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BACKGROUND 

iv 

CHARACTERIZATION OF STORED PEAT 

IN THE ALBERTA 0 I L SANDS AREA 

DESCRIPTIVE SUMMARY 

The open pit method of oil sands mining involves the 

stripping of an overburden of peat in much of the mineable area. 

This surface peat, which is stockpiled, is the only organic material 

naturally available for rebuilding soil fertil ity. A peat pile was 

constructed at Evansburg, Alberta, in 1976 and was monitored as a 

contrql for two years. A peat storage area also existed on the 

Syncrude Lease near Mildred Lake until early in 1978. 

The purpose of this research is to investigate the physical, 

chemical, and biological characteristics of peat in the oil sands area, 

before; during, and after storage, to establish handl ing and storage 

methods that ensure optimum qual ity of material available for reclama­

tion. Peat was studied for its reaction to wetting, drying, freezing, 

thawing and the addition of nutrients, in both the field and the 

laboratory. The information and recommendations provided in this report 

will be of importance for future reclamation plans and materials handling 

procedu res. 

ASSESSMENT 

The final report "Characterization of Stored Peat in the 

Alberta Oil Sands Area" prepared by J.D. Lindsay of the Research Council 

of Alberta, Soils Division and W.B. McGill and K. Kong of the Department 

of Soil Science, University of Alberta, has been reviewed and accepted 

by Alberta Oil Sands Environmental Research Program. It is recommended 

for wide distribution. 

0;1I; ... ~ 'R M -:-1>,."....P1 
\.J.R. MacDonald, Ph.D 
Director (1980-81) 
Alberta Oil Sands Environmental 
Research Program 
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ABSTRACT 

Properties of stored peat were studied at sites near 

Evansburg, Alberta, and on the lease of Sync rude Canada Ltd. at 

Mildred Lake, Alberta. Physical, chemical, and microbiological 

properties of stored materials were compared with those of fibric 

moss peat, mesic moss peat, and mesic fen p~t samples from 

undis~urbed sites. 

Environmentally indu~ed changes in peat properties were 

simulated in ' the laboratory by freeze-drying, air-drying, and thaw­

ing peat samples. Air-drying and, to a lesser extent, freeze dry­

ing, resulted in deterioration of physical properties and in reduc­

tion of microbial activity. 

The stored materials at Evansburg consisted entirely 

of peat whereas at Mildred Lake the materials were heterogeneous 

peat-mineral mixtures which were grouped as follows: group I, peat 

predominant; group II, sand predominant; group III, sand-clay 

mixture; and group IV, peat-sand mixture. Optimum temperatures for 

microbial activity in the storage piles occurred near the surface 

and decreased with depth while optimum moisture conditions occurred 

near the 50 cm depth. Frost penetration was not greater than 1 m 

in any of the piles. 

Storage piles consisting of peat-mineral mixtures which 

had been fertil ized had a somewhat higher level of microbial 

activity and organic matter decomposit 'ion than undisturb~d peat 

or stored, relatively pure peat. Properties of the stored materials 

which were highly correlated with each other were carbon, nitrogen, 

respiration rate, enzyme activity, cation exchange capacity, ash 

content, bulk density, pore volume, and water capacity. Relatively 

simpl e methods for the characteri zat ion of ash, carbon, and bulk 

density of stored materials were used. 
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1. INTRODUCTION 

The purpose of this research project was to investigate 

physical, chemical, and biological properties of stored peat in 

order to evaluate changes that may take place in the material 

during periods of prolonged storage. 

The open pit method of oil sands mining involves the 

stripping of overburden in order to expose the oil-bearing McMurray 

Formation. In a fairly substantial portion of the potentially 

mineable area, the overburden is characterized by a surface peat 

deposit. This deposit, therefore, is removed and stockpiled and 

represents a material that will be useful for reclamation purposes 

at a later time. The exact I ength of time tha tit wi I I rem", i n in 

storage is unknown at present but it may well be for an extended 

period of time reaching a decade or more. 

The changes that may take place in the proPerties of the 

peat during this storage period may affect its yalue as a reclama­

tion material and the research, therefore, was carried out to moni­

tor and quantify the changes that may occur during storage. 

This report consists of three parts. Section 4 deals with 

the characterization of selected in situ peat sampl~s from the 

Evansburg and Mildred Lake areas of central and northeastern Alberta. 

Representative samples of peat that will comprise the storage 

material were analyzed in terms of their physical, chemical, and 

biological properties and the results reported in this section. 

Sec t ion 5 descr i bes the methodo logy and resu I ts of labor­

atory experiments to simulate the freeze-thaw cycles that the peat 

will undergo under field conditions. Peat samples were alternately 

frozen and thawed and nutrients added to the material. Microbio­

logical numbers, CO2 evolution, enzyme activity, and changes in 

physical properties were investigated during the course of the 

experiment. 
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Section 6 deals more specifically with the stored peat 

at both the Evansburg and Mildred Lake sites. Since thIs material 

contains a significant amount of inorganic or mineral material, 

particularly at the Mildred Lake site~ it was necessary to sample 

the material extensively for laboratory characterization. In addi­

tion, temperature and moisture levels have been monitored on a 

reguiar basis in order to establish the annual fluctuation in these 

parameters. Soil respiration, cellulose decomposition, and some 

biological and chemical properties of the stored peat are reported 

lIPon. 
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2. RESUME OF CURRENT STATE OF KNOWLEDGE 

In studying the physical properties of peat, Puustjarvi 

(1968) set up a standard method to study the pore volume, air and 

water capacity in basin peat; Irwin (1968) suggested a method for 

measuring the bulk density; Boelter (1968) emphasized that bulk 

density had a relationship to the decomposition rate of peat. In 

studying freezing, drying, and thawing, Van Dijk and Boekel (1965) 

mentioned that freezing caused enlargement of pore diameter but, 

after freezing, shrinkage on drying is much smaller and the removal 

of water is much less irreversible; they also found that shrinkage 

has an unfavourable effect on the decompositiqn of peat. On the 

other hand, Soebo (1969) found that the freezing and thawing of 

sphagnum peat reversibly increased the phosphorus content of peat 

water. Dai and Sparl ing (1973) suggested the use of a piezometer 

to measure the hydraulic conductivity in peat. Rycroft et al. (1975) 

mentioned that hydraulic conductivity has a direct effect on the 

hydrology of peat and on the ecology of peat vegetation. It has an 

indirect effect including the operation of soil-water as a regulator 

of root aeration and mineral nutrient content. Boelter (1968) sug­

gested the use of a wet sieving process to determine the fiber con­

tent in peat, and Farnham and Finney (1965) used the fiber content 

as a criterion for classifying peat and its degree of decomposition. 

Stanek and S i 1 c (1977) compared the von Pos t method wi th the pyro­

phosphate solubility and rubbed and unrubbed fiber methods of deter­

mining degree of peat decomposition. All of them allow peat samples 
f 

to be categorized into some groups but all suffer from a lack of 

quantification. It appears that :some other more quantitative method 

may be necessary for use in estimating changes in stored peat. 

Much work has been done in studying the chemical properties 

of peat. Waksman and Stevens (1928, 1929) mentioned that sphagnum 

peat had a slow carbohydrate decomposition rate because the micro­

organisms had an insufficient readily available source of energy 

and nitrogen. Also, the 1 ignin and wax substances are gradually 

accumulated. ~~~_~.~e_~_E! . condi tions the sphagnum .. bog Ls.acIdJc c .. 
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and ric h .J n cell Ul0 se a nd -i n - l-tgnrn----but.- defTc-renT-trr-n-i--t.r:o~n .. and 

-- ~·i·~~a-l· mJtf ren- t':--·-On th~ -~-~~~-~- ·~~~~~---~~-~edge pea~ (fen), c:'ll-~To-se 
is fairly rapidly decomposed, but the accumulated organic nitro­

geneous complexes resist decomposition under the anaerobic conditions. 

Puustjarvi (1955) ' concluded that the carbon content of 

humic acids from peat was less than for other soils. In investi­

gating 252 peat samples; Puustjarvi (1956) summarized that cation 

exchange capacity (CEC) varied -from 47 to 167 meq/IOO g of peat. 

Drying tended fo increase CEC of peat materials of high base satura­

tion but had the reverse effect on peats of low base saturation. 

Exchange capacity of organics is due primarily to carboxyl and phe­

nolic hydroxyl groups, the .latter likely not being very important at 

low pH. Scnnitierand -Desjardins (1965) reported carboxyl acidity 

for 17 muck and peat samples ranging from 30 to 140 meq/IOO g prior 

to HC1-HF treatment. After treatment, the . range increased to 180 to 

340 meq/IOO ;g. Total acidity (carboxyl plus phenol ic) after treat"'; 

ment ranged from 480 to 740 meq/IOO g. Carboxyl, but not phenolic, 

acidity tended to increase with degree of decomposition of peat. 

ron exchange capacity is probably the greatest chemical benefit of 

peat in reclaiming sandy areas (Logan 1978). 

Peat decomposition in Alberta was studied for purposes of 

agricultural use in the 1930 l s (Newton 1934, 1936; Walker 1936), 

for forest nursery use (HelIum 1975), and for tailings sand recla­

mation (Logan 1978). Peat and muck additions to a sand and a clay 

have been found to be more effective in increasing organic matter 

content over a long term than were equal amounts of other organic 

material such as rye straw, alfalfa, and manure (Sowden and Atkinson 

1968). Peat and muck, however, were less effective in increasing 

yield (Halstead and Sowden 1968), probably due to their slower decom­

position and release of nutrients. 

Many workers have suggested that amendments, particularly 

limestone, phosphorus, potassium, and nitrogen, can be used to con­

vert acid bogs into fertile organic so i l (Jasmin and Heeney 1960; 

Wieringa 1963; Schickluna et al. 1968; Van Dijk et al. 1968). 
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However, Nygard (1954) reported that most of the native vegetation 

such as black spruce, tamarack, or willow growing in lime-deficient 

peat soil did not show any deficiency of calcium. Okruszko et al. 

(1962) stated that I iming of muck soils has a detrimental influence 

on their fertility, mainly due to a decrease in P availability; 

similar results have been reported by Kuster and Gardiner (1968). 

The I iterature on both chemical and physical properties 

is extensive and originates from several countries. A very useful 

and comprehensive review on chemical fractionation of peat and on 

chemical and physical aspects of organic material in relation to 

environmental effects is that of Walmsley (1977). 

In studying the microbiological population of peat, 

Waksman and Purvis (1932) mentioned that the existence of cellulose­

decomposing bacteria had been found not only in the sedge peats but 

also in sphagnum peat, but the reaction (pH) of the latter was not 

favourable for the development of these organisms and the cellulose 

of the sphagnum plant was highly resistant to decomposition. 

Populations of psychrophilic bacteria have been reported 

at 2 x 106 cellslg peat in the surface fibric horizons of three 

organic soils in Alberta (Christensen and Cook 1970). The humic 

horizons contained 3 to 10 x 106 cellslg (oven dry wt.). Mesophil~s 

were about 20% more abundant than psychrophiles. These are similar 

to values reported for a fen from East Anglia (Stout 1971). Fungi 

were restricted to the top 25 cm, reflecting their sensitivity to 

aeration. Microbial populations appear to reach a maximum during 

August and September in undisturbed peatlands (Christensen and Cook 

1970). Nitrifiers are normally present even in acid peats but may 

need lime to become active (Ivarson 1977). Factors controlling 

bacterial populations of peat in the field have been examined. 

Wheatley et al. (1976) calculated regression equations for bacterial 

numbers in a raised bog profile in Scotland. At depths below 0.5 m, 

ash content was the predominant variable accounting for variations 

in bacterial numbers. In the top 50 cm, temperature, phosphorus, and 
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potassium collectively accounted for 88% of the variability in 

bacterial numbers. The biochemistry and microbiology of peats have 

been reviewed recently by Given and Dickenson (1975). 

Microbial activity in peat has not been studied inten-

sively. In general, the rate of biological oxidation of carbon (C) 

appears to be slower per unit of C than is the case in other plant 

materials. This has been ascribed to the presence in peat of inhib­

iting substances expected to be phenolic in nature (Given and 

Dickenson 1975; Ivarson 1977). Kuster (1963), ' however, reported 

peat components to be both stimulatory and inhibitory to microbial 

activity. Nitrogen fixation has been reported in peat and it was 

suggested that fen peats are most active, a rate of 0.5 nmol 
-1 -1 

C~H4 mL ·h being found in the laboratory for a fen peat sample 

from -East Anglia (Waughman 1976). An inittal reduction followed 

by stimulation of nitrogenase activity upon exposure of the peat 

to aeration was observed. 

Few studies using enzymatic activities to monitor organic 

matter decomposition in peat have -been published. Mathur and 

Sandersoh (1978) recently suggested the use of non-specific acid 

phosphatase as ah indicator of an extracellular enzymatic environ­

ment in peat soils. Considerable literature ~xists in respect to 

_ mineral izat-ion of organic carbon by measuring the C02 evolution in 

soil (Bedford 1929; Waksman and Starkey 1924; Dommergues 1960; 

Stotzky 1960). It should be noted that no references have been 

found in : respectto decomposition rates and changes in properties 

of moi s t pea t s to red in pi 1 es. 
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3. STUDY AREA 

Research activities were t arried out at Mildred Lake, in 

the Alberta Oil Sands Environmental Research Program (AOSERP) study 

area (Figure 1), at a field site near Evansburg, Alberta, and in a 

laboratory at the University of Alberta. 

The field site at Evansburg was established in June 1976, 

at which time a peat storage pJle was constructed on the lease of 

Banff Mining and Quarrying Co. Ltd. It should be noted that a 

second field site was set out at Mildred Lake, Alberta, on lease 

#17 of Syncrude Canada Ltd. in August of 1976 but unfortunately this 

site was lost to the project in January 1978 as a result of con­

struction activities. 

Evansburg was selected as a field research site because 

at the time some difficulty was being experienced in obtaining lease 

access in the Mildred Lake area. In order to make use of the full 

1976 field season, it was thought advisable to establish a site at 

Evansburg at which the study could be initiated immediately. 

Monitoring, sampling, and field activities have been 

carried out, therefore, for a somewhat longer period at Evansburg 

than at Mildred Lake. 

At Evansburg the peat pile is approximately 26 m long and 

3 m high. The base width is 10 m tapering to 4 m at the crown. 

The material consists essentially of fibric moss peat with a fairly 

high content of wood. The peat was put in place by dragline from 

the area immediately adjacent to the pile. No artificial drainage 

was installed at the site and therefore the lower portion of the 

pile is affected by the water table which is near ground surface 

during a portion of the year. Si~ce the pile was constructed in 

mid-June, the amount of frozen peat added to the pi Ie was minimal. 

Some i nves t i gat i on of an older pea t pi 1 e was under taken 

at Evansburg in 1978. Little is known about the history of this 

pile except that it was built around 1970 with semi-decomposed (mesic) 
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Figure 1. Location of · the AOSERP study area. 
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moss peat. The pile has somewhat the same configuration as the one 

described above except that it is L-shaped. The overall length is 

84 m with a height of 3 m. It is tapered from a base width of 9 m 

to a crown of 4 m. No artificial drainage was installed at the site. 

At the Mildred Lake site, the storage pile was of a dif­

ferent configuration than those at Evansburg. The material (fibric 

and mesic moss peat) was extracted by overhead loader and hauled to 

the storage area by truck. The pile was flat-topped, about 3 m high, 

300 m wide and 1.5 km in length. The material was piled during the 

winter months and contained a fairly high component of frozen 

material initially. Artificial drains were installed and spaced at 

intervals across the storage area. 

Following construction of the storage pile, the area was 

seeded to several forage species and fertil ized heavily in April 

1976. A second fertilizer application was made in April 1977. The 

species sown and the fertil ization programs are outl ined in Section 9.2. 

At Evansburg, the undisturbed site is located about 100m 

from the storage pile while at Mildred Lake the undisturbed site is 

about 2 km distant. At both sites the forest cover -is principally 

black spruce (Picea mariana), Labrador tea (Ledum groenZandicum), 

Sphagnum spp., and various other mosses. The site at Mildred Lake is 

slightly more open than the one at Evansburg. 
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4. GENERAL CHARACTERISTICS OF PEAT 

4.1 CLASSI FICATION OF PEAT 

Peats are classified in the Organic order of the Canadian 

Soil Classification System (Canada Soil Survey Committee 1974). 

Soils of this order are composed dominantly of organic materials. 

They include most of the soils commonly known as peaty, muck, or 

bog soils. They occur widely in poorly drained and very poorly 

drained depressions and level areas in regions of subhumid to perhumi~ 

cl imate, and they are derived from vegetation that grows in such sites. 

Specifically, Organic soils contain 17% or more organic 

carbon (30% organic matter) by weight. 

For classification purposes Organic soils are divided into 

three great groups based upon the' degree of decompos i eion of the 

organic matter,namely, Fibrisol, Mesisol, and Humisol. 

For this study, only two of the great groups have been 

included in the sampl ing and investigation. These are the Fibrisol 

and Mesisol. Field examination has indicated that the Humisol great 

group is not extensively represented in the oil sands area. 

Fibrisols are characterized by the least decomposed type 

of organic material and are dominated by fibric peat layers. Such 

layers contain large amounts of well-preserved fiber that can usually 

be identified as to botanical origin. In relative terms, a fibric 

layer has a bulk density of less than 0.1 glcc and a maximum saturated 

water-holding capacity ranging from 850 to over 3000%. 
The Mesisols, on the other hand, are characterized by 

predominantly mesic peat which is the intermediate stage of decom­

position. The mesic layer has intermediate amounts of fiber which 

are not easily identified as to botanical origin. The bu,lk density 

ranges between 0.1 and 0.2 glcc and the maximum saturated water­

holding capacity ranges from 450 to 850% on an oven dry basis. 

The Humisols, which have not been included in this study 

because of their 1 imited occurrence, are the most decomposed organic 

soils. They have the highest bulk density and lowest water-holding 

capacity and exhibit the least amount of plant fiber. 
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For the most part, the organic soils examined and sampled 

for this study are formed under black spruce (Picea maPiana) and 

larch (Larix Zaricina) with a ground cover of mosses (Sphagnum spp.), 

feathermosses, and Labrador tea (Ledum groenZandicum). In addition 

to the soils derived from mosses (bogs), however, there is a fairly 

widespread occurrence within the oil sands area of organic soils 

formed from sedges (Carex spp.), rushes, and reeds. The properties 

of such soils, commonly called fens, are quite different from those 

derived from mosses and for this reason such soils have been recog­

nized and included as part of this study. 

In terms of the stripping and storage operation, it is 

realized that the separation of the moss and fen peats may not be 

practical; however, it was felt necessary to investigate their prop­

erties in order to establish differences. It may well be that, in 

certain portions of the area, moss peat may dominate the storage 

material whereas, in other locations, fen peat could well be dominant 

in the s to red ma te ria 1 . 

4.2 PROPERTI ES OF SELECTED PEAT SAMPLES 

A number of representative peat samples were obta i ned 

from the Evansburg and Mildred Lake research areas for 1 aboratory 

analyses. These samples included fibric and mesic moss peat and a 

mesic fen peat from both the Evansburg and Mi 1 dred Lake areas. 

These samples were taken in September 1975 from undisturbed sites. 

Physical and chemical properties were investigated in 

the samples. 

4.2. 1 Physical Properties 

All samples used for the determination of physical prop­

erties consisted of fresh peat without being pre-treated or dried. 

The physical analyses carried out on the samples included the 

following: moisture content, specific gravity, bulk density, pore 

volume, air capacity, and rubbed andunrubbed fiber content. In 

situ hydraul ic conductivity measurements have also been recorded at 
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both sites. The results of the physical analyses are shown in 

Table I. The methods of analyses employed are described in 

Section 9.1. 

The data indicate that the moisture content in a fibric 

peat layer is generally higher than in mesic or fen peat. The 

typical characteristics of a fibric peat are a high fiber content, 

high void ratio and air capacity, but a low bulk density and ash 

con tent. 

MacFa rl ane (1969) sugges ts that the vo i d ra t i 0 gives an 

indication of the compressibil ity of a material, the fibric peat 

usually being very high with the more decomposed mesiC peat lower. 

The moisture content does not necessarily I imit the rate 

of decompos it ion of the peat since the peat fiber in i tsna tura I 

state can be broken down by other means such as freezing and thawing 

or by anaerobic bacterial activity. Therefore, although the fibric 

peat generally has the highest moisture content, it does not neces­

sarily mean that the decomposition rate will be slower in this type 

of peat. 

Wi th decompos rtion ', however, thephys ica I propert i es of 

peat will change, resulting in ' increased bulk density and ash con­

tent, but decreasing fiber content and. void ratio. This is seen in 

Table by comparing the data for the fibric peat and mesic peat 

samples from the Mildred Lake area. 

The data lalso suggest that, altho'ugh classified as fibric 

peat, the samples from the Evansburg area are somewhat more decom­

posed than those of the Mildred Lake area. The moisture content, 

pore volume, fiber content, and void ratio are all higher i nthe 

Mildred Lake samples, indicating iless decomposition. At the same 

time, bulk density is lower. 

The fen peats, although relatively undecomposed, exhibit 

a higher bulk density and ash content but lower void ratio and fiber 

content than the undecomposed peat. Such properties may well influ­

ence the rate of decomposition in the stored peat. 



TABLE l. a Physical properties of peat from the Mildred Lake and Evansburg areas. 

Peat Field Particle Bulk Pore Air Water Fiber content 
Moisture Density Density Vol ume Capac i ty Capac i ty (100 mesh) (%) Type (%)b (g/cc) (g/cc) (%) (%) (%) unrubbed rubbed 

Mildred Lake Area 

Fibric 1168 1.48 0.046 97 40 57 95 80 

Mes ic 554 1. 50 0.072 95 '33 62 85 50 

Fen 934, 1.61 0.106 93 23 70 35 10 

Evansburg Area 

Fibric 710 1. 54 0.071 95 34 62 90 50 

Mesic 1015 1.50 0.084 94 32 62 75 60 

Fen 608 1.49 0.097 93 35 58 65 28 

a Results based on duplicate samples. 

b % based on dry weight. 

Ash Vo i d Content 
(%) Rat io 

3 31 

5 20 

11 14 

\oN 

5 21 

10 17 

22 14 
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4.2.2 Hydraulic Conductivity 

Hydraul ic conductivity is the apparent velocity of the 

flow of water through a material in response to a unit hydraulic 

gradient. In the case of peat, it is related directly to the degree 

of decomposition of peat in situ. Fibric peat usually has a high 

hydraulic conductivity, mesic is intermediate, and humic peat is low. 

Hydraulic conductivity investigations were carried out at 

both the Evansburg and Mildred Lake research sites. For the purpose 

of this study, hydraulic conductivity was determined using a piezom­

eter consisting of a pipe with a perforated cap on the lower end. 

A hole was augered to . the desired depth, a pipe inserted into the 

hole, and the water pumped out. The rate of water return up to the 

tube was then recorded. 

In each peat profile examined, the hydraulic conductivity 

was highest in the surface tier and decreased with depth (Table 2). 

Boelter (1969) has reported that extremely large differences in 

hydraul ic conductivity occur in various peats. The hydraul ic con­

ductivity data obtained at the Mildred Lake and Evansburg sites are 

generally higher than those reported by Boelter (1969) for similar 

peat types. However, the same general relationship was found in that 

the hydraul ic conductivity was highest in the fibric peat and lower 

in the more decomposed mes ic peat. In all cases, the hydraul ic con­

ductivity was lower in the bottom portion of the profiles indicating 

greater peat decomposition at depth. 

At Evansburg, the hydraulic conductivity was determined 

only in a fibric moss peat. This profile is similar to that of the 

fibric peat at Mildred Lake except for the presence of considerable 

wood in the middle layer. In terms of hydraulic conductivity, the 

results indicate that the site examined at Evansburg is similar to 

the mesic peat site at Mildred Lake. 

Dai and Sparl ing (1973), using a similar method in Ontario, 

found that moss peat (sphagnum) had a relatively loose and uniform 

structure and suggested there was less restriction on the vertical 

component of water flow, but fen peat had a more or less stratified 
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Table 2. Hydraulic conductivity in peat. 

Peat Layer Depth Hyd rau Ii c Conduc t i vi t/ 
Type (cm/h) 

Mil dred Lake 

Fibric Surface tier 45 to 65 20.3 

Middle tier 70 to 90 8.1 

Bottom tier 105 to 125 3.2 

Mesic Surface tier 30 to 45 6.8 

Middle tier 45 to 75 I.Ob 

Bottom tier 75 to 120 0.6 b 

Fen Surface tier 40 to 60 2.2 

Middle tier 60 to 80 1.5 

Bottom tier 80 to 100 0.2 

Evansbur~ 

Fi bri c Surface tier 30 to 40 4. I 

Middle tier 50 to 75 1.9 

Bottom tier 80 to 100 0,07 

a Mean value of four measurements. 

b Mean value of five measurements. 
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structure and the vertical component of hydraulic conductivity was 

somewhat restricted. Consequently the vertical component in fen peat 

is lower than in moss peat. 

Chemical Properties 

The chemical analyses carried out on the samples included 

the following: pH, total cation exchange capacity, exchangeable 

cations, base saturation, total nitrogen (N), total oarbon (C), 

available phosphorus (p), and C/N ratio. The methods of analyses 

employed are described in Section 9.1. 

The results of the chemical analyses of the peat samples 

from the Mildred Lake and Evansburg areas are given in Table 3. 

In terms of soil reaction, the fibric moss peat samples were 

extremely acid, generally in the pH range of 3.7 to 4.0 in H20. 

The mesic peat on the other , hand was higher in pH in both the Mildred 

Lake and Evansburg area samples. At Mildred Lake, this may be due to 

the near-surface presence of Devonfan limestone. 

The fen peat samples were highest in reaction ranging from 

6.6 to 7.1; again calcium~(Ca) rich groundwater may have resulted in 

the relativel~ high pH values. 

In terms of C, N, and the C/N ratio, the fibric moss peat 

from the Mi ldred Lake area was very low in N content, and the C/N 

ratio was high. The fen peat was highest in N content (more than 

2.0%), and the C/N ratio relatively low. The type of peat and the 

degree of decomposition undoubtedly accounts for the wide range in N, 

C, and C/N ratios among the peats sampled. 

The relatively low N content and pH in the fibric moss peat 

material resul t in a biologically inactive state. This leads to 

incomplete transformation of organic residues. 

In terms of base saturation, the fibr~c and mesic moss peats 

at both the Mildred Lake and Evansburg sites had a low base saturation 

when compared to the fen peats. The fen peat samples Were extremely 

Ca rich and this fact combined with the higher pH and N levels would 

suggest the material is more biologically active. 



Tab\e 3. Chemical .properties of peat from the Mildred Lake and Evansburg areas. 

pH Exch. cations (meq/lOOg}a b Base sat. Total C To ta 1 N P205 Peat Type T.E.C. 
-(H2O) Ca Mg K - Na (meq/l00g) (%) (%) (%) C/N (ppm) 

Mil dred Lake Area 

Fi br ic 3.7 21.9 14.3 0.4 1.2 116 33 46.8 0.61 77 15 

Mesic 5.9 81.3 12.8 _ O. 1 0.3 166 57 39.2 1.47 27 6 

Fen 6.6 94.2 10.9 O. 1 .0.4 110 96 46.5 2.80 17 4 

Evansburs Area 

Fi bric 4.0 13.3 2.8 0.3 0.3 11 5 14 44.9 1.25 36 3 
~ 

Mesic 5.6 53. 1 16.9 O. 1 1.1 142 50 44.7 1.48 30 4 

Fen 7. 1 129.3 19.7 0.2 0.2 165 90 35. 1 2.19 16 4 

a 
Extracted with 1 N NHlfOAc; meq = mill iequivalents. 

b Total exchange capacity; extracted with INNaCl. 
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4.2.4 Microbiological Study 

In comparing the microbial populations in different peats, 

Table 4 shows that the fen peat contains the highest bacteria num-

bers and a moderately high fungi count. This is probably due to the 

less acidic nature of the peat and also the more .readily decomposable 

nature of the material. 

The microbial population in a sphagnum fibric peat at 

Mildred Lake was low in bacteria and fungi numbers, and this is prob­

ably due to the fact that the soil reaction (pH 4.0 or less) is 

highly unfavourable to the growth of bacteria. Furthermore, the cel­

lulose and lignin existing in sphagnum peat is highly resistant to 

the action of bacteria (Waksman and Purvis 1932). On th~ other hand, 

the anaerobic conditions are unfavourable to the development of fungi. 

However, the sphagnum mesic peat in this area is somehow higher in 

bacteria population than the fibric peat, but fungi distribution is 

still low. This increase in bacterial number may be due to root 

action of the black spruce cover resulting in some ·movement of calcium 

or other nutrient to the surface layer. 

In fibric peat at Evansburg the fungi and bacteria numbers 

are relatively high. The difference in microbial popul~tiQ'1 get~een 

this site and the Mildred Lake site is not cl~ar. However, the 

greater percentage of woody material at the Evansburg site may have 

resulted in the partial development of aerobic conditions leading to 

an increase in fungi population. 

4.2.5 Enzyme Activities 

Enzyme activity was estimated as a measure of peat decom­

position. The enzyme, cellulase, hydrolizes cellulose in organic 

matter to produce reducing sugar. Therefore, soil enzymes produced 

by microorganisms can be used to investigate the humification of 

organic material (peat). Table 5 shows the cellulase Cl (which 

attacks highly ordered forms of cellulose) and B-glucosidase activ­

ities are low in moss peat (fibric and mesic layers), but high in 

fen peats. The low content of cellulase Cl may be attributed to two 
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Table 4. Distribution of microorganisms in peats. 

Peat Type 

Fibric 

Mesic 

Fen 

Fibric 

Bacter ia 
(No./g dry peat) 

Mi 1 dred 

28 x 104 

200 x 104 

1600 x 104 

Lake 

Evansburg 

590 x 104 

a Colony forming units. 

Fungi 
(CFUa/g dry peat) 

2.1 x 104 

2.8 x 104 

27 x 104 

37 x 104 
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Table 5. Enzyme activities in three Mildred Lake peat samples. 

Ca rboxymet hy 1-
Peat Cellulase (CI) cellulase (Cx) B-gl ucos idase 
Type {mg reducing sugar/g {mg reducing sugar/g (mg saligenin/g 

ca rbon/5 days) carbon/24 h) ca rbon/3 h) 

Fibric 0.332 0.580 0.131 

Mesic 0.341 0.764 0.161 

Fen 0.574 0.694 0.575 
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factors: first, the absence of organisms which can digest the 

native cellulose; and secondly, the existence of certain inhibitors 

which serve as protectors for the moss material. 

In the first instance, Reese (1968) estimated that about 

half of the types of organisms p~esent in soil are able to produce 

enzymes necessary for hydrolysis of common polysaccharides (e.g., 

cellulose). The organisms accelerate the cellulase synthesizing 

mechanism only when it comes in contact with cellulose (provided 

that no other foodstuffs are readily available). A very small 

amount of cellulase is sufficient to produce a little cellobiose 

from the cellulose, but more enzyme produces more cellobiose, con­

tinuing as long as the cellulosic substrate remains. 

For the second reason, Mandel et al. (1961) mentioned that 

the cellulase inhibitors were found in many plant famil ies and in 

various parts of plants, including leaves, wood, flowers, fruit, and 

seed. 

Mandel and Reese (1963) also suggest that physical factors 

may affect the cellulase action. Fungal cell ulase in general is 

stable at 30°C from pH 3 to 8 but usually shows optjmum activities 

at pH 4.0 to 5.5 in citrate, phosphate, or acetate buffer. Halliwell 

(1963) found bacterial cellulase shows higher pH optima, often around 

6.0. 

Carboxymethylcellulase (Cx) attacks shorter chained cel~ 

lulose, usually the residue from Cl action. In the samples examjned, 

it was highest in the mesic layer and lowest in the fibric layer of 

moss peat. The sl ightly higher Cl and Cx activities in mesic peat 

may be related to the lower fiber content. 

The distribution of enzymes may also be related to chemical 

properties, such as pH, N, Ca, and P20S content. 

4.2.6 Oxygen Uptake 

One of the critical aspects of peat use is its rate of 

decomposition. If it decomposes faster than the rate at which organic 

material is added through plant growth, the net organic matter content 

of the soil will decl ine. To determine if the peat decomposition rate 
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was controlled by degree of decomposition as indicated by fiber 

content, a series of samples having different fiber contents were 

incubated and °2, consumption measured. Bacterial numbers by plate 

count were also estimated. No clear relationship between 02 consump­

tion and fiber content was evident but there was a close relationship 

between 0l consumption and numbers of bacteria in the various samples 

(Figure 2). Therefore it appears that factors of the peat and its 

environment ot~er than fiber content were responsible for its rate 

of decompos it ion and tha t amendments added to peat or sand-pea t or , 

overbur~en-peat mixes substantially affect the rate of peat alteration. 

To determine if the addition of fertilizer and lime affected 

peat decomposition, two peats were incubated with and without addi­

tions of N, P, and CaC03 . Oxygenconsumpt;ion over eight days was 

measured and is reported in Figures 3 and 4. 

In both peats, additions of P increased respiration rate. 

Only in the fibric peat with low pH and high C/N ratio did additions 

of CaC03 increase the rate of decompos ition as measured by 02 uptake. 

Addi,tion of N appears to actually depress respiration rate in the 

fen peat. This may have resulted from high NH3 levels from the 

NH3 + H+# ,NH4+ equil ibrium. Also N02 may have accumulated and 

caused some toxicity. Although the pH is on the low side for N02 

accumulation (6.6), the presence of NH4+ may have raised it high 

enough in microsites to prevent nitrite oxidation by Nitrobacter spp. 

Similarly, addition of CaC03 to fen peat had a slight inbibitory 

effect on respiration rate. 
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EFFECT OF DRYING, FREEZING-THAWING, AND FERTILIZER 
ADDITIONS TO PEAT 

Peat in storage piles is subjected to various climatic 

influences such as wetting, drying, freezing, and thawing. Little 

information is available in the 1 iterature regarding the specific 

effects of these processes on stored peats, but changes in chemical 

and physical properties can generally be expected. Another influence 

is the addition of readily available nutrients in the form of fertil­

izers, and of readily decomposable organic matter from the cover crop 

on storage piles. The effect of adding these is to stimulate the 

microbial population resulting in more rapid decomposition of peat 

particles (priming). This in turn can result in alteration of some 

physical properties. In agriculturally used peatlands, the loss of 

organic matter resulting from priming by decomposing crop residues 

has been examined and found not to be a problem (Bingeman et al. 1953; 

Stotzky and Mortensen 1958). The use of response to priming has been 

suggested as a means of examining the decomposabfl ity of soil organic 

matter (Dormaar 1975). 

Experiments were conducted to determine if priming by 

glucose occurred in peats' from the study area with a view to possible 

extension of this method to regular monitoring of stored peat. 

Freezing-thawing, wetting-drying, and addition of nutrients were sim­

ulated by sequential treatments in the laboratory under controlled 

conditions. Conducting the experiment in the laboratory allowed con­

siderableacceleration of rates of changes in peat properties. 

5. 1 MATERIALS AND METHODS 

5. 1 • 1 Treatments 

Samples of three types of peat from undisturbed sites in 

the Mildred Lake area were used: fibric, mesic, and fen. Descrip­

tions of these are given in Section 4.2. The peats were each split 

into three main treatments. The first portion was kept field-moist 

and is referred to as "normallf peat, des ignated by the letter 'n'. 

The second portion was air-dried and is designated by the letter 'a'. 
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The third portion, designated by the letter If I , was freeze-dried 

to represent the type of drying that occurs during winter in exposed 

peat. There was one sample of about 3 kg peat per treatment. Each 

sample was incubated in plastic pots at 25 ± 0.5°C. On days 7, ]4, 

and 21 the peats were frozen at -10°C for 24 hours followed by 

thawing and incubation for 6 days. 

Nutrients and lime were added after the final freeze-thaw 

cycle on day 28. This consisted of 200 ppm P and N as KH2P04 and 

(NH4)2S04' and 1% CaC0 3. 

On day 40, glucose was added at a rate of 216 ppm C on 

a wet weight basis. UL_1 4C-glucose was added to the normal treat­

ments of the CO 2 incubation at a specific activity of 7.35 ~Ci/mg C. 

This high activity level was used to allow fractionation of the 

samples at a later date to obtain additional information about the 

fate of C in peat should this prove necessary. The experiment was 

terminated after 61 days. 

During the course of this experiment, microbial population 

changes were also estimated to relate them to the respiration rates 

and to try to determine if any specific group was likely responsible 

for the changes in physical properties of the peat. Plate counts for 

bacteria were made on single samples on days 1, 6, 9, 27, 34, and 64. 

At the same timeS, dupl icate samples were taken for estimation of 

fungal hyphal lengths by the Jones and Mollison (1948) technique. 

Numbers of cellulose degraders were estimated for days 1, 27, 34, 

and 64. Enzyme activities were determined on four repl icates on 

day 1, after the drying treatment. 

Physical analyses on single samples of the peat were made 

after dryin'g and at the end of tlile experiment. They included fiber 

content, bulk density, permeability, pore volume, and air and water 

capaci ty. All these properties are strongly related to the val ue 

of peat for land reclamation. 
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5. I .2 Measure of CO2 Evolution in Peats 

The method of determining CO 2 evolved in peat is described 

in Section 9.1. Evolved CO 2 from samples which had 14C-Iabelled 

glucose added was collected in the same way but 1.0 mL was removed 

prior to titration and were counted in a scintillation counter to 

measure the specific activity of the evolved CO 2 - C (Middleboe et al. 

1976). Counting efficiency was measured using the sample channels 

ratio method (Middleboe et al. 1976). The scintillation cocktail 

consisted of 0.2 g of POPOP (1.5-bis-[methyl-5-phenyloxozolyl]-benzene) 

and 8.0g of PPO (2,5-diphenyloxoazole) diss'()lved in 2 L of toluene 

(scintillation grade) after which I mL Triton X-IOO was added as an 

emulsifier. Samples r mL in size of the NaOH solution containing 

14CO were added to 15 mL of this solution in 20 mL scintillation 
2 

vials and counted for I min (more than 10 000 counts per minute). 

5. I .3 Microbial Enumeration 

Bacterial counts were made by a soil dilution technique. 

Serial 10-fold dilutions were made, and O. I mL of three suitable 

dilutions were spread on four replicate plates of Plate Count Agar 

(Difco). The plates were incubated at room temperature for six to 

eight days and cpunted. Fungal plate counts were performed in a 

similar manner using Rose Bengal-Streptomycin agar. The media used 

in .plate counts is described in Section 9.1. 

Lengths of fungal hyphae were estimated by the Jon~s and 

Mollison (1948) technique, with modifications based on Parkinson 

etal. (1971). 

Cellulose decomposers were estimated by a most probable 

number (MPN) technique usi~g test tubes containing a mineral salt 

medium and a strip of filter paper as the sole carbon source. 

Visible growth on the filter paper was taken as evidence of cellu-

. lose decomposition. Plate counting was not used because cellulose 

decomposers are very slow growing and, unless the humidity can be 

accurately controlled, the plates dry out before counts can be 

obtained. 
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The method of determination of cellulase CI , carboxymethyl­

cellulase Cx, and B-glucosidase activities is described in Section 9.1. 

5.2 RESUL TS 

5.2. I Effect of Drying on Physical Properties 

Drying affected most of the physical properties examined 

(Table 6). Bulk density was increased by air-drying fibric and mesic 

peat but drying had a negl igible effect on the bulk density of the 

fen peat. Freeze-drying was generally less detrimental than air­

drying, if increased bulk density can be considered undesirable. 

Freeze-drying caused a slight reduction in bulk density of fen peat 

and mesic peat and a sl ight increase in the fibric peat, but not so 

great as the effect caused by air-drying. 

Pore volume was changed only sl ightly if at all due to 

drying but air capacity was affected more severely. Air capacity 

decreased by 11% in the fibric peat but increased 33% and 43% in the 

mesic and fen peats, respectively. This may sl ightly improve the 

util ity of mesic and fen-type peats for reclamation sihce the air 

capacity of these peats is at the low end of the scale for vigorous 

plant growth. Air-drying was generally more effective in altering 

air capaci ty than was freeze-drying. 

Drying affected the unrubbed fiber content only in the 

mesic peat in which a slight (6.3%) reduction occurred. The fiber 

content of the fen peat which was originally low was unaffected by 

either drying treatment. Drying affected the susceptibil ity of the 

fibric peat to crushing. Both methods of drying caused a 5.9% 
reduction in rubbed fiber content of the fibric peat. Rubbed fiber 

in the more decomposed mesic peat was affected only by the freeze­

drying treatments. 

Permeabil ity is one of the main properties controlling the 

value of peat as a material for reducing erosion from slopes. The 

permeabil ities of all peat samples were low. Drying would have to 

be considered very undesirable in terms of erosion control in all 



Table 6. Effect of air- or freez~-drying on physical properties of three peat samples from 
the Mil d red La ke a rea. 

Bulk Pore Air Water Void Fi ber Content Permeability Unrubbed Rubbed Peat Treatment Dens i ty Vol ume Capac i ty Capac i ty Ratio (%) (%) (cm/h) 
Type (glee) (%) (%) (%) 

Fibric Normal 0.052 96 39 57 28 95 85 1.58 

Freeze-dr i ed 0.056 96 36 60 26 95 80 0.46 

Air-dried 0.061 96 34 62 23 95 80 0.75 

Mesic Normal 0.086 94 21 73 16 80 55 1. 30 \oN 
0 

Freeze-dried 0.079 95 28 67 18 75 50 0.40 

Ai r-dri ed 0.090 94 28 66 16 75 55 0.38 

Fen Norma 1 o. 119 93 21 72 12 35 <10 1.02 

Freeze-dried 0.107 93 25 68 14 35 <10 0.30 

Air-dried o. 116 93 30 63 13 35 <10 0.18 



31 

the peats examined. The effect of drying was greater on perme-

abil ity than on any other property examined. Air-drying had a 

less serious effect on the fibric peat than on the other two, with 

the damage being greatest in the fen peat. Permeability was reduced 

to about 48% of its original value in the fibric peat but in the fen 

peat it was reduced to 18% of its original value. The seriousness 

of this is even greater than the change would appear because the fen 

peat had the lowest original permeabil ity. Air-dried fen peat had a 

permeabil ity only 11.6% as great as the normal fibric peat and 24.2% 

as high as in the air-dried fibric peat. Fen peat and probably also 

highly humified moss peat may be poorly suited for erosion control 

in areas where probabil ities of desiccation are high. For appl i­

cation to level surfaces as mulch, dried peat would be quite useful 

from the initial physical standpoint. The more humified peat may 

be more desirable here. For applications to sloping land as an 

initial erosion control medium, undried fibric or mesic peat would 

probably be the most desirable. Logan (1978) favoured mesic peat 

due to its greater abil ityto increase water storage capacity. 

5.2.2 Effect of Drying on Microbial Distribution and Activity 
in Peat 

Figure 5 shows changes in bacterial counts in mesic peat. 

The air-dried and freeze-dried samples were similar throughout, with 

a higher initial count and a lower final count than the normal treat­

ment. Fibric peat followed the same pattern as the mesic, while fen 

peat was not similar to either of the moss peats. All three treat­

ments of fen peat give dissimilar results (Figures 6 and 7). 
Numbers of cellulose d~composers also varied among the 

three peats, but never accounted for more than 1% of the bacteria) 

population as determined by plate counts (Figure 8). Fibric peat 

contained too few for reI iable counts. Addition of nutrients caused 

a rise in the numbers of organisms in mesic peat and a sharp drop in 

the numbers in the fen peat (Figure 8). 
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The major differences in bacterial numbers among the 

three peats were between the moss peats and t~e fen peat. The 

greatest disparity was in the reaction to nutrient addition--the 

moss peats showed lOa-fold increases while the fen peat reacted only 

sl ightly. Part of this disparity may be due to nutrient availabil ity, 

but the major factor will be pH since most bacteria are inactive at 

the pH of the moss peats (3.7 to 3.9) while the fen peat has a pH of 

6.6, much better for bacterial activity. 

The decrease in fungal hyphal lengths from the beginning 

to the end of the experi ment (Table 7) i nd icates that a port ion of 

the increase in numbers of bacteria is due to metabol ism of fungal 

material rather than the degradation of peat components. 

Respiration rates obtained (Figure 9) are consistent with 

those reported in the 1 i terature (Tabl e 8). 

Drying affected microbial activities to varying degrees 

as measured both by enzymatic activity and CO 2 production (Table 9, 

Figure 9). Activities of enzymes degrading cellulose were substan­

tially reduced in the fen and mesic peat upon drying. Very 1 ittle 

change was evident in the fibric moss peat. This implies that a 

different mech,anism of stabil ization may be operative in fibric peat 

than in more decomposed peat. Although activity of cellulose degrad­

ing enzymes was reduced after drying, CO 2 production during seven days 

of incubation following rewetting was greater in the rewetted air­

dried moss peats than in the normal samples. Respiration from the fen 

peat samples, which was almost double that of the two moss peats, was 

unaffected by drying, 

Since the activity of cellulose degrading enzymes ~"as 

reduced by drying and the soil respiration rate was generally 

increased by this treatment, a substantial amount of activity occur­

ring in peat may be related to turnover of microobial tissue and not 

to cellulose degradation. Shields et al. (1974) showed that freeze­

thaw and wetting-drying processes substantially increased the rate of 

loss 6f C from soil microorganisms in a clay soil. Freezing and 

thawing were more effective than drying and rewetting. Soil organic 

matter turnover is closely related to the dynamics of soil microbial 
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Table 7. Hyphal lengths by phase-contrast microscopy. 

(km/g dry weight) 
Peat Type Day 0 Day 64 

Fibric normal 27 20 

Mes i cno rma I 45 36 
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Table 8. Summary of respiration rates from peat materials as found 
by various workers. 

S tou t (I 971 ) 

Stotzky and 
Mortensen 
(1958) 

I varson 
(1977) 

Mathur and 
Sanderson 
( 1978) 

Comments 

I e sst ha n I da y 
aerobic incubation 
in lab 

muck soil; pH 5.4 
C:N = 73.4; 70-day 
incubation in lab 

acid bog peat; 
pH 4.1; 8-month 
incubation in lab 

24 Histosol surface 
samples; respiration 
inversely related 
to Cu content 

Depth 

o - 7.5 cm 
7.5 - IS cm 
I m 

o - IS cm 
IS - 41 cm 

Respiration Rate 
()lg CO 2-C/g/day) 

148.7 
20.0 
38.9 

88.6 

163.1 
52.3 

26.6 - 83.2 
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Table 9. Effect of drying on enzymatic activity of three peats from 
the Mildred Lake area. 

Peat 
iJ"ype 

Fi bric 

Mesic 

Fen 

Treatment 

Normal 

Freeze-dri ed 

Air-c;lried 

Normal 

Freeze-dried 

Ai r-dri ed 

Norma 1 
Freeze-dried 

Ai r-dri ed 

Cellulase (Cl)a Carboxymethyl-b B-Glucosidasec 
Cellulase (Cx) 

0.332 0.589 o. 1 31 
0.413 0.335 0.160 

0.383 0.583 0.150 

0.341 0.764 0.162 

O. 1 81 0.508 o. 119 
0.108 0.302 O. 11 7 

0.574 0.694 0.575 
0.171 0.448 0.294 

0.238 0.371 0.453 

a mg reducing sugar/g dry peat present five days after adping 
substrate (cellulose powc;!er). 

b mg reducing sugar/g dry peat present 24 hours after 9dding 
substrate (carboxymethyl-cellulose). 

c mg sal igenin/g dry peat present three hours after adding 
substrate (Salicin). 
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populations. The effects of external environmental fluctuations on 

peat decomposition will 1 ikely be manifested in part through their 

lethal effects on soil bacteria and fungi. Much of the CO 2 respired 

during the seven days following rewetting of a dry peat probably 

came from decomposition of fungi and bacteria killed during drying. 

Freeze-drying would be expected to have an intermediate effect 

because it kills fewer cells. It appears likely then that, over the 

long term, cycles of drying and remoistening would accelerate turn­

over of the microbial population, ultimately accelerating decomposi­

tion of the peat itself due to utilization of peat C in restoring 

the biomass C lost to respiration during each successive population 

regrowth. 

5.2.3 Effect of Freeze-Thaw Cycles, Nutrients, and Glucose 
on Microbial Activity 

The treatments imposed affected the rates of CO 2 production 

in all three peats (Figure 10). The series of freeze-thaw cycles 

reduced the rate of CO 2 production whereas nutrients and glucose both 

increased it. At the end of the experiment, the mesic peat sample 

(normal) had respired 28.9 mg CO2/g dry peat whereas the respective 

values for the fen peat samp~ and fibric sample were 24.0 and 18.1 mg 

CO 2/g dry peat. More total CO 2 was produced from the dried peats than 

from the control samples. 

During three freeze-thaw cycles, the fen peat continued to 

produce more CO 2 than the two moss peats. The pos it ive effect of 

air-drying on respiration rate was still obvious during this phase 

of the experiment but freeze-drying was starting to show a sl ight 

depressing effect. The total CO 2 produced during this phase of the 

experiment was approximately the same in 21 days as in seven days 

after rewetting. 

Addition of nutrients and 1 ime altered the relative rates 

of CO2 production. Whereas the previous (physical) treatments 

affected all peat samples similarly, these treatments which altered 

the soil pH and nutrient status had a greater beneficial effect on 

the moss peats than on the neutral, relatively nutrient-rich fen 
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Figure 10. Accumulative C02 producti9n from control positions of 
fibric (F), mesic (M) and fen (FEN) peats during 61 days 
incubation at 25 ± 0.50 C. Freezing events are desig­
nated Z, addition of nutrients by N, and addition of 
glucose by G. 
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sample. Thus, during 21 days following nutrient and lime amendment, 

the mesic peat produced as much CO 2 as did the fen peat. The effect 

of drying was starting to be masked by this time due to the rapid 

respiration rate in all samples. The rate of CO 2 produced during 

the 21 days following nutrient addition was about three times greater 

than during the 21 days previous. 

The trend for chemical and nutritional changes in the peat 

environment to substantially affect the activity in the peat was even 

more pronounced when glucose was added to the three peat samples. 

More CO 2 was produced during 12 days after glucose addition in the 

moss peats than in the fen sample. Thus the initial dominance of 

the fen in terms of respiration rate had been completely lost by 

adding glucose, nutrients, and al tering the pH of the peats. The 

initial marked difference between the samples had disappeared or been 

reversed. 

These results tend to support the hypothesis that peat 

properties which affect the activity of microbes are probably mainly 

chemical. The initial chemical properties of a disturbed peat, 

however, are undoubtedly a result of its past physical environment. 

The physical effects on soil microbes appear to be mainly temperature 

and moisture. 

Alterations in the physical environment of peats which kill 

microbes tend to increase respiration rate but have at least an ini­

tial depressing effect on activity of enzymes related to cellulose 

decomposition. The effect of recurrence of treatments such as air­

drying which kill microbes can be expected in the long term to 

increase the rate of peat decomposition by increasing microbial turn­

over rate. In support of this is the greater overall CO 2 output from 

the air-dried peat as compared to the control over the 61 days of 

this incubation. Further evidence for this hypothesis is the rather 

static size of the bacterial population (as measured by plate count) 

after drying and during the freeze-thaw portion of the experiment. 

Therefore, although physical peat properties influence its utility 

as a reclamation material , they probably have a minor influence orr 
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the rate of decomposition of stored peat, especially when stored as 

an admixture with mineral materials such as occur in the Mildred 

Lake storage piles. The type of peat material going into a pile 

probably has 1 ittle effect on the rate of decomposition within the 

pile. Decomposition can then be considered to be controlled primar­

ily by pH, nutrients, aeration, temperature, and moisture. 

5.2.4 Effect of Microbial Activity on Physical Properties of Peat 

Results reported in Figure 5 are generally in agreement 

with literature dqta. However, very few if any reports are available 

describing the effects that microbial activity may have on amel io­

ratin~ or aggravating problems caused by drying or the role of miCrobes 

in altering physical propertie$ of normal peat spread on the soil 

surface or stored in piles in the field. 

The data in Table 10 show the effect of the 61-day incu­

bation on some of the physical properties of the peats. Microbial 

activity increased bulk density less where the peat had been dried 

than in the normal peat. This may be attributable to the prior 

increase in bulk d~nsity cau~ed by microbial activity such that, 

after the incubation period, the bulk density was higher in the 

normal peat than in the dried peat. The only exception to this was 

the air-dried fibric peat. Thus, although drying increased bulk 

density, the dried peats had a lower bulk density at the end of the 

incubation period than did the normal peat. The drying treatment 

may therefore have a tendency to stabilize the bulk density at a 

lower level in the long run. The reasons for this are not immedi­

ately obvious. 

Pore volume decreas~d a!s the increase in bulk density would 

imply but the decrease was sl ight. Air capacity was affected to a 

greater degree. The depressing effect of drying on air capacity in 

the fibric peat was accentuated by subsequent incubation. Although 

drying increased air capacity of mesic and fen peat (Table 6), sub­

sequent incubation reduced it again. Generally drying appeared to 

have a greater effect on air capacity than did incubation in the 

mesic and fen peats, but the reverse was true for the fibric peat. 



Table 10. Effect of 61 -days incubation at 25°C with three freeze:'thaw cycles,addition of 
nutrients, glucose and lime on physical properties of peat moistened after air­
or freeze-drying. a 

Peat Treatment Bulk Pore Air Void Fiber Content Permeab iIi ty Type Density . Vol ume Capac i ty Ratio Unrubbed Rubbed 

Fibric Normal +17.3% -0.6% -22.2% -4.2 0 0 +777% 

Freeze-dried +8.9 -0.3 - 11. 1 -2.0 -5.2% -12.5% +728 

Ai r-dr ied +41.0 -1.7 -24.4 -7.2 -10.5 -6.3 +176 

Mesic Normal +17.4 -1.1 -1.9 -2.8 -6.3 -9.1 +417 

Freeze-dr i ed +8.9 -0 . 4 +5 . 8 -1.4 -2.6 -10 . 0 +678 

Ai r-dri ed +4.4 -0.2 -13.2 -0 . 6 -13.3 -18.2 +434 

Fen Normal +21.8 -1.7 -17.4 -2.5 0 0 +154 

Freeze-dri ed ND ND ND ND 0 0 +372 

Air-dried +6.0 -0.4 -22.0 -10.7 0 0 +459 

a All va 1 ues repOrted % .c-haoge over .corresponding original va lue from Tab 1 e 6. as 

ND = no data 

.j::-

U1 
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It would therefore appear that, from the standpoint of air capacity, 

drying :)11esic and humified peat would be desirable. Not only does 

the ini,tial increase in air capacity offset the depressing effect 
; 

of subsequent microbial decomposition but drying also tends to 

reduce ,the loss of air capacity. 

The effect of microbial activity on both rubbed and 

unrubbed fiber content was greater than the initial effect of drying. 

Drying tended to hasten the rate of loss of fi ber:, especial 1 y rubbed 

fiber. 'After incubation dried peats (fibric and mesic) always had 

lower fiber contents than the corresponding norma 'l peat s,amples. 

As with drying, the most dramatic and important physica,1 

alteration caused by microbial activity was in hydraulic conducti'tity. 

The adverse effect on hydraulic conductivity was completely overcome 

by incupation in all three peats. The net result was that, after 

incLJbation, the permeabil ity of the normal fen peat was greater than 
': ' 

in the hormal fibric peat prior to incubation. It would appear that 

the undesirable permeabil ity levels of fen peats may be overcome by 

incubatjonwith nutrients and with plants growing on it. , This type 

of peat may in fact improve over time in the field with proper 
\ 

management until it is capable of providing physical amel,ioration 
, 

rivallihg that of fibric or mesic moss peat. This improvement in 

permeabjlity is contrary to what might be expected when ~omparing 

results i of examination of unaltered peats of various stages of decom­

posiiio~.However, microbial activity within these peats, when 

exposed ' tofreeze-thaw cycles, nutrients, and extra energy, can 

increase permeabil ity. The absence of pure peat in the Mildred Lake 

storage ' piles must always be kept in mind. Further work to outl ine 

the causes of beneficial effects lof the treatments imposed is needed. 

5.2.5 Priming Effect of Added Carbon 

Added organic C and, on occasion, mineral N have been 

shown to accelerate the rate of decomposition of native soil organic 

C and N ~ in mineral soils. This has also been reported to happen in 

cultivated peatlands. If this happens as a result of addition of 

dead plant residues to sites where peat has been used for reclamation 
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and revegetation has started, peat loss could exceed organic matter 

addition. The amount of C released due to priming may also serve as 

a practical measure of degree of humification of peat-C after using 

it as a surface amendment in the field or when included with mineral 

admixtures in storage piles. 

In this incubation experiment, labelled C was added to the 

control peats to separate the peat-C evolved from the added glucose-C. 

The results obtained indicated a sharp increase in rate of evolution 

of peat-C as a result of glucose addition (Figure 11). Thus, not 

only did the added glucose increase microbial activity as a result 

of its direct consumption, it also increased the rate of consumption 

of peat-C to about twice the rate prior to adding glucose. Glucose-C 

was consumed 277 times faster than C from mesic peat and 233 times 

faster than C from fibric peat. The C in the fen peat is more resis­

tant to microbial attack. In this peat, glucose-C was 391 times more 

readily attacked than the native peat carbon. Thus, in the peat with 

the highest fiber content and hence the lowest degree of decomposition, 

the native C was more easily degraded than in the peat that had a 

higher proportion of humified carbon. This is consistent with data 

presented by Stout (1971). He reported that the oxidation rate of 

peat decl ined with increasing age of the carbon. 

The use of this response to priming technique may be valu­

able for assessing the changes occurring in peat appl ied to the soil 

surface in the field. It should help to determine whether the C is 

becoming more or less resistant to attack and hence if there is an 

accumulation of relatively undecomposed organic matter. Use of this 

approach to studying susceptibil ity to microbial attack of organic 

matter in Chernozemic soils has ~een reported by Dormaar (1975). 

Measurements of relative degrees of decomposition and to some extent 

actual decay rate estimates of the peat-C and dead plant-C in mixtures 

of peat and overburden or peat and sand could be facilitated using 

this technique. Measurement of the physical properties of peat and 

its degree of decomposition in mixtures with mineral material are 

very difficult by non-tracer techniques. Methods currently available 
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Figure 11. Effect of added glucose on the rate of carbon loss defined 
as 

1 k =_. 
dt 

Where Co = original C content/g dry peat 
C = carbon lost from peat as CO2" 

Carbon lost from the g!lucose which was label led, was pre ­
viously subt racted . The n rep resents t he rate of peat -C 
loss from the control samples during the week immediately 
prior to adding the glucose . G represents the rate of peat-C 
loss from the same control samples during one week after 
glucose addition . Incubation temperature was 25 ± O.SQC• 
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are restricted to pure peat. Pure peat does not exist at a restora­

tion site and inclusion of mineral material in storage piles is hard 

to avoid. 
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6. STORED PEAT MATERIALS 

Sections 4 and 5 dealt with properties of undisturped 

peat and with effects of simulating some of the conditions under 

which peat could be stored. In this section, field and laboratory 

studies of stored peat are reported. Temperature and moisture con­

ditions in peat storage piles were compared with undisturbed peat to 

determine if changes such as heating within piles occurred. Cellu­

lolytic activities and soil respiration studies provided information 

concerning microbial activity in surface and subsurface layers under 

natural conditions. 

laboratory studies consisted of d~termining physical and 

chemical properties, enzymatic activities and respiration rates of 

stored peat at Mildred lake for comparison with peat piles at the 

Evansburg site. Studies were conducted on the Mildred lake and 

Ev~nsburg peat storage piles which are described in Section 3. 

6.1 FI ElD STUDY 

6. 1 • 1 Temperature and Moisture R~gimes in Peat Storage Piles 
I 

6.1.1.1 Method. Soil temperature and mositure fiberglass electrical 

cells were imbedded in the peat storage piles at both Evansburg and 

Mildred lake. Since installation, periodic measurements of tempera­

ture and moisture levels have been recorded with a portable soil­

moisture temperature meter. 

At Evansburg, four sets of cells were installed. On the 

peat pile, sets were located vertically on the crown position, on the 

north- arid south-facing slopes. In addition, a set of cells was 

installed in an undisturbed tree-covered location adjacent to the 

pile. The placement depths of the cells were 50 cm, 100 cm, and 

200 cm. A reading was also recorded by hand thermometer at 7 cm 

and 20 cm. 

At the Mildred lake site, the cells were located at four 

different locations in the stored material area. Measurements were 
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recorded for depths of 7 cm, 20 cm, 50 cm, 100 cm, and 140 cm. As 

at Evansburg, a set was also installed in an undisturbed, tree­

covered, organic soil area. 

6. I • I .2 Results. Figure 12 shows the temperature fluctuations 

that occurred on the north-facing slope of the Evansburg peat pi Ie 

for the period October 1976 to November 1978. Figure 13 shows 

similar information for one of the locations at the Mildred Lake 

site for the period October 1976 to December 1977. 

The development of soil microorganisms is influenced by 

temperature ~nd moisture. Some microorganisms can survive under low 

temperature and high moisture content. Flanagan and Scarborough (1974) 

have pointed out that cellulolytic fungi can survive in a wide range 

of temperatllres down to -7°C; some have an optimum cellulaseactivi~y 

at 6° to SoC. At these temperatures, however, most of the other enzy~e 

systems do not function well; therefore, in those portions of the peat 

piles with relatIvely low temperatures, the cellulolytic org~nisms maY 

be the most active decomposers. Christensen and Cook (1970) found 

nea rl y 107 aerobic bacter ia per gram dry peat in some Alberta organic 

so i Is. In deeper layers of Mes i so Is and Humisols, up to 107 psychro-

ph i I es, 1.2 x 107 mesoph i 1 es, and 7.5 x 104 thermophiles were found. · 

There are optimum temperature and moisture lev~ls for micro­

bial activity. KDnonova (1961) suggested that the most active role 

in the transformation of organic substances belongs to mesophil ic 

microorganisms which develop at about 20° to 30°C. Flanagan an~ 

Veum (1974) suggest that the optimum moisture range for development 

of microorganisms is 120 to 400% and the optimum temperature approxi­

mately 23° to 2SoC. They have also pointed out that moisture levels 

in excess of 300% depress microorganism respiration rates. However, 

the moisture regime which begins to attenuate the respiration rate 

differs for varying temperatures. At lower temperatures (0° to 5°C), 

high moisture levels do not exert a depressing effect. 

The intensities of microbiological activity given In this 

report are based on the scale suggested by Kononova (1961) and shown 

in Table 11. 
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Table 11. Effect of temperature and moisture on the possible intensity of microbiological 
activity. 

(Oc) 
Moisture (%) Possible intensity of 

Temperature based on dry wt. based on wet wt. mic robi 0 log ica 1 activity 

>30 >400 >80 Weak 

30 to 20 400 to 150 80 to 60 Very intensive 

20 to 10 150 to 67 60 to 40 Fa irly intensive 

10 to 5 67 to 25 40 to 20 \-Ieak 

<5 <25 <20 Very weak 

V1 
.j:-
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At Evansburg, the nec;lr surface 7 cm layer was above 10°C 

for about 97 days in 1977 and 106 days in 1978; at the 20 cm depth 

the data indicate 51 and 71 days; at 50 cm, 41 and 44 days; but at 

100 cm and 200 cm the temperature did not reach 10°C at any time. 

indicate 

days; at 

rema i ned 

At the Mildred Lake storage site, the data for 1977 

that the surface 7 cm layer was above 10°C for about 101 

20 cm about 71 days; at 50 em and lower the temperature 
° . below 10 C for the entire period. 

In general, the data for the two sites are somewhat similar 

and indicate that optimum temperature conditions for microbial 

activity is restricted in terms of depth to the near-surface layers 

and does not extend much below 20 to 50 cm. Similar results were 

found by Christensen and Cook (1970). 

The temperature regime in an undisturbed site at Evahsburg 

is shown in Figure 14. The optimum temperature for microbial actLv- , 

ity was of shorter duration in the undisturbed site than on the peat 

pile. This is probably due in part to the shading effect produced 

by the relatively dense stand of black spruce that covers the site. 

The above lOoC periods for the various depths were as follows: 7 cm, 

68 days in 1977 and 70 days in 1978; 20 cm, 33 days in 1977 and 22 

days in 1978; 50 cm, 61 days in 1977 and 0 days in 1978. At the 

100 cm and 200 cm depths, the temperature did not reach the optimum 

for microbial activity at any time of the year. 

It is interesting to note that, in the undisturbed site 

at Evansburg, the surface 7 cm layer was frozen from early November 

until lat~ _ February in 1977 and from late October until mid-April in 

1978. At the same time, the data indicate that th& peat in the 

undisturbed site during the two years of observation did not generally 

freeze below the 50 cm level. 

Data for the undisturbed Mildred Lake site are shown in 

Figure 15. The annual temperature trend reGorded at this site for 

1977 is · similar to that at Evansburg. Optimum temperature for micro­

bial activity occurred during the summer months near the surface but 

at depths of 50 cm and greater the temperature was below the suggested 
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looe optimum level. As at Evansburg, the depth of winter freeze 

appears to extend to about 50 cm from the surface but below this 

depth the p~at remains unfrozen. 

In August 1978, a set of fibreglass cel Is was imbedded 

in a 9-year old peat pile near the research site at Evansburg. The 

purpose of this work was to determine whether or not the temperature 

regime in a stored pe~t pile will charge significantly with time. 

The cells were located at five depths: 20 cm, 50 cm, 100 cm, 200 cm, 

and 300 cm. The surface temperature at 7 cm was recorded with a 

hand thermometer. A comparison of the data at the two sites, that 

is the 9-year old peat pile with that of the pile constructed in 

1976, indicated that the temperature of the peat at comparable depths 

is similar for the two sites. For example, at the 20cm depth in 

August the temperature at both si tes was 15°C and at 200 cm the 

temperature was 5°e at the old peat pi Ie and 20e at .the site estab­

lished in 1976. For the short period of August to November 1978, 

the , shape and slope of the temperature curves for both sites are 

similar. These data would suggest that the temperature in the sur­

face and subsurface of the piles does .notJncrease significantly 

'With time as a result of microbial activity. It should be pointed 

out, however, that the data recorded at the 9-year old peat pi Ie 

are for a comparc;lfivelyshort period of only four months. 

In general, for the reporting period, it would appear that 

the temperatures ~t the ,7 cm and 20 cm depth at . ~vansburg and Mildred 

Lake are suitable for fai rly intensive microbia,l activity during the 

summer months but at depths of 50 cm or greater the te~perature of 

100e above which fairly intensive activity occurs, as suggested by 

Kononova (1961), does not occur or it is of extremely short duration. 

Moi sture measurements in the stored peat were recorded at 

times when the temperature was above freezing. Therefore, the results 

reported herein for surface layers are only for the period June to 

November. 

D~ta for the Evansburg site are shown in Figure 16 and 

for the Mildred Lake site in Figure 17. Using the criteria outl ined 

by Kononova (1961), it would appear that the optimum moisture levels 
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at the 50 cm depth at Evansburg occur during the spring and fall. 

During the summer periods of 1977 and 1978, the moisture content 

was somewhat above the optimum of 120 to 400%. Moisture contents 

during summer 1976 were only slightly above optimum. In general, 

at the 100 cm and 200 cm depths the moisture content is above 400% 
for most of the year suggesting that optimum moisture conditions 

for microbial activity do not occur at these particular depths in 

the Evansburg storage pile. 

At the Mildred Lake storage site, the optimum moisture 

content for microbial activity appears to extend from mid-June until 

late November at the 50 cm depth, but, at the 20 cm depth, the 

moisture content is somewhat above the optimum from August to October 

and at the 100 cm depth from mid-June until mid-:"August. 

The obvious high moisture level at the 200 cm depth at the 

Evansburg site in both 1977 and 1978 is attributed to the upward 

movement of surface water from the surrounding area. It does not 

appear, however, to have reached the 100 c~ depth at this site. 

Direct comparison of conditions at Evansburg and Mildred 

Lake may not be mean i ngfu 1. At Evansburg the stored ma teri ali s 

essenti.ally "pure" peat whereas at Mi ldred Lake the material is a 

heterogeneous mixture of peat and mineral material. The organic 

carbon content of the material at Mi ldred Lake ranges from 2% to 

37% whereas at Evansburg the more homogeneous materi 91 has an organic 

C content close to 44% throughout the pile. 

The amount of mineral material no doubt drastically affects 

the microbiological activity. Flanagan and Veum (1974) reported that 

the respiration rate of microorganisms in a bog with 39% organic 

carbon content was not 1 imited urltil a moisture content of 500% was 
o reached at a temperature of 19.5 C. At the same temperature and 

moisture, the respiration rate was reduced by 70% in an upland tundra 

soil where the organic matter content was 7.6%. This suggests that, 

in peat soils, with relatively high organic matter content, the micro­

organisms are able to tolerate a much higher moisture content than in 

mineral soils. The pure peat piles at the Evansburg site, therefore, 
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may be expected to have relatively high respiration rates in compar­

ison to the mixed peat and mineral materials in the Mildred Lake 

piles. At the 50 cm depths wh~re moisture conditions were optimum 

overmuch of the summer period in both Evansburg and Mildred Lake 

storage pileS, th~ opposite situation otcurred. Due to possible 

overriding factors such as vegetative cover and fertilization on the 

Mildred Lake pile, it is not possible to determine whether the above 

observations apply to stored peats. 

6. I .2 eel lulolytic Activity in Stored Peat Material 

The peat piles at Mildred Lake and Evansburg differ in 

storage conditions arid material properties such as proportion of 

mineral constituents, appticatio~ of fertrliz~~s, preSence of vege­

tative covet, and drainage characteristics. Decomposition rates of 

the organic material could also differ. Filter paper discs werre 

embedded in the s'torage piles in order to 'obtain some estimate of 

cellUlose loss and to ' relate"degree of decomposition to these factors. 

6.1.2.1 M~teri~1 and methods. At the Mildred Lake site, filter 

paper was buried in the stored "material and inan undisturbed site 

at'depths of 20cm and 50 em from the surface. At Evansburg, the 

filter 'paper was buried ina 9-year old storage pile and in a 2-year 

old storage pi le oriboth south- and north-facing exposures. In the 

older pile, the filter paper discs were placed at anumb~r of depths 

from the surface to 525 cm (below the base of the pi I e) and in the 

younger pile from 25 to 300 cm from the surface. 

The filter paper was left for one year at each site and ' 

'then removed to determine the deQlree of decomposition by loss in 

we i ght. 

6.1.2.2 ; Results. In the Mildred Lake storage pile, the decom-

position was 'greater near fhesurfaee than at depth. At the 20 cm 

depth, the weight loss was 46%' as compared to 34% at the 50 cm depth. 

The g~eater degree of decomposition near the surface is attributed 

to aerobic conditions, higher temperatures, and to the application of 
iI 
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fert :i:llzerwhichw.c1>wld "s'timwla'te m]crob"lel.ogicalactivity. By 

compari 'son, there was T ittle evidence ,.of fi 1 ter paper decempesitien 

in the ,undi s turbeas4 l 'e .. A few :brown spe ts deve 1 ep.eden the filter 

paper, prO'bably as a result .of fungaJ activity, but the weight less 

.djdnet exceed 4%. The micrebieleglcal activhyat this site was 

notint'ensive, ,pre:bablybecause .of lew mineral nutrient centent and 

:anaero'bic "c.ondit:iens restl 'lting fr.om a high water table. 

At the Evansburg si tes, the resul tsare extremel y variabl e. 

\1 twolJ'ld appea'r that there was 1 i ttle difference between the decem-. 
pos:itlen rates en the ne'rth-and seuth-facing expesures .of either .of 

the peat sterage piles. Hewever, there was a ~eticeable difference 

in ,thed.egr:ee.of decompesitien .of the filter paper between the twe 

ster·a g.e pi 1 es • 

In the elder pi -Ie, the paper was 99% decemposed i·n the 

uppeT 2-00 em but, .be 'lew this .depth,there was relatively 1 ittle 

decempositlen. At the 450 em depth, for example, the less in weight 

was 'en',l y 3% en the seu th .exposureand 2% en the ne rth. 

'By cempar isen ,the maximum degree .of decompes it ien in the 

n.ew pile was 30% at the 125 cm depth. Belew and abeve this depth, 

'the we i ght les s"' .of the fil ter paper r·anged frem abeut 9% at 25 cm 

te 13% at .225cm te between 0 and 7% at the 300 cm depth. 

It weuld appear that the relatively lew cellulese decem­

positIon rates at the lewer levels of beth piles may be attributed 

te the upward mevement of meisture frem the water table. It is shewn 

in Figure 16 that during the summer menths the meisture centent at 

the 200cm depth in the yeunger peat pile is near 900%. This is 

semewhat higher than the .optimum moisture centent fer micrebielegical 

activity. At the same time the temperature in the lewer level .of 

the pile (200 cm) did net rise abeve 5°C which is belew the .optimum 

fer micrebielegical actlvity. 

In regard te the high rate .of decempesitien feund in the 

upper 200 cm .of the el~er peat pile, it is suggested that this is a 

result .of .optimum temperature and moisture cenditiens fer micrebial 

activity. At the same time, it has been neted that the peat material 
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originally used for construction of this pile was fairly well decom­

posed and probably fairly active microbiologically from the time of 

its placement. Perhaps the nutrient release from the decomposition 

of this mesic peat is sufficient to stimulate microbiological activity 

particularly where temperature and moisture conditions are optimum. 

These results suggest that, if storage piles are establ ished 

in low-lying areas with free water or high water tables, decomposition 

of peat will be slower than if piles are established on well-drained 

land. Both temperature and moisture conditions would be unsuitable 

for microbial activity under the wetter conditions. 

6.1.3 Soil Respiration Study of Stored and Undisturbed Peat 

6.1.3.1 Materials and methods. Soil respiration rate was deter-

mined by estimating the CO 2 evolution under field conditions. Measure­

ments were made on samples from a near-surface layer (10 to 20 cm) 

and from a subsurface layer at 40 cm. The method used is essentially 

the same as described in Section 9.1. However, instead of using a 

constant temperature incubator, CO 2 was collected over a 24-hour 

period in the field when the temperature ranged from 7° to 12°C. 

6.1.3.2 Results. At the Mildred Lake storage site, the mean respi- ' 

ration rate near the surface was lower than in the subsurface layers 

(Table 12). Rates in the surface layers of the Evansburg peat piles 

were relatively low (Table 13). At the undisturbed sites, the respi­

ration rates varied with the type of peat. Evolution of CO2 from 

fibric peat at Mildred Lake was relatively high in the surface layer 

as compared to the subsurface la ~er. 
I 

In mesic peat at Mildred Lake and at Evansburg, respiration 

rates were higher in the subsurface than in the surface layers. 

Because respiration rate is affected by a number of environ­

mental factors which may have differed among sites and between layers, 

results may not be comparable. Some of these factors are: temper­

ature, water content of the peat, addition of nutrient fertil izers, 



Table 12. Respiration rates in Mildred Lake peat storage piles and undisturbed peat sites. 

Respiration ' rate 
based on 

CO 2 mglg C/day 

Stored Site No •. 1 
Surface Subsurface 

1.04 2.06 

±0.13 ±0.36 

Stored Site No.2 
Surface Subsurface 

2.04 ' 2.40 

±0.33 ±0.39 

Undisturbed Peat Site 
Fibric Moss Mesic Moss 

. Surface Subsurface Surface Subsurface 

2.47 1. 31 0.88 1.22 

±0.24 ±O. 10 ±O.ll ±0.18 

Results are means ± standard error of 25 measurements in stored material, and 12 in undisturbed material. 

TabJe13. Respiration rates in Evansburg peat storage piles and undisturbed peat sites. 

Respiration rate 
based on 

COi mg/ 9 C/ day 

Undisturbed Peat Site 
Surface Subsurface 

0.59 ±0.15 1.72 ±0.16 

Peat Pi 1 e 
Site No. 

0.53 ±0.04 

Site No.2' 

0.32 ±0.03 

Resul ts are means ± standard error of 25 measurements in stored material and 12 in undisturbed material. 
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plqnt root density in different layers, plant cover density which 

determin~s the amount of solar energy reaching the ground surface, 

proportion of inorganic material in stored peats, and physical condi­

tion of peat as affected by freezing, thawing, and desiccation in 

surface 1 ayers. 

A drawback of the method of CO 2 measurement concerns the 

removi31 of a sample fr.om a subsurface layer in which th~ environment 

is relatively anaerobic. When th~ sample is expos~d to air, the 

increased oxygen suppl'y could result in a rapid increase in microbial 

activity. The data should be interpreted, therefore, in terms of 

indicatin9 the general level of respiration at these sites. These 

rates are high ,in comparis·on to rates measured for peat samples in 

the lpboratory under optimum conditions (Section 5.2.3), and for data 

reported in the 1 iter~ture for CO 2 evolution from relatively pure 

peats (Table 8). 

The rate of decomposition of stored and undisturbed peat 

material was es.timated from the loss of carbon as CO 2, The calcu­

lation was based on the timeperiod~ for which th~ temperature was 

optimum for microbiological' activity. Althoughma?<imum activity 
o occurs above , IO C, according to Kbnonova (1961), it is assl,IlTIed that 

decomposition does take place at lower temperatures and an estimate 

of decompos it ion 

been calculated. 

'. 0 for the time when temperature V'las above 5 C has a 1 S.o 

The annual loss of carbon was calculated by multi-
o 0 plying the number of days the temperature was above 10 C or 5 C 

(Figures 12 to 15) by the respiration rate as determin~d in the field 

(Tables 12 and 13). An example is: 

2.0 mg CO/g C/day x 101 days 12 
x 4li" x 100 = 5.p% 

1000 mg/g 

The estimate'd loss of ca rbon annua lly is summarized in 

Table 14. The stored material at the Mildred Lake site had the highest 

decomposition rate of all the sites examined. At Mildred Lake the 

decomposition was noticeably higher at the surface than in the sub­

surface. Also it is apparent that the decomposition is considerably 

higher in the stored material than in an adjacent undisturbed site. 
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Table 14. An estimate of carbon loss in stored peat material at 
the Mildred Lake and EvansQurg sites. 

% Carbon Lost Annually 
Site and Depth Stored R i 1 e Undisturbed Site 

T>lOoC T>5OC T>lOoC T>5OC 

Mildred Lake 

7 em 5.6 9. 1 2.6 4.3 

20 em 4.0 9. l 0 3.3 

50 em 0 2.6 0 0 

Evansburg 

7 em 1.4 1 .8 1 • 1 1.8 

20 em 0.7 1.5 0.5 1.7 

50 em NO NO 2.9 4.3 
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This is attributed to the inclusion of mineral material and the 

appl ication of nitroge'n fertil izer to the stored material. Fertil­

izerwould have the effect of 5timulating microbial activity partic­

ularlY ,atthe surface where it 'is appl ied. Also the mineral material 

. (sand, silt, and ' ~lay) that comprises a substantial part of the stored 

material at Mildred Lake may also affect the ra.te of decomposition 

since it raised the pH and provided a supply of nutrient minerals 

such as calcium and potassium. 

At Evansburg, where no fertil izer was appl ied and where no 

mineral material was incorporated, the decomposition rate is much 

lower than at Mildred Lake. However, it is noted that the rate of 

decomposition is highest near the surface and decreases with ' depth. 

This apparently isin contradiction to the relatively hom6geneous 

distribution of bacteria in these peat pi les ' (Section 9.3) and no 

reason for this has been determined. 

On~ ,E;!xceptionpccurred in the undisturbed Evansburg site 

where an abnormally high respiration rate was cplculated at the 

.50 cm depth. This result is perhaps in error since the temperatures 

recorded from July to September of 1977 are considered to be 

ques ti onab 1 e. 

It would appear from the data that pure stored peat will 

decompose at a relatively slow rate as compared to mixed organic­

mineral material to which nitrogeneous fertil izers have been added. 

It is interesting to note that, at both Mildred Lake and Evansburg, 

the rate of decomposition was higher in the disturbed material 

(stored) than in the adjacent undisturbed sites. 

The long-term effect of decomposition on the properties 

of peat as a reclamation amendment remains speculative. Decomposi­

tion will not be beneficial in that a decrease in fiber content and 

degradation of some physical properties such as pore volume, air 

capacity, and hydraulic conductivity would result. Logan (1978), 

however, found that mesic peat was preferable to fibric peat in 

increasing available water storage of tailings sand. As seen in 

Section 5.2.4, microbial activity in peat receiving nutrients and 



an added energy source (such as occurs in the rhizosphere) improved 

permeabil ity. Although highly decomposed pure peat has a lower 

permeabil ity than less decomposed pure peat, the same mqy not hold 

true for mixtures of peat and mineral materials such as those occur­

ring in storage systems or in reclamation programs in the oil sands 

area. Indeed, it has frequently been demonstrated that plant resi­

dues must decompose in order to have a beneficial effect on structure 

of mineral soils (McGill and Hoyt 1977). Decomposition would be 

beneficial, furthermore, in terms of release of plant nutrients which 

may in the long run reduce the need for fertll izer additions. 

6.2 LABORATORY STUDIES 

At Mildred Lake the peat storage area consists of ,a ,hetero­

geneous mixture of fibric and mesic moss peat, fen peat, and varying 

amounts of inorganic material (sand, s'ilt, and clay). Samples were 

collected to characterize the stored materials and an experiment 

was designed to compare cellulolytic activities and respiration 

rates in the different types of organo-mineral material from the 

storage piles. Physical properties were compared with those of 

samples collected at Evansburg from peat storage piles of different 

ages. 

6.2. I Physical and Chemical Properties of Stored Materials at 
Mildred Lake 

6.2. J. I Materials and methods. In the s4mmer of 1976, 40 samples 

were taken randomly at the surface (10 cm) and subsurface (40 cm) 

across the storage area at Mildre,d Lake. Ninety-six more samples 

were taken during summer, 1977,. These samples were passed through 

a 5 mm sieve in fresh condition. Half of each sample was air-dried 

and ground to pass a 2 mm sieve for chemical and physical analyses 

(Section 9.1) and particle size determinations (McKeague 1978). 

Differentiation between surface and subsurface samples was not made 

for the various analyses except as indicated in the results section. 
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6.2.1.2 Results. The samples obtained from the Mildred Lake 

storage area were extremely variable in terms of organic matter and 

mineral content. Based on particle si~e distribution and organic 

matter content, the samples were placed in one of four groups for 

comparison purposes. The criteria used for establ ishing the groups 

are shown in Table 15. 

Based on criteria from Table 14, 18 samples were placed 

' in group 1,44 in group II.,. 18 in group III, and 56 in group IV. 

The proportions of organic and mineral components in the four groups 

are given in Table 16. 

Analysis of the 40 samples collected in 1977 showed that 

the group I (peat pr.edominant) material was highest in C, N, CEC, 

exchangeable ,Ca++ and Mg++, .and .bitumen (Table 17). The materials 

in group IV (peat-sand mixture) were next highest in these proper­

ties. The 15 to J6% carbon associated with the mineral material, 

which was predominantly :fine, sand, was about half the level of 

group I. The.,C and N .contentsofthe 96 samples collected in 1977 

are presented in Seot,ion9.A. 

Group 1. 11 (sand-clay mixture} and group II (sand predomi­

nant) materials were very low in carbon content, not exceeding 4.5%. 

Exchangeable Na+ and K+, and extractable P were highest in group I I I. 

Group .11 and ' 111 materials were also highest in pH. However, even 

the pH of the peat predominant group I material was somewhat higher 

than that of undisturbed fibric and mesic peat (Table 3, Section 4.2.3). 

The wide diffe~ences in organic-mineral proportions and in 

chemical properties demonstrate the extremely heterogeneous ' nature of 

the stored materials at Mildred Lake. Visual examination of the 

storage piles showed that mineral materials included a wide range of 

particle sizes larger than sand (2 mm) and that some of the particles 

w~re of limestone' origin. The relatively high pH l~vels and the 

excess of exchangeable cations over that of total CEC is 1 ikely a 

result of the pres~nc~ of carbonate minerals. This admixture of 

mat'erials thus has somewhat different chemical properties from undis­

turbed peat and likely has different physical and biological proper­

tie s as well. 
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Table 15. Classification of stored material , at Mi ldred Lake 

Group Materi al 

Peat Predominant 

II Sand Predom inan t 

III Sand-clay mixture 

IV Peat-sand mixture 

j , 

i \ 

Dese ri pt ion 

Organ i c rna tter >40% 

Organic matter <15% 

Sand and ~ilt >75% 

Organic matter <13% 

Sand and Silt >30% 

Clay >20% 

Organic matter >17% 

Mineral material <83% 



----------------------.............. .... 
Table 16. ' Organic 'a'nd mineral components of the four designated 

categories of stored material. 

Stored Organic Ma tter(%) Mineral Ma ter i a 1 (%) 
Mater i a 1 Sand S i 1 t Clay 

Group 50.2 ± 1.8 17.9 ± 3.3 23.2 ± 2.6 8.7 ± 

Group II 9.2 ± 0.6 60.9 ± 1.7 19.7 ± 1.2 10.1 ± 

Group III 10.4 ± 1.7 29.1 ± 4.9 30.2 ± 2.3 31.4 ± 

Group IV 28.,2 ± 1.8 38.0 ± 2.2 26.0 ± 1.4 11.0 ± 

Resu 1 ts a re mean s ± standard error of the means for 18 samp1 es 
group I , 44 in group I I ,1 8' Ii n group I I I , and 56 in group IV. 

1.5 

0.6 

3.9 

0.6 

in 
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Table 17. Chemical properties of the four categories of stored 
materials collected in 1976. 

Property 

pH (H20) 

Exch. Cat ionsa 
(meq/100g) 

Na 

K 

Ca 

Mg 
CEC 

(meq/100g) 

Base Sat. (%) 

C (%) 

N (%) 

C/N 

P205 (ppm) 

Bitumen (%) 

Ash (%) 

Group I 

6.2 ± 0.3 

2.4 ± 0.9 

0.4±0.1 

95 ± 17 

22.0 ± 2.7 

121 ± 12 

98 ± 5 

31.8 ± 1.8 

2.3 ± 0.3 

15.8 ± 2.8 

13.0 ± 2.1 

1.6 ±0.3 

30 ± 3 

Stored Peat Material 
Group II Group I II 

6.7 ± 0.2 

0.4 ± 0.1 

0.1 ± 0.0 

28 ± 5 

4.4 ± 0.5 

23 ± 5 

100 

4.5 ± 0.7 

0.5 ± 0.1 

12.5 ± 1.6 

9.3 ± 1.0 

0.7 ± 0.2 

89 ± 2 

. 7.1 ± 0.1 

3.0 ± 0.9 

0.8 ± 0.2 

27 ± 3 

12.4 ± 2.3 

39 ± ,4 

100 

4.5 ± 1.0 

0.4±0.1 

11 .3 ±l. 0 

29.3 ± 8.4 

0.3 ± 0.0 

87 ± 1 

Group IV 

6.4 ± 0.2 

0.9 ± 0.4 

0.1 ± 0.0 

76 ± 10 

12.0±1.3 

76 ± 6 

100 

15.5±1.0 

1.3±0.1 

13.8 ± 1.4 

7.7 ± 0.5 

0.8 ± 0.1 

67 ± 2 

Results are means ± standard error of means for 7 samples in group I, 
13 samples in group I I, 6 samples in group II I, and 14 samples in 
group IV. 

a Exchangeable cations - NH4 Acetate extractable. 
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The CEC of the stored materials was strongly related to 

the C content. About 78% of the variabil ity in CEC can be accounted 

for py the C content of stored material (Figure 18). Clay content 

would be expected to affect the CEC, but this apparently is not the 

case with these materials. The multiple regression of CEC on clay 

and C was calculated as CEC (meq/l00 g) = 10.05 + 3.55 (%C) + 0.277) 

(% clay). The standard error of the estimate is 19.2 meq/l00 9 which 

is only slightly lower than that obtained using %C alone. The clay 

content ranged from 2 to 47%. The correlation of CEC with % clay 

was not significant at 95% level. 

Physical prope~ties of samples collected in 1977 from the 

Mildred Lake storage piles were compared after calculating means, 

standard error, and F ratios (Table 18). 

The peat predominant group (group I) is most similar to 

pure peat (Section 4.2.1) but is somewhat higher in ash content, 

specific gravity, and bulk densi!ty. Groups II, III, and IV are 

predominantly mineral as reflected by ash content. 

Pore volume is an important physical property affecting 

the hydrologic characteristics of organic soils and stored peat. 

Puustjarvi (1968) noted that pore size distribution was more signif­

icant than pore volume in determining the amount of water retained 

by non~saturated peat. Excess water is easily drained through the 

larger pores in peat. Air replaces the water in large pores, thus 

providing oxygen required by plant roots. Small, continuous pores 

are important in conducting and storing water, thus ensuring the 

availabil ity of water for plants. 

The physical properties of mineral soils can be improved 

considerably by mixing with peat (Van Dijk et a1. 1968); in a clay 

59il, pore volume increased by 1.8%, the water volume 0.5%, and air 

content 1.3 volume % for every 1% increase in organic matter content. 

The proportions of mineral constituents in the peat storage piles are 

therefore important in determining the suitabil ity of this material 

for improving soil physical conditions in reclamation situations. 

The pore volume of the stored materials at Mildred Lake 

was larger in groups I and IV, which contain relatively high amounts 
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Table 18. A comparison of physical properties of four <:iesignated categories .ofstored peat material from 
Mildred Lake. 

Stored Peat 
Ma ter i a I 

Group 

Group II 

Group III 

Group IV 

F ratio 

Specific 
Gravi ty , 
(g/cc) 

1.83 ± 9. 06 
a 

2.45 ± 0.02 
b 

2.29 ± 0.09 
be 

2.19 ± 0.03 
c 

39.30* 

Bulk 
, Den s i ty 

(g/cc) 

0.24 ± 0:02 
a 

0.77 ± 0.06 
b 

0.67 ± 0.11 
bc 

0.52 ± 0.03 
c 

11.81", 

Pore 
Volume 

(%) 

86.6± 0.1 
a 

6R.6 ± 2. I 
b 

71.4 ±3d 
bc 

76.5 ± 1.1 
c 

10.11'" 

Water 
Capac i ty 

(%) 

76.8 ± 2.' 3 
a 

61.6 ± 1.7 
b 

63.3 ± 3.7 
bc 

B9.8 ± 1.2 
ac 

Air 
Capacity 

(%) 

9.8 ± 1.9 
a 

7.0 ± 0.8 
a 

8. 1 ± 1.8 
a 

6.7 ± 0.9 
a 

'. 0.52ns 

Void 
Rat io 

6.7 ± 0.6 
a 

2.7 ± 0.7 
b 

3. I ± 0.6 
b 

3.5 ± 0.2 
b 

Ash 
(%) 

42.7 ± 3.3 
a 

86.2 ± 0.9 
b 

77.2 ± 4.5 
b 

68.2 ± 1.8 
c 

Results are ·means ± standard errors of 8,27, 8 and 36 samples for groups I, I I, I I I, and IV respectively. 
Means in the same column followed by the same letter are not significantly different at the 95% level. 

ns = not signi ficant at 95% level. 

* = p <0.001. 

'-I 
0" 
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of organic matter, than in the mineral groups I I and II I. The 

pore volume was highly correlated with watercapadty (Section 

6.2.5). This would reflect a large proportion of relativety small 

po~es in the peat. Therefore, the water retention in groups t and 

IV is much higher than in groups II and I I I and is more 1avoutable 

in terms of improving water storage capacity in relcamation situations 

because of their higher organic matt~r contents. 

Bulk density can be used as a measure of the mineral and 

orga~ic content in test s~mples and also for predicting their phys­

ical and chemical properties. For instance, Flint and Gersper (1974) 

indicated that the bulk density is closely relaled to thermal and 

hyqraulic conductivities and to nutrient concentrations of organic 

soils. In this investigation bUlk density was negatively signifi­

cantly correlated with pore volume, water capacity, and nitrogen 

contents of the stored mater-ials (Section 6.2.6). Higher bulk densi­

ties in groups II and III of thestoted materials therefore indicate 

lower values for these properties in comparison -to the peat predomi­

nant groups land ' IV. Note, however, that the negatiVe corr'elation 

between bulk dens i:tyand nitrogen shou 1 d not be confused wi th the 

' positive correlation generally obtained for peats, since the nitrogen 

is' normally expressed on an ash-free basis in those cases (I,./almsley 

1977) • 

Determinations of ash content and bulk density are simple 

procedures and could~ therefore, be useful for general character­

ization of peat in storage piles. Other physical and chemical 

properties of stored peat could then be approximated by use of cor­

relations presented in this report and in the 1 iteratu're (Radforth 

and Brawner 1977; MacFarlane 1979). 

6.2.2 

6.2.2.1 

A Comparison of the Phisical Properties of Stored Peat 
for Two Different Time Pedods ,at Evansburg , 

." . ~ . 

Materials and methods. In 1978, samples were obtained 

from two sto_ra.,ge areas, at , the Evansburgresearch site. At one 

1 oc~t i on the, peat had been pi 1 edo rs;tored for nine years wh i 1 e at 
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the other site the peat had been stored for two. years. A total of 

36 samples were collected from depths of 20 cm, 100 cm, and 200 cm 

below the surface. In .addition, 12 samples were collected, from an 

undisturbeo organic soil ~rea at the site. 

Complete factorial analyses of· the laboratory results 

were carried out to determine the variance in physical properties 

of the stored material in accordance wi .th the l~n9th of the storage 

period~ The analyses c;:arried out included: bulk density, pore 

volume, water capacity, .and <;Iir capacity. The methods of analyses 

are des~ribedbYruustJarvi (1968) and presented in Section 9.1. 

6.2 .. 2.2 Results. Tl)e physical properties of, the stored 9-year 

old pea t, 2 -year old pea t, and und is turbed peat a re compared in 

Tables 19 and 20. At the near surface 20 cm depth, the bulk density 

rema ,ined essentially unchanged for . the 2-year old and 9-year old peats, 

In the subsurface layers (JOOand 200 cm), the 2-year old peat showed 

a (statistically) significantly higher bulk density than the 9~year 

old peat. However, in absolute t~rms, ,the range in bulk dens.ities .. 
at all qepths was only 0.10 to 0.12, and both peat piles can there-

fore be considered to be basically similar throughput. The bulk 

densities of undisturbed peat were lower than all of those measured 

in the peat piles. 

The air capacity . in the surface layer of the 91d peat pile 

was significantly hig~~r thCln that of the new peat pile and the 

undisturbed peat. Possibly the air capacity b,as increased as a 

result of the greater number of freeze-thaw and ~wetting-drying 

cycles as compared to the new peat. The laboratory studies (Section 

5.2.1) showed that these treatmehts increased air ' capacity in mesic 

and fen peat more ,than in fi brie peat. 

Van Dijkand .B~ekel (1965) suggest that freezing results 

in a distinct increase in air capacity and also an apparent decrease 

in the degree of decomposition. 

In studying the physica'l properties Of peat in relation to 

its use as a rec 1 ama t ionamendinent', air capaci ty is perhaps one of 

the most important factors to be considered. Olsen (1968) pointed 

. -
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Table 19. A comparison of the physical properties within peat piles 
stored for different time periods at the Evansburg site. 

Mater ia 1 

9-yea r old 

20 cm 

100 cm 

200 cm 

F ratio 

2-yea r old 

20 cm 

100 cm 

200 cm 

Frat io 

peat 

Bulk 
Dens i ty 
(g/ cc) 

(op) 
o. 11 3 ± 0.006 

a 

0.097 ± 0.001 
a 

0.10S ± 0.004 
a 

3.33 ns 

peat (NP) 

0.107 ± 0.001 
a 

0.117 ± 0.003 
ab 

0.123 ± 0.002 
b 

10.7** 

Undisturbed peat (Up) 

20 cm 0.081 ± 0.004 
a 

100 cm 0.078 ± 0.005 
a 

Frat io 0.23ns 

Pore 
Vol ume 

(%) 

92.6 :!: 0.4 
a 

93.7 ± 0.1 
a 

93.1 ± 0.3 
a 

3.3Sns 

92.8 ± O. 1 
a 

92.4 ± 0.2 
ab 

92.0 ± 0.1 
b 

9. 6S~b~ 

94.6 ±0.3 
a 

94.8± 0.3 
a 

0.21 ns 

Water 
Capac i ty 

(%) 

66.S ± 1.3 
a 

7S.3 ± 1.0 
b 

83.3 ± 1.S 
c 

42. 27~~'1n" 

7S.9 ± O.S 
a 

80.7 ± 0.8 
b 

82.5 ± 0.8 
b 

22. 6 7'1'*~" 

77.5 ± 1.9 
a 

81.2 ± 1.8 
a 

1.99ns 

Air 
Capacity 

(%) 

26.1 ± 1.3 
a 

18.4 ± 1.0 
b 

9.8 ± 1.9 
c 

3S.83*~~~'; 

16.9±0.7 
a 

11.7 ± 0.9 
b 

9,.5 ± 0.8 
b 

25.42~H~'t 

17. 1 ± 2.1 
a 

13.Q ± 2.0 
a 

0.34 ns 

Results are means ± standard error of 6 samples for each depth in 2-
and 9-year old peat, and 10 samples in undisturbed peat. 

Means in the same column followed by the same letter are not signifi­
cantly different at the 95% level. 

**, *** = p <0.01, 0.001, respectively. 

ns = not significant. 
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Table 20. A comparison of physical properties between peat piles 
stored for different time periods at the Evansburg site. 

Material Bulk Density Pore Volume 

At 20 cm 

OP a a 

NP 2 a 

UP b b 

F ta t i 0 1 6 . 1 2 ;~;b't 15. 03;'d:;~ 

At 100 cm 

OP a a 

NP b b 

UP c c 

F ratio 31.29*** 29. 88;'ob't 

At 200cm 

OP a a 

NP b 

F ra t i 0 1 3. 81 ;~;': 

Water 
Capaci ty 

a 

b 

b 

19. 58;'do~ 

a 

b 

b 

6. 55f~;': 

a 

a 

0.21 ns 

Ai r 
Capacity 

a 

b 

b 

12. 3 2;b':;~ 

a 

b 

ab 

6.23;'n~ 

a 

a 

0.06 ns 

Vo i dRat io 

a 

a 

b 

15.54Mo't 

a 

b 

b 

22. 06;~;b~ 

q 

b 

10.78;'n~ 

Results are means± standard error of 6 samples for each depth in 
2-and 9-year old peat, and 10 samples in undisturbed peat. 

Means in the same column followed by the same letter are not signif­
icantly differerit at the 95% level. 

**, *** = p <0.01,0.001, respectively 

ns = not signi~icant. 
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out that, if there is insufficient oxygen within the soil, oxygen­

rich minerals such as nitrate and ~ulphate may be reduced to nitrite 
, , 

and sulphite which are toxic to pl~nts. Also, Puustjarvi (1968) 

suggested that, to satisfy the oxygen requirement of roots, the air 

capacity should be at least 30 to 50% i~ horticultural p~at. 
. . . 

The drainage regime of a peat storage pile v..ould be impor-

tant in control 1 ing the moisture content, biologic~l activity, arid 

changes ' in physical characteristics of peat over time. ' In exper­

imenting with sphagnum moss p~at, Olsen (1968) found that, when peat 

had contact with a d'rainage underlayer (i .e., a porous medium such 

as sand), the air content increased in comparison to peat in contact 
. , .' . . 

with a solid~ non-dr~ining layer. An underlayer such as ~and permits 

capiilary drainage of water from the peat as well as drainage by 

gravity ' from l~rge pores. Peat6n material without capillary drain­

age or on an underlayer which is water-saturated for a long time 
1 ,- ,., ' " '", 

would be low in oxygeh cOhtent~ particularly if ' there is a deficiency 

of macro-pores. 

The peat storage pi les at Evansbu'rg have water tables 

just below their bases and therefore lack capillary drainage. It 

was shown that ' ai r capacity at the 'surface increased with time, 

1 ikely as a result of ~ir-drying, freezi~d, and thawing. The poten­

tial for deco~p6~i'tion of peat is also higher ih the surface layers 

as indicatedby~apid degradation of cellulose discs in the 9-year 

old pile. The lower layers do not have increased air capacities and 
"I 

decomposition potentials presumably because of high water contents 

(Section 6.1.1.2) which are maintained by upward movement of water 

from the water table by capillary pores. If the peat were resting , . 
on a porous medium with the watelr table:somewhat below the ground 

surface, it isl ikelythat d'esiccati'on would occur at greater depths, 
, r " ' 

thereby increasing air capacity arid potential decomposition. It is 

diffi'cult to determine, however~ wHether 'oxygen exchange between the 

~urfac'e and dra 'inedpo'res ' dcieper ' W=ithin the piles would ' be rapid, 

tlierebY facil itatlrig activitiesof ' aerobic dec6~posers, 'and if ' the 

peat :w:>uld dry t 'o such an' ~xten 'tas to affett ' the structure and air 
, , 

capac i ty. 

. . 
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~ecause degradation in the interior of a well-drained 

peat is po~sible, limited drainage controlled by a high water table, 

as at the Evansburg site, may be advisabl~ for long-t~rm pre~erva­

tion of peat. With this system, large pore~ in th~ IJPper part of a 

peat pile drain rapidly, but capillary porel'i would fTIaintain a moist 

condition. Air capacity at the ~urface or just below the surface 

would increase progressively withol.lt ~xtensive ~eterioration of peat 

structures by air dryim:!. The overall higher moisture level in the 
" ' 

pile wou!d aid stabil ization a9a,il')st wind ~rosion. For shQrt-term 

storage, ,a well-drained , peat pile may be more s\.litable. Air capacity, 

and possibly decompositi(;>n, may increase somewhat, but, at the same 

time, water capacity woulp not be greatly reduced. The drier material 

may <:llso be more suitabl,e for handling in reclamation procedures. 

6.2.3 Enzyme Activity in Stored Peat Material at Mildred Lake 
i 

Measurements of bacterial numbers and respiration rate 

reflect the general mi~robial activity in a sample from a peat pile 

but do not directly show that Peat I~ b~ing decomPosed. Determination 

of cellulose activities is a more c;lirect indication of peat decom­

position becaus,e i,'Ictual .structural compon~nts of peat particles, cel­

lulose, and its derivatives ,are hydrolyzed by these enzymes. The 

objectives of this study, then, were, to determine cellulolytic enzyme . ,., . , ~ 

activities i,n the he,terogeneous stqred peat materials at the Mildred 

L~ke site and to compare surface, subsurface, and undisturbed samples. 

6.2.3.1 Materials and methods. Samples wer~ taken from the peat 

storage pile at Mildred Lake at depths of 10 to 20 em and 40 to 50 cm. 

Forty samples were taken in July 1976, after the s~orage pile had 

been sown and fertilized , (Section 9.2}. Another 96 samples were 

taken in July 1977, after ,a second ferti I ization. The storage pi Ie 

wQs revegetat~d with a thick cover of legumes and grasses by this 

time. Cel luJolytJc enzyme activities were determined by methods des­

cribed, in S~cti9!1 ,; 9. I., ", Total ,nitrogen was determined by the s~mi-.. . ' ..... , . .; 

micro Kjeldahl procedure (McKeague 1978). Carbon was determined by 

dry combustion using a Leco induction furnace. 
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6.2.3.2 Results. There was no significant difference between the 

surface (10 to 20 cm) and subsurface (40 to 50 cm) layers sampled in 

the stor(!ge piles in both 1976 and 1977 (Table 21). The activity 

of each enzyme was generally low. Cellulase (C l ) activHyw~s rela­

tively unchanged in comparing 1976 and 1977 samples. However, Cx 

activity increased more than twofold from 1976 to 1977 .while , 

B-glucosidase activity decreased about twofold. In comparing enzyme 

activities of stQred materials with that of undisturbed peat, Cl 
activity is similar in all materials except fen peat in which it is 

about 50% higher. Cx activities in undisturbed peat are mainly 

higher than in stored materials and B activity is variable . • 

In comparing the enzymatic activitiesamong ehe four 

groups of stored materials, the groups highest in organic matter 

content (I and IV) had the highest activities (Table 22). These 

groups were significantly different from groups I I and I I I in Cl and 

Cx activities but not in B-glucosidase activity. An exception to 

this was Cx activity in 1977 when group I was lower than the other 

three. Enzyme a~~ivities in ' group I were generally higher than in 

group IV, with the above exception, but significant differences 

occurred only in the 1976 Cx activity and 1977 Bactivity. ~ 

B-glucosidase activity in 1977 had the highest F val~e(37.9) 

which was significant at the 99.5% level. This indicated low varia­

tion within each group of stored materials. Activities ,of C1 'in 

1976 and Cx in 1977 had low F value$ (3.3 and 1.9), indicating ,wide 

variation within each group of materials. 

There are various factors to consider when comparing 

enzyme activities between stored material and undisturbed peat, 

between surface and subsurface materials, between two sampling times, 

and among the four different groups or materials. Although the 

enzyme activities were determined under controlled conditions in 

the laboratory, the data reflect microbial activities under previous 

environmental conditions in the field as well as those in the labo­

ratory. Among factors to be considered in comparing differences in 

cellulolytic activity are temperature, moisture content, pH, nutrient 
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Table 21. Cellulolytic enzyme activities of undisturbed peat and 
stored materials at Mildred Lake. 

Material pH CI Cx B 

Und i stu rbed Peat 

Fibric 3.7 0.706 I .253 0.279 

Fen 6.6 I; 248 I .509 1.250 

Mesic 5.9 0.874 1 .959 0.415 

Stored Material having 
Fertilizer added (1976)a 

Surface 6.5 0.843 0.436 I .025 

Subsurface · 6. '6 0.783 0.491 1 .228 

' Stored Material after 
'. Revegetat iona 

Surface 6.8 0.868 0.940 0,599 

Subsurface 6.5 Q.816 1 .028 0.451 

a See Section 9.2. ' 

C1 = mg reducing sugar/g carbon/5 days 

Cx == mg reducing sugar/g carbon/24 h 

B = mg sa 1 i gen in! 9 ca rbon/3 h 



Table 22. A comparison of enzyme activities in four categories of stored peat material sampled 
in 1976 and 1977. 

Enzyme Activity 
Stored Peat Material 1976 Sampl es 1977 Sam~les 

C1 Cx B C1 Cx B 

Group 0.138 O. 112 0.323 O. 119 0.063 0.100 
b a a a a a 

Group " 0.058 0.017 0.056 0.056 0.081 0.035 
ab b b b a c 

Group III 0.030 0.027 0.053 0.049 0.118 0.044 
a a b b a bc 

Group IV 0.095 0.057 0.140 O. 112 0.092 0.075 
b ac c a a ab 

F ratio 3.3* 5. 7*~"* 37.9"0'0': 7.7,bH 1.9ns 9.5,bb" 

Results are means of 7, 1 3, 6, and 14 samples for groups I , I I , I I I , and IV respect i vel y in 1976 · 
sampl es, and means of 11, 31 , 12, and 42 samples for groups I to IV in 1977 sampl es. 

Means in the same column followed by the same letter are not si~n~ficant1y different at the 95% level. 
,,, *-;'t* = p <0.05, 0.001 , respectively. , 
C1 = mg reducing sugar/g dry so i 1/5 days; Cx = mg reduc i ng sugar/g dry soi 1/24 h. 

B = mg sa 1 i gen i n/ 9 dry so i 1/3 h. 

ns = not significant. 

00 
\J1 
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levels (particularly N), substrate levels, presence of other carbo­

hydrates, aeration, and the relative proportion of lignin in the 

material (Alexander 1977). The effects of temperature and moisture 

were discussed in earlier sections and it is evident that these 

may differ between sampl ing sites and times. The effects of other 

carbohydrates, 1 ignin, and aeration were not experimentally 

assessed in this study. Nutrient, substrate, and pH factors are 

discussed below. 

Changes in pH and certain chemical properties such as 

increased calcium content may alter enzymatic activity in soil . 

Kuster and Gardiner (1968) suggested that, with 1 iming in sphagnum 

peat, the composition of the microflora may be changed both quanti­

tatively and qual itatively. A predominantly fungal flora may be 

replaced by bacteria which are enzymatically different. Kuster 

and Gardiner (1968) also suggested that the supply of readily 

available nutrients, particularly nitrogen, may result in stimulated 

microbial activity and increased enzyme levels in peat. This con­

firms Hoffman's (1962) observation that the addition of nitrogen and 

phosphorus indutes increased enzyme activity. 

These factors are irpportant in the Mildred Lake storage 

piles because of the admixture of mineral materials which supply 

calcium and other nutrient elements, and because of yearly fertil­

izing practices. The pH of material in the storage piles, as shown 

in Table 21, is higher than that of undisturbed peat in the same 

area. 

Comparison of cellulolytic enzyme activities in the three 

types of undisturbed peat (Table 21) shows that Cl and B activities 

are low in the fibric and mesi~ peats, and relatively high in fen 

peat. Cx activity was intermediate in fen peat. The relatively 

high activities of these enzymes in fen peat likely are 1 inked to 

higher pH and higher nutrient status compared to the fibric and 

mes i c moss pea ts. 

In the stored peat materials, Cl activities were compar­

able to those of fibric and mesic peats. The rate of peat decompo­

sition during storage therefore appears to be similar to undisturbed 

I ' 
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peat. The higher B:-glucosidase activiW 'in the stored materials 

in 1976 may be attributed to higher rilitrogenlevels resulting from 

fertilization. With establish,ment of a thic.k vegeta~ivecover by 

mid-1977, the B-glucosidase decreased, possibly as a result pf all 

the available N being used by the c9ver crop. 

The pH factor in cellulolytic en~yme activity was inves­

tigated by Reese and Levinson (1952) whQ studied the production of 

Cx and B-glucosidase by some microorgani~ms (e.g. Asper>giZZU8 spp,) 

l,Ising NH4N03 as a nitrogen source and dextrose as a carbon source. 

With a rise in pH, there was a rapid rise in B-glucosidase conceh­

trat i pn, even after the pH reache9 a cOnstant level of 7.0. The 

Cx activity also increased rapidly but fell off when a constant 

pH level was reached. The effect of pH on cellulase activity 

depends on the organism. In general, the optimum pH fpr Cx activity 

in fungi is about 4.0 while the optimllm for CI is at pH 4.8 (Mandel 

and Reese 1964). For bacterial cellulase, the pH optimum is about 
, 

6.0 (Halliwell 196)). In the stored peat materials at Mildred Lake, 

Cx activity in 1976 was lower than in undisturbed peats. 110wever, 

the activity increased in 1977. The higher pH in stored materials 

as C!:ompared to undisturbed pe;;lts may be one reason for the reduced 

ex activity. The increase in ex activity after revegetation is 

more difficult to explain. It may be related to a nutrient factor 

or possibly to the cover crop itself; production of carbohydrates 

by roots of the cover crop could provide a more easily utilized 

substrate for the cel lulolyti!= microorganisms • . 

The influence of organic carbon on enzyme activities as 

indicated by Gorrelation factors is presented in Table 23. The 

cellulase CI activity in surface and subsurface materials was 

highly significantly correlated (r=0.71) with organic carbon content 

of the stored peat materials sampled in 1976. ex activity was only 

slightly significantly correlated (r=0.51) with organic carbon in 

the surface layer but non-significantly correlated in the sub­

surface materials (r=0.36). B-glucosidase activity in both surface 

and subsurface was highly significantly correlated (r=0.73 and 0.89) 

with the organic carbon. 
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Table 23. Correlation of cellulase (CI), carboxymethylcellulase 
(ex), and B-glucosidase activities {in 1976a and 1977a 
samples} with the factor bf total carbon content in 
storedpeat .,materi a Is. " 

Enzyme 
Activity 

Correlation Coefficient 
r 

C ,] 

Cx 

B-gl ucos i dase 

Surface 

Subsurface 

Surface 

Subsurface 

Surface 

Subsurface 

1976 

o . 71 ~':~'o': 

o . 71 ~':~b': 

0;51~< 

o .36ns 

o. 73'<~<~': 

O. 89~'o'o< 

a 
No. of samples: 1976 "; : 19 surface, 21 subsurface; . 

1977-42 surface, 38 subsurface. 

* .** *** ~ p <Oi@5, 0.01,0.001, · re~pecti~ely. 

ns = non-si'gnifican't.: 

I, 

1977 

0.41~'o< 

0.24 

0.14 

-0. 19 

o .32~': 

o. I 0 

'1 , 
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The results show that enzyme actJvlty is directly depen­

dent on the amount of carbon av~ilable. The lack "of correlation 

between Cx activity and carbon content possibly is related to pH 

as discussed previously. The results were obtaihed for samples 

taken after fertilization and sowing, but prior to establishment of 

the cover vegetation. Nutrient levels, therefore, may have been 

near optimum for cellulolytic activity. 

The correlation between carbon and enzyme activities in 

samples taken in 1977 was somewhat lower than in 1976 (Table 24). 

Only Cl and B activities in the surface layers were significantly 

correlated. Possibly, the correlation exists more as a result of 

added nutrients than as a result of direct dependence on carbon 

Content of the substrate. A small amount of N fertil izer and 

larger quantities of P and K fertil izers were applied to the stored 

peat pi les in Apri 1 1977. Sinc~ the ferti 1 izers were broadcast on 

the surface of the piles, the effect on stimulating microbial and 

enzymatic activity would be greatest on the surface . . 

TW) other factors which may be important in cellulolytic 

enzyme activity are the presence of other carbohydrates and of 

lignin. During the first yearof storage, fresh substrate from peat 

bogs was subjected to more suitable environmental conditions (higher 

temperatures, lower moisture, improved aeration) for cellulolytic 

activity. Thus, readily decomposable substrate would be used by 

microorganisms at first. Enzyme activity W)uld diminish as the 

easily decomposable cellulose is depleted. Other peat constituents, 

particularly lignin, reduce the susceptibil ity of cellulose to decom­

position. This effect is a physical one resulting from the close 

structural interlinkage between cellulose and lignin in cell walls 

(Alexander 1977). After revegetation in 1977, the cellulolytic 

organisms may be more active in decomposing products of the cover 

crop such as root cells and exudates. Thus, the correlation with 

carbon could disappear, but levels of enzyme activities would not 

necessarily change. 
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Table 24. Correlation of soil respiration rate with enzyme 
activity and carbon content of stored material sampled 
in 1976. 

Variable 
Independent Dependent 

% C CO/g C/pay 
, 

C1 
II 

CX II 

· B II 

% C CO/g smil/day 

n~ = non-significant. 

*, **, *** = p <0.05, 0.01, O.OOI~ respectively • 

. CI = mg reducing sugar/g C/5 days. 

Cx = mg reducing su~ar/g c/24 h. 

B = mg sal igenin/g C/3 h. 

Correl at ion 
Coeff i c i ent 

r 

O. 74 ,'o'd: 

0.44,'0': 

0.75,'oH 
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In summary, cellulase activities indicated relatively 

low rates of cellulose breakdown by microorganisms in stored peat 

materials. Although the level of activity was generally dependent 

on the proportion of carbon in the substrate, there was evidence 

that increased pH and addition of nutrients increased activities 

of some of the enzymes. It was previously shown in laboratory 

incubation studies that addition of lime and nutrients increased 

microbial activity substantially. In storage piles, therefore, 

addition of fertilizers and raising the pH of stored peat by mixing 

with mineral material' would likely result in increased microbial 

activity generally and in accelerated cellulose breakdown. 

6.2.4 Relationship Between Cellulolytic Enzyme Activity and 
Soi 1 Respiration Rate in Stored Material 

Enzyme activity in the stored material had a positive 

relationship with soil respiration (Table 24). There was also a 

positive, highly significant correlation between carbon content and 

CO2 production (Figure 19). The correlation of %C with CO 2 produc­

tion was high whether based on CO 2/g C/day (0.74) or CO/g soil/day 

(0.75), but the standard error was reduced from 0.02 to 0.001 in the 

latter case. The activity of Cl and ex enzymes was positively cor­

related with CO 2 production, but B-glucosidase activity was not. 

In considering the effects of adding fertil izer to the 

peat storage piles, the results show that Cl and Cx are the strict 

cellulolytic enzymes whose activities depend more on the organic 

matter level than on nutrients added. When organic matter is uti­

lized by organisms possessing these enzymes, the production of CO 2 
will increase. However, B-glucosidase activi ty was higher with N 

fertil izer treatment in the field (Table 21). In other words, Cl 
and Cx activities are directly related to the general level of 

microbial activity in the stored materials. B-gluc9sidase, however, 
, 

is more dependent on one or more 6ther factors, particularly N supply. 
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Figure 19. Correlation of soil respiration rate with total carbon 
content of stored material. 
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General Discussion on the Relationships Among Physical 
Properties, Chemical Prop~rties, and Cellulolytic Enzyme 
Activities in Peat Storage Piles at Mildred Lake 

The correlation of 15 properties measured in 80 samples 

collected at Mildred Lake in 1977 is presented in matrix form in 

Table 25. The expected correlation among the activities of Cl , Cx, 

and B-glucosidase occurs only in the surface layers. This may reflect 

more suitable environmental conditions for cellulQse decomposers in 

the surface (10 to 20 cm) as compared to the subsurface layers (40 to 

50 cm). 

Cl and B-glucosidase activities are significantly cor­

related with C and N only in the surface layers as shown previously. 

B-glucosidase activity is negatively correlated with sand content 

(as well as ash content and specific gravity, all of which are vari­

a~les dependent on each other). B-glucosidase activity was correla­

ted in the surface layers with C, N, and silt content. According to 

preliminary t-tests, the relationship between B-glucosidase activity 

and nitrogen (r=0.64) and silt (r=0.54) are significant at the 0.01 

confidence level. The equation describing the multiple regression 

between those variables was calculated as follows: B-glucosidase 

activity (mg sal igenin/100 g soil/3 h)=5.9 (N%) + 0.22 (Silt %) - 2.8. 

This equation explains about 52% (R2=0.52) of the enzymatic activity. 

The standard error of estimate is 3.36 mg sal igenin/100 g soil which 

is only slightly lower than that obtained by using %N alone (3.67 mg 

saligenin/100 g soil). The estimate for the correlation of 

B-glucosidase activity with N and silt is highly significant at the 

1 % 1 eve 1 • 

The interpretation of ,these data suggests that, for each 

additional gram of nitrogen in 100 g of soil, B-glucosidase activity 

would increase by 5.9 mg saligenin as compared to an increase of 

0.22 mg saligenin for each additional gram of silt. Therefore, it 

is suggested that nitrogen in the surface of the stored material 

is the main stimulating agent for B-glucosidase. The effect of silt 

may be an indirect one that affects some soil physical properties 

which in turn affect enzymatic activity. 



Tab! e 25. Correlation matrix of 15 va ri a bl es in 42 surface and 38 subsurface samples 
obta i ned in 1977 from the Mildred Lake peat storage pi 1 es. 

'C1 

Cx 
(0 . )4 * 

-0.02 C1 Cellulase activity 

0 . 36* 0. 51)'*' 
'Cx Carboxymethy'ce'lc,'ase activ ity 

B 
0.03 . 0.03 B B-9lucosidose activity 

Sp Specific gravity 

Sp 
-0.31 * -0.16 -0.31 * Db Bulk density 
- 0 .28 0.16 -0.19 PV Pore volume 

-0.12 -0.18 
WC Water capacity 

Qb -0.15 0.39* * AC Air capacity - -0. 30 0.16 -0.36' 0.82*'* C Carbon content 

p V 0.11 0.24 ' 0.27 -0 :46** ~ -0.57** * N Nitrogen content 

0.28 -0.19 0.37* -O ~.76*** , -0.99'" Upper numbers - surfac e 

WC 
0.,14 0.33* 0 . 18 -0.29 -0.48** 0.81'" Lower numbers - subsurface 

0.25 -0'.-16 0.34' -0.78"* ,..0.94** * 0.93"· p <0.05 ~ 
~ 

AC 
-0.05 -0.13 0.17 -0.29 -0.18 0.37* -0 . 25 p <0.01 

0.09 -0.08 0.10 0.02 -0.17 0.21 -0.15 p <O .OOl 

Ash 
-0.46 -0.13 -0.38 ' 0.82*** 0. 38* -0.52* " ~·0.3.8' -0.25 
-0.25 0.15 -0.25 0.92*** 0.82*'* -0.80*" -0.77* ** - 0 .10 

'" 

Sand , -0.29 -;0.09 ' -0.37* 0.71*** " 0.30 -0.42" -0.27 , -0.25 0.70** * 
0.05 -0.09 -0.27 0.67'" 0.64*"'* -0.60*** -.0 .54/d * -0 . 19 0.74*' 

5i It 0.01 0.07 0.34* 0.11 0.00 0.11 0.07 0.07 -0.18 -0.74* * * 
-0.31 0.25 0.29 -0.19 -0.27 0.24 0.17 0.19 ,-0.24 . -0.75*-** . 

Clay 
0.03 -0.11 -0.02 -0.04 -0.10 0.05, -0.02 0.1.0 0.07 -0.5.1*** 0.49*** 

-0.28 0 .43 ;" -0.11 0.20 0.27 -0.30 -0.35' 0.15 0.26 -0.30 0.44'* 

C 
0.41** , 0.14 0.32' -0.85**" -0.38' 0.51'" 0.37' 0.27 -0.95'*' -0.70" , 0.15 -0.13 
0.24 -0.19 0.10 -0.46" -0.46" 0.44" 0.49** -0.12 -0.46'* -0.21 -0.12 -0.37' 

N 
0.36' 0.17 0.46'* -0.e3'" -0.4'1 *' 0,46" 0.38* 0.15 -0.86'" -0.63** • 0.21 -0.15 ,0.86'" 
0.16 -0.21 0.23 -0.84*"* -0.81 " *. 0.79"* 0.80'" 0.01 -0.89*** --0.70" 0.16 -0.22 0,48" 

pH 
0.02 0.09 0.03 0.48" 0.21 -0.04 -0.03 -0.02 0.28 0.33' "0.15 ~0.11 -0.33' _0.42** 

-0.05 0.10 -0.02 0.6'6'" 0.68'" -0.64'** -0.64'", -0.03 0.63'** 0.62"* , -0.40* 0.06 -0.21 -0.61 ••• 
' , 

Cl Cx B Sp Db P V '/I,e A C Ash Sand Si It Clay C N pH 
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The correlation of B-glucosidase with pore volume and 

water capacity is an indirect one in that these physical proper­

ties are highly correlated with e and N. 

The highly significant correlation of water capacity 

with pore volume is related to the relatively high proportion of 

capillary pores in the peat. Air capacity does not have as signif- . 

icant a correlation, due to a relatively lower proportion of large 

pores (Section 6.2.2.2). 

The lack of significant correlation between pH and enzyme 
-' 

activities indicates that the pH range in the materials studied was 

not large enough to have an effect. Whether or not the pH range 

was optimal was not indicated, but results in Section 6.2.3 suggest 

that pH may be beyond the optimum only for ex activity. 

The matrix shows that some peat properties which are 

among the most important in determining its suitabil ity for reclama­

tion or storage are highly correlated with each other. These are 

ash content, bulk density, e and N contents, pore volume and air 
,. 

capacity. A simple method for approximatesharacterization of 

stored peat' wou(d consist of determining anyone of these properties 
: ", " , : , . ", 

and inferring the others from their regressions Of! each other. The 
, - '"J, -. 

. easiest of these to determine are ash content, requiring a high 

temperature furnace, e content, requiring a e ana I yzer ,and bulk 
. ..: 

density, requiring a careful , and highly repl icated sampl ing pro-

cedure. Methodology for the other properties is relatively time 

consuming. 
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7. GENERAL CONCLUSIONS 

7.1 GENERAL CHARACTERISTICS OF PEAT 

Generally the ch~racteristics of the peats--fibric and 

mesic moss and mesic fen pe~t from the Mildred Lake and Evansburg 

areas--showed a broad range of physical and chemical properties. 

Fibric moss peat was decomposed least in terms of fiber content and 

ash content. The fen peat had the lowest fiber content and highest 

ash content. In terms of bulk density the fibric peat was lowe$t 

indicating 1 ittle decomposition as compared to the mesic moss and 
, . 

fen peat. Pore volume, air capacity, and hydraulic conductivity 

were hi$Jhest, in flbrit and lowe$t in mesIc fen peat. Water cClpacjty 

was Clbout the same or higher in mesic peat as compared to fibric 

peat. 

The fibrlc peat samples were extremely acidic, pH 3.7 to 

4.0, a$ compared to the fen peat which ranged from pH 6.6 to 7.1. 

The presence of calc;:ium-ri~h groundwater probably accountec;f for the 

higher pH va 1 ueS in the fen pea t. I n terms of excha ngeab 1 e ca t Ions, 

the fibriemoss p,eat wasre1atlvely base unsatl,Jrated as compared to 

~he fen peat. The mesic peat was Intermed~ ate between the two. 

Total nitrogen was low in the fibr~: moss and relatively 

high in the fen peat. This was reflected in the C/N ratios which 

were 36 to 77 in fibric moss peat, 27 to 30 in the mesic moss peat, 

and 16 to 17 in fen peat. 

The microbiologic;:al populations were highest in the fen 

peat and lowest in the fibric moss. The relativelY low pH values 

and low nitrogen content probably limited mlcrobiolo~ical activity 

in the fibric peat. 

The enzyme activfty and O2 uptake were correlated with the 

microbiological population. They were lowest in the fibric and mesic 

moss peats and highest in the fen peat. Studies of biological acti­

vity suggested that factors of the peat on its environment other 

than fiber content were responsible for its rate of decomposition 

and that amendments added to peat or sand-peat or overburden-peat 

mixes substant -ially affect the rate of peat al teration. 
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7.2 EFFECT OF pRYING, FREEZE~THAWING, AND FERTILIZER ADDI­
TIONS TO PEAT 

Drying aff~cted most of the physical properties of peat. 

Bulk density was increased in fibric and mesic moss peat but had a 

negligible effect on the mesic fen peat. Freeze-drying was gener~ 

~lly less detriment~l than air-drying if increased bulk density can 

be considered detrimental. At the same time, drying decreased 

permeability in all peats examined. 

DrYing also had an effect on the microbial activity in the 

peats examined. Activities of enzymes degrading cellulose w~re sub­

stantially reduced in the fen and mesic moss peat but 1 ittle change 

occurred in the fibric moss peat. 

The series of freeze-tha~ cycles reduced the rate of CO2 
production in all samples. 

In terms of added nutrients and 1 ime, the CO 2 evolution 

increased in the mesic moss peat to the point that it equalled that 

of the relatively nutrient rich fen peat. 

The addition of glucose to the three peat samples had a 

pronounced effect on the microbial activity, particularly the fibric 

and mesic moss peats. As ~ith the addition of 1 ime and nutrient~, 

the 91 ucose-treatedmos spe~ t samples approached the fen in terms 

of CO2 produced. Much of the extra CO 2 produced came from the peat 

and not the glucose. 

It was noted that air .. drying and freeze-drying of peat 

samples affected the physical properties of the peat in terms of 

decreasing the permeabil ity. However, after incubating the samples . 

for 64 days, the trend was reversed and the permeab iIi ty Increased. 

Considering the laboratory research in term~ of field 

application, it would appear that fen peat and probably highly 

humified moss P~at may be poorly suited for erosion control in areas 

wher~ probabilities of desiccation are high. For application to 

level surfaces as mulch, dried peat would be quite useful from the 

initial physical standpoint. The more humified peat may be more 

desirable here. For appl !cations to sloping land as an initial 

erosion control medium, undried fibric or mesic moss peat ~uld 

probably be the most desirable. 
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Measu~ements pf relative degree~ of decomposition and 
, . . . . ' . , ., 

to some extent actual decay rate estimates of peat-carbon and dead 

plant carbon in mixtures ,of peat-overburden or peat",:,sand could be 

facil itated by the priming technique. Measuremen.t of ;the physical 

properties of peat and its degree of decomposition in mixtures with 

mineral .material :are very diffic41t by direct non-tracer techniques. 

Methods currently ava·i.lable are restricted to pure peat. Pure peat 

does not exist at a restoration site and inclusion of mineral 

material in storage piles is hard to avoid. 

7.3 STORED PEAT MATERIALS 

At both the Evansburg and Mildred Lake sites, the optimum 

temperatures fOr microbial ac~ivlty occurred for the longest period 

near the surface and decreased with depth. Below the 5~ em depth, 

the temperature did not reach the optimum of lOGe s.uggested by 

Kononova (1961). Therefore~ on the basis ' of temperature the: micro­

bial activity will be greatest near the surface. There is no evi­

dence of Internal heating due to anaerobic deeompos btion at either 

ef the storage piles at Mildred Lake or Evansburg. " 

In terms ofrno i. stu re content, opt imumcond it ions for 

microbial activityo.ccurred for the longest ;perioq .at the 50 cm 

depth. At the 20 em and 1.00 cm depths, the moistureconditio,ns were 

both above and below optimum at different times ' of ' the 'year. 

A compgrisonof cellulolytic decomposition by use of 

filter paper discs indicated that maximum activity occurred in the 

9"'year old peat pile at Evansburg. This isprobably .due to the 

peat being fairly well decomposed, therefore biologically active, 

at the time it was piled • . Also' l the . resultsmight indicate that 

thepiJes, particularly at the surface, will become more active 

with time •. ·A greate~ degree of decomposition at. the Mildred Lake 

site as .compared to the new (2-yearold) pile at Evar)s,bL!.rg can be 

attributed to the incorporation of, inOr ganic material and . fer.t i-

1 ization of the site . . ' 
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The results of field respiration studies strongly indi­

cate that pil ing of peat and. subsequent incorporation of inorganic 

material and fertil ization will result in enhanced carbon loss (i.e., 

decomposition). Carbon loss in the heterogeneous Mildred Lake 

stored material was about four times greater than in the relatively 

pure Evansburg stored peat. Generally, the decomposition was high­

est at the surface due to aerobic conditions, higher temperatures, 

and appl ication of fertil izers in the case of the storage piles at 

Mil d red La ke. 

Laboratory characterization of the stored material at 

Mildred Lake showed it to be a heterogeneous mixture of materials . 

which could be classified into four categories ranging from predom­

inantly peat to predominantly sand or sa~d plus clay. The classi­

fication has no practical appl ication in use of this material for 

reclam~tion purposes, but it does aid in understanding the variations 

in chemical and physical properties. If selective stockpiling of 

the different types of materials is considered necessary, the classi­

fication could provide a basis for differentiating the materials in 

the field. 

The pore volume and water capacity of the peat predominant 

materials were higher than those of predominantly mineral groups 

and, therefore, are more favourable for improving soil conditions 

for plant growth. If the stored material is to be used as a surface 

amendment in reclai~ing tail ings sands, consideration could be given 

to stockpil ing the peat-predominant and mineral-predominant materials 

separately. Use of relatively pure peat would be particularly 

important in reclaiming sand .on steep slopes. 

In peat piles at Evansburg, the main changes in properties 

after stockpil ing were an i~crease in air capacity and a decrease in 

water capacity of the surface layers. Physical properties of peat 

at depths of 100 cm and greater remained unchanged from those of 

undisturbed peat. The changes in the surface layers appeared to 

become more pronounced with age of the pile. 

The drainage system of a peat storage pile appeared to 

affect the amount of change in physical properties, especially air 
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capa~ity. Maintenan~e of relatively wet condi~lons in a pile would 

depress the rqte of decompos i t ion in peat. I.Qng-t~rm effects of 

wet or dry storage conditions, hO'v'lev~r, requir~ further 

investigation. 

CellulolytiC enzyme activities il') the stored material Clt 

Mildred Lake differed from undisturbed peat due to changes in pH and 

nutrients available, ii'i\TIong oth~r . factors. The higher pH ofstor~d 

mat~rial is thought to depress ex activity while added N appeared 

to stimulate B-glucosidase activity. CellulaSe . a~tiyity Wq$ corre­

lated with total carbon con~ent ~nd . ~ith respiration rijte, Either 

celll!lolytic activity or respiration can be used as an index of 

decomposition, ~lthough respiration rate may qe preferr9ble sinc~ 

cellulose breakdown acrcounts for only a portion of the org<;1l1i<; 

matter qecomposed. Due to the lack of a control site in the field, 

t~e effects of qdded N, pH, and other f~ctors ql1 cellulolytic 

eflzymeactivity are iroconclusive. 

Some effects of peat decomposition are to redu<;e fiber 

content, p~re vo lUJTle, a ir capac i ty, and hydrau 1 i c copduc t ivi ty, and 

to increase water storage capacity and available nutrient conte~t . . 

IJndecomposed, fibric peat WQuld probably be most effectiv~ in recla~ , 

mapon situations requiring erqsiol1 control. Where erosion is not 

a . problem, use of moderately decomposed (mesic) p~at may h.we ' 

grea ter benef it. 

Determinations of a~h con~ent, carbon content or bulk 

density are simple methods for approximate characterization of . 

stored peat materiah. Other prqperties such as nitrogen content, 

pore volume, and water capacity can be approximated by ~sing the 

highcorrelatioris among these prbperties. Long-term effectso~ 

storage conditions, however, require funther investigation. 
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9. APPENDICES 

The following appendices include details of laboratory 

methods used in this study and additional data on the peat storage 

pi les. 

9. I METHODS OF ANALYSES 

9 . 1.1 Physicai Properties 

a) Moisture Content - Twenty grams of moist peat were 

dried to constant weight at 90° C. Moisture content was calcu­

lated on the basis of the oven dry samples. 

b) Bulk Density - Moist peat was placed in a 2 Lcon­

tainer with a perforated bottom. The container was submerged in 

water for 24 h, and then removed and allowed to drain for 2 h. 

The bulk dens ity is reported as the oven dry weight of PETat per 

unit volume after drainage. 

c) Pore Volume - Pore vo I ume is the total space of air 

and water in peat. It was calculated from: 

where: 

Vp = 

Vp = 
Dp == 

Dp - Db 
x 100 Dp 

pore volume 01 
'0 

pa rt iC I e densi ty (g/mL) using a 100 mL 

volumetric flask as a pycnometer 

Db = bulk density (g/mL) 

d) Water Capacity - Water capacity is the total space 

of water in peat. It was calculated from: 

wt. of wet peat - wt . of dry peat x 100 Water capacity = 
vol. of wet peat 

e) Air Capacity - Air capacity is the difference between 

pore volume and water capacity. 

f) Void Ratio - Void ratio is the ratio of the volume 

of space to the volume of soil sol ids. For this study void ratio 

was calculated as follows: 

e = Vp 
100 - Vp 
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where: e = vo i d ra t i 0 

Vp = pore volume 

g) Ash Content - Ash content is the percent of original 

material remaining as residue after heating at 450°C for 16 h in 

an electric muffle furnace. 

h) Fiber Content - Fiber content is expressed as the 

percentage of the organic material retained by a 100 mesh screen 

either with or without rubbing. 

i) Saturated Hydraul ic Conductivity - Hydraulic conduc­

tivity was determined using a piezometer, in this case a pipe with 

a perforated cap on the lower end. A hole was augered to the 

desired depth, the piezometer placed in it, the water pumped out 

and the rate of water return up the tube determined. Hydraul ic 

conductivity was then determined according to the equation of 

Ki rkham (1946): 

Cond uc t i v i ty 
1T r2 1 n (h i /hj ) 

A (tj-ti) 

where: h = head; difference between water 

and water tab 1 e in tube 

r = radius of tube 

t = time from sta rt of exper i men t 

1 evel 

A shape function es t i rna ted from Youngs ( 1968) 

j) Permeabil ity - The measure of permeability in the 

laboratory was a simple apparatus designed by Henin et al. (1958). 

The K value was calculated based on the following equation: 

K (cm/h) CV 
-H"S 

where: C = height of so i 1 s?mpl es in cm 

V = volume of water passing through the column 

H = head, height of water in column in cm 

5 = cross -sec t ional area of tube in cm 2 

9. 1 .2 Chemical Properties 

a) Soil Reaction - pH was determined in water (solution 

to peat ratio of 2.5:1), using a calomel electrode. 
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b) Base Saturation - Base saturation 1s reported as the 

sum of Ca + Mg + K + Na extracted with ammonium acetate at pH ·7.0 

calculated as a percentage of the total exchange capacity as 

determined with sodium chloride (McKeague 1978). 

c) Nitrogen - Total nitrogen was determined by the 

semi-micro Kjeldahl procedure (McKeague 1978). 

d) . Phosphorus - Phosphorus was extracted wi th 0.002 N 

sulphuric acid and the orthophosphate measured colorimetrically 

using the molybdophosphorlc blue colour method (Jackson 1958). 

e) Carbon - Organic carbon was determined by dry 

combustion, using a LECO induction furnace. 

9. 1 .3 Microbiological and Biochemical Properties 

a) Bacterial numbers - Heterotrophic bacteria were 

estimated from plate counts in which soil dilutions .were spread 

on agar media containing various nutrients. The plates were incu­

bated and the colon ies formed were counted and converted to bac'teria 

per gram oven dry weight of sample. The medium used for plate 

counts in these experiments was Plate Count Agar (Difco). 

b) Fungal numbers - Fungi were estimated from plate 

counts using the medium of rose bengal-streptomycin agar with a 

compos it i ona s follows: 

Gl ucose 10.0 g 

Peptone 5.0 g 

KH2P04 1.0 9 

MgS04 . 7 H2O 0.5 9 

Agar 15.0 g 

Rose Bengal 33 mg 

The medium is cooled, and streptomycin is added to give 

a concentration of 30 mg/mL (Martin 1950). 

c) Measure of CO2 evolution - 100 9 moist peat were placed 

in a 600 mL plastic container with a tightly sealed 1 ide Evolved 

CO2 was collected in 10 mL 0.2N NaOH contained in a 50 mL beaker. 

The unused NaOH was back-titrated with O. IN HCl to the thymolph­

thalein end-point after precipitation of carbonates with BaC1 2 

( , 
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(Dommergues 1960). The NaOH was changed daily. Containers with 

only NaOH were used as controls and were otherwise treated in the 

same manner as those containing peat. The CO 2 evolved was calcu ~ 

lated from the consumption of HCI by the formula: 

mg CO 2 = 2.2 (Ql - Q ) 2 

where: Ql mL of HCl (0. 1 N) titrated in control 

Q2 mL of HCl (0. 1 N) titrated in soi 1 sampl e 

Coefficient of mineral ization of carbon: 

where: 

CO 2 - C 

C 

CO 2 - C = mg CO 2 - C evolved by soil 

C = total carbon content in soil 

d) Enzyme Activities -

1) Cl activity - A 10 g sample of fresh soil was weighed 

and put into a 50 mL Erlenmeyer flask with 20 mL of phosphate buffer 

solution (O.0667M Na 2HP04 and 0.0661'JM KHl04' pH = 6.0) containing 

0.01 % of Merthiolate and 10 mL of 2% cellulose solution, using 

cellulose powder Whatman CC41, which acts as a substrate. This 

mixture was then incubated at 37° C for five days. At the end of 

this period, the mixture was filtered through a fast filter paper. 

The reducing sugar was determined by employing the copper reagent 

method described by Somogyi (1945). 

2) Cx activity - The procedure followed was the same as 

for Cl activity determination except that carboxymethyl-cellulose 

(Sodium salt CMC-FHSP) was used as the substrate and the incubation 

time was 24 h. 

3) B-glucosidase activity - B-glucosidase activity was 
I 

determined by the method of Hoffman and Dedeken (1965) using Sal icin 

as substrate. 

9.2 SEEDING AND FERTILIZING RATES OF PEAT STORAGE PILES AT 
MILDRED LAKE 

Treatment Date: 

Seed Mixture: 

9, 10 April 1976 

Creeping Red Fescue 

Smooth Bromegrass 
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Slender Wheatgrass 

Canada Bluegrass 

Timothy 

Pubescent Wheatgrass 

Mixed Blossom Sweet Clover 

Rhizomatous Alfalfa 

Birdsfoot Trefoil 

Sainfoin 

Seed Appl ication: 90 lbs/ac 

Fertilizer Application: Ammonium Sulphate (21-0-0) -

20 lbs/ac 

Trea tmen t Da te: 

Ammonium Phosphate (11-55-0) -

75 1 bs/ac 

Urea (46-0-0) - 120 lbs/ac 

Potassium Chloride (0-0-60) -

60 lbs/ac 

11 April 1977 

Amnion i urn Phospha te (11 -48-0) 

140 lbs/ac 

Ammonium Nitrate (34-0-0) -

35 lbs/ac 

9.3 BACTERIAL POPULATIONS IN THE EVANSBURG PEAT PILES 

a Bacteria numbers - No. of bacteria/~ dry peat Depth 2 yr . old pea t pi 1 e 9 yr. old peat pi 1 e 

20 cm 3.8 x 10 7 21 x 10 7 

50 cm 6.1 x 107 9.5 x 10 7 

100 cm 3.4 x 10 7 5. 1 .107 

200 cm 69 x 10 7 270 x 10 7 

300 cm 13 x 10 7 17 x 107 

a Depths of peat samples from the surface. 
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9.4 CARBON AND NITROGEN CONTENTS OF THE FOUR CATEGORIES OF 
STORED MATERIALS AT MILDRED LAKE SAMPLED IN 1977 

Stored Peat C% N% CIN Material 

Group I 27.45 ± 1. I I 1. 55 ± O. I 3 18.55 ± 1. 20 
a a a 

Group II 5.68 ± 0.38 0.39 ± 0.03 15.32 ± 0.79 
c c a 

Group III 8 . 75 ± 1. 70 0 . 58 ± O. I 3 14.67 ± 1. 73 
c c a 

Group IV 14.22 ± 0.55 0.93 ± 0.06 15.93 ± 0 . 63 
b b a 

F ratio 108.64,'"b', 3 8 . 6 I ,',,',,', 1.79ns 

Results are means of I I , 31 , 12, and 42 sampl es for groups I , I I , 

" I, and IV respectively. Means in the same co I umn fo II owed by 
the same letter a re no t significantly different at the 95% level. 

'k';'~i'\ = P <0.001 . 

ns = not significant. 
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