabrera,1993). Manure nutrient status is highly

variable, not just at the regional level, but also at the livestock operational level (Davis et

a1.,2002). Predicting nutrient mineralization of soil amended with manure from different

types of livestock is also difficult (Chang and Janzen, 1996; Van Kessel and Reeves,

2002\.

The mineralizationof organic nutrients into inorganic forms is not only an integral part of

nutrient cycling; it is essential for crop growth and yield. It's estimated that between 1

and 4o/o of the soil's organic N undergoes mineralization into inorganic N forms during a

growing season (Tisdale et al.,1993). The importance of this nutrient source to plants, in

terms of both its size and the timing of its release, and the variability of mineralization



from site to site and from year to year emphasizes the need to develop tools that allow for

site-specif,rc assessment. For example, the mineralizable N pool varied depending on the

crop rotation from 137 mgN kg-' for soils cropped with continuous soybean to >500 mg

N kg -t in soils cropped with meadow-based rotations (Deng and Tabatabai, 2000).

2.2 N mineralization

Mineralization is defined as the breakdown of organic compounds as a result of the

process of decomposition primarily to release energy (Paul and Clark, 1996). This

breakdown is a result of the enzqe activity. The majority of tliese enzylles act

intracellularly, releasing energy to metabolism. Some of the enzymes active in

decomposition and the mineralization of inorganic constituents act external to the cell,

frequently acting on complex organics either too large or too toxic to be metabolized

intracellularly. Thus, the enzymes mediating mineralizing reactions occur both

intracellularly and extracellularly. In addition to enzymes associated with the living

biomass, nutrient-mineralizing enzymes may occur in a free state or adsorbed to soil

colloids (Rao et a1.,1996; Klose and Tabatabai,2000).

Deaminization and ammonification are the primary reactions in converting organrc

nitrogen compounds, such as proteins into amines, amino acids and urea into anlnlontunl

Ammonium is converted to nitrite and then nitrate by nitrification. Various populations

of microorganisms carry out these processes. Consequently, the same environmental

pressures that influence the activity of microbial populations in general, also affect

mineralization rates (Paul and Clark, 1996). Adequate moisture and oxygen levels,

4



higher temperatures and an abundance of substraTe are the major influences on the

microbial community and its capabilities to mineralize organic matter (Paul and Clark,

1996). Soil N mineralization research typically employs incubation studies conducted

over periods ranging from hours to weeks, occurring either in situ or in the laboratory

(Stanford and Smith, 1972). Nitrogen mineralization is commonly described using a

first-order reaction rate (2.I):

(Nù : (N6) (1-e-k') (2.1)

Where \ represents the amount of mineralizable N at time 0, N¡ represent the amount N

mineralized at time t, and k is the mineralization rate constant (Stanford and Smith,

1972). This equation is temperature dependent and requires steady-state environmental

conditions (moisture and temperature). This equation directly emphasizes the role of the

mineralizable pool (substrate quality and quantity) and the metabolic capacity of the soil

microbial community in determining the rate of N mineralization. The role of

environment variables (temperature, moisture) is indirectly refìecting in the clrarrrlc- in

miner alization rate constant under di fferent environm ental co ndi t i ons.

Another approach is the use of a mass balance method that measures changes in inorganic

nitrogen stocks over a specific time frame (Hadas et al., 1986; Hook and Burke, 1995).

This approach is more laborious, time consuming and not easily generalizable, prompting

researchers to seek more fundamental understanding of this process that would permit

generalization. Attempts have also been made to describe mineralization through the

characteization of the size of the míneralizable N pool utilizing different physical,



chemical and biological fractions of soil organic matter as a measure of soil N

mineralization potential (Whalen et al., 2000; Mulvaney et al., 2001).

Manure application further complicates nutrient mineralization prediction by altering the

quality and quantity of the mineralizable pool of nitrogen and influencing the

composition of the microbial population. Chang and Janzen (1996) cite that half of

manure applied N is readily available the current year of application. The remainder is

mineralized slowly in subsequent years. With repeated applications of manure, the

quality and quantity of mineralizable N becomes increasingly distinct from non-amended

soils, thus increasing the challenge of and need for an effective means of predicting

mineralízation (Whalen et al., 2001). Furthermore, mineralization potentials are also

impacted by soil properties and biological quality, field management practices, and

environmental conditions.

2.3 KCI extractable NH¿- for predicting N mineralization

Gianello and Bremner (1986a) designed a simple chemical method, extraction of

ammonium using a heated 2M KCI solution as a means of determining the soil's nitrogen

mineralizationpotential. Oneofthebenefitsofthismethodisthatitcanbeusedwrthair-

dried soil and the soil is not affected by air-dry storage. In addition, the method is rapid

and involves limited sample manipulation and the results are not affected by varying

particle sizes (Gianello and Bremner, 1988). The method is based on the difference

between the amount of NHa* extracted with 2M KCl, heated on in a block digestor at



100"C for 4 hours and the NHa* extracted with 2M KCI at room temperature being

related to the amount of plant available, mineralizabled N. Gianello and Bremner ( 198óa.

b) referred to hot-KCl extractable NH¿* as the difference between the hot and cold

measured ammonium extracts and attributed it to the amount of ammonium-N released

from the organic portion of the soil N. Although most of the literature refers to liot-KCl

extractable NHa* as the difference between hot- and cold-KCl extractable NHo*, Jalil et

al., (1996) examined each of phase of extraction process (cold-KCl extractable NH¿-,

hot-KCl extractable NHa* and the total-KCl extractable NHa* (the hot-KCl extractable

NHa* without subtracting the NH¿* extractable by cold NHa*) for their relative abilities to

predict the size of the mineralizable pool. For our purposes and to minimize confusion

the unheated KCI extractable NHo* will remain also cold-KCl extractable NH+*. The

heated KCI extractable NH¿* will be referred to as total KCI extractable NH¿*. The

difference between total- and cold-KCl extractable NHa* will be called hot-KCl

extractable NHo*.

ln an Iowa study, hot-KCl extractable NH¿* had a strong positive correlation with nitrate

and nitrite-N produced during 14 day aerobic laboratory incubations (r:0.92***) with

typical values ranging from 5.2 to 48.9 pg N g-t (Gianello and Bremner, 1986a).

However, in a study with Saskatchewan soils, Jalil et al. (1996) found hot-KCl

extractable NH4- to be weakly correlated to nitrogen mineralized during a24 week

incubation (N.in) (r2 :0.43). The hot- and the cold-KCl extractable NHa* alone had

higher correlations with nitrogen mineralized over the 24 week period (Nn.,¡n) respectively

(r2:0.79,f :O.AO¡. A similarmethod, utilizingan t hrhot lM KCI extraction of NH+"



was also found to be highly correlated to nitrogen plant uptake by potted rye grass (r':

0.85), oats 1r2:0.79) and barley 1r2: O.A+¡ (Smith and Li, 1993). Whitehead (1981) had

similar success with predicting plant uptake utilizing a 1M KCI extractant during an one

hour heating period. Groot and Houba (1995) found soil texture influenced both N

mineralization rates and hot-KCl extractable NH4*, with coarse-textured soil with higher

organic matter content having higher correlations than poorer quality loam soils in their

study.

Thus, many researchers have identified hot-KCl extractable NH¿* as a method for

predicting N mineralization and plant available N. Jalil et al. (1996) further stated that

the temporal consistency of measured hot-KCl extractable NHa* in a soil over a three to

five year period might reduce the need for annual soil testing, especially if coupled r.vith

soil and climatic properties. Thus, if hot-KCl extractable NH¿* is able to predict

mineralizable N rates in manure-amended soils, then this value can be reanalyzed every

four years to estimate soil N supply, allowing the addition of other nitrogen sources to be

adjusted accordingly.

2.4 Soil biological properties

2.4.1 Soil microbial biomass

The soil microbial community catalyses the process of nutrient mineralization and

therefore is an important regulatory factor in nutrient cycling. The soil microbial

community represents not only an important catabolic agent in soil, it is also a very labile



pool of organic nutrients. It is commonly held that the larger the community size, the

greater the diversity, and the greater the potential for nutrient mineralizalion. There are

many measures of microbial community size. Perhaps the most direct rrìeasure of the

microbial component of soil is the measure of the biovolume. This method is seldonr

used by researchers as it is extremely laborious, tedious and somewhat subjectiVe. lt

involves the volume measurement of the various microbes and then counting the number

of microbes in a sample. Since it relies upon visual identification of microbial cells, it is

also a somewhat subjective approach and there is the potential for bias. Thus, more

researchers are turning toward biological, chemical or physical measures of the microbial

biomass measure as a means to quantity the microbial community. This involves

measuring chemical components of the soil that comprise the "microbial biomass" (Paul

and Clark, 1996).

The most cortmon methods for assessing the microbial biomass include two techniques

that measure of the compounds released as a result of soil exposure to CHCI:. The

CHCI3 fumigation-incubation (FI) method, developed by Jenkinson and Powlson (1976),

involved fumigating one set of soil samples with CHCI3 for 24 hours to cause the rupture

of microbial cell walls and the release of the cytoplasmic constituents into the soil. The

surviving microbial community then decomposes these constituents resulting in the

release of COz and the mineralization of organic nitrogen. The unfumigated and

fumigated samples are incubated for a period of time (usually for 10 days). An alkali

solution (KOH or NaOH) is used to collect COz and the accumulated inorganic N is

extracted with a salt solution (KCl, CaClz, or KzSO+). In this method, the rrlicrobial



biomass is calculated by the difference of the COz evolved and mineral N released

between the fumigated (additional substrate due to the CHC1¡ induced rupture of

microbial biomass) and the unfumigated samples. The level of released carbon dioxide

and mineral N represents the amount of metabolized microbial community killed during

the fumigation. It is then divided by a constant, k. (as determined by Jenkinson, 1988) to

calculate the amount of microbial biomass C and kN for microbial biomass N. This

method is very dependent on establishment of proper soil conditions for the experiment

to be effective.

The most popular method for biomass measurement is the fumigation direct extraction

(FE) method developed by Brookes et al. (1985). Rather than relying on the microbial

metabolism of the carbon and nitrogen compounds released during CHC13 fumigation,

this method relies upon extraction in 0.5 M KzSO¿ and chemical determination of the

organic C and N compounds released. Chemical determination generally involves the

automated digestion and determination of mineral constituents (CO2, NH4*, POo3 ). Soil

microbial biomass C and N are determined by calculating the difference between the

fumigated and the unfumigated samples for their respective constituents. This differencc

is then divided by the extraction coefficient constant, kc' or kN.

Anderson and Domsch (1978) developed a physiological method for assessing the size of

the microbial biomass referred to as the substrate-induced respiration (SR) method. This

method assumes that the metabolic capacity of the soil is a function of the size of the

microbial communitv. As a result when an excess of substrate is added to the soil the
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level of carbon dioxide respired is a measure of its metabolic capacity which is related to

the size of microbial biomass. V/ith SIR, the amount of COz produced from the sucrose

addition is calculated as the difference from the sample minus a control.

In general, additions of organic amendments increase soil microbial biomass initially and

gradually decrease after 30 days (Zaman et al.,1999b). The addition of organic

amendments provides an energy source that stimulates microbial growth. With increased

microbial biomass, the catalytic potential of the community increases including nitrogen

mineralizing enzymes. These increases were significantly correlated with each other,

microbial biomass carbon (MBC) and gross N mineralization (Zaman et al, 1 999a).

Zarnan et al. (I999a) also showed that microbial biomass C and N were the best

indicators of gross nitrogen mineralization during their short-term study. Organic

amendments increased MBC (276 ¡.tgC g-') on long-term beef manure-amended soils as

compared to the control (168 ¡lg C g-') (Fauci and Dick, 1994). Short-term incubations

noted a2l0o/o increase in microbial biomass C over a306-day period following beef

manure addition. After 17 applications of liquid hog manure, MBC was significantly

higher in surface soils (0-15 cm), and most notably at the 90 m3 har applicationrute (248

ttgC g-t MBC, opposed to untreated,l2g Í.¿g C g-t) (Lalande, et a1.,2000). Higher rates of

application (120 m3 ha-'¡ did not result in a corresponding increase in microbial biomass

and its activity, suggesting that the growth and activity of the microbial biomass is not

onlv limited bv substrate addition.

ti



2.4.2 SoilEnzymes

ln the past several decades, there has been an increasing interest in the study of soil

ervymes as an indicator of the response of microorganisms to their environment. Many

researchers have found that the addition of energy sources such as manure or other C

sources can increase the activity of these enzymes in soil (Fauci and Dick, 1994, Zaman

et a1.,1999a,b;Lalande et al., 2000). In this project, urease and glutanrinase were

examined as potential indicators of the impact of long-term manure application on

nitrogen mineralization. Alkaline monoesterphosphatase was also utilized as an indicator

of changes in microbial biomass.

2.4.2.1 Urease. Urease or urea amidohydrolase (EC 3.5.1.5.) is an enzyme that

specifically catalyzes urea hydrolysis (Hasan, 2000). This enz¡rme breaks urea down into

ammonia and carbon dioxide. An excellent review of soil urease activity was provided

by Hasan (2000). There is a wide range of microorganisms that produce urease,

including various fungi, actinomycetes and bacteria. Furthermore, the mechanism and

regulation of urease production can vary among different microbial species (Mobley and

Hausinger, 1989). Urease is found to be responsive to soil quality changes. Urease

activity increases with the incorporation of inorganic (Goyal et al., 1999), organic (Falih

andWainwnght,lgg4;Zamanetal., l999a,b) orcombination of organic and inorganic

amendments (Goyal et al., 1999) to soil and decreases with soil degradation (Garcia et al.,

1994). Dick (1984) found that long-term N fertilizer application could also suppress soil

urease activity.
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The main factors regulating the production of urease are temperatur€, pH, carbon source

and the concentration of the substrate (urea) and product (ammonia) (Hasan, 2000).

Depending on the microorganism, the optimum pH range can vary from 2 to 8. Initial

increases in urea concentration have shown to increase the rate of urea hydrolysis.

However, as the end product, ammonia, accumulates and the pH increase, it has been

speculated to slow down and even reduce the production ofurease and hence, reduces the

rate of urea hydrolysis (Hasan, 2000). McCarty at eL (1992) noted that although C-

amended soils showed increased urease production in the presence of ammonium or

nitrate, by-products ofurease production can suppress urease production. They found

that early potential by-products of ammonium assimilation such as L-isomers of cerlain

amino acids suppress urease production. Thus, urease productiort is regulated by a

feedback mechanism.

Many researchers have found that immediate incorporation of organic amendments can

increase urease content (McCarty et al., 1992; Zaman eL al., 1999a, b; Hasan, 2000).

Hasan (2000) stated that it could take between2 to 6 days, depending in the species for a

bacterial population to reach it peak urease production after urea addition. Zaman et aI.

(1999b) noted significant increases in urease activity immediately after dairy shed

effluent (DSE) were applied to soil (-6D pgN g-' h'). Although urease content appeared

to subside after 10 days, DSE amended soils still remained higher (-40 þgN g-' h '¡ for

up to 30 days, in comparison to inorganic treatments (-30 pg N g-r l't-'). R sugar beet

amendment also increased urease content during a28 day incubation period (Falih arrd

Wainwright, T996). Thus, increases in urease responses are related to the organic
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substances and nutrients in amendments that help stimulate ureolytic microorgantsm

activities (Falih and'Wainwndnt,1996; Zaman et al,I999b). Once these resources are

used, urease content declines. Most experiments involving urease had short-term

application histories. The study by Goyal et al. (1999) had the longest amendment

histories of 11 yrs when comparing urease levels. Inorganic amendments had lower

levels of urease (55-64 pg N g-' h-r) and a combination of organic and inorganic

amendments had greater urease levels (65-88 pg N g-' h-'). Goyal et al. ( 1999) found

straw incorporation and farmyard manure (both also applied with inorganic fertilizer)

increased soil urease content by 52% and35%o, respectively While there are some

contradictions as to whether inorganic fertilizers have a negative or positive influence on

soil urease content, organic amendments clearly increase urease content (McCarty et al.,

1992). Furthermore, Klose and Tabatabai (2000) found that 460/o of soil urease content

was associated with the microbial biomass. The remaining 54o/o percentage was

extracellular in nature. More research is needed to show how these amendments are

increasing different soil enzyme contents and how these amendnrents are impacting

potential soil nitrogen cycling.

2.4.2.2 Glutaminase. L-Glutaminase (L-glutaminase amidohydrolase EC 3.5.1.2)

hydrolyses glutamine into L-glutamic acid and NH3 (Frankenberger and Tabatabat,

1995). L-Glutaminase is ubiquitous in nature. In soil, microorganisms are the maui

sources for L-glutaminase production. This enzyme is found to decrease with soil profile

depth and is correlated with organic C (r:0.79, P<0.01) and total N (r: 0.76, P<0.01) in

25 surface soils (Frankenberger and Tabatabai,1995). L-Glutaminase appears not to be
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influenced by pH or texture (Frankenberger and Tabatabai, 1995; Monreal and

Bergstorm, 2000). Unfortunately, most soil quality researchers have overlooked the

potential of this enzpe. Monreal and Bergstrom (2000) found glutaminase to be a

sensitive indicator of soil quality and potentially useful as an indicator of soil N

mineralization model as it was responsive to changes in the land use and management. In

their study, the level of tillage disturbance influenced glutaminase content., as the less

invasive the land use, the higher the levels of glutaminase (-78-423 ¡¿g N g-' h-2) with the

highest average being approximately 332 pg N g-t h-2 for undisturbed soil. The addition

of organic amendments resulted in increased glutaminase content in soils of limited

productivity, such as saline soils (Pathak and Rao, 1998).

2.4.2.3 Phosphatase. Phosphatase catalyses an important reaction in the plrospltorus

cycle, the mineralization of organic phosphorus. One of the primary reactions in the

mineralization of phosphorus is catalyzed by a general class of enzymes referred to as

phosphatases. One specific type of phosphatase enzpe cleaves the ester bond in various

organic compounds containing phosphorus resulting in the release of phosphate (Duff et

al., 1994). In a model proposed by McGill and Cole (1981), the presence of compounds

containing organic phosphorus induces phosphatase production and P mineralization to

occur. Many researchers have found that phosphorus mineralization and phosphatase

production are controlled by a negative feedback mechanism (Clarholm, 1993:

Sinsabaugh et al., 1993; Tadano et al., 1993). The accumulation of ortho-phosplratc, tlrc

product of the phosphatase mediated reaction, results in the inhibition of the phosphatase

enzpe and suppression in the synthesis of phosphatase enzyrnes. Negative feedback
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mechanisms are considered a method for plants and microbes to control mineralization

activities to regulate nutrient supply levels. Other researchers have made opposing

conclusions about the existence of a negative feedback mechanism (Adams, 1992;

Harrison, 19S3). Hence, the accumulation of inorganic phosphorus may not be the agent

limiting phosphatase production in all cases.

The presence of abiontic, stable enzymes adsorbed onto organic matter or clay mineral

surfaces can result in persistent phosphatase activity, independent of phospltorus statLls

(Svensson and Pell, 2001). It is interesting that many researchers have found that N

addition tends to increase phosphatase activity and production (Olander and Vitousek,

2000). This may be due to the role of N in biosynthesis and enzyme production and that

N may increase both plant and microbial productivity. If plant and microbial productivity

increases, the demand for P may further stimulate phosphatase production.

The activity of phosphatase enzymes is pH-dependent. Consequently, they are classified

and studied according to pH at which optimal activity occurs (acid, neutral or alkaline

phosphatases). Plants, earthworms, fungi, and bacteria can synthesize phosphatase

(Oberson at al.,1996; Olander and Vitousek, 2000). Both plants and microorganisms

produce acid phosphatase (Tabatabai, 1982) and are dominant in soils with low pH (Juma

and Tabatabai, 1988). By contrast, microorganisms are the only producers of alkaline

phosphatase and are associated with soils of higher pH typically found in arable land.

Since most southern Manitoban soils are arable and alkaline, alkaline

phosphomonoesterase was chosen for this study. This type of enzyme can be used
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intracellularly or released in to the surrounding environment to form stable active

phosphatas e enzpe complexes.

Long-term manure application can increase organic P fractions in soil compared to

untreated soils (Motavalli and Milnes, 2002). In a long-term study by Parham et al.

(2002), inorganic fertilizers increased P accumulation over manure-amended soils.

However, phosphatase was significantly higher in the manure-amended soils. They also

found that manure derived P was more mobile and plant available and were concerned

about phosphate leaching into water bodies. Livestock manure itself contains varioLts

levels of phosphatase, the highest being in hog manure (43% phosphatase/total organic P)

opposed to cattle manure (15% phosphatase/total organic P) (He and Honeycutt, 2001 ).

In another study, the addition of inorganic fertllizer was found to not to increase the

phosphatase content of soils, but differences in cropping systems were found to influencc

phosphatase content (Lalande et a1.,2005). The effect of cropping systems (Dick et al.,

1988), and tillage practices (Deng and Tabatabi,1997) has been studied. The addition of

legume residue increased soil phosphatase content (Dick et a1.,1988). The effect of

tillage on phosphatase depended on the type of phosphatase studied; however, no

difference was seen between no-till and mold-board plow for alkaline pliosplratase (Deng

and Tabatab ai, 1997). V/ith manure applications increasin g enzrye activity (Dick et al.

1988), organic P fractions, and crop yield, more studies are needed to assess the

correlation of phosphatase content to mineralization of phosphorus and the possibility of

uti\izingphosphatase content a means of predicting P mineralization potential.
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2.4.3 General Measures of Soil Biological Activity

2.4.3.1 Dehydrogenase. Soil microbial community activity can be measured by

analyzingdehydrogenase enzyme content (Alefl I995a). As organic substances are

oxidized, they generate energy in the form of NADH or NADPH. Dehydrogenase is ¿t

membrane-bound enzpe that collects and funnels electrons from NADH througli an

electron transport chain, generating energy fir the cell. These electrons are shifted to the

cytochrome system where they are oxidized by Oz, the frnal electron acceptor. This

process is coupled with oxidative phosphorylation to produce ATP. Since no free active

dehydrogenase is not expected or has been reported, dehydrogenase is commonly used as

an indicator of biological activity in soil (Frankenberger and Dick, 1983). Thus, the

gteater the measured dehydrogenase contents in a soil sample, the greater the overall

aerobic microbial activitv.

Dehydrogenase is greatly influenced by organic amendments (Ritz et al., 1992; Albiach

et al., 2000; Lalande et al., 2000; Parham et a1.,2002). During the foufih year of study,

Albiach et al. (1992) found soil to which ovine manure had been applied had significantly

higher dehydrogenase activities (approximately 6.5 þgTPF g-r dry soil g h-r¡ than control

treatments (approximately 4.5 ¡rg TPF g-' dry soil g h-r¡. Hadas et al. (1996) also found

dehydrogenase increases after manure application. However, they found that after an

initial increase over 10 days, dehydrogenase activity decreased and returned to pre-

amendment levels. Hadas et al. (1996) felt that nitrogen mineralization levels were more

related to the properties of the residues being decomposed than to properties of soil
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microbial community (including soil dehydrogenase) in soils treated for 30 years witlr

cattle manure. Others have consistently shown the long-terrn manure application

increases dehydrogenase activities regardless of the time after application (Lalande et al.,

2000, Parham eta1.,2002). Eighteen years of liquid hog manure (LHM) treatment

increased potential dehydrogenase activity 130% from 1.8 ¡^r,g TPF g-t dry soil g h-r for

control treatments to 4.2 ¡rg TPF g-l dry soil g h-r for 90 m3 LHM ha-ì treatment in

surface soils (Lalande et al., 2000). Parham et al. (2002) studied a century-long field

experiment first amended with cattle manure in 1899, and found that with manure

application occurring one year prior to the study's sampling, soil dehydrogenase levels

were still significantly higher than control plots. Hence, the effects of repeated rnarlLrre

applications were still able to stimulated dehydrogenase responses after they were

discontinued.

2.4.3.2 Respiration. Respiration can be defined as a catabolic process where electrons

are transferred from organic compounds through the electron transport chain to oxygen.

The measurement of COz production or 02 consumption from respiration allows for

assessment of the soil's aerobic metabolic activity. It is one of the oldest parameters used

to assess soil microbial activity (Alef, 1995b). Basal respiration is the respiration in the

absence of any added organic substrate. This differs from substrate-induced respiratiort

that measures respiration in response to the addition of an organic substrate, which is

used to estimate soil microbial biomass (Anderson and Domsch, 1978). Soil respiration

can be measured using incubation vessels with gas samples absorbed in alkaline traps and

detected chemically, or by detection of accumulated COz in the headspace using gas
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chromatographs or infrared spectroscopy. Carbon dioxide measurements are often used

to calculate the mineralization of soil organic matter. Respiration can be infìuenced by

soil texture, structure, substrate availability, nutrient availability, soil moisture and

temperature (Ale[ 1995b). Soils amended with manure are shown to have increased CO:

production during incubation (Castellanos and Pratt, 1981; Paré et al., 2000; Dao and

Cavigelli, 2003). Soils with higher organic carbon content also tend to have greater COl

fluxes (Dao and Cavigelli, 2003). Furthermore, Castellanos and Pratt ( 198 I ) found

significant correlations between N mineralization and COz production from short

incubation periods of one to four weeks. Correlations between plant available N and

respiration reflect the common dependence on the quality of organic matter in various

manures. ln addition, composted manure had greater organic matter stability,

consequently resulting in a reduction in N mineralization and respiration. Strong

correlations were demonstrated between respiration from soils incubated under laboratory

conditions and field plant N uptake in soils that have received manure (Haney et al.,

2001).

2.4.4 SoilDiversity

The abundance and activity of soil microbes are influenced by a vanety of environmental

variables, such as soil type, nutrients, pH, etc. (Grayston et al., 1998). 
'When looking at

the impacts of manure on microbial population, soil diversity should be analyzed to

determine how changes in the population might influence metabolic capacity and

ultimately the mineralizationprocesses. As previously discussed, application of organic

manure can increase microbial activity in general. Manure application is also shown to
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increase soil organic C, microbial biomass and soil microbial diversity (Peacock et al.,

2001). However, the current literature lacks examples of how long-term manure

applications impact soil diversity and its relation to nutrient cycling. Typically, when

describing a community's diversity, the types of organisms present are analyzed; the

number of each population within the community is enumerated; and niche descriptions

are evaluated. Unfortunately, the diversity of the soil microbial communities is more

difficult to describe than other terrestrial communities because of their small size, the

magnitude of population numbers, and the extreme diversity of habitat over very small

distances (< 1 mm). Several methods have been used to describe microbial community

structure and diversity. These include plating isolates, most probable number techniques

(MPl.Ð, substrate utilization profiles, phospholipid fatty acids composition profiles

(PLFA), and various methods of assessing the DNA content of the soil community

(Øvreäs and Torsvik, 1998; Gamo and Shoji, 1999; Pankhurst et al., 2001).

Community substrate utilization profiles have been assessed using Biolog plates (Biolog

Inc., Hayward, California) containing 96 wells and 95 separate carbon sources and one

water blank well. Each well has a redox indicator dye, tetrazolium red that turns purple

to give a positive reaction to indicate microbial growth. Originally, plates designed for

the identification of gram-negative bacterial species were used because of the

predominance of Gram negative, non-spore forming, rod-shaped bacteria such as

Pseudomonas, Agrobacterium and Achromobacter in soils (Maire et al., 1999). Recently,

a more generic microbial community assay plate has been manufactured that

encompasses many of the substrates found in both the gram negative and gram positive
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bacterial identification plates with more emphasis on the former constituents. There are

many positive and negative aspects of using metabolic diversity profiles, also known as

sole carbon source utilization profiles, to describe soil microbial community diversity

(Zak et al., 1994; Haack et al., 1995; Howard, 1997). This methodology does not directly

describe diversity, but rather it is implied by the functional capacity of the sample as

demonstrated by the number of substrates utilized. The greater and range of substrates

used, the greater the implied diversity soil microbial community. However, this approach

does not account for the potential for functional redundancy across a range ofbacterial

species.

The community's diversity as measured by the diversity in metabolic function has been

shown to correspond to genetic diversity (Franklin et a1.,2007). In addition, rnetabolic

diversity profiles have been found to respond of the varying availability of soil cartron

sources (Grayston et al., 1998). Some of the drawbacks of using metabolic diversity

profiles arethat they are selective for culturable microbial populations. This is also a

concern for other microbial diversity methods, such as MPN and direct count. Inoculum

cell density and rate of color development need to be considered (Howard, 1997). High

cell densities are sought after because of the better representation and avoiding lower

dilution effects. However, high cell inoculum's densities could include large amounts of

biodegradable organic matter, thus causing high background color levels. In addition,

faster growing organisms may "mask" slower growing organisms. Even if the slower

organisms only use these carbon sources, the inoculated microbial community also

appears to change during the incubation. Community changes are also observed during
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soil manipulation for the assay set-up. The positive aspects of using Biolog plates to

demonstrate community diversity is they are reproducible (Bossio and Scow, 1995;

Haack et a1.,1995), their strong correlations to other diversity analyses (Widmer et al.,

2001), and their ability to distinguish the effects of different crops and other managemenl

influences. Metabolic diversity profiles are also very successful in differentiating

different types of plant communities, species and changes during the growing season

(Zak et al, 1994; Grayston et al., 1998; Schutter eI al,200I; Petersen et al., 2002).
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3. THE IMPACT OF LONG-TERM MANI-IRE APPLICATION ON MICROBIAL
PROPERTIES IN TEN SITES ACROSS SOUTHERN MANITOBA

3.1 Abstract

The increase number of intensive livestock operations (ILOs) in Manitoba has many

individuals concerned about the environmental impact of these operations (Gibson,

2002). Unfortunately, long-terTn manure-amended plots have not been established in

Manitoba. In the absence of long-term controlled research plots, research trials on farms

that have a history of manure use provide the best opportunity to study the impacts of

manure addition on soil biological properties. Microbes aÍe an essential part in the soil

nutrient cycle and are often used as indicators of soil quality (Gregorich et al, I 994). Our

study examined the effects of manure application on selected microbial parameters.

Microbial biomass carbon (MBC), microbial biomass nitrogen (MBN), respiration,

dehydrogenase, urease, glutaminase, and alkaline phosphatase were measured at ten sites

across southern Manitoba. Each site contained two adjacent fields one with a history of

manure amendment and one that does not. These sites had varying soil characteristics,

manure sources (hog and cattle) and farm management practices. Consequentially,

season, crop, texture, manure types and the length of the manure application history

impacted the selected microbial parameters to varying degrees. Site effects were seen in

all parameters, thus indicating that site-specific effects on nutrient cycling processes

should not be ignored. Soil MBC, glutaminase, urease and dehydrogenase contents were
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the most sensitive to manure amendments and appear to potential indicators o I nranurc

management history.

3.2 Introduction

In the past, farmyard manure was not generally considered a waste product, but an

important nutrient source for crop production. The specialization of agricultural industry

has caused a separation of animal production and crop production. Hence, manure

production does not necessarily occur in proximity to crop production. Further, other

nutrient sources are considered to be more efhcient for use in crop production. With the

growing number of intensive livestock operations (ILOs) in the province (Gibson, 2002),

land application is increasingly seen as a way of managing organic waste. If manure

from ILOs is managed prudently, ecological impacts can be minimized while still

benefiting crop production.

Application of organic amendments is known to increase the size and activity of

microbial populations (Dormaar and Chang, 1995; Filip et al., 1999; Goyal et al.,1999;

Parham et al., 2002). Microbial and biochemical parameters are studied because of tlreir

critical role in nutrient cycling (Fauci and Dick, 1994; Svesson and Pell, 2002). [n this

study, long-term manure amended soils throughout the agricultural zone of Manitoba

were monitored and compared to adjacent sites with little or no history of manure

application. These sites included a range of livestock and crop production systems,

differences in land application and manure management practices of individual farmers
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and soil characteristics. The response of biological parameters to repeated manure

application was assessed for its ability to provide greater understanding of soil nutrient

cycling. Microbial parameters selected for study included microbial biomass C + N,

microbial respiration, and the content of dehydrogenase, urease, glutaminase and

phosphatase enzymes in soil. If these microbial parameters are impacted by long-ternt

manure application, nutrient cycling within the soil will also be irnpacted.

3.3 Objective of the Study

The objectives of the study were to examine how

selected microbial parameters at different sites in

most sensitive to manure amendment.

long-term manure application affect

Manitoba and which parameters are the

3.4 Material and Methods

3.4.1 Experimental Setup and Site Description

All sites were located in southern Manitoba and the soil samples collected in late spring

(MÐ and at harvest time (August) in 2000. Plant samples were collected in August at the

same time as the soil samples. The experimental design was a randomized complete block

with ten blocks and two treatments. Each block represented a site and each site contains

two treatments fields (manured field and non-manured field). These two fields were

separate, but adjacent. Because the sites were located in various areas in Manitoba, each

field was under the management of different producers and had different soil types
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reflecting the influence of the area's soil forming factors (Table 3.1). The crops grown

varied among the different f,relds (Table 3.2). Climatic information from the nearest

weather station and more detailed site histories can be found in the Appendix I.

Four soil samples, each being a composite of ten soil cores collected to a depth of 15 cm,

were randomly selected from each field treatment. The ten sub-samples of soil cores were

collected from a 4 m2 area. For row crops, five soil samples were taken in-row and five

samples between-rows and combined for one composite sample. Samples were stored in

polyethylene bags at 4 "C until analysis. Gravimetric moisture content was determined

for each soil sample, and for each sample period. Bulk density of each sample was

measured in August and used to determine volumetric moisture content prior to any soil

analysis (Table 3.2). Aportion of the refrigerated soil was air-dried and sieved through a

2mm mesh high-speed grinding mill for soil chemical analyzes. For the remainder of the

soil, the soils that were below 70%o field capacity were adjusted to 70o/o fteld capacity by

adding distilled water. This portion of the soil sample was used to determine biological

quality. Only soils at sites 4, 6, 8, 9, and 10 were moisture adjusted. The soils were then

incubated at room temperature for a 7-day period in a humidified chamber before

performing the selected microbial tests.
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Table 3.1 Soil classification and past manure management.

Site Dominant Soil series Canadian soil classification

Non-manured Manwed Non-manured Manured

1

2

Taggart Taggart Gleyed Carbonated Gleyed Carbonated
Rego Black Rego Black

Marquette Marquette Gleyed Rego Black Gleyed Rego Black

Bower Bower

Osborne Scanterbury

Red River Red River

Agassiz Agassiz

Osborne Scanterbury

Ramada Joyale

Niverville Dencress

Aneda Glenhope

())
(Jr

5

6

8

9

Gleyed Black Gleyed Black

Rego Humic Gleysol Gleyed Black

Gleyed Rego Black Gleyed Rego Black

Orthic Black Orthic Black

Rego Humic Gleysol Gleyed Black

Orthic Black Gleyed Rego Black

Gleyed Carbonated Gleyed Rego Black
Rego Black

Orthic Dark Gray Gleyed Carbonated
Rego Black

Livestock
Manure
Type

Feed Cattle

Hog

Feed Cattle

Hog

Dairy Cattle

Dairy Cattle

Hog

Hog

Dairy Cattle

Hog/ Feed
cattle

Manure history
First application; frequency

Non-manured Manured

Never 1930's; every
three years

1960; 1960's; every
possibly 3 or year
4 yrs apart

Never 1986; every

Never to
knowledge

Never

Never

Only once in
1 998

Never to
knowledge
1985; every
three years

Never

three years

1910's; every
yeat

1930's; every
year

1965 or earlier;
every two year

i950's; every
year

1970's; every
three years

1920's; every
year

1982; every
year



Table 3.2 Standing crop and soil physical properties. Statistical significance can be seen in Appendix D.
70%Field

Crop Texture Volumetric H2O (%) Capacity
Date May August %

Treatment Non- Manured Non- Manured Non- Manured Non- Manured Non- Manured
manured manured manured manured manu¡ed

Site

(¡)

Wheat Barley

Barley Canola

Winter Canola
Wheat
'Wheat Wheat

Canola Corn

Canola Corn

L

C

C

HC

HC

L

C

CL

HC

HC

SL

HC

L

Canola Com

Barley Wheat

Barley Corn

Barley Barley10

27.t 32.5

34.2 38.6

31.0 3t.7

SL

HC

SiL

C

SCL

49.5 53.2

45.9 4s.6

18.3 25.2

29.0 34.8

35.5 29.4

25.2 26.2

47.0 38.2

40.4 40.r

t4.6 22.3

35.4 34.6

2t.8 17.8

28.8 24.3

14.6 17.5

C

SCL

50.3 41.6

3r.4 30.2

29.4 30.6

17.7 24.2

r8.7 22.5

23.r 24.r

23.r 22.0

3s.s 39.8

33.2 35.8

t7.9 20.3

38.3 28.9

27.5 20.8

27.3 26.7

20.r 16.4

Bulk Density
Kgm-

Non- Manured
manured

1.16 t.07

1.05 0.83

r.04 r.04

0.86 0.78

0.93 0.86

1.24 1.01

0.75 0.89

0.84 0.94

0.96 0.91

1 .19 1.09



3.4.2 Soil analysis

Detailed summary of procedures used for selected biological assays can be found in Appendix II.

The chloroform fumigation-extraction method was used to determine the soil's microbial

biomass carbon and nitrogen. This method and calculations are outlined by Voroney et al.

(1993). Extractable organic C from the unfumigated samples was also included (Table 3.3) as a

measure of available organic carbon. Glutaminase and urease soil enzyme contents were

determined using a modified method of Frankenberger and Tabatabai (1995) where a NHan

electrode was used to measure ammonium-N. Dehydrogenase and alkaline phosphatase contents

were determined using the methods of Tabatabai (1982). Basal respiration was determined by

incubating 100 g of moist soil in a 500 mL sealed mason jar. A 15 mL headspace sample was

removed at0,4 and 8 hours and stored in 10 mL glass vacutainer (Becton Dickenson #366530).

Samples were analyzed on a gas chromatograph (Varian 3800, Walnut Creek, CA), calculated

and expressed as ¡L COz g-tdry soil hr-r. Air-dried soil samples were analyzed by Norwest

Labs, Winnipeg, MB for used to measure pH, EC (both 1:2 soil:water ratio), nitrate (dilute CaClz

extraction, analyzedby cadmium reduction), sulphfate (dilute CaClz extraction), potassium

(modified Kelowna), phosphorus (modified Kelowna), and9/o organic carbon contents (modified

Wakely Black). Organic carbon, total carbon, and total nitrogen were analyzed using dry

combustion (LECO Corporation, St. Joseph, MI). Some of these values are shown in Tables 4.3

to 4.8. Four manure samples were collected from each site in the fall of 2000 to represent typical

manure quantities qualities that may be applied to each of the fields under study. Their analysis

byNorwest Labs, Lethbridge, AB included moisture, EC (1:10 water), pH (1:10 water),

ammonium (dilute CaClz extraction, analyzed colorometrically) , organic nitrogen (buffered

distillation process), total nitrogen (dry combustion), nitrite r nitrate (dilute CaClz extraction,
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analyzed by cadmium reduction), phosphorus (0.5 M acetic acid solution extraction, analyzedby

inductively coupled plasma emission spectrometry (ICP)), Complete results for manure and soil

samples are presented in the Appendix III and fV, respectively. All relevant analyses were

expressed on an oven dry basis.

3.4.3 Statistical analyses

A two-way analysis of variance was conducted between site x treatment (no-manure or rnanure

application) and selected soil biochemical and microbial parameters using JMP IN 5 software (iç.)

2005 SAS lnstitute, Inc.). Where site x treatment effects were significant, an one-way analysis

of variance was done. All significantly different means for selected parameters were tested for

Least Significant Difference (LSD) with the Tukey-Kramer Honestly Significant Difference

(HSD). Results' tables arc organized from highest to lowest mean values. Statistical analysis of

general soil characteristics are found in Appendix IV. All values are means from four replicate

soil samples. Texfure, manure application history, type of manure applied and current crop were

included for the selected biochemical and microbial parameters to allow observation of possible

trends. Sites 2, 4, 5, 6,7 , and 9 were considered to have longer manure application histories (>

25 years of manure application). The current owner of site ó suspects the manure-amended fleld

as having more than 25 years of manure application. When this farming operation was

purchased in 1965, it was already a well-established operation. Texture classes were also

simplified to fine and coarse textured soil. Sites 1, 6, 8, and 10 were considered coarse textured

soils (clay < 30%). Sites 2, 3, 4, 5,7, and 9 were treated as fine-textured soils (clay > 30%).

Sites 1, 3,5,6, and9 received cattle manure, and the remaining sites received hog manure.
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Table 3.3 Soil physical and chemical properties from the top L5 cm of soil. Statistical significance can be seen in Appendix D.

3.28 3.70

3.94 4.35

u)

3.76 3.67

5.66 6.44

5.89 6.16

2.28 3.34

5.34 5.10

3.80 3.28

4.71 4.8i

2.29 2.09

0.352 0.375

0.38r 0.401

0.368 0.398

0.s37 0.444

0.479 0.542

0.338 0.273

0.444 0.423

0.342 0.388

0.454 0.462

0.268 0.24910

6.9

7.4

7.4

7.6

7.7

6.6

^7 /1t.-

7.2

7.1

6.6

7.8

7.5

7.5

6.5

6.9

7.6

7.5

7.4

7.8

7.6

0.6 1.0

t.2 1.3

0.9 2.7

2.0 2.6

1.3 1.5

t.7 t.6

2.6 1.8

i.0 r.4

2.8 r.2

0.7 t.2

40.0 62.4

55.8 69.2

52.7 66.5

29.6 63.s

4s.s ttI.7

19.8 25.1

45.8 s4.7

66.0 66.0

77.9 77.85

48.5 48.6

41.8 64.1

42.5 60.6

43.4 7s.4

r2.8 35.6

29.9 54.7

3s.7 63.3

31.2 29.9

58.9 88.ó

77.5 72.2

40.r 38.8



Table 3.4 Soil nutrient concentrations in top 15 cm of soil. Statistical significance
can be seen in Appendix IV.

Treatment Non-
manured

Site

Nitrate
May August

Manured Non- Manured
manured

Phosphorus
May August

Non- Manured Non- Mauured
manured manured

1

2

J

/l

5

6

7

8

9

10

---------------kg N ha-'

35 40

86 65

34 77

I 13 145

75 66

103 92

]t 65

39 223

104 41

53 8l

36 92

29 2l

27 26

31 34

21 30

25 48

15 23

t2 27

17 38

2t 15

---------------kg P ha-'

19

t8

54

403

196

134

141

110

6s3

478

53 ll8

136 125

73 ó3

65 401

41 98

25 148

64 l0_j

31 t64

r0r 653

62 253

6'7

210

101

85

57

)z

9l

38

146

JJ
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Table 3.5 Soil nutrient concentrations from top 15 cm of soil con't. Statistical
significance can be seen in Appendix IV.

Potassium
May August

Treatrnent Non- Manured Non- Manured
manured manured

Site

Sulphate
May August

Non- Manured Non- Manured
manured manured

2

J

4

5

6

7

8

9

l0

---------------kg K ha-'-----

843 580 554 l0s6

699 638 827 888

812 581 1t0 682

1 165 t435 964 I 186

1075 1357 892 828

29s 1000 21s 991

946 882 7lt 719

518 909 417 625

519 1463 385 ls41

263 599 246 514

---------------kg S ha-r-------

1621120

47 6 47

397 22 l0 :l I

23 37 15 19

920 530

247 151 25 48

121 l0 ll 15

59 4t ll3 29

3239639

515 44

3.5 Results

3.5.1 Soil microbial biomass carbon (MBC)

The August soil samples generally had higher mean MBC content than May sampled

soils (Table 3.6 and 3.7). Not all the sites responded to manure addition in the same way

(site x treatment, May P < 0.0001, August <0.001). Thus, the effect of manure
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application was site dependent. Among the manure-amended fields, fields with longer

manure management histories generally had higher levels of MBC than soils with no

manure application for both sample dates. Finer textured soils also tend to have higher

levels of MBC than coarser-textured soils for both sample dates. The type of livestock

manure applied or the current crop grown in did not demonstrate a specific trend.

Table 3.6 Mean microbial biomass carbon of soil samples (0-15 cm) among various
sites for May. Letters indicate degree of similarity by comparing all means

usins Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
c*p

Texture

I
Manure Manure
History{ Type$

l

9

A
I

5

t49l
canola

752
barley

960
winter
wheat

619
wheat

s86
barley

556
canola

552
barley

467
barley

a

defg

bcde

defg

efg

efg

efg

fo

1019
corn
1394
corn
1254

wheat
1072
corn

154
canola

915
barley

838
barley

788
corn
692

canola
/141

wheat

989
wneat

866, coerq
canola

abcde F

abF

abc F

abcd F

bcdef C

cdefg C

cdefg C

defg F

gC

L

L

L

L

L

S

S

L

L

S

H

C

H

L

cì

L

H

C

H

H

J

I

l0

6

2

8

ANOVA

Site

Treatrnent

Site x
Treatment

defg

df

9

I

9

Prob>F

<0.0001

<0.01

<0.0001

I

+

$

Texture: F - f,rne-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure applicatiott
Manure type: H- hog manure applied. C- cattle manure applied
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Table 3.7 Mean microbial biomass carbon of soil samples (0-15 cm) among various
sites for August. Letters indicate degree of similarity by comparing all means
using Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

Texturef
Manure Manwe
Historyf Type$

9

+

1

5

J

2

I

l0

6

8

ANOVA

Site

Treatment

Site x
Treatment

ab

cdefg

abcd

abcdef

cedfg

fgh

defg

h

ohÞ^'

r699
canola

1 581

corn
I 196

wheat
1405

corn

IZJJ

canola

920
barley
1017

barley
755
corn
764

canola
759

wheat

a

abc

abcdef

abcde

abcdef

efgh

defg

fgh

ré¡r

fgh

l65l
canola

1098
barley
1493

wheat
I 187

, DCqeI
canota
1206

winter
wheat
l1l3

wheat
154

barley
1021

canola
457

barley
634

barely

Prob>F

<0.0001

NS

<0.001

F

F

F

F

F

c

C

C

C

L

I

TL

L

S

L

S

S

L

S

C

H

H

C

('

H

L

H

C

H

df

9

I

9

t Texture: F - f,rne-textured soil, C- coarse textured soil

f Mamue history: L - long term manure application, S- short term manure application

$ Manure type: H- hog manure applied. C- cattle manure applied

3.5.2 Microbial Biomass Nitrogen (MBN)

The analysis of variance found that the sites were significantly different (sites,

May and August, P <0.0001), but not all the sites reacted the same way for MBN (sites x

treatment, May, P <0.001, August P<0.0001) (Table 3.8, and 3.9). Soils with longer

manure application history and finer texture exhibited higher levels of MBN for both

43



dates. The type of manure applied and the type of crop grown did demonstrate mtnor

influences on MBN levels. Fields applied with cattle manure and cropped to corn tended

to have higher levels of MBN.

Table 3.8 Mean microbial biomass nitrogen of soil samples (0-15 cm) among
various sites for May. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

Texturet
Manure Manure
History{ Type5s

6

7

9

J

5

4

1

2

l0

8

ANOVA

Site

Treatment

Site x
Treatment

Prob>F

<0.0001

<0.01

<0.001

-I--pg N g-' soil--------

281 491,aDcacanola corn
369 168, aD ocoecanola corn
208 350bcde aDbarley corn
262

winter abcd 241 , abcd
wheat canom

r83 259, bcde aDcocanola corn
170 )L9.

wheaÍ wneql
43 214cde Dcoewheat Dartey
128 198 ! rbccle , bcdeDarley canom
-14 131e,,DCOeDarrcy Oartey

9.5 -9.5
dêc

barley wkeat

rr

F

F

F

F

F

C

F

C

C

S

L

L

J

L

S

S

L

C

H

C

H

H

H

H

L

df

9

I

9

I

t
f

$

Textwe: F - fure-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Mamue type: H- hog manure applied. C- cattle rnanure applied
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Table 3.9 Mean microbial biomass nitrogen of soil samples (0-15 cm) among
various sites for August. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

, Manure Mauure
I CXruTCT' History{ Type$

J

5

9

7

10

8

6

1

ANOVA

Site

Treatment

Site x
Treatrnent

434
barley

221
wheat

JJJ

winter
wheat
306

canola
26s

barley
227

canola
r66

barley
159

barley
109

canola
130

wheat

281
canola

320
corn
144

corn
126

corn
93

barley
95

wheat
152

corn
132

barley

Prob>F

<0.0001

<0.01

<0.0001

2

4

316,aocanota
L

L

F

Fbcdef 3!8 
ab

wnear

ab

ab

bcd

bcd

cdef

cdef

ef

ef

bc

ab

def

f

cedf

ef

F

F

F

F

C

F

S

L

L

S

L

5

S

U

C

C

H

t

H

H

H

C

L

df

9

I

9

Texture: F - fine-textured soil, C- coarse textwed soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle Íürnure applied

3.5.3 Basal Respiration

The results for soil respiration in this project were highly variable (Table 3.10).

Observations were not normally distributed and therefore the data was log transformed.

There was a significant site x treatment effect (P <0.05). Thus, each site responded

I

f
$
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differently to manure application. Soil texture, type of livestock, and field manure

history did not have a significant influence on soil respiration.

Table 3.10 Mean basal respiration of soil samples (0-15 cm) among various sites for
May. Soil respiration levels as a measurement of labile carbon source and
activity. Letters indicate degree of similarity by comparing all means using
Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

Texturet
Manure Manure
History{ Type$

--------------mB COz g-' soil h¡-'-------------

363 466.abcawheat barley
436

wheat
74

canola
76

canola
238

barley
198

winter
wheat

r98
canola

l8l
barley

r69
barley

56
barley

abc

abc

abc

235
wheat
310
corn
270
corn
167

wheat

177
canola

153

corn
125

canola
99

barley
9l

corn

abc

abc

abc

abc

abc

abc

ab

abc

bc

10

9

ANOVA

Site

Treatment

Site x
Treatment

L

df

9

1

9

Prob>F

<0.0001

NS

<0.05

T
+
+

$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle Inanure applied
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3.5.4 Dehydrogenase

Site effects greatly affected dehydrogenase responses to manure application in the May

soil (site x treatment, P <0.0001), but not in the soils sampled in August (site x

treatment, ns) (Table 3.11 and 3.12). The impact of manure addition was most

significant in the August samples (treatment, P <0.05), and not for the May samples.

Sites receiving cattle manure tended to have higher dehydrogenase content than those

receiving hog manure, particularly in the samples collected in May. In comparing long-

term manure application histories to short-term in manure-applied fields, no differences

were seen in the dehydrogenase enzyrne responses. Coarse textured soils tended to have

higher dehydrogenase responses than fine textured soils, especially in the August

sampled soils. Current crop also did not appear to affect the dehydrogenase responses on

either sampling dates.
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Table 3.11 Mean dehydrogenase enzyme content of soil samples (0-15 cm) among
various sites for May. Letters indicate degree of sÍmilarity by comparing all
means using Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

Manure Manure
I exnüeT Historyf rype$

l0

TPF ug g

11.37
a

Dafley
J.J /

winter cde
wheat
R??

oqrtey
5.98, DCOe

canota
3.56, cqe

wheat
5.66

barley
4.16

uvuw
Darley
3.07, coe

canola
?{?

, coe
canola

1.80,e
wheat

'soll ff
'7 ñ1

abcd
corn

8.38,aocanon

oattey

aDc
corn
'7 1g

abc
DAney

{ì4":' cde
wneat
4.59

canola
4.46

bcde
corn
2.44

Cle
corn
2.00 c

wheal

S

S

C

A

ANOVA

Site

Treatment

Site x
Treatment

df

9

I

9

Prob>F

<0.0001

NS

<0.0001

I

I
$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term rnanure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table 3.12 Mean dehydrogenase enzyme content of soÍl samples (0-15 cm) among
various sites for August. Letters indicate degree of similarity by comparing all
means usinq Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

Site
Overall

Manure Manure
I CXruTET' Historyf Typet\

8

Treatrnent

ANOVA

3.15
wheat
6.65

barley
4.2r

winter
wheat
3.67

canola
5.27

barley
3.6s

barley
2.51

canola
2.39

wheat
2.81

canola
2.42

barley

3.68 a

'7.83

barley
7.58

barley

6.72
canola

6.40
corn
5.19
corn
4.41

canola
3.88
corn
3.64

wheat
2.51

corn
2.73

wheat

5.49b

10

TPF ug g-' soil hr -'--------------

5.49 ab

7.12 a

5.47 ab

5.04 abcd

5.23 abc

4.06 bcde

3.20 bcde

3.02 cde

2.69 de

2.58 e

Site 9 <0.05

Treatment I
Site x

Treatrnent 9

<0.05

NS

t Texture: F - fine-textured soil, C- coa¡se textured soil

{ Manure history: L - long term manure application, S- short term manure application

$ Manure type: H- hog manure applied. C- cattle manure applied
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3.5.5 Glutaminase

The nitrogen mineralizing soil enzpe glutaminase was found to have significant

differences between the different sites (May, P <0.0001; August, P <0.01) (Table 3. 13

and 3.14). Although the overall aveÍage for the manure-amended soils was higher than

the non-manured soils, only the August samples exhibited a signifìcant treatment eflect

(P<0.01). The values from the enzpe assay analysis were notably higher for the AugLrst

treatment (P S.0001). Glutaminase enzyme potential for May ranged from 0. l3 to 80 mg

NH4-N kg-r soil hr -r with an average of 22 mgNH+-N kg-r soil hr -1. Whereas for

August, the glutaminase values ranged from 4.8 to 360 mg NHa-N kg-r soil hr I with an

average of 86 mg NH¿-N kg-r soil hr -r. Soils amended with cattle manure showed higher

glutaminase content than hog manure-amended soils. Soils with long-terrn manure

application exhibited higher levels of glutaminase enzyme contents in the May soil

samples. The history of manure application did not appear to affect soil glutaminase

enzpe contents in the August samples. The type of crop grown also influenced soil

glutaminase contents in the May sampling. Soils cropped to corn had significantly higher

glutaminase content for both sample dates relative to frelds cropped to cereals or pulses,

respectively.
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Table 3.13 Mean glutaminase enzyme potential of soil samples (0-15 cm) among
various sites for May. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Texture

T

Manured
Crop

Site
Overa

II

Manure Manure
Historyf TypeS

------------mg NH4-N kg ' soil hr -'---------------

10

35.3
cønola

30.0
canola

32.6
barley
30.9

barley
2l.6

barley
18.5

barley
19.1

canola
12.6

winter
wheat

4.8
canola

1.2

wheat

df

9

I

9

44.0
corn
41.3
corn
40.4
corn
30.3

canola
25.2

barley
25.1

barley
8.3

corn

39.7 a

35.7 ab

36.5 ab

30.6 abc

26.4 bc

2l.8 cd

13.7 de S (-

4

ANOVA

Site

Treatrnent

Site x
Treatrnent

11.9 r11, r¿.) de
canom

6.9 ).y e
corn
3.'1 2.5 e

wheat

Prob>F

<0.0001

NS

NS

I

I

Texture: F - fine-texfured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table 3.14 Mean glutaminase enzyme potential of soil samples (0-15 cm) among
various sites for August. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

Site
Overall

Texture Manure Manure

f History{ Types\

-------------mg NH4-N kg-r soil hr -l

175.2 l l l.0 t43.1 a

122.9 ab

94.1 abc

104.7 abc

90.6 abc

71.3 bc

65.5 bc

64.0 bc

41.9 c

51.2 c

wheat
9l.2

barley
44.4

canola
83.3

canola
95. l

winter
wheat
67.6

barley
70.8

barley
58.6

wheat
33.3

barley
43.5

canola

76.3 a

barley
r54.6
corrl
143.8

corn
t26.r
corn

86.1
canola

14.9
barley

60.2
wheat
69.3

wheat
62.5

canola
58.9
corn

94.7 b

('

10

7

Treatment

ANOVA

Site

Treatment

Site x
Treatment

df

9

I

9

Prob>F

<0.01

<0.01

NS

I

+

$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle Íurnure applied
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3.5.6 Urease

Urease enzpe potential was found to differ greatly among sites (May, P 10.0001;

August, P <0.01) (Table 3.15 and 3.16). Site effects also influenced the urease erìzyn.ìe

responses to manure in the May sampling (site x treatment, P<0.0001). Urease increased

from seeding time (May 25.7 mgNH+-N kg-r soil h-r¡ to harvest, August 57.5 mgNH+-N

kg-r soil h-t¡. the potential urease activity ranged from 3.7to 126 mgNH4-N kg-r soil hr-

t. For both sample dates, manure application tended to increase the soil's urease enzqe

content in most cases. On average, the manure-amended soils had a higher urease

response (63 mg NH4-N kg-r soil hr-r; than the non-amended field (52 mg NHa-N kg-l

soil hr-') but this difference was only statistically significant at two sites (Table 31 .5).

Soils amended with livestock manure of different types did not demonstrate significant

differences in urease content. Long-term manure application influenced the soil's urease

content in May, but this effect wasn't seen in the August samples. Fine-textured soils

also showed higher urease enzpe potentials in the May samples. Texture alone did not

show significant differences in urease content. Planted crop influences on urease ernpe

potential were difficult to ascertain.
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Table 3.15 Mean urease enzyme potential of soil samples (0-15 cm) among various
sites for May. Letters indicate degree of similarity by comparing all means
usins Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

Texture Manure Manure

f History{ I yp..*

-------mg NH4-N kg-r soil hr -r---------

ÍC

abc

cd

cd

cd

cd

cd

cd

cd

ab

bcd

bcd

bcd

l0

Aa<

canola
22.4

canola
19.2

wheat
37.9

barley
17.9

canola
24.5

barley
24.1

barley
23.6

barley
13.7

winter
wheat
12.7

wheat

abc

30.0
cotn
40.8
corn
40.7

wheat
30.0

canola
30.5
corn
21.4

wheqt
21.3

barley
"r"t A

corn

19.0
canola

17.5
barley

abc

abc

1

ANOVA

Site

Treatment

Site x
Treatment

Prob>F

<0.0001

<0.01

<0.0001

Texture: F - fure-textured soil, C- coarse textured soil
Manwe history: L - long term manure application, S- short term rnanure application
Manure type: H- hog manure applied. C- cattle rnanure applied

df

9

I

9

T
+
+

J
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Table 3.16 Mean urease enzyme potential of soil samples (0-15 cm) among various
sites for August. Letters indicate degree of similarity by comparing all means

usins Tukey HSD (P:0.05).

Non-
manured

Crop

Mamued
Crop

Site
Overall

Texture Manure Manure

t Historyf Type$

-------------mg NH4-N kg-t soil hr -r---------------

60.2
wheat
59.3

canola
46.7

wheat
52.0

winter
wheat
67.2

barley
67.8

barley
32.8

canola
5r.7

barley
32.2

barley
46.7

canola

51.1 a

89.6
wheat
81.9
corn
12.4

barley

67.9
canola

56.1
barley
57.7
corn
49.9
corn
50.8

wheat
36.0
corn

63.3 b

Prob>F

<0.01

<0.01

NS

74.9 a

10.6 a

59.6 abc

7o'2. 
61.1

canola

10

67.6 ab

62.0 abc

45.3 cde

50.8 bcde

41.5 de

41.4 e7

Treatrnent

ANOVA

Site

df

9

Treatment I

Sitex s
Treatrnent

t Texture: F - fine-textured soil, C- coarse textured soil

{ Manure history: L - long term manure application, S- short term manure application

$ Manure type: H- hog manure applied. C- cattle manure applied
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3.5.7 Alkaline Phosphatase

Soils sampled in May showed differences among sites and their responses to manure

application (site P <0.001; site x treatment P <0.001) (Table 3.17). Fine-textured soils

from August tended to have higher phosphatase potentials (Table 3.18). These soils were

also generally cropped to corn. No trends were observed among phosphatase enzyme

content means for different current crop or the type of livestock manure applied.

Although soils planted to barley had lower observable phosphatase potentials.
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Table 3.L7 Mean phosphatase enzyme content of soil samples (0-15 cm) among
various sites for May. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P:0.05).

Site
Non-

manured
Crop

Manured
Crop

Texturef Manure Manure
History{ Type$

243
wheat
313

canola
228

winter
wheat

176
canola

r6s
wheat
220

barley
r79

canola
t7l

barley
r69

barley
157

barley

df

9

I

9

bcde
384

wheat
306
corn

264
canola

238
corn
222

barley
164

wheat
216
corn
189

canola
72

barley
111

corn

ab abc

abcd

bcde

bcde

def

bcde

bcdef

I

ef

l0

bcde

cdef

def

bcde

cdef

def

def

def9

ANOVA

Site

Treatment

Site x
Treatment

L

Prob>F

<0.0001

NS

<0.001

+
I

r
A

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle rrnnure applied
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Table 3.18 Mean phosphatase enzyme content of soil samples (0-l5 cm) among
various sites for August.

Site
Non-

manured
Crop

Manured
Crop

Texturet
Manure Manure
Historyf Type$

10

t]2
wheat

243

barley
203

canola
222

canola
127

wheat
t99

barley
t32

barley
176

winter
wheat

110
canola

160

barley

258
wheat
200
corn
228
corn
t66
corn
212

barley
t23

barley
192

canola

184
canola

181

corn
161

wheat
8

ANOVA

Site

Treatment

Site x
Treatment

C H

df

9

1

9

Prob>F

NS

NS

NS

T
T
+

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle rwlnure applied
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3.5.8 Correlations among parameters

At the beginning of the growing season (May), significant correlations were observed

among the microbial parameters and between microbial and soil parameters more

frequently than at harvest (August). The number of statistically significant correlations

between microbial parameters was greater in the soil samples collected from the non-

manured fields (Table 3.19) than in those collected from the manure-amended fields

(Table 3.20) for May. However, soils sampled in May showed stronger correlations for

manure-amended fields than those not receiving manure. Organic C was not correlated

with any of the microbial parameters in the non-manured field. Total N was correlated

with MBC, MBN and phosphatase in the non-manured fields (Table 3.21). In the

manure-amended field, both organic C and total N were significantly correlated with

MBC and urease (Table 3.22). Soil ammonium, sulfate, phosphate, pH and EC levels

exhibited minimal and inconsistent relationships with soil microbial parameters in all

sites. Total N, nitrate, OM and soil texture were correlated with microbial parameters to

varying degrees. Microbial biomass C had stronger correlations with soil enzynne

responses in the non-amended fields.

At harvest time, there were few correlations amongst the microbial parameters. MBC

levels in the August non-manure amended samples showed greater correlations to MBN,

urease and phosphatase (Table3.23). Correlations among the microbial parameters in tlre

mannre-amended field samples showed greater range in the fall sampling (Table 3.24).

Urease and MBN were strongly correlated in the soils collected from manure-amended

fields in the August sampling. In contrast to the May sampling, the organic C was highly
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correlated with MBC, MBN and phosphatase in the soils collected from the non-manure

amended fields (Table 3.25). MBC, MBN and phosphatase had the most numerous

strong correlations with our selected soil parameters. In soils collected from the ntanLtre -

amended fields, only the MBC showed more significant correlations with the selected

soil parameters (Table 3.26). Urease and dehydrogenase responses were not highly

correlated with other microbial parameters in the August sampling. Glutaminase did not

correlate with any soil microbial parameters in the August sampling.

Overall, many of the parameters were positively correlated with clay content. MBC had

the most positive correlations with all the parameters. Dehydrogenase and glutaminase

also showed a greater tendency for negative correlation, when correlations were

significant. Soil respiration measurements were not well correlated with deliydrogerrase .

Table 3.19 Coefficients of pair-wise correlation (r) matrix for microbial parameters
for 10 Manitoba soils May 2000 in non-manured fïeld samples.

MBC MBN Dehydrogenase Urease Glutaminase

MBN 0.68'k')k*

Dehydrogenase ns ns

Urease 0.38* ns ns

Glutaminase -0.43** ns 0.40+ ns

Phosphatase 0.59xt<* 0.48** ns 0.42*+ ns

ns : not significant.
*, **, *** Significant at P <0.05, P <0.01, and P 10.001, respectively.
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Table 3.20 Coefficients of pair-wise correlation (r) matrix
for 1.0 Manitoba soils Mav 2000 in manure-amended

MBC MBN Dehydrogenase Urease Glutaminase

for microbial parameters
field samples.

MBN
Dehydrogenase
Urease
Glutaminase
Phosphatase

0.42**
ns 0.36*

0.33* ns

NS NS

NS NS

NS

0.47** -0.45**

-0.42**
NS

-0.32*

ns : not significant.

", 
**, *tÉtc Significant at P <0.05, P <0.01, and P 10.001, respectively.

Table 3.21 CoeffTcients of pair-wise correlation
soil parameters for 10 Manitoba soils May

(r) matrix between microbial and
2000 in non-manured field samples.

MBC MBN Dehydrogenase Urease Glutaminase Phosphatase

%o Organtc C
% TotalN
Nitrate
Ammonia
Phosphate
Potassium
Sulphate
%oClay
%Sand
pH
EC

NS

NS

-0.47**
NS

NS

-0.551<,É*

0.37*
-0.36*

NS

0.64**
ns

NS

NS

NS

NS

0.46**
NS

NS

0.35*
NS

NS

NS

NS

NS

-0.42**
NS

NS

NS

NS

ns
NS

NS

NS

NS

0.374
0.38*

NS

NS

0.46**
NS

0.33*
-0.37*

NS

NS

NS NS

0.43** 0.32*
0.501.*{, ns

NS NS

NS NS

0.62*** 0.38*
ns 0.39*

0.72*** 0.47**
-0.61 ** ns

NS NS

0.39x 0.59***

ns : not significant.
*(, t<tr, t'*t< Signifrcant at P <0.05, P <0.01, and P 10.001, respectively
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Table 3.22 Coefficients of pair-wise correlation
soil parameters for l0 Manitoba soils May
samples.

(r) matrix between microbial and
2000 in manure-amended field

MBC MBN Dehydrogenase Urease Glutaminase Phosphatase

%oTotal C
% TOTAI N
Nitrate
Ammonia
Phosphate
Potassium
Sulphate
%oM
o/oClay

%Sand
pH
EC

0.55*'ß* ns

0.51**r, ns

0.38+ ns

NS NS

0.46** ns

0.57t,{<i. ns
NS NS

0.53*** ns
0.521 :r,1, ns

-0.46** ns

ns 0.35*
NS NS

-0.37*
_0.60*{<*

NS

ns
NS

NS

-0.43 **
-0.46**
0.50t*
0.47**

NS

NS

0.51{"r'<{'

0.64***
0.37*

NS

NS

0.51,k*i<
NS

0.70**i.
0.63{.x*
_0.52***

NS

NS

NS

NS

-0.42**
NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.52 * '*x

0.4J**
NS

NS

llù

NS

0.54*{<t'
0.42**

NS

NS

0.57'¡'t'i{'<

ns : not significant.
*, **, *tc* Significant at P <0.05, P <0.01, and P <0.001, respectively.

Table 3.23 Coefficients of pair-wise correlation (r) matrix for microbial parameters
for 10 Manitoba soils August 2000 in non-manured fÏeld samples.

MBC MBN Dehydrogenase Urease Glutaminase Phosphatase

MBN 0.53***
Dehydrogenase ns

Urease 0.33*
Glutaminase ns

Phosphatase 0.66+**
Respiration ns

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

ns : not significant.
*, *tr, t'*t( Significant at P <0.05, P <0.01, and P <0.001, respectively.
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Table 3.24 Coefficients of pair-wise correlation (r) matrix for microbial parameters
for 10 Manitoba soils August 2000 in manure-amended field samples combined.

MBC MBN Dehydrogenase Urease Glutaminase Phosphatase

MBN 0.32*
Dehydrogenase ns ns

Urease ns 0.52**tr 0.36+
Glutaminase ns ns ns ns

Phosphatase 0.40* 0.38* ns 0.37* ns

Respiration ns ns ns ns ns

ns : not significant.
*, t'*, ***Ê Significant at P <0.05, P <0.01, and P <0.001, respectively.
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Table 3.25 Coefficients of pair-wise correlation (r) matrix between
August 2000 in non-manured field samples.

% Organic C
% Total N
Nitrate
Ammonia
Phosphate

Potassium
Sulphate
%oClay

%Sand
pH
EC

Þ

MBC

0.73*rÉ* 0.50*{.{<
0.49** 0.59r<{<*

0.32+ ns

NS NS

0.33* 0.42**
ns 0.54**{<

0.34x ns

0.57*** 0.48**
_0.61*x* _0.38**

NS NS

0.64*x* 0.46**

MBN Dehydrogenase

ns : not srgnlllcant.
*, *,<, 'é** Significant at P <0.05, P <0.01, and P 10.001, respectively.

NS

NS

NS

NS

0.3 1+

-0.39*
NS

NS

NS

NS

ns

Urease Glutaminase

NS

NS

NS

NS

NS

NS

NS

0.36*
NS

NS

NS

microbial and soil parameters for 10 Manitoba soils

NS

ns

NS

NS

NS

NS

NS

NS

NS

NS

NS

Phosphatase

0.61r'.{<*

0.45**
0.34*

NS

NS

NS

NS

0.32*
-0.42+*

NS

0.34*

Respiration

NS

NS

NS

NS

NS

0.43**
NS

NS

NS

0.65{.,ßr<

ns



Table 3.26 Coefficients of pair-wise correlation (r) matrix between microbial and soil parameters for 10 Manitoban
soils August 2000 in manure-amended field samples.

%o Orgarrrc C

% Total N
Nitrate
Ammonia
Phosphate
Potassium
Sulphate
%oClay

%Sand
pH
EC

(r

0.68{'.x*
0.65***

NS

NS

0.58r<*c{'i

0.48**
NS

0.57rÁ*{.
_0.58>r'Éi.

NS

NS

MBN Dehydrogenase

0.33*
0.48+*
-0.36*

NS

NS

NS

NS

0.54**
-0.39*

NS

NS

ns : not significant.
*, **, *xx Significant at P <0.05, P <0.01, and P <0.001, respectively.

ns

NS

NS

NS

NS

NS

NS

-0.39*
0.45x*

NS

NS

Urease

NS

NS

NS

NS

NS

0.32*
NS

NS

NS

NS

NS

Glutaminase

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Phosphatase

0.44**
0.48**

NS

NS

NS

NS

NS

NS

NS

NS

NS

Respiration

NS

ns

0.39*
NS

NS

NS

NS

NS

NS

0.40**
NS



3.6 Discussion

The strongest, most evident trend among all the parameters observed in the study is the

differences in responses among sites. The many site x treatment interactions emphasizes

how many of the parameters react differently to manure application at various sites.

There aremany factors that influence the productivity and biochemical characteristics of

a soil. These same factors also influence the biological composition of the soil. Climatic

differences, soil physical and chemical properties and other organisms all affect the

activity of the microbial community resulting in site-specific differences. It is not

surprising that these site effects are evident in this study and that the responses to rnanLlre

addition is also site speciñc as all of the factors influencing the microbial contntLmrt;- alsrr

affect microbial biomass carbon and nitrogen, soil enzymatic response and many other

biological parameters.

Manure application influenced microbial biomass carbon (MBC), microbial biomass

nitrogen (MBN), dehydrogenase, and urease contents for some sites on at least one of the

sample dates. At most sites, soils sampled in May exhibited significantly greater MBC

levels in the manure-amended soil than non-manure amended soils. Other researchers

have found that MBC levels rise with the application of organic amendlnents (Fauci and

Dick, 1994;Zananet a1., 1999a,1999b), including manure (Lalande et al., 2000). If

microbial biomass C were well correlated to gross N mineralization and it may be a

useful indicator of soil fertility as shown by Zaman et al. (1999a).
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Soil microbial biomass nitrogen (MBN) levels were strongly impacted by manure

application. Although in general, manure-amended sites often possessed higher levels of

MBN in the spring, the non-manure amended samples frequently had higher levels in the

August samples. Fields with a longer history of manure application had higher levels of

MBN. Zaman et aI. (L999a) found that mineral N can increase MBN levels because

ammonium can be readily assimilated by microorganisms depending on available C

substrate levels. MBN levels in this study were not correlated to nitrate or ammonium

levels, and both of which were higher, but varied among sites in the August sampled

manure-amended soils. MBN did not prove to be useful in distinguishing the impact of

manure amendment on soil nitrogen status.

Dehydrogenase content was significantly higher in the fall, and manure application

effects were also visible at that time. The increased levels of microbial activity, as

indicated by dehydrogenase, could be attributed to increased levels of soil organic C and

inputs of available soil C from manure application (Kandeler and Eder, 1993; Lalande et

a1.,2}}};Marinari et aI.,2000). There was also some distinction betrveen sites u'ith a

history of long-term vs. shorter-term manure applications, where short-term manure

application histories had higher levels of dehydrogenase content. However, soil texture

may have played a greater influence on this observable trend.

Measured soil urease content was significantly increased by manure application as

indicated by a manure treatment effect in the August samples. Other research has also

found this to be the case (Zaman et al., 1999b; Lalande et al., 2000). In addition, our
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study observed that the influence of manure application on urease content was greater for

sites with long-term manure-amended soils in the May. Urease enzrye content has

proven to be a useful tool to differentiate between manure amendment histories. The

positive correlation between nitrate and urease contents in the May samples could be

attributed to nitrification. As urease breaks down urea (found in manure) to ammonium,

the ammonium is nitrified further into nitrate (Hasan, 2000).

Soil respiration was not responsive to manure application. Other long-term manure

application studies have found that basal respiration rates were correlated with SOM and

available C (Svensson and Pell, 2001). We found soil respiration to have very few

correlations to chemical and biological parameters. Since greater EOC levels were

observed in the manure-amended fields, differences in basal respiration were anticipated.

Most measures of soil respiration include longer soil incubations than that used In our

study or longer periods of time. Other researchers have found longer incubations times

provide better correlation with MBC, MBN, N mineralization (Franzluebebbers et al.,

1995). However, extended periods of monitoring basal respiration would not provide a

convenient method of quantifying soil microbial activity and would not be a useful

fertility analysis.

Manure application did not influence soil phosphatase and glutaminase contents

significantly in this study. Although glutaminase is an N cycling enzpe, very little

research has been conducted on glutaminase's role as a soil quality parameter and its

responses to organic amendments. Other researchers have found that phosphatase
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responses were greater in manure-amended soils than in non-manure amended soils due

to organic phosphorus contained within the manure (Oberson et al., 1996). Our study

showed correlations between phosphastase, MBC, MBN, dehydrogenase, urease, and

glutaminase. Thus, the active microbial community in this study may be inflr.rencing thc

phosphatase responses, and not all the phosphatase content is due to abiontic soil

enzvïnes.

The type of manure applied to soil can also affect microbial parameters.

Dehydrogenase, glutaminase, and MBN generally showed increased responses to cattle

manure application. Cattle manure commonly has a higher C:N ratio than hog manure

(Qian and Schoenau,2002). V/ith more available energy sources in cattle-amended soils,

it is not surprising that certain microbial parameters would be higher in these soils.

Organic amendments have been shown to positively influence dehydrogenase activity

(Ritz et a1.,1992; Hadas et aL.,1996; Albiach et al., 2000; Lalande et al., 2000; Parhanr et

a1.,2002). As most dehydrogenase responses to organic-amendments tend to be short lll

duration (Hadas et al., 1996), it is not surprising that the impact of manure type is only

seen in the spring sampling. Although a general effect of manure application on

glutaminase responses was not apparent, the effect of different manure types did.

Glutaminase soil enzyme levels were consistently higher in cattle manure-amended soils

in the spring and at harvest. This could be related to the higher concentration of available

carbon in cattle manure (Qian and Schoenau,2002). Manure application has also been

shown to significantly increased MBN levels relative to legume or inorganic amendments

(Fauci and Dick, 1994). Fauci and Dick (1994) found long-term beef manure application

had a greater influence on microbial biomass than pea vine amendments. Although
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inorganic fefülizer can increase MBN, manure application can increase MBN to a greatel

extent and for a longer duration than inorganic N amendments (Zaman et al., 1999a).

MBN responses in manure-amended soil reflect microbial assimilation of N in the

presence of available carbon from the manure application (Zaman et al., 1999b).

Texture had a large impact on microbial parameters. There are many factors that

influence microbial interaction with different types of soil particles. Greater amounts of

available water, cation exchange capacity (CEC), organic matter, and microbial activity

are typically seen in fine-textured soils than coarse textured soils. Fine textured soils had

higher MBC levels for all sites. Thomsen and Olesen (2000) found that fine-textured

soils increased the physical protection of their nutrient substrates. So clay particles may

not only protect soil nutrients, it may also protect microbial populations; keeping them

more nourished and hydrated (Chenu and Stotzky,2002). In contrast, coarse-textured

soils were found to have greater dehydrogenase responses. It may be that coarse textured

soils have better aeration than clay because of the larger pore sizes (Chenu and Stotzky,

2002). Coarse-textured soils also tend to have increased C mineralization from manure

possible due to greater aeration and less physical protection of substrates (Thomsen and

Olesen (2000). This greater aeration may have enhanced differences irr delrydrogenasc

content between the manure and non-amended fields. Better aeration increases

mineralízation potential as nutrients are metabolized more efficiently.

Texture imparted the greatest influence on phosphatase enz¡rme content after site effects.

It is not surprising that soils with higher percentages of clay would exhibit signìficantly
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higher phosphatase responses. It is well known that soil enzymes, such as phosphatase

are stabilized by clay minerals and organic matter (Burns, 1986; Gianfreda and Bollag,

1994). Not only can fine textured soils contain more active phosphatase enzymes,

manure application can enhance phosphatase enzyme responses. However, phosphatase

enz;1rrre activity is recognized as being controlled by a negative feedback loop (Clarholm.

1993; Sinsbaugh et a1.,1993; Tadano et al., 1993; Dormaar and Chang, l995lOlander

and Vitousek, 2000). Deficient phosphate levels would stimulate enzpe production and

activity if controlled by a negative feedback mechanism. Although all sites generally had

high levels of phosphate, an abundance of phosphate in the environment should of

suppressed enzpe production and activity. Other researchers also failed to observe

distinct expression of a negative feedback mechanism (Harrison, 1982; Adams, 1992).

Although the manure-amended fine- textured soils exhibited higher phosphatase enzylrìe

responses, they also had higher phosphate levels, but they were not well correlated.

Thus, some soils may not have reached the threshold level of phosphate required to

trigger enzpe inhibition for that soil's texture. The soils' accul.nulated, stable. abiontic

phosphatases were not influenced by current P levels (Marinari et al., 2000). And lastly,

the high phosphate levels could be halting fuither production of the phosphatase

enz)¡mes, although both phosphate and phosphatise levels were high. Higher phosphatase

responses seen in fine textured soils could be offering a protective environment against

soil's proteolytic enzymes and allow the accumulation of phosphatase on soil colloids

over time. Microbial biomass C and N were also influenced by texture, and could also be

protected and nourished in the micropore environment of finer-textured soils.
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The effect of crop was most evident with corn relative to the cereals or pulses. Not only

did corn produce a large amount of plant biomass, but ut us considered a high Irutrierlt

demanding crop that is frequently planted in soils receiving high rates of manure

application. At some of this study's sites, producers grew com because of its high

nutrient demands as a means to counter balance the effects of excessive nutrient loading.

'Whether it was due to crop effects or nutrient loading, soils collected from these

cornfields had higher levels of MBC, glutaminase and urease content. Other studies Irave

found continuous com to have the highest bacterial biomass compared to other rotatiotls

(Jordan et al, 1995). Thus, some of the aforementioned parameters may be influenced by

the standing crop. Dehydrogenase and respiration were not influence by the type of

standing crop. Crop influences were not observed on alkaline phosphatase. This nray

reflect the microbial origin of alkaline phosphatase. Acid phosphatase analyses are

tlpically used to access phosphatase production from both plant and microorganisms

(Tabatabai,1982). Alkaline phosphatase activities are associated with bacterial

populations.

3.6 Conclusions

Texture, crop, manure type, seasonal climatic variations and soil manure history all

influenced microbial parameters. MBC, glutaminase, urease and dehydrogerìase collte nts

were the most sensitive to long-term manure application and could be useful in predicting

soil nutrient cycling. Overall, microbial parameters appear to be site dependent as all

sites were signifrcantly differentiated. The response to manure application was also seen

:1¡¿.
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to be site dependent. Site conditions are what make site and the microbial responses to

them unique. As a result, approaches to soil nutrient management of manure should be

responsive to varying site characteristics.
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4. NITROGEN MINERALIZATION POTENTIAL IN MANURE-AMENDED
SOIL A¡{D ITS RELATIONSHIP TO VARIOUS SOIL BIOCHEMICAL AND

CHEMICAL CHARACTERISTICS.

4.1 Abstract

The difficulties in predicting N mineralization in soil are compounded by the addition of

manure. The relationship of various physical, biochemical and chemical indices to

estimates of soil nitrogen mineralization were analyzed in ten long-term manure-amended

sites and compared to adjacent fields with minimal to no manure history. Paranteters

included KCI extractable NHa*, mineral N production during a seven day laboratory

incubation, the content of urease, glutaminase, phosphatase enzymes in soil, soil

microbial biomass carbon (MBC), microbial biomass nitrogen (MBN), NO¡', S, P, K, pl'{.

electrical conductivity (EC), organic carbon content (OC), extractable organic carbon

content (EOC), and total N. The influence of site, manure application history, crop,

manure t1pe, manure application duration, and texture differences was observed. Site

was the most significant factor in this study, suggesting the need for a site-specific

approach to mineralizationmodelling. A step-wise regression analyses was used to select

the best predictors of plant available nitrogen, a field-based estimate of N mineralization.

The significance of the components in the regression equations varied between lltanure

and non-amended soils. The most significant vanables influencing N mineralization irt

the manure-amended soils were MBN, urease, organic carbon, pH and sand content (Rt :
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0.76). ln sites not receiving manure, the most significant variables influencing N

mineralization were soil NH¿*, NOs-, urease and glutaminase contents (R2 : 0.80). Thus,

not only are biologicalpararrcters influential in predicting field N mineralization,

physical and chemical soil characteristics were also significant. This further enforces the

need for a broad approach to predicting N mineralization that may require examination of

individual site and manure characteristics.

4.2 lntroduction

In Manitoba, there is a growing trend towards large intensive livestock operations (lLOs).

These operations tend to produce large volumes of manure in a concentrated area. For

example, in2002 the rural municipality of Hanover had 430 ILOs in an area less than 746

km21cibson,2002). In some cases, a small associated landbase has resulted in

application of manure in excess of crop nutrient requirements either through the

application of high rates of manure or repeated application to the same land. particularly

land adjacent to the manure source. High rates of manure application affect the soil's

chemical, physical and biological properties including increased N mineralizafion

potential (Whalen et a1.,2001). Understanding N mineralization in manure-amended soils

is important to prevent the over-application of nutrients to soil systems and protect

against environmental damage (Chang and Jaruen, 1996). Conversely, properly utilized

manure is a valuable resource improving soil quality and fertility.
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The efficient use of nutrients in crop production requires that sufficient nutrìent ls

available to support plant growth, while avoiding the accumulation of excess rlutrlellts Irr

forms that may have an adverse impact on the environment. One of the challenges tn the

efficient utilization of the nutrients contained in manure is accurately predicting the

release of nutrients from organic forms. For decades researchers have been attempting to

measure and predict N mineralization in soil. Many factors influence N mineralizalion in

situ. Inthis paper, we will examine avanety of parameters relevant to nitrogen

minerulization and assess their ability to predict plant available nitrogen, a field-based

estimate of nitrogen mineralization. ln addition the impact of long-term manure

application on these relationships will be assessed.

4.3 Objective of the Study

The purpose of this study is to assess the sensitivity of various chemical indices to

manure application and to assess the degree to which these indices may be used to in

predicting plant available nitrogen, a field-based estimate of N mineralization.

4.4 Material and Methods

4.4.1 Experimental Setup and Site Description

The experimental design of this project was previously described in Chapter 3 (Section

3.4.1). All sites were located in southern Manitoba and the samples collected in late

spring (May) and at harvest time (August) of 2000. The experimental design was a
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randomized complete block with ten blocks and two treatments per block. Each block

represented a site and each site contained two treatments (manure-amended field, and

non-amended field). These two fields were separate, but adjacent. Climatic information

from the nearest weather station and more detailed site histories can be found in the

Appendix A. Each field was under different management, had different soil types (Table

3.1) and was planted to different crops (Table 3.2). This experimental set-up is not a

classical randomized block design in that cropping practices were not consistent betu,een

blocks and minor soil and field management differences existed between fields at each

site. While long-term controlled manure-amendment studies across soil type would have

been preferred, sites of this nature do not exist in Manitoba. Our design attempted to

capture the long-term influence of manure amendment in a wide range of soils relative to

soils that did not have a history of intensive manure application. The use of side-by-side

producer fields was seen as the most effective means of assessment.

Four soil samples, each being a composite of ten soil cores collected to a depth of 15 cm,

were randomly selected from each field treatment. The l0 soil cores were collected front

a 4 m2 area. For row crops, five samples were taken in-row and five samples between-

rows and combined for each composite sample. Samples were stored in labelled

polyethylene bags at 4 "C until analysis. Gravimetric moisture content of each soil

sample was measured for each sample period. Bulk density of each sample was

measured in August and used to determine the soil's volumetric moisture content (Table

3.2). Aportion of the refügerated soil was air-dried and passed through a2 mm sieve. It

was used to measure chemical soil parameters. To remove the effect of temperature and

moisture, soils were brought to 70o/o of field capacity and incubated for seven days aL 25
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oC prior to the measurement of microbial parameters. Methodologies used to analyze

microbial biomass carbon and nitrogen, glutaminase, urease, phosphatase,

dehydrogenase, basal respiration and various soil and manure chemical parameters can be

found in Chapter 3, Appendix III and IV.

4.4.2 Kclextractable NH¿+

The procedure used for determining ammonium extracted by 2M KCI followed the

general methods of Gianello and Bremner (1986a, b). Out of 12 chemical methods,

Gianello and Bremner (1986a) found the NH+* released during a 4 hr extraction in 100 "C

2M KCl and subsequent distillation (Equation 4.1) to be one of the best correlated to

biological laboratory measures of N mineralization. Therefore, this method was selected

for use in this study. This method involves measuring total-KCl extractable NH.r- and

cold-KCl extractable NHa* and determining the difference. These three values were used

in this study (total-, hot-, and cold-KCl extractable NH¿*). Duplicates of 3.0 g of soil

were placed in 250 mL Tecator (Ensinger, Iflc., Washington, PA) digestion tubes.

Twenty mL of 2M KCI was added to each set of tubes. The tubes were mixed using a

vortex mixer. One set was heated at 100'C for 4 h in a Tecator digestion block and was

analyzed for ammonia following distillation of the KCI extraction (total-KCl extractable

NHa*). The remaining set was left for 2hr at room temperature and was used for the

cold-KCl extraction. Normally, the cold-KCl extraction method uses 4 hr of standing at

room temperature. This was shortened to allow for better lab time efficiency. The NHr'

content of each digest was determined using steam distillation for 5.5 minutes with 0.2 g

of MgO (heavy-dried at 700 'C for two hours). Steam was passed through the distillation
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unit for 2 minutes between samples. The distillate was collected in 5 mL of bonc

indicator solution (containing bromocreasol green and methyl red) buffered to pH of 5.2.

This acidic buffer converts ammonia gas released in the distillation process to

ammonium. The distillate is then back-titrated with 0.0025M HzSO+ using a Mettler DL

2l titrator (Mettler Instruments AG 1989, Greigensee, Switzerland). A KCI blank.

distilled water blank and ammonium solution blanks (3.5 ppm, 7 ppm and 35 ppnt

ammonium-N) were used as quality controls.

[uot-fCt extractable NHo*1 : [Total-KCl extractable NHo*] - [Cold-KCl extractable NH4-] (4.1)

4.4.3 Laboratory N mineralization

After a portion of each soil sample had its moisture content adjusted to 70o/o field

capacity (FC) and was allowed to stabilize in a humidified chamber, a sub sanrple w¿rs

taken for determining nitrate and ammonium using 0.5M K2SOa âs âfl extractant.

Whalen et al. (2001) found the highest mineralization rates wilh 75o/o FC at 20"C. The

humidified chamber was composed of a flat-bottom Tupperware bin with 2.5 cm of water

on the bottom. The soil samples were stored in plastic drinking cups standing in the

water. The soil samples were exposed to room temperature and indoor lighting for

approximately 8 hr a day,5-days a week. After 10 days, this soil was sampled and NH+*

and NO3- determined. Some researchers use a non-linear regression equations following

first-order kinetics (Jalil et al., 1996: Zaman eT aI., 1999a, b; Deng and Tabatabai, 2000;

Whalen et aL,200I). However, long incubations require constant rewetting that affects
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the slopes of regression equations (Whalen et al.,2001). Therefore, in this study. a

simple mass balance approach was used (4.2).

Net N mineralized (¡rg N g-r soil d-r) : [NH4.-N + Nor-N]¡""rlNHr.-Nl-l!oi--N l,ni,¡',
Incubation period

(4.2)

4.4.4 Field, N mineralization

Soil samples taken to 15 cm depth, shortly after seeding and prior to harvest were

analyzed, for NHa* and NO¡-content using 0.5M K2SOa âs âfl extracting solution. Plant

biomass per square meter was sampled prior to harvest and the straw and grain sub-

samples were analyzed separately for total nitrogen content (dry combustion, LECO

Corporation, St. Joseph, MI). Field N mineralization was estimated using a generaì trass

balance calculation (Equation 4.3) where:

l[NHraN + NOr--N] n*' + Plant Biomass-N '-N + NOt. Nl ¡n¡,ur

days of growth

= Net freld N mineralization (kg N/halday) (4.3)

4.4.6 Statistical analyses

A two-way analysis of variance was conducted between site and manure application, then

site and dates of sampling using JMP IN 5 software (@ 2005 SAS Institute, [nc.). Where

significant site x treatment interactions were detected the 20 sites were examined using

one-way analysis. A least Significant Difference (LSD) with a Tukey-Kramer Honestly

Significant Difference (HSD) test was used during the one-way analyses of variance for

site x treatment where the results are displayed according to numerical value. Beside

each site, the manure application history, current crop gfown, manure type and soil
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texture are displayed. Sites 2,4,5,6,7, urd 9 were considered to have longer manure

application histories (> 25 years of manure application). The current owner of site 6

suspects the manure-amended field as having more than 25 years of manure application.

When this farming operation was purchased in 1965, it was already a well-established

operation. Texture classes were also simplifred to fine and coarse textured soils. Sites I.

6, 8, and 10 were considered more coarse textured soils (Clay < 30%). Sites 2, 3. 4. 5. 7.

and 9 were regarded as having fine textured (Clay > 30%). Sites 1 ,3, 5,6, and 9 received

cattle manure; the remaining sites received hog manure. Pair-wise correlations were

conducted for the manure and non-amended fields separately for all the soil parameters

analvzed.

4.5 Results

4.5.1 KCI extractable NH¿*

Two KCI extraction methods were evaluated for their ability to predict mineralizable

nitrogen (Gianello and Bremner,l986a, b). In this study, hot-KCl extractable NH4--N

refers to the difference between total-KCl extractable NH+*-N (NH+"-N released lronr

heat digestion and distillation) and cold-KCl extractable NHa--N (NH4--N released from

distillation). The calculated values for hot-KCl extractable NH¿* ranged from -18 to 48

mg NHa-N kg-l soil for all samples. Total- and cold-KCl extractable NH+*-N were found

to be significantly higher for the May sampling than the August sampling. Hot-KCl

extractable NH¿*-N was not affected by date. Hot-KCl extractable NHa*-N was the only

parameter that responded to the present of manure application on both sample dates

(Table 4.I and4.2). V/hen examining total-KCl extractable NHa*-N results separated ['rv
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date, site effects were more significant in the May sampling (P <0.001) (Table 4.3) than

at the August sampling (P 4.05) (Table 4.4). A significant effect of manure addition was

seen in the total-KCl extractable NHa*-N (May, P <0.05) and hot-KCl extractable NH¿*-

N (both dates, P <0.05). Soils with finer texture, longer manure application histories and

soils receiving hog manure tended to have higher levels of total-Kcl extractable NHa*-N

for both sample dates. Cold-KCl extractable NHa*-N analyses showed significant site

effects in the May samples (Table 4.5), but not in the August samples (Table 4.6).

However, the August samples had a tendency for higher levels of cold-KCl extractable

NH+*-N in fine textured soils, amended with cattle manure over along period of tinre.

Hot-KCl extractable NH¿*-N showed no significant site effects, but hot-KCl extractable

NHa*-N was higher in the manure amended soils for both sarnples dates. Sonre san.ìptes

had higher values for cold-KCl extractable NH¿*-N than total-KCl extractable NH¿*-N

resulting in negative values for hot-KCl extractable NH+*-N. Fine textured soils with

long histories of hog manure appeared to have higher levels of hot-KCl extractable NHa*-

N.

ln comparing hot-KCl extractable NH¿*-N and cold-KCl extractable NH¿*-N to other soil

parameters, soil samples collected in the spring (May) had fewer significant correlations

to various soil chemical, physical and biochemical indices (Tables 4.7 - 4. I 0).

Significant correlations occurred more frequently among parameters in non-manured

soils. Hot-KCl extractable NH¿*-N had the fewest correlations with strongest

correlations occurring in the non-amended August samples (phosphatase, 0.53***; 0/o

organic C,0.52**;o/ototalN, 0.49**). In addition, more microbial parameters, such as
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glutaminase and phosphatase were negatively correlated to cold- and total-KCl

extractable NHa*-N in the August non-manured samples. These included MBC, MBN,

glutaminase, and phosphatase. Cold- and total-KCl extractable NH+*-N were positivcly

correlated with organic C o/o, total N o/o, and clay o/o for most sample dates and treatntents
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Table 4.1 Mean hot-KCl extractable NH¿--N of soil samples (0-15 cm) among
various sites for May. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P<0.05) from two-way ANOVA.

Manured
ölte

Lrop

Non-
manured

Crop

Texturet Manure Manure
History Type$

r
mgNHa-N kg-' soil

I

Treatment

ANOVA

Site

23.0
wheat
20.7
corn
18.9

barley
15.9

wheat

r4.4
canola

12.5

corn
11.1

corn
10.2

corn
5.2

canola
2.4

barley

13.4 a

df

9

11.5
wheat

-0.4

canola
0.97

barley
7.6

barley
t2.1

winter
wheat

8.0

barley
6.3

canola
6.1

canola
5.4

barley
3.9

wheat

6.6 b

Prob>F

NS

<0.05

NS

10 L

C

C L

C

Treatrnent I

Site x s
Treatment

I

f
6

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table 4.2 Mean hot-KCl extractable NH¿--N of soil samples (0-15 cm) among
various sites for August. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P<0.05) from two-way ANOVA.

Site
Manured

Crop

Non-
manured

Crr¡p

Texruret Manure Manule
H istoryf Typers

mg NHa-N kg-' soil

J

Treatment

ANOVA

Site

Treatment

Site x
Treatment

18.8

corn
16.9

wheat
15.5

barley
14.0

wheat
13.1

corn
13.6
corn
12.5

corn
12.1

canola
ll.l

barley

I 1.5

canola

14.0 a

df

9

I

9

10.6

canola
17.6

wheat
9.0

wheat
13.3

barley
0.72

canola
12.7

canola
7.9

barley
6.8

barley
I 1.6

barley
10.2

wtntet'
wheat

10.0 b

Prob>F

NS

<0.05

NS

L

L

C

C

l0

I
f
$

Texture: F - fure-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle Inanure applied
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Table 4.3 Mean total-KCl extractable NH¡--N of soil samples (0-15 cm) among
various sites for May. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P<0.05) from two-way ANOVA.

Manured
slte

Çrop

Non-
manured

Crop

Site
Overall

Texture

T

Manure Manure
Historyf Type$

mg NHa-N kg-' soil

86.0
wheat
105.5

canola
80.1
corn
76.3

barley

63.0
canola

57.7
wheat
50.2

canola
48.3
corn
/11 a

barley
45.6
corn

66.0 a

df

9

I

9

119.2
wheat
s2.6

canola
41.8

canola
55.4

wheat
44.0

winler
wheat
46.0

barley
44.1

barley
43.4

barley
32. I

barley
37.2

canola

52.2b

Prob>F

<0.001

<0.05

NS

102.6

79.1

oJ.4

65.9

5 3.5

51.9

47.2

45.9

40.0

41.4

bcd

l0

6

Treatrnent

ANOVA

Site

Treatrnent

Site x
Treatment

L-C

I

r
Texture: F - fine-textured soil. C- coarse textured soil

Manure history: L - long term manure application, S- short term manure application
Manwe type: H- hog manure applied. C- cattle manure applied
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Table 4.4 Meantotal-KCt extractable NH¿*-N of soil samples (0-15 cm) among
various sites for August. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P<0.05) from two-way ANOVA.

Manured
5lte

Lrop

Non- Site Texture Manure Manure

t History Type{imanured Overall
Crop f 

-

mg NHa-N kg-' soil

l0

ANOVA

Site

Treatment

Site x
Treatrnent

39.6
canola

</l 1

corn
52.3
corn
50.3

wheat
52.2
corn
47.1

canola
43.26
wheat
44.6

barley
39.9
corn
J¿.+

barley

df

9

I

9

59.1
winter
wheat
50.2

canola
s3.9

canola
53.4

wheat
33.9

barley
43.7

barley
46.7

barley
32.6

wheat
19.8

canola
38.3

barÌey

Prob>F

<0.05

49.1

52.2

53. I

51.9

¿+J. I

45.4

45.0

38.6

29.9

35.4

ab

ab

ab

abcd

C

NS

NS

I

t
Textu¡e: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table 4.5 Mean cotd-KCl extractable NH¿'-N of soil samples (0-15 cm) among
various sites for May. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P<0.05) from two-way ANOVA.

Manure
History{

Non-
manured

Crop
Site

Manwed
Crop

Site
Overall

Texture
T

Manure
Tvpe$

mg NHa-N kg-' soil

l0

ANOVA

Site

Treatment

Site x
Treatrnent

63.0
wheat
95.3
corn
74.0

barley
59.4
corn

48.6
canola

45.1

canola
41.8

wheat
35.8
corn
34.4
cotn
28.2

barley

df

9

I

9

112.0
wheat
53.6

canola
4)\

wheat
56.1

canola
39.4

winter
wheat
43.9

barley
35.7

barley
33.4

barley
JJ.J

canola
26.2

barley

Prob>F

<0.0001

NS

NS

81.5

74.5

58.3

57.8

44.0

44.5

38.8

34.6

33.9

21.2

ab

cd

cd

I

I
$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application

Manure type: H- hog manure applied. C- cattle manure applied
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Table 4.6 Mean cold-KCl extractable NH¿*-N of soil samples (0-15 cm) among
various sites for August. Letters indicate degree of similarity by comparing all
means using Tukey HSD (P<0.05) from one \ryay ANOVA (site x treatment).

Site
Manured

Crop

Non-
manured

Crop

Texturet Manure Manure
History{ Type$

mg NHa-N kg-' soil

6

ANOVA

Site

Treatment

Site x
Treatment

28.2
canola
2t.4
corn
38.7
corn
35.4
corn
3 5.0

canola
33.5

wheat
29.3

wheat
29.2

barley
z. t.J

barley
26.3
corn

df

9

t

9

49.5

winter wheat
44.3

barley
41.2

canola
39.5

canola
36.9

barley
35.8

wheat
33.5

barley
23.1

wheat
26.7

barlel,
19.0

canola

Prob>F

NS

NS

NS

l0

C

L C

I

+

$

Texture: F - hne-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle Intrnure applied
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Table 4.7 Coefficients of pair-wise correlations (r) matrix for KCI extractable
NH¿--N and various soil parameters for 10 sites collected in May in non-
amended fïelds. Only significant correlations are showtr (*, **, *** significant
at P S.05, P 4.01, and P 4.001).

Hot-KCl
extractable NHa-

Cold-KCl
exfractable

Total-KCl
extractable NHa-

NHo*

Cold-KCl extractable NHa*
Total-KCl extractable NHa*

Nifrate
Ammonium
Phosphorus

Potassrum
Sulphate

Organíc C %o

Total N %
Clay "/o

Sand %
pH
EC

EOC
MBC
MBN

Dehydrogenase
Urease

Glutaminase
Phosphatase

NS

0.36*
NS

NS

NS

ns

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.91¡r.{,{<

0.56+{'. *

ns

NS

0.63'F*<*

NS

0.60***
0.43**

0.59*<{<{<

-0.53t<'F*
_0.63{<*.x

NS

NS

NS

NS

NS

NS

NS

-0.35*

0.51*x*
¡ls

us

0.-50* *

NS

0.53 r<{<{<

0.40*
0.43**
-0.43 * *

_0.60r<*i<

NS

NS

NS

NS

NS

NS

NS

-0.33 *

ns : not significant.
*(, **, *** Significant at P <0.05, P <0.01, and P <0.001, respectively.
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Table 4.8 Coefficients of pair-wise correlations (r) matrix for KCI extractable
NH¿*-N and various soil parameters for l0 sites collected in May in manure-
amended fields. Onty significant correlations are showtr (*, **, *** significant
at P S.05, P 4.01, and P 4.001).

HoçKCI
extractable NH¿

Cold-KCl
extractable

NHo*

Total-KCl
extractable NHa

Cold-KCl extractable NH, NS

-0.38*
NS

NS

NS

NS

NS

NS

NS

NS

NS

ns

0.31*
NS

NS

NS

NS

NS

NS

NS

0.90**{<
NS

NS

NS

NS

NS

0.35*
0.34*

NS

NS

NS

NS

NS

NS

NS

NS

NS

-0.3 8 
*

0.40*

ns

NS

ns

ns

NS

-0.44**
0.44**
0.39*
-0.36*

NS

0.33 *

NS

NS

NS

NS

lls
-0.41x*
0.45 x*

Total-KCl extractable NHo*
Nitrate

Ammonium
Phosphorus

Potassium
Sulphate

Orgaruc C%o

Total N %
Clay %o

Sand %
pH
EC

EOC
MBC
MBN

Dehydrogenase
Urease

Glutaminase
Phosphatase

ns : not significant.
*, t({<, *'r'* Significant at P <0.05, P <0.01, and P <0.001, respectively
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Table 4.9 Coefficients of paÍr-wise correlations (r) matrix for KCI extractable
NHa+-N and various soil parameters for L0 sites collected in August in non-
amended fields. Only significant correlations are showtr (*, **, *** significant
at P 4.05, P S.01, and P S.001).

Hot-KCl
extractable NHa'

Cold-KCl Total-KCl
extractable NHa- extractable NH.

Cold-KCl extractable NH¿
Total-KCl extractable NH,*

Nitrate
Ammonium
Phosphorus

Potassium
Sulphate

Orgarnc CTo
Total N %

Clay %.

Sand %
pH
EC

EOC
MBC
MBN

Dehydrogenase
Urease

Glutaminase
Phosphatase
Respiration

0.44**
NS

NS

NS

NS

NS

0.52**
0.49"*

NS

-0.37*
NS

NS

NS

NS

NS

NS

NS

NS

0.53'jÉ'ki<

NS

0.89*''.*
NS

NS

NS

NS

NS

0.35*
0.49**
0.33*

-u.¿+ J

NS

0.33x
NS

0.51{'{*<*

0.50**
NS

NS

-0.3 3 *

NS

NS

NS

NS

NS

0.38*
NS

0.56*{'<{'<

0.66t'< **
0.40*

_0.56*r<r<

NS

NS

NS

0.58{'.{'.i<

0.48**
NS

NS

NS

-0.3 8*
NS

ns : not significant.
t<, t<*, *** Significant at P <0.05, P <0.01, and P <0.001, respectively.
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Table 4.10 CoeffÏcients of pair-wise correlations (r) matrix for KCI extractable
NH¿--N and various soil parameters for l0 sites collected in August in manure-
amended fields. Onty signifÏcant correlations are showtr (*, **, *** significant
at P S.05, P S.01, and P 4.001).

HoçKCl
extractable NHa-

Cold-KCl
extractable

NHot

Total-KCl
extractable NHo

Cold-KCI extractable NH, NS

0.44+*
NS

0.39*
NS

NS

NS

ns

NS

NS

NS

-0.34*
NS

NS

NS

NS

NS

NS

NS

NS

NS

0.81,kr.{<

NS

ns
NS

NS

NS

0.39*
0.32*
0.34*

NS

-0.3 5 *

NS

NS

NS

NS

NS

NS

NS

-0.32*
0.33 *

NS

NS

NS

NS

NS

0.50+x
0.45**
0.39*
-0.3 5 *

-0._52'k*x

NS

NS

NS

NS

NS

ns

-0.31*
NS

0.31*

Total-KCl extractable NH,*
Nitrate

Ammonium
Phosphorus

Potassium
Sulphate

Organrc C %o

Total N %
Clay %o

Sand %
pH
EC

EOC
MBC
MBN

Dehydrogenase
Urease

Glutaminase
Phosphatase
Respiration

ns : not significant.
*, **, *** Significant at P <0.05, P <0.01, and P <0.001, respectively.
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4.5.2 Laboratory N mineraltzation

The impact by manure application on laboratory measures of N mineralization was site

dependent (site x treatment, p< 0.0001; Table 4.1 1). Manure-amended fields tended to

have greater levels of laboratory N mineralization as did soils whose current crop was

corn and soils with a long history of manure application (Table 4.1 l). Soils anrcndctl

with cattle manure tended to have greater levels of N mineralization in the laboratory

incubation relative to those receiving hog manure. Texture and manure history did not

appear to influence laboratory N mineralization rates. Laboratory N mineralization rates

from August manure-amended soils had the highest degree of correlation to soil nutrient

levels and microbial biomass C and N (Table 4.12). Only glutaminase was correlated to

laboratory N mineralizafion in the non-manured soils in the August sampled soil. The

laboratory N mineralizationwas poorly correlated to parameters measured in the May

sampled soil. Only ammonium and MBC in the manure-amended sample had signifìcant

correlations to laboratory N mineralization.
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Table 4.11 Mean laboratory incubated N mineralization (mg N kg soil -' duy -') of
soil samples (0-15 cm) among various sites for August. Letters indicate degree
of similarity by comparing all means using Tukey HSD (P<0.05) from one way
ANOVA (site x treatment).

Site
Manured Non-manured Texturef Manure Manure
Crop Crop Historyf Type$

mgNHa-Nkg-'soil

5.007
corn
4.918
barley
3.756
corn
3.741
corn
3.269
corn
3.046
barley
3.034
canola
3.079
wheat
2.988
wheat
2.124
canola

abc

abc

bcde

bcde

bcde

bcde

bcde

Prob>F

<0.001

<0.001

<0.001

3.r56
DCOe

barley
¿ ?10":-" ab
wheat
1.986

ê
canota
3.542

' oco
canota
) 7'79.- '': cde

ccuxota
1 71q
, '-:' bcde
DAfley
3.141

ocoe
wtnrcr wneal

2.289
oe

wneat
2.465

vuv
oartey
) 7\'7

coe
oartey

10

2

ANOVA

Site

Treatment

Site x
Treatment

H

df

9

I

9

I
I

+

$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table 4.12 Coelficients of pair-wise correlations (r) matrix between laboratory N
mÍneralization and various soil parameters for May and August sampled soils.
Only significant correlations are showtr (*, **, *** significant at P S.05, P S.01.
and P 4.001).

May
Non- Manured

manured

August
Non- Manured

manured

HorKCl extractable NH4*-N
Cold-KCl extractable NH4*-N
Total-KCl extractable NH4*-N

Nitrate
Ammonium
Phosphorus

Potassium
Sulphate

Organc CYo
Total N %

Clay Yo

Sand %
pH
EC

EOC
MBC
MBN

Dehydrogenase
Urease

Glutaminase
Phosphatase

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

ns

NS

ns

ns

ns

0.35 *

NS

ns

ns

NS

NS

NS

NS

NS

NS

NS

0.42**
NS

NS

NS

NS

NS

ns

NS

ns

ns

NS

NS

NS

NS

ns

NS

NS

NS

NS

NS

NS

ns

NS

ns

ns

0.50* *

NS

NS

t1s

tls

0.-5-l*x't'
ns

0.32*
0.54*'¡*

NS

NS

NS

NS

ns

NS

tts

NS

0.38*

^ 
/11'Á*

NS

ns

NS

NS

ns : not significant.

'<, 
t<*, t'** Significant at P 10.05, P <0.01, and P <0.00 1, respectively

4.5.3 Estimated Field N mineralization

The response of estimated field N mineralization rates to manure treatment varied among

sites (site x treatment P<0.001; Table 4.13). Fine-textured soils with long manure

application histories tended to exhibit net N losses. Soils to which cattle manure had

been applied tended to have higher levels of estimated net field N mineralizaTion, but not

always. The field-based estimate of N mineralization generally had higher levels for

manure-amended soil than non-manure amended soils (manure-amended 0.60 + 2.08 kg

N/halday, non-manured 0.12kg+ 1.19 N/halday) but this difference was not cotrsistcrrt
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across sites. Although all soils sampled with different manure treatments and sample

dates had various correlations with soil parameters, manure-amended soils had a higher

frequency of signif,rcant correlations with soil microbial parameters, such as MBC, MBN.

dehydrogenase, and urease (Table 4.14). Cold- and total-KCl extractable NH+*-N were

negatively correlated to estimated field N mineralization for May. ln non-manure

amended soils, nitrate was also negatively correlated to estimated field N mineralization,

but positively correlated in August.
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Table 4.13 Mean field N mineralization (kg N ha -r duy -t) of soil samples (0-15 cm)
among various sites for August. Letters indicate degree of similarity by
comparing LSmeans, all pairs, Tukey HSD.

Site
Manured Non-manured

Crop Crop
TexrureT Manure

H istoryl
Manure
TYP.t*

5.840
corn
0.478
barley
0.535
canola
0.92s
corn
0.300
wheat
0.478
corn
0.73

barley
0.148
cqnola
-0.6s8
corn
-2.50
wheat

df

9

I

9

bcde

bcdef

bcdef

I

(t

a

bcde

oslS" "' , bcde
ca.nota

1.013
,D

wneat
1.065

D
wtnter wneat

-0.530,eIcanom
0.883

oc
DArtey
0.671

DCCI
Dartey
0.383

DCOeI
DArrcy
-0.040

cdef
DArley
-0.298

^-tcanola
-2.08,s
wheat

Prob>F

<0.001

<0.01

<0.001

10

4

ANOVA

Site

Treatme
nt

Site x
Treatme

nt

I
+
+

J

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table 4.14 Coefficients of pair-wise correlations (r) matrix between estimated field
N mineralization and various soil parameters for May and August sampled
soils. Only significant correlations are showtr (*, **, *** sÍgnifÏcant at P 4.05,
P4.01, and PS.001).

Non-
manured

May
Manured

August
Non- Manured

manured

Laboratory N mineralization
HorKCl extractable NH4*-N

Cold-KCl extractable NHa*-N
Total-KCl extractable NHa*-

N
Nitrate

Ammonium
Phosphorus

Potassium
Sulphate

Organic C o/o

Total N %
Clay %o

Sand %
pH
EC

EOC
MBC
MBN

Dehydrogenase
Urease

Glutaminase
Phosphatase
Respiration

0.33*
NS

_0.76***
_0.68tx4,

_0.70{c{,{<

NS

ns

-0.53*""t'
NS

-0.5 3 t'< t"r'

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.33*

NS

NS

NS

-0.36+

NS

NS

NS

NS

NS

-0.42**
-0.44**
-0.50**
0.62>k**

NS

NS

_0.58*.{<{<

NS

0.47**
0.40**

NS

NS

NS

NS

0.33*
NS

NS

NS

0.34*
lls
ns

-0.43 * *

NS

¡rì /4 I *{<'*

NS

_0.63 *'r.t<

0.48:ß{<t<

0.4 I **ns

NS

0.54*{<:¿<

NS

NS

NS

NS

0.35*
ns

NS

NS

ns

NS

NS

NS

ns

tls

11s

NS

rls

ns

-0.50*x
0.62***

lls
NS

NS

-0.42**
0.33 *

NS

-0.3 5 *

NS

NS

NS

ns : not significant.
*, t(*, **t( Significant at P 10.05, P <0.01, and P 10.001, respectively.

Stepwise regression analysis was used to estimate potential field N mineralization with

selected physical, chemical and biological parameters (Table 4.1 l). Variables selected in

the predicted regression models varied, depending on whether if the analysis was run

with the entire data set combined or separated according to manure application

treatments. The percentage of sand in samples had the greatest impact on field N

minerulization models for the manure-amended and combined data set. The percentage
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of total C, and laboratory N mineralization were the most significant variables in

regression models for soils not amended with manure. The R2 values were higher when

modeling was done separately on the manure-amended treatments opposed to the

combined data set.

Table 4.15 Step-wise regression analyses of field N mineralization with various
physical, chemical and biological parameters.

Field N mineralization regression model equations R' P

(RMSE) (model)

All combined y : 1.685 - 0.0094 lJrease4¡6** 0.62

0.552 ECMAy **i' + 0.638 Laboratory Nmin t(*{< ( 1.08)

-0.0036 MBCMAY **''i + 0.0008 MBNMAY ***

Manured y:4.292 -1.02 pH¡a¡y ** + 0.007 MBNplay*** 0.16 *:r<*

+ 0.019 Ureasea¡6 *x* + 0.084 Sando/o *{'<* ( 1.07)
+ 0.214 OC%oau6*

Non-manured Y : 1.777 + 0.0028 Glutaminase¡¡6**
+ 0.013 cold KCI¡¡6* -0.015 Nitratevay**

- 0.025 cold KCLvnvi'.*t< - 0.0057 Ureaseo¡r¡;*

0.80 +*x

(0.5 7 )

*, **, and *** significant at P 10.05, P <0.01, and P 10.00 l.

4.6 Discussion

Cold-KCl extractions were sensitive to site location differences, but not sensitive to

mariure application. Hot-KCl extractable NHa*-N was influenced by manure treatment.

The use of cold-KCl extractable NH¿*-N as the base value for calculating net hot-KCl

extractable NH¿*-N may have removed the influence of site. Some sites had very little

differences between the cold- and total-KCl extractable NH+*-N and this resulting in a net

negative value for hot-KCl extractable NH¿--N (e.g., site 5 of the May sanrpling).

Manure-amended effects were more prominent in the hot-KCl extractable NH4"-N
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suggesting its selective ability in detecting the effects of manure addition on N

availability. However, cold- and total-KCl extractable NH¿*-N were better correlated to

soil and chemical parameters (e.g., total No/o, organic C o/o and phosphatase) than was

hot-KCl extractable NH¿*-N in the non-manured soils. Hot-KCl extractable NH¿*-N

appears to be sensitive to different soil textures. Thus may be related to the cation

exchange capacity (CEC), and resulting higher nutrient holding capacity of the soil, or

altematively the role of clays in protection organic matter. In this study, fine textured

soils generally had high levels of total-, cold- and hot-KCl extractable NH¿*-N. Future

research should examine the significance of soil texture, manure application history and

type of manure applied as well as crop effects to allow more conclusive statements to be

made.

Laboratory N mineralizationdiffered among sites in its response to manure application.

Furthermore, the type and history of manure application may have influenced the amount

of N released during laboratory N mineralization. Soils receiving cattle manure had

increased laboratory N mineralizationrates, this effect was not correlated to OC% and

EOC levels of corresponding sites. Cattle manure, which tends to be straw-laden (higher

C:N ratio), influences the quality of organic carbon in the long terr arlended soils.

potentially increasing nutrient availability (Qian and Schoenau,2002). The duration ol-

repeated manure application can increase total N. Other studies have found that manure-

amended soils with higher levels of total N and P have increased mineralization

potentials (Whalen et a1.,2001). However, we found no correlation between total N and

mineralization.
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The effect of manure application on estimates of field N mineralizafion varied for

different sites. In general, greater mineralization occurred in manure-amended fìelds and

was observed in both the estimated field N mineralizaTion and laboratory N

mineralization at many sites. It was anticipated that the longer the manure application

history, the greater the N mineralization rate. Negative values found in the estimated

field N mineralization could be attributed to nitrogen losses via leaching, volatrlization,

runoff,, and denitrification (Paul and Clark, 1996). The above -normal precipitation

levels during the growth season of the study year (Appendix I) and the positive

correlations between field N mineralization and sand content suggest better

mineralization in the larger aerated macropores of coarse textured soils. The negative

correlation with clay content and spring NO3- content suggests denitrification as a

significant pathway of N loss. This underscores one of the potential shortcomings of the

f,reld-based approach for estimating N mineralization.

The majority of the variables examined suggest differences in nutrient dynamics between

manure-amended and non-amended soils. Therefore, manure-amended soils should be

analyzed separately from non-manured soils in predicting N mineralization. [n non-

amended soils, the variation in N mineralization was best described by nitrate and various

measurements of ammonia released from cold-KCl extractable NH¿*-N, glutaminase and

urease. The use of more biologically-based parameters (MBC, MBN, dehydrogenase.

phosphatase and respiration) did not improve the prediction of rnineraliztion for non-

manured soils. Althoueh the inclusion of KCl-extractable NH¿"-N, NOr- and organic
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matter have improved the estimates of potentially mineralizable nitrogen in other studies

(McTaggart and Smith, 1993), they were not selected in the step-wise regression models

in the manure-amended soils. While many researchers found KCI extractable NH¿*-N to

be strongly correlated to plant uptake of N and N mineralization potential, most of these

studies used laboratory-based incubations (Gianello and Bremner, 1986a,b; Ha'ava and

Waring, 1992; Smith and Li, 1993; Campbell et al., 1995) and not subjected to field

conditions. Although field N mineralizalion was correlated to estinlated values fbr lield

N mineralization,laboratory N mineralizafion rates were poorly correlated to soil

parameters,

For predicting N mineralization from manure-amended fields, physical (pH, sand%. OC

o/o) andbiological (urease, MBN) factors were selected in the step-wise regression model.

However, nitrate was not selected suggesting that the nitrate test was not good predictor

of potential N mineralization in the manure-amended soils. The combined step-wise

regression selected laboratory N mineralization, emphasizing the potential for shorl-term

incubations to aid in predicting N mineralization. The use of short-terni incubations o I a

week is more practical and economical for producers and commercial soil testing

laboratories than the 24-week incubation often used in research studies. Our model did

not include the detailed characteristics of the manure applied, just the type of manure. As

continuous heavy annual manure applications are not recommended and nlanLrre

characteristics can be very variable (Davis et aI.,2002), our approach was to study the

intrinsic N mineralization capability of long-term manure-amended soils. A more

accurate determination of N minerulization would include local environmental
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conditions, manure properties, subsurface soil sampling (especially in coarse textured

soils), and soil atmospheric sampling (to account for denitrification and NH¡

volatilization losses). Others have found that the sampling time can affect N

mineralization (Deng and Tabatabai, 2000). Further studies into the influence of

sampling time on the ability to best predict field N mineralization in manure-amended

soils mav be advisable.

4.7 Conclusions

A majority of indices were sensitive to site characteristics, indicating the need to consider

site-specific variables in the modelling N mineralizaTion. The response to manure

addition also appeared to be site-specif,rc for many of the measured paran'ìeters. Hot-K('l

extractable NH4*-N, laboratory N minerali zal.ionand field N mineralization wcre all

found to increase from manure application. Although hot-KCl extractable NH¿*-N

resulted in few differences among sites, it was not selected in the step-wise regression.

Biological indices, such as MBN, and urease were more effective in predicting fìeld N

mineralization in the manure-amended soils than other studied soil parameters. Site-

specific variables, such as pH, percentage of sand and organic carbon also had a strong

influence in the manure-amended step-wise model. [n contrast, predicting field N

minerulization in non-amended soils relied on nitrate, nitrogen cycling enz)¡mes and

extractable ammonium. Texture effects were seen in the total, cold-KCl extractable

NHa*-N, laboratory N minerali zation. The type of manure and duration of manure

application was not always as signifrcant as soil texture and crop system anlong our
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parameters. Evidence of nitrogen losses was the greatest in fine textured soils perhaps

due to denitrification. Therefore, future prediction models of N mineralization should

account for measures of N movement through leaching, denitrification, climatic

conditions. and manure characteristics.
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5. SOIL MICROBIAL COMMUNITY'S SUBSTRATE UTILIZATIONS
PATTERNS FOLLOWING LONG-TERM MANURE APPLICATION IN

DIFFERENT AGRICULTURAL SOILS ACROSS SOUTHERN MANITOBA

5.L Abstract

Soil microbial community structure was studied using Biolog substrate utilization

pattems in combination with various chemical, physical and physiological paranleters lo

assess the impact of manure application on soil microbial diversity at l0 sites across

southern Manitoba. Sites varied in soil texture, crops planted, manure type and duration

of manure application. The effects from manure application were examined using

various diversity indices (Shannon, Shannon evenness, and Simpson) and redundancy

analysis (RDA) Recent manure applications did not influence Biolog substrate

utilization patterns in the year of application, but long-terrn manure application did. Soil

microbial communities were also significantly impacted by crop type. Correlations

between various nutrient, physical and physiological soil parameters on community

diversity as indicated by substrate utllization patterns underscore the implications of

microbial community structure on nutrient mineralization.
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5.2 Introduction

Carbon substrate utilization potentials as seen on Gram-negative (GN) Biolog plates have

been used as a means to assess soil microbial diversity (Zak et al., 1994). Although more

research in needed in standardizing and interpreting this methodology, processing and

analysis of community substrate utilization pattern is far more convenient than genetic or

phospholipid fatty acids analyses (Garland, 1996). Patterns of substrate utilizatio¡r arr- arr

example of functional diversity, which is a product of genotypic and phenotypic

expression in relation to environmental, ecolo gical (Zak et al., 1994) and plant factors

(Grayston et al., 1998).

Many researchers have found the addition of amendments not only change the activity of

soil microbial communities, but also its community structure (Grayston et al., 1998,

Peacock et al., 2001). This is seen with manure amendments (Peacock, et al., 2001),

heavy metals (Knight et al,1997), crop residue incorporation (Bending et al., 2002) and

altemative farm management practices (Schutter et al., 2001). It is believed that soil

management practices that increase soil organic matter, such as the application of, manure

will increase the size of the soil's microbial biomass and lead to the changes in the

composition of the soil community (Peacock et al., 2001). Consequently, changes in

community structure may influence how that community reacts to future amendments.

Microbial community structure is also seasonally dynamic (Schutter et al., 200I; Schutter

et a1.,2002). Greater soil microbial functional and structural diversity occurs in the

spring and this has been attributed to the availability of more numerous and complex
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nutrient compounds (Maire et al., 1999; Grayston et a1.,2001). It is anticipated that the

addition of manure will change the structure of the soil's microbial community and may

ultimately lead to the changes in the nutrient cycling dynamics. ln this chapter, soil

metabolic function as expressed as substrate utilization pattems were used to assess the

impact of manure application on the soil microbial community diversity.
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5.3 Objectives of Study

The objectives of this study were to use substrate utilization pattems to identify the

effects of long-term manure application on soil microbial community structure. To

achieve this objective a comparison of microbial substrate utilization pattems in manure-

amended fields relative to adiacent non-manure amended f,relds was undertaken.

5.4 Materials and Methods

5.4.1. Site description, soil sampling and environmental variables

The experimental design of this project was previously described in Chapter 3 (Section

3.4.1). All sites were located in southern Manitoba and the samples collected in late

spring (May) and at harvest time (August) of 2000. The experimental design was a

randomized complete block with ten blocks and two treatments per block. Each block

represented a site and each site contains two treatments (manure-amended field, and noll-

amended field). This experimental set-up is not a classical random block design in that

crops with a block were not consistent and minor soil and field management differerrces

may differ between fields at one site. While long-term controlled manure-amendment

studies across soil type would have preferred, sites of this nature do not exist in

Manitoba. The design here attempts to capture the long-term influence of manure

amendment in a wide range of soils relative to soils that have not had a history of

intensive manure application. The use of side-by-side producer fields was seen as the

most effective means of assessment. All soil biochemical and chemical methods are

listed in Chapters 3 and 4.
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5.4.2. Substrate utilization pattern analyses

Biolog GN microplates (Biolog Inc., 3938 Trust Way, Hayward, CA were used to assess

the soil's microbial metabolic diversity. Each plate contains 95 wells with various carbon

substrates and one well with no carbon substrate. tn addition to the substrate of interest,

each well contains compounds essential for microbial growth such as dried mixture of

peptone, nutrients, and salts. A redox tetrazolium violet dye is also added to all wells as

an indicator of metabolic activity. Metabolic activity reduces the clear-coloured

tetrazolium violet dye to a purple coloured compound, formazan. Many researchers havc

used Biolog plates as a fast, effective method of assessing the functional diversity o f a

microbial community (Zak et al., 1994).

Two types of solutions were prepared and dispensed into milk dilution bottles. One set of

bottles contained 99 mL of physiological saline solution (0.85o/o,8.5 g NaCl in 1 L

distilled water); the other set bottles contained 90 mL of water agar solution (0.2o/o,2 g of

purified grade agar in I L of physiological saline solution (0.85%). The second set of

bottles also contained ten glass beads (5 mm diameter). All milk dilution bottles, pipette

tips, and reagent reservoirs were autoclaved and cooled prior to being used.

Ten grams of soil on oven dry basis from each soil sample was weighed out and added

aseptically to the milk dilution bottles containing 90 mL 0.2o/o agar-water solution. Plate

replicates were not done for each soil subsamples as variability was determined by soil

sample replicates, not plate replicates (Balser et a1.,2002). These bottles were laterally

shaken for half an hour and then 1 mL of the soil suspension was used to perform a l0-2
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dilution in the 99 mL physiological saline solution bottles, hand shaken between each

transfer. The combined effect of the lO-fold dilution of the soil into 90 mL of solution

and a 100-fold dilution of that suspension was a 10-' g soil mL-r dilution.

Each final dilution was poured into a sterile reagent reservoir (Eppendorf, Inc.) in a

sterile hood (Labconco@ PuriferrM Clean Bench). From this dispensed frnal dilution,

100 ¡rL was added to each of the 96 wells on the microplate using a multìchannel pipette

(Eppendorf 8-channel RepeaterrM Pipette) and incubated for 96 hours at 25'C. The

microplate samples were mn on an automated Biolog Microstation Reader (Hayward,

CA) at a wavelength of 590 nm and the data recorded with Biolog's MicrologrM System,

Release 4.0 program (Hayward, CA) after incubations of 24, 48,72 and 96 hours. Data

was collected in the dual wavelength data format. A dual wavelength reading is the at-

peak optical density (590 nm O.D.) values minus the ofÊpeak O.D. (790 nnr) (Cadz.inski.

2001). This is done to prevent bubble-causing turbidity from producing a false positive.

This dual wavelength (DW) data takes the respective well DW O.D. minus the water

blank (cetl Al) and multiplies it by the dilution factor (10-3). This causes the water blank

to be come zero and it gives the DW data in the same format as the 590 nmo/o change

format data commonly used in similar studies (Garland and Mills, l99l; Garland, 1996;

Ibekwe and Kennedy, 1998).

5.4.3. Statistical analysis

Two-way analysis of variance of the soil chemical and microbiological variables was

performed using JMP-IN version 4 from SAS Institute Inc. (Cary, NC, USA). Where site

x treatment effects were significant, an one-way analysis of variance was done. The
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substrate utilization pattems were investigated using CANOCO version 4.5 software

from Microcomputer Power (Ithaca, NY, USA). The substrate utilization pattern was

analyzed first by calculating Shannon Diversity Index, Simpson Diversity Index (Staddon

et al, 1997), and AWCD (Garland and Mills, 1 99 1). A two-way analysis of variance was

conducted between site and manure application, then site and dates of sampling using

JMP IN 5 software (@ 2005 SAS Institute, Inc.). A Least Significant Difference (LSD)

with the Tukey-Kramer Honestly Significant Difference (HSD) test was used to

differentiate effects. Beside each site, the manure application history, current crop

grown, manure type and soil texture are displayed.

All biolog data was corrected to avoid zero and negative values and log transferred prior

to multivariate analysis (Staddon et a1.,1997). Detrended canonical analysis was run to

test for unimodality, which there was none. Hence, the data is responding in linear

gradients (linear response), not around some environmental optima (unimodal response)

(ter Braak and Smilauer,2002). The transformed data was analyzed using linear

methods: PCA þrincipal component analysis) and RDA (redundancy analysis). During

the RDA, Monte Carlo permutation tests were done under the full model with 199

permutations. Co-variables such as: sites, manure application, manure lristory. tralrLlrc

type, crop, and soil texture were used against each other to determine the varialrce eacl-t

co-variable.
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5.5 Results

Average well colour development (AWCD) had signifìcantly different responses to

manure application at various sites (site x treatment P<0.001 ) (Table 5. I ). Soils amended

with cattle manure tended to have hisher levels of AWCD than soils amended with hoe

manure. Texture and history of manure application did not affect AWCD in this study.

Crop effects were evident, especially in the manure-amended soils. There was a

tendency for higher AV/CD values in sites cropped to wheat or com.

118



Table 5.1 Mean average well colour development (AWCD) for manure-amended
and non-manure-amended soils using 72 hr incubation on Biolog GN substrate
utilization plates for soil samples (0-15 cm) among various sites for August.
Letters indicate degree of similarity by comparing LSmeans , all pairs, Tukey
HSD.

Site
Manwed

c*p
Non-

manured
Crop

Texturef Manure Manure
History{ Typ.$

0.664
wheat
0.642
barley
0.611
corn
0.601
corn

0.565
canola

0.566
wheat
0.466
corn
0.349
canola
0.506
corn
0.471
barley

0.s12
wheat
0.609
wheat
0.351
canola
0.537
barley
0.594
wulter
wheat
0.533
barley
0.559
canola
0.524
barley
0.460
canola
0.464
barley

Prob>F

<0.0001

NS

<0.001

HC

abc

abc

abc

abc

abc

ababc

L

C'

abc

abc abc

bc

abc

abc10

ANOVA

Site

Treatment

Site x
Treatment

df

9

I

9

I

++

I

Texture: F - fine-textured soil, C- coarse texfured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Shannon Diversity lndex measures both the species richness (species number) and

species eveness (the abundance of species) (Hill, 1973). Site effects had the strongesl

influence on the Shannon Diversity Index (Table 5.2). The application of rnatrure did not

influence microbial diversity according to the Sharmon Diversity lndex. However, fìne

textured soils tended to have greater species richness than coarse textured soils according

to the Shannon Diversity lndex. A history of long-term manure application did not

appear to influence species richness. Soils cropped to corn appeared to be clustered

together in the manure-amended soils and thus possess similar species richness. In the

non-manure amended, soils cropped to wheat had the highest species richness. The type

of manure did not appear to influence the values of Shannon Diversity Index.
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Table 5.2 Mean Shannon Diversity Index for manure-amended and non-manure-
amended soils using 72hr incubation on Biolog GN substrate utilization plates
for soil samples (0-15 cm) among various sites for August. Letters indicate
degree of similarity by comparing LSmeans, all pairs, Tukey HSD.

Site
Manured

Crop

Non-
manured

Crop

Site
Overall

Texture Manure Manure

t History{ Type$

10

ANOVA

Site

Treatment

Site x
Treabnent

4.25
canola

4.24
wheat
4.23

barley
4.t0

canola
4.14
corn
4.t]
corn
4.t4
corn
4.10

wheat
4.09
corn
4.05

barley

df

9

I

9

4.t4
winter wheat

4.20
wheat
4.21

wheat
4.l8

barley
4.18

canola
4.16

barley
4.14

canola
4.09

barley
4.02

canola
4.03

barley

Prob>F

<0.0001

4.20

,l 11

/l 11

4.14

4.t6

4.17

4.14

4.t0

4.06

4.04

ab

S

bc

abc

ab

bc

cd C

C

C

NS

NS

I

t
$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - Iong term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle nnnure applied
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Shannon Everuress measures how equally distributed the number of species are tn a

community (Begon et al., 1990; Staddon et al., I 997). All Shannon Evenness values

were very high (close to one or over) indicating an even distribution of species within the

communities. In the ANOVA of Shannon evenness index, sites reacted significantly

differently to manure application (site x treatment, P<0.0001) (Table 5.3). Thus, there

was a difference in the number or evenness of substrate used by the soil communities at

different sites as they response to manure application. Long-terrn manure application

history appears to be increasing Shannon Everuress values. Soils cropped to canola

possessed higher species evenness on average than other crops. Soil texture and the type

of manure applied did not influence the Shannon Evenness indices.
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Table 5.3 Mean Shannon Evenness Index for manure-amended and non-manure-
amended soils usÍng 72hr incubation on Biolog GN substrate utilization plates

for soil samples (0-15 cm) among various sites for August. Letters indicate
degree of similarity by comparing LSmeans, all pairs, Tukey HSD.

Site
Manured

Crop

Non-
manured

Crop

Texturef Manure Manure
Historyf Typ.$

J

ANOVA

Site

Treatment

Site x
Treatment

1.04
canola

I .01

barley
1.01

canola
1.00

canola
1.01

wheat
0.99

barley
0.99

barley
0.99

barley
0.98

wheat
0.98

winter wheat

Prob>F

<0.0001

NS

<0.0001

0.98
corn
1.04

canola
1.02
corn
1.01
corn
0.91

wheat
1.00

barley
0.99
corn
0.98

wheat
0.99

barley
0.99

canola

df

9

I

9

abcab

abc

abc

abc

abc

abc

abc

10

bc

C

C

I

+

$

Texhue: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application

Manure type: H- hog manure applied. C- cattle manure applied
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Simpson Dominance index compares the probability of observing two species belonging

to different species in a given sample (Begon et al., 1990; Staddon et al., 1997). As the

Simpson Dominance index increases, the greater the diversity as species richness is

higher. This index is expressed in reciprocal terms (1/D), the lower the dominance (D).

the higher the value, the greater diversity. The sites in this study reacted differently to

manure application according Simpson dominance indices (P<0.001) (Table 5.4). Soils

cropped to corn in the manure-amended fields and wheat in the non-manure amended

fields appears to offer similar Simpson Dominance index values. Fine textured soils

appeared to increase the level of Simpson dominance indices. Coarse-textured soils

tended to have lower levels of species dominance than fine-textured soils. Manure

application history and the livestock manure type did not affect the microbial comrnunity

in terms of increased species dominance within a community.
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Table 5.4 Mean Simpson Dominance Index for manure-amended and non-manure-
amended soils using 72 hr incubation on Biolog GN substrate utilization plates

for soil samples (0-15 cm) among various sites for August. Letters Índicate
degree of similaritv bv comparing LSmeans, all pairs, Tukey HSD.

Manured
òtte

Çrop

Non-
manured

Crop

Texturef Manure Manure
Historyf Type$

mg NH4-N kg-l soil

10

ANOVA

Site

Treatrnent

Site x
Treatment

60.3
canola

60.0
wheat
59.8

barley
56.0

barley
48.5
corn
39.7

canola
53.0
corn
s0.5
corn
s0.3

wheat
45.5

barley

df

9

I

9

52.8
a witxter ab

wheat
55.3a,ao

wnea,
58.3a,ab

wkeat
5?5

ab
Dafley
5?R

abc canola
5?5

bc aD
Dørtey

. 52.0
ab

canola
. 31.8aD,c

canola
5fìô

aD ao
oartey

. 46.5aoc aDc
DAfley

Prob>F

<0.0001

NS

<0.001

(

C

I

+

$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Principal component analysis (PCA) of the average well colour developrnent in the

Biolog substrate utilization patterns for all sites resulted in 35.3 % of the variance bcing

described by principal component 1 and 7.2 % of the variance by principal component 2.

In Figures 5.1 to 5.6, present PCA for Biolog substrate utilization patterns where grouped

according to site, manure treatment, manure history, current crop, soil texture and manure

type. Although there is evidence of some clustering, no clear separation was apparent.

Principle component analysis plots of manure treatment, manure history, current crop,

soil texture and manure type showed no separation between similar sample points (Figure

5.2 fo 5. 6). Principal component analysis using only the manure-amended data was able

to describe 39.0% of the variance on PCAI and8.2Yo of the variance on PCA 2 (FigLrre

5.3 and5.6).

-1.5 PCA 1 (35.3%)

SAMPLES

@ sitel E site2 @ site3

site 4 'V site S ff srle 6

{Þ site 7 K -- site I O site g

E site 10

Figure 5.1 Principal component analysis of average well colour development in Biolog
GN substrate utilization patterns after 72 hr incubation, categorìzedby sites. Percent

of variance explained by each axis is in parenthesis.
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Figure 5.2 Principal component analysis of Biolog GN substrate utilization patterns after

72lv incubation, categorized by manure treatment. Percent of variance explained by
each axis is in parenthesis.
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Figure 5.3 Principal component analysis of Biolog GN substrate utilization pattems after

72hr incubation, categorizedby manure history for manure-amended soils only.
Percent of variance explained by each axis is in parenthesis.
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SAMPLES

@ corn t wheat @ barely

Figure 5.4 Principal component analysis of Biolog GN substrate utilization patterns after
72hr inctúation, categorized by current crop. Percent of variance explained by each

axis is in parenthesis.
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Figure 5.5 Principal component analysis of Biolog GN substrate utilization patterns after

72hr incubation, categorized by soil texture. Percent of variance explained by each

axis is in parenthesis.
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Figure 5.6 Principal component analysis of Biolog GN substrate utilization pattems after
72hr incubation, categorizedby manure type for manure-amended soils only. Percent

of variance explained by each axis is in parenthesis.

Redundancy analysis (RDA) is a technique that constrains principal component anal¡zsis

with measured environmental variables in an attempt to identify the degree to which

these environmental variables account for the variation captured in one or more principle

components. By including or excluding specific environmental variables, the impact on

the overall percentage of variance explained, relative to an unconstrained RDA (no co-

variables) can be determined. Redundancy analysis (RDA) analysis using no co-

variables showed that27.ZYo of the variation in AWCD was accounted for by RDA axis 1

(Table 5.5, Figure 5.7). By including various co-variables, the partial RDAs showed that

site, followed by manure history and crop type accounted for more variation when the

remaining variation was already accounted for by the selected co-variables. Soil texture,
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manure application and manure type did not contribute to covariance between

environmental and Biolog substrate utilization patterns.

According to the forward selection process from the Monte Carlo permutations,

environmental variables that best explained the Biolog substrate utilization patterns

include various sites (1, 2, 3, 6, and 7), canola, field N mineralization, o/o sand, non

manure-amended, cold-KCl extractable NHa* and hot-KCl extractable NHa*. When

Biolog substrate utilization pattems for manure amended and non-manure amended soils

without co-variables were analyzed with RDA manure-anlended soils (RDA I J4 r'1i,.

RDA 27.2%) (Figure 5.8) and non-manure-amended soils (RDA 134.70^, RDA 2 9.0"1,)

(Figure 5.9) accounted for similar levels of described variance.
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Table 5.5 Redundancy analysis (RDA) of average well colour development in GN
Biolog substrate utilization pattern after 72 hr incubation represented as

covariance values. Co-variables used in partial RDA analyses include site,
crop, texture, manure application, manure application history, and manure
type applied. The exclusion of a co-variable during partial RDA allows for
determining the variation by that variable.

Analysis RDA RDA RDA RDA I all I all
AXIS 1 AXIS 2 AXIS 3 AXIS 4 eigenvalues canonical

(%) (%) (%) (%) variance eigenvalLre
vanance

RDA no co- 27.2 4.1 3.4 2.7 1.00 0.602

variables

Partial RDA adjusted for various co-variables

RDA with all
co_variables 7.9 2.1 1.8 1.4 0.632 0.234

RDA without
sites as a co- 13.7 3.3 2.6 2.0 0,767 0.369

variable

RDA without
manure- 

7 .g 2.1 1.8 1.4 0.632 0.214
amendment as a

co-variable

RDA without
manure tlpe as a 7.9 2.1 1.8 1.4 0.632 0'234

co-variable

RDA without
manure history as 9.6 2.2 2.1 1.6 0.611 0.272

a co-variable

RDA without
texture as a co- 7.9 2.1 1.8 1.4 0.632 0.234

variable

RDA without
crop as a co- 8.2 3.0 2.1 1.6 0.611 0.213

variable
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Figure 5.7 Redundancy analysis showing environmental variables that have greater than

25o/o correlations to the model using all combined data. (Numbers refer to site

numbers, long and short refer to the duration of manure application , Resp refers soil
respiration measuremen! LMinN refers to laboratory N mineralization, MBC refers to

microbial biomass carbon, and MBN refers to microbial biomass nitrogen,
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Figure 5.8 Redundancy analysis showing environmental variables (r3>25o/o) for manure-

amended data only. (Numbers refer to site numbers, long and short refer to the

duration of manure application, Resp refers soil respiration measuremellt, LMinN
refers to laboratory N mineralization, FNmin refers to estimated field N

mineralization, MBC refers to microbial biomass carbon, and PO4cts refers to
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Figure 5.9 Redundancy analysis showing environmental variables (r'>25o/o) f,or non-

manure-amended data only. (Numbers refer to site numbers, long and shorl refer to

the duration of manure application, Resp refers soil respiration measurement, LMinN
refers to laboratory N mineralization, FNmin refers to estimated field N
mineralization, MBC refers to microbial biomass carbon, MBN refers to microbial
biomass nitrogen, WHE, and CAN rcfers to current crop wheat and canola, OC refers
to organic carbon, Gluas erfers to glutaminase, Uras refers to urease and PO4as
refers to phosphatase enzylne responses).
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Separate partial RDA for manure amended and non-manure-amended soils proved that

the selected co-variables did not improve the covariance explanation between the

environmental variables and the Biolog substrate utilization pattem as all covariancc

levels remained the same for both treatments (non-manure-amended RDA I I 1.0%, RDA

2 4.2o/o; manure-amended RDA 1 70.2o/o, RDA 2 4.7%). Using forward selection, corn,

some sites (2,6,8, and l0) and most significantly nitrate were the best environmental

variables in explaining Biolog substrate utilization pattems in the manure-amended soils

in the partial RDA analysis (Figure 5.8). Barley, selected sites (6, 8 and 10), hot-KCl

extractable NHa* and most notably cold-KCl extractable NHa* were the best

environmental variables in the non-manure-amended soils usins forward selection in the

partial RDA analysis (Figure 5.9). Most of these environmental variables also appear in

the RDA scatter plots in Figures 5.7 - 5.9 along with other variables that contribLrtcd lo

the variance in the relevant models. Separating the data according to manure treatnlents

helped to explain more variance in the RDA models. The RDA manure-amended scatter

plot (Figure 5.8), manure management history, current crop- corn and sites 2,4, and 70

had the greatest impact on RDA axis i which accounts for the largest variability in this

model. Soil texture, phosphatase (PO4ase) and sites 6 and 8 contributed to explaining the

variance on RDA 2 axis. More variables were used to account for the variation in the

RDA for the non-manure amended soil, especially along the primary axis (Figure 5.9).

RDA axis 1 was strongly influenced by sites l, 3 and 6,canola, hot-KCl extractable

NH4*, laboratory N mineralization (LminN) and microbial biomass C (MBC). Sites 2. 8

and i0 and sulphate appeared to explain 8,0% of the variance in the non-manured soils on

RDA axis 2.
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5.6 Discussion

Sites were the dominant factor influencing microbial diversity as represented by Biolog

substrate utilization patterns. This was further demonstrated with selected diversity

indices and the partial RDA where sites were selected as a co-variable. Thus, site-

dependent factors have a strong impact on the soil's functional diversity. AlthoLrglr tlrc

soil's metabolic diversity was not impacted by recent manure applications, thecurrent soil

microbial diversity is considered high (Bending et a1.,2002). As short incubations are

more reflective of field conditions and not those imposed by laboratory incubations

conditions (Maire et a1.,1999), the high values of the Shannon diversity indices suggest

that the current microbial populations are not nutrient deprived (Bending et al., 2002).

None of the selected diversity indices appear to be influence by manure type. This was

also apparent in the PCA ordination plots as there was no distinguishable clustering of the

carbon rich cattle and carbon poor hog manures (Figure 5.6). Cattle manure with its

higher C:N ratio, should contribute higher concentrations of organic carbon in the lcirrg

term and potentially increase nutrient availability (Qian and Schoenau, 2002). The

microbial community structure might be anticipated to respond to this carbon rich manure

resortrce through increase species richness. Although species richness and evenness were

not influenced by manure type, the size of microbial community, as indicated by an

increase in AV/CD, did respond to the type of manure applied. This may be attributed to

an increase in readily available carbon sources (Grayston et al., 2001). Our soils had
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higher levels of MBC, organic carbon (o/o), and various measure of nitrogen overall,

without salinityproblems and other studies (Pankurst et al., 2001), and therefore be

expected to support alarge microbial community and therefore a high value for AWCD.

Although some researchers prefer to study substrate utilization potentials with

acclimatized microbial soils (Maire et al., 1999; Bending et al., 2002), it is still useful to

consider the function a diversity of more recently collected soil, reflecting the influence

of soil environment on community composition.

Many other researchers have found that crop influences can greatly influence microbiaì

diversity. Different crops are also found to emit different types and levels of root

exudates (Grayston et al., 1998; Grayston et aI.,2001; Schutter et aI.,2001).

Furthermore, as a crop matures, diversity increases (Grayston et al., 2001 ). Upon seed

set, few plant exudates are released, and their energy is redirected to seed developntent.

At this stage, soil microbial diversity is shown to decline and greater convergence

between samples in PCA ordination plot can be seen at harvest (Shutter et al., 2001). In

this study. partial RDA analyses detected differences in Biolog substrate utilizations in

response to current crop, but the PCA ordination plots had convergent data points. Future

studies should be careful in crop selection and the timing of soil sampling in the

experimental design.

The negative correlations of many environmental variables along the primary RDA axis

could be associated to the position of ordination plots of the substrate utilization patlenrs

(not shown in the RDA plots, but similar to the PCA ordination plots). As many of the
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environmental variables are correlated to each other (see Chapters 3 and 4), and certain

variables are nominal, such as crop, texture, manure application, history and type,

resulted in a split in variable anay placement on the RDA plots. It is interesting that

microbial biomass, phosphatase and various nutrient mineralization measures (such as

respiration, laboratory N mineralizatíon and various KCI extractable NH+'

measurements) tend to have a significant negative influence on the primary axis which

explains 27 to34o/o of the data variation. Nitrate and potassium levels also appear to

decrease the soil's community substrate usage.

5.7 Conclusions

Manure application did not have a single uniform effect on the diversity of the soil

microbial community. However, examination of long-term manure applications in

contrast to short term applications did indicate an influence on the soil microbial

community as seen in the RDA analyses. No signif,rcant manure treatment effects were

seen in any of the diversity indices or AWCD. Overall, the microbial diversity as

interpreted by the Biolog substrate utilization potentials is very site-dependent with all

the indices and the RDA analyses. Crop effects were signifìcantly different in the overall

model. Manure type and history appeared to influence microbial community diversity.

Soil types are not as influential, and their effects on microbial community's structure and

function are less defined.
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6. GENERAL DISCUSSION

Site was the most influential factor affecting soil microbial properties and nutrient

dynamics in our study. The strong impact of site characteristics underscores the need for

site-specific assessment of a soil's nutrient supplying capacity. Responses to manure

application and other aspects of nitrogen cycling were also different among sites, often

resulting in significant site x treatment interactions. Thus, intensive studies that consider

only a single or limited number of sites may provide useful insight. but their

extrapolation to a broader range of soils is limited by these site-specific effects.

At most sites, the application of manure in the year prior to or the current year of

sampling increased microbial biomass N (MBN)MAy and AUGUSI, microbial biomass C

(MBC) ¡4¡y, ur€ÍISe MAy and AUGUST: dehydrogenase, extractable organic carbon (EOC) vnv

and AUCUST, nitrateau6usr, phosphoflls rr,rey and AUGUST: potassium MAY anrj AUCUST, and total

o/oN 
røev and AUGUST. Laboratory and estimated field N mineralization tended to be higher

in most manure-amended fields, although these effects were not consistent. Hence,

manure application may have increased microbial activity and soil nutrient cyclin,c. lrt

the soils considered in this research, metabolic diversity indices were unaffected by

manure application to soil. Parameters whose values change more slowly such as total N
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and C, EC and pH were not also significantly affected by manure application when

comparing all manure-amended fields to non-manured fields.

Predicting mineralization in long-term manure amended soils is challenging. Longer-

term manure application has been shown to increase soil organic matter content

(Jenkinson et aI.,1994), and the rate of N and P mineralization in soil (Whalen et al.,

200i). It is intuitive that this increased availability of carbon should support a larger arrd

more active microbial community. lndeed, increases in microbial biomass and enzyme

have been shown to correlate with increased soil C content (Hadas et al., 1996).

Increased biological activity has been also shown to increase soil mineralization (Parham

et al., 2002). In sites with longer histories (greater than 35 years) of manure application,

nitrate, phosphorus, potassium, total C, total N, pH and EC levels were higher. Organic

carbon, total N, K, MBC, MBN, urease, glutaminase, phosphatase, total I(Cl extractable

NH4*N, hot KCI extractable NH4*N, field N mineralization, and the Shannon evenness

index for bio-diversity tended also to be higher with longer histories of manure

application. With so many soil characteristics affected manure application and its

application history, it would be anticipated that the microbial community diversity would

be affected more by manure application history. In short-term incubations, the microbial

community uses the manure's readily available organic substrate to exhaustion (Zaman et

al.,1999a). As not all the organic compounds contained in manure are used in the f,rrst

year, the remaining compounds could enter a more recalcitrant nutrient pool in the soil,

and provide a small, but persistent influence on nutrient cycling and the microbial

community. As crops utilize plant available nitrogen (PAN) during the growing season,
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soils subjected to long-term manure application may be able to sustain microbial activity

into the fall. Estimates of community diversity were performed on samples collected in

August and therefore the microbial community diversity may have been influenced by the

more recalcitrant organic compounds that could be present in manure-amended soils as

the Shannon evenness index indicated that the microbial population was unevenly

distributed. Conversly, Shannon diversity, Simpson Dominance indices and AWCD

indicated that species richness did not appear to be affected. Other studies have found

soil microbial biomass and extracellular enzymes activities such as urease increase u ith

manure application for a short period, then return to background levels over time (Zarnan

et al., 1999a). The long-term effects of extended manure application history may also be

increased may soil microbial parameters.

Manure quality and mineralization depend not only on the animal species producing tlre

manure, but also the age of the animals, how the animals and manure are handled and the

climate (Davis et aI.,2002). As not all of the nutrients in manure are released at the same

rate and often manure is applied in successive years, the prediction of future nutrient

available in manure-amended soils is diffrcult. Not all organic N applied in the lttarrure rs

mineralized in the first year, and manure quality influences the rate and extent of nutrielrt

mineralization following land application. For example, in a Nebraska study, 40o/u oî

total N in cattle feedlot manure was plant available in the first year, with 15olo remaining

useable in the second year (Eghball et al., 2002). Hog manure may have 90o/o of its total

N to be plant available in the year of application and 2o/o available in the second year.

The application of cattle manure produced higher levels of pH, EOC, nitrate6u6, K, S,
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MBN, dehydrogenase, laboratory N mineralization and Simpson diversity index than hog

marrure. Cattle manure generally had a higher C:N ratio and thus should increase carbou

substrate availability and result in greater microbial activity (Qian and Schoenau,2002).

Although Eghball et al. (2002) cited average C:N ratios of beef cattle, dairy, and swine as

19,16, and 14, respectively, they noted that the composition of the C and N constrtuents

and inorganiclorganíc fraction ratios in the manure is more significant than a C:N ratio.

The microbial community's size (MBN), activity (dehydrogenase) and metabolic

diversity (AV/CD for Biolog substrate utilization pattem) demonstrated that the microbial

community responded to the quality of manure amendment and the nutrients it supplied.

This was shown in the soil's nutrient cycling capabilities. Glutaminase, laboratory and

field N mineralization all tended to have higher levels of activity in the cattle manure-

amended soils than in the tiquid hog manure amended soils. Thus, carbon rich cattle

manure increased the soil's microbial activity and, over the longer tenrr, increased N

mineralization and release during the growing season. This contradicts the frndings of'

Qian and Schoenau (2002) who found N availability decreases if the manure orgarric C:N

ratio is over 15, as typically found in cattle manure. However, Qian and Schoenau dealt

only with short-term nutrient availability and did not address the implications of Iong-

term manure application.

The physical environment of the soil is an important factor in determining the nature of

the microbial environment. Soil texture has an important influence of soil aeration and

hydrology. Coarse textured soils tend to provide a more aerobic environment condttcive

to microbial activity. The sand content of the soil was positively correlated with
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estimated field N mineralization. Sørensen and Jensen (1995) also observed that the

addition of animal manure resulted in greater plant availability N in sandy soils during

the initial months after application. However, the loss of nitrate from the root zone can

be increased in coarse-textured soil due to rapid tum over of soil biomass N (Sørensen

and Jensen, 1995) and the increased potential for leaching of NO3-. Thus, more nutrients

are unaccounted for in the surface, as they tumover and arc translocated to the subsurface

in sandy soils. Up to 30o/o of the soil's profile N minerahzation can accumlrlate in the 60

to 160 cm depth layer (Hadas et al., 1986). However, the microbial community activity

and populations can vary with depth. Lalande et al., (2000) found greater anrnotrifìer

and nitrifier populations in the 15-to 30-cm soil layer in their study after hog manure

application. Microbial biomass carbon and MBN levels were highest in their surface soil

samples. Under this study's wetter than normal sampling conditions, greater loss of

nitrate due to denitrification may have occurred, especially in clay soils. Chang and

Ianzen (1996) found significant gaseous N losses due to denitrification while modeling

field N mineralization. Many of the clay soils in our study also appeared to have

negative net N field mineralization. This is likely the result of greater rates of

denitrification in heavy-textured soils in this relatively wet growing season. The

combined effects of improved aeration in coarse-textured soils and denitrification in finc-

textured soils are likely to have caused a shift to higher apparent N mineralization in

sandy soils as measured under field conditions and may have affected the step-wise

regression modeling for field N mineralizaTion. Climatic conditions further affected soil

texture's influence on the microbial community. Compared to coarse-textured soils, fine-

textured soils have greater porosity with more micropores that can hold more water
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(Brady, 1990). This further compounds problems of excess precipitation. Fine textured

soils generally have a net negative charge and have a greater cation exchange capacity

(CEC). This is demonstrated in the higher soil potassium concentrations apparent in fine-

textured soils in this study. Micropores can provide more protection to the microbial

community, abiontic enzymes and soil organic matter. Consequently, MBC, MBN,

urease and phosphatase were all higher with fine-textured soils. Simpson domtnance

index of the metabolic capacity (Biolog) of the microbial community indicated higher

values for fine-textwed soils. However, Shannon diversity and evenness index and

AWCD were not affected by texture. This implies that the level of diversity may be the

same between different textured soils. The species dominance and evenness in relation to

the substrate utilization patterns were higher in fine-textured soils. Under field

conditions, the combined effect of soil texture on the behaviour of nitrates (leaching and

denitrification) and the indirect effects of soil aeration on soil microbial activity and N

mineralization resulted in a texture x manure addition interaction not evident in tlre

laboratorv-based measures.

The microbial community from soils cropped to corn, cereals and pulses appeared to

influence soil microbial parameters, such as MBN, glutaminase, laboratory N

mineralization, AV/CD, Simpson dominance and Shannon diversity and evenness

indices. The greatest differences in these parameters were most commonly seen between

corn and the other crops studied. Corn was not only grown for silage, but also selected

by the producer as a high N demanding crop to prevent groundwater contamination on

heavily manure-amended f,relds close to the farm site. However, it should be noted that
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corn was only grown on the manure-amended sites. This can make it difficult to

distinguish between crop and other effects. Other studies have found fields cropped

continuously to com to exhibit higher MBC values than mixed rotations (Jordan et al.,

1995). Although not examined here, the cropping history of a site can have long-term

impacts on soil microbial parameters (Jordan et al., 1995) and indicate the need for

further investigation. Since different crops can emit different qualities and quantities of

exudates (Grayston et al., i998; Grayston et al., 2001 Schutter et al., 2001), partial RDA

analysis indicated that the current crop was able to account for some variation in

microbial communitv diversitv.

Traditionally, the nitrate soil test has been used to quantify available nitrogen and this

estimate used to predict the supplemental nitrogen that is needed for a specific crop. Our

results show that the nitrate test was not always the best predictor of N mineralization in

manure-amended soils. However, nitrate was selected in the step-wise regressional

analysis for N mineralization in non-manure amended sites. One of the difficulties in

using a spring nitrate soil test is that loss of nitrate is not explicitly measured, but could

influence the amount of plant available nitrogen (PAN). In the current study, the May

soil samples were taken after organic and inorganic fertilizers were added. Thus, this

measure integrates the carry over of nitrate from the previous year as well as the effect of

field management and amendments on soil nitrate and ammonium content.

Although nitrate is a key by-product in N mineralization, it was not a signihcant

parameter in modeling PAN in the manure-amended soils. Many parameters had

significant manure treatment effects and the step-wise regression selected different
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parameters for the non-amended and the manure-amended soils. Hence, soils with

manure application need to be treated and assessed separately from non-manure amended

soils.

The use of hot-KCl extractable NH¿* appeared to be valuable in estimating PAN only in

non-amended soils and not the manure-amended or combined soil models. Soil NH¿*

content (cold KCl-extractable NHa*) for both sample dates was also significantly related

to PAN in the non-amended model and was selected in the stepwise repression.

However, the relationship between NHa* and PAN in non-manure amended soil differed

for the two sample dates. For soils sampled in August, soil NH¿* content was positively

related to PAN: whereas for samples collected in May there was a negative relationslrrp

between PAN and soil NH+- content. This confounding result may be due to the

mineralizaed levels of PAN in soil uncomplicated by manure application.

For most parameters , greater variability was observed in manure-amended soils, than in

non-amended soils emphasizing the need to assess these two groups of soils separately.

Manure application, plus the duration and type of manure applied also influenced soil

mineralizing enzymes and the microbial populations. MBN, organic carbon o/o, pH, sand

and urease all influenced the modeline of field N mineralization in manure-amended

soils. Zaman et al. (1999a) found that microbial biomass C and N were the best

parameters in describing gross N mineralization. They found gross N mineralization was

significantly correlated to soil microbial biomass and urease. The enhancement of tlre

soil microbial population by manure application not only provides a labile nutrient
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source, but also promotes greater mineralization through enzyme activity. Future

modeling should include greater evaluation of the impact of manure application on

biological potential to accurately predict mineralization and minimize environmental

impact.
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7. CONCLUSIONS

The influence of site was the dominant factor influencing N mineralizal"ion rates in this

study. Site effects reflect a wide range of soil chemical and biochemical characteristics

responding to soil pedogensis, climate and management and combine to influence the

nature of the response to manure application. The dominant influence of site

characteristics underscores the need include site-specific measures in approaches to

describe the influence of manure application on N minerahzation.

Manure application stimulated the soil microbial population as indicated by ir.rcreases irr

parameters such as MBC, MBN, urease and dehydrogenase content. This effect was

most strongly expressed in soil collected in the spring (May) where higher levels of MBC

and greater differences between manure amended and non-amended soils were apparent.

These effects were coffelated with EOC levels, which were higher in nranure-anrellclecl

soils. Furthennore, soil nutrient (NHa*, NO¡-, POqz-, K*) levels were higher in the spnng

due to availability of recently applied inorganic (fertilizers) and organic (manure)

nutrients. This higher nutrient status may have contributed to greater microbial activity

with the greatest responses seen in the manure-amended samples. The stimulatory effect

of manure was expressed most dramatically in soils receiving more than 35 years of

manure applications; nitrate, phosphorus, and potassium were higher in these soils.

151



Microbial diversity was not as significantly affected by manure application as estimated

at the end of the growing season. But, soils with longer manure application histones hacl

a higher Shannon evenness index of microbial diversity and were distinguishable using

partial RDA analyses. With increased microbial activity and higher levels of nutrients irl

the manure-amended soils, it is not surprising that net field and laboratory N

mineralization were significantly higher in manure-amended soils. Thus, manure-

amended fields had a higher nitrogen mineralízation potential and, provide gneater levels

of plant available nitrogen (PAN) than non-manure-amended soils. The inclusion of

microbial parameters in regressions equation attempting to predict net field N

mineralization provided an improved the prediction of field N mineralization.

ln conclusion, of the parameters measured, none could be used as a single indicator for N

mineralization in manure-amended soils. Although total N, EOC, nitrate, ammonium. P,

K, MBC, MBN, dehydrogenase, glutaminase, urease, total KCI extractable NH¿-N, hot

KCI extractable NH¿*ì{, and laboratory N mineralization were shown to significantly

influenced by manure amendment, only MBN, organic carbon and urease were selected

in stepwise regression as being able to predict field N mineralization. Furthermore, pH

and the percentage of sand were also selected into the regression model for manure-

amended soils. This suggests the importance of environmental site variables on the N

mineralization process. Laboratory studies do not account for environnlental lactors and

often remove their influence as much as possible, hence, ignoring the conditions that

influence PAN in the field. Future prediction models should include site-specihc
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characteristics such as soil quality characteristics (chemical, and biological), and manure

quality and history of application.
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8. CONTRIBUTION TO KNOWLEDGE

The impact of manure application was found to vary among different sites. The response

of the microbial community to manure-amendments is shown to have greater

mineralization potential through nutrient cycling enz)lnes, laboratory and field N

mineralization measurements. Soil with longer manure application histories also

appeared to increase the soil's nutrient cycling abilities as demonstrated by soil nricrotrral

parameters, such MBC, MBN, glutaminase, urease and phosphatase. Thus soil brologrcal

properties and site-specific effects on these properties may be important considerations

when managing soil fertility. The inclusion of biological indices improved the prediction

of field N mineralization, but further benefit resulted from the inclusion of site-specific

characteristics such as soil texture and chemistry. Overall, no one single variable was

able to predict N mineralizatíonvery well. Even with the inclusion of biological and

chemical parameters, a high degree of variability was still present. More research is

needed to account for mineralization differences and to understand how different soil

qualities influence mineralization. Although an established long-term experiment

containing manure-amended soils would be beneficial in modeling a peculiar site,

mineralization is site-dependent and the results from one site may not applied universally

to all soils in a region such as southern Manitoba. MineralizaÍion models also need to
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include estimates for potential pathways of nutrient movement or loss such as leaching or

denitrification.
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9. APPENDICES

Appendix I - Site meteorological data

Table I-1 Meteorological data for Brandon for average normals (between l97l -
2000) and year 2000 that are close to site 1.

Mean Temperature ("C)

2000 Normal

Total Precipitation
(mm water equir,.)

2000 Normal

January
February
March
April
May
June
July

August
September

October
November
December

Yearly

-16.9
-9.9
0.4
4.1

10.8
13.2
18.5
17.5

1 1.5

5.5
-8.1

-22.6

1.9

-r 8.04
-13.8
-6.4
3.5
tt.4
16.1

18.4
17.5

tr.4
4.4
-6.r
-r4.9

r.9

24.0
12.8

34.4
7.2

51.8
66.0
133 0
46.0
66.4
33.4
70.6
39.8

585.4

11.95

t4.l
22.2
31.0
527
74.4
758
69.2

50. r

27.7
t7.7
19.2

472
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Table I-2 Meteorological data for Selkirk for average normals (between l97l - 2000)

and vear 2000 that are close to site 2 and 5.

Month

Mean Temperature ('C)

2000 Normal

Total Precipitation
(mm water equiv.)

2000 Nonral

January
February
March
April
May
June
July

August
September

October
November
December

Yearly

-r6.3
-8.2
-0.3
4.6

1 1.6

15.0
20.0
t9.2
T2.2

7.1
-4.3
-2r.3

aa
J.J

-17.46
-13.3
-5.9
A1r. I

12.4
t7.3
19.8

18.7

t2.5
5.5
-4.9

-14.1

2.9

21.0
33.0
30.2
5.4
55.2

176.2
r29.5
97.0
62.5
27.6
94.4
34.0

766.0

16.03
Il3
21 8
26.0
56.6
93.0
79.6
'74 <

57.s
35.6
23.7
t4.7

510.4

Table I-3 Meteorological data for Baldur for average normals (between l97l - 2000)

and year 2000 that are close to site 3.

Month

Mean Temperature ('C)

2000 Normal

Total Precipitation
(mm water equiv.)

2000 Nonral

January
February
March
April
May
June
July

August
September

October
November
December

Yearly

-r4.3
-7.8
0.1

3.7
1 1.0

13.7

19.0
t8.2
11.6
6.r
-6.9

-20.9

2.8

-16.41

-r2.7
-5.9

3.6
I 1.6

16.4

18.8
18.0

11.9
4.9
-4.9
-13.s

2.6

19.0
37.8
22.2
5.2

58.6
1r3.7
77.1

t23.3
58.3
18.7
93.8
40.0

667.7

22.9
23.4
26.4
32.2
62.6
9r.7
69.2
73.8
49.8

39.3
26.8
24.5

<A'' <
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Table I-4 Meteorological data for Steinbach for average normals (between 1971 -
2000) and year 2000 that are close to site 4 and7.

Month

Mean Temperature ("C)

2000 Normal

Total Precipitation (mm water
equiv.)

2000 Normal

January
February
March
April
May
June
July

August
September

October
November
December

Yearly

-t7.37
-13.0
-5.5
4.1

1 1.9
16.6

t9.r
18.1

t2.1
5.4

-l | |

-1,4.1

2.7

20.2
30.3
22.1

7.9
58.4

208.7
154.8
r23.4
35. l
22.2
l0ó.9
53.9

834.9

21.8
14.4

19.4
28.7
s8.9
95.2
80.3

68.5
59.7
446
26.t)

2t.l

539.4

-15.8
-8.3
0.2
4.5
t2.0
t4.7
t9.4
18.7

12.0

7.3
Á')-a,L

-20.7

3.4

Table I-5 Meteorological data for Morden for average normals (between l97l -
2000) and year 2000 that are close to site 6.

Total Precipitation
(mm water equiv.)

2000 NormalMonth

Mean Temperature ("C)

2000 Normal

January
February
March
April
May
June
July

August
September

October
November
December

Yearly

r4.7
)) a.

t2.0
5.4

A-7 ')

90.8
39.0
166.4
40.2
19.6

7 5.5
30.2

563.4

19. l8
19.2
2s.0
35.5

ó3.3
844
1t .2
69.9

52.1
44.8
)'7 4

20.8

533.3

-t4.4
-5.5
1.3

5.2
12.4
15.5
19.9
19.9

12.9
7.7
-4.5
-19.0

4.3

-15.6
-1t.7
-4.9
4.7
12.9

17.7

20.1

19.1

I J.J

6.2
-4.3
-t2.5

3.8
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Table I-6 Meteorological data for Pilot Mound for climate normals (between l97l -
2000) and year 2000 that are close to site 8.

Month

Mean Temperature ("C)

2000 Normal

Total Precipitation
(mm water equiv.)

2000* Nornral

January
February
March
April
May
June
July

August
September

October
November
December

Yearly

za.q

r8.l
9.0
s0.0
124.2
44.2
85.8
48.0
20.8
30.8

incomplete

2l .01

16.6

227
35.9
58.2
82.1

63.6

69.6
s6.0
a-n)t.l
20.2
20.3

503.9

-t5.2
-7.8
-0.2

J.J

r0.7
t3.2
18.1

t7.7
1 1.1

5.6
-7.0
-2t.3

2.4

-t7.6
-12.8
-6.5
3.5

11.3
15.8

18.7
17.9

11.6
5.1

-5.4
-14.4

^a¿.J

t incomplete data whose sum is 459.3 mm of moisture.

Table I-7 Meteorological data for Stony Mountain for climate normals (between

l97l - 2000) and year 2000 that are close to site 9 and 10.

Total Precipitatiorr
(mm water eqLttt'.)

Mean Temperature ('C)

2000 NormalMonth 2000 Nonlal

January
February
March
April
May
June
July

August
September

October
November
December

Yearly

-t6.7
-8.8
0.0
4.5
12.2
15.3

20.2
19.8

12.4
7.r
-4.6
-20.8

3.4

-r7.98
-13.8
-6.3
3.8
12.r
t6.9
19.s
18.4
t2.3
5.1

-5.4
-14.7

2.5

36.1
25.5
26.1

6.6
66.8
197.4
112.2
63.9
61.1
29.8
90.4
56.5

111 A

21.96
15.8

20.7
26.5
54.8

88.9
71 .5

68.6
53.1

39.0
27.1

22.6

510.4
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Appendix II

Methods of Selected Parameters

II.1 Microbial Parameters

ll.l2 Microbial Biomass C and N (modified from Voroney et al., 1993)

Two 25 g portions of moist incubated soil for each sample were placed into 100-mL

square glass bottles. One set ofsamples was fumigated for 24hours then extracted. This

reflected the soil's microbial biomass C and N. This other unfumigated set was to be

extracted immediately to determine the background levels of soluble C and N. The

bottles that were to be fumigated were placed in a desiccator lined with freshly moistened

paper towels. A 100-mL beaker containing 50 mL CHCI3 and a few boiling chips was

placed in the middle of the desiccator. The desiccator was sealed and evacuated until the

CHCL boils vigorously for 1 minute. After 24 hours, the vaccum was released and the

samples were vacuumed 3 times (approx. 30 seconds each time) to remove excess CHClr.

To both sets of fumigated and unfumigated samples, 50 mL of 0.5 M K2SO4 was added.

The bottles were stoppered and shaken on a lateral shaker for I hour at 150 rpnt. Thc

samples were filtered through pre-washed Whatman #5 fìlter paper (12.5 cm) into 20 nrl

polyethylene scintillation vials. The fìlterate was analyzed on an au|oanalyzer for

dissolved organic carbon, total nitrogen, nitrate and ammonia.
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II.2 Soil Enzymes

lI..2.l Urease (modified from Frankenberger and Tabatabai l99l)

Five grams of moist incubated soil in a 50 mL Falcon centrifuge tubes. Tubes were also

included for soil blanks (5 g of soil, randomly chosen) and solution blanks (no soil). Nine

millilitres of THAM buffer (0.05M pH 9) to all samples and blanks. The assay was

began by adding I ml of substrate (0.2M urea) to each sample and solution blank tubes.

The soil blanks received lml of deionized water. The tubes were capped, vortexed

(approx. 15 sec), and then placed into a water bath (37"C) for two hours. After 2 hours,

the enzyme assay was stopped by adding 20 mL KCI-Ag2SO4 solution (3 M KCI-100

ppm Ag2SO4) with the bottle pipette disperser to all tubes (samples and all blanks). The

tubes are then recapped, vortexed, and the soil assay mixture filtered througlr pre-washcci

Whatman #2 filter paper (12.5 cm) into 20 mL polyethylene scintillation vials. Wherr

possible, the filtrate samples were analysed the sample day as the assay was done. The

ammonia concentrations in the collected f,rltrate were determined used an Orion

Ammonia Electrode probe. A standard curve using 1.4 ppm, l4 ppm, and 140 ppm

NH4CI-N was determined on the probe reader and repeated on regular intervals. Quality

control was also maintained using 10 ppm (NH¿)zSO¿-N.

Í1.2.2 Phosphomonoesterase (modifled from Tabatabai, 1982)

Into 50 mL Falcon centrifuge tubes, weight out 0.5 g of moist incubated soil. Tubes were

also included for soil blanks (5 g of soil, randomly chosen) and solution blanks (no soil).

Add 8 mL of THAM buffer (0. I M pH 1 1) and 2 ml of substrate, p-nitrophenyl phosphate

tetrahydrate (15 mM) to each sample and solution blank tube. The soil blanks get 8 mL of'
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THAM buffer (0.1 M pH 10) and2 mL of deionized water. The tubes were capped,

vortexed (approximately. 15 sec), and then placed into a water bath (37'C) for half an

hour. During the reaction, p-nitrophenyl phosphate tetrahydrate is converted into a bright

yellow end product, p-nitrophenol. A standard curve of 0, 1, 2, 3, 4, and 5 ppm p-

nitrophenol is used to determine the concentration ofp-nitrophenol in the filtrate. Five

millilitres of standard was added into the 50 mL Falcon centrifuge tubes and placed in to

the water bath at the same time as the sample tubes. The assay is stopped by adding 2nrL

of 0.5 M of CaClz and 8 mL of 0.04 M NaOH to all sample, blanks, and standard curve

tubes. After adding the stopping solutions, the tubes are vortexed again and filtered

through V/hatman #2 filter paper (I2.5 cm). The filtrate was collected into glass vials

and the absorbance read at 400 nm. Dilutions with deionized water were done when the

sample absorbance was no within range of the standard curve. Most dilutions required an

one to ten dilution rarige.

\1.2.3 Glutaminase (modified from Frankenberger and Tabatabai 1995)

Five grams of moist incubated soil in a 50 mL Falcon centrifuge tubes. Tubes were also

included for soil blanks (5 g of soil, randomly chosen) and solution blanks (no soil). The

assay was begun by adding 10 mL of glutamine substrate + THAM buffer (0.1 M THAM

and 0.05 M L-Glutamine, pH 10) to each sample and solution blank tubes. The soil

blanks get 9 mL of THAM buffer (0.1 M pH 10) and I mL of deionized water. . The

tubes were capped, vortexed (approx. 15 sec), and then placed into a water bath (37"C)

for two hours. After 2 hours, the enzyrne assay was stopped by adding 20 mL KCI-

Ag2SO4 solution (3 M KCl-100 ppm Ag2SOa) with the bottle pipette disperser to all
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tubes (samples and all blanks). The tubes are then recapped, vortexed, and the soil assar,'

mixture filtered through pre-washed Whatman #2 ñlter paper ( 12.5 cm) into 20 m L

polyethylene scintillation vials. 'When possible, the filtrate samples were analyzed the

sample day as the assay was done. The ammonia concentrations in the collected filtrate

were determined used an Orion Ammonia Electrode probe. A standard curve using 1.4

ppm, 14 ppm, and 140 ppm NH4CI-N was determined on the probe reader and repeated

on regular intervals. Quality control was also maintained using 10 ppm (NH¿)zSO+-N.

11.2.4 Dehydrogenase (modified from Tabatabai, 1982)

1.5 g moist incubated soil was placed in a l0 mL glass Kimax tube. Two sets of-stlltttit.rrr

reagent and random soil blanks were include for quality control. Then, approximately

0.02 g CaCO, was added to each tube. This was followed by 1.5 mL of deionised water.

The assay began by adding 0.6 mL substrate (3o/o 2,3,s-triphenyl tetrazolium chloride in

water) to the test tube containing soil sample or solution reagent blanks. In the soil

blanks, 0.6 ml deionized water was added instead of 3o/o triphenyl tetrazolium. All test

tubes were vortexed (approx. 15 sec per tube), placed in water bath at 37"C and shaken

for24 hours. A standard curve consisting of 5, 10, i5, and 20 ppm of triphenylformazan

(TPF) in methanol was also incubated at this time. A sample of ASC Methanol was also

included for the lowest portion of the standard curve. After 24 hours, the tubes were

removed from the water bath. Adding 10 mL ACS methanol stopped the assay reactiorr

The tubes were then vortexed (approx. 15 sec per tube), then centrifuge for I5 mitlutes at

3000 rpm. The absorbance of the sample and blank supernatants, and the standard curve

was measured on a spectrophotometer at 485 nm. The concentration of end product, TPF
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is an indication of potential dehydrogenase activity and is determined using the

calibration curve.
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Appendix III - Manure and site characteristics

Table III.X The average and standard deviation of selected manure characteristics on a dry weight basis (105'C).

Site Livestock Moisture EC pH Ammonium-N Organic Total Nitrite and Phosphorus
Manure nitrogen Nitrogen nitrate -N

Type

BRA Feed
Cattle

ESK Hog

KIL Feed
Cattle

KSB Hog

LKP Dairy
Cattle

MOR Dairy
Cattle

MSB Hog

SLK Hog

STM Dairy

SWL Hog

(rl

%

74+6

97+0.3

59+4.0

98+0.7

80r1.3

76+20.9

96+4.1

91+2.1

56+4.9

98t1.0

dS/m

4.0+0.5

16.8r0.0

2.t+0.7

18.9r0.1

7.rt2.9

i 8.4r1 .1

18.6+1.2

16.4+10.1

19.5+4.8

14.0+0.9

9.4-r0.1

7.4!0.0

6.8+0.6

6.7+0.1

9.2+0.7

0.13r0.07

7033!7.0

0.27+0.27

t20.25x43.66

0.2610.13

31.4015.09

98.7sr50.90

131.08r116.13

0.4510.16

i 65. 1 5199.1 6

6.9+0.1

7.6!0.1

7.5+0.6

8.1r0.3

6.911.0

17.3+5.5

29.8+t.9

20.2+4.3

34.6+15.4

24.9+7.4

16.!+1.3

56.3+28.2

25.4+10.3

18.7+4.9

48.0!23.9

-elkg

t7.5x5.6

100.617.6

23.1+5.8

170.0+48.3

26.t+8.5

52.0+4.0

155.6+78.8

r29.2!75.6

20.1.4.6

215.3!114.2

t34.6+60.1

306.8+27.9

2608.5+1704.8

217.5!12r.6

893.011186.8

4.8r0.9

45.4+4.0

7.t+1.6

27.4+7.2

22.6!9.7

97l'24.r1

470.2t306.3

901.511 139.7

903.31648.1

1860.5+1r15.4

6.3+4.7

43.0+5.2

26.2!11.8

6.9+1.3

48.4!6.3



Table III.2 Field management practices.

Site 2000 Crop Crops in Field History'
Non- Manure Non- Manure

BRA Wheat

ESK Barley
KIL Winter

Wheat
KSB Wheat

LKP Canola

MOR Canola

MSB Canola

SLK Barely

STM Barley

SWL Barely

Barley Wh, B, Ca

Canola B, Wh, Ca
Canola Ca, Vy'h,

P,O'Wheat Wh, B,
Ca, o

Corn Ca, Wh,
B,F

Com Ca, Wh,
Su,

Corn Ca, Wh,
B, CO

Wheat B, Ca, F,
wh

Corn Ba, Co,
veg.

(75yrs)
Barley Untamed

hay field

Manure

B, Wh, Ca Broadcast
incorporated

Ca, B, Wh Injected
Ca, Wh, Broadcast

Wi incorporated
'Wh, B, Ca, Broadcast

O incorporated
Co, Ca, Broadcast

Wh, F, B incorporated
Ca, Co Broadcast

incorporated
Co, Wh, Injected

ca, B
'Wh, 

Ca, B, lnjected
Co

Co, B, O- Broadcast
P-B, A incorporated

B, O, Broadcast
Fallow incorporated

Manure
Method

Manure
Application

Rate

Crops in Field History, crop abbreviations: A- alfalfa, Ba-barley. Ca- canola, Co- corn, F- flax; O .'oats, P- peas, Su sunflower,
Veg various garden vegetables, V/h-red spring wheat, Wi - winter wlreat

4 tonnes/ha

7654llha
4 tonnes/tra

1530l/ha

4 tonnes/ha

9185 l/ha

10716llha

12247 l/ha

4-8 tonnes/ha

17850 l/ha
previous year

on fallow

Inorganic Fertilizers
Non-Manure Manure

---N-P-K-Skg/ha--
82-37-tt-rt 87-37-tt-tr

90-22-0-0 tt2-56-0-22
tt2-34-fl-0 rT2-34-0-13

134-17-ll-0 none

140-45-0-22 109-39-0-0

90-34-0-0 none

0-39-1 1-1 1 34-1 1-0-l I

84-39-11-6 none

101-34-0-1r 39-22-0-6

45-28-22-6 none

Tillage

Zero-tlllage*

Minimum
Zero-tlllage*

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional



Table III.3 Livestock and manure handlin

Site Livestock Manure
Manure Phase

BRA Feed
Cattle

ESK Hog

KIL Feed
Cattle

KSB Hog

LKP Dairy
Cattle

MOR Dairy
Cattle

MSB Hog

SLK Hog

STM Dairy
Cattle

SWL Hog

I

Number of
A.U.

Solid

Liquid

Solid

Liquid

Solid

Liquid

Liquid

Liquid

Solid

Liquid

and stora

113

300

r40

250

300

100

300

8s0

1000 - cattle
50 - hogs

126

Type of Manure
Storage Facility

Piled

Above ground steel
tank
Piled

Concrete under ground
tank - one cell

Piled

Earthen Storage -
one cell

Concrete under ground
tank - one cell

Concrete under ground
tank - one cell

Piled

Concrete under ground
tank - one cell

Storage
covered

Use of
bedding

No

No

No

Yes

No

No

Yes

No

V/heat Bobcat

No Flush

Wheat straw Bobcat

No Flush

Wheat straw Bobcat

Barley straw Sweep +
Pump out

No Flush

Wheat Sweep +

Straw Pump out

Wheat/ Bobcat
Barley
Straw
Barley Sweep +

Straw Punrp out

Manure
collection

Additional Comments

Farrow to finish

Farrow to finish

Contains animal waste
and straw only

Manure also contains
waste water from

cleaning dairy
Farrow to finish

Farrow to finish, straw
only used for brooding

area

Hogs make up small
o/o of operation, not
included in study

Farrow to finish, straw
only used for brooding

area

No

Liquid-
Yes



Appendix IV

Analysis of variance for various soil parameters

Table IV.l Mean volumetric moisture content of soil samples (0-15 cm) among various sites

for May. Letters indicate degree of similarity by comparing all means using Tukey
IISD (P<0.05) from one-\ryay ANOVA (site x treatment).

Site
Manured Non-manured Texturef Manure Manure

Crop Crop History{ TYPe$

53.2
wheat
41.6
corn
45.6
corn
38.6

canola
32.5

barley

31.7
canola

30.2
wheat
30.6
corn
2s.2
corn
JA)

barley

bcd

cde

defg

efg

Prob>F

<0.001

<0.05

<0.01

49.5

wheat
50.3

canola
45.9

canola
.)+.¿

barley
21.1

wheal
31.0

winter
wheat
31.4

barley
29.4

barley
18.3

canola
11.1

barley

abc

H

ab

ab

def

fgh

L

efg

efg

efg

h

efg

efg

fgh

ohÞ'^

9

6

df

9

1

9

C

10

ANOVA

Site

Treatrnent

Site x
Treatment

C

I
+

$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table IV.2 Mean volumetric moisture content ofsoil samples (0-15 cm) among various sites

for August. Letters indicate degree of similarity by comparing all means using Tukey
HSD (P<0.05) from one-\ryay A¡{OVA (site x treatment).

Site Manured
Crop

Non-manured
Crop

Manure Manure
Historyf Type$

Texture

T

38.2
wheat

40.7
corn

29.4
canola

34.7
corn

34.8
barley

24.3
corn

26.2
canola

22.3
corn

17.8
v,heat

17.3
barley

abc

ab

bcdef

abcd

abcd

defg

cdefg

efg

fg

fo

NS

<0.05

47.0
t4

wneat

40.4,aocanota
?s5

aDccl
oafley

35.4, aDccr
canola

28.9
, DCqEI

wneat

28.8
ocqer

Dartey

25.3
winter defg
wheat

14.6
ItÒ

canom

2t.8 rg
barley
146

çÞ
DArtey

c

C

L

C

L

HL10

ANOVA

df Prob>F

Site 9 <0.0001

Treatment I

Site x s
Treatrnent

T
T
+

J

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle lnanure applied
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Table IV.3 Mean 70o/o field capacity of soil samples (0-15 cm) among various sites. Only
one sample per treatment block was used to determine field capacity. No statistics were

done for fïeld capacity.

Manured Non-manured Manure ManureSite crop crop I exMeï Historyl rype$

-------%------

10

39.8
wheat
28.9
corn
35.8
conx
20.8

wheat
26.7
corn
24.1

canola
22.0

canola
aaÁ

barley
20.3
corn
t6.4

barley

35.5
wheat
38.3

canola
5J.¿

canola
27.5

barley
27.3

barley
23.r

barley
23.1

barley
t8.1

wheat
r7.9

canola
20.1

barley
L

I

t
$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application

Manure type: H- hog manure applied. C- cattle Inanure applied
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Table IV.4 Mean organic carbon percentage of soil samples (0-15 cm) among various sites

for May. Letters indicate degree of similarity by comparing all means using Tuker
HSD (P<0.05) from two- way ANOVA (site x treatment).

Site
Manured

Crop

Non-
manured

Crop

Site
Overall

Texturet
Manure Ma¡rure

History{ Typ.t*

i0

ANOVA

Site

Treatment

Site x
Treatment

s.66
wheat
5.89

canola
5.34

canola
4.71

barley
3.94

barley
3.80

barley
3.76

winter wheat
3.28

wheat
2.28

canola
2.29

barley

Prob>F

<0.001

NS

NS

6.44
wheat
6.16
corn
5. l0
corn
4.81
corn
4.35

canola
3.28

wheat
3.61

canola
3.70

barley
3.36
corn
2.09

barley

df

9

I

9

6.05

6.02

s.22

4.18

4.15

3.54

3.7 |

3.49

2.81

2.19 L

I
+
+

$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle rnanure applied
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Table IV.5 Mean organic carbon percentage of soil samples (0-15 cm) among various sites

for August. Letters indicate degree of similarity by comparing all means using Tukey
HSD (P<0.05) from two-way ANOVA (site x treatment).

Manu¡ed Non-manured Site Manure Manure

crop crop overall Texturef Historyl rypegSite

l0

ANOVA

Site

Treatment

Site x
Treatrnent

5.19
canola

5.67
wheat
4.97

canola
3.96

barley
4.25

barley
3.60

barley
3.76

winter wheal
3.65

wheat
1.83

canola
2.74

barley

Prob>F

<0.001

ns

NS

s.93
corn
+.JJ

wheat
4.96
corn
4.90
corn
4.58

canola
3.80

wheat
3.28

canola
3.70

barley
3.25
corn
2.25

barley

5.86

5.00

4.9',7

4.43

4.25.

3.10

3.52

3.68

2.34

2.94

ab

ab

bc

bc

C

df

9

I

9

r
f
$

Texture: F - f,rne-textwed soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table IV.6 Mean total nitrogen percentage of soil samples (0-15 cm) among various sites for
May. Letters indicate degree of sÍmilarity by comparing all means using Tukey HSD

G<0.0Ð from two-way ANIOVA (site x treatment).

Site
Manured

Crop

Non-
manured

Crop

Site
Overall

Texturef Manure Manure
History{ Type$

0.s4
corn
0.54

wheat
0.45
corn
0.44
corn
0.40

canola
0.40

canola
0.34

wheat
0.38

barley
0.21
corn
0.25

barley

0.41a

0.48
canola

0.44
wheat
0.46

barley
0.42

canola
0.38

barley
0.37

winter wheat
0.38

barley
0.35

wheat
0.34

canola
0.21

barley

0.38 b

0.5 r

0.49

0.46

0.43

0.39

0.38

0.36

0.36

0.31

0.26

bc

cd

de

(-

L

C

10

Treatrnent

ANOVA

Site

Treatment

Site x
Treatrnent

df Prob>F

9 <0.0001

I <0.05

9ns

C

t Texture: F - fine-textured soil, C- coarse textured soil

f Manwe history: L - long term mamue application, S- short term manure application

$ Manwe t)¡pe: H- hog Íunure applied. C- cattle manure applied
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Table IV.7 Mean total nitrogen percentage of soil samples (0-15 cm) among various sites for
August. Letters indicate degree of similarity by comparing all means using Tuke¡' HSD
(P<0.05) from two-way ANOVA (site x treatment).

Manured Non-manured Site Texturef Manure Manure

Crop Crop Overall HistorY$ TYPe$

10

ANOVA

Site

Treatment

Site x
Treatment

0.47
canola

0.42
wheat
0.36

barley
0.39

barley
0.40

canola
0.35

wheat
v.5 |

winter wheal
0.37

barley
0.33

canola
0.27

barley

Prob>F

<0.001

NS

NS

0.50
corn
0.47

wheat
0.44
corn
0.41

canola
0.41
corn
0.37

barley
0.33

canola
0.33

wheat
0.21
corn
0.23

barley

df

9

I

9

0.80

0.44

0.40

0.40

0.40

U.JO

0.35

0.35

0.21

0.25

ab

HC

I
+
+

J

Texture: F - fure-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table IV.8 Mean pH of soil samples (0-15 cm) among various sites for May. Letters
indicate degree of similarity by comparing all means using Tukey HSD (P<0.05) from
one-way AI\OVA (site x treatment).

Site
Manured Non-manured Texfuref Manure Manure

Crop Crop H istorY.f I YPes\

l0

7.78
corn
7.53

barley

7.65
canola

7.60
canola

7.58
corn
7.t3
corn
7.43
corn
6.58

wheat
7.35

barley
6.55

wheat

ab

abc

1.83
a

DArtey
7.63

aDc
oafley
7.53

winter abc

wheat
7?S

oartey

canota
7.48, aoccl

canota
6.90, bcdel

canota,

DAney
6.85, coel

wheat
6.48.t

wheat
,1

ANOVA

Site

Treatment

Site x
Treatment

df

9

1

9

abc

abcdef

abcde

def

abcdef

ef

Prob>F

<0.0001

NS

<0.01

I
r
J

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle Íurmue applied
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Table IV.9 Mean pH of soil samples (0-15 cm) among various sites for August. Letters
indicate degree of similarity by comparing all means using Tukey HSD (P<0.05) from
one-way ANOVA (site x treatment).

Site
Manured Non-manured Texturet Manure Manure

Crop Crop HistorYf TYPe$

9

6

2

8

J

10

1

I

5

4

ANOVA

Site

Treatment

Site x
Treatment

abcd

abcd

abc

abcde

abcd

abcd

abcde

abcde

abcde

bcde

7.78

7.58

7.90

7.83

7.70

7.20

7.45

7.40

7.15

8.18

8.03

1.63

7.83

7.50

1.78

7.13

6.93

7,05

6.55

a

ab

abcd

abcd

abcd

abcd

abcd

de

cde

e

F

C

F

C

F

L

F

L

F

F

C

L

H

H

(.'

H

H

L-

H

H

L

L

L

S

S

c

r

ù

T
L

L

df Prob>F

9 <0.0001

lns

9 <0.01

I

f
$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Tabte IV.10 Mean EC of soil samples (0-15 cm) among various sites for May. Letters
indicate degree of similarity by comparing all means using Tukey HSD (P<0.05) from
one-rryay AI\OVA (site x treatment).

Site
Manured

Crop
Non-manured

Crop
Texturef Manule

Il-L:tervi-

M anule
l yp.¡*

|.20
corn

2.6s
canola

1.52
corn
1.57

wheat
1.s8
corn
1.50
corn
1.44

wheaÍ
1.27

canola
1.15

barley
0.96

barley

ab
2.80

barley
0.93

winter
wheat
2.61

canola
2.00

wheat
1.12

canola
1.32

canola
1.02

barley
1.22

barley
0.74

barley
0.64

wheat

ab

ab

ab

ab

ab

ab

ab

ab

ab

ab

ab

ab

C

ab

ab

10

ANOVA

df Prob>F

Site 9 <0.01

Treatment I

Site x 
9

Treatrnent

ns

<0.05

I

f+
I

Texture: F - f,rne-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term rnanure application
Manure type: H- hog manure applied. C- cattle Inanure applied
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Table IV.ll Mean EC of soil samples (0-15 cm) among various sites for August. Letters
indicate degree of similarity by comparing all means using Tukey HSD (P<0.05) from
two-way ANOVA (site x treatment).

Site
Manured

Crop

Non-
manured

Crop

Site
Overall

Texturet Manure Manure
History{ Type$

t.39
wheat
|.07
corn
0.80
corn
1.13

barley
1.08

wheat
0.99

canola
0.89
corn
0.68

canola
0.78
corn
0.58

børley

0.63
barley

1.19
barley
0.17

canola
0.56

wheat
0.87

wheat
0.92

winter wheat
0.68

canola
0.87

barley
0.55

canola
0.50

barley

Prob>F

<0.05

NS

NS

abl.0l

t.l2

0.98 abc

0.84 abcd

0.91 abc

0.96 abc

0.78 bcd

0.77 bcd

0.66 cd

0.54 d

I ('

H

10

ANOVA

Site

Treatrnent

Site x
Treatrnent

nC

df

9

I

9

I

I
6

t:

I

Texture: F - fine-textured soil, C- coarse texfured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- canle manure applied
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Table lV.l2 Mean extractable organic carbon of soil samples (0-15 cm) among various sites

for May. Letters indicate degree of similarity by comparing all means using Tukey
HSD (P<0.05) from one-way ANOVA (site x treatment).

Non-manured Texturet Manure Manure

Crop Crop History{ IWçS

l0

6

ANOVA

Site

Treatment

Site x
Treatment

111.1
corn
'77.9

corn
69.2

canola

66.5
canola

66.0
corn
63.5

wheat
62.4

barley
s4.7
corn
48.6

barley
25.7
corn

df

9

I

9

Prob>F

<0.0001

<0.0001

<0.0001

a canola

, 90.0
bc

Dartey
\\ x

DCO Cqe
oarley
52.7

bcd winter cde

wheat
61.1

bcd
oarrcy
29.6bcd -: - ef

wneat
40.0bcd def

wheat

. 45.8
cde

canola
48.4

cdet'
oartey

^ 19.8 ^ett
cunola

('

r
+
R

Texture: F - fine-textured soil. C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure fype: H- hog manrue applied. C- cattle fiulnure applied
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Table IV.13 Mean extractable organic carbon of soil samples (0-15 cm) among various sites

for August. Letters indicate degree of similarity by comparing all means using Tukey
HSD P<0.05) from two-wav ANOVA (site x treatment).

Manured Non-manured Site T^--&--^+ Manure Manuresite ¿rrp ct p ot"t"tt ".*t"T
pg C g-' soil ---------------

88.6
wheat
12.2
corn
75.4

canola
64.1

barley
63.3
corn
60.1

canola
54.8
corn
38.8

barley
35.6

wheat
29.9
corn

58.3 a

bc

L^

bc

cd

cd10

df

9

I

9

58.9
barley
71.5

barley
43.4

winter wheat
41.8

wheat
35.7

canola
/11 <

barley
29.9

canola
40.0

barley
12.8

wheat
3r.2

canola

41.4b

73.8

74.8

59.4

49.6

51.6

42.3

39.4

24.2

30.5 Hde7

Treatment

ANOVA

Site

Treatment

Site x
Treatrnent

Prob>F

<0.0001

<0.0001

NS

+
I

ï
$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application

Manure fype: H- hog manure applied. C- cattle rnanure applied
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Table IV.l4 Mean nitrate of soil samples (0-15 cm) among various sites for May. Letters
indicate degree of similarity by comparing all means using Tukev HSD (P<0.05) I'rom

two-way AI\IOVA (site x treatment).

Manured
Crop

Non-
manured

Crop

Site
Overall

TexrureT Manure Manure
History{ Type$

t64.7
wheat
r22.5
wheat
33.7
corn
48.9
corn
59.4
corn
52.2

canola
51.1
corn
50.0

canola
49.0

børley
24.6

barley

df

9

I

9

21.5

barley
86.6

wheat
1l.3

barley
63.6

canola
55.0

canola
55.3

barley
54.0

canola
22.3

winter wheat
30.0

barley
20.0

wheat

98.1

104.5

52.5

s6.2

51.2

s3.7

52.5

JO. I

39.9

22.3

bcd

L,

H

(-

TI

(-

l0

I

ANOVA

Site

Treatment

Site x
Treatrnent

Prob>F

<0.05

NS

NS

I

++

s

Texhue: F - fine-textured soil. C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table IV.15 Mean nitrate of soil samples (0-15 cm) among various sites for August. Letters
indicate degree of similarity by comparing all means using Tukey HSD (P<0.05) from
one-way A¡IOVA (site x treatment).

Manured Non-manured Texturef Manure Manut'eSite C-p crop Historyl rype$

58.3
barley
32.3
corn
29.1

wheat
26.5
corn

23.5
canola

z) -q

corn
2r.7

wheat
17.4

canola
I t.J
corn
9.3

barley

df

20.1
wheat
13.5

canola
23.4

wheat
12.4

barley
17.5

winter
wheat
19.2

canola
10.0

barley
19.8

barley
13.5

canola
12.0

barley

bcd

bcd

bcd

bcd

bcd

cd

cdbcd

bcd

bcd

('

bcd

bcd

Prob>F

C

bcd

HC

cd

cdl0

ANOVA

Site

Treatment

Site x
Treatment

9 <0.0001

I <0.0001

9 <0.0001

I

t
$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- caftle ûnnure applied

t82



Table IV.16 Mean phosphorus of soil samples (0-15 cm) among various sites for May.
Letters indicate degree of similarity by comparing all means using Tukey HSD (P<0.05)

from one-way ANOVA (site x treatment).

Manured Non-manured Textureï Manure Manurerrte Crop Crop Historyl Twei
--kg P ha-

400.8
corn
293.5
barley
247.3
wheat
48.8

canola
t20.5
corn
104.0
wheat
86.8
corn
82.0
corn

61.1
canola

48.8
barley

abc

Prob>F

<0.0001

<0.0001

<0.0001

89.8
barley
20.5

barley
52.3

wheat
r29.0
barley
34.8

canola
z5.J

barley
55.9

canola
19.5

canola
33.0

winter
wheat
41.0

wheat

cd

ab10

bcd

C

L

L

cd

cd

cd

cd I,

I

ANOVA

Site

Treatrnent

Site x
Treatrnent

L,

df

9

I

9

T
++

$

Texture: F - fine-textu'ed soil, C- coarse textured soil
Manu¡e history: L - long term manure application, S- shorl term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table lV.l7 Mean phosphorus of soil samples (0-15 cm) among various sites for August.

Letters indicate degree of similarity by comparing all means using Tukey HSD (P<0.05)

from one-way ANOYA (site x treatment).

Site
Manured Non-manured Texturet Manure Manure

Crop Crop HistorYf TYPeS

--kg P ha''

40 r.3
corn
250.0
wheat
155.0
barley
100.8
wheaÍ
90.8
corn
76.8

canola
72.3

barley
63.4
corn
60.3
corn

44.8
canola

61.8
barlel,
39.8

wheat
38.0

barley
22.8

barley
I ).J

canola
83.s

barley
32.3

wheat
39.5

canola
25.3

canola
38.5

winter
wheat

cd

bcl0

cd

cd

cd

cd

cd

cd

a
J

ANOVA

Site

Treatment

Site x
Treatment

9 <0.0001

I <0.0001

9 <0.0001

Prob>Fdf

I

I
$

Texûue: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- shorl term manure application

Manure type: H- hog manure applied. C- cattle nunure applied
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Table IV.18 Mean sulphate of soil samples (0-15 cm) among various sites for May

Site
Manured Non-manured TextureÌ Manure Manure

Crop Crop HistorY{ TYPe$

--kg S ha-'

243.5
canola

5.25
çorn
92.6
corn
56.2
corn
25.5

wheat
3.s3

canola
22.4

wheat
12.9

barley
t2.r
com
9.00

barley

df

9

r 3.3
winter
wheat
198.3

barley
r52.0

canola
t+.5

canola
36.4

barley
28.0

barley
t+.5

wheat
10.0

wheat
5.5

canola
3.25

barley

C

t-l

l0

ANOVA

Site

HC

Prob>F

NS

Treatnent I ns

Site x yns
I reatment

t Texture: F - fine-textured soil, C- coarse textured soil

I Manure history: L - long term manure application, S- short term manure application

$ Manure t)?e: H- hog Inanure applied. C- cattle manure applied

185



Table IV.19 Mean sulphate of soil samples (0-15 cm) among various sites for August

Site
Manured Non-manured Texturet Manure Manure

Crop Crop HistorYf TYP.$

--kg S ha-'

106.1
wheat

5.3
corn

25.3
canola

18.4
corn
12.6

barley
I 1.9

wheat
9.4
corn
4.4
corn
4.0

canola
2.5

barley

df

9

11.8

barley
38.7

barley
6.3

winter
wheat

J.Z

canola
+.J

wheat
9.0

wheat
6.8

canola
3.5

canola
2.8

barley
2.5

barley10

ANOVA

Site

HL

Prob>F

NS

Treatment I ns

Site x ôvns
I reatmenl

t Texture: F - frne-textured soil, C- coarse textured soil

f Manure history: L - long term manure application, S- short term manure application

$ Manure f)¡pe: H- hog manure applied. C- cattle ûulnure applied

186



Table IV.20 Mean potassium of soil samples (0-15 cm) among various sites for Ma¡'. l,etters
indicate degree of similarity by comparing all means using Tukey HSD (P<0.05) f'rom

one-waY ANOVA (site x treatment).

Manured Non-manured Texturet Manure Manure
Site Crop Crop Htllqyl lpgþ

--kg K ha-r ------------------

l0

ANOVA

Site

Treatrnent

Site x
Treatrnent

898
corn
881

wheat
833
corn
614

corn
542
corn
5s8

wheat
518

barley
357

canola
429

canola
368

barley

df

9

1
I

9

abcde

bcdef

bcdef

cdef

w16

cdefg

defg

Prob>F

<0.0001

<0.0001

<0.0001

318 tû
barley
7t5, aDc

wheat
660, aDco

canota
181 , DCOeI

canota
580

DCOCT
corn
318.tg

wheaÍ
356

erÉ
Darley

498
canola

7q)
defe

canom
162

s
barley

C

ab

HL

I

+

Y

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application
Manure type: H- hog manure applied. C- cattle manure applied
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Table [Y.21 Mean potassiumof soil samples (0-15 cm) among various sites for August.

Letters indicate degree of similarity by comparing all means using Tukey HSD (P<0.05)

from one-way AI\OVA (site x treatment).

Site
Manured Non-manured Texturet Manure Manure

Crop Crop HistorY{ TYPe5\

949
corn
758

wheat
648

barley
608
corn
508
corn
s08

canola
441

corn
436

canola
384

wheat
315

barley

df

ab

abc

236
oe

corn
592, aoco

wneat
340

DCqe
DAfley

r32
c

corn
547

bcd
corn
545, occl

canota
436

ocoe
corn
4t9, DCOe

canon
293

coe
wneat

151
P

oarrey

t-

bcde

bcde

bcde

bcde

bcde

Prob>F

HLcdel0

ANOVA

Site

Treatment

Site x
Treatment

9 <0.0001

1 <0.0001

9 <0.0001

T

+

$

Texture: F - fine-textured soil, C- coarse textured soil
Manure history: L - long term manure application, S- short term manure application

Manu¡e type: H- hog manure applied. C- cattle Inanure applied

r88



Table IV.22 Mean ammonium of soil samples (0-15 cm) among various sites for May.
Letters indicate degree of similarity by comparing all means using Tukey HSD (P<0.05)

from two-wav ANOVA (site x treatment).

Site
Manured

Crop

Non-
manured

Crop

Site
Overall

Texturef Manure Manure
History] Type$

- ------- trg NH4*-N g- 
tsoil --------------

1.06
wheat

l.2l
corn

r.26
corn

1 t1

canola

0.96.
wheat

0.92
barley

0.61
corn

0.44
canola

0.36
corn

0.07
barley

1.65
wheat

l.63
canola

t.52
barley

0.11
wtnter
wheat

1.20
wheat

0.82
wheat

0.36
canola

0.32
barley

0.31
canola

0.23
barley

1 A1

1.39

0.99

1.08

0.87

0.48

0.38

0.34

0. 15

abc

r.35

ab

bcd

cd

cd

HC10

ANOVA

df Prob>F

Site 9 <0.0001

Treatment I ns

Site x ŷns
I realment

t Texture: F - fure-textured soil, C- coarse textured soil

f Manure history: L - long term manure application, S- short term manure application

$ Manure type: H- hog manure applied. C- cattle manure applied
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Table LV.23 Mean ammoniumof soil samples (0-15 cm) among various sites for August.

Letters indicate degree of similarity by comparing all means using Tukey HSD (P<0.05)

from one-way ANOVA (site x treatment).

Manured Non-manured Textul'et Matrure MatlLtl.c
Site ì'}?es\

2.74
corn
2.43
corn
r.29

wheat
0.98

barley
0.46

canola
0.40

barley
0.60
corn
0.36
corn
0.14

wheat
0.28

canola

0.94
canola

0.34
canola
u.t3

barley
0.23

wheat
0.83

winter wheat
0.73

barley
0.48

canola
0.37

barley
0.35

wheat
0.20

barley

L,

bc

10

ANOVA

Site

Treatment

Site x
Treatrnent

9 <0.0001

1 <0.001

9 <0.0001

Prob>Fdf

H

I

T

$

Texture: F - fme-textured soil, C- coarse textured soil
Manure history: L - long term manufe application, S- short term manure application

Manure t)¡pe: H- hog manure applied. C- cattle mantue applied
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