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ABSTRACT

With the price of feftilizer rising, and with the4trend‘
of animal coneentratiOns increasing in localized areas, there
' has,been a rehewed interest in the application‘of manure to
':soiluv The rate of decomposition of manure in soil;_which
should provide the correct applicatioﬁ rate of manﬁre to soil
such that no harmful effects result to plants,'ground or
surface Waters{ is,currenfiy'unknown.. This experiment was
thus established to determine kinetic coefficients ana re-
~action rates of dry and wet dairy maﬁure in a Scanterbury
clay soil. |

Carbon miﬁeralization in the diary manure‘fbllowed a
first-order kinetie equation in the form of C ='Ae—kt._ The
earbon evdlved as COZ—C after 64 days of incubation at 15°¢
was 29.1, 15.2 and 8.9 percent of the original when dry manure -
was incubated and afﬁer-32 days of incubation at the'same
temperature was 50.5,437,1 and 20.9 pereent of'£he'original
~when wet manure wes1incubatedyfor the 112, 224‘ahd 561 kg N ha—l
;loadings, respectively. The turnover peried required to remove
99.9 percent of the manure carbon wes higher for the dry
manure relative te the wet manure for the same loadings,
ranging,frem‘0.77Jcalendar years for the 112 kg N ha_1 of tﬁevi
latter to 13,5‘calendar yvears for the 561 kg N ha—l of the
former when incubated at a temperature of 15°¢C. |

A lack of "smooth" nitrogen mineralization curves,

required for kinetics, prevented a‘kineticfapproachlto



estimate nitrogen turnover rates. When dry dairy manure was
‘added to soil, nitrification did nbt occur but when wet‘
dairy manure was<added to spii, nitrification occurred in the
112 and 224 kg N ha—lAldadings, but the amount nitrified was

less than the’control which had no manure added.
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CHAPTER 1

INTRODUCTION

C1.1. Backgrbdnd

Nitrogen (N) is important in the life,processes of all.
:plants and animals. Organic énd inorganic forms of N exist
<vin the soil but plants are‘capable4ofvutili2ing oniy in-
organic fqrms of N such as ammonium (NH4f and nitrate (NO?)
for growth.

More than 95 percent of the N in the surface soil is
organicaliy combined-(Bremner; 1965). Therefore, mineral-
ization‘of.the'organich'in the soil must occur to provide
plant—available N. Usually one to three percent of the’
organic N is mineralized ﬁhroughdut the growing.seasoﬁ
(Breﬁner, 1965). = However, the amount 6f N made available
byvmineralization of soil organic matter is rarely sufficient
'to‘méet plant heeds employiné present day cropping practises.
.Conéeqﬁently, fertil;Zers have‘been applied to supply the
hecessary N needs. | | |

As a resuit of economic advantages of commercial
fertilizers, other sources of N such as animal waste and
sewage sludge have been used sparingly. Animal wastes have
10ng'been.recognized.as a beneficial source of nutrients for
plants'and‘recentiy theré has been a reneWéd interest in th¢

old method of land disposal of animal wastes. With a high




concentration of animals in localized areas, aecumulation‘
of manure may result. The "waste" may be spread oﬁ the
'land but, if abhsed, land disposal can create more preblems
then it solves. Manure dlsposal at moderate rates is a
useful way to utilize the manure, but, when the applied -
"rate greatly exceeds plant needs, it can pose a serious
environmental hazard. For example, nitrate may be formed
in excess of plant needs and, belng a mobile 1on, may
.!percolatesdownward,w1th the surface water resulting in nitrate
:eontamination of ground water.

Methemoglobinemia or nitrate cynanosis can occur when

. lnfants consume substances high in nitrate nitrogen (NO. —N)

3
‘For example, water contalnlng in excess of 10 mg 1 l of
NO3 N may result in nitrate reduction and nltrlte (NO ) sub-
stltutlon for oxygen (O ) in the hemoglobln of the blood and
‘ subsequent suffocation and discoloring of the skin. Animals
such as cattle, sheep, horses:and swine can also be affected
' by waters and forages high in N02 er NO3.

Ruminant anlmals are especially. affected by high levels

3
_ convert the NO

of NO, in forages. The intestinal bacteria of ruminants

in forage to NO, resulting in methemoglobinema

3 2
and_finally death by,asthxiation (Sinclair and Jones, 1964;

‘Wagner, 1971). Webber and Lane (1969) reported that livestock

vconSuming;fofage in excess of 0.3 percent NO,-N on a dry

3

weight basis was sufficient to cause nitrate poisoning.




3.

-Buchahah-(l97l),stated that land appliéation‘is the
most economic and féasible method of aniﬁal manure disposal
but) he noted, limitations to land application_include air
pollution, caﬁabilities'of the land and surface'runoff.
Surface runoff may not only occur from land appiication of
' heaVily manured fields, but also from uﬁcontrolled runoff
‘and:leaching from feed lots, and lagoons whiéh may carry
nutrieﬁts.such as N to‘aquifers, streams, riﬁers and lakes

(Schulte, 1975). Sa&yer‘and McCarty (1967) noféd that,
"after the addition of organic matter to a Stream,‘the.
oxidation of inorganié N (nitrificatioh) can'depiete the
.dissolved oxygen level in streams fesulting in fish kills.
The:nutrienﬁé‘from agricultural activity, for example,

animal manure, contain the same essential nutrients for
microbial growth and thus nutfients from agricultural runoff
can hasten the eutrophication of lakes.

: ’Planﬁs cannot survive by. utilizing N compounds alone
but must also havé'accesé‘ﬁo other mineral nutrients and
carbon. Some of the sixteen nutrients required for plant
growth are phosphorous,‘pctassium, sulphur, célcium, magnesiumi
iron, manganese, boron, coppér, zinc, molybdenum and chlorine
(Fehr et al, 19715.' These elements cah also be accumulated
infthe'living organisms of the soil and then liberated upoh 
death of tﬁé organism; The'decomposition‘of'all plant tissue

and animal,organisms after death does not aiways proceed com-



pletely to the flnal products of mineralization. vOccasionally,
anew organlc substances are formed These substances, peat'
and humus for example, possess greater re51stance to de-
composition than the original material (Kononova et al,

196¢6) .

" The principal_source of carbon (C) required by plants
“during photosynthesis is atmosphericAcarbon.dioxide (Csz.
The most-important source Qf repl_enishment'ofco2 in the
atmosphere is the soil (Kononova et al, 1966).v As a means
of ensuring the production of COZ by the soil, Kononova‘et al
(1966) stated that a systematic supplementation of its
reserves (soils) can be achieved by the addltlon of fresh
organlc matter. Thus, the addition of animal manure to

soil not only adds mineral nutrlents to the SOll but also

replenlshes the C supply.

-1.2. Objectives

'Carbonrand'nitrogen are important’facto:s in deter-
‘mining the rate of decomposition of organic matter. The
fate of applied N in the 5011 is espe01ally complex due to
the various paths such_ as nltrlflcatlon, denltrlflcatlon,
mlnerallzatlon, ;mmoblllzatlon, flxation, volatilization,
and plant uptake. ~interest in the use of land for "waste"
disposal indieatee a need for more khowledge,abdut'inter—

actions of soil and "waste". For instance, .at what rate does




mineralization take place using a mixture of animal faeceé
andisoil?

| information 5n C and N mineralization -- in particﬁlar
“reaction'rates -- should provide an insight in adding fhe
correct amount of manure to soil. Thus, the objectives of
this project ére to establish reaction rates and kinetic
coefficients for the degradation of various amounts of
manure, specificaliy dairy manure, in a clay soil. Dairy
manufe was sélected because it represents approximately |
one—thirdl of the animal manure (dry weight'basis) produced
in the Red River Valley. Kinetic equations are to be used
to aescfibe the'miqeralization processés. Carbon dioxide‘

(COZ—C) and ammonia;(NH3) evolution are to.be monitored and

total Kjeldahl, ammonium (NH4—N), nitrite (Noz—N),and nitrate

(NO,-N) nitrogen are to be measured.

3

1 : ‘
Calculations based on animal numbers in the Red River Valley
in 1974 obtained from the Manitoba Agriculture Yearbook,
1974 published by the Manitoba Department of Agriculture.



CHAPTER 2

REVIEW OF LITERATURE

2.1. Nitrogen Mineralization

The term "nitrogen mineralization" has been employed
to denote hiCrobial transformation from the organic to the
inorganic forms of N: NH4 N, NO2 N and NO3—N The decompos-
‘1t10n of organlc matter ‘in soil is slow This results in a
large- segment of the N in the decomp051ng phase. However,
 the addltlon of manure, which contains partially degraded
plant material, to 5011 can cause the transformations tQ be
‘repid (Buekman and Brady, 1969) das evidenced'by_theiready
Tdecomposition of at least the soluble components (Brady,
1975). Brady (l975)yaLso noted that manure, along With
Ccrop reSidues, is a primary-means of repienishing soil
organic‘matter. Furthermore, Loehr (1974) noted that the
land (soil) remains the most approp:iafe point of disposal
of aniﬁal waste. Sinee the soil is.an important medium for
manure disposal, the-transformations that occur in soil
will be discussedxin'the following sections. The same
processes thatAoccﬁr in the soil can be applied to the

decomposition of manure in soil.



2.2. Ammonification

Ammonification is the processzhereby organic N is
converfed to NH3. However, before ammonification can occur,
a process'knbwn as aminization must occur. Through the |
aminization process, émino compounds such asﬂproteoées,
peptones, and amino acids are formed by the enzymatic hydro--
lysis of proteiﬁ. P:oteiﬁs‘and allied compounds largely
éonstituté the N matter added to soil (Lyon et.al; 1952) .,
. This transformation may be indicéted‘as:

+ energy

Proteins Enzymatic complex amino + CO2
and + digestion ? compounds ’
near proteins i ,
+ other products ' (2.1)

These complex tranéformations are brought about by a
“large‘numbér‘of common heterotrophic'd;ganisms - bacteria,
,fungivand actinomycetes. The microbiology of'protein break-
down in soil is inadequately understood (Alexander,-l967).
Aléxander stated that bacteria probably dominate'in neutral
or alkaline environments, but fungi and possibly actino-
“mycetes'ﬁay also contribute to the transformatiOn. The key:
group in acid soils is the fungi. The'organisms use energy
from this type of‘digestion as well as uﬁilize some‘N in
the~énzymatic process. As the protein is degtéded, CO2 is
éVolved, |

Amino acids may then be (1) metabolized:by micro-
. organisms (immObiiiZation); (2) transformed by microbial
enzymes with thevformation of~NH3 (ammoﬁificatidn); (3)

adsorbed by clay minerals or incorporated in the humus




fraction; or (4) utilized by plants (Stevenson, 1964).
'Immobilization and ammonification are by far mére important
.processes since little free amino acids can be found in the
soil aﬁd’higher plants rarely use amino N.

The. same organisms reéponsible in aminization also
promote ammonification (Lyon et alf 1952) . The enzymatic

process may be indicated as follows:

R—NHZ- ’ + . HOH Enzymatic ROH +'NH3 + Energy
. amino compbination . Hydrolysis )
' ‘ E o (2.2)
. The NH3 produced is converted rapidly to the NHZ ion
as shown below:
2NH, + H,CO—— (NH,),CO,==22NH, + COj (2.3)

3 2773 4 T Y3

+
4'

plants or soil microorganisms, fixed in the soil or can

Once the N appears as NH it can be synthesized'by

undergo oxidation to NO2 and NO3.V Ammonification appears
to proceed best'in well drainéd,vaerated'soils with plenty
of organic mafteri(Lyon et al, 1952). The process can take
_place, to some extent, under almost any condition, even

-anaerobi0~conditi0né,'due,to the great number of different

organisms capable of ammonification.

2.3. Nitrification

The NO, ion is important for plant growth and is

- provided by a process known as nitrification. Alexander




(1967) defines nitrification as the biological conversion of
N in organic or inorganic compounds from a reduced to a more

oxidized state. By this defihition NH, is oxidized to NO

3

and then NO,. The rates of assimilation by plants'fo'rvNH4

, and"NO3 are quite\different due to the ion exchange capaciﬁy

2.

of the soil‘with NH4'and so have a bearing upon the crop's

‘ “nutrition. If the formation of NH4 and NOS exceeds the

assimilation rate of the plants, the NH, or NO may percolate

4 3

downward_with the seeping water resulting in groundwater

contamination.

2.3.1. Nitrifying Population

Two autotrOphiclgenera are.prominent in nitrification -
Nitrosbméﬁds, the ammonium oxidizer and Nitrébacter, the
nitrite oxidizer; ‘They are classified in Nitrobacteriaceae,
one ofvthe famlliés of‘ﬁhe order Pseudomonadales. Both
-genera are aerobes. Most of the ammonium oxidizers that have
’-been isolated seem to‘be related or idéntical with Nit?osomonas
éuropaea. This oxidizer is 0.9 to 1.0 by l;l~to 1.8 micron
4 in size, with & polar flagellum or occasionally one flagellum
Aét each end of tﬁe cell (Alexander, 1967). VAlexahder (1967)
referenced Breed et al, (1975) as stating £hat the Nitrobacter
: wiﬁogradski.is a‘commpﬁ nitrite oxidizer that is 0.6 to 0.8
>byvl~O to 1.2 micron in éize, gram negaﬁive and a non—motilé
rod. Five other genera of nitrifyers are also recognized.
These are the ammoﬁium oxidizers - Nitrosococcus, Nitrosospira,

Nitrosogloca,vand Nitrosocystis,




10.

énd thevﬁitrite oxidizer, Nitrocystis. The generation time
of the'NOZ'bxidizeré is shorter than the N02 formers normally
resulting in little accumulation of NO, in soils.

The Nitrosomonaé‘and Nitrobacter populations are usually
quite small and many soils, especially acidic’ones; have.
~fewér than iQO viébie cellsiof‘one or both genéra.per gram.
Rarely are populations in exéeés.éf~i05 cells per gram ih
unfertilized soi135 Addition of manure may cause the’

6'and"107'-cells

populations to‘fise and may reach valtes of 10
per gramv(Alexander,‘l965). The abundance of autotrophs
declines with increasing soil acidityménd depth and varies

'with cropping practice, soil treatment and season of the

year.

~2.3.2. Autotrophic Oxidation

4 to NO2 and N02 to NO3 are exo-

thermic reactions that must take place under aerobic condi-

The conversion of NH

tions. The oxidation of NH4 to NO2 is shown in the following

equation.
) +

L NH, 4 1202-—-e» NO, + 2H + H,0 | (2.4)
The free energy from the oxidation process has been reported
‘in the range»of'—65;2 to -84.0 kcal per mole of ammonium

(Alexander, 1965). The‘nitrobacter,oxidation reaction is

 shown in Equation (2.5).
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- C1ie . -
N02 + 1202 fab NO3 , (2.5)

The free energy asspéiaﬁed with this reaction is -17.5 to
-20.0 kcal per mole (Alexander, 1965). |

The above reactioﬁs requiré molecular oxygen which
means that the process occurs most readily in welliaerated
sbil. Also, H+ ions are released in the first step of the
nitrification process which acidifies the soil.l As a rule,
Noz'oxidafion proceeds most rapidly, ammonification most

slowly with NH, oxidation in between.

2.3.3. Heterotrophic Microorganisms

- Heterotrophic micrqqrganisms such as bacteria, fungi
and'éctinomycetes are also capable ofvnitrification. While
the biochemical mechanisms of autotrophic and heterotrophic
transformations are known to be quite»dissimilar, the physio4
logical or biochemical characteristics of the heﬁerotrophs
inv&lved in nitrification are largely unknown»(Alexander,
 1965), ‘This is because the heterotrophic microorganisms
involved are diffiéult to'iséiate. However, the popula-

_tion of'heterotrophs’capabie of some type of nitrogen oxida-

tion is remarkably large (Alexander, 1965).

2.4, _ImmobilizatiOn"'

Immobilizatioh denotes the process of the conversion
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of inorganic N to the organic form during microbial syn-
thesis. Micro-organisms, the same ones responsible for

ammonification, use inorganic N (NH, or NOB) in the syn-

4
thesis vacell'tissue resulting in the formation of organic
"N which is somewhat resistant to further biological de-
gfadation,(BarthOlomew, 1965) . |

| Whenever mineralization occurs, immobilization runs
counter to it. By measuring the quantity of N produced‘pr
lost, neither prdcess is measured. Rather the net release
or tie-up of N is indicated (Alexander, 1967). The carbon
to nitrogen (C:N) ratio usuélly gives‘évidence of which pro-
cess,‘mineralization or immobilization,-predominates.in.the
original material. If.the C:N ratio is 30 -to 1 or greater,
net immobilizationiuéually results from the initial decom-
position stage (Tisdalevet al, 1966). This oécurs because
ail'mineralized N will be reabsorbed by the\micro—Organisﬁs
"for growth. Fbr;ratios between 20:1 to 30:1, there may be
heither net immobilization nor release of mineral N while
‘for>a C:N'raﬁio less than 20:1, mineral N is usually released
in the first-stages of decomposition (net mineralization).

‘ When substances with a high C:N ratio are added tb
soil, the C is rapidly liberated and lost as CO,. The N is
rétained"mainly~in the organicAform as microbial tissue
until the C:N ratio has become sufficiently réduced to allow
abéumulation‘of inorganic N. During the foregoing stages,
the N of the origingl substrate may have been mineralized

repeatedly by the successive decomposition and mineralization
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of'sucbédding generations of microbes. The above stage
may be referred to'aé primary mineralization (Harmsen and
'Kolenbrander, 1965).

To éstimate the N required to satisfy cell synﬁhesis,
‘data on the ektent‘of carbon (C) assimilation éhd C:N rétios
. of the cell are required. As ékrule, five to'ten,percent
bf substrate C is assimilatea by bacteria, thirty to forty
‘fpercent by fungi, -and fiftéen to .thirty percent by actino-
mycetes (Aiéxander, 1967). Alexander also noted that Waksman
(1924) approxiﬁated the C:N ratioé of the cellular.C6mponents
of bacteria, fungi and actinomycetes to be’5:l,'10:l and 5:1,
" respectively. Thus, the decomposition of a 100 units of sub-
strate C require 1-to 2, 2 to 4, and 3 to 6Auﬁits of N~er.
bacﬁeria, fungi, and actinomycetes,'respectively."

The ratio‘oﬁ C to N in the'organic matter of the
furrowvslice of arable soilé comﬁonly rangés frbm 8:1 to 15:1
(Brady, 1975). Michalynal (unpublished repoft) obtained the.
foilQWing C:N ratios: 8.9:1 for'cultivaﬁéd McTavish clay;
7.6:1 for cultivated Oéborne clay; 8.5:1 for cultivated
A Scanterbury clay, and.lO.:l for cultivated Dehcrpsé.élayr

Buckman and Brady (1969) stated that the addition of
farm manure fo soil may widen the C:N ratio, especially if
'the'manure is strawy. Brady (1975) pointed out that strawy
"manures,may have a C:N ratio as high as 100:1. The C:N ratio
bf'dairy manure without bedding was 8.4:1 for cow faeées and
-6;1:1 fbr calves (Loehr,ll974). Weber (1973) noted C:N. ratios

of 20:1 for livestock manure.
1

W. Michalyna,~Department of Soil Science, Univérsity of
Manitoba, unpublished Report of the Detailed Soil Survey
of Glenlea Research Station, Glenlea, Manitoba.:
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2.5. Nitrogen Gas Losses in Soil .

The liberatiqn of gaseous N from soil is not always
-readily established, but three reactions have been proposed:
a) non—biological losses of ammonia;
b) chemical decomposition of nitrite to nitrogen oxides;
) microbiai denitrificatibn ieading'to the liberation
of nitrdgen gas (N,) and nitrous oxide (N,0)

(Alexander, -1967) .

2.5.1. 'Ammonia,vblatilization

3‘is appreciable under

Volatilization of free NH
certain circumstanées and.as much as one"fourth of the NH;-
formed microbiologically may be lost as gaSeQus NH3 (Alexander,
1967). Below pH 7.0, such losses‘aré usually insignificant
since NH3 exists as the ammonium ion, NH4.

tilization can occur below pH 7.0 if there is sufficient

Ammonia vola-

alkalinity présent. Above pH 8.0 NH, evolution is appreci-

3
éble; >During manure decomposition, -at or near the soil sur-
face, the pH rises during ammonification and gaseous NH3 is

released (Aiexander, 1967) .

‘2.5.2._‘Nitrite Decomposition

vIn acid envirOnments, below pH 5.5, nitric oxide (NO)

is formed from NO decompositiOn, This process is chemical

2

but depends on biological mass - nitrification or-NO3 reduc—
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4
is ‘oxidized at a pH initially below 5.5 or falling belbw 5.5

tion - to form NO,,. Appreciable losses can occur when NH
"during nitrification.

2.5.3. Denitrification

- The major mechanism of gaseous N removal is by micro-
’biologiéal'denitrification but the exact mechanisms of

. denitrificatidn‘are not'known (Brady, 1975).

Brady (1975) showed the general trend of the re-

"actions to be represented as:

-2(0) -2(0) . -(0) -(0) .
2HNO z—== 2HNO,——=> N,0 —=> N2"Zﬁ;332NO : (2.6)

Nitrates Nitrites Nitrous Elemental Nitric Oxide
' oxide Nitrogen

Under field conditions, N,0 is the dominant product (Brady,

}1975); In acid Surroundings, nitrite decomposes according

to the following'reaction:‘

3HNO, ——> 2NO + 4NO, + H, 0 - (2.7)

2 3 2

~The NO, which depends on the decomposition of nitrate tb

nitrite, may be feduced to Né by micrdflora or oxidizéd in

air to nitrogen‘didxide. |
Denitrification‘is accomplished by facultative an-

- aerobic bacteria capable of using NOB‘instead of O2 as a

2

‘and Clark, 1965). ~Many of the micro—organiSms responsible

‘hydrogen acceptor under O limiting conditions (Broadbent
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for denitrification are capable of other transformations,
for example, ammonification, and do not depend strictly on
‘anaerobic conditions in order to survive. The denitrifying

bacteria can grow aerobically without NO, and anaerobically

3
'in its présenée; The active species of common faculfative
bacteria are largely limited to the genera Pseudomonas,
Achromobacter, Baéﬁllus and Micrococcus (Alexander, 1967).
Alexander aléo noted thatvthe Pseudomonas and Achromobacter‘
-are the dominént genera in‘éoil énd that the BdciZZus strains,
- though numerous, aré of less importance.
| Under conditions where.a readily decompOéible substrate

"(organic matter) i$ underQoing‘rapid decomposition and wherer
vthé oxygen diffusion rate to the bacteria is slo@j the
bacteria can utilize NO3 as a hydrogen acceptor.' The above
process occurs more readily in fineﬂtexturéd soiis than‘in‘
sandy ones. -Bfoadbent énd Clark (1965) hoted that in Nommik's
experiment (1965), in which he studied‘differeht sizeS'of
soil éggregate; denitfification decreased with inéréasing
‘ particle.size. _Aléo, small pores which are filléd»With water
'éid ih déveloping micro-environment anaerobic conditions. |

Brbadbenf and Clark (1965)'quoted'Bremnertand Shaw (1958) as

- stating that there is little loss of N, gas if the moisture

2
content is less than 60 perceht'of’the water holdingvcapacity.
Since denitrification is very rapid, the process can

‘removeé a sighifiCant quantity of NO3. Soil pH influences the

‘denitrification rate which is usually very slow in acid soils
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and Very rapid‘iﬁ high pH soils (Bremner and‘Shaw,kl958),

. Denitrification is optimﬁm in the temperature fange of
60-650C) A;readily decompOsable source of organic C must

be available to induce rapid denitrification. Bremner and
Shaw.(l958) dbtained a general relation between rate of
denitrification and organic matter orltotai C content in
soil. ‘Howevef; Stanford et al (1975) found fhat_extractable
~ 9glucose -‘C‘provided a more reliable basis for~pfediction

than total organic C.

" 2.6. Carbon Mineralization

Carbon is the common constituent of all organic matter.
The carbon in- organic matter decomposition serves two
functions, providing energy'fOr micro-organism growth as
wellfas supplying C'for the formation of new cells.

The conversion of‘organicic to ihorganic'c is referred
" to.as carbon mineralization. The prinéipal reaction in the
deqay’is the,oxidafion of C compounds to C02 and HZO' As
- much as 50 percent of the C in compbunds attacked by hetero-
jtroph‘ic aecayvorgaﬁisms (bacteria, fungi and actinomycetes)
‘may be retained as reconstituted structural‘and protoplasmic
tissue (Hausenbuiller, 1972). On the other hand, autotrophic
bacteria, such as}nitrifiérs, obtain their C mostly from
.COZ' The CO2 gasvin the‘soii'eécapes-to}the atmosphere where
it can be'assimilatedvby plants through the photosynthesis

‘procéss.f Fungi release less C02 than other microbial groups
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because the fungi are more efficient in their metabolism
(Alexander, 1967).

Under optimum conditions as much as 112 kg of CO2
per hectare. per day (100 1lb C02 acre_l~daye )}may be evolved

from the soil. Approximately 9 to 14 kg (20 to 30 1lb) are
probably more common (Buckman and Brady, 1969). Lesser amounts
of~C02 react with the soil to produce.carbonic acid (H

-as well as the carbonates and bicarbonates of calcium,

2C03)
‘ potassium; magnesium and other bases. These salts are soluble
and may be,lpst ih‘drainage or can be utilized by higher |
‘plants. |

| Cafbon mineralizatiqn is most rapid in‘néutral ori
slightly alkaline soils. The decay orgahisms functionAmost
effectivelyvbetween approximatelyﬂ27oc‘to 38°C (SOOFFlOOOF)
and‘the‘rate‘of decay decreasés until f;éezihg'point‘is
reached.’CarbonAcontent of the soil‘is important.in deciding
‘ Whethér.minerélizationior immqbilization governs as reflected

previously in the C:N ratio of the soil.

2,7, Nitrogen Availability in Soil

The need for a satisfactdry index of'theiaVailability
of N in soil was recognized‘for‘a long time in order to
predict the amount of fertilizer N required to produce a
‘desired crop yield. However, theré is little information
on N availability from organic wastes deposited in soil.

Some investigators who have made efforts in this direction
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"iﬁcludebFloate and Torrance (1972), Mathers and SteWart

(1970), and Finstein (1972). Many of the biologic methods -
proposed to determine N availability have_been reviewed by
Harmsen and Van Schreven (1955), Brémner (1965), and Daknke

and Vasey (1973). ‘A summary of these reviews follows.

2.7.1. Field,'Greenhouse and Laboratory Experiments

Field and greenhouse trials have been used to predict
N availabiliﬁy in soils for plant grthh, but these tesﬁs
are expensive and time-consuming. Field experiments are
subject to uncontrollable egternal influences such as;
‘climatic conditions, variations between soasons, influence
‘of the crop and breatments_of previoos years (Harmsen and
Van Schreven, 1955). Iﬁ greenhouse experiments, the_external
conditions are more easily standardized. vHowevér, laboratory
studies have been oonsidered most suitable for assessing N
availability in soils in spite of the fact tha£ 1aboratory
“tests may not correlate to vegetative tests. Tohan (1959)
‘pointed outvthat a lack of corbelation between laboratory
and'vegebative tests may’not necessarily be a reflection‘of
the value of the laboratory tests as a measure of nutrient
A.availability. Laboratory triala are performed on soilskthat
'have‘limibations and must be taken into account in inter-
preting thé data. For instance, laboratory studies.are‘not
'_affeoted by crop cover as well as :oot range and root

. pattern of the cfop;
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2.7.2. Biologic,Incubation Techniques

Ths biologic 1abofatory methods used to determine
nitrogen availability are:
Type 1: The measurement of microbial growth;
Type 2: The estimation of CO2 produced'bylincubation;
Type 3@ - The estimation of mineral N formed by
incubation where conditions promote

mineralization.

2.7.2.1. Type 1 Microbial Growth

TheAmicrobial methods used to assess plant nutrient

: availability in,soil are unsatisfastory (Tchan; 1959) ahd
 have aroused‘littie’ihtereSt. Tchan stated that soms‘,
'prdblems.inciuded: .(l) PH adjustment méy be different from
actual.soil copditions; (2)fadditiqnsof'organic matter is
necessary to promote growth of test organisms."Other'organisms
may competevwith thé;test organism'and even suppress the
test oréanismf (3) sterilizing the soii may releasé.nutrients
 from tissues of living cells when killed .and reprssent soil
COnditions'for'only that particular circumstance;fand‘(4)‘the
£sst organisms may not hsve the same uptake rate or growth
vrate asvhigher plaﬁts and.so the test organisms may not be

able to simulate higher plant life.
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2.7.2.2. Type 2 CO Production .

2

The methods used for estimating CO, production have

2
‘been described as “ihdirect procedures" (Harmsen and Van

Schreven,‘1955). The amount of CO, produced will be pro-

2
pOrtional'té the.amouht of mineralleinitiélly present plus
" the amount made available during incubation. Bremner (1965)
noted that’Cornfield (1961) used this procedure and con-
sidered that the main édvantage‘of this method'was that‘the
 Soil doesn't have to be~extraéted to determine mineral N
- since it is related to CO, evolved. Methods tb monitor co,
eVolutioﬁ havg differed from investigator tQ'investigator
with three types of1aération techniques used: (i) no air
‘flow; (2) continuous air -flow and; (3) ihtermitteht air
flow. |
In the'first_type, soil samples are‘incubated in

stoppered flasks containing an alkali to absorb CO Problems

5°
with this system can occur. If microbial activity is high;

can become limiting. By opening the flask

the supply of_O2

freéuently the Oz-supply canibe replenished but may notvbe
effecﬁiﬁé if?the O2 added is 1less than the constant‘high
.level of 0, required. Carbon didxide-may be lost with pro-

2

longed exposure to the atmosphere. Nevertheless, thiS‘pro—
cedure has been used by researchers such as Floate and

’Torrance_(l970)fand Finstein (1972).
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In the continuous air flow method, a stream of'COZ—free

air which passes over the soil flushes the soil-evolved CO,

into a separate alkali container. This method is best

suited for experiments where CO, is rapidly evolved since the

2A
formed C02 is removed almost as fast as it is produced and O2

is replenished rapidly. Pressure or>suctiQn may be used to
provide the air flow; The soil is uSualiy maintained at
"field capacity" due to the ease of maintaining a high
relatiﬁe humidity in ﬁhe air stieam. Mathers‘and-Stewant
(1970) used this procedure in their experimént.

Since thé fespiration of many organisms is different

in the presence or absence of CO2, and since CO2 is normally

- present in soil, intermittent air flow has an advantage over

continuous air flow because some CO2 will always be present

in the soil atmosphere (Stotzky, 1965). However, toxic

conditions may occur if 0, levels become too”loonr Co,

levels become too high.

2.7.2.3. Type 3 Mineral N

The third méthod, estimation sf mineral N under aerobic
cdnditions, hasvbéen considered the most satisfactory method
of assessing the‘availability of N to plants (Harmsen and
Van‘Schrevén,'1955~and Bremner, 1965) because the‘organisms
iiesponsible for minefalization~in the field are the same ones
foundiin the incubation.experiments. ReSults of such

éxperiments can give an indication of the potential of soils
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- to supply aVailable N under more controlled conditions.than
can those measuring the amount of N that will become avail-
able under field conditions. Incubation experiments can
provide an acqurate:index of sbil N availability to plants

(Bremner, 1965; Daknke and Vasey, 1973).

2.7.3;; Environmental Variables

ManyAfactOrs affect the reiease:and uptake'of N
dUring a growing season. Such factors include soil physical
properties and soil prdfile characteristics such as wétér
level, length of growing season,‘weather'during é growing
seaéon, pH, microbial activity, nut:ient interactions,
previous croppihg préétiseéy pests and disease, plant popula-.
tion, residualvfertilizer’effeCts, availability of subsoil
nitrogen and the*r00£ range and root patternvof the crop
 fBrémner, 1965). Iﬁ laboratory sﬁudies, most of thésé
variables must be controlled to elucidate the effect of one
‘or more of -the above. factors. To acéém@lish thié, numerous
.. mineralization procedures have beén used to estimate mineral
N. ‘Noticéabie variations'ih procedure inélude différences
in- nutrient supply, quantity of soil, particle size, the
uée of physical or chémical améndments, PH, temperature,'
'MWatef level,“aeration techniqge; incubation period and' type
‘of incubatién Véssel.§ Many of the attempts havé'been made
to make the conditions of incubation such as moisture content,

aeration and temperature favourable for nitrification.
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'.Consequeﬁtly, éomparisons between 1aboratory results‘and'
~what might be,expected in the field are difficult to make
'Siﬁce the nitrifying bacteria in a particular soil are a
result of adjustment to the climate and a particular soil

environment.

2.7.3.1. Temperature

| Temperature stimulates microbial activity with optimum
éctivity for NH3 okidatioﬁ being most often accepted between
3@ and 350C.v However, Daknke and Vaéey (1973) stated that
Mahendrappa et al (1966) noted that soils»from the northern
States of the U.S.A.'nitrifiedvbest between 20 and 250C while,
in SOutherh'stateé, nitrification was best at 350C. Both |
ammonification and nitrification are limited at low température
with most investigators agreeing that nitrification is more
retardéd than,ammbnification at low temperaturesl Below the
optimum femperature.of 25 £o 350C, nitrificatiohVdecreasesui
gradually following an asymﬁtotic curve and practically ceases
néar,the freezing pbint. Harmsen and Kolenbrander (1965)
noted_that Tylérvet al (1959) reported vigorous nitrification
at‘temperéﬁutes as iOW as 3°C while Gerretééﬁ (1942) and
_AnderSon‘(l960) obtained‘Considerable nitrificatiqn only’abové
6 or 7°C. Topnik (l976)l'verified‘Alekander's (1965) statement
»which statéd'thaf.there is little reason to doubt that there
may be a slow nitrificatiop below‘ZOC.A Topnik;‘obtained 18%
nitrification at O?C using extended aeration of human sewage.

The'différence in microbial preferences for temperature is

; B. Topnik, Department. of Civil Engineering, University
of Manitoba, personal communication, August, 1976.
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probably related to the soil type and elimate since the
microorganisms in a particular soil are a result of

acclimation to the soil and the climate.

2.7.3.2. Aeration and Soil Moisture

Aeration and soil moisture are interrelated. Bremner
(1965) suggests that aeration is not a serious problem.if the

amount of water present is not significantly in excess of the

‘amount required for optimal nitrification and that the aeration

method doesn't'result'in,afsignificant loss of water.‘ The
éptimal water level for nitrification depends on soil texture
’ andiorgenic matter in the soil and is a function of the,water
retaining properties of the soil, Naturally, therefore, there
is a leck of‘egreement about the optimum moisture content for
nitrification. Pﬁblished data vary between 40 percent water
~holding capacity to more than field capacity. 'biscrepancies
that cause this‘diségreement are due to variations in other
factors and thebbroad} flat curve near the optimum‘moisture
'content. | |

Penkava® stated that the method of determieing field“
capacity has vaiied_from researcher to researchef‘with veri~
ation in the methed of saturaﬁioﬁ and length of dreinage.,7
‘ Alexander‘(l967)fhoted that the optimum moisture content for
émmonification generally fells'between 50 and 75 percent of

the water hoiding capacity of the soil.

T F. Penkava, Department of Agricultural Engineering,

University of Manitoba, personal communication, September,
1976. : : - '
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2.7.3.3. ‘pH

The rate oﬁvnitrification is closély related to soil
- pH. The optimum reaction in soil for many of the ammonium
okidizefs is above neutrality While that for nitrite
‘ oxidizers is close to a neutral pH. The Nitrosomonas
thrive in a pH range of 7 to 9 while Nitrobacter strains
are detectable in a pH range of 5 to 10. Complete égree—-
mént, however, has not been reached_about the optimum and

limiting pH values for nitrification.”

2.7.3.4. Nutrient Supply

Rarely Qould‘any nﬁtrient]othef than the‘energy,/

- substrate (CQ?) be limiting er.an‘actiQe population of
nitrifying organisms. Aé a rule) the slowest steb in
mineralization is aﬁmonification which, in turn, affects
the sﬁﬁstrate‘COncentration for NH4 oxidation andNO2

- oxidation.

2.7.3.5. Soil

The type and particle size of the soil-affects
mineralizaﬁion. The tYpéAof'clay mineral influences the‘
extent of nitrification with montmorillonite permitting the
greatest oXidatioh‘fqllowed by illite. Clay-fixed NH, is

nitrified sldwly in vermiculite soils. Most researchers
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‘have used aif—dried surface soils (0 - 15.2 cm) for incubation
experiments. The size of samples used for incubation experi;
ments has varied with most samples being lesé than 50 gl
since better soil aeration is possible with sﬁall samples.
‘FOr incubation’éxperiments Bremner (1965) sfates«that
the soil should be ground to pass a 2-mm sieve in order to
istandardiée.soil‘particle size. He noted that grinding the
soil incregses the accessibility of organic matter to hicrobes
and thus increased mineraliéation could bevexpected.

The soil may‘bé ameﬁded by adding sand or vermiculate
to improve the physical condition of the soil.. Keeney and
“Bremner (1967)'feit that by mixing quartz sand (three timeé
-the soil weight)'with soii, thé amount of water required
ﬁor maximum'mineralizatibn would‘be practically the same for
gll soils (6 ml.ofszO per 10 g of soil). Therefore} pre-
liminary analysis for détermining water requifements would

be eliminated.

2.7.4. Incubation Vessels

Although the number of devices employed as incubation
vessels is large, the basic types of aeration devices are
similar to the ones mentioned for the Type 2 method'(SectiQn

2.7.2.2.). Recently, jars sealed with a semi-permeable mem- -

~ brane have been used. The semi-permeable membrane allows.02 and

. CO, to transfer but prevents moisture from passing through.

‘However,’Ryan et‘al”(l973)'stated.that this method was.
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inédequate at high loading rates since aeration is slow and
anaerobic conditions may exist.

Most studies on soil N mineralization within the past
20 years have been short-térm, motivated primarily for é
rapid and reliabie method of assessing soil N availabilitf.
Such studies used incubation times of a practical minimum
of about 7 to 14 days. The-results from thé minera1 N
reléased~in short;term incubations often appear to reflect

" relative N supplying capacities of the soil.’

2.8. Kinetics

Reacfi@n kinetics are éoncerned with the detefmination
- and interpretation of the velocities or’rates'of'reactions.
Theifbrmer’relates'to the direction and extent of reaction
and the latter tb the rate of reaction {(Weber and Canéle,
1972). Essentially all reseafch on biological processes
should inélude kinetic descripfions of the process. Withoﬁt
such,descriptions‘one cannot evaluate accurately or sciehti—'
fically‘the_effect of a particular variable or environmental
ifactor (Pearson, 1968). Furthermore, it is only‘by means of
kinetic déscriptions'of processes that waste treétment tech-
-nology can be_takeﬁ out éf the "black box"Aand put on a
sound téchnological‘basiS‘(Pearson, 1968). It ‘is in‘this
~vein that the research’projéct described in subsequent chapters .

has been’established.
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Farly studies of N mineralization have plotted N
’mineralization curves against time for various loading
rates, temperatures, etc., but seldom have they‘provided‘

a rationel or consistent basis for estimating»N—suppiying
capacities of the soil. Describing the process’of mine;a—
lization using kinetic equations can provide a means of
showing the‘quaﬁtitative effect of‘the different parameters
(Hadas and Kafkafi, 1974). However, few mineralization
eXperimente using kinetic equations have been performed.

Information usinQ‘kinetic equations for the degrada-
~tion of organic westeiin soil is especially scarce. If the
soil is to be utilized'effectively as a treatment device for
organic residues,'as it appears it‘wiil'be‘in the future,
kiﬁetic information must.be,developed,to enable rational
design of such a process.

Loehr'(l974)_noted fhat Mohod~(1950) applied Michaelis-
’Menﬁon equations which explained enzymatic reactions to
microbiel growth systems. Monod (1950) assumed a relation-
ship Eetween a specific growth rate fof‘pure cultufes and a
limiﬁing substrateeproauctien. | “

The specific growth -rate is defined as

A

_u s - ‘ (2.8)
BT OR_X | ~
S
= rate of growth (quantity of cells produced

where - u
f'per‘unit‘time per qdantity of existing
cells) corresponding‘to a substrate

concentration, S;
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19p]
i

substrate conceﬁtrations,'s (maés per vélume),
of limiting nutrient in the system;

-;'= maximum rate which prevails when S is large
(quantity of cells produced per unit time
per quantity of existing célls);'

K_ = constant (mass per volume) .

s

.This relationship was derived empirically and has
beén found to fit a.large number of expe;imental absorp-
. tion,'transéort and enzjmatic data related to the microbiél
metabolism of bfganid matter (Loehr, 1974). |

Hadaé‘and Kafkafi (1974) applied the Michaelis-
Menton equatipn for the mineralizatipn‘of ureaform. The
Michaélis—Menton equation explained the enzyme—sugétrate

interaction. The rate equation for ureaform was

~a(r) _ K1(Bplo or) ' | (2.9)
dt - K :
, m
where (UF) = concentration of ureaform, ppmﬁat:time t;

(El)o.=,concéntration of‘enzyme El (ppm) ;
.K ‘~% Michaelis constant (ppm) ;
"k, '= rate constant of Urea'production‘(aays_l).
Nitrification rates.may be taken as proportional to
the growth Qf_nitrifiers proVided populations-are~small
COmpared to the carryiﬁg capacity of the environment and

provided that substrate concentrations are high enough to

yield_maximum specific grthh'fates (McLaren, 1971).

@
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" McLaren (}970) derived an equation to describe nitrification
for urea and soil in terms of time and depth of a soil

column. For NH4 or NO2 oxidation, the rate of_change-may be

given as
—aes) _ oadm . xMangs) ' (2.10)
' dt dt km + (S) '

where S = substrate conéentration; (?pm);

m = microbial biomass, (g);

t = time (day};

km = saturation constant, (ppm N);

‘kl; = specific rate constant (dayfl);

a .‘= propbftionality constant (N oxidized per.unit
' weight'per unit time; f for maiﬁtenance, ppm '
9t aay™h;

A = proportionality constant (reciprocal ofigrthh'
‘yield: equal to N Oxidized per unit weight!
of biomass synthesized, ppm day_l); |

‘Bf =.proportionali£y constant (ampunt of enzymefper

} ﬁnit biomass involved in waste metabolism,
ppm) . |
Stanford and Smith (1972) used the fbllowing first=-

order equation to evaluate N mineralization potential.

log (N_-N_) = log N, - kt (2.11)
©.2.303
where‘NO = N mineralization potential (ppm) ;
Nt' = cunmulative amount of N mineralizéd, ppm,

during a specific period of incubation,

t} (weeks);
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k = a rateé constant . (weeks T).

This equation was uéedkfor longFtermlincubaﬁions (gréater
than 8 weeks). Stanford, Carter and Smith (1974) qbnducted
short-term incubatioﬁs (2 weeks) and concluded that esti-
mates of NO Were similqr to those derived after extensive
periods of incubation.

Stanford et al (1975) studied the‘denitfifipation in.
soil and found the rate equation to be%firstjorder:
kt '

.(NO3

—N)r= (NO3‘N)ie
where
,(NO3—N)r= NOB—N remaining at time t (perCent);

; KNO3_N)i: NOjFN at'beginning.of'incubation (equal'to
.100 pércent);

k

'rate constant (hours_l);

time (hours).

it

-

In 1936,>Mi11ar‘et al (1936) used a second-order

equation to describe Coz'evolution:
y = Ft';
where y = amount of CO2 produced in time t (mg COZ);

t = time (days);

F = amount of CO, at the beginning of the experi-

ment (mg COZ);
- = measure of the retardation in the rate of
’ CO2 evolution during the‘phase'of decrease,

dimensionless.
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The same second-order equation, used by Millar et al (1936),

also fit CO. evolution data of Pal and Broadbent (1975).

2
Pal and Broadbent added C-labelled rice straw to soil.
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- CHAPTER 3

. METHODS AND PROCEDURES

3.1. Incubation Apparatus

Four incubationvchambersv- one chamber for the control.
and the remainder for manure-soil treatments - were used to
perform £WO incubation experiments. The incubation experi?
ments were Conducted - one in July of 1975 and the other in
, June of‘l976. ’The former Wili be referred to as Incubation I
while the latter will be referred.to as Incubation II.

One of the foﬁr appafaté used for the incubation
'experiment is shown in Figure'3.l. ‘A schemafic of the
apparatué canvbe found in,Figurev3.2;'“A.Parker Masterflei
. pump unit, model 7568,‘was used to move air through the
vsystem. Atmospﬁeric air was forced by means of the Masterflex
pump into a 500-ml Erlenmeyer flaskfcontaining‘450vml of SN |

NaOH to absorb CO

5 The COz—free air was moved through a

second 500-ml Erlenméyer flask containihg 450 ml of 36N

"H.SO, to remove NH. A flask containing distilled water

2774
followed the NH

3"
3'scrubbers to prevent any NH3 or C02 evolved
from the soil from‘diffusing‘back into the.scrﬁbbers. Also,
ithe diétilled water produced a high relative humidity_iﬁ the
incubation chamber which'preVentedvmoisture loss from the o
éoil. Aftér.passing through the scrubbers, the air entered

into a sealed incubation chamber. This air aerated the

soil.
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FIGURE 3.1. One of the Four Apparata used for the
' ' . Incubation Experiment.
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The incubétion chamber, constructed from 6-mm plexiglass,
measured 20.3 by 30.5 by 38.1 cm and contained twenfy—fourv |
-plastib tﬁbes usea to hold the soil and soil-manure mixtufes.
Each tube had an inside diameter of 5.1 cm and a length of |
10.2 cm. Fixed to each tube bottom was a’number 40-mesh brass
screen. Glass wool was placed on top of the screen to prevent
fine soil particles from passing thrqugh the écreen;

Air from the incubation chamber was forced‘through a

3
pump to remove CO, and NH Aproduced by the soil microorganisms.

~ second set of co,, and NH., scrubbers by a second Masterflex

2 3

Next to the second éet‘of‘scrubbers wés a 300-ml beaker con-
taining‘distilledeater-to,prevent atmosphéric NﬁB and COz-from
diffusing back into’ the scrubbers. |

Cylindrical fritted glass diffusers were used in the

2

the air with the scrubbing solution. Preliminary testing

CO~rand NH3 scrubbers to increase the contact surface area of

 sthed that 98% of the C02 2

scrubber-fdllOwing the incubation chamber while essentiallyr

could be absorbed in the. CO

complete COZ.removal occurred in the COZ_scrubber prededing the

chamber. Since HZSO4,is’used'in the Kjeldahl analysis to
absprb‘NH3,‘this éhemical was assumed to.be an efficient
sérubber of NH3.
The»twobMasterflex pumps‘were run simultaneously in
series each,pumping 40 ml per minute of air (Appendix A). A
’manometer:connected.to the chamber showed that the pressure
Qscillated from 20.3 . cm (8 in) of water to a vacuum of 20.3 cm

(8 in) of water using the two-pump system. Such oscillations

were considered small and were ignored.
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3}2;A Soil Descfipfionv

A Scanterbury clay soil of the Red River Association
was used in this experiment. The Red River Association is
one of,tﬁe'major soils found in the Red River Valleyl.
Bergson (1975) noted that the Scanterbury soil is subject to
wateflogging-and haé a slow~permeability. ‘Michalynaz stated
that this clay is moderately drained With the éurface 17.8 cm
being a very dark grey clay. . This soil is friable when:'
moist’and~slightly hard when dry. Appendiva shows the

~analysis of a'cultivated surface Scanterbury clay.

3.3. Soil Amendment»k

3.3.1. Incubationflk

‘Thé'soil was.obtained from a ploﬁghed falléw field at
»AGlénlea Re;earChAStation, Glenlea, Manifoﬁa in‘Octher;’1974.‘.'
 The.soil was éir—driéd, and stbred in flour sacks.i‘Prior to .
iIncubatiQn'I, the soil Was ground to pass.av2—mm sieve. The
excess ground sdil’wés stored in ajplastic container for use

in Incubatioh II.- Dairy manure was,obtained ffom the Brdckville
. Dairy, Winﬁipeg, Manitoba. .The dairy ménuré samples, with the

" straw bedding; Were gathered while the ménure was being loaded
onto a manure spreader to représent the actual mixture that

‘a farmer would spréad on a field. Since literature

on manure-drying procedures for incubation studies is

= W. Michalyna, Department of Soil Science, University of
5 Manitoba, personal communication in October, 1974.
. W. Michalyna, Department of Soil Science, University of
Manitoba, unpublished report of the Detailed Soil Survey
of Glenlea Research Station, Glenlea, Manitoba.
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lacking’ the- composite initiaily was air-dried. Howevef,

' this procedure proved too slow. Subsequently, the manure

.was~oven-dried at 1O3OC for 24 héursAto remove the moisture.

After drying; the sﬁraw—manure mixture was,ground with a

"hand-operated" meat grinder. Visual inspection showed that

the manure was flnely ground the straw was relatlvely long

and slender with the- larger particles being sllghtly more
| 'than 2-mm‘long. _

A Eqﬁivaient manure.rates of 112, 224 and 561 kg N ha™t
" (100, 20b and SOd:lb N acre—l, respectively) plus a COhtrQl '
-was chosen ferethe incubation Erial. ‘The manure loading

" rate was based oﬁ,the N content ofithe dry. dairy‘manure“
;(dry basis) since dry manure was used in_the incubation -

, trial. For purposes of establishing leading.rates the
manure that could be ploughed under»inla field was assumed
to be mixed with:the top 15.2 cm (6 in) of soil. The dry
bulk density of a Scanterbury clay soil sample wés measured;
to be 0.80 g Cm_3; The Weight of‘a hectare of seil that

is 15.2 cm (6 in) deep would be 1 222 300 kg (2,689,000 1b).

" The total dry weight of soil plus manure or soil alone
in each tube was 120 g.  Knowing the'manure loading rate,
bﬁlk density, total dry weight of soil or soil manure
'miXture»in each tube and N content of the‘dry manure, the
amount of- dry manure required for each loading rate in

Incubatlon I was determlned (Table 3.1). The equations
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developed to determine the dry manure loadingfrate are shown
»inlAppendix Cl. Appendix C2 shbws'an example of the method
used to'calculate'the 561 kg N ha"l'loadiﬁg rate for the
dry manure. | B
- Once the fequired’amount of manure was edded to -the

soil, the amount'of=water required to bring the soil—manﬁre
mixture and soil alone to field capacity (Israelsen and
Hansen, l952)lwas determined (Table 3.1). Field capacity
was chosen as it was thought‘to'represent the maximum .
‘amount of_water‘available to the microorganisms (Stanford
and Epstein, 1974).

| .After the field capacity was obtained, the next:step
;was'te estimate4the'strength of the NaQH and H_ SO necessary

274

to effectively scrub the CO, and NH from'the air leaving

2 3

the incubation chamber. To achieve this, a "trialirun" was
)conducted at 15°C with a dry manure loading rate of 561 kg

N ha_l since maximum Cozland NH3.evolution was expected at

this 1oadingirate. The amount of CO., and NH produced per

, 2 3
- day were measured using 250 ml of 2.5N NaOH and 250 ml of

_l.ON H,SO, respectively. From the absorptioh results, 250

274
‘ml of 1.0N NaOH and 250 ml of 0.5N HZSO4'appeared to be
eufficient to sdrdb,the CO2 and NH3, respectively.

An incubAtion‘temperature of lSOC‘(59OF) was used as
it represented the average soil temperature at the 10-cm
(4-in)- soil depth for the months of May, June, July, and

- August at the Glenlea Research Station for the years 1970 to



Table'B.l,

Ihcubation I

Sample Preparation

for Incubation

Moisture Content

17.1 ’ . 82

Manure Loading Soil Added Dry Manurel
Rate, kg N ha~1 g Added, g (a) Field Capacity
A ’ % weight
0 120.0 - 60
o112 116.1 3.9 65
224 112.5 7.5 - 72
561 102.9

Based on TKN value of 0.277%

dry ba51s

Incubation IT

" for the dry dairy manure,

Manure Loading

Wet Manure2

el
Dry Matter™

Soil Added Moisture
"Rate, kg.N ha~1l g Added, g . in Wet Content (a)
Manure, g Field Capacity
: : % weight -
0 120.0 — 62.5
112 119.4 3.3 . 0.58 . 64.0
224 118.9 6.5 S 1.14 - 67.0
561 117.2 16.1 2.83 - 79.2

2

- wet basis.

Based on the TKN value of 0.335% for the wet dairybmanure,

Moisture content of the wet dairy manure was 82.4%.
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19741. 'TheSe four‘months were selected because théimajority

of crop growth occurs during this period. A wélk—in 
environmental control chamber housed the experimental

apparatus for Incubation I.

3.3.2. »Incubation TI

The soil amendment procedure of Incubation II Qas
basically thé.SAme as Incubatidn I with some modifications.
Dairy manﬁre thét was used for Incubation II was alsd_obtained
from Brockvillé dairy but the procedure for gathering and
preparing the mahure forvincubation was quiﬁe'different from
incubation»If‘ Dairy manure "paddies" which contained no
urine or‘étraw were géthered in a five-gallon pail one week
prior to starting the incubation trial. The’manﬁre was
stored in a refrigerator at zoc{ No drying or grinding of
the manure was performed.

" The equiﬁaleﬁt manure loading rates of Incubation;I~
- was aiSQ used for_iﬁcubation II'but; in this incubation,
the manure ioading réte was based’oﬁ the N content of wet
dairy maﬁﬁré (wet baSis) since.wet manure was used in this
incﬁbétibn'trial; Sincevwet manufe was used, the moisture
content had to be determined. Because fhe same soil‘was
ﬁsedlfor'both incubations, the same bulk densitj,was-also
ﬁsed. The total dry- weight of soil or soil plus manure in
veach‘tube was.the same as Incubation I. .For this iﬁcubation,’

- the manure loading rate, bulk density, total dry weight of

Temperature soil data from Glenlea Research Station.
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soil or soil manure mixtures, and N content as well as the
moisture contentkof the wet manure had to be known in order -
'to calculate the emount of wet manure required for each
kloading rate (Tabie 3.1). The equations developed to
determine the wet manure loading réte are‘shown in‘Appendix
Ci. Appendix C3 shows an example of~the method used to
calculatevtheASGl‘kg N ha‘l loading rate for wet manure.

The moisture ievel chosen was field capacity as in
Incubation I. The_cohcentrations of the NaOH and H,SO,

274

scrubbers used in Incubation I were the same for Incubation

3

solutioﬁ was changed to 0.05 N H,50, from 0.5 N H2S04 since

would be more measurable in a low

“II. However,.on‘day'4-of Incubation II the NH, scrubbing

a low level of NH3

concentration of H2804.‘
An. incubation temperature of 15°C was also used for
Incubation II but a Fisher model 300 low-temperature

incubator was utilized to maintain this température.-

-.3Q4."Analytical Procedures

3.4.1. Sampling

3.4.1.1. Incubation I

In»Incubation I, three sample tﬁbes-were removed'from
each chamber on day 0, 1, 2, 4, 6, 8, 16, 32, and 64,
respectively. The_initiél scil4manure mixtures'or soil
alone at day 0 @id nof have any water added. The removed

sample tubes were weighed to check for excessive water loss.
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The soil was then'épread to form a thin soil layer and
~allowed to air dry. The dried samples were stored in

small plastic bags before analysis.

3.4.1.2. Incubation II

.In_Incubatioh II, the sampling time was slightly
- modified from Incubation I such that three samples tubes
- were removed from each incubation chamber on day 0, 1, 2, 4,

8, 16, and 32, respectively.

3.4.2. Chemical

3.4.2.1. Scrubbing System

At the same time that the soil and soil—manﬁre mixtures

2 3

were sampled, the' amounts of CO, and NH, collected in the
second set of scrubbersf for both incubations, were measured.

Fresh NaOH and H;SO4-replaced the spent solutions. Appendix

2

‘D1 outlines the proCedure required to calculate the amount

‘of CO, and NH. absorbed in its respective scrubbing solution. .

2 3

The data obtained were to be used to plot COZ—C’and'NH3—N

evolution curves. The percentage of the CO,-C evolved as a

2

direct result of the C added in the manure was calculated

as shown in Appendix D2.
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3.4.2.2. Total Kjeldahl Nitrogen

The dried ahd wet dairy maﬁure>samp1es were analyzed for
total Kjeldahl.nitrogen (TKN) aecording to the proceduresv‘
‘stated in Standard Methods,-Seetion 135. In Incubation I, all
centrol samples and the soil—menure mixtures after incubation
were analyzedrfo; TKN with no provision to inclgde NO,-N and
NO,-N by the Kjeldahl—Gunning method'(Jackson, 1958). 1In
4Incubation’II,~the TKN of the control and the soil-manure
mixtures for day 0 were analyzed by the Kjeldahl Gunnlng

method. Appendix D3 shows the analys1s procedures for the

'Kjeldahl—Gunning«method.

3.4.2r3f Extractable Ammonium, NH4

' Ammonium nitrogen was determined on all control samples

and soil-manure mixtures using the procedure of Bremner

. (1965) . Appendix'D4 outlines the procedure.

)

3.4.2,4; Extractabie Nitrite (NOZX and Nitrate (NO3

Extractable NO_.,~N and NO3-N was determined on all_

2
control and soil-manure mixtures at the Manitoba Provincial
Soils Testing‘Laboratory using a Technicon Auto Analyzer.

_ Appendix D5 shows the preparatory steps required before

using the‘autovanalyzer.
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3.4.2.5. Organic Carbon

4‘_The organic carbon of the soil, manure, and soil-
manure mixtures was measured at the Manitoba Provincial
Soils Testing Lﬁbora#ory'using a modified Walkey-Black
‘method similér to the Walkey-Black méthod éﬁtlined by
Allison (1965)."Appendix D6 shows the preparatory stepé

required before titrating the solution.

3.4.2.6. pH Measurement

For Incubation I, the pH of the soil and soil-manure
vmixtufes was analyzed on samples. obtained for day 0, 8,

32, and 64, respectively, using the procedure’(l;l soil to
watef ratio) of Jackson (1958). Incubatiqn IT utilizéd‘

the samé analytical procedufe as Incubétion I but aﬁélyzed(I
the sQilvand sOil—mahure mixtures for samples .obtained on
day 0, 8, 16,rand 32, reséectively. Appendix D7 dutiines

the analytical procedure.



CHAPTER 4

RESULTS AND DISCUSSION

4;1, Kinetics

Hedlin and Cho (1974) stated that the addition of
manure to farmlénd is important_as'a‘means-of maintaining
soil fertility. They also. noted that thefméximum acceptable
Quantity'is’not known ‘at presenﬁ. Furthermore, they say
that we need to study methods of increasiné feftilizer
efficiency, the fate of nutrients in soil, their‘chemistry
and‘transport, and recycling of plant nutrients within a -
soil profile. Buchanan (1974) expféssed a need for résearch
on manure utilization such as application rate and ground-
'watef.chtamination. o

Statements such as the above have led £o research
.pfojects such as‘this one to investigate more fully the
-areé of animal manure management. This project was eéfab—
lished to determihe the decomposition rate of manure in soil
by monitoring C and N transformations; Stanford, et al
- (1973) poiﬁtéd,out'fhat, while’N mineraliiatioh has long been
recognized,vthe-quantitative‘relationships have ndt been
elucidated. 1Hadas and Kafkafi (1974) stated, as noted in‘the
iitérature review, thét the use of kihetic equationslcan

describe the process of mineralization.
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To obtain the kinetic equations, "smooth" C and N
mineralization‘curvesvare required to produce kinetic
coefficients. Therefore, a favourable environment to‘proé
‘ méte mineralization must prevail, otherwise, a kinetic
approaéh is‘futile. Millar, et al (1936) brought out the
fact that,the'reaction of the‘séil, the amount of moisture,
the temperature, the aeration and kind of species of micro-
organisms are all important factors in the rate:of decom-
position of any’organic matter in éoil. IfAkinetic equa-
:_tions cannot bé_épplied to'a set of data, the experiment is
not.necessarilyiavfailure but may simply bé'reflectingvthe
interactions in soil that probably oCcﬁr in the field under
similar‘enﬁironmehtal conditions. |
| Few researchers, if any, have attempted to obtain
kinetic information using manure in soil. In fact, dnly'in
.=récent years has there been any greaﬁ;interest‘in using the
kinetic'approach to any medium. For example, the kinetics of
’biblogical grdwth iﬂ_seWage treatment plants are bniy now
becoming undefstood. o |

In this experiment, the carbon mineralization study
‘kwaslsu¢cesSful and reliable kinetic coefficients were ob-
Atained; Howe&er, the nitrogen mineralizatidn étudy by.it—
-.self did not pfoduce useful kinetic data.b A great.déal was
leérned, howevér, and the‘remainder Qf this chapter is
‘devoted to a discussion of the carbon and nitrogen minerali;

zation studies.
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4.2. Moisture Loss during Incubation

Tabie 4.1 shows the moisture loss from the soil in the
sample tubes for Incubation I and II'afteriincubation times
of 64 and 32 days, réspectively. The control in both
fincubatiohs yielded. the highest‘moisture'loss; however, the
loss was less than 5‘g'of water (8.0 percént, Table 4.1).
Such low losses were not cqnsidered large enough to'warrant

water addition.

4.3. Soil pH

The'pH of the soil énd’soil—manure mixtures of

. Incubatiéns I and IT can be found in Table 4.2. The dried
ﬁanure‘iﬁ Incubatioh I‘had a higher pH (8.6) than the wet
manuré in.IncubatiQn II’(pH 7.9).A Furthermore, the pH of
)the'control in'Inéﬁbation I at day 0 was 0.5 units higher
than in‘Incubaﬁion IT. .Both soils were gathered at the
:same time but the soil in Incﬁbation ITI was stored 1—yr
longer prior to ﬁée.' Bremher (1965) noted that many workers
have foundvthat minerélizable N values inc:easé wiﬁh time
dﬁring storaéé of air;drigd samples. Storage probably de-
fvcreaséd the pH as the length‘Of storage incréased.

| | in both incubations, the addition of manure to the

" soil increased the pﬁ as the N.loading rate inc;eased. As
time progressed during incubation, the pH of the soil—manure

mixtures rose similiar to the phenomena noted in section 2.5.1.
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Table 4.1. Moisture Loss during Incubation.

Moisture loss, ¢

Manure Loading - Incubation‘I Incubation IT
Rate, kg N ha-1 (after 64 days) (after 32 days)
| 0 8.0
112 1.6 : 1.3
224 ' 1.2

561 ‘ <1.0

Table 4.2. pH of the Soil or Soil-Manure Mixtures
' o ~during Incubation.

Incubation I

Manure Loading : Time, Days
Rate, kg N ha-1l 0 8 32 64
. ‘ - pH '
0 7.3 7.2
112 | )
224 7.4 7.8 8.1
561 3 7.7 8.1 8.3
~Manure, dry’ 8.6

Incubation IT

Manure Loading ' ‘Time, days
Rate, kg N ha-1 = 3 8 16 32
el : — S
0o 6.8
112 6.7 7.1
224 6.8 7.1 7.3 7.4
561 7.1 7.1 7.5 7.5

Manure, wet 7.9
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" Floate and Torfance (l970),vOlsen, et al (1970) and Finstein
(1972) also noted a similar pPH rise when faecal material was
-added to soil. Incubation I, however, showed a decrease in
pPH at day 64 for all soil amended with manure. Buckman and

Brady (1969) noted that, as time progresses, the CO, pro-

2
duced by microbial activity in the soil combines with water
to form carbonic acid (a weak acid) and lowers the;pH. The
pH decrease could also be due to the'acidifyiﬁg'proceéskof
niﬁrification (Oisen et al, 1970)'~ The pH Qf'the control
in Incubation I waé fairly coﬁstant‘ranging from 7.2 to 7.3.

whereas the pH of the control in Incubation II rose from a

" pH of 6.8 to a pH of 7.2.

4.4. Carbon Mineralization

4.4.1. C:N Ratio-

Méasured'and.calculated C:N ratios of the soil, soil-
‘manure mixture and manure’can"be found in Tablé 4.3; The
procedure employed to obtain the caiculated TKN, organic C
and C:N ratio can be found in Appendix C.4.

In Incubation I the measured C:N ratio increased as
the loadingvrate incréased because of the high C:N ratio of
the dry dairy manure. ‘The calculated C:N ratio had the
same increasing trend‘but had higher Values. ‘Differences
in.the C:N ratios occurred because of differences in TKN's.

‘The calculated TKN vaiues iﬁ Incubation I were con-

' gidefably-lower than the measured TKN values. Since both

the control and‘dry dairy manure had a TKN of 0.28 percent,



Table 4.3 C:N Ratios
' Incubation I

"TKN

C:N Ratio

: e Organic C
‘Manure Loading T 5 — 5 - :
Rate, kg N ha-1l Measured™ Calculated Measured Calculated Measured Calculated
0 © 0.28 3.93 14.0:1
112 0.32 0.28 4.91 4.93 15.3:1 17.6:1
224 0.36 0.28 5.90 5.85 16.4:1 20.9:1°
561 ‘ 6.49 0.28 8.58 8.31 17.5:1 29.7:1
dairy manure 0.28 d.b. 34.70 d.b. 124:1

1 . . . ‘ .
. Based on dry weight of soil, soil-manure mixture Oor manure.

Calculated from measured values of control and dairy manure based on.the'amount
of soil and manure added for each loading rate.

Incubation II

Organic C

, TKN C:N Ratio
) Manure Loading_ Measured™ Calculated? Measuredl Calculated2 Measured Calculated
Rate, kg N ha~1 ) g - . S
0. ’ | 0.26 ] 3.69 - 14.2:1
112 , o 0.29 0.264 3.76 3.83 - 13.0:1 14.5
224 - 0.29 .272 3.79 3.97 S 13.1:1 14.6
561 . 0.35 .296 3.85 . 4.39 S 12.5:1 14.8
‘dairy manure 0.34 w.b. 5.85 w.b. ‘ 17.2:15, 7
dairy manure4 1.90 d.b. - 33.23 d.b. 17.5:1.

1

=W

5, Based on dry weight of soil or soil manure mixtures.

Calculated from measured values of control and dry dairy
of dry soil and dry"weight of manure added for each loading rate.
Calculations based on wet weight of manure.

Calculations based on dry weight of manure assumi
5 Lower C:N ratio than dry manure due to round off.

manure based on the amount

ﬁg no loss of N or C.

“ZS
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no matter how mueh manure was added the TKN should not have
'increased to the levels'indicated by the measured values;‘
Difficulty in obtaining a consistent end-point during
titration (manual) could have ceused high TKN values for
~the measured results (Table 4.3). ‘AlternatiVely; the pro-
cedure tovobtain the TKN of the manure (Staﬁdard Methods)
was different than the procedure for.the TKN of the soil |
(Kjeldahiféunning),‘therefore differencee,in measured TKN's
between the twovprocedures may have ocCufred; |

The calculated values‘for,organic C as compared to the
meaeﬁrea values of organie C were quite Similar for Incubation
V»I (Table 4'3)’; The 0.58 factor used to detefmine organic
C for‘the soil and manure may be different for this |
particﬁlar soil or manure but was the best available estimate.
A'differentlfactor would. cause organic C to change and in
turn, the C:N ratio to change. | |

.. The measured‘C:N ratio differed considerably from the
.'calculated C:N ratio due mainly to differences in the TKN
valuee;v HeWeVer, both C:N ratios (measured and ealculated)

’ did‘have“the same increasing'trend as loading,rates in-
. creased (Table 4.3).

The célCulated TKN in Incubation II also varied from
the measured but the differences were not as gfeat as ih‘
’Incubafion I. The analytical procedure for determining thev

TKN‘oflthe soil (Kjeldahl-Gunning) of Incubation II used
en‘autematie rather. than manual titration te.maintain‘a more

i_constant end-point.
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The calculeted values for organic C of Incubatien II
did not vary mere-than 0.5 percent from the measured |
,resulte (Table 4.3). >Again, the 0.58 faetor wae used to
determine the organic C ae it was the best availablel
estimate as discussed previouely.

In Incubation IT, the ealculated C:N ratio hadva
slight increasing'treﬁdVWhereas the measuredlsz ratio..
decreased. A slight increase in C:N ratio would have
\.been expected since thevC:N ratio of the manure was 17.5:1°
which was greater than the‘seil alone (14.2:1). Once
again, the TKN procedures probabiyvdid not‘meesufe the
same amount of.TKN due tO‘veriation in technique, error
in analysié or thh;’ |

When comparing InCubation I to Incubation II}'Ehe
controls had approkimately the saﬁe C:N ratio as‘expecﬁed
 since both were from the same soil with‘ho manure added.
Also, the organic C content of the manure-amended soil in
Incdbation‘Ilbwas lower than in Incubatiohei due ‘to the
"fact.ﬁhet'less dry'manure (Table 3.1) wasfadded in
Incubatioﬁ I1 than in‘IncubationvI’whieh‘in turn, resulted
in less c being added to the soil.“

‘The C:N ratio of fresh; wet dairy manure (17.5:1) was
7 con51derably higher than the dried dairy manure contalnlng
vstraw bedding (124 1). A comblnatlon of effects probably
ylelded the high C:N ratie (124:1) of the dry manure in
Incubatioh I. First, drying the manure in preparation for

incubation probably caused NH3vvolatilization while the
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organic C was retained. Second, the ﬁangre nas,mixedbwith
straw bedding which contained a considerable amount of C.
Howevet, since faeces is partially digested plant material;
- the straw,that was used as bedding probably did not change
Jthe C content of the manure significantly. Third, because
a strawy material would be low in N, mixing it with manure
Would have resulted‘in even a lowet}N'content for the
manure—straW’mixtnre than would occur with air—dried fresh
manure The flrst and thlrd reasons probably contributed
most to the fact that the N content of the dry manure was
0. 28 per cent (d.b.). |

The low C:N ratio (17.5:1) in the wet manure occurred
because no drying procedure was utilized in which N-could
be removed. ,Furthermere,.the wet manure did not?contain
bedding.‘ The C content of the wet manure (33.2 per cent,
'd.b.), “however, did not Vary too'muchzfrom the strawy dried
manure of Tncubatlon I (34.7 per cent, d. b ). These C
econtents were: sllghtly less than the value (37.7 per cent,

' organlc,C';n cow faeces) reported by Loehr (1974) and
.slightly higher tnan'tne value (32 per'cent'organic C in .

beef faeces) obtained by Mathers and Stewart (1970).

- 4.4.2. Carbon Evolution

The cumulative COZ—C‘curveS (Figure 4.1 and 4.2) from

the manure-amended soil for Incubations I and II illustrate

increased C02—C production relative to. the control due to
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addition of dairy manure. The manure added to the 5011.
1ncreased mlcroblal activity resulting in more CO2 C being
'evolved than from the control. By the end of Incubation I,
- a slight 1ncrease in COZ—C production for the 561 kg N ha -1
loadlng ratelhad occurred relative to the 112 andA224 kg N
‘ha—lrloading ratee, At day 16 in Incubation I;vthe cum~
-ulative C02_¢ for the various manure loading rates did not
Vary’much (1.41 to 1.637mg co,-C per g of soil%manure
mixture) . 'Similarly, in Incubatlon 11, after 16 days of
1ncubatlon, the cumulatlve COZ—C for the soil-manure mix-
tures were ‘much the same'(0.90 to 1.06 mg'COZ—C per g of
soil-manure mixture). Comparlng the controls, Incubatlon IT .
produced sllghtly more COZ—C than Incubatlon I after 32 days
of incubation (Flgure 4.1 and 4.2). The difference, however,‘
in COé—C'production was small. Slmllar COZ—C production
'rates for the control in both experlments were expected since
the soils used.were the same and no manure had been added.

| After 32 days of incubation, the 112, 224 and 561 kg
N,ha_l'loadihg rates of Incubation I yielded cohsiderably
hlgher cumulative CO2 C evolutlons than the respectlve
loading rates in Incubatlon IT. Although Incubation I
evolVed more cumulative,COz—Cfthan Incubation II, the latter
evolced more.C when expressed as a percentage of the manure
C evolved from the soil relative to the orlglnal manure C
added (Flgure 4.3). As dlscussed prev1ously, the N content
of the dry manure was low‘whereas the wet dairy manure had a
‘high N content when expressed on a equivalent basis

" (Table 3.1.). Therefore, to achieve
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a‘desired N loading rate, more dry manure was reduired in
InCubafion'I than in Incubation IT. Consequéntly, more C
wés added in incubation I. This indiéates that wet dairy
manure.(COntaining é large quantity of N and nO’bedding
material,i.e. a low C:N ratio) added to clay soil would
ielease, in a éhofﬁer period of time, a greater percentage
of the original Manﬁre C added due to the greéter microbial
activity in comparison to dry manure added to a similar soil.

The lowest manure loading rate (112 kg N'ha_l) for
both incubations yielded the highest percent of C evolved
for each reSPective,incubation‘run.‘ This result was con-
tradiCtorY'to what Mathers and Stewart {(1970) obtained.
" They stated that 49, 45, 45, 45 and 57.pércent of'the‘C
added in the’beef manure waS‘evolved from the 1, 2.5, 5, 10
and 20 pef cent (w.b.) manure treatments,.respectively,
after 90 days.of incubation at'a'temperatureiof 27OC. They:
used a lOIg sam?le which probably permitted betﬁer aeration
and a hiéhef_cbﬁcéntrétion of microorganisms to break aown '
the organic hattér.}

Figures:4;4‘and 4.5 were derived from Figure 4.3.
These figures show plots of manufe loadiﬁg rate versus the
peréent of the original manure C remaining in the manure at
various times. From these figﬁres an estimate of percent C
) :emaining in the manure (depending on whethef;dry or wet
kmanuré is chosén) for any loéding rate can be obtained. Fér.'
instance, a loading of 300 kg'N ha~1 at day 32 would
yield 92 Ppercent:  and 68 percent C remaining in the manure

'for the dry gnd‘wet’dairy manure, respectively.
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4.4.3. Kinefigs of C Loss

Sawyer and McCarty (l967)'notedlthat the kinetics of
‘biochemical oxygen demahd reactions for most pfactical pur-
poses is "first-order" in character. That‘is, the rate of
the reaction is prdportional to the amount of oxidizable
'orgénic mafter remaining at any time, as modified by the
. population of active‘miéroorganisms; In this experiment, the
population‘of active microorganisms Would alSO'ﬁave been‘modi—
'~fiea‘by"the remaining ofganic Cc. Tb obtain the hecessary

2

from 100 percent to yield percent C remaining in the manure

"data, the percent CO 4C.evolved~(Figure 4.3) was subtracted .
(Figures 4.4 and 4;5), 'By making a semi—iog plot of the data
(first-order plot), it was possible to fit a straight
line through the data points (Figure 4.6). The‘equations for
the lines can be found in Table 4.4 with corfesponding’"r"

~values.~ The high'"r" values indicate a strong relationship
betweeﬁ the,étraightVline‘and_data points. Dué'td fhe sudden

ChangeAin CO,-C evolution at day 4 of Incubation II for the

2
112 and 224 kg.N»ha—l loading rates as shown in Figure 4.3,
Vtheifirst_terms (térm A) of the'respectiﬁe equations ih
-Tablé 4.4 were slightly higher than expected:(lQO should have
‘beeﬁfthé value). | Y
'Table 4.4‘élso<shows that the C_ﬁurnover‘period‘for
the wet dairy-manufé was considerably lower than the -dry

manure. Assuming that a constant soil temperature and field

capacity Could‘be maintained, it would take 0,77‘and'3-44
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TABLE 4.4 Equations Descrlblng Carbon Remalnlng in the
- T Added Dairy Manure Versus Incubatlon Time.

Incubation I

Manure Loading_ Equation Interval,

Rate, kg N ha~1 Form:C=pe~Kt* day r T**
112 c=99.8e70+ 0055ty t64  —0.996  3.44
224 © c=99.6e7 00027, ii64  -0.983  7.00
561 c=99.8e" 0 00ME  Hic6a —0.987  13.50

‘Incubation IT

Manure Loading - Equation, . , Interval,

Rate, kg N ha“; " Form:C=Ae day T T**
112 L 0=105.9e70-0245F 530 Lgl092  0.77
224 c=103.6e 0019t 4i30 o.987 0 1.12

T0-0079% yea3n —0.992 2.40

561 ~ C=101.6e

* where C = carbon remaining at time t, percent
A = initial carbon available, percent
k = rate constant, day -1

t = tlme, day

** where T
~ ‘ ‘manure carbon, calendar years

turn over period to remove 99.9% of the added
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calendar'vears to‘remove 99.9 percent of the added.C in
Incubation TII and I respectively. from manure applied at a
'ratelequivalent to 112 kg N hanl. The nigher manure loading
rates increased the turnover perlod to 2 4 calendar years for
the 561 kg N ha. -1 loadlng rate in Incubatlon II and 13.5
calendar years for the same loadlng rate in Incubatlon I. The.
low "k" values in Incubation I relative to Incubatlon 1T 1n
Table 4.4.1mplyrlong turnover periods.

- Table 4.5 shows the rateé of C removal at various in-
cubation times.- The higher the rate constant (k) shown in
Table 4.5 the higher the rate of Co,-C evolution and the
higher the rate of removing C from the‘manure, As time pro-
gressed in the incubation, less COz-C was evolved (Figure
4.3) from the manure, and so the rate of C removal ( ) also
'~ decreased (Table 4.5). The highest rate of C removal was in
the 112 kg N hafl.loading of Incubation‘II (Table 4. 5) which
was the loadlng rate with the shortest turnover period.

(Table 4 4).

4.5. Nitrogen Mineralization

4.5.1. Ammonia Evolutions

Ammonia evolution from the‘controls as well as soil-
manure mlxtures of both 1ncubatlons was. measurable in
elther trace amounts or not at all. Atvthese low
concentrations:(less than 0.4 ug g~1 of soil),vit‘Was

difficult to determine whether there actually was NH3'pre—



'TABLE 4.5 Rate of Decrease of Carbon‘Remaining in the Manure

Incubation I Rate '~ Rate of C removal at incubation times of

o , Equation : : . Day ,

panure Loadlng, . Ac__ -kt* 4 8 16 = 32 64

ate, kg a ’ Orm'aff e - % Carbon per day '
112 SC0.549¢70-0055% 9,537 _0.525 -0.503 -0.460" -0.386
224 o S5--0.269e70-0027F g 566 -0.263 -0.258 -0.247 - -0.226
561 2C--0.140¢70-0014% 5139 _0.138  -0.137 -0.134 -0.128

incubation IT o
: © dC_ ., 20.-0.0245t ‘
I -2.35  -2.13  -1.75  -1.18 .
224 TC1.65¢70-0159¢ ~1.55 -1.45 -1.28 -0.992 :
561 C0.803e70-0079F 4 975 -0.754 -0.708 -0.624

*Where C = carbon remaining at time t, percent
k = rate constant, dayml

t = time, day

S = product of A times k from Table 4.4
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sent’ or an'error,in titration had occurred. On day 8 of
Incubation IT the NH3 scrubbing solution was changed from
0.5 N HZSO4 to O.QS N'HZSO4'because a low concentration of
NH3 would be more readily noticeable in.a lowerlﬂzso4 con-
centration. This attempt failed to produce better results.
The‘NH3 evolution results obtained appeared.contradictory
to those of Floate and Torrance (1970) who stated that if
the pH of the decomp051ng substrate rose 51gn1f1cantly

above 7.0, NH,-N would be volatilized as NH " They also

4 , S
referenced Doak (1952) as demonstrating the above occurrence
when urea or urine was added to soil resuiting in‘a'raoid
'rise in pH‘from 6?0 to.more than 8,0. In thiS‘experiment,
theij‘did reach 7.0 and, in some  cases, the'pH reached 8.3
(Table 4.2). ‘ |

'Lack'of NH# evolution was probably due to the high
cation exchange capacity (CEC) of the 3011 In Appendlx
B the analysis of cultivated Scanterbury clay shows the
CEC for-NH4 to be/52.75 millequivalents (Meq) per 100 g.of
.dry soil at a pH-of 6.54. Cation exchange is the exchange
of one cation for another at the exchange sites 1n the SOll
Brady (1975) deflnes an equlvalent as 1 gram- atomlc welght
of hydrogen or the amount of any other ion that will com-
bine with or displace this amount‘of hydrogen. For mono-
valent ions Such‘as NHZ, the equivalent'weight and atomic
, welght are the same since they can replace or react w1th‘

one H ion. A mllllequlvalent weight of a substance is one

thousandth of the atomic welght and. since the equlvalent
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Weight of hydrogen is about 1 g, the term milliequivalent
may be defined as 1 milligram of hydrogen or the‘amount of
any other ion that will combine with or displace it (Brady,
1975) . Thus, thé'Scanterburj clay soil has a CEC of 52.75
mg per 100 g of soil or 527.5 ppm. Bfady (1975) also noted
'1 tha£ as pH‘increases the catioﬁ exchange capacity of most
soils incréase.,vTherefore, the CEC of the.Scanterbﬁry clay
‘used in this'experiment could have increased during the
expérimént as the pH increased. Grinding the soil'probabiyv
also incréaéed’CEC by increasing tﬁé number of exchange
sites. Due to the high CEC 6f the Scaﬁterbury clay, the

NH4—N pfoduced was probably held by the soil itself.

-~ 4.5.2. Total Kjeldahl NitrOgen (TKN)

The TKN curVes'(Figures 4.7, 4.8, 4.9>and 4.10) of
Incubation I flucﬁuated,considerably and were difficult to
interpret, VThevdata did not produce the "sméoth curves"
preferred for determining kinetic infbrmation as discussed
earlier. Thére’WaS variation in’TKN-as much as 1320 ppm
from onévdate to the next. At some point in time for each
loading rate, the TKN was higher than that originally pre-
sent at day 0. The above results shQuld,not have occurred
since no organiclér ammonium N.was added after,thebonset
of‘the.incubatién;‘There were also considerable differenées
-in,the‘TKN among the triplicate samples takgn for each
anaiysis. Variations were greater than 20 percent in some

cases (Appendix‘E),
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The use of boric acid and flame heat in the analysis
Was considered the primery reaeons for the variations.
Boric acid has a gradual color change makihg it difficult
to obtain a consistent end point from'day to day ahd, in
fect, from sample'to sample. Also, flame heat did hotv
',produoe‘uniform heat.throughout the digestion flask which
could result in only a portion of the,organic}matter being

3

determination of total organic N before and after incubation

~-converted to NH,. Bartholomew (1965) stated that the

generaliy is'not'feasihle because the total quantity of
orgahich usually is large in comparison to the expected

net change. This condition makes it difficult to obtain
precise reSulfs\from the analysis. |

| Noting the abovehresults ahd.Bartholomew's statement,

-the TRN ahalysis of Incubation II.was performed only for

day 0 (Figures 4.11, 4.12, 4.13 and 4.14). Comparing both
incubations et'day 0, the control of Incubation II had a |
lower TRN than the control of Incubatlon I probably due to.v
the longer storage perlod As noted prev1ously under section
4.3, storage time probably caused a decreaee in pH. |

When. comparing the TKN for each'manure loading rateh

between Incubation I and II (Figures 4.7 to 4.14), differ-
ehces in TKN’wefe élso,evident; especially at the 561 kg N
ha_l rate. VIncubetion I at day 0 for the 561 kg N ha“l
.; rate had approximately 4900 ppm'while Ihcubatioh IT had.

' apptoXimetely 3470 ppm for theﬂsame day'ahd loading rate.
The results should have been falrly close together since

the same’ 5011 and loadlng rate were used Since the soil
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in Incubation II had a slightly lower TKN, as noted pre-
viouSly,_a slight decrease in ovérall TKN was expected.
vHowever, the only other difference between incubations was
that wet manure was added in Incubation II whereas
Incubation I utilized dry manure. Such a iarge difference
xin'TKNtat the same loading rates could not be ekplained

satisfactorly.

4.5.3. Ammonification

The extractable NH4—N'curves’of Incubation I
(Figures 4.7, 4.8, 4.9 and 4;10) fluctuated with no con-
sistent trends evident.' Again boric acid was'coﬁsidered
jthetprimary reason ftr the fluctuations since it was diffi-
cgltAto OBtain‘a consistent end-point with a small:sample.
This made it difficult to state whether ammonification,
immobilization or nitrifidation was occurring. The extract-
' 4;N resﬁlté of Incubation I showedfldw NH4—N levels

with the maximum'levei obtained being 38 ppm (Figure 4.9).

"~ able NH

"Such low levels of'NH4

-N and a high CEC combined to pre-

vent‘NHS.evolution.

To‘bbtain a consistent end-point, a Fisher model 35
ilautomatiq titriméter was utilized in Incubation II. The
"end—point obtained by the titriméter'was considerablyvhigher‘
“than the manual titfatibn’procedure_which‘was_based'on the

color change of the indicator. The extractable NH4—N of

vIncubation,II (Figures 4.11, 4.12, 4.13 and 4.14) fluc-
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tuated for the first four days. The control as well as the
224 and 561 kg N ha"1 loading dropped from the initial day
indicating that immobilization was occurring, that is, the

microorganisms required an inorganic N substrate (NH,-N) for

4

growth. For the same loadings, an increase in NH4*N_

occurred after the initial decrease indicating that ammoni-

fication then exceeded immobilization{v The extractable

4

NH,-N of the 112 kg N ha_l loading initially increased to
87 ppm indicating that at the outset ammonification must

have exceeded immobilization and that at least initially,

nitrification was not occurring fast enough to lower the

'NH4~N level.

At day 32, the‘NH4¥N content of the soil and soil-

manure mixtures were all decreasing. The contrdl, 112 and

4

- gests that either immobilization or nitrification was

224 kg N,ha_l rates had less than 15 ppm NH,-N. This_sug—'

4—N content of the 561 kg ‘N ha -1 rate

- was 40 ppm on day 32, con51derably hlgher than that of the

boccurring; The NH

other loadlngs. The NH4—N level‘in the 561 kg N ha -1 load~-

1ng dld not fall below the initial 35 ppm NH,-N present at

4
day 0.

v 4.5.4.' Extractable NO

2—_ .
: Extractable_nitrite levels for both incubations
(Figures 4.7 to 4.14) were always low being less than

3.5 ppm NO,-N. The 112, 224 and 561 kg N ha ' loadings of
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2

~day 1 or.2 but these increases were only temporary. Such

Incubation‘I showed a slight increase ip'NO -N levels at

~increases also occurred in Incubation II but were not as

2

due to ammonium oxidation or denitrification.

great as Incubation I. These increases in NO -N could be

4.5.5. Extractable NO_-N

3

Tﬁe greatest'Nb3—N levels of both incubations occurred
on day O dﬁe,to the fact that the soil was obteihed in the
fall from a fallow field in which mineralization of N had
,taken'piece. ~Normally, at the end of a growing season,.low

levels (less then 5 ppm) NO3—N,are obtained from a stubble

field.

4.5.5.1. Incubationil

- The extractable NO_-N levels of Incubation I showed

3
a definite decline from the_ihitial day in the 112, 224 and
561 kg'N ha—l 1oedingsvand never rose higher than £he'ini—
tial NO3—N'level_for each respective loéding (Figuresv4.8
to 4.10). The cohtrol,’with no manure addition, did not
follow'the*same\NOB—N t;end'as in the soil-manure mixtures.
The N03~N levels. in the control were always higher than the
soiis amendedeifh manure. The above result was not ex-
pected since the addition of manure generally causes an in-

crease in‘NO3~N.f'
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‘In the conttol of Incubation I, the:NO3—N levels
remained fairly constant initially, dropped slightly and
then rose. to a NOB—N level of 57 9 ppm at day 64 which was
higher than that on the initial day (28.2 ppm). The NH,-N

4
- level of the control (Figure 4.7) increased as the NO_.-N

3
decreased indicating that nitrification initially was in- d
hibited. However, the NO3—N level'increased near the end
of the expetiment while the NH4—N decreased«indioating that
nitrification was occurring. . | .
The low levels of NO#—N in the-soil—manure mixtures

could be the result ofvone of the following possible
.pathmays:~

(i) nitrifioation—denitrification

- (2) net immobilization
(3) no nitrification combined with denitrification and/or
net immobilization; |
Each of the above ‘pathways will be discussed as to the condi—
tions that could cause the low NO3~N levels obtalned in the |
manure amended soil (Figure 4, 8 4.9 and 4.10). -
The first pathway is nitrification~denitrification}

’Nitrification occurs underiaerobic conditions and this
incubation experiment was designed to aerate the soil to
-create conditions favourable for nitfification} This pro-
‘cese by itself, COuld‘not account for,the slight decrease in
'NO,-N. ,Denitrification’could account for the decrease in

"3

NO3—N} The soil was quite wet at field capacity and the

high moisture content could have aided the denitrification
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process. . Although the control operated at field capacity
and some NO3—N accnmulated, the moisture content at field
capacity increased as the manure loading rate increased
(TableVB.l). A ccmbination of high moisture levels and
increased microbial activity may have caused the micro-
environment of the‘bacteria_to become oxygen deficient,
stimulating denitrification. Furthermore, the éddition of
manure, a;carbon‘sburce, could also havefcaused nitrate
reduction as noted in'the literature review and'may have
‘1also Stimulated denitrification. Since N2 and N2O gases
were not monitored, the amount of denitrification, that
occurred cannot be stated with certalnty

The second pathway,‘net immobilization (the formation
of organic‘N from NH4—N or NOé—N), was considered_the prime
factor for lack ofANQ3—N accumulation from the initial day
‘,in‘the sbils amended»with.manure in incubation I. When a
-1ow—N manure; containing much straw, is added to soil,
immobilizeticn exceeds ammonificetionl. The strawy manure
- of Incubatlon I had a C:N ratlo of 124:1 (Table 4.3) which
is certalnly hlgh enough to cause net immobilization. The
manure increased the'C:N ratlo cf the 112, 224 and 561 kg
Nha—l loeding'rete in comparison to the C:N ratio of the
econtrol (Teble 4.3). Although the’resulting C:N ratios
'were'lese than 20:1; the added mannreAprobably disrupted

the steady-state conditions of the microbial environment

1 'G. Racz, Department of Soil Science, University of
Manltoba, personal communlcatlon, December, 1975,



and allowed immobilization to éxceed ammonification.

»iﬁ the Ehird pathway, if ni£rification was inhibited,
the decrease in NOB—N‘codld be a result of either ﬁet‘
 immobilization,'denitrifiCation or both. However, near the

end of the incubation period‘(day-64) the NO_.-N levels

3
rose slightly indicating that nitrification was occurring

to some degree.

4,5.5.2. Incubation II

‘To contrast the effect of the high C:N'ratiO'of thé
manure used in‘Incubation I, wet dairy manure containing.
no straw was utilized in Incubation_II. The C:N ratio of
thelwet manure was 17.5 to 1 (Table 4.3). |

The NQ3—N‘levéls foriall manure loading rates in
Incubation. IT decreased from the initial day (Figures 4.12
to-4,14).~ Water added to reach the field capacity of the
soil and the increased microbiai‘activity dﬁe to the pre-
' sence of the manure could have caused the micro-environment
to become'ahaerobic,.thus causing NO3-N to be denitrified.
A more likely loss would be‘net:immobilization,‘that is)
:ﬁhe micfoorganiSms used NO3-N for growth apd metabolism as
the microorganism populatioh inpreased. The addition of
manure,tovsoii has been known to caﬁse incréased microbial
'ractivity that ;equire'inorganiclNH4~N or NO#-N for growth

which can thus lower NO, levels. As the NO;-N levels de-

‘cpeased'from the initial ‘day, the NH4—N increased implying

“that denitrification exceeded NH, oxidation.. After 8 days

of
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viincabation the NO3’N started to increase in the control,
and in the 112 and 224 kg N ha © loading. As the NO,-N
increased, the NH4—N level decreased showing that
»nitrificatioh was occurring. After 32 days of incubation,
the control,(as in Incubation I) produced the most NO3—N
(39.5 ppm)( followed by the 112 kg N ha'_l (35 0 ppm), the
224 kg N ha” ' (16.1 ppm) and the 561 kg N ha™l (8.7 ppm).

| | With.a large»drop'ip NH4—N and only a small increase
inANO3—N especially for>the 112-'and 224‘kg'N ha_1 loading
rates, it would appear that the m01sture content was too
hlgh whlch probably lead to partlal anaeroblc conditions

~ and some loss of NOB—N. The increase in«microbial actiVity
could also aid in producing anaerobic conditions. For op—
timum microbial activity, 10 percent air space should be

| availableffor 62 to diffuse easilyl; However,lit is:diffi—
~cult to estlmate the amount of water necessary to attain
thls air space in a clay SOlll

4
remained ‘fairly constant between 40 and 60 ppm and the

In the 561 kggN ha -1 loading rate, the NH, ~-N level

NOB—N level alsc’remained fairly constant (Figure 4.14)
implying that nitrification was not occurting.. Harmsen and
Kolenbtander (1965) noted that'most investigatcrs agree

’that reduced aeratlon can curb or even entlrely suppress
nltrlflcatlon but ammonlflcatlon is less affected " Inorganic

N 1evels, they noted, as high as 100 ppm may be reached but'

1 CiF Shaykewich, Department of Soil Science, The
Un1vers1ty of Manitoba, personal communication, August,

. 1976.
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mainly as NH4:and not- as NO3.‘ however,vivaarmsen and
Kolenbrander‘s statement were applied to this experiment,
increased NH4 N levels would have been expected as time pro-
gressed but 1nstead the NH4—N levels remained fairly;constant.
If an equilibrium between nitrification and denitrification

occurred then the NH44N levels would remain fairly constant.

The controls in both incubations nltrlfled whereas
none of the manure amended soils in Incubation I clearly
exhlblted nltrlflcatlon In Incubatlon 1T, the lower C N
ratio of the dairy manure enabled nltrlflcatlon in the |

lower rates of manure addition to the soil.

4.5.6. Kinetics of N Mineralization

A kinetic 1nterpretatlon of the N data of these
experlments was unsuccessful due to the immobilization and
denltrlflcatlon that apparently occurred in the clay soil.,
'As mentioned previously, "smOOthﬁ curves are required to
obtain;kineticvconstants. The experiments were_not,a fail-
ure but helped explain what couldvhappen in the field.

.For instance, the results from the incubation conducted-in
the laboratory can ‘help explain why Bergson (1975) noted no
~accumulation of‘NO3~N after heavy applications of dairy
manure at Glenlea, Manitoba-"Thus, the lack of N'minerali?'
'zatlon relnforces the observatlon that hlgh manure loading
rates may not be a serlous problem in terms of NO_-N

3 N

‘accumulatlon in a Scanterbury clay soil. -




87.

4.6. Experimental Designh

4.6.1. Manure Loading Rates

Raczl noted thet manure can be safely applied on land
at rates of 89.8 to 112.3 kg N ha *+ yr~l~(80 to 100 1b N
"<’:1cre‘~l yr—l) where cereal crops are grown. Furthermore as
noted in the previous sectlon, heavy appllcatlon rates of
dalry manure (201 kg N ‘ha 11 showed no accumulation of NO3—N
in the soil: Thus, this experiment utilized IOadithrateS of.
0 (control), 112, 224 and 561 kg N ha © loadings in which
the manure waS‘thoroughly mixed with the soii. |

The loading recommehded‘by Recz was based on wet
manure‘(drine andifaeCes) but Incubation I used dried
dairy manure”containing straw bedding whereas Incubationbll
used wet manure bht did not include urine or bedding.
dWitheut.urine, whiCh cohtains a high percentage of N, more
~of the dry and'Wet manurevwés requrred'for each'inéubatioh

in order to reach the desired N loading rate.

4.6.2. Drying Dairy Manure

It was noted in Chapter 3 that therdairy manurehfor
Incubation I Wes oven—-dried. Oven~dryinglprobablf caused
,NH3 evolutlon resulting in a loss of N prior to 1ncubatlon
and an abnormal increase in the C:N ratio. Incubation II

" was 1mproved by 1ncorporat;ng wet dairy manure into the

1 .G. Racz, Department of Soil Science, The University of

Manltoba,.classroom lecture notes of course 65. 302,
Fall 1974
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‘Soil,.'The latter procedure made the manure loading rate
more realistic. The kind of manure management system - fof
example- solid, . 1liquid or dried manure - has a very large
1nfluence on actual nutrient content at time of application
and should be con81dered when determining the amount of N
applied to the land (Commlttee of the Manltoba Instltute of .
Agrologlsts, 1973)

The results of‘using‘dfied énd wet manure (faeces
only) in the two incubations (Table 3.1) certainly verifies

the above statement.

4.6.3. Effect of Manure Addition to Soil

Brédy'(l974)_noted that the addition of organic
;matter not only biﬁds-but’also-lightens and expands the
soil. He‘also noted that"the’organiC'matter‘is»of_much
importance of modifying’the effects of clay‘and thaf the
humus has‘a high absorptive capacity formwater which helps
to. disrupt the_effects,of temperature changes and moisture
fluctuation. This increase in moisfure content as ‘the
_mahure loading rate increased'ean be seen in Table 3.1.

Fresh~maﬁure, as neted.by Macﬁean and Hore (1974), is
better suited to clay and loam soile than to sandy soils
because its coarseness'impreves their physicai conditiqn by -
openingyﬁhem tovair and making them more friable. The addi-»
tien of ﬁanure in this expériment, elther dry or wet,

caused the soil to be more frlable after drylng and the ease
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- of fracfure increased as‘the manure loading rate increased.
The ease of fracture is of importénce_when prepariﬁg - for
example, ploughing or cultivating - a.field. Schulte and
Tokarz (1976) pointed out fhat manure helps build and main-
~tain soil fertility, improves tilth; increases the water-
holding capacity of the SOil, lessens wind and water erosion,
improves SOil,aeration and promotes the gfowth of beneficial
"soil micrqbrgahiSmé; Manure has thus many Qood'effects be-
sides nutfienf addition and so should not‘be treated as a

"waste" but as a valuable product.

| ’4.6.47 ,Soil Particle Sigze

Thé'importancerf the fact that the manure'aﬁd soili
were ground and.driéd prior to incubation, which differ
v_from éqtual field conditions, cannot be éver—emphaSized.

- Grinding the soil or manﬁre inéreases‘the surface area on
which micréorganisms can aﬁtack organic and inorganic sub-
stances. It alsd decreases the pore spaée which aids in
holding moré'water ahd prevents good aeration. A 2—mm‘meéh
Waé,probably toé sméll for grinding the soil; a 4 -mm-mesh .

- would have been better*éiﬁce it wouid have increased thé
pore spacel.' Probably the best méthod»is not to grind the
ksoil at all éince the incubation would be more realistic

of what is happening in the field.

1 C.F. Shaykewich, Department of Soil 801ence, The Unlver81ty

of Manltoba, personal communlcatlon August ~1976.
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- 4.6.5. Soil Drying

 The soil and soil-manure mixtures were air-dried
after each incubéﬁion period, and changes in ﬁhe N levels
- could have occurred during this drying period.“ In this
experiment, the above drying was assumed to pfoduce negli-

‘gible N changes;

4.6.6. Bulk Density of the Scanterbury Clay

The bulk density of the Scanterbury'clay'was 0.8 g

cm ~ . which was considered quite 1dwl'2. The normal bulk

. density for Scanterbury clay rangés between 1.12 and 1.24 g
cm-3;  HoweVer, since the soil was sampléd from the dry
soil.surfaceL was rather loose_énd cOﬁtained somé‘étraw, a
low bulk density Waéréossibiez. Furthermore, the bulk
density varies Witb depth and‘time of year (lack of water
may cause the soil to crack and a bulk_density ofvl.7'to

1.8 may be reaChed).  The-low bulk denéity obtaiﬁed for

vfhis soil méant that the soil weight per hectare for a 15.2‘¢m
depth was somewhat low (l 222 000 kg ha_l). TheAequiva;ent
1Nfrequirement$ pef heétare based on the manure to'soil Weight
wouid»demand a_higher percentage of manure by Weight if the

bulk density was higher.

1 F. Penkava, Department of Agricultural Engineering, The

. University of Manitoba, personal communication, August, 1976.
2 W. Michalyna, Department of Soil Science, Soil Survey,. The
‘ ‘University of Manitoba, personal communication, August, -1976.
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4.6.7. Sample Size -

Float and,Torraﬁce (1970) noted that by using small
_sample sizes (2 g), better agreément4of'duplicate saﬁpies-
occurred owing to morevuniform aeration wifhin the samples.
The incubation experiments, using considerably larger
sample size (lZO,g),showed‘some variation frqmztube to tube
in,thé,chemicél analysis (Appendix E) probably due to the
<1ack‘of uniform aeration within the sample. Larger
vsamples, however, represent field conditions better than_

small sampleé.

4.6.8. Cation Exchange Capacity

The CEC measures the available exchange sites for

Ppositive ions, such as NH4, in a so;l(clay for this experi-
' +
4

‘ment). The available water affects the CEC‘sihce the NH
~can hydrblize to form ammonium hydroxide which may or may

3
in the indubations was attributed td‘ the high CECj(527.5

'not attach to the eXchangevsitesl. Lack of NH, evolution

ppm) .

4.6.9. Organic Carbon -

When determining»the~organic C from the orgahic

matter of the’soil,;a‘0.58 factor was recommendedz;: Brady -

‘W. Michalyna, Department of Soil Science, The University
o of -Manitoba, telephone communication, August, 1976. ,
" G..Racz, Department of Soil Science, The University of
‘Manitoba, personal communication, December, 1975.
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(1974)'pointed out that~thevC:N ratio of mineral soils is
rathér constant and the organic C i$’0;58 timés the orgaﬁic
matﬁer. For the-Scanterbury clay soil which had manure
added, the 0.58 factor may not be the correct factor since
‘the additio@ of manure upset the "constant" C:N ratio of
the soil. The facﬁor, however, is the best available
estimate; If the factor was different, it would change'the
C content and, in éurn, alter the C:N.ratio;

This‘Samé factor4Was also assumed'to applj to animal
~manures. Brady (1970) stated that manures are, to;a’con-
bsiderable extenf, partially»degraded plént‘materials with
, hemicellulose,liignin and ligno—protein complexes similar
‘to those found in‘sbilvhumus; The 0.58 may not be c6r£ect
for maﬁure} it again is the best estimatebavailable; Al-
‘though thé C méésured and the C»éalculated ih'Téble 4.3vwere
siﬁilar in_value, the "true" C'éontent may be different as

‘mentioned above due to the use of the 0.58 factor.

4.6.10. 992 PrOduction'and'N Mineralization

Daknke athVasey (1973) stated that the principle of
the CO2 estimation procédure for estimating N mineralized is
 that when a soil sample is incugated with an excess of easily
decomﬁosable'prganic mgterial,'the amount of~CO2 producéd
will be proportional to the amoﬁht of mineral N ihitially»
present in the soil plus ‘the aﬁoﬁntfmade available during

incubation. In these experiments, the high C:N ratio of
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incubation I and the high moisture content of Incubation I and

5 produc-

II prevented a NOB—N build-up and, in turn, the CO
tion could not be correlated to N mineralized. Thus, CO

2

production may not always imply that net N mineralization will

occur.
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' CHAPTER 5

CONCLUSTONS

(1) A first—order'kinetic equation successfully described
the amount of carbon remaining in the dairy manure

undergoing decomposition in soil.

(2) The_carbon’evoived from oven-dried, strawy dairy'menure
as COé—C‘was 17.6, 10.3 and 5.3-percent ef‘the original
carbon added in the 112, 224 and 561 kg N ha ' loading
rates):reSpectively, after 32 days of’incubetion'at 15°c.
For‘the same loadingnrates, but after 64 days of incubation,

COz-C evolved was 29.1, 15.2 and 8.9 percent vrespectively,

of the orlglnal carbon added

’(3) The carbon evolved from fresh wet dairy manure was
‘.50.5, 37 1 and 20 9 percent of the original carbon added
in the 112, 224 and 56l kg N ha -1 loading rates, res-

‘dpectively,»after 32 days of incubation at lS?C.

- (4) The turnover perlod requlred to decompose 99.9 percent of
the manure carbon ranged from O 77 calendar years for the
112 kg‘N ha -1 loadlng rate of fresh wet dalry manure to
13.5 calendar yeare for the 56l'kg N ha"l of oven-dried
‘strawy dairy manure when incubated at a temperatore of

15°%.
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(5) No evolution data of NH3 was obtained because the high
cation exchange capacity of the Scanterbury clay soil

- prevented NH, evolution.

3
(6) Nltrate accumulation occurred only in the control of
Incubation I reachlng a NO3-N level of 58 ppm after 64
l days of incubation. In Incubation IT, after the elghth
day of 1ncubatlon NO3~N began to accumulate in the con-
trol and in the 112 and. 224 kg N ha -1 loading rates with |
the control at the end of 32 days ofAincubation, pro-‘
:dncing the most NOB—N'(39.5 ppm)ifoilowed by the 112 kg N
hafl rate (35.0 ppm) and -the 224 kg N ha "t rate (16.1 ppm),
’respectiveiyg |
(7) A kinetic explanatlon of the nltrogen data failed due to

the fact that the N transformatlons did not produce

smooth“ N curves.
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APPENDIX A
‘CALCULATIONvOF AIR FLOW RATE

Finstein (1972) obtained the following O, uptake rates:

2
. (a) manure - 10 ml O2 per g of poultry mahure for a 24

hour period;

(b) soil . - 0.05 ml O, per 10 g of soil for a 24 hour
period. |
Usingvthe highest loading rate (561 kg N ha—l) of

‘Incubation I (Table‘3.l) the_O2 required by the manure

would be

10 ml O, « '17.1 g manure 24 tubes =i]4100 ml O,

g manure - tube incubation - chamber
o chamber day

day
' Usin§ the highést loading rate of Incubatigan

(Table 3.1) the O, required by the soil is.

2 .
' " . S 4
0-05ml 0y 102.9 g soil . 24 tupes _ 124 m 0,
g soil tube incubation = chamber
- day . chamber . day
Totél-‘o2 required is 4224 ml 02
’ chamber
day

The O2 content of air is approximately 20% by volume. There-

'foré, air flow‘rate is 4230+ 0.2 = 21,120 ml air
: incubation chamber
’ day

or approximately 15 ml air
- incubation chamber
,minute
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An air flow rate of 40 ml min_l'wae chosen in order
“to be,reasenably in excess of the air flow rate calculated.

Air flow rates lqwer'than 40 ml air per minute produced

con51derably fewer bubbles and hlgher rates produced shortv

contact time of the air bubbles with the scrubblng solution.
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APPENDIX B

ANALYSIS OF SCANTERBURY CLAY (CULTiVATED)*

Depth Sand Silt Clay Organic C Total N C:N Ratio CEC(NH4L

oo

)
°

oe

cm- %‘ % méq/lOO g

0-17.8 6.2 23.28 70.52 = 2.59  0.305 8.5:1 52.75

* Unpublished report of the Detailed Soil Survey_of Glenlea
‘Research Statidn, Glenlea, Manitoba by W. Michalyna,

Department of Soil Science, University of Manitoba.
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APPENDIX C

C.1l DEVELOPMENT OF EQUATIONS TO DETERMINE THE WET AND DRY

MANURE LOADING RATES

1. Wet Manure

Definitions

. 'S

- Mww

_de

MwwmI

“demx
’WwwmI
Nm;.

.NWWnd

‘Mwwnd

MSm

moisture content ofvthe soil required for incubation,
%‘weight basis

wet‘weight of a manure sample, g

dry weiéht ofia'manure sample, g

wet weighﬁ'of manure used'per sample tube (MSm) for’
incubafidn,;g , |

dry weight of manure used per sample tube'(MSm) for

| incubation, g

weight ofiwater in wet manure uséd’for incubatibn,
g

nitrogen content.of_manure, w.b., expressed as a
fraction |

nitfogen-contained in wet weight,of a manure sample
uééd inrthe N determination, g |

weﬁ-weight of a manure sample, g, used for N

~determination

total dry weight of manure and soil mixture required

‘per'sample'tube, g
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sd - dry weight of soil required per sample, g
NLR - nifrogen loading rate, kg N ha"l (1b N acrefl)’
Wt - total weight of water required to prepare a sample

tube (MSm) for incubation, g (field capacity was
used)
- WwR - weightnof distilled water required to bring the

moisture content of a sample tube (MSm) to the-

desired level, g | - : - R

m.c. - moisture content of manure,; w.b., expressed as a
fraction
Lwms - loading rate of wet manure to soil in the field

expressed as a fraction
‘W - weight of soil surface 15 cm, (6 in) deep per hectare

1 (1b . (acre-6 in)“l in

(acre), kg (ha x 15.2 cm)
‘the Impérial System). The units used for NLR must
be the same for Ws.

The equations aré’déveloped to determine the wet

weight of manure réquired per sample tube.

Moisture Content

5
b
il

- Mww—-Mdw . '
Mww , (L
also
m.c. = MwwmI-MdwmI = WwwmI

MwwmI  Mwwml (2



- sd

Nitrogen Content of wet manure

- Nm ~ = Nwwnd v ‘ -
s Mwwnd .- ' , (3)

Total weight of soil and dry manure per sample tube

MSm = Sd + MdwmI o O (4)
Wét weight of manure fof incﬁbation
'MwwmI = WwwmI + MdwmI - o | (5)

| The moistufe content of the soil, Ms, . used for this

‘experiﬁent was determined for field capacity (Table 3.1).
V'To obtain the amount of water, Wt,.required in>grams per
‘sample tﬁbe; then | |

Wt = Ms x MSm - | (6)
Also; the total weight of water per sampleNtube'equals
WE = Wwr + MywmI B SRR T
Rearraﬁgeq(4) | |

sd =,MSm.— MdwmI | ’4" - (8)
Rearrange kS)’

MAwmI = MwwmI - WwwmI A - (9)
‘Combine (8) and (9)

sd = MSm - MwwmI + WwwmI ‘, PR (10)
Rearrange'(Z)‘ .

WmeI = m.c. x MwwmI ' ‘ : (ll)

Combine (10) and (11)

Il

MSm - MwwmI + (m.c. X MwwmI) - (12)

or §d = MSm - MwwmI (l-m.c.) | (13)
Thesloading rate of wet manure to soil in the field

‘meS‘¥ NLR _ ,
Nm Ws ' . ‘ (14)
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Note: the manure is assumed to mix with the top 15.2 cm.l
(6 in) of soil.
Aléo, tﬁe abové-ratio‘must be equivalent to the wet manure
‘added to the soil sample in an incubation run‘per'sample,'
tubea |

Lwms = MwwmI _ : ’ .

| 8d - | | . (15)
- The dry weight of wet manure used for incubation
MdwmI = (l-m.c.) MwwmI ' - - (1e)

13

Combine (12) and (14)

Lwms = MwwmI L _ R
MSm—(l—m.q.)wawmI - B ' (17)

- Oor

Lwms MSm =_MwwmI + Lwms (l-m.c.) MwwmI o ‘ - (18)
Rearrange (18)

MwwmI = Lwms MSm ) , :
' 1 + Lwms (1-m.c.) : - (18)

",Reafrange (18)

MwwmI = Lwms MSm : o
-1+ Lwms(l-m.c.) , : - (19)

Now, reéfrangé {4)

4demI = MSm - Sa L 1 v (20)
Rearrange (5) |

WwwmI = MwwmI - MdwmI | B -  .(21)
Rearrange (7)-

Wwr = Wt - Mwwml | - | (22)
Cémbine} (20), (21) and (22)

Wwr = Wt - MwwmI + MSm - Sd - (23)
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The key equations are (13), (19) and (23) for determining

the wet manure loading rate.

2. Dry Manhure

VThe equetions‘used for wet manure are similar for
dry manure‘but.some,fedefinition-is necessary,
m.e. - Ze;o meieture |
. Nm- - is"chanéed.fo de; nitrogen eontent of dry manure,'
weight basis, expressed as a fraction
Nwwnd ~ - is changed to Ndwnd; the nitrogen contained in a
‘ dfy'manure eample used in the N determination, g‘
Mwwnd3 - is changed to Mdwmd; dry weight of manure sample, | o
g, used for the_N‘determination' | |
MwwmI v4'is Changed.to_demI; the'dry weight of mahure used
| fer incubation per sample tube |
-Lwﬁs‘ - is‘changed to Ldms; the 1oadin§ rate Qf dry manure
to soil in the field expressed as a fraction

. MSm,sd; R
- NLR - defined previously

The following equations are developed to determine the dry
weight of manure and water required per sample tube.
Nitrogen content of dry manure

Nmd = Ndwnd | 4 ‘ -
' ‘Mdwnd - ’ ' - (24)

The‘amount of water, Wt, in grams required per sample tube
is calculated as shown in equation (6). The loading rate
of dry manure to soil in the field is calculated the same

manner as quation (14) but Nm is based on the N content of
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dry manure as shown in equation (24). Thus,
 Ldms = NLR S | '
Nmd x Ws ' : (25)

The above ratio Ldms, must be equivalent.to the dry manure
added to the soil sample per sample tube in the incubation
run

Ldms = MdwmI

- Combining (8) and (26)

Ldms = MdwmI : : S
- MSm - MdwmI B _ (27)

or

MdwmI = Ldms x MSm ' _ . ,
(1 + Ldms) , _ - (28)

Thé key equations are (6), (8) and (28) for determining

the dry~mahure loading rate.
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APPENDIX C

C.2 EXAMPLE CALCULATION OF THE DRY MANURE LOADING RATE

IN INCUBATION I

From Table-j.l, the TKN of the‘dry‘manure in Incubation
I was 0.277%. This is equivalent to .00277'g N per g of
dry’manurevand is equal to Nmalin equation (24) inAAppendix
Cl. The total dry welght of manure and soil per sample
‘tube (MSm) was 120 g (Table 3 l) |

From Table.3.l, and using the highest_loading‘rate
(561 kg N ha—l) in‘Incubation I, the moisture at field
'eapacity was 82%.. Therefore, using equatien (6),’0.82 X.
120.9 = 98 g 0f'dietilled water (Wt) was added per sample
Itube. | - | | |

.The weight of the Scanterbury surface soil was l 222 300
kg (15. 2 cm x ha) 1..The loading rate of dry manure to soil
in the fleld (Ldms) expreSSed as a.fraction (metrie unite)
-waseobtained using equation (25) in Appendix Cl: | N

Ldms = 561 kg N ha © - =0.1657

.00277 g/g . _
1 222 300 kg ( 15.2 cm x ha)

The manure dry weight used per sample tube was cal-

‘culated using equation (28) in Appendix Cl:

MawmI = (0.1657) (120) = 17.1 g
a T.1657 o
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Soil dry weight added per sample tube (Sd) was
obtainedvusing equation (8) in Appendix Cl:

.8d = 120 - 17.1 = 102.9 g
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. APPENDIX C

C.3 EXAMPLE CALCULATION OF THE WET MANURE LOADING RATE

IN INCUBATION I

From Téblé 3.1, the TKN of the wet manure in Incubation
II Qas 0.335%. This is equivalent to 0.00335 g N per g of
wet manure and is equallfo Nmrin‘equation (3) in Appendix Cl.

The tofal»dry weight of manure and soil éer sample
tube (MSm) was 120 g (Téble'3.l). |

From Table_B.l, and -using the highest loading rate
(561 kg.N ha—l)‘in incubation IT, the moisture content at
r fiéld'capacity and of the wet dairy manure were 79.2% and
"82.4%, respéctiVely.‘ The amount of water, Wt, required per
'SAﬁple tube  to reach field caéacity using equation (éj wés
792 x 120 g = 95 g. | | |

‘The loadin§ rate of wet manure to soil in the field
(meé).expresSed'és a fraction (metric units) was obtained
using equation (l4) in Appendix Cl:

‘Lwms = 561 kg N ha™l

.00335 g/g -1
1 222 300 kg (15.2 cm x ha)

= 0.137

The manure wet weight added per sample tube was

calculated using equation (19) in Appendix Cl:.




sd

1le6.

(0.137) (120)

MwwmI =
1+ (0.137)(1 - 0.824)
MwwmI = 16.1 g

The soil dty weight added per sample tube as.calcul-

ated using equation (13), Appendix Cl:

120 g - 16.1 g (1-.824)

Il

117.2 g
Check: - Lwms = MwwmI =v'll6.l = (0,137
Sd' 117.2

- The amount of water required to bring the moisture
"content’torfield capacity was obtained using equation (23)
in Appendix Cl:

Wwr =95 g - 16.1 g + 120 - 117.2 = 81.7 g
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APPENDIX C

C.4 CALCULATED C:N RATIOS

The calculated values for the TKN, oréanic C and the
C:N ratio shown in Téble 4.3 were based on the amount of
soil and manure used for each loading rate (Téble 3;1)
as well as the TKN and organic C of the control (0 kg N ha—lf
and the dairy manure. The 112 kg N ha—l loading rate of

Incubation I is'used»to show the procedure employed to

obtain the calculated TKN, organic C, and C:N ratio.

V,EKQ
' The'amount of soil'used in 112 kng ha_l loading (Table 3.1) "
= 116.1 g. ' '
'The‘amdunt_Of maﬁure added in thé 112 kg N ha_l loading
(Table‘3;l)b= 3.9 g.
TKN of manure (Table 4.3) = 0.28%
TKN of éoil (Table 4.3) .= 0.28%
Total amognﬁ of soil per sample tube-¥ lZO'g

Calculated % TKN is calculated: |

.4(TKN of manure x mahure_weight -+ TKN of soil x soil weight x 100
sample tube weight : sample tube weight

Using values.yields

oo,

(.0028 x 3.9 + .0028 x 116.1) x 100 = 0.28
120 120 |
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Organic C

The soil—manure‘weights for the TKN calculation are
the éame'for‘the organic C calculations.
Organic C of manure (Table 4.3) - 34.70%
Organic C of séil (Table 4.3) - 3.93%
Total amount bf.sdil per sample tube —1120’g ‘

Organic C iS‘calculaEed using the same equation as
"TKN but'qrganic cC is‘substituted for TKN. Therefore,vusing

the above values yields

o\

(0.3470 % 3.9. + 0.0393 x 116.1) x 100 = 4.932
120 , 120 ‘ ‘

C:N Ratio

‘Using the calculated % TKN and % organic C values the

~ C:N ratio can be calculated:

4.93 = 17.6:1
0.28 o
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APPENDIX D

D.1 AMMONIA SCRUBBING

The NHB'scrubbing system used 250 ml of 0.5 N HZSO4
to remove the NH3 produced by the microorganisms in the
incubation chamber. A reagent blank was also used. A 50

ml;aliquot-was titrated using 0.5 N KOH and methyl red

indicator. The color change was .from red to vellow.

Caléulation:

mg/l"NH3 = (Blank - Sample)‘x 0.5 N x l.O'Qg x dilution factor
, ' : : ‘ml ;

|
59

CARBON DIOXIDEASCRUBBING

To remove the CQz_produced by the microorganisms in
the incubation chamber, 250 ml of 1IN KOH was used. A 50 ml

aliquot was titrated with 1 N HCl using excess BaCl. (3N

2
BaCl, was prepared by dissolving 312 g BaCl, to 1 liter) and
'phenothalein indicator. The color change was from pink to

clear. A réagent blank was also included.

~-Calculation:

-C = (Blank-sample) x 6 x normality of scrubbihg

. (50m1)
solution x allquot >50ml

as CO

2

- mg/1 C02

To doﬁverthOZ—C to CO, multiply by 3.67.
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APPENDIX D

VD>.2 PERCENTAGE OF CARBON IN THE MANURE THAT IS EVOLVED AS
COZ—C

1. Dry Dairy Marure’

The 561 kg N ha -1 loading rate at day 64 of Incubatlon
I was used as an example

From Table 3.1, 17.1 g of manure were added to each
éample tube. From Table 4.3, the organlc C content of the
menure Was-34.79. The amount of organic C.ln the manure
per g of'Soil—manufe mixture for each sample tube is |

17.1 g x .347 =..0494 g organic C
120 g ' . g soil-manure mixture

Frem Figure 4.1, the cumulatlve COZ—C evolved at day

64 was 4.72 mg B ~ or 00472 g .
‘ g soll-manure mixture . g 801l-manure mlxture

From the same flgure, the cumulative COZ—C evolved from the

control at day 64 is O 849 mg . The control is based on
g soil o v

120 g of soil.per sample tube and the 561 kg N ha~l loadlng'
'~ rate contains 102 9 g of soil (Table 3.1) per sample tube.

Therefore, in 1 g of 501l—manure mixture theré is 102.9 g X
: - ‘ 120 g

1 g=0.858 g of soil. The amount of CO,-C evolved from the

561 kg_N'ha_l-1Qadingyratefdue to the soil is



122.

0.858 g soil x 0.849 mg = 0.728 mg = 0.000728 g of Co,-C
g soil-manure g soil g soil-manure g s011—manure
mixture : ' mixture : mixture

The % of added organic C in the manure that is evolved as

'COZ—C 1s

(.00472 - .000728) x 100 = 8.1
0494

2. Wet Dairy Manure

The caleulations'using wet dairy manure are~basically'
' ;thevsame as'for’the‘dry dairy manure. The dry matter in the
wet manure is used for determining organic C in the manure.
For lnstance, u51ng the 561 kg N ha -1 loading rate at day 32
in Incubatlon II the dry matter 1n the wet manure from
ATable 3.1 is 2.83 g. From Table 4.3, the organic C of the
dry matter of the manure is 33, 23° based on dry manure.

The amount of organlc C in the manure per g of 5011 manure

mixture for each sample tube is

2.83 g x 0. 13323 = 0.00784 g organic C
120 g : g soil-manure mixture

From Flgure 4 2, the cumulative C02—C evolved at day

32 was 2.23 mg | or 0.00223 g CO.~C- i

2
5011 manure mixture
g g 801l—manure mlxture

From the same flgure, the cumulatlve CO2 C evolved from the

control at day 32 is 0.605 mg____ or 0.000605 g . The
g 5011 S g soil

“control 1s ‘based on: 120 g of soil per sample tube and the

561 kg N ha 1 loading rate contains 117.2 g of soil (Table
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‘3.1)'per,sample.tube. -Therefore, in one g of soil-manure

mixture there is 117.2 g x 1 g = 0.977 g of soil

120 g g soil-manure mixture

2

rate due to the soil is 0.977 géof soil x
4 g soill-manure mixture

The amount of CO,-C evolved from the 561 kg N hafl,loadinq

2 2 .

~.000605 g CO,-C = 0.00059 g CO,-C
A ' g soil g soil-manure mixture

The % of added organic C in the manure that is evolved

-C is (0.00223 g -.0.00059) x 100 = 20.9%.
' 0.00784 |

»as;COz
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APPENDIX D
D.3 TOTAL KJELDAHL NITROGEN (KJELDAHL~-GUNNING METHOD) *

Procedure:

(a) weigh 1, 2,‘or.5 g of soil and place into akSOO ml :
digestiou'flask; ’ | |

(b) addﬁl Kelpak #2, Fisher Scientificubrand;

~(c) add 25 ml of 36 N H,S0,
(d) digest'for 30 minutes (after approximately 15 minutes

(rotate flask to wash down soil);

of digestion, the liquid'tutns green. Digest for 15 minutes
after this). iﬁ Iucubation I a flame heat was used for .
digesting;andidistillihg;' Incubation IT utilized a Precision

- Scientific Model # 10-AF-11 Kjeldahl apparatus u31ng a

-coiled nickel- chromlum heating element;

(e) cool, and then add 200 ml of distilled'watef; |

(£) add 25 ml sodlum thiosulfate (dlssolve 80 g of Na28203 SHZO
‘tlnto 1 liter);

(g) add slowly 60 ml of 1-1 NaOH (welght of NaOH to welght

of distilled water),

(h). add pumice,  place in rack and twirl flask;

(1) dietill 150 ml into 50 ml boric acidg(Prepare boricpacid
monthly. Place 20 g pure boric acid into a 1 liter flask. Add

900 ml of distilled water and lO ml of mixed 1ndlcator solution

and ‘then flll to the 1 llter mark. Mixed indicator solution is’

Procedure used at the Manltoba Provincial Soils Testlng
Laboratory. o : : :
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lprépared.by dissolvihg 0.2 g methyl red into 100 ml 95%
‘ethanol and diésolving 0.1 g methyl blue into 50 ml ethanol
',Théatwb solutions are then combinedf;

(3j) lower receiver and wash out the tube{

(k) titrate the distilled fraction with 0.02 N H,S0, (color
change is from green ﬁo purple). In Incubation II, a
‘-Fisher_model‘35 automatic titrimeter was utilized for titrat-
ing the'distilléd-fréCtion;

(1) run a blank; :

(m) calculation.

oo
zZ
i

(sémple‘* blank) X Normality x 1.4 '
: . sample weight, g

it

ppm = % N x 1,000,000
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APPENDIX D

D.4 AMMONIUM BY STEAM DISTILLATION'

The procedure nSed,was similar to the one described

by Bremner (1965).

Procedure:’

(a). place 5 ml~of'boric acid (see Kjeldahl proCedure for.
 preparat1on) into a 50 ml Erlenmeyer flask marked to 1ndlcate“.
30 ml;

(b) place under steam dlstlllatlon apparatus 4 cm above the
surface of the borlc a01d

(c) plpette on allquot (lO ml to 20 ml) of soil‘extracr' The
’5011 extract:was prepared by adding 30 ml of 2N pota551um
"chlorlde, KC1 to 3 g of soil and shaken for one hour. The
'sample was then filtered uslng Whatman #30 filtervpaperr

(d) add 0.2 g magnesium oxide (heah in a muffle furnace at
~600 700° C for 2 hours and store in a tightly stoppered bottle'
in a de551cat0r),

(e) when dlstlllate reaches-30 ml mark, step'distilling and
rinse‘condenser; | .'

(£) titrate using 0.001 N H2SO4; Normally, a microburette

',éontaining‘0.00S N HZSO4 is used. But, when the analysis
was performed in Incubation I, the microburette did not

 function properly, and a 25 ml burette graduated in 0.1 ml
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intervals wés used to titrate a 0.0dl N H,50, solution. In
Incubation iI, é’Fisher model 35 automatic titfimeter was
used to titrate a O.QOl N H,50, solution using a'O;l.ml

- graduated buretfe; | '

(g) Calculation

oe

VNH4 - N = (ml of sample titrated - ml‘of blank titrated)
' x 1.4 x N x aliqubt fraction used

sample weight ‘ o

- ppm = % NH, - N x 1,000,000
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- APPENDIX D
D.5 NITRITE AND NITRATE EXTRACTION*

Procedures:

(a) extraction of NOZ'and NO3 1s accompllshed by shaklng
2.5 g of dry soil (ground to pass a 2-mm sieve) ;n.SO ml

sodium bicarbonate, NaHCO.,

5 PH 8.5. sShake for 30 minutes

at slow speed;

(b) add 1.0 g activated carbon prior to shaklng,

(c) flltel the solutlon using Whatman #30 fllter paper into
50 ml beakers. The filtrate was transferred to test tubes |

and sent to.the Manitoba Provincial Soils Tésting Laboratory.

L The,extracts,were analyzed on a Technicon Auto Analyzer;.

(d) a reagent blank was included with each set of 24 samples ‘

_analyzed

' NO3 - N ppm =‘20'(Sample - Reagent Blank)

Procedure used at the Manltoba Prov1n01al Soils Testing
Laboratory :
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APPENDIX D
D.6 "ORGANIC CARBON*

Procedure:

(a5 0.5 g ef less‘than 2-mm soil was weighed into a 500.mi
Erlenmeyer flask; |

(b) 10 ml of 1.0 N-.potassium dichromate (dissolve 49.04

g'in water-aad dilute to 1 liter) was added;

| (c) 20 ml of 36 N HéSO4 was added rapidly, directing the
stream into the solution. The'eolution immediately was
swirled vigorously,for 1 minute and then'allowed‘to stand -
on a'sheetwdf asbestos for 30 minutes; |

(d) the solutlon was dlluted with 200 ml of dlstllled

water,

(e) a Radiometer Copehhagen automatic titrator ITI was used
rto titrate the ferrous sulphate solution (0.5 N ferrousv
absulphate sQlﬁtion was preparea by diesolvihg 140.g reagent
grade FeSO4.7H20 in 900 ml distilled water. To.this'solution
was added 40 ml 36 N H,SO, and diluted to 1 liter). The titrator

2774
was adjusted such that the endpoint occurred at 375 mv.

- . _ v
Procedure used at the Manltoba Provincial 801ls Testlng
Laboratory ' : ;
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(f£) calculations
ml 1.0 N K2Cf207 reduced = blank-ml FeZSO4 titrated x 10
' ' ' blank '

3 organic matter = (ml 1.0 N K2Cr207~reduced) x 0.67

weight of sample, g

i

% organic carbon % organic matter x .58
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APPENDIX D
D.7 pH

A l 1 water to soil ratlo was used as noted by

Jackson (1958)

Procedure:.

| Place 20 g of SOll sample and 20 g distilled water.
into a 50 ml beaker. Stir for 1 hour The pH was,measuredv
"u81ng a Flsher ‘Model 230 pH meter. Stir prior tO‘immersing

:the glass electrode
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'~ APPENDIX E



NITROGEN ANALYSIS OF SOII AND SOIL-MANURE MIXTURES

Nitrogen Analysis of the
Control for Incubation I

APPENDIX E

Day

Average
Averége
| Average
Average
6 

Average
8

Average
16

Average
32

Average
64

Average

TKN - 'NH4—N

2930 11.8 0.2

2800 11.2 0.2

2710 . 10.5 0.2

2810 11.2 0.2

2460 6.2 0.4

2990 7.6 0.4

3070. 7.5 0.2

2840 7.1 . 0.3

2970 6.3 0.4

3160 7.6 - 0.8

3150 6.3 0.4

3093 6.7 0.5

2960 8.4 0.2

3180 - 13.3 0.2

3050 .10.3 0.4

3063  10.7 0.3

2910 9.8 0.4

13120 11.2 0.2

3180. 8.3 0.2 .

3070 . 9.8 0.3

2770 8.3 0.2

2610 10.4- 0.2

2830 7.0 0.2

2737 8.6 0.2 35.3
2670 9.0 0.2 29.8
3180 9.8 0.4 24.2
2830 11.7 - 0.2 14.8
2893 10.2 0.3 76.3
2360 16.0° 1.0 17.2
3220 '12.5 1.0 1.2
2300 18.9 0.8 10.0
2627 15.8 0.9 9.5
3210 15.3 0.6 87.0
2980 4.9 0.4 16.6
2810 . 4.2 0.6 70.0
3000 8.1 0.5 57.9

Soil Nitrogen Analysis of
Control for Incubation II

Average

’Day »NH4~N AkNO3—N
0 3200 ~21.0 0.2 25.6
2040 53.3 0.4 - 25.2
2460 17.5 0.2 26.0
Average 2570 30.6 0.3
1 3.5 0.4. 17.
1.4 0.4 14.8
14.0 0.4 12.4
Average 6.3 0.4 14.8
S 2 27.8 0.4 19.6
44,3 0.8 15.0
44,8 0.6 16.2
Average +39.0 0.6 16.9
4 - 30.8 0.2 8.0
28.0 0.0 8.2
, 36.0 0.0 15.6
Average 31.6 - 0.1 10.06
8 39.0 0.0 16.2
18.0 0.0 12.4
40.5 0.2 7.0
Average 32.5 0.1 1.9
16 17.3 0.4 30.8
- 25.5 0.4 22.6
: 28.5 0.6 32.8
Average 1 23.8 0.5 28.7
32 4.5 0.2 44.8
10.5 0.2 40.8
7.5 0.2 33.0
7.5 0.2

w

{Xe]
. L

(82}
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NO B g

Nitrogen Analysis of the - Soil Niﬁrog%n Analysis of the
112 ngha"l Loading Rate 112 kgNha™* Loading Rate
L for Incubation T e for Incubation II
‘Day  TRN  NH,-N ‘N02~N7 NO5-N Day ~TRN NH,-N  NO,-N NO,-N
ppm _ - ppm
0 3250 "11.9 0.2 27.0 0 2430 ~ 18.0 0.2 25.8
- 3160 211.9 0.2 26.4 3170 & 43.5 0.4 26.0
3050 - 12.2 - 0.4 . 26.4 3140 0 26.3 0.4 24.8
Average 3153 =~ 12.0 0.3 26.6 Average 2910 29.3 0.3 25
1 3430 24.4 2.8 15.8 1 . 44.8 0.4 11.0
3300 21.9 2.0 24.4 68.3 0.6 11.2
3520 25.1 2.2 14.2 42.8 0.6 12.8
Average 3417 =~ 23.8 = 2.3 18.1 Average 52.0 0.5 S 11.
2 3340 = 25.2 0.8 S 12.8 2 80.3 0.2 12.
: - 3780 31.5 1.2 15.8 - 149.3 0.2 2 10.
: 3490 22.4 2.0 15.0 33.0 0.2 10.
Average 3537 - 26.4 1.3 14.5 Average . 87.5 0.2 10.9
4 3450 24.8 0.6 - 7.0 4 o 39.0 0.0 7.2
3690 29.3 0.6 9.8 47.3 0.0 8.2
- 2900 24.9 0.6 7.4 : 45.8 0.0 7.0
Average 3347 26.3 0.6 8.1 Average 44,0 0.0 . 7.5
6 3780 . 16.0 0.2 9.8 8 ’ 39.0 0.2 5.8
3820 15.3~ 0.2 8.8 19.5 0.2 15.2
' - 3190 23.5 0.2 6.2 : 24.8 0.2 8.4
Average 3597 18.3 0.2 8.3 Average 27.8 0.2 9.8
8. 3150 9.8 0.4 8.6 16 : 15.8° 0.4 29.4
2910 21109 0.2 7.6 39.0 0.4 ©15.2
3110 26.3 0.2 10.2 - 13.5 0.6 23.6
Average 3057 16.0° 0.3 8.8 Average C22.8 . 0.5 22.
16 3560 7.7 0.6 3.8 32 ' 3.0 0.4 '37.2
3710 1.4 0.2 2.8 3.0 0.4 40.8
' 3480 5.6 0.2 " 3.6 A 16.1 0.2 27.0
Average 3583 - . 4.9 0.3 3.4 Average 7.4 0.3 35.0
32 3060 18.2 0.8 4.4 '
3620 33.5 1.0 7.4
3350 12.5 0.6 2.6
Average 3343 C21.4 0.8 4.8
64 3760 5.6-  0.4°  17.0
‘ - 3800 7.0 2.6 16.4
.~ 3560 16.7 0.4 4.0
Average 3707 9.8 1.1 12.5
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Nitrogen Analysis of the Soil Nitrogen Analysis of the

224 kgNha~1 Loading Rate 224 kgNha~1 Loading Rate
for Incubation I . for Incubation II
~Day TN NH,"NNO,~N WO, Day TRN NH,-N NO,-N NO,-N
‘ ppm : ' - , _bpm
0 3540 13.9 0.4 25.2 0 3100  35.3 0.4 24.8
3480 14.0 0.4 24.8 2990 - 48.8 0.4 25.2
~ : 3870 - 13.3 0.4 24,6 - 2720 34.5 0.4 25.2
~Average 3630 13.7 0.4 24.9 Average 2940 39.5 0.4 25.1
1 3500 - 33.1 5.2 13, 1 22.4 0.8 14.6
- 3760 - 30.6 1.8 13.4 ' 32.3 0.8 15.0
| . 3830  40.4 3.2 10.6 4 25.5 0.6 12.2
~ Average 3697 (34,7 3.4 - 12.6 Average 26.7 0.7 13.9
| -2 3760 = 28.7 1.2 10.6 2 36.8 0.2 10.6
. 3800 22.6 1.4 10.2 29.3 0.2 11.6
j 3980 ~25.1 . 1.8 . 13.8 : 45,8 0.0 10.2
- Average 3847 25.5., --1.5 . 11.5 Average ; 37.3 0.1 10.8
| 4 - 3320 34.7 0.6 5.8 4 ~ 33.8 0.2 6.2
3720 32.0 2.6 5.4 47.3 0.0 7.0
| 3750 30.6 1.2 6.2 : » 36.8 0.0 5.0
- Average 3597 ‘32.4 1.5 " 5.8 Average - 39.3 0.1 6.1
| 6 3500  13.3 0.4 6.6 8  46.2 0.2 5.4
E 3700 30.4 0.2 6.0 : ' 36.8 0.0 5.4
j ’ 3810 - 24.5 0.4 7.6 47.3 0.0 6.8
Average 3670 . 22.7 0.3 6.7 Average - 43.4 0.1 5.9
| 8 3830 23.6 0.2 5.8 16 ©32.3 0.4 13.2
3360 11.8 0.6 7.8 35.3 0.4 14.4
P , 3400 25.9 0.4 6.2 : : - 32.3 0.4 11.2
- Average 3530 20.4 0.4 6.6 Average 33.3 0.4 12.9
16 4110 19.9 0.6 8.8 32 "15.8 0.4 7.6
: 4140 16.7 0.4 6.8 10.5 0.6 19.0
~ 4000 0.0 0.6 7.0 ‘ . 14.3 0.4 21.8
Average 4083 - 12.2 ~ 0.5 7.5 ~Average 13.5 0.5 - l6.1
© 32 2900  60.1 . 0.8 4.4 |
" 2920 0.0 0.6 2.8
2810 0.0 0.8 3.6
Average 2877, 20.0 0.7 3.6
64 4160  45.8 0.2 2.4
4110 6.9 0.4 10.2
S 4330 - 55.1 - 0.2 10.0
Average 4200 35.9 0.3 7.5
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Nitrogen Analysis of the ' - S0il Nitrogen Analysis of the

O 0 W

NO B

> ooN O

561 kgNha~1 Loading Rate _ 561 kgNha~! Loading Rate
for Incubation I B for Incubation IT
Day TKNV _NH4fN NOZ—N' NO3—N Day TKN ‘NH4—N ,NOZ—N ; NO3fN
| ppm ppm »
0 4810  17.5 0.8 22.4 0 3400 30.0 0.0 23.2
5200 . 16.0 0.6.. 24 .2 3580 28.5 . 0.2 22.6
- 4700 18.2 . 0.8 23.0 , 3440 45.0 - 0.2 24.4
Averagea4903 2 17.2 0.7 23.2.Average 3470 34.5 0.1 . 23.
1 4770 47.5 - 1.2 9.8 1 : 26.3 0.2 11.
5010 = 18.6 0.8 10.0 26.3 0.2 12.
- 4490 42.3 1.8 ° 10.0 , 31.5 0.2 10.
- Average 4757 36.1 1.3 9.9  Average 28.0 0.2 11.
; 2 4190  27.9 1.8 5.4 2 57.8 0.0 8.
4990 = 13.3 1.6 4.6 57.0 0.0 . 9.
o - 4820 32.6 2.2 3.2 47.3 0.0 10.
“Average 4667 24.6 1.9 4.4 Average 54.0 0.0 9.2
4 4410 17.4. 0.6 3.0 4 60.2 0.0 8.4
4470 26.7 0.8 2.8 - 69.8 0.0 9.0
N 4580 . 0.0 0.8 3.8 . 58.5 0.0 8.4
- Average 4487 1407 0}7 3.2 Average 62.8 0.0 . . 8.
6 = 4550 25.1 ° 0.6 5.4 8 ' - 51.0 0.0 8.
4870 - 31.0 0.4 3.6 56.3 ~0.0 7.
; 4950 4.2 0.4 4.0 v » - 52.3 0.0 7.
~Average 4790 20.1 -0.5 4.3 Average 53.2 0.0 7.8
| 8 4700 . . 0.0 = 0.8 2.8 16 ‘ ©78.0 0.4 9.0
4710 0.0 0.6 2.4 58.5 0.4 8.6
| . 4770 0.0 0.6 2.6 72.8 . 0.4 9.0
Average 4727 0.0 0.7, 2.6 Average 69.8 0.4 8.9
16 4920  .16.0 1.0 2.6 32 o 47.3 0.2 - 10.2
. 4980 32.8 0.8 3.2 o 47.3 0.4 - 9.0
, . 4850 0.0 0.6 2.4 24.0 0.2 . 6.8
‘Average 4917 16.3 0.6 2.7 Average - 39.5 0.3 8.7
32 4550 52.4 1.2 4.8
5060 - 0.0 1.6 5.2
4930 25.2 1.4 4.6
Average 4847 25.9 1.4 4.9
64 - 4850  38.2 1.6 3.0
. 4720 2.8 . 0.6 12.4
1 4880 . 39.7 0.4 4.2
Average 4817 26.9 0.9 6.5



