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FOREWORD

Syncrude Canada Ltd. is conducting revegetation research on
disturbed land surfaces in the Athabasca Tar Sands. The following report
describes experiments which took place during 1976 on the face of the Great
Canadian 0il Sands Ltd. tailings pond dyke. The report is the third to be
published by Syncrude under the broad heading of revegetation, and the second
to deal specifically with tailings sand slopes. The previous two reports
are numbered 1974-3 and 1977-1, respectively, in Syncrude's Environmental

Research Monograph series.

It is Syncrude's policy to publish its environmental consultants'’
final reports as they are received, withholding only proprietary technical
information or that of a financial nature. Because we do not necessarily
base our decisions on just one consultant's opinion, recommendatiéns found

in the text should not be construed as commitments to action by Syncrude.

Syncrude Canada Ltd. welcomes public and scientific interest in
its environmental activities. Please address any questions or comments to
Syncrude Environmental Affairs, 10030 - 107 Street, EDMONTON, Alberta,

T5J 3E5.
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ABSTRACT

Studies were continued in 1976 into the improvement of a five year
old revegetated area on a tailings sand dike by the implementation of different
fertilizer programs.

In June, 1976 levels of available N, P, K and S were adequate for plant
growth. However, even where fertilizers were added levels of mineral N had
dropped to low levels by September, 1976.

Plant top production early in the 1976 season was increased by application
of n.trogen fertilizer during the previous August. Continued good growth
throughout the summer only occurred when extra N, P, K, and S fertilizers were
added in June, 1976. The most efficient use of fertilizer occurred when
nitrogen was added at a rate of abodt 80 Kg/ha or less. At the higher fertil-
izer application rates there was a tendency for Brome Grass to replace Creeping
Red Fescue as the dominant grass in the sward.

The accumulation of rcot tissues has occurred over the'paét five years to .
the extent that current root:shoot ratios vary from akbcut 4:1 to 7:1 .

Erosion of the area was negligible in 1976.

In two new revegetation experiments on steep tailings sand slopes, eroéion
could be minimized by the rapid establishment of a plant cover. This,Was most
effective where the surface was amended with peat, mine overburden and with
N, P, K and S fertilizers. The amounts of fertilizer added in the first year
varied betﬁeen 80 Kg-N, 35 Kg-P, 75 Kg-K and 20 Kg-S per hectare and 200 Kg-N,

80 Kg-P, 300 Kg-K and 40 Kg-S per hectare.
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Nutrient losses in surface water runoff améﬁnted to a maximum cf only
2;6 Kg-N, 0.4 Kg-P, 4;1 Kg;K-and 3.4 Kg-S per hectare in the treatments
studied. | |

Water infiltration into the dike was rapid and varied between 24.0 and
30.5 cm/hr. Estimates suggested that between 13% and 34% of the intercepted
rainfall leached below the 30 cm depth while plants were being estatlished
during the first year of growth.

Estimates of nutrient losses below the root zone (30 cm) ranged between
1.3 and 31.2 Kg-N/ha; less than 0.1 Kg-P/ha; 1.1 and 10.1 Kg-K/ha and 4.8 to
38.1 Kg—S/ha in the different treatments studied.

By the end of the growing season the levels of availbie N, P énd to a
certain extent K were low except where a second aprlication of fertilizer
had been made in August.

The seed mix used ccentained oats as a nurse . crop and 9. grass apd 4 legume
species. Plant growth was adequate to protect the soil surface. from serious
erosion. The dry weight production by the oats was considerably greater than
for either the grasses or legumes. The cover produced by grasses and legumes
alcne would have been adeQuate in terms of erosionkcontrol except in those
treatments involving heavy applications of mine overburdens.

The dry weight production of root and shoot tissues was about the same.
Root growth was largely restricted to the surface 15 cm. Deeper tillage of
peat and overburden resulted in a greater proportion of the roots in the 15-30
cm depth.

Total numbers of bacteria, fungi and actinomycetes as well as total soil

. respiration was considerably greater in soils from the revegetation experiments

in comparison to samples of fresh or weathered tailings sand.




Plate 1. Root core taken from treatment To in Experiment | in September, 1976. The photograph shows that a
dense root mat made up largely of Creeping Red Fescue has been produced after about five years of
growth. Most of the roots are restricted to the surface 15 cm. peat layer. Some have penetrated into the
tailings sand below.

Plate 2. View of part of experiment Il just before the area was seeded in July, 1976.



Plate 3. Early growth on experiment Il on treatment 1-C, August 4, 1976 about three weeks after seeding.

Plate 4. General view of experiment Il and experiment Ill (lower right) on August 27, 1976.



Plate 5. Total plant cover on treatment 1-A, experiment Il, 1976. The nurse crop of oats dominates the overall
appearance of the plot.

Plate 6. Plant cover on treatment 1-A when the oats plants have been harvested. The protection afforded by the
oats has helped to establish a good cover of grasses and legumes.



Plate 7. Plant growth can not be successfully established on unfertilized tailings sand slopes. Root penetration is
shallow and the plants are severely deficient of nutrients.

Plate 8. Where peat has been added to the tailings sand surface and fertilizers applied plants can be established
rapidly. Rooting is largely limited to the surface peat layer.
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1. ANALYTICAL METHODS

1.1 Laboratory Preparatidn

Soil samples from the field were broken up by hand in the laboratory
and subsamples were taken to determine moisture contents. The rest of the
sample was air dried in an aluminum dish. Dry soils were ground to 2 mm size
and stored for analysis. With total nitrogen and organic carbon analysis the
soil was ground to pass a 60 mesh screen.

Harvested plant samples were dried and weighed to determine dry weight
yields. The entire sample was then chopped into smaller pieces, mixed by hand
and a representative subsample ground to 20 mesh in a Wiley mill.

Root éores were stored in the deep freeze until they could be treated.
Root material was separated from the soil by washing with a fine Spréy of water
over a set of sieves., Root tissues were dried and finely ground before being
analyzed.

Water samples were taken in plastic containers and were stored in a

refrigerator until they were analyzed.

1.2 Physical and Chemical Methods

Physical and chemical methods of analysis were carried out by standard
methods as detailed in either Agronomy Monograph No. 9, Parts I and II(l) or
in the Manual on Soil Sampling and Methods of Analysis(z);

Particle size analysis was determined by the hydrometer method.
Measurements were only made on tailings sand and overburden prior to amend-—

ment (see Appendix). No pretreatment to oxidize organic matter was needed

since all the samples involved all had very low organic matter contents
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{e.g. less than 2% organic matter). Moisture retention by soils was measured
at 1/3 and 15 atmospheres using a standard pressure plate apparatus.
Soil pH was measuréd in a 1:2.5 soil/water paste with a glass electrode.
Electrical conductivity was determined on the extract from a saturated paste.
~ Bitumen was measured by methylene chloride Soxhlet extraction. Water soluble
sodium was determined by atomic absorption spectroscopy in the saturated extract.
Ammonium and nitrate were determined by steam distillation after extraction
with 1M potassium chloride. Extractable cations (Ca, Na, Mg and K) were
determined by atomic absorption spectroscopy after extraction with neutral
1M ammonium acetate. Available phosphorus was measured colorimetrically using
an ammonium mblybdate/ammonium vanadate-nitric acid reagent after extraction with
0.03N ammonium flﬁoride/0.03ﬂ sulfuric acid. = Sulfate was determined colorimet—
ricaily with a bismuth reagent following the reduction of sulfate with a
hydriodic acid/formic acid/hypophosphorous acid reagent. The extractant was
0.1M calcium chloride. Total nitrogen was determined by Kjeldahl digestion
followed by steam distillation. Organic carbon was estimated by the Walkley-
Black wet digestion method. Total exchange capacity was determined by ammonium
acetate saturation and displacement.

Total nitrogen analysis of-plant materials was determined as described
for soil samples. Measurement of total phosphorus, sulfur, potassium and calcium
involved digestion of the plant material with a 5:1 mixture of nitric acid and
perchloric acid. Wwhen thé digestion was complete‘the solution was diluted and the
P, 8, K and Ca contents determined as previously described.

Water infiltration rates were detérmined in the field using a
double ring system. A constant head of water was maintained in both cylinders

that had been driven into the ground. The volume required to maintain a




constant head in the central cylinder was recorded over a period of time until
equilibrium was reached. The constant rate achieved was recorded in units of
cm/hr.

1.3 Biological methods

Numbers of bacterié, actinomycetes and fungi present in the soil were
determined by plate counting methdds. Bactefia were counted on Standard Methods
Agar. Plates were incubated for seven days at 25°C before bacterial»colonieé
weré countéd.; Numbers of actinomycete colonies were cbunteq after 21 days.

Fungi were counted on a Streptomycin/Penicillin nutrient medium with
the follbwing composition per litre.

Glucose 10g

Peptone . og
Yeast extract 2.5g
Streptomycin 40 ug/ml

~ Penicillin 20 uﬁits/ml
Agar 15¢g
pH 6.0

Plates were incubated for ten days at 250C before fungal colonies were
counted.

The dilution ranges employed ranged from 10=3 to 10™° for fungi and
107° to 10-'7 with bacteria. With the tailings sand samples the dilutions’were
two orders of magnitude lower. |

Soil respiration rates were measuredlin the‘field and in the laboratorj.

In the field, plastic containers 12 cm in diameter were inverted and pressed into

the soil surface. Each contained a small vial of 0.1M sodium hydroxide. Carbon




dioxide released from the soil surface under the container was absorbed by the

sodium hydroxide. Carbon dioxide absorption could be quantitatively determined
by titration of the unused sodium hydroxide in the vial against standard acid
using phenolphthalein as indicator. $Soil respiration was measured over a six hour
period. Temperature measurements at a depth of 4 cm were taken every two hours.
From the dimensions of the container, soil respiration couid be expressed on a
area basis in the field.

In the laboratory, soil was incubated for about two weeks at field
capacity moisture content. A 30-50 g sample was placed in a glass jar in which
was suspended a small test tube containing sodium hydroxide. As in the field,
the production of carbon dioxidevcould be estimated by back titration of sodium

hydroxide. The temperature was maintained at 22°C. Respiration over a 24 hour

period was measured.

1.4 Statistical Methods

Replicated data was treated statistically to determine standard
deviation about the mean and to indicate probable treatment differences.
The more important data shows individual replicate values and standard

deviations in the tables within the text. A complete set of data, which gives

full replication with standard deviations and other statistical treatments may
be obtained on request.

Where it was applicable, significant differences between treatments
were examined using a one way analysis of variance. Where analyses of variance

were performed, significances may be noted in the text by following notation:

i Significant at the 1% level
*% Significant at the 2.5% level
* Significant at the 540% level
(*) Marginally significant

N.S5 . Not significant




If significance was noted, LSD values (Least Significant Difference
at the 5% level) are given in thé tables. |
Whére‘sighificancé was indicated bj an analysis of variance, further
statistical treatments using two sémple or‘pairéd't-tésts wefe often. carried out.
Correlations between different pafameters were‘investigated by linegf

regression analysis.

2. CONTINUED STUDIES ON A VEGETATED TAILINGS SAND DIKE AT FORT
MCMURRAY, ALBERTA. - EXPERIMENT (I).

2.1 Introduction

»The étudy area is located on the eastern face of the tailings
pond dike at the Great Canadian 0il Sands Limited plant af Fort McMUrray.
During the winter of 1970/71, a-layer of peat‘abbut six inches (15 cm)
in thickness was . added to the'slobé. In the following spring, the area was

seeded with the seed mix described below at a rate of 30 1lbs./acre (26.8 Kg/ha)

Brome' Grass (Bromus inermis) - 33% by volume
.Crested1Wheat Grass '(AgrOpyron cristétﬁm)' 24% by &olume
Créeping Red Fescue (Festucé rubra) - - 15% by volume
Sweet Clover ' " (Melilotus sp.) | '14% by ‘volume
Aléike_Clover (Trifolium hybridum) 44% by vélume

Soil samples taken in September of 1969 indicated that the.tailings
sandﬁhad a surface pH of 8.5, relatively low conductivity (salt content) and
was very low in availablé\nutrients.n In:May, 1971, the first,additibn‘of 
fertilizer was made. Between that time and July, 1974, Great Canadian 0il Sands
Limited (G.é.O.S.)vméde siX‘furfhep applicatiéns'of fertilizer;. The amdunts

added were very low (see Table 1).




Table 1. Fertilizers added to a Vegetated Tailings Sand Dike
at the G.C.0.S. Plant, Fort McMurray between May, 1971
and July, 1974. : ‘
FERTILIZER _ ._ NUTRIENT EQUIVALENTS .
DATE TYPE. . RATE/ACRE 1bs./acre
N‘ P » K
May, 1971 10130:10 400 40 52.3 33.7
Sept., 1971 6:24:24 200 12 20.9 39.9
33.5:30:0 200 67> ‘ 39.9
June, 1972 6:24:24 100 6 10.5 20.0
33.5:0:0 100. 33.5 |
May, 1973 15:15:15 200 , 30 ; 13.1 24.9
August, 1973 15:15:15 | 200 30 13.1 24.9
July, 1974 15:15:15 200 30 13.1 24;9
TOTAL 1b/ac 248.5 123 167.9

(Kg/ha 222 110 . 150)




The slope of the dike in this region varies from 23° to 28° and the soil
can become very unstable if the peat mantle becomes eroded away. Some
discussion was made of general erosion and water seepage problems at the site
in the 1975/1976 reportS.

2.2 Objectives

The general objectives of the experiment wefe:

(i) To determine the fate of fertilizer nutrienfs.added to
the dike,

(ii) To study the effectiveness of different fertilizer
programs in relation to the maintenance of an adequaté
plant cover on the dike,

2.3 Experimental Design

Initially a partially randomized design was set up which incorporated
six treatments replicated three times. Later, each treatment was subdivided
to give 36 plots as shown in Figure 1.

In terms of the treatments applied, a comparison was made between
no-fertilizer addition, low yéarly édditions (G.C.O;S; practice) and high yearly
or high biannual additions. Table 2 shows the amounts and times when feptilizens
were added in 1975. Water collection traps were set up on treatmenté T¢, T2,

T4 and T5 as well as on areas outside the plots to determine the extent of
fertilizer losses in runoff water. The original experiment was set up using
avoirdupois units. To maintain continuity with the other experiments, metric
conversions are given wherever possible.

In 1979, tﬁe basic experimént design remained the same, although the

work plan and the fertilization program were modified. The initiation of new

experiments in 1975 made possible a comparison of newly vegetated areas with




Figure 1. Field plan of experiment on a vegetated tailings sand dike at the GCOS plant
site at Fort McMurray, Alberta (Experiment [I]).
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Replicate 1
T5A T2 TlA T3A v T4 TOA .
T5 T4A TO T2A TlA : T3 replicate 2

T5A T4 TOA T2 T1 T3A

TS T1 T2 T3 TO - T4

A Replicate 3
'
20 T5A TlA T2A TSA TOA _ T4
20!

Approximate North}>

(slope 23-28°)

.—8_



Table 2. Fertilizers added to a Vegetated Tailings Sand Dike
at the G.C.0.S5. Plant, Fort McMurray during 1975.

Treatment Spring (June 19th) Summeér (Aug.l17th) Igzgll
(1bs per acre)
N P K S N P K S N P K S

To 0 0 0 0 0 0 0 0] 0] 0 0 0
TOA 0 | O. 0 0 80 0 0 8 80 0 0 8
T1 . 80 20 80 8 0 0 0 9 80 2C 80 8
TlA 80 20 80 8 80 0] o 8 160 20 80 16
TZ* ' 80 20 E0 8 0 0 0 0 80 20 80. 8
TZA* 80 20 80 8 >80 0 0] & 160 20 80 16
T3 160 40 1€0 16 | 0 0 0 0 160 40 160 16
T3A 160 40 160 16 160 0 0 16 320 40 160 32
T4* 160 40 160 16 O' 0 0 0 160 40 160 16
T4A* 160 40 160 16 160 .O 0] 16 320 40 160 32
T5 13.5 5.2 10 12 24 5.2 10 24 37.5 10.4 20 36
T5A 13.5 5.2 10 12 67.5 5.2 le 24 80 10.4 20 36

* Lime added, June 19th at 5 tons/acre (appox. 4.5 Tonnes/ha)

Fertilizers added to all but T5 and T5A as:

ammonium nitrate, ammonium sulfate, ammonium phosphate, potash,
potassium sulfate.

Fertilizers added to T5 and TS5, as ammonium sulfate and ammonium
S o A
phosphate/potassium sulfate. v o

To convert 1b/ac to Kg/ha multiply by 0.894,
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one such as this which had been vegetated for several years.

Table 3 shows the fertilization program used in 1976 and thgt proposed
for the next few years.
2.4 Work Plan

As in 1975, two cuts of plant material were made to estimate productivity.
More detailed studies related to fertilizer uptake and loss, and a general
assessment of site stability were made in 1976. These more detailed studies
were restricted to treatments To, T2, and T5. Two sets of soil samples were
taken. The first in June, after the first set of plant samples were taken and
the other in September when the final plant'cué was made. In view of the
results of runoff and erosion studies conducted during 1975, the water traps
were not reinstalled in 1576.
2.5  Results

2.5.1 Summary of Conclusions from 1975

(i) The application of over 80 lbs-N/acre, 40 1lbs-P/acre and
80 1lbs-K per acre per year seemed tc have resulted in the production df a
good vegetative cover (Equivalent to 71.5 Kg-N, 35.8 Kg-P and 71.5 Kg~K/ha).

(ii) Although dry matter production was good enough”to consider
cropping the areé-for hay, this practice was not considered desirable. The
nutrients removed could not be recycled in the soil in subsequent years so
that more fertilizer additions would be needed to maintain growth.

(iii)Brome Grass and Creéping Red Fescue were the dominant
species that had survived on the slope. At the higher rates of fertilizer
addition Brome Grass predominated while at minimal rates of nutrient

amendment Creeping Red Fescue competed more favorably.




Table 3. Fertilizer additions during 1976 and proposed additions to 1979 on a vegetated tailings sand dike
at the G.C.0.8. plant site at Fort McMurray, Alberta.
Rate of fertilizer addition (1b/acre)
1976 1977 1978 1979
June June Aug. June | Aug. June Aug.
N P K S N P K N P K N P K N P K N P KX N P K

To
ToA 80 20 80 80 20 80
T1 80 20 80 80 20 80 80 20 80 80 20 80
TlA 80 20 80 80 20 80; 80 20 80 80 20 80 80 20 80 80 20 80
T2 80 20 80 80 20 805 80 20 80 80 20 80 80 20 80% 80 20 80
T2A 80 20 80 80 20 80; 80 20 80 80 20 80 80 20 80 80 20 80
T3 160 40 160 160 40 160
T3A 160 40 160 160 40 160 160 40 160 160 40 160
T4 160 40 160 : 160 40 160%*
T4A 160 40 160j 160 40 160 160 40 160%; 160 40 160
T5 38 10 20 38 10 20 38 10 20 38 10 20
T5A 38 10 20 8 38 10 201 62 38 10 20 62 38 10 20 62

* Possible addition of lime depending on soil pH.

To convert lb/ac to Kg/ha multiply by 0.894.
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(iv) Vegetative cover on this part of the dike was sufficient
to stop erusion as long as large scale channeling of the runoff water could

be prevented.
(v) Little fertilizer nitrogen was lost in rainfall runoff.

Most of the added nitrogen seemed to be taken up efficiently by the plants.

(vi) Root penetration was confined almost exclusively to the
surface peat layer.

2.5.2 Soil Analysis

(a) Jﬁne, 19756
A series of soil samples were taken on June 22, 1978 some four

days after the first plant samples had been removed. Every plot was sampled
at the C-15 cm and 15-30 cii depth (0-6" and 6-12"). In addition, treatments
T0, T2, T4 and T5 were sampied at 30-60 cm, 60-90cm and 90-120 cm depths.
To provide a representative sample at least six cores were taken at eéch plot.

The results are presented in Table 4.> In comparison to the analysis of
samples taken during 1975, the soil properties were generally similar (see
Table 1 and 11, 1975/1976 report, reference number 3).

Surface pH values ranged from ©.35 to 6.62 where no lime had been
added and between 6.75 and 7.12 where lime had been applied at a rate of 5
tons/acre in 1975 (4.5 Tonnes/ha). With increase in depth, the soil became mildly
alkaline. However, the values never exceeded a pH of 8 to the depth sampled.
Analysis of the tailings sand in 1969 before the peat was added indicated
pH values of about 8.5.

Conductivity of the surface 30 cm was generally between 0.5 and 0.7
mmhos/cm. Slightly higher values were recorded for some of the treatments

that had received extra fertilizer in August, 1975 (TZA, TSA, T4A, and TSA).




Table 4.

at Fort McMurray, Alberta - June, 1976 (Experiment [1]).

Analysis of soil samples from a vegetated tailings sand dike at the GCOS.plant site

T4

pH Cond. Org.C T.E.C. H20 Mineral nitrogen P K SOA—S Sol~Na Ext-Na Tot. N
mmhos/cm % meq/100g % NH,-N NO_-N %
ppm ppm
TO 0-15 cm 6.60 0.62 4.2 16.3. 13.1 20.1 0.6 22.0 122 42.9 7.3 9.4 0.13
) 15-30 6.80 0.50 1.5 4,2 6.3 10.0 0.7 3.3 23 26.8 4.4 6.2 0.03
30-60 7.00 0.48 0.9 2.0 4.1 13.9 0.3 1.2 17 20.4 7.5 6.2
60~-90 7.38 0.47 5.5 20.2 2.1 0.5 39 24.3 5.5 7.1
90-120 7.28 .0.51 7.9 15.0 0.2 1.3 26 21.3 5.5 6.5
T0, 0-15cm 6.42 0.54 8.8 18.2 0.4 '
15-30 6.80 0.34 4.1 9.8 0.6
T1 0-15 cm 6,47 0.67 17.9 25.3 1.2
15-30 6.73 0.64 6.9 6.5 0.9
T1, 0-15 cm 6.42 0.60 10.4 12.0 1.4
15-30 6.85 0.43 T 2.8 7.8 0.8 o
T2 0-15 cm 6.93 0.75 5.7 20.0 16.9 12.3 1.1 16.7 164 71.9 13.0 13.5 0.24
15-30 7.15 0.58 1.8 4.9 5.7 9.7 0.6 3.0 28 35.6 5.8 7.3 0.04
30-60 7.15 0.59 0.7 1.8 4.5 15.7 2.1 3.3 23 23.9 5.6 7.3
60-90 7.30 '0.53 4.8 13.0 0.2 1.8 19 21.5 5.3 6.9
90-120 7.33 0.65 5.5 :10.8 0.8 2.2 23 27.3 7.7 10.1
T2, 0-15 cm 6.75 0.90 11.6 20.5 0.6
15~30 7.13 0.68 2.9 8.4 0.2
T3 0~15 cm 6.47 0.63 11.6 32.8 1.2
15-30 6.68 0.68 4.0 15.0 0.8
T3, 0-15 cm 6.35 0.82 14.4 36.9 5.0
' 15-30 6.67 0.70 4.4 18.0 1.4 »
T4 0-15 cm 7.12 0.76 4.5 17.2 10.9 35.0 1.6 33.2 259 58.5 14.2 . 13.7 0.13
15-30 7.07 0.65 2.5 8.5 7.7 10.1 0.9 4.5 31  46.0 7.3 9.0 0.04
30~60 7.22 0.62 1.1 2.8 4.1 15.3 0.4 3.8 27 26.3 8.3 8.3
60-90 7.63 0.55 5.0 8.7 1.1 1.8 23 24.4 5.5 6.7
90-~120 7.48 0.63 5.6 14.8 0.3 2.8 36 28.4 8.2 9.1
0-15 em 6.90 0.90 11.4 26.0 3.0
A 15-30 7.40 0.73 3.6  14.1 2.7
T5 0-15 cm 6.60 0.72 6.5 . 20.6 14.6 21.5 0.7 24.3 130 69.6 9.2 11.7 0.15
15-30  6.92 0.61 1.7 4.7 6.0 16.9 1.4 4.5 23 34.8 5.1 6.9 0.02
30-60 7.30 1.24 1.0 2.8 5.4 18.2 1.3 3.8 29 43.2 20.1 23.9
60-90 7.58 0.99 5.0 11.8 0.0 1.5 29 21.9 12.4 9.6
90-120 7.67 1.62 5.6 18.8 1.5 2.3 41 27.2 24,2 17.9
T5, 0-15 cm 6.62 0.77 12.7  28.1 0.4
15-30 7.15 0.61 6.6 10.8 1.1

. All values are means of three replicates.

Statistical analyses are presented in the Appendix.
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Samples taken to a depth of 120 cm (4 feet) did nol appear to have any

buildup of salts. An exception was treatment T5 which had values consistently
above 1 mmhos/cm between a depth of 30 cm and 120 cm. This might be due to
the presence of salt containing overburden material at this depth on that area
of the dike. It should be noted that treatment T5 was not randomized and

is located as a block on the southerin edge of the experimental area.

r Analysis of the available major plant nutrients, N, P, K, and S,
;showed that early in the growing season supplies were quite good.

Mineral nitrogen was almost exclusively present in the ammonium form.

——y

;Amounts in the surface 15 cm varied from 12.0 ppm to 35.0 ppm. in all the

' treatments that were sampled to 120 cm ammonium-N was always present. Nitrate
fnitrogen concentrations were all below 5 ppm. The treatments that had

zreceived high rates of fertilizer last year did not have significantly higher

contents of mineral total nitrogen in relation to low fertilizer treatments.

However, amounis of NO_-N in the surface 15 cm where significantly higher

3

‘at the 5% level in treatments T3, T3, T4 and T4, (t-test).

A,

Most of the available phosphorus was present in the surface 15 cr.

Values ranged from 16.7 ppm to 33.2 ppm. Below the 15 cm depth, values were

‘all below 4.5 ppm. No significant trends related to previous fertilizer

additions were evident.

The majority of the potentially available potassium was also restricted

i to the surface peat layer. Concentrations varied between 122 ppm for

~treatment To to 259 ppm in treatment T4. There did appear to be some benefit

e

—

. - - . - . - / !
from the previous season's addition of fertilizer potassium.  Surface values

in treatments T2 and T4 were significantly higher than treatments To and T5\
(5% significance shown with a t-test). -
-~ .

Sulfate~S concentrations were quite high in all the samples that were

analyzed. Values were significantly higher at the surfacej Beiow the 15 cm

~
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depth, a concentration of 20-30 pém SQ4-S was normally recofded. There seemed
to be a rélationship,between'surface concentrations of sulfate and the rates
of fertilizer-s added previously.

Organic carbon contents in the surface 15 cm of treatments TO, T2, T4
and T5 varied between 4.2»percent‘and 6.5 percent. Differences between
treatments were not significant. HMuch of the surface 15 cm is made up of
root biomass (see later). Therefore, it seems that since'1970/7l, when the
peat was added, considerable decomposition has taken place to reduce the
content of peaf carbon. Organic carbon was quite léw in the lower depths
studied.

The total nitrogen content of the surlace 15 cm varied from 0.13 percent
to 0.24 percent. Surface C:N ratios ranged from 23.8 to 43.3 percent. ‘Unfort—
unately, we do notc have any similar.data related to the original pealt used
as the amendment to this area.

Most of the cation exchange capacity of the soil seems to‘be derived
from the oyganic component.\\iotal exchange capacity was closely related to
organic carbon contents (r2= 0.85 for‘all depth). Average T.E.C. values v
of between 1673 and 20.6 meq/100g were found.//The exchange capacity below
the surface 15 cm was quite low‘indicating a ;;ther limited ability to hold
cations once they leach below the surface mat of peat and rootss/
j’/Thére was no evidence for the accumulation of sodium within the soil
profile to a depth of 120 c¢m. Values recorded Were all low and generally
were below 15 ppm. Almost all ' the sodium present seemed.to,be water solublé.

With treatment T5, sodium.contents were consistently higher than other

treatments below the 30 cm depth. As with the conductivity readings, there

seemed to be some evidence that a small pocket of more saline material
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existed at depth in this region of the plot.
Soil meisture levels at this time were moderately low. No rainfall
nhad been recorded for the whole week pricr to sampling whiie temperatures '

had been quite high. In the sand below the peat, the 30-60 cm layer generally

held the least water. Below a depth of about 60 cm moisture content seemed
to begin to rise again slightly.)
/

(b) September, 1976

Treatments T1, T1 T2, TZA, T5 and TSA were fertilized after the

A’
June soil samples were taken (See Table 3).

A second set of plant and soil samples were taken on September

15. Samples were taken in the same way as before. The results of analysis
are showa in Table 5. In comparison to the June sauples, the soils were
slightly more acidic and available nitrogen ana potassium were lcower.

The surface pH of the unlimed treatments ranged from 5.83 to 6.08
while values between 6.28 and ©.55 were determined with limed aress.
These values were from about 0.3 to 0.6 units lower than was recorded
in June.

Conductivity values had generally increased slightly. This was
particularly the case where high rates of fertilizer had been added in 1975
and where additional nutrients were added during 1976. Treatment T2A had

the highest conductivity (1.20 mmhos/cm). This value is still well below

levels that would be considered ﬁarmful to plant growth. Conductiviiy to
120 cm was low.

Sbil moisture céntents at the surface were higher‘than had been
recorded in Jurne. The period between the sampling had included three days
of moderately heavy rainfall (August 13, 31.2‘mm; August 26, 36.8 mm;

and September 6, 39.9mm).

Mineral nitrogen contents were lower than earlier in the. year, even
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Table 5. Analysis of soil samples from a vegetated tailings sand dike at the GCOS
plant site at Fort McMurray, Alberta - September, 1976 (Experiment [I]).
pH Cond. HZO Mineral nitrogen P K 804—8
mmhos/cm %
ppm
TO 0-15 cm 6.03 0.65 49.1 3.1 1.5 28.2 100 36.8
15-30 6.33 0.57 7.9 2.3 1.2 2.3 14 21.6
30-60 6.57 0.42 5.9 1.3 0.7
60-90 6.83 0.38 7.3 1.0 0.8
90-120 7.18 0.50 8.3 1.2 0.6
TOA 0-15 cm 5.83 0.58 25.3 , 4.4 1.6
15-30 6.07 0.57 15.4 1.4 1.1
T1 0-15 cm 5.93 0.68 22.0 6.9 2.9
15-30 6.17 0.65 9.1 1.7 0.9
TlA 0-15 cm 5.88 1.01 26.1 6.5 2.9
15-30 6.15 0.80 3.5 1.3 1.0
T2 0-15 cm 6.55 1.05 " 56.1 5.6 9.6 26.5 203 67.0
15-30 6.52 ‘0.73 15.1 2.6 1.5 4.8 19 22.3
30-60 6.61 0.40 5.9 1.6 1.4
60-20 7.00 0.48 6.0 1.1 0.6
90-120 6.78 0.41 5.6 1.4 _l.O
T2, 0-15 om  6.43 1.20 35.6 8.7 5.1
15-30 6.43 0.76 5.7 2.6 0.8
T3  0-15 cm 5.98 0.64 44.3 4.6 1.8
15-30 6.30 1.00 7 15.3 4.3 1l.4
TSA‘ 0-15 cm 5.98 0.68 39.5 4.8 2.7
_ 15-30 6.23 0.80 11.1 1.7 0.8
T4 0-15 cm 6.28 - 0.91 37.3 3.4 0.9 20.5 + 143 65.8
15-30 6.38 0.83 23.1 2.3 1.0 2.7 24 42,6
30-60 6.43 0.44 - 6.8 1.2 0.7
60-90 6.70 | 0.41 5.7 0.9 0.8
90-120 7.12 0.47 " 7.3 1.4 0.9
T4A 0-15 cm 6.35 0.66 33.3 6.4. 1.3
15-=-30 6.18 0.74 12.2 2.4 1.0
T5 0-15 Cm 6.08 0.90 50.1 6.7 1.9 18.2 89 97.0
15-30 5.90 0.63 13.0 2.8 0.8 2.7 22 29.4
30-60 6.22 0.71 6.6 1.5 ‘0.8 ' S
60-20 6.53 0.92 5.8 1.1 0.6
90-120 7.57 0.68 6.4 . 1.1 0.5
TS, - 0-~15 cm 5.98 0.73 50.0 8.8 1.6°
15-30 6.32 0.69 14.9 2.2 0.6

.All values are means‘of three replicates.
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with the plots that had received extra fertilizers this year. In the top

15 cm ammon.ium-N varied between 3.4 and 8.8 ppm.  Nitrate-N was between

0.9 and i5.1 ppm. Mineral nitrogen was generally very low below a depth of
15 cm. No relationship could be found between total mineral nitrogen
contents and the amounts of nutrients added. Those treatments that had been

T2, T2

fertilized in 1976 (T1, T1 T5, and TSA) did contain significantly

A’ A’
more NH4-N and N03—N in the surface 0-15 cm than those which had not been

fertiilized in 1976.

Available phosphorus contents were fairly similar to those recorded
in June. Again, most of the phosphorus occurred in the surface 15 cm. No
significant differences could be foundbbetween the treatments studied

(To, T2, T4, TS).

Available potassium was between 89 ppm and 203 ppm in the surface
15 cm of treatments TO, T2, T4 and T5. Amounts were very low below 15 cm.

Sulfate sulfur contents were generally similar in the June leveis.
Amounts in the surface 15 cm ranged between 36.8 ppm and 97.0 ppm.

2.5.3 Vegetative Growth

(a) Field Observations and Measurementis

Where higher amounts of fertilizer had been added in relation to area
surrounding the experimental site,the growth of Brome Grass generally
increased at the expense of Creeping Red Fescue.

During August, semi-quantitative measurements of the percentage
area covered by each species were made (see Table 6). Again, the relationship
of species distribution to fertilization is evident especially where both

sides of the split plot are examined (e.g., T1, TlAg T4, T4A, etc). For
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Table 6. Distribution of Plant Species on Experimental Plots
On a Vegetated Tailings Sand Dike at the G.C.0.S.
Plant, Fort McMurray.
Treatment Percentage Cover
Creepihg Brome Alsike ‘Sweet Crested
Red Fescue Grass Clover Clover Wheatgrass
‘TO 88 9 2 1 0
TO 79. 18 0 1 2
A
Tl 66 33 0 1 0
TL, 42 58 0 0 0
T2 50 50 0 0 0
T2 5 45 55 0 0. o
T3 80 20 0 0 0
T3 30 70 0 0 0
T4 69 25 1 0 5
T4 p 52 45 0 0 3
T5 80 19 1 0 0
TS p 71 - 28 1 0 0

All values are means of three repicates
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example, treatment T3 has 80 percent cover by Creeping Red Fescue and 20%

by Brome while TSA has only 30% cover by Creeping Red Fescue and 70% by

Brome. Both treatments were fertilized in June, 1975 while T3A received extra
nitrogen in August, 1975. Neither were fertilized in 1976. However,

the desirability of manipuiating the predominance of one species over the
cther in this case_ié not clear at this time.

Despite the fact the soil analysis éhowed that available autrient
levels were all above minimum, plant deficiencies were evident as early as
June. Deficiencies became progreséively more severe as the season progressed.
Nitrogen, potassium and phosphorus deficiency symptoms could be noted on
mény plots. However, no clear trends related to experimental treatments
were evident. Areas around the experimental site were not fertilized in
1976 and‘showed very poor growth throughout the year. A portion of the plant
material in this area had turned brown by mid-summer. Experimental areas
that were fertilized late in 1275 or early in 1976 generally had a good
vegetative cover and looked green and healthy for most of the summer.

(b) Plant Productivity

Areas of one ieter square were clipped from each of the 36 plots in
June and SeptemBer. In this way, estimates of early growth and total growth
could be estimated. Samples were transported to the laboratory and were
dried and weighed. Each samples was chopped up coarsely, mixed and a sub-
sample taken and ground for subsequent chemical analysis.

Table 7 shows the yields of the June, 1976 plant material. It was
most evident that early growth was promoted by thz late fertilization in
the previous August. All the "A" treatments gave signiificantly higher

yields in June in comparison to the respective treatment that did not receive




Table 7.

Dry weight yield of plant tops in June and September, Experiment (I), 1976.
. 2
, Plant Top Yield (Kg/m~)
Treatment June, 1976 September, 1976
R1 R2 R3  Average S.D. R1 R2 R3 Average  S.D.
TO. 0.030 0.036 0.097 0.054 0.037 0.192 0.229 0.297 0.239 0.053
TOA~ 0.115 0.060 0.080 0.085 0.028 0.355 0.324 0.293 0.324 0.031 .
T1 - 0.038 0.105 0.088 0.077 0.035 0.352 0.423 0.353 0.376 0.041
TlA : 0.073 0.153 0.137 0.121 0.042 0.367 0.371 0.375 0.371 0.040
T2 0.046 0.116 0.089 0.084 0.035 0.392 0.389 0.377 0.386 0.007
T2A 0.121 0.087 0.130 0.118 0.023 0.397 0.330 0.366 0.364 0.034
T3 0.0924 0.081 0.124 0.100 0.022 0.252 0.233 0.295 | 0.260 0,032
T3A 0.204 0.117 0.189 0.170 0.047 0.291 0.255 0.328 0.291 0,037
T4 0.109 0.104 0.073 0.095 0.020 0.366 0.293 0.307 0.322 0.039
T4A 0,209 0.186 0.094 0.166 0.065 0.321 0.328 0.262 0.304 0.036
5 0.066 0.093 0.085 0.081 0.014 0.357 0.363 0.409 0.376 0.028
TSA 0.096 0.129 0.174 0.133 0.039 0.297 0.467 0.451 0.403 0.098
Significance * k¥
.L.Ss.D. 0.061 0.073
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fertilizer during August, 1975 (means were statistically different at the

1% level of significance). The yield was lowest (0.170 Kg/mz) in the
unfertiiized treatment To while the highest yield (0.170 Kg/mz) was recorded
with treatment T3A. Rapid early growth is most important in providing a
good protective cover against erosion of the soil surface. Fort McMurray
seems parcicularly prone to.at least one or two violent rain storms during
spring and early summer.

Differences between treatments werc legcs dramatic when the entire
seasons growth was examined. Yields are recorded in Table 7. The treat-
ments that had received single or double increments of 160 lbs-N acre in
1975 but no fertilizer in 1976 (i.e., T3, T3, T4, T4A) yielded lower than
treatments T1, TlA, T2, TZA which had received fertilizer at 80 lbs-N/acre
equivalent during 1975 and 1976 (statistically different at the 1% level).
Even the addition of 35 lbs-N/acre equivalent in June, 1876 (T5 and T5A) resulted
in an excellent plant biomass production. Treatments which did not receive.
fertilizers in 1976 produced a disproportionately high amount of growth by
June. Between June and September, growth was apparently quite slow in
these treatments.

The unfertilized treatment, To, gave the lowest total yield (0.239
Kg/m2), while the highest yield (0.403 Kg/mz) was recorded for treatment T5A.

As part of the last year's study, some preliminary measurements of
root distributicn were made. Results indicated that about 80% of the root
biomass was restricted to the surface peat layer (0-6 incles).

Root biomass and distributicn studies were expanded in 1976 to
determine if rooting characteristics were related to experimental treatments.

Plate 1 shows a rcot core taken from treatment To in September, 1976. Visually
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most of the roots seemed to be located in the peat zone. A few roots did
penetrate quite deeply into.the sand. Table & shows the yield of roots for
‘different treatments to a depth of 60 cm. Root sections 15 cm x 15 cm in
size were takeh in duplicate from treatmeﬁts To, T2, T4 and T5 at C-15 cm
and 15-30 depth. The final sample for the 30-60 cm depth was composed of
eight samples taken with a 6 cm diameter corer. The root samples were stored
in a deep freeze until they‘could be treated. In this way, biological
decomposition of the roots was kept to a minimum; The roots were separated
from the rest of the soil by a wet sieving method. The procedure was
tedious but seemed to be relatively efficient; Undoubtedly some of the fine
roots were lost in the process. However, we estimate that recovery was
between 90 and 9% percent efficient for sandy samples and about 75 percent
efficient for the peat layers. This method does not~distinquish betweén
livirg and dead roots.

As was found in the limited study last year, most of {the roots were
in the surface 15 cm. The percentage 1recovered varied between 85.1 and 94.6
percent. There was no significant difference between total root biomass.
Rool production varied between 1.372 Kg/m2 and 1.726 Kg/mz. The yield of
roots relative to the above ground production to September, 1976 ranged
from 7:iAfor treatment To toc 4:1 for treatments T2 andg T5.

The differences were due to variation in above ground biomass.

(c) Plant Analysis

The nutrient content of plant. tops sampled in June and September
showed some relationship to the levels of available nutrients in the soil

at the same time. In particular, the nitrogen contents for the June cut




(IT), September, 1976.

Table 8. Total dry weight yield of plant roots, Experiment
. 2
Yield of roots (Kg/m )
Root/Shoot
0-15 cm. 15-30 cm. 30-60 cm.
R1 R2 R3 Ave. S.D. R1 R2 R3 Ave. S.D. R1 R2 R3 Ave. S.D. TOTAL
TO 0.802 1.231 2.702 1.578 0.996 0,064 0.173 0,122 0.120 0,055 0,040 0,031 0.013 0.028 0.014 1,726 72
T2 1.650 1.441 1.408 1.500 0.131 0,086 0.049 0.099 0,078 0,026 0,013 0,017 0.002 0.007 0.006 1.585 4,1
T4 1.599 1.081 0.826 1.168 0.394 0,188 0.087 0.219 0,165 0,069 0,007 0,021 0.087 0.038 0,043 1.372 4.3
T5 1.594 1.496 1.009 1.366 0.313 0,156 0.169 0,123 0,149 0,024 0,012 0.068 0,022 0.034 0.030 1.550 4,1 |
N.S. N
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were quite similar regardless of the treatment involved (See Table 9).

June values were generally higher than for naterial harvested in September
(Table 10). It will be noted that in September the available nitrogen in
the soil was duite low. Niﬁrogen contents of Jﬁne samples varied betweeﬁ
1.86 and 2.72 percent while in September the range was 0.89 percent té 2.76
percent. The decline in nitrogen content over the season was most evident
for treatments that were not fertilized in 1976. Table 11 shows this in a
better perspective by comparing the total amount of nitrogen taken up by
the plants.

Phosphorus showed a similar though less dramatic trend to that
demonstrated by nitrogen. The June samples had phosphorus contents that varied
from 0.27 percent to 0.45 percent while the phosphorus content of the material
harvested in September was between 0.21 perceht ard 0.30 percehf. Thé
ocserved reduction in phosphorus content was most marked with treétment To
(unfertilized) which dropped from 0.45 perceut to 0.24 percent phosphorus.

The total potassium contents of the September plant samples were significaﬁtly
higher than those in June (paired t~test using treatment means indicated
significant differences at the 2.5% level).

Sulfur contents revealed no significant differences between experimental
treatments. Concentrations were slightly lower in the September set of |
samples. June values varied between 0.12 percent S and 0.20 percent S,
while the range was 0.09 percent to (.17 percent S in September.

The calcium content of top material was similar in both sets of plant
samples. Limed treatments were not significantly higher in calcium than

plants grown without lime addition in 1975.
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Table 9. Analysis of plant tops, June 1976, Experiment (I).
Treatment N P K S Ca Nitrate
(%)

To 2.05 0.45 1.76 0.17 0.51 0.77
ToA 2.04 0.33 1.58 0.12 0.48 0.86
T1 1.86 0.36 2.13 0.17 0.56 0.96
TlA 2.02 0.35 1.83 0.16 0.56 1.26
T2 2.38 0.38 1.18 0.15 0.49 0.96
T2A 2.08 0.31 1.73 0.13 0.48 0.31
T3 2.29 0.31 1.72 0.20 0.54 0.14
TSA 2.36 0.35 1.55 0.20 0.57 0.89
T4 2:.72 0.38 1.18 0.17 0.44 0.99
T4A 2.63 0.29 1.30 0.16 0.53 0.68
T5 2.49 0.29 1.22 0.14 0.41 0.58
T5A 2.39 0.27 1.48 0.15 0.52 0.87
Significance * ¥ N.S. *K 3% N.S. N.S *HR
L.S.D 0.41 0.42 0.20




Table 10. Analysis of plant tops and roots, September 1976, Experiment (I).

Tops (%) _ Roots (%)
S N P K s Ca NO,, N P K S Ca

To 0.93 0.24 1.51 0.09 0.58 0.46 0.69 0.66 0.91 0.11 0.74
To, 0.89 0.25 1.74 0.09 0.46 0.19
T1 1.47 0.30 2.25 0.11 0.40 0.47 |
T1, 1.40 0.29 1.98 0.10 0.45 0.37 - ¥
T2 2.61 0.28 2.20 0.12 0.52 0.40 0.82 0.68 0.69 0.11 0.83

T2, 2.76 0.31 2.55 0.17 0.52 0.53
T3 1.63 0.22 1.44 0.09 0.45 0.16
T3, 1.56 0.23 1.44 0.11 0.44 0.13

- T4 1.38  0.21 1.43 0.14 0.53 0.12 0.84 0.73 0.61 0.09 0.81
T4, 1.94 0.24  1.69 0.10 0.43 0.24
T5 1.80 0.29 2.04 0.09 0.47 0.22 0.85 0.65 0.57 0.11 0.70
TS, 1.99 0.30 2.10 0.15 0.49 0.43

Significance  *%¥ * #%  N.S. N.S. N.S. (*)  N.S. N.S. N.S. N.S.

L.S.D. 0.76 0.06 - 0.69 0.18




Table 11. Total uptake of nutrients by plant tops and roots, Experiment (I), 1976.
Tops (Kg/ha) Roots (Kg/ha)
Treatment June 1976 Sept. 1976
N P K S Ca N P K S5 Ca N P K S Ca
To 11 2 10 . 3 22 36 2.2 14 119 114 157 19 128
ToA 17 3 13 . 4 28 56 15
T1 14 3 16 . 4 B5 11 85 4.1 15
TlA 24 4 22 1.9 7 52 11 73 17
T2 20 3 10 1.3 4 101 11 85 4.6 20 130 108 109 17 132
T2A 24 4 20 . 5 101 11 93 6.2 19
T3 23 3 17 . 5 42 37 2.3 12
TSA 40 6 26 3.4 10 45 42 3.2 10
T4 26 4 11 . 4 a4 46 4.5 17 115 100 84 12 111
T4A 44 5 22 2.7 9 59 7 _51 . 13
T5 20 2 10 . 3 68 11 77 18 132 101 88 17 109
T5A 32 4 20 . 7 80 12 85 6.0 20

Results are means of three replicates
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Root material from the three depths of each treafment studied was
combined and analyzed as a composite sample. The results are presented in
Table 10.

The nitfogen content of roots from treatment To (0.69%N), which was
unfertilized was significantly lower (significant at the 2;5% level in an
unpaired t-test) than treatments T2, T4 and T5 (0.82 to 0.85 percent N).
Treatment T2 had been fertilized in 1975 and 1976 (see Tables 2 and 3).
Treatments T4 and T5 had only received fertilizer in 1975. The nitrogen
contents of the root tissues were substantially lower than in the tops
(average 0.80%N in the roots to 1.70%N in the tops).

The phosphorus content of the root material was higher than that
recorded for the top méterial (0.65 percent to 0.73 percent, roots; 0.21
percent to 0.45 percent, tops). No éignificant differences could be found
between the different treatments;

The average root potassium content for treatment To was greater
(0.91%K) than with treatments T2, T4 and T5 (0.57 to 0.69 %K). However, the
variation between replicatés was so great that the difference was not
statistically signitficant. The potassium content of roct tissues was about
one half that found in the abéve4ground material.

Tne total sulfur content of roots was similar for all the treatments
analyzed (0.09 to 0.11 percent S) and was generally lower than had been
found for the shoot tissues.

Calcium contents were rather variable and the average values showed
no significant differences between treatments. Root concentrations varied
between 0.70 percent and 0.83 percent Ca. They were a ;ittie higher than

was found for the tops.
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It is difficult to discuss the value of different fertilizer treatments
in a quantitative way. The experimental area has only been studied in dgfﬁ}}
since 1975. Before this date the vegetated area had received several smaii ﬂ
additions of fertilizer. The residual effect of these fertilizers applied
during the 1971-1974 period is not known. Furthermore a complete balance
sheet of fertilizer use could only be drawn up if isotopically labelled fertil-
izers had been used. However, some general comments may be made.

Heavier fertilization increases the growth of Brome Grass  at the expense
of Creeping Red Fescue. The latter grass produces a dense mass of litter which
has indirectly resulted in problems such as tree and shrub damage due to
infestation by mice. Brome Grass does not produce such a dense surface mat and
provides a less favorable habitat for rodents.

The information given below gives a very rough approximation of the part-
itioning of nitrogen in different treatments that were studied in more detail in

1976, Again the approximate nature of any interpretations made with such data

in respect to fertilizer use shculd be stressed.

Treatment Nitrogen added Nitrogen in soil* Nitrogen in plants*¥*
1971/74 1975/6 Available Total Tops Roots
(Kg/ha) (Kg/ha) (Kg/ha)
To 222 0 25 1035 22 119
T2 222 143 22 1680 101 130
T4 222 143 33 1185 44 115

T5 222 67 51 1075 68 132
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¥ Total nitrogen includes ammonium nitrogen and root nitrogen.
Available nitrogen was calculated from the mineral nitrogen present
to a depth of 30 cm in September 1976.

¥*¥ A1l values are for September, 1976. Tops refer to live material only.

This indicates that a considerable amount of potentially available
nitrogen occurs in thie total nitrogen component. This includes a relatively
small amount of labile material such as the so called 'active fraction' of
soil humus, dead microbial cells, dead root tissues, metabolic by-products
of microbial metabolism, root exudates etc. as well as a larger component
comprising the more resistant soil humic compounds. Even if only 1-2% is
mineralized each season, some 2C0-300 Kg-N/ha would be released, of which,
maybe 25-40% could be potentially available to pliants.

If we consider the ‘unfertilized' treatment TO as the baseline, we can
make some approximate calculations from the 1976Adata. If we assume an
approximately 1:1 root to shoot prodﬁction during 1976 then, using the data
in Table 10, we find that 16 Kg-N/ha were taken up into roots and 22 Kg-N/ha
into tops with treatment TO. If by a similar analogy we look at the other
treatments using this'as a baseline, we may estimate the fertilizer uptake
in other treatments T2, T4 and T5. Treatment T2, which received 7i.5 Kg-N/ha
in both 1975 and 1976 had 81 Kg-N/ha in top material (i.e. 101-22 Kg-N/ha)
and about 25 Kg-N/ha in the roots. This indicates an uptake of approximately
106 Kg-N/ha from an addition of 143 Kg-N/ha over two years. It would appear
that come mineralisaticn of fertilizer added 1575 and taken up into the |

plant tissues has already occurred.
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© With treatment T4, 143 Kg~N/ha were added as fertilizer in 1975 but none

was added in 1976. Much poorer use of the residual fertilizer seems to have
occurred. Only 22 Kg-N/ha occurs in the tops and about 13 Kg-N/ha in the roots
from the addition of fertilizer.

In treatment T5, 33.5 Kg—N/apre was added in both 1975 and 1376. In 1976
a total fertilizer uptake of 67 Kg-N/ha seems to have occurred. This is
made up of 46 Kg-N/ha in the tops (68-22 Kg-N/ha). and about 21 Kg-N/ha in
the new root tissues. This again seems to emphasize the efficient use of
smaller yearly additions of fertilizer.

All these values are of course very approximate and involved several
assumptions, many of which may not be totally valid.

2.6 Summary Conclusions

(1) The peat soil surface seemed to be able to prevent the rapid acidification
of the s0il by sulfur dioxide. Soil pH values were still well within the

range tolerated by most plants. The liming carried out in 1975 and caused

an increase in pH of about one half pH unit at the surface.

Samples that were taken in September had lower surtace pH values in
comparison tc the June samples. The first set of'scil samples taken in 1977
should indicate whether this is a generai acidifying trend or just a
result of leaching reacticns during the summer.

(2) Soluble sodium contents were low. There was no evidence for the buildup
of salts at the suirface in this area on the dike. Conductivity values were
always well below those expected to affect the growth of plants.

(3) Available N, P, K and S were present in moderate amounts in the soil

in June. Levels of mineral nitrogen were low in September. Nutrient
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deficiency symptoms of N and sometimes P and K were evident during the summer.
Nutritional problems seem to stem from the fact that most available

nutriengs are restricted to the surface peat layer. Root penetraticn below

the peat iato this nutritionally poor zone is quite poor. |

(4) Percentage moisture contents were always greater in the peat layer.

bHowever, the values recorded in the tailings sand bélow indicate that some

availabie water is present. Moisture is pfobably not the main factor limiting

root growth here.

(5) The relationship between the growth of Creeping Red Fescue and Brome

Grass and fertilizer addition was again noted this year. The side of the

split plot that had received additional fertilizer had a higher percent

cover by Brome Grass than the opposite side of the plot; Generally the

best spread ana growth of Brome Grass relative to Creeping Red Fescue occurred

at the higher fertilizer ratés.

(6) Good production of above ground plant biomass early in the year was

promoted by a late application of fertilizer the previous summer. Continued

growth during the rest of the year was favored by fortilization in June

1976. The response in 1978 to large applications of fertilizer the orevious

year was not as marked as may héve been anticipated. It is important to

determine whether this is dque to the rapid leaching characteristic of the

soils, to slowbmineralization or to other causes.

(7) The accumulation of root tissues was very noticeable on this part of’

the dike. Dry weight ratios of root:shoot varied from about 4 to 7. It

was assumed thatvboot turnovef»was siower thaii the decomposition of thebabOVe

ground parts of the plants.
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(8) 1In general the nutrient quality of early plant growth was greater than
towards the end of the year. This was most noticeable with treatments that
did not receive fertilization in 1976.
(9) Plot erosion was very slight in 1976.

A more general discussion of the whole revegetation project is given
in section 6.
3. REVEGETATION STUDY ON A TAILINGS SAND DIKE AT FORT MCMURRAY,

ALBERTA INVOLVING DIFFERENT SOIL AND FERTILIZER AMENDMENTS.
— EXPERIMENT (II) '

3.1 Introducuion

The field experimenc that was started last year provided useful informa -
tion in relation te the improvement of plant cover on previously vegetated
areas of a tailings sand dike. However, since the area studied had been
revegetated for several years, the results may not be directly applicable
to revegetation of bare slopes.

The laboratory and growth chamber studies in 1975 provided some basic
information concerning the chemical and biological characteristicé of various
soil mixes that might be helpful in designing field experiments in 1976.

The basic objectives of the experiments were to bve:

(i) to study the effectiveness of different surface amendments
in establishing plant growth

(ii) to determine the eflectiveness of different fertilizer progiams
in relation to rates and relative amounts of different nutrient elements
added

(iii)to study the establishment of legumes on the slope

(iv) to investigate ways of encouraging deeper rooting through
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incorporation of surface soil.amendments or by placement of fertilizersb

(v) fo study ways of réducing erosion of surface applied materials
and fertilizef amendments

The most desirable way toc meet these objectives would have been

through tﬁé establishmenit of several small experiments with each one studying
one ijeétive in detail. However, the constraints of time and finance
made some conpromises necessary. Two experiments were designed (Experiment
IT and Experiment III) to lcok at aifferent'problem areas. The objectives
were also modified somewhat. For instance, il was not possible to siudy
each nutrient element separately in the fertilizer mixes used. Instead only
high, medium and low rates were studied separately. Also, legumes Were»
studied in a seed mix which contained botl: legumes and grasses. In general
terms, Experiment (Ii) was concerned with surface and fertilizer amendments
while Experiment éIII) invqued deep rooting studies; Thellatter eXperiment'
is described separately ih 3ection 4. The location of each experimenf

at the G.C.0.S5. site is shown in Figure 2.

3.2 Gbiectchs
The modified objectives of Experiment (II) are as fcllows:

(i)} to examine the effectiveness of different fertilizer applic-
ations rates from the standpoint of primary productivity.

(ii) to examine ways of reducing erosion by surface amendments,

(iii)to evaluate ways of eﬁamining soil/plant systems to predict the
probable state of permanence of the system. Only baseline parameters.were
measured this year.

(iv) to study the performance of different plant species with special

reference to legumes.,
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3.3 Experimental Design

The experiment was set up as a randomized block design with each
individual treatment replicated three times. Three main treatments were
related io different fertilizer rates. The eight sub--treatments were
related to surface variébles such as soil material amendments, soil
conditioners and physical manipulations. A deécription of each treatment

is given below.

Main Treatments (3)

A. 80 Kg-N/ha (23.3 Kg NOS—N/ha; 56.7 Kg~NH4—N/ha)

35 Kg-P/ha

75 Kg-K/ha

20 Kg~S/ha

Applied in June as 21-0-0, 34—0—0; 11-55-0 and 0-0-62.
B. 150 Kg-N/ha {58.3 Kg NOs—N/ha; 91.7 Kg NH4—N/ha)

40 Kg-P/ha

150 Kg-K/ha

20 Kg-S/ha

Applied in June as above.

Lime 5 Tonnes/ha
C. Fertilizer mix as described for B; applied in June and August with

no lime added in August.

Sub~Treatments  (8)

1. Peat tilled to a depth of 15 cm.

Z. Peat tilled to a depth of 15 cm. with comntour trenches
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constructed ac¢ross the plot.
3. Peat tilled to a depth of 15 cm with "Agquatain" soil stabilizer
added to the soil surface.
4. Peat tilled to a depth of 15 cm with "Bitumuls" soil stabilizer
added to the soil surface.
5. Overburden added at a rate of 750 tonnes/ha (about 5 cm) onto
the surface of applied peat.
6. Overburden added at a rate of 1500 tonnes/ha (about 10 cm)
tilled into the surface 15 cm of peat and tailings sand.
7. Overburden added at a rgte of 750 tonnes/ha tilled into the
surface 15 cm ¢f peat and tailiﬁgs sand.
8. Peat tilled into a depth of 15 cm (i.e., as treatment 1) but
not seeded until October 1976.
Plot Size: 5 mx 4 m
Replication: 3
Total number of plots: 72
A plan of the experimental area is shown in Figure 3. 1In addition to
these basic treatments, runoff coullectors were set up on main treacment C
and double pail lysimeters were installed on all plots except sub-treatments

2 and 8. These are described more fully in the following section.

3.4 Plot Establishment

3.4.1 So0il Material Amendments

The surface peat amendment had already been spread onto the experimental
area by G.C.0.S. before the site was surveyed and staked out. There was

considerable variability in the depth of peat over the region. The depth:




Figure 3. Field plan of éxperiment on an unvegetated area on a tailings sand dike at the GCOS plant
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varied from as much as 25 cm on parts of replicate 3 to less than 7 cm on
parts of replicate 1. Where there was not enough peat, extra was added
from a stockpile on the berm at the top of the plot. This peat was not
identical to that already added to the plot; No attempt was made to remove
peat from plots that had over the intended 15 cm depth of peat.

Mine overburden was délivered to the top of the plot area by
G.C.0.5. personnel. It was carried to the designated plots by wheel-
barrow and spread evenly by raking. The overburden was not graded and the
lumps varied in size up to 30 cn in diameter.’ However, after rainfall
the overbuirden swelled up slightly and the larger particles broke down
quite readily when they dried out again. When the overburden and extra
peat had been added the soil amendments were tilled into the surface to a
depth of about 15 cm. This phase was started on the 23rd of June and was
completed by the 28th of June.

3.4.2. Lime and Fertilizer Addition

Lime and fertilizer were weighed out separately, for each plot.
Lime was added by manual spreading and was then incorporated into the
surface 5 to 8 cm by raking
Plate 2 shows the experimental area after lime has been spread onto the
surface of treatments B and C. Treatment A was not limed.

Fertilizer was broadcast onto each piot and as with the lime, the
material was mixed into the surface 5 to 8 cm by raking.

3.4.3 Installatcion of Runoff Collectors

The runoff collectors were rairly similar in design to those used
in Experiment (I) in 1975. The top of the plot was boarded off to prevent
runoff waler from the areas above from being collected. Two boards were
Joined together to form a "V' shape to that the mouth formed was exactly

one meter across. The boards were sunk about 8 cm into the groung.
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The apex of the "V" was located éuch that it collected from a five meter
length of slope. At the apex, a polyethylene funnel was buried so that the
mouth was flush with the soil surface. A fine mesh screen was glued into
the mouth of the funnel to prevent soil i{rom péssihg into the reservoir.

A closed five gallon plastic buckei was used as the reservoir to store the
runoff water collected. I% was connected to the‘funnel by polythene
tubing and was buried deep enough to allow water to run in freely under
gravity. In all 21 traps were set up. They were located on treatments
1¢, 2C, 3C, 4C, 5C, 6C, and 7C. On one of the plot roadways, another five
gallon container was set up to collect rainwater. Plate 2 shows the
experimental area when all the runoff collectors had been set up.

3.4.4 Double Pail Lysimeters

A set of so called '"double pail" lysimeters were set up on the plot
to study the fatz of nutrients added to the soil. In this study, the degree
of centrol over the experimental treatments applied could be muéh more
precise in comparison to those on the main plot area. On the main plot,
control over the addition of peat was particularly péor. Also investigation
of nutrient leaching could be studied in grester detail using lysimeters.

In ail, 54 lysimeters were installed. Treatments 1, 3, 4, 5, © of
all the fertilizer treatments were studied. These treatmencs are generally
similar to those bearing the same number on the main plot. They do, however,
reflect the original intention oi the experimental design which was that
peat would not be added as a layer over the entire plot. A description of

each treatment is given below.
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Main Treatments (3)

A,B and C as described before.

Sub~Treatments (6)

1. Filied to within 15 cm of the top with tailings sand. Top

15 cm is a mixture of peat and tailings and in a 1:1 v/v ratio.

2., As treatment 1, with "Aquatain" soill stabilizer.

3. As treatment 1, witk "Bitumuls" soil stabilizer.

4. Filled with tallings sand *o within 7.5 cm of the top and a

layer of overburden 7.5 cm in depth placed on the surface.

5, Tailings sand to within 20 cm of the surface. A mixture of

overburden and tailings sand in a 2:1 v/v ratio placed on to a depth

‘of 20 cm.

6. Tailings sand to a depth of 15 cm from the surface.
Replication: 3
Total Number of Lysimeters: 54

Figure 4 shows how the lysimeters were installed. The lower pail
was buried flush with the soil surface in the bottom western corner of the
plot. Here it would not interfere‘with runoff collection or plant and
soil sampling. About 20 small holes were drilled in the bottom of the
top pail to allow drainage water to percolate freely out of the bucket.
The pails were filled to their respective depths with tailings sand taken
from the bottom of the plot area from a depth of 15 cm to 45 cm. The various
surface mixes were prepared in large batches and added to the pail and were

carefully packed. After the pail had been filled with the correct soil mix
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a thick polythene bag was placed over the -bottom and tﬂe buckét carefully
lowered into the first pail. The fit was such that no surface runoff or
y

soil could seep into the polythene liner. 'Tc collect the runoff water,
the top paii was removed and the,polythene 1in§r replaced with a new one.

Lysimeters were seeded at the same time as the rest of fhe experimental
area. Fertilizers were broadcast ontc the surface, just after the lysimeter
was instailed in the ground. Seed and fertilizer were prepared separately
for each lysimeter. An exact number of seeds were added carreéponding to

the same rate which was used with the main-plot. The seed mix used is

given below.

Altai Wild Rye . 2
Streambank Wheat Grass 14
Smooth Brome | 13
Hard Fescue ’ 13
Pukbescent Wheat Grass 11
Red Top 10
Canada Blue Grass _ | 16
Kentucky Blue Grass 16
Lupine 1
Cicer Milk Vetch 5
Sanfoin . 1
Alfalfa Rhizoma » 7
"Pendek Oats | _ 7

Western Wheat Grass 10




The seads were broadcast onto the surface and packed down by hand.

3.5 Trenching and Addition of Stabilizers

- Thé contour trénches,for tfeatment 2 were dug just after the lime
and fertilizeré had been added. Tﬁb tfenches were dug acrosé the plot
abouthO cm deep and 45 cm wide. The spoil materiazl dug from'the trenéhes
Weas scattéredévenly over the surface of the plo%, After seed was'added,
the area was rolled carefully. ‘However, due to the danger ¢f caving in
the trenches, this process‘could not be carriediout‘as well as on the
other plots.

Aquatain soil stabilizer was added to treatment 3 while Bitumuls
stabilizer was added to treatmenf'4. "Both conditioners‘Were added ﬁsing
a watering can.

Aquatain is a liquid adhesive.ﬁulch produced by United Stabilization
Chemicals Ltd., and distributad through United International Industries
Ltd., of Calzary. It is claimed to be useful in holding seeds on steep
sloped areas and to afford protection againét wind and water erosion.
Aquatain forms a gelatinous film over the groundﬁWhiqh eventualiy shrinks
to leave a network of open pores which aliow the penetfation of air and
water while at the same time reducing evaporation. Aquatain was added at
the recommended iate of 1 1b per 1,700 sguare feet per 50 géllons of water
(28.7 Kg/ha/227 iitres).

Bitumuls was added undiluted at the recommended rate of 1;2‘
gallons per sqguare yard (6.5 litres/mz). Bitumuls is produced by Chevron
Asphalt Limited. It is an asphalt emulsion that is non-toxic to grasses

and other plants. It is designed to produce an adhesive bond with surface
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mulches and assist in conserving soil moisture by reducing evaporation.

3.4.6 Main Flot Seeding

When all the surface amendments, lime and fertilizer had been added,

the seed mix was broadcast onto each plot surface. The compositicn of the

seed mix, which was supplied by Buckerfields Ltd. of Vancouver, is given

below:
Percent by Weight

Altai Wild Rye 3.5
Streambank Wheat Grass ' 15.0
Smooth Brome 16.0
Hard Fescue 3.0
Pubescent Wheat Grass 14.0
Slender Wheat Grass 12.0
Red Tob 0.5
Cenada Bliue Grass 1.0
Kentucky Blue Grass 1.5
Lupine 8.0
Cicer Milk Vetch . 6.0
Sanfoin 10.0
Alfalfa Rhizoma 6;0
Western Wheat Grass 3.5

The grass/legume mix was added at a rate of 50 Kg/ha together with
40 Kg/ha of Pendek Oats as a nurse crop. All the grasses and legumes
supplied had a viability of over 90 percent and germinated within two weeks

under laboratory conditions.
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After the seed was broadcast, it was gentiy raked into the soil
surface and packed down with a 50 Kg roller. Seeding was coﬁcluded on

July 16.

3.5 Work Plan

Soil samples were taken immediately after the soil amendments (peat
and overburden) had been added and incorporated. |
All scil samples were taken with Oakfield hand samplers; For the surface
samples.about 12 cores were taken from each plot; Due to the noﬁ—uniform
addition of peaf, each plot was sampled to a depth of 30 cm to show the
extent of surface variability. The sub-surface Qas assumed to ke more
uniform. Each inain treatment was Sampled fromISO cm to 120 cm by
bulking two individual cores from sach plot; In this way, any gross
differences in’the tailings sand below tﬁe peat aﬁd overburden layers
would become evident.

Colléctidns of water from thevlysimeters'and runoff reser?oirs Werev
made throughout the summer.  Four collections in all were takep between
July and September.

During lhe early growth period, quantitative measurements of germ-—
ination rate and plant height were made.

Extra fertilizer was added to treatment C on the main plot experiment
during August 25 anrd 26. At this time, plant growth in the iysimeters was
not as well advanced as on the main‘plot area and it waé decidéd thaf no
extra fertilizer would be added.

The mailin plot was not sampled again until éeptember wheﬁ plant and’

soil samples were taken.




A complete set of soil samples to 120 cm in depth was taken from all
plots except treatment 8 (fall seeded). Meter square areas were clipped by
hand to assess plant productivity. On selected plots (14, 1C, 4C, 5C and
6C) oats, grasses and legumes were harvested separately.

During October, the lysimeters were sampled. No plant samples were
taken. Two soll cores were taken frcm eacn pail and bulked to give one
samble for the 0-15 cm depth and another from 15 cn to the bottom (about
30 cm in depth).

Treatment 8 was fertilized and seeded in October.

3.6 Results

3.6.1 Soil Samples

(a) July 8-9, 1976

Table 12 shows the resulis of analysis of the soil samples that were
taken after the peat and overburden had been incorporated.

Surface molsture CQnteﬁts were variable and were largely dependent
upori the amount of peat that had been ircorporated into the surface of the
tailings sand. At this stage, the moisture contents of the different
trealments which included overburden were not significantly different from
non~overburden treatments.

In view of the fact that the surface 15 cm was primarily peaty in
nature the available moisture contents were moderately low at this time.
dowever moisture was not low enough to retard germination. At greater
depth (30-120 cm) within the pufe tailings sand layers, the moisture content

varied between 4.5 and 6.3 percent.




Table 12. Analysis of soil samples from an unvegetated tailings sand dike at the G.C.0.S. plant site
at Fort McMurray, Alberta, July 8, 1976 (Experiment [II]).

pH Cond. H20 Mineral nitrogen P K SO4—S NH4OAc Extract. T.E.C Crg. C Tot. N
mmhos/cm % NH ,-N NO_-N Na Ca Mg meq/100g % %
DpI: ) ppm -
= ppm

12 37.2  17.2 1854 186 1.96

1-A 0-15 cm 6.62 0.54  16.2  15.8 3.7 1.9 9.4 0.12
15-30 cm  7.35  0.35 4.9  10.4 0.3 2.7 7 13.9 12,7 263 47 1.1 0.96 = 0.02
2-A 0-15 cm 6.32 0.88  45.0 5.9 20.6 0.4 25 45.6  27.5 4302 456  27.3  7.20  0.33
15-3¢ ecm  7.10  0.55 8.4  27.4 1.5 3.2 9 24.8 24.0 819 87 3.5 1.12  0.05
3-A 0-15 cm 6.57 0.97  46.2  13.1 13.7 1.6 21 93.9 26,1 338 319 13.3  6.13  0.28
15-30 em  7.28 0.5¢ 12,7  11.9 2.7 2.9 10 19.6 7.7 1267 128 5.2  1.39  0.10
4-A 0-15 cm 6.57 0.78  47.1  19.2 14.7 0.9 18 137 51.2 3104 371 = 24.9  9.49  0.20
15-30 cm  7.42 0.50  15.3  10.0 2.7 2.7 12 27.2  10.2 2237 145 6.5 1.48  0.05
5-A 0-15 com 6.82 1.47  36.5 = 24.9 15.3 1.6 93 164 51.7 = 2277 421  19.8  6.17  0.18
15-30 cm  7.22 0,90  11.9  14.3 2.0 2.4 12 57.9  27.8 1348 144 6.4  2.35  0.07
6-A 0-15 om 7.12 1.54  26.0  20.6 10.2 2.4 65 164 53.3 2917 377  156.0  4.70  0.15
15-30 em  7.25 = 0.62 9.7  21.3 0.6 4.4 13 21.1  20.5 910 106 3.9 1.16  0.07
7-A 0-15 cm 6.97 1.36 25.6 - 19.4 9.0 2.4 64 114 44.6 3333 377  16.6  5.656  0.22
15-30 cm  6.90 0.45  13.6  16.6 0.8 3.5 16 16.1  28.2 1209 156 7.6  1.79  0.06
8-A 0-15 cm 6.58 0.71  31.1  23.6 10.7 1.3 42 75.1  20.6 3021 277  16.0  5.69  0.20
15-30 cm  7.30 0.46  10.2  14.5 0.8 3.8 12 17.2  10.2 944 93 3.5 1.29  0.04
Comp 30-60 cm  7.88  0.42 5.2  14.7 C.1 0.6 6 18.7
60-90 cm  7.92  0.47 4.5 12,7 0.0 1.3 6 11.6
90-120 cm 7.47  0.46 5.4 7.9 0.0 1.1 6 14.3
Significance N.S. *¥x N.S. N.S. N.S. N.S. ** N.S. N.S.

L.S.D 0.47 46

Statistics are for the 0-15 cm. depth only.




Table 12. eoscesssessss Continued)

pH Cond. H, O Mineral nitrogen P K SO4-S NH OAc Extract. T.E.C. Org. C Tot. N

2 4
mmhos/cm % NH4-N NOS—N - Na Ca Mg meq/100g % %
ppm Lpm ppm
1-B 0-15 cm 6.44 0.83 32.5 28.2 17.6 0.5 30 117 36.9 4260 421 23.1 11.38 0.26
15-30 cm 7.12 0.41 7.0 12.0 0.4 3.2 9 9.3 16.8 686 68 2.3 0.89 0.04
2=-B 0-15 cm 6.77 0.62 32.0 10.7 262 3.3 24 55.9 31.1 2573 302 15.2 7.28 6.18
15-30 cm 7.22 0.40 7.0 8.1 0.1 278 8 8.8 16.6 323 52 1.2 0.68 0.02
3-B 0-~15 cm 6.88 0.88 28.4 16.7 8.5 2.1 21 147 42,1 2344 277 12.7 4.67 0.05
15~30 cm 7.40 0.45 7.9 10.1 0.3 1.6 12 10.4 26.0 415 58 1.8 0.89 0.02
4-B 0-~15. cm 6.47 0.69 39.9 21.5 16.4 C.4 19 79.2 32.5 3344 338 21.9 7.85 0.22
15-3C cm 7.25 0.39 9.8 13.1 1.3 1.6 10 11.9 26.9 1025 99 4.1 1.40 0.07
5-B 0-15 " cm 6.98 2.01 35.1 35.6 16.7 0.7 128 221 67.7 3917 492 19.0 5.68 0.17
15<30 cm 7.02 0.56 17.7 19. 3 2.8 1.3 17 28.3 29,4 1765 1758 8.0 3.14 0.07
6~B 0-15 cm 6.80 1.69 32.4 30.4 19.2 0.8 182 233 74.2 4584 567 2l.2 8.1¢ 0.15
15-30 cm 6,87 C.54 9.2 12.8 1.3 2.1 15 21.6 14,1 1031 111 4,3 1.61 0.03
7-B 0-15 cm 7.30 1.02 17.7 50.5 7.8 1.9 41 74.5 29.4 2354 288 12.2 4,80 0.14
15-30 cm 7.62 0.51 7.8 17.8 0.2 2.2 10 12.3 7.6 694 89 2.6 1.14 0.03
8-B 0-15 c¢m 6.38 0.72 32.2 27.8. 13.3 0.8 19 87.1 28.6 2802 279 18.9 10.53 0.22
15-30 c¢m 7447 0.44 14.2 11.7 0.8 1.4 15 14.0 15.8 1344 134 5.5 1.61 0.06
Comp 30-~-60 cm 7.70 0.42 4.8 11.0 0.0 0.5 5 9.7
60-20 cm 7.95 0.46 6.3 11.7 0.0 0.9 6 19.6
S0-120 cm 7 .85 0.43 4.7 10.1 0.1 0.7 6 12.8
Significance N.S., *%* N.S. N.S N.S. * 3% ¥#% N.S N.S.

L.3.D. 0.44 » 1.8 79




Table 12. ceessescssses Continued)

pH Cond. HZO Mineral nitrogen P K SO4—S NH4OAc Extract Org.C
mmhos/cm % NH4—N N03—N Na Ca Mg meq/100g %
ppm ppm ppm
1-C 0-15 cm 6.57 0.82 41.5 58.4 8.1 1.6 31 61.2 25.9 2573 244 13.7 5.89
15-30 cm 7.30 0.59 12.5 28,7 1.8 2.1 12 22.7 17.9 925 86 3.8 1.28
2-C 0-~15 cm 6.30 0.76 41,0 25.3 17.2 1.8 25 106 31.7 3917 360 25.2 10.10
15-30 cm 7.03 0.55 9.6 8.1 1.7 2.3 12 22.1 30.4 1054 101 4.6 1.67 b
3-C 0-15 cm 6.62 0.74 46.8 92.5 11.7 1.4 21 59.8 21.7 3292 307 19.0 7.26 ]
15-30 cm 7.18 0.56 7.9 23.9 1.3 2.5 12 14,9 18.5 779 85 3.6 1.38
4-C 0-15 cm 6.50 0.71 29.9 13.0 8.2 0.8 20 85.3 29.8 3209 309 17.9 4.40
15-30 cm 7.15 0.65 9.1 13.0 1.9 2.2 20 34.5 25.6 806 95 3.2 1.25
5-C 0-15 cm 7.25 1,52 18.4 26.0 S.1 2.6 73 106 58.4 2167 267 10.6 2.13
15~30 cm 7.30 0.57 8.8  15.7 2.5 2.2 13 16.9 30.0 790 88 3.8 1.94
6-C 0-15 cm 6.87 1.56 27.5 18.5 13.6 1.4 89 163 52.5 3219 358 18.4 6.77
15-30 cm 7.15 0.72 16.6 14.3 3.4 1.7 35 32.7 20.2 1844 180 9.1 3.14
7-C 0-15 cm 6.72 1.12 = 37.6 11.8 8.6 1.2 106 112 38.8 3427 386 19.5 6.91
15-30 cm 7.38  0.71 11.2 8.7 1.5 2.0 16 26.3 17.1 1144 118 4.8 1.72
8-C 0-15 cm 6.68 0.66 34.5 12.3 5.6 1.8 18 45.2 17.9 2333 235 12.4 3.68
15-30 cm 7.53 0.45 7.7 8.9 0.3 2.0 11 11.2 15.4 400 66 1.9 0.92
60-90 cm 7.73 0.45 4.8 6.9 0.3 2.3 7 14.9
90-120 cm 7.58 0.46 5.6 7.6 0.0 2.5 8 13.6
Significance N.S,  ##% N.S. N.S. N.S. N.S. ** N.S. *r%
L.S.D. : 0.34 54 18.9

Statistics are for the 0-15 cm. depth only - for complete analysis see Appendix
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Surface pH values ranged from neutral to slightly acidic. Treatments
which involved incorporation of overburden materials (treatments 5,6 and 7)
were generally slightly less acidic thian other treatments. No obvious
discontinuity in surface pH was evident over the experimental area. With
increasing depth, the soil became gradually more alkaline. The pH of the
15-30 ém depth was generally betweer. pH 7.0 and 7;5, while from 30 cm to
120 cm vaiues between 7.47 and 8;00 were recorded.

The presence of mine ovérburden ircreased the conductivity (salt
content) of the soil. A méximum value of 2.01 mmhos/cm was recorded with
treatment 5B. This value_would not‘be consicered high enough to limit the
growth of most plani types. Salt contents below the 30 cm depth were much
lower than in the surface and varied from 0.41 to 0.47 mmhos/cm.

As might have been anticipated, some buildup of mineral nitrogen
had occurred early in the year. The amounts were moderately variable over
the éxperimental area. Ammonium was generelly more abundant than nitrate.
The highest concentrations of mineral nitrogen were in the surface 15 cm.

Average values varied from i0.7 ppm to Y2.5 ppm with NH -N and from 2.2 ppm

4

to 20.6 ppm for NO_~N. Minerel nitrogen levels were much less below the

3
30 ¢m depth. Here ammonium-N rangea betweer 7.7 ppm and 14.7 ppm while
nitrate-N vaiues were below 0.4 ppm. ‘Mineral nitrogen was sufficiently high
thal even withcut fertilizer the plants could probably initially obtain
adequate nitrogen for growth. However, supplies would likely become depleted
rapidly.

Available phosphorus was very low in all treatments.

Overburden amended plots (treatments 5,'6 and 7) generally had




~53=

moderate to good amounts of potentially.availabie potassium ifi the .
surface 15 cm. The lowest amounts were normally found with treatment 7
where}a low amount of overburden was tilled in with the peat. The other
treatments, that contained only peat as the surface amendment, had much
lower concentrations of avaiiable potassium in‘the 0-15 cm depth (12.1-31.3
ppin). In all plots, the potassium level declined markedly with depth.
Below 30 cm concentrations varied between 5;2 and 8.2 ppm.

Soil sulfate contents over the entire plot were adeguate to supply
the sulfur requirements of an actively growing vegetative cover. GCverburden
materials were naturally rich‘in sulfate. The highest concentrations. of
sulfate-S ;ccurred in the 0-15 cm Gepth of treatment 5 (surface applied
overbufden)‘and treatment 6 (high rate of overburden tilled in). Sulfate
contents in treatment 7 were generally similar to the treatments that
had only received amendments of peat. Concentrations over the experimental
area varied from 37.2 ppm to 233 ppm SO4—S in the surface 15 cm. Concentra-
tions in the lower depths were much less but in no case did they drop
below a concentration of & ppm.

Calcium was the dominant extractable cation. The concentration in
the surface 15 cm varied between 1,854 ppm and 4,584 ppm. Concentrations
in the 15-30 cm depth were lower.

Magnesium concentrations varied between 186 ppm and 567 ppm in the
surface 0-15 cu. Levels in the 15-30 depth were considerably lower.

As had been found in Experiment (I), thé concentracion of sodium was
relatively low. Values were gencrally higher in the surface 15 ci in

comparison to the 15-3C cm depth. Treatments 5, 6 and 7 generally contained
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higher concentrations of sodium. It seems to be due To the modecately high
levels of extractable sodium in the mine overburden material.

The variability in the depth of peat applied to the study area
resulted ian large differences in exchange capacity, organic carbon and
total nitrogen between replicates.

Some generalizations can be made from the results. Most of the
total cation exchange capacity of the soil was restricted to the surface
i5 cm where most bf the added peat and ovecburden was located. Average
values ranged from 9.4 to 27.3 meq/100 g for the 0-15 cm depth. Organic
carbon contents were correlated with toilal exchange capacity (r2=0.87).
This wouid indicate that most of the soils ability to hold catioﬁsis
related to the orgaunic constituents. The average organic carbon content
for the surface 15 cm varied from 1.96 to 11.38 percent. There was consid-

erable variability between replicates. In general, experimental plots on

replicate 1 had a lower organic C content than did either replicate 2 or 3.
Similar variability was found with total nitrogen ccntents. Values in the
0-15 cm depth ranged between 0.05 percent and 0.33 percent.

{b) September 2€6-28, 1976.

Table 13 shows the analysis of the soil samples taken during September.
Moisture contents in the surface 15 cm in September were not signi-
ficantly different from those of July for treatment i, 2, 3, and 4. Hcwever
for the overburden amended treatments 5, 6 and 7 moisture contents wece
lower than July. Moisture content of the 15-30 cm depth also seemed to be
a little lower than was found in July. It would . appear the accumulations of

peat at the soil surface reduced evaporation and promoted soil moisture
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Analysis of soil samples taken September 26-28, 1976 from Experiment T

Table 13.

plant, Fort McMurray, Alberta.

on a tailings sand dike at the G.C.0.S.

K

<
O
n
N
[a W
o

)
o) =
o1
g o
£ O
=
o
—
45
m <t
SE
=

Cond. H20
mmhos/cm %

pH

ppm

ppm

0.60
0.46
0.34
0.34
0.35
0.57
0.51
0.40
0.39
0.40
0.65
0.64
0.46
0.54
0.43
0.94
0.64
0.43
0.47
0.51
1.24
0.77
0.49
0.42
0.44
1.23
0.66
0.45
0.47
0.54
1.29
0.64
0.46
"0.44

17 12.5

6.7
2.7

0.7

2.0
1.0
0.7
C.7
0.5
2.1

14.2

6.28
6.83
6.93
6.97
7.05
6.22
6.75
7.30
7.00
6.92
6.16
6.60
7.18
7.10
6.72
6.33
6.73
6.95
6.50
6.77

i-A 0-15 cm-

3.3

O.5

3.3
4.3

15-30
30-60
60-90

0-4
0.5
0.2
4.5

5.0
5.6

16.4

90-120
2-A 0-15 cm

19 55.8

5.4

6.3

2.0

0.9
0.6

1.3

0.3

8.5

15-30
30-60

5.5
5.4
4.8
55.7

0.5
0.0
4.7

1.1
0.9

60-90"

90-120
3-A 0-15 cm

15 82.0

6.2

1.6

908

1.5

1.5

23.7

15-30
30-60

60-90

1.6 0.5
4.5

5.4
41.7

90-~120
4-A 0-15 cm

28 120

2.9
1.6

2.8
1.9

72.7

1.2
0.5
0.4
0.3

14.3

15-30

30-60
60-90

1.0
2.0

4.1

5.2
6.0
20.2

90-120
5-A 0-15 cm

81

2.6

1.3
C.5

6.37
6.35
7.18
7.08
7.45
6.95
6.82
7.22
7.5
6.90
6.87
7.05
7.33
7.25

12 54.3

2.3

6.1

15-30
30~60
60-90

1.5 0.3

4.0
4.9

0.8
0.5

1.2

1.4’

5.3
11.4

90-120
6-A 0-15 cm

135
36.0

54
13

5.5
2.3

1.2
1.3
0.2
0.3

2.2

0.3
c.9

6.3

15-30
30-60
60-90

4.5

0.4

1.3‘
1.5
1.1

5.8
8.7
4.2

90-120
7-A 0-15 cm

55 64.9

11

7.3

0.7

2.2

0.6
- 0.9

15-30
30-60

6.4

1.0
C.4

3.7
4.2
5.1

0.3
0.3

60-90

1.1

0.44

90-120

N.S.

7.00
N.S.

" N.S.

N.S.

N.S.

N.S.

(*)

0.60

Significance

L.S.D.

42

Statistics only apply to the 0-15 cm. depth




~56~

sesseesssse Continued)

Table 13.

K -
SO4 S

Mineral nitrogen P

HZO
%

Cond.

pH

NOS—N

NH -N
4

mmhos/cm

ppm

ppm

4.6 25 37.1

2.0

3.7
0.4
0.4

2.4

25.3

0.68
0049
0.47

7.00
6.87
7.02

0-15 cm

15-30
30-60

1-B

4.4

0.5

5.0
5.6

60-90

0.6.
0.1
5.8
0.8

0.1

0.3

5.1
30.9

0.44
0.81
0.59
0.46
0.39
0.46

7.25
7.52
7.10
7.33
7.48
7 .40
7.03
7.30
745
7.18
7.17
6.68
6.85
7.33
7.28
7.48
6.58
6.65
7.03
6.80
7.22
7.02
6.50
7.08
7.33
7.47
7425
7.40
7.53
7.33
7.73

90~120

154
111

24

1.9
2.3

1.2
0.9

0-15 cm

15=-30
30-60
60-90

2-B

13.2

0.2
0.1

4.5

0.3
4.4
0.1
0.4
0.3

5.3
5.9
17.1

0.5
0.8
0.8
0.9
0.1
0.3
2.5
C.3
0'4
0.5
o.l
3.8

90-120

25 69.1

3.1
2.0

$9]

0-15 cm

15-30
30~60
60--90

3-B

3.0

4.7

0.44
0.41
0.41
0.51
0.94
0.78
0.55
0.64
0.50
1.73
0.85
0.49
0.49
0.58
1.69
1.24
0.48
0.44
0.46
1.03
0.50
0.43
0.40
0.42

5.2
5.7

0.3
5.3
0.9

C.1

44.2

90-12C

.29 52.7

3.0
1.4

0-15 cm

15-30
30~-60
60-30

4-B

12.0

16.9

6.1

0.6

5.3
5.4
15.7

0.0
17.3

90-120

203

5.2 120

1.3

0-15 cm

15-30
30-60
60-90

5~B

33.5

1.4«
0.0
C.1
0.6
13.8

0.6
0.7
C.7

6.2
3.5
4.4

4.4
24.7

S0-120

207
211

91

3.4
2.1

1.8
3.0
1.1
0.7

0-15 cm
15-30
30-60
60-90

6-B

20

3.7
0.8
0.2

13.5

4.2

90~120

29 59.2

7.1
1.5

2.4
0.3
c.2
0.4
0.1

1.8
1.1
0.5
1.1
0.9

9.8
3.3

0-15 cm

15-30
30~-60
60-90

7-B

3.4

5.0
5.8

90-120

** NOS.

N.S. N.S. N.S.

¥*HH

N.S.

Significance

L.S.D.

58 -

0.58

Statistics only apply to the 0-15 cm. depth
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Table 13- s secesscese Continued)
pH Cond. HZO Mineral nitrogen P K SO4—S
mmhos/cm % NH4—N N03—N
ppm ppm
1-C 0~-15 cm 6.58 1.75 46 .4 3.3 107 13.1 121 172
15-30 6.60 0.85 7.1 0.4 7.3 2.6 13 8.2
30-60 6.83 0.53 4.7 0.5 1.8
60-9C 7.05 0.58 5.3 . 0.2 2.2
90-120 7.18 0.46 5.5 1.0 0.7
2-C 0-15 6.48 1.54 39.8 1.2 113 20.4 218 41.7
15-30 6.32 1.05 10.7 1.5 14.3 7.6 19 7.3
30-60 7.18 0.40 3.6 1.1 0.6
60—90 7.13 Ou35 4'4 0-3 0'7
90-~120 7.28 0.47 5.9 1.4 0.8
3=C C-15 6.57 1.65 31.1 2.5 121 25.0 136 87.7
15-30 6.85 0.72 8.4 0.1 6.0 3.7 127 7.6
30-60 7.45 0.60 6.1 Cc.5 2.4
60~-90 7.35 0.44 5.7 1.0 1.5
90-120 7.02 0.51 6.0 0.1 0.8
4-C 0-15 cm 6.98 1.64 12.9 1.9 67.6 ‘12.3° 104 120
15-30 727 0.69 6.0 10.2 8.3 4.4 14 57.3
30-60 7.22 0.46 4.4 G.6 1.8
60-90 6.20 0.51 5.2 1.1 1.0
90-120 7.35 0.44 5.4 1.8 1.2
5-C 0-15 cm 6.77 3.00 9.1 12.2. 86.3 17.7 180 116
15=30 6.83 1.13 3.6 1.2 9.2 5.8 .18 13.3
30-6C 7.37 0.55 4.4 0.5 2.8
60~-90 7.07 0.54 4.6 1.4 4.1
20-120 7.22 0.49 5.1 1.3 2.1
6-C 0-15 cm 7.03 2.60 13.2 3.1 85.3 25.6 161 103
15-30 6.72 1.20 11.4 2.2 19.5 8.0 28 34.5
30~-60 6.82 0.72 3.1 2.4 22.6 '
60-90 7.C3 . 0.55 4.0 1.6 1.4
90-120 7.27 0.5t 4.1 1.0 1.7
7=C 0-15 cm 6.82 2.00 28.8 6.3 65.6 16.1 124 106
15-30 6.70 0.95 10.2 2.0 10.8 3.3 14 49.5
30-60 7.05 0.67 4.4 1.0 1.6
60—90 7.63 0048 4.9 1.0 1.3
90-120 7 .48 0.46 4.8 1.9 1.4
Significance N.S. xR N.S.  N.S. N.S. N.S5. N.S. N.S.
L.S.D. 0.46

Statistics only apply to the 0-15 cm. depth
For statistical analysis between treatments A, B and C see Appendix =
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tonservation. The opposite seems to be true for treatments where overburden
was used as a surface amendment.

In these-treatments, the soil seemed to dfy out to a depth of about
30 cm.v Field observations indicated ihat, when the overburden dried out,
the soil surface became very hard.

Addition of the lower rate of fertilizer (tireatment A; resulted in a
slight lowering in pH in the 0-15 cm depth, but d4id not Significantly affect
the salc concentration; fhe pH at greater depths was slightly less ajkaline
than in July, but the conductivity was about the same. As before, treat-
ments 5, 6, and 7, which involved the addition of mine overburdén, had
higher conductivities than those where only peat had been added.

The medium fertilizer rate {treatment B) generally showed a slight
increase in soil pH due to the counteraction of fertilizer acidification by
the added lime. Conductivity values ware not significantly different in
ithe 0-15 cm depth fiom the July values. With treatment C, the acidifying
effect of two large additions of fertilizer was generally offset by the
addition of the lime. Surface pH values were, on the‘whole; unzaltered from
the July results. -Soil conductivity had increased gquite sﬁarply. The
highest values were agéin_recorded for the overburden treated soils. Treat-
ment 5C had a conductivity of 3.00 mmhos/cm in the 0-15 cm depth. A conduct-
ivity of 4 mmhos/cm would be expected to affect the gfowth of many salt
gensitive plants.

The pH of the soil below 30 cm was slighily reduced whiie conduc -
tiviiies were marginally higher than in July.

Mineral nitrogen values between sub-—treatments within each different




ferfilizer treatment were not significantly different. Plots that had
received the low rate of fertilizer (Treatment A) were all very low in
both ammonium and nitrate throughout the soii profile. With treutment B,
the pattern was similar although there was some indication that nitrate

values were higher overall than in treatment A. Results with treatment C

indicated that, despite the recent application of fertilizer, the levels of *

ammonium were low. Nitrate concentrations were high in the surface 15 cm.
The results gave little evidence to suggest that nitrate was being leached
to below the 30 cm depth. In treatment C the concentration of nitrate-~N-
varied between 65.6 ppm and:121.l ppm in the surface 0-15 cm. Ammonium-N
was below 12.2 ppnm.

Phosphorus, potassium and sulfate were only measured in the O0-15 cm
depths. Available phosphorus was still very low in treatments A and B.
Mcst was in the surface 15 cm (1.9 ppm to 7.3 ppm). No differences could
be found at the sub-treatment level. Some‘residual available-P was present
in ireatment C. There were again no.significant differences between sub-
treatments. Phosphorus contents varied between 12.3 ppm and 25.6‘ppm,in
the O-1t cm depth and between 2.6 ppm and 8.0 ppm in ‘the 15-30 cm depth.
Most of the added phnosphorus seemed to be held in the surface peat and
overburden layers. | |

Potentially available potassium levels were similar to those
recorded in July for the surface 15 cm. Values were againvgenérally higher
in those treatments that had béen amended with.mine ovérburden (treatments
5, 6 and 7). Councentraticns of potassium were very low bélow the 15 cnm

depth. Potassium was significantly higher in trcatment C than in treatment
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A and B.

The concentrations of sulfate-S were quite variable between replicates.
As was found in July, all the plots contained adequatie supplies of sulfur
to suppiy piant needs.

3.6.2 BSurface Water Runoff

Runoff water was collected on August 4 and 15 and on Septémber 14
and 28, 1876. Table 14 shows the amounts of water ccllected and the nutrient
lésses in runoff during this time period. fable i5 gives cbmparative data
for raiﬁwater collected at the site at Identical times.

Between July 15, when the collectors were set up} and August 4, a
total of 31.6 mm of rainfall was recorded at the GOC.O.S. Meterologicai
station. All rainfall cduring this period was light.

Between August 4 and 15, 32.5 mm of rainfall was recorded. Some 97
percent feli as heavy intensity rainfall durirg the 13th and 14th.

During ithe third collection period, two days of high intensity rainfall
occurred. On August 27, 36.8 mm was recorded while on September &, 39.9 mm
fell. During this period a tofal of 86.2 mm of rainfal} was recorded.

From September 14 to 28, no records were available for rainfall from
the G.C.0.S. station. However, a total of 28.2 mm were recorded in the
collector on the plot. |

The only problem encountered with the collection of runoff water
coricerned the tendency for some of the funnels to become clogged up with
fine material. Wnen thic occurred, some overflow of water may have occurred.
Cne of the traps was especially problematical (4-C rep # 3 ) due io the
verosiqnn§§ tg§1ings sand from a treatment #8 plot above; However, this

was an excéption and, although the variation in the amount of iunoff water
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Table 14. Volume an&.analysis of water runoff from plots at each collection

period during 1976-— Experiment II.

Volume  pH Cond. ‘Mineral_nitrogen P K S0 -8

4
l/m2 mmhos/cm. NH -N 2NO -N
3 2
- mg/m mg/m
8/4/76 A
1-C 0.19 6.36 1.32 4,2 11.0 26.4
2~C 0.33 6.54 0.55 0.6 7.4 21.6
3~C 0.25 7.23 0.65 2.5 8.4 16.8
4-C 0.40 7.11 1.14 3.1 11.0 38.1
5-C 0.45 6.48 1.70 8.0 21.6 96.5
6-C 0.36 7.01 1.90 6.1 21.5 87.5
7-C 0.19 7.05 1.43 3.0 9.9 32.7
Significance N.S. . ¥ N.S. N.S. x*
L.S.D. ' 0.89 . 51.0
8/15/76
1-C 0.22 6.61 0.26 1.3 1.5 0.4 6.3 3.7
o-C 0.14 6.41 0.79 7.3 4.6 1.1 17.1 4.4
3-C 0.48 6.67 0.36 5.0 3.5 1.8 18.7 12.6
4-C 0.20 6.67 0.80 5.0 14.9 0.2 20.2 4.9
5-C 0.92 6.30 1.44 64,2 56.1 36.8 159 68.1
6—C 0.74 6.79 0.66 24.2 26.8 1.8 62.5 17.7
7—C 0.49 6.60 0.88 19.6 21.3 4,3 51.0 18.6
Significance N.S. N.S. *3% EX 22 *%% *% *%
L.S.D. ’ 17.4 18.0 17.4 8l.4 33.4
9/14/76
1-C 0.32 6.38 0.18 1.2 0.8 X 3.2 3.1
2-C 0.27 5.96 0.79 4,0 5.6 0.3 26.8 4.6
3-C 0.33 6.18 0.21 0.2 0.5 0.1 5.3 8.5
4= 0.24 6.07 0.46 1.4 2.6 0.2 20.7 4,7
5-C 1.74 6.06 0.94 30.6 45,6 2.6 206 34.8
6~C 2.00 6.24 0.63 17.8 20,2 1.9 193 82.9
7-C 0.68 - 5.92 0.96 10.4 52.2 1.1 106 65.5
Significance N.S. N.S. - *  N.S. % (%) N.S.
L.S.D. 18.9 1.6 163
9/28/76
1-C 0.44 6.44 1.99 1.5 16.6 X 46.2 52.5
o2-C 0.45 6.54 0.85 1.1 14.8 X 6.1 23.1
3-C 0.21 6.77 1.54 0.2 9.5 x 17.8 40.5
4-C 0.38 6.79 1.61 0.2 23.5 X 23.4 . 34.3
5-—C 0.68 6.45 1.67 3.9 28.8 x 45.8 103
6-C 1.42 6.52 1.51 0.8 21.4 X 90.8 150
7= 0.63 6.68 1.63 1.5 24.6 0.1 36.6 81.5
Significance N.S. N.S. N.S. N.S. N.S. *H%
L.S.D. 64.9

X less than 0.1 mg/m2
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Table 15. Analysis of rainfall collected during 1976- Experiment II.

Date Amount Collected pH Cond. Mineral nitrogen P K S0 ,-5

4
mm. 1/m2 mmhos/cm NH4—N NOS_N
. 2 2
mg/m - mg/m
8/4/76 31.6% 38,.3%* 6.87 0.057 0,00 7.66 91.9
8/15/76 32.5% 50.7%% 7.15 0.036 0.00 6.05 0.00 0.00 50.7
9/14/76 86.2*¥ 128,1%* 7.14 0.057 0.00 67.33 . 0.00 0.00 206

9/28/76 28.2%% 2g,2%* 6.05 0.070 0.00 24.19 0.00 28.22 68.54

*¥ G.C.0.S. met station records
** Plot measurements

Total nutrients in rainfall:

Nitrogen (as nitrate) 1.05 Kg/ha
Phosphorus 0.00 Kg/ha
Potassium 0.28 Kg/ha

Sultate sulfur 4.46 Kg/ha




collected was quite large, the modifications to ﬁhe traps seemed to have
improved ithe metkod of collection over iast year. It would be difficult
to improve runoff collection further on the small vlot scale without devoting
one whole experimnental area to water grosion problems. "

Some trends were evident in this study. Treatments amended with
mine overburden (5, 6 and 7) caused on average, more water runoff than
those with a pure peat/tailings sand surface (Table 14). Thic was most
evident where mine overburden was left untilled at the surface {treatment 5)
and where a high rate had been added and tilled into the surface (treat-
ment 6). in relation to the total rainfall intercepted by the plot surface
it was estimaled that from between 0.2 percent and 7.1 percent was collected
as runoff. The rest was assumed to be aksorbed by the soil surface.  The
greatest percentages were recorded for treatments 5 and 6.

Treatments 2, 3, and 4 which involved contour trenching, Aguatain
stabilizer and Bituiuls stablizer respectively did not produce significantly
different runoff values from the control treatment 1. Runoff from treatments
1, 2, 3, and 4 was considered slight and, under the rainfall conditions
encountered in 1976, was not thought serious enough to cause serious erosion
problems once plants were established. Runoff from treatments 5 and 6
was at times considered quite serious in relation to potential erosion.

It should be noted that only a 5 m slope length was used.

The results with treatment 7 were generally similar to treatment 1.
This seemed to indicate that once the low rate of overburden was incorporated
into the peat layer the surface characteristics of tie plot were dominated
by the peat.

The pH of runoff water ranged from mildly acidic to neutral. No
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significant differences were apparent. Rain water pH was generally within
the range encountered fur the piot runoff water.

Concuctivity of runoff water varied widely between the different
collection periods (see Table 14). The first runoff collection had
relatively nhigh conductivity values. This was probably due to the
small amounts of water collected and the recent addition of fertilizer to
the plots. JTonductivity of water collected from the second and third samp-
lings were considerably lower. The second addition of fertilizer to
treatment C later in August seemed to be reflected in lhe high conductivity
of runoff water collected on September 28th. More washoff of the fertiliier
appeared to occur at that time than during the third collection period.

A comparison between treatments indicates that conductivities were
generally high where overburden had been incorporated as an amendment.
This was most noticeable where colliection periods were not close to the
times when fertilizers were added. This presumably reflects a certzin
amount of natural leaching of surface saltis from the overburden which has
considerably higher conductivity than the peat amendment on the tailings
sand. |

The conductivity of runbff water never reached values that would
be considesed liksly Lo cause direct damage to vegetation;

Rainwater always had much lower conductivity than runoff water (see
Table 15), This indicated that very low ccncentrations of soluble salts
were coming down in the rainfall itself.

Table 14 shows the amount of different nutrients in runoff water. In
general smaller amounts of plant nutrients (N, P, K, and S)were present in

the total runoff from the plots that had only been amended with peat (ireat-

ments 1, 2, 3, and 4) than in treatments that included overburden {treatments
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5, 6 and 7). However when compared to the total amounts of fertilizer added
the amounts lost in runoffvwere irather insignificant (see Téﬁle 16).

A minimum equivalent to 0.3‘Kg—N/ha was lost from'freatment 3
(Aquatain stabilizer) while a maximum of 2.6 Kg-N/ha was lost from treatment
5 (overburden on fhe surfaca). A tqtal of 300 Kg~N/ha was added to
treatment C during 1976.

.Phcsphorus was not'particularly.mobile. A minimum estimated‘foibe 0.01
Kg-P/ha was lost from tfeatment 1 (peat tilled in ) and treatment 4 (Bitumuls
stabilizer) while 0.39 Kg-P/ha was lost from treatment 5.

Potassium was the most readily surface leached nutrient. Valuesv !
ranged from 0.42 Kg-K/ha with treatment 3 to 4;11 Kg-K/ha with treatment 5.

The sulfate anion was lost quite readily from ail plots. A‘

‘minimum value of 0.54 Kg—SO4;S/ha was lost from treatment 2 (contour
trenching) and a maximum of 3.38 Kg—SO4—S/ha was lost from treatment
6 (highvrate of overburden tilled in}.

It shculd be noted that thé mine overburdens are naturally quite
rich in'potassium and sulfate so that a certain amount of the losses méy
not have arisen from the fertilizers added.

The results séem to agree with thé less comprehensive studies on
Experiment (I) last year. Only mineral nitrogen losses were studied on
the vegetated part of thevdike during 1975. Results indicated that between
_0;002 and 0.255 lb—N/acfé {(or 0.002 - 0.230 Kg-N/ha) were lost in runoff
from areas that received up to 320 lb-N/acre (285 Kg-N/ha).  In Experiment
(IT), where thé'first year of cover was ih the process of being estébliéhed,

values were up to 10 times higher.




~66-

Table 16. Total nutrient losses in surface runoff water, Experiment II- 1978.

Nutrient losses (Kg/ha)

N P K 50,-5
1-C 0.4 * 0.6 0.9
2-C 0.5 * 0.5 0.5
3-C 0.3 * 0.4 0.8
4~C 0.6 * 0.6 0.8
5-C 2.6 0.4 4.1 3.0
6-C 1.4 * 3.5 3.4
7-C 1.4 * 1.9 2.0

Averages of three replicates for four collection periods

* less than 0.1 Kg/ha
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Table 17. Germination and plant heights, Experiment II- 1976.

Germination* Average plant height (cm)
(%) 8/4/76 8/27/76
1-A 21.8 54.5
2-A 17.1 44.3
3-A | 21.9 58.3
4-A 18.9 51.0
5-A 21.5 50.5
6-A 21.7 ' 58.9
7-A , 21.3 60.3
Significance & L.S.D. N.S. N.S.
1-B . ' 20.1 53.9
2-B 15.2 36.3
3-B 16.8 43.8
4-B : 22.0 60.8
5-B 21.6 62;2
6-B 22.2 . 59.3
7-B 20.2 57.1
Significance & L.S.D. ¥* 4.1 N.S.
1-C 40.9 20.9 57.7
2=C 32.6 17.8 46.0
3-C 40;0 17.4 44;3
4-C 40.5 20.1 57.9
5-C 29.4 20.1 53.4
6-C 26.0 } 21.8 57.6 -
7-C 46,1 18.6 45.1
Sig. & L.S.D. N.S. N.S. N.S.

* Germination estimated by counting number of seeds germinated
within 10 random 20 cm x 20 cm areas in each plot.

** Plant height determined by measuring plant height in 20
random locations within each plot.
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Total amounts of nutrients added in rainwater were very small (See

Table 15). Approximately 1.1 Kg-N/ha as nitrate, 0.3 Kg-K/ha and 4.5 Kg—SO4—S/ha

were added during the July 15th 1976 to September 28th monitoring period.
Over the whole year probably enough sulfur is brought down in rainfall to
satisfy the sulfur nutrition of the vegetation on the dike.

3.6.3 Vegetative Growth

(a) Germination and Early Growth

Most of the plots showed adequate germination and gcod early growth.
Plate 3 gives a general view of the experimental area about three weeks
after seeding.

The germination of seed was best on treatments 1, 3, 4, and 7. The

percentage germination recorded for those treatment at the high fertilization-

rate (C) varied from 40.0 percent to 46.1 percent (see Table 17). With

treatments 5 and 6 germination was poorer (29.4% and 26.0% respectively)

and overall growth of the plots appeared quite patchy. The poorer performance

seemed to be related to the hard soil surface that developed from the
presence of overburden and the greater amount of surface water runoff that
resulted. Seeds were probably washed off more easily and, if germination
was initiated, roots would not be able to penetrate beneath the surface as
easily as on the peat surfaced plots.

Visual observations seemed to suggest that the Bitumuls treatment
was most effective in producing a uniform cover of plants.

Average germination of treatment 2-C was slightly lower than on the
otﬁer treatments that were amended with only peat rather than peat and
overburden. The results were possibly due to the drier surface moisture

produced by the scattering of tailings sand spoil material from the trenches
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over the plot surface.

Average plant heights were measured twice during the early phases of
plant establishment on the plots. The first measurement was made on'August
4th, 20 days after seeding, and the second on August 27th, 43 days after
seeding. The results are presented on Table 17. There were no consistently
significant differences between fertilizer treatments. Average plant
heights were often lower with treatment 2. However, the low results were
normally due to one low value recorded for one replicate.

Although indentification of all the species seeded was difficult
at this early stage due to morphological similafities, it appeared that
most if not all of the types seeded had germinated successfully.

Six weeks after seeding, plant growth had become well éstablished on
most plots (see Plate 4). Oats provided most of the cover but the growth
of the grasses and legumes was also good. Heavy rainfall on August 13th
and 26th had caused some damage. The most severe damage to seeded plots
ocurred where channels had deQeloped and the foliage had become beaten
down. Nowhere on the seeded parts of the area could the effect be classed
as serious. On treafment 8, which was not seeded at.this time, quite deep
undercutting had occurred in places. This was serious enough to require
some repair work at this time.

Nutrient deficiencies did not become evident until plants were about
3 - 4 weeks old. Deficiencies of nitrogen were most common while potassium
and phosphorus deficiency symptoms were noticeable on some plots. There
did not appear to be any correlation between any specific fertilizer or
surface amendment treatment and the occurrence of nutrient deficiency. Of
the plant species sown it was generally the fast growing Pendek Oats that

was most affected.
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(b) Plant Productivity and Cover

Between September 26th and 28th plant samﬁles were taken from each
plot for the assessment of productivity and for nutrient analysis. By this
time the Oats had headed out and were beginning to ripen. The legumes and
.other grasses were not as fully developed. A meter square area was har-
vested and the exact location marked with small plastic tags. The growth
of Oats seemed to dominafe the plots. On selected treatment Oats, other
grasses and legumes were harvested separately.

On average Oats made up 85.1 to 92.7 percent of the weight yield
while grasses made up 5.8 to 13.2 percent and legumes only 1.3 - 2.4
percent (see Table 18). However, the cover provided by the perennial
plants was in most cases considerable. Plates 5 and 6 give a visual com-
parison with treatment 1-A of the total cover and that due to the grasses
and legumes once the oats had been clipped off. ‘The total cover provided
by plant growth was good on all treatments. Cover by grasses and legumes
on treatments 5 and 6 was not as uniform as with other treatments. It
remains to be seen whether the growth will be adequate next year. Two
areas southwest of Experiment (I), that had been seeded in 1971 were
studied to provide a éomparison with the vegetative cover on Experiment (II).
The first area was considered to have an adequate vegetative cover in
relation to erosion protection. It had an average of 375 - 500 plants per m2.
The second vegetated area was rated as fair to poor and had an average
of 125 - 250 plants per m2. The density of plants in Experiment II on the
high fertilizer treatment varied between 580 and 1030 plants per m2 when

germination success was assessed. A proportion of these were Oat plants




Table 18.

Comparison of yields of oats, legumes and other grasses from selected treatments, Experiment II- 1976

Dry weight yield (Kg/mz)
Oats Grasses - Legumes

R1 R2 R3 Ave. sD R1 "'R2 R3 Ave. Sh R1 "‘R2 R3 Ave. sD
1-A 204 .244 ,321 .256 .059 .020 ,019 ,051 .030 .018 .004 .004 .012 ,007 .005 é
1-C .189 .269 .317 .258 .065 .040 .053 .028 .040 .013 .003 .008 .004 .005 . 003 :
4-C .249 ,285 ,247 .260 .021 .026 .035 .049 .037 .012 .003 .002 .006 .004 .003
5-C .250 .280 ,423 .318 .092 .014 .017 .028 ,020 . 007 .003 .001 .011 .005 - .L.OO5
6-C .271 .361 ,360 L33l .052 .013 .026 .039 .026 .013 .002 .004 ..008 .005 .003
Significance N.S. N.S. N.S.
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which would largely die out next year.

The yield of‘above ground vegetation was relatively variable from
replicate to replicate. The complete data is given in Table 19. About
seven plots had Qery low dry matter yields (ie. less than 0.1 Kg/mz) in
relation to the rest. Four of these were from treatment 2. The reasons
for the poor yield here was thought to be due to the instability and low
fertility of the tailings material dug up from the trenches and spread
on the plot. However, the remainder of the low yielding plots were ran-—
domly distributed over the area and were not related to particular main
treatments or sub-treatments.

Average yields varied from 0.147 Kg/m2 to 0.393 Kg/m2 (akout 0.8
to 2.2 tons/acre).

Root cores were taken from selected treatments in a similar way as
was described for Experiment (I). Yields at different depths are given
in Table 20. Most of the root growth was restricted to the surface 15 cm.
As was found for top yields, the results were quite variable. Average
total yields varied from 0.157 to 0.281 Kg/mz. There was some evidence
that deeper root penetration occurred in treatments where overburden had
been added. Possibly the roots passed through .the drier overburden
layer quite readily and into the moist peat layer below.

At this early stage in the program, the data gave little evidence
of much root penetration below the surface peat and overburden. Only the
surface 0-15 and”1£-30 cm depths were analyzed for roots this year. The
legume species (Alfalfa, Lupine, Cicer Milk Vetch and Sanfoin) put down

quite deep roots into the tailings layer. These plants may play a signific-
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Table 19. Dry weight yield of plant tops, Experiment II- 1976.

2
~ Dry weight yield (Kg/m")
R1 R2 R3 Average St. Dev.

1-A 0.228 0.267 0.384 0.293 0.081
2-A 0.201 0.045 0.415 0.220 0.186
3-A 0.240 0.296 0.317 " 0.284 0.040
4-A 0.272 0.415 0.096  0.261 0.160
5-A 0.150 0.403 0.472 - 0.341 0.170
6-4A - 0.300 0.207 0.389 . 0.393 0.091
7-A 0.259 0.284 0.434 0.326 0.095
Significance N.S.
1-B 0.261 0.320 0.318 0.300  0.034
2-B 0.342 0.029 0.069  0.147 0.170
3-B 0.208 0.017 0.329 0.185 0.157
4-B 0.373 0.309 0.393 0.358 0.044
5-B 0.335 0.363 0.410 0.369 - 0.073
6-B 0.263 0.290 0.400 0.318 0.073
7-B 0.206 0.269 0.301 0.259 0.040
Significance N.S.
1-C 0.232 0.330 0.349 0.304 0.063
2-C 0.345 0.388 0.056 0.263 0.181
3-C 0.243 0.041 0.300 0.195 0.136
4-C 0.278 0.322 ° 0.302 0.301 '0.022
5-C . 0.267 0.298 0.462 0.343 0.105
6-C - 0.286  0.391 0.407 0.361  0.066
7-C 0.265 0.048 0.424 0.246 0.189

Significance ‘ N.S.

Statistical analysis between treatments A, B and C may Bé found
in the Appendix.




Table 20.

Distribution and yield of plant roots, Experiment II- 1976.

. 2
Yield (Kg/m )

0-15 cm. 15-30 cm. Total Distribution (%)
R1 R2 R3 Ave. sSD R1 R2 R3 Ave. SD Mean 0-15 cm. 15-~30 cm.

1-A .405 .,181 .209 .265 .132 .013 .,008 .026 .016 .009 0.281 94.3 5.7
5~A .236 .133 .089 .153 .077 .010 .009 .030 .016 .012 0.169 90.5 9.5
6-A .119 .198 .261 .193 .071 .031 .016 .036 .,028 .010 0.221 87.3 12.7
1-C 076 .271 .101 .149 .106 .010 .006 ,009 ,008 .002 0.157 94.9 5.1
5~C .087 127 242 ,152 .080 .021 .006 ,011 .013 .008 0.165 92.1 7.9
6-C .228 .147 .128 .168 . 053 .016 .031 .019 .022 .008 0.190 88.4 11.6
Significance N.S.
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ant role in the stabilization of the soil surface at this time.

3.6.4 Plant Analysis

Plant tops and roots were analyzed for total N, P, K, S and Ca.
Nitrate content of the above ground material was also determined. The
results are presented in Tables 21 - 23.

Nitrogen content of top material grown on plots which had received
the low or medium rates of fertilizer were approximately the same. With
treatment C, which had been fertilized in August as well as in July, nit-
rogen contents of the plént tops were significantly higher.. 1In all
treatments in which oats, grasses and legumes had been harvested separately
the grass and legume material had higher total nitrogen contents than oats.

A similar trend was obsérved-with phosphorus contents. Treatment
A and B produced above ground plant material with a lower phosphorus content
than treatment C. Application of—phosphorus in Aﬁgust resﬁlted.in an increase
of about 50 percent in phosphofus content in the plant material. The
results wére more variable thaﬁ had been found with total nitrogen values.

Oats andvother grasses had higher tctal phosphorus contents than
legumes. Addition of e#tra fertilizer in treatment C seemed to result in
a reduction in the final total phosphorus content of the top material of
legumes.

Differences between experimental subtreatmenfs within‘each main
fertilizer treatment were slight; Total phosphorus contents varied from
0.46 percent P for oats produced in treatment 4-C td 0.12 percent P in

treatments 2-B and legumes in treatment 6-C.

Potassium contents in treatment A were slightly lower than with
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Table 21. Analysis of plant tops, Experiment II- 1976.

Nitrogen  Phosphorus Potassium Sulfur Calcium Nitr

(%) (%) (%) (%) (%) (%

0.V

0. -

O0.. -

Oc’

1-A Oats 1.93 0.29 1.90 0.23 0.36
Grasses 2.70 0.27 2.86 0.19 0.56
Legumes 2.60 0.20 1.96 0.27 2.34
2-A 2.08 0.19 1.84 - 0.19 0.36 0.
3-A 1.92 0.31 2.36 0.21 0.43 0.
4-A 1.91 0.23 1.79 0.10 0.31 0.
5-A 2.03 0.22 2.06 0.18 0.34 0.
6-A 2.05 0.24 2.02 0.15 0.30 0.
7-A 2.07 0.30 2.23 0.21 0.32
Sig. & L.S.D. N.S. N.S. N.S. N.S. .S. N
1-B 2.15 0.30 2.69 0.17 0.42 .
2-B 1.87 0.12 1.73. 0.12 0.32 0.
3-B 2.03 0.26 2.43 0.15 0.43 0. -
4-B 2.16 0.27 2.39 0.15 0.40 0.
5-B 2.2C 0.27 2.26 0.14 0.38 0.
6-B ' 1.96 0.23 2.44 0.16 0.39 0.
7=B - 2.18 0.26 2.50 0.16 0.35 0:
Sig. & L.S.D. N.S. * 0,11 * 0,52 N.S. N.S. N
1-C Oats 2.29 0.31 2.75 0.13 0.46 1.
Grasses 3.85 0.38 3.94 0.25 0.48 O.
Legumes 3.70 0.20 2.61 0.22 2.29 0. .
2-C 2.81 0.42 3.88 0.21 0.49 1. -
3-C 3.15 0.41 4.03 0.23 0.45 1o
4~C Oats 2.83 0.4€ 3.38 0.19 0.47 1. -
Grasses 3.78 0.43 4.19 0.24 0.50 0.
Legumes 3.63 0.21 2.97 0.24 1.85 0.
5-C Oats 2.51 0.31 2.73 0.15 0.42 1.
Grasses 3.29 0.30 3.38 0.16 0.47 0.
Legumes 3.30 0.13 2.67 0.20 2.42 0.
6—C Oats 2.27 0.28 3.02 0.15 0.38 0.
Grasses 3.47 0.24 3.40 0.18 0.53 0.
Legumes 3.14 0.12 2.23 0.18 2.59 0. .
7-C 2.73 0.38 3.31 0.16 0.45 1.

Values are means of three replicates. »
Analysis of varience was performed on treatments A and B. The results where oats,
grasses and legumes were measured separately were excluded. Complete results
of statistical treatments are given in the Appendix.

0.
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Analysis of plant roots, Experiment II- 1976.

Table 22.
Nitrogen  Phosphorus Potassium  Sulfur Calcium
(%) (%) (%) (%) (%)

1-A 1.14 0.88 0.95 0.24 1.10
5-A 1.20 0.70 0.81 0.19 1.03
6-A 0.92 0.63 1.35 0.19 0.74
1-C 1.41 1.09 0.79 0.26 1.60
5-C 1.51 1.19 1.25 0.31 1.04
6-C 1.19 0.90 1.33 0.21 1.09
Significance N.S. * N.S. N.S. N.S.
L.S.D. 0.35

Results are means of three replicates




Table 23. Total nutrient uptake by plant tops and roots— Experiment (II), 1976.

Nutrient Uptake (Kg/ha)

Tops Roots
N P K S Ca N P K S Ca
1-A 59.3 8.3 58.6 6.6 12.5 32.0 24.7 26.7 6.7 30.9
2-A 45.8 4,2 40.5 4.2 7.9
3-A 54.5 8.8 67.0 6.0 12.2
4-A 49.9 6.0 46.7 2.6 8.1
5-A 69.2 7.5 70.2 6.1 11.6 20,3 11.8 13.7 3.2 17.4
6-A 80.6 9.4 79.4 5.9 11.8 20.3 13.9 29.8 4.2 16.3
7-A 67.4 2.8 72.7 6.8 10.4
1-B 64.5 9.0 80,7 5.1 12.6
2-B 27.5 1.8 24 .4 1.8 4.7
3-B 37.6 4.8 45.0 2.8 8.0
4-B 77.3 9.7 85.6 5.4 14.3
5-B 81.8 10.0 83.4 5.2 14.0
6-B 62.3 7.3 77.6 5.1 12.4
7-B 56.4 6.7 64.8 4,1 9.1
1-C 76.4 9.6 88.1 4.5 14.9 22.1 17.1 12.4 4.1 25.1
2-C 73.9 11.0 102.0 5.5 12.9
3-C 61.4 8.0 78.6 4.5 8.8
4-C 88.9 13.7 104.6 5.9 14.8
5-C 88.1 10.6 94.9 5.2 15.5 24.9 19.6 20.6 5.1 17.2
6-C ‘ 85.7 10.0 109.9 5.6 15.3 22.6 17.1 25.3 4.0 20.7
7-C 67.2 9.3 81.4 3.9 11.1
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treatment B. Values for plants receiving treatment Clwere considerably
higher than the low and medium fertilizer treatment. Where comparisons
were made, grasses had significantly higher total potassiqm contents in
the tops than either legumes or oéts; Contents varied between 1.73 percent
for treatment 2-B to 4.18 percent for grass samples from treatment 4-C.

The total sulfur of tops was relatively constént and varied between.
0.10 percent for treatment 4-A to 0.27 percent in legumes produced under
treatment 1-A. No significant differences existed between main treatmenfs,
subtreatmenf or different plant types.

Legumes had between 4-5 times higher calcium contents than grasses
or oats. Calcium contents of the legumes were no higher where lime had
been added (treatments B and C). However, plant top material, as a whole,
had higher calcium contents at the highest fertilizer rate (treatment C).

Chemical analysis of roots from selected treatments are presented
in Table 22. Material from the 0-15 cm and 15-30 cm depths are combined
for each treatment before analysis.

Nitrogen and potassium contentscf root materials were iower than in
the tops while phospherus, sulfur and calcium were higher.

Nitrogen contents were higher in treatment C. In treatment 6-C the
nitrogen content of the roots was considerably lower than was found in
treatment 1-C and 5-C. The reason for this is not known.

Phosphorus contents within treatment C were also ﬁigher than treatment
‘ A. No significant differences were found at the subtreatment level.

In contrast to phosphorus contents, Qhen additional potassium ferti-
lizers were added (treatment C), there was no increase in the potassium con-

tent of roots.
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Total sulfur contents were slightly greater where additional sulfur
had been added in treatment C.

Similarly calcium contents of root tissues were greater in treatment
C than treatment A. The difference was attributed to the addition of lime
in treatment C.

Calculation of the total nutrient uptake on an area basis is pre-
sented in Table 23. From 27.5 to 88.9 Kg-N/ha were converted into top
material. On average higher amounts were taken up by treatments that were
- fertilized at the high rate than at the two lower rates. Uptake of potassium
was generally slightly higher (25.4 to 104.6 Kg/ha) but showed a similar
trend in relation to the rate of fertilizer addition. Phosphorus uptake by
top material was quite variable. Values ranged between 1.8 and 6.8 Kg/ha.
The total calcium incorporated into the above ground material was between 4.7
and 15.5 Kg/ha. The ratios of the different nutrient elements were generally
quite similar. The approximate ratio was 10: 1.2 : 11 : 0.8 : 1.8 of N: P:
K: S: Ca.

Less total nitrogen was incorporated into the root tissues than into
top material. The amount varied between 20.3 and 32.0 Kg-N/ha in the
limited number of treatments studied. This was between one quarter to one
third the amount found in plant tops. Phosphorus was taken up to a greater
extent by roots. Values ranged between 11.8 and 24.7 Kg—P/ha. Potassium
accumulated in the root accounted for between 12.4 and 29.8 Kg-K/ha. This
was considerably less than occurred in the tops. Sulfur uptake by the roots
was about the same as was found in the above ground parts. Calcium uptake

by roots was significantly greater than for the tops. Amounts between




-81—

16.3 and 30.9 Kg Ca/ha were found with the treatments studied.

In very approximate terms a total of 90-11C Kg-Nj; 20—30 Kg-P;

85-135 Kg-K; 1C Kg~S and 30-40 Kg-Ca per hectare were taken up in vegetative
growth during the period between seeding and Septemter, 1976. Generally

the amounts taken up by plants on treatment C were slightly higher thanvin
treatment A. In the first year the nutrients added in fertilizer

amendments amounted to 80 Kg-N, 35 Kg-P, 75 Kg-K and 20 Kg-S5 per hectare

in treatment A. With treatmentvC the annual addition was 300 Kg-N, 80 Kg-P,
300 Kg-K and 40 Kg-S per hectare. With treatment A there seemed to have
been considerable incorporation of available soil nutrients in addition

to those supplied as fertilizer.

The nitrate content of plant tops was generally above the level
considered to be undesirable in animal feeds (0.5% is considered undesir-
able and 1.5% toxic). The highest levels occurred in the Oat plants.
Nitrate contents of legumes were quite low. Values recorded with fertilizer
treatments A and B were on average similar. Nitrate contents at the higher
rate C were significantly greater.

3.6.5 Estimation and observations bf plot erosion

Estimations of particulate movement down the slope were made in
conjunction with water runcoff measurements. When runoff water was collected,
the soil deposited in the chute was also recovered. If the qﬁantity of
soil material deposited in the trap was relatively small, the entire sample
was retained. If the chute was quite full, then the amount collected was
estimated from the volume that it occupied and a sub—sample was retained.
Samples were analyzed for aggregate size distribution and mineral nitrogen

content.




~82—

After the rainfall on the 26th of August the trap on treatment 4-C
of replicate 3 became completely filled with tailings sand. It was likely
that on this plot thé collection of runoff watér was not efficient either.
The remainder of the traps seemed to work moderately well during the year.

Tables 24 and 25 show the amount of soil collected from down-slope
movement and the amount of mineral nitrogen that the soil contaiﬁed on the

basis of slope area.

The contour trenching treatment gave the lowest scil erosion measurements

and the lowest losses of mineral nitrogen (0.19 cm of soil removed and 0.51

Kg-N lost per hectare). The two treatments which involved the soil stabilizers

(treatments 3 and 4) gave the worst problems. What seemed to occur with
the Bitumuls conditioner was that initially the asphalt cover stabilized
the soil surface but once it became punctured water became able to channel
underneath the surface. On average treatment 4 gave a 1.77 cm loss of soil
surface and movement of 6.3 Kg-N/ha.

Treatments 5 and 6 which involved overburden application were quite
susceptitle to downslope moveﬁent of soil. The same treatments also yielded
high amounts of runoff water.

With treatment 7 where only a low rate of overburden had been incorp-
orated, erosion problems were not as serious.

The plot surfacé tended to assume similar surface characteristics to peat
when the overburden amendment was tilled'in.

Analysis of the aggregate size of material washing down the slope did
not show any clear evidence that any size fractionation was occurring (see

Table 26). Tailings sand has particles that are predominantly between 20
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Table 24. Total amount of soil erosion and mineral nitrogen lost in eroded

materials— Experiment (II), 1976.

Soil movement Mineral nitrogen (mg/mz).
(Kg/mz) NH N NO,-N  Total
August 4th
1-C 0.009 0.1 0.0 0.1
2-C 0.051 0.2 0.2 0.4
3-C 0.006 0.0 0.1 0.1
4-C 0.026 ' 0.1 0.0 0.1
5-C " 0.047 0.2 0.2 0.4
6-C 0.034 0.2 0.1 0.3
7-C 0.024 0.1 0.0 0.1
August 15th
1-C 2.000 21.0 51.6 72.6
2-C 1.167 13.1 ~ 21.1 34.2
3-C 7.000 . 86.0 173.5 259.5
4-C 12.300 181.3 242 .4 423.7
5-C 5.800 : 23.9 46.3 70.2
6-C 6.667 35.6 44.8 80.4
7-C ‘ 2.000 13.0 21.9 '34.9
September 14th _
1-C 0.400 10.3 17.8 28.1
2-C 0.700 8.9 6.4 15.3
3-C : 1.067 33.8 87.5 121.3
4-C 5.333 123.2 87.2 210.4
5-C 1.000 28.4 21.3 49.7
6—C 1.333 15.3 45.5 60.8
7-C : 1.167 18.5 14.4 32.9
September 28th
1-C - 0.027 0.1 0.2 0.3
2-~C 0.016 0.2 0.7 0.9
3-C . 0.011 0.0 0.3 0.3
4-C ‘ 0.070 : 0.3 0.4 0.7
5-C ‘ 0.039 ' 0.2 0.8 1.0
6-C 0.021 0.1 0.7 0.8
7-C ’ 0.041 0.1 0.1 0.2

Results are means of three replicates. ‘
Within each sampling period, the means were not statistically different at
the 5% level of significance.
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Table 25, Cumulative so0il erosion and mineral nitrogen losses- Experiment (II"-

Soil loss Total mineral nitrogen

(cm) (Kg/ha)
1-C 0.24 1.01
2-C 0.19 0.51
3-C 0.81 3.81
4-C 1.77 . 6.35
5-C 0.69 1.21
6-C 0.81 1.42

7-C 0.32 0.68

Calculated from the means of three replicates for
four collection periods.
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Table 26. Aggregate size distribution of soil collected in runoff traps - 1976.

Aggregate size distribution (%) Descriptioﬁ

mesh size

>10 10-20 20-40  40-60 60-80 80-100 <100

8/4/76 . .
- 1-C 17.2 11.8 12.6 20.0 19.2 8.2 10.9 peat & some tailings
2-C . 11.3 6.9 9.5 41.2 18.4 6.3 - 6.4 mainly tailings
3-C 15.1 9.6 10.6 22.6 20.9 9.6 11.6 peat & tailings
4-C 7.5 8.1 11.1 37.6 20.7 7.4 7.6 peat & tailings
5-~C 14.6 8.7 13.6 39.7 11.5 4.1 8.1 mainly overburden
6-C 19.5 9.6 13.8 36.2 10.7 4.3 5.9 - mainly overburden
7-C 12.2 10.1 12.6 36.6 - 14.6 5.2 8.7 peat/sand/overb'dn
8/15/76 .
1-C 34.6 17.0 '13.5 15.9 9.0 3.8 6.2 mainly peat
2-C 15.6 8.4 9.7 36.2 19.0 5.0 6.1 tailings
3-C 33.6 18.1 13.4 15.6 8.9 3.7 6.7 mainly peat
4-C .25.6 16.8 11.8 26.4 11.5 3.7 4.2 tailings
5-C 100 - ' fused overburden
6-C  100. ‘ fused overburden
7-C 32.7 18.0 12.8 22.2 6.8 2.6 4.9 tailings & overb'dn
9/14/76 _ : :
1-C 26.7 5.0 15.4 24.7 10.6 4.8 12.8 mainly fine peat
2-C 6.9 8.3 9.4 47.0 17.4 5.6 5.6 tailings '
3-C 26.9 9.0 10.2 19.0 14.0 6.6 14.3 mainly peat
4-C 7.9 5.1 11.3 56.7 12.2 3.4 3.4 mainly tailings
5-~C 14.8 11.2 18.9 35.2 . 9.8 3.9 6.2 tailings & overb'dn
6-C 41.6 = 7.8 10.2 17.3 10.7 4.4 8.0 - tailings & overb'dn
7-C 16.8 8.2 12.0 38.1 9.7 5.1 10.1 tailings & some
overburden
Tailings : : .
sand 2.7 1.5 12.2  56.7 10.4 4.5 5.0
Peat 12.5 10.4 9.9 19.2 22.0 9.9 16.1

Results are means of three replicates.
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and 80 mesh in size. Most are between 4C and 60 mesh. Where tailings sand
appeared from visual observation to be the main material moving down the
slope, much of the material collected fell between 20 and 80 mesh in size.
When peat was the predominant material washed down, proportionally more
smaller and larger aggregates were collected (for example 1-C and 3-C of the
9/14/76 collection period). Overburden behaved rather differently. After
being washed down the slope into the collector it seemed to dry out and
aggregate into larger sized units; The material collected after the high
intensity rainfall on the 26th of August had fused into a large mass in the
collector when it was examined the next day.

The results indicated that the downslope erosion of soil could be
serious where uncercutting and channeling below the surface amendments were
able to develop. From measurements of mineral nitrogen, the nutrient losses
in the eroded soil seemed likely to be low in relation to the amounts of
fertilizer amendment added; Visual observations of the plot confirmed that
the rapid root development was most important in controlling erosion.
Erosion was serious where the added peat was sparse or where ihsufficient
fertilizer had been applied to maintain adequate plant growth. On areas
on the dike, once deep erosion channels become established even the
veéetated areas are easily damaged.

3.6.6 Lysimeter Studies

(a) Plant Growth

Plant growth in the lysimeters was considerably inferior to that on
the main experimental plots. There was large variation between different
treatments and replicates of the same treatment, Table 27 shows the aver-

age number of plants that developed with each lysimeter treatment. Growth
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Table 27. Total number of plants in lysimeters, Experiment II - 1976.

Number of plaﬁts per lysimeter

QOats Grasses Legumes v‘Total

1-A 3 15 5 23
3-A 0 1 0 1
4-A 0 1 0 1
5-A 2 12 4 18
6-A 0 8 2 10
7-A 2 14 4 18
1-B 0 12 2 14
3-B 0 1 0 1
4-B 2 11 3 16
5-B 1 4 2 7
6-B 1 2 6
7-B 3 5 1 9
1-C 2 18 4 24
3-C 0 1 0 1
4-C 0 0 0 0
| 5-C 1 3 1 5
6-C 1 7 1 9
7-C 1 4 2 7

A total number of 134 seeds were sown in each lysimeter.

Results are means of three replicate lysimeters.
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with treatment 1 was normally adequate to provide a good soil cover. The
overburden treatments were much poorer (5, 6, and 7). Lysimeters that were
treated with Aquatain (treatment 3) and Bitumuls Stabilizers (treatment 4)
gave very low germination of seed. Many lysimetérs had no plants in them
at all.

The reasons for the poor performance of plants in relation to the
main plot area are prébably related to the ease with which the exposed and
relatively small containers were able to dry out.

No measurements of plant biomass production were made in 1976.

(b} Leachate Analysis

Leachate was collected from the lysimeters on August 4th and 5th and
on September 14th and 28th. These were the same dates when .runoff water
was sampled. The amount of sample collectéd during the first period
was quite small. Only pH, ccnductivity and mineral nitrogen was determined.
With the three other sets of leachate, potassium, phosphorus and sulfate
were also determined. The results are shown in Tables 28-31. Total water
movement and nutrient losses may be found in Table 32,

The amount of leachate collected would be expected to vary depending
upon the amount of rainfall, soil moisture content and infilitration char-
acteristics, the degree of uptake and transpiration of moisture by plants,
and the surface evaporation rate. Generally the volume of leachate collected
was greater with treatments 3 and 4. The lowest quantity of leachate was
an average collected from treatments 1 and 7. However, the results were
quite variable between replicates. ObserVations showed that the movement
of the containers that was necessary to remove leachate samples, could

cause cracking of the soil surface. A high leaching rate could have resulted
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Table 28, Analysis of lysimeter leachate collected August 4th, 1976.

Volume pH Cond. Mineral nitrogen

l/m2 mmhos/cm NH4—N NOS—N
‘ 2
mg/m

1-A 0.54 6.40 0.16 3.2 5.1
3-A 1.55 6.61 0.26 13.3 14.6
4-A 1.09 6.88 0.25 7.1 8.9
5-A : 1.04 6.49 0.37 5.2 11.6
6-A 0.58 . 6.68 0.29 5.4 11.0
7-A 0.72 6.25 0.46 8.1 10.5
Sig. & L.S.D. N.S. N.S. N.S. N.S. N.s.
1-B 0.55 6.56 0.19 3.3 7.1
3-B 1.21 6.76 0.28 6.7 9.7
4-B 1.24 6.70 0.25 5.0 15.5
5-B : 0.55% 6.35 0.59 10.2 39.5
6-B 1.69 6.60 0.89 10.3 79.9
7-B 1.12 6.83 0.59 10.8 24.5
Sig. & L.S.D. N.S. N.S. **%0,35 N.S. N.S.
1-C 0.71 7.00 0.41 4.5 18.7
3-C 0.45 7.01 0.27 5.8 9.1
4-C 1.32 6.64 0.36 8.9 31.4
5-C 0.96 ' 6.64 1.46 21.2 67.1
6-C 1.24 6.75 0.72 ‘5.0  44.4
7-C 1.15 6.93 0.48 4.9  30.6
Sig. & L.S.D. _ N.S. N.S. ***0,56 N.S. N.S.

Values are means of three replicates
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Table 29 Analysis of lysimeter leachate collected on August 15th, 1976.

Volume pH Cond. Mineral nitrogen P K SO4—S
l/m2 mmhos/cm NH,-N NO,-N
2 2
mg/m mg/m
1-A 16.7 6.19 0.26 52.1 58.3 0.9 70 683
3-A 30.3 5.69 0.49 6.4 279 0.9 137 1943
4-A 28.5 6.16 0.47 17.2 414 1.1 137 1917
5-A 14.1 6.28 0.62 1.3 69.6 1.3 90 1217
6-A 16.8 6.09 0.23 0.2 67.2 0.7 63 287
7-A 13.0 6.23 0.26 0.0 49.8 0.7 13 327
Sig. & L.S.D. N.S. N.S. - N.S. N.S. *%*220 N.S. N.S. N.S.
1-B 19.5 6.25 0.67 0.7 638 1.1 273 953
3-B 20.4 6.54 0.75 15.9 598 1.0 87 1703
4-B 22.2 6.61 0.67 7.7 857 1.0 247 1097
5-B 18.2 6.20 0.50 0.0 273 3.4 230 810
6-B 11.1 6.70 0.45 6.6 167 1.1 157 257
7-B i7.2 6.85 0.34 2.5 115 0.7 140 367
Sig. & L.S.D. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. ~
1-C 13.2 6.72 0.50 13.0 179 0.6 123 467
3-C 28.1 6.61 0.78 3.8 930 2.8 443 973
4=C 28.9 6.64 0.94 0.0 1412 1.3 527 2093
5-C 15.8 6.61 0.55 0.0 229 2.2 313 727
6-C 11.0 6.71 0.40 0.0 152 1.7 207 250
7-C 21.5 6.78 0.33 8.7 171 1.6 140 693
Sig. & L.S.D.*%*11.5 N.S. *¥*0,32 N.S. **¥*¥700 N.S. *¥*140 *1620

Values are means of three replicates
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Table 28. Analysis of lysimeter leachate collected August 4th, 1976.

Volume pH Cond. Mineral nitrogen
l/m2 mmhos/cm NH4-N _ N03—N
2
mg/m

1-A 0.54 6.40 0,16 3.2 5.1
3-A 1.55 6.61 0.26 13.3 14.6
4-A 1.09 6.88 0.25 7.1 8.9
5-A 1.04 6.49 0.37 5.2 11.6
6-A 0.58 6.68 0.29 5.4 11.0
7-A 0.72 6.25 0.46 8.1 10.5
Sig. & L.S.D. N.S. N.S. N.S. N.S. N.S.
1-B 0.55 6.56 0.19" 3.3 7.1
3-B 1.21 6.76 0.28 6.7 9.7
4-B 1.24 6.70 0.25 5.0 15.5
5-B 0.55 6.35 0.59 10.2 39.5
6-B 1.69 6.60 0.89 10.3 79.9
7-B 1.12 6.83 0.59 10.8 24,5
Sig. & L.S.D. N.S. N.S. ¥¥%¥(,35 N.S. N.S.
1-C 0.71 7.00 0.41 4.5 18.7
3-C 0.45 7.01 0.27 5.8 9.1
4-C 1.32 6.64 0.36 8.9 31.4
5-C 0.96 6.64 1.46 21.2  67.1
6-C 1.24 6.75 0.72 5.0 - 44.4
7-C 1.15 6.93 0.48 4.9 30.6
Sig. & L.S.D. N.S. N.S. ¥%¥0,56 N.S. N.S.

Values are means of three replicates
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Analysis of lysimeter leachate collected on August 15th, 1976.
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Values are means of three replicates
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Table 30. Analysis of lysimeter leachate collected on September 14th, 1976.

Volume pH Cond. Mineral nitrogen P K SO4—S
l/m2 mmhos/cm NH4-N NOSAN
mg/m2 mg/m
1-A 2.9 '5.91 0.45 0.0 0.0 X 3.3 250
3-A 12.8 5.84 0.64 6.7 320 60.0 883
4-A 15.7 5.93 0.84 3.3 653 93.0 997
5—A 14.3 6.14 0.90 23.3 40.0 73.3 1487
6-A 11.7 6.36 0.34 16.7 6.7 10.0 330
7-A 13.5 6.36 0.40 10.0 16.7 30.0 330
Sig. & L.S.D. N.S. N.S. N.S. N.S. ~**%8Q **#%50,0 N.S.
1-B 6.1 6.11 0.88 3.3 100 30.0 376
3-B 20.5 6.10 0.94 6.7 1003 _ 200 1137
4-B 11.4 5.94 0.52 3.3 173 20.0 290
5-B 8.7 6.12 0.62 13.3 100 137 280
6-B 8.4 6.17 0.48 0.0 190 190 170
7-B 2.4 6.32 0.21 0.0 10.0 16.7 30
Sig. & L.S.D. N.S. N.S. N.S. N.S. *¥%350 N.S. N.S.
1-C 11.1 6.24 0.49 6.7 107 36.7 357
3-C 2.9 6.35 0.70 0.0 180 ‘ 30.0- 110
4-C 21.5 6.20 ©1.01 3.3 1093 - 330 543
5-C 13.8 6.50 0.43 10.0 153 167 540
6—C 13.0 6.37 0.42 6.7 187 167 . 303
7-C 23.2 6.41 0.35 13.3 34.7 63.3 433
Sig. & L.S.D. *¥%*9,7 N.S. *%0.39 N.S. *¥%310 **%150 N.S.
2

X= all less than 1.0 mg-P/m

Values are means of three replicates
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Table 31. Analysis of lysimeter leachate collected on September 28th, 1976
Volume pH Cond. Mineral nitrogen P K SO4—S
l/m2 mmhos/cm NH4—N N03—N
mg/m2 mg/m2

1-A 3.8 5.44 0.21 30.0 16.7 bl 40.0 43.3
3-A 10.7 5.46 0.69 6.7 340 43.3 367
4-A 8.5 5.73 0.78 3.3 270 3.3 50.0 697
5-A 4.8 6.09 0.91 6.7 43.3 66.7 410
6-A 3.0 6.30 0.42 3.3 23.3 63.3 133
7-A 6.6 6.28 0.32 =333 30.0 70.0 117
Sig. & L.S.D. N.S. *¥* 0,44 N.S. N.S. ¥230 N.S. N.S.
1-B 5.3 6.16 0.82 6.7 210 110 573
3-B 13.0 6.13 0.72 13.3 743 183 973
4-B . 3.1 6.29 0.75 0.0 180 50.0 220
5-B 6.6 6.37 0.92 20.0 130 213 1223
6-B .32 6.45 0.52 0.0 50.0 46.7 147
7-B 4.0 6.61 0.41 0.0 20.0 46,7 80
Sig. & L.S.D. N. *¥¥¥ 0,19 N.S. N.S. #%*#370 N.S. N.S.
1-C 3.1 6.51 0.8 0.0 170 30.0 157
3-C 10.2 6.41 1.08 0.0 353" 183 490
4-C 9.2 6.41 1.10 0.0 573 . 150 547
5-C 3.2 6.57 0.72 6.7 66.7 80.0 293
6-C 5.3 6.54 0.82 0.0 180 130 637
7-C 5.6 6.64 0.41 3.3 70.0 80.0 113
Sig. & L.S.D. N.S. *¥% 0,14 * 0.43 N.S. N.S. N.S. N.S.

x rest of the values are less than 1.0 mg-P/m2

Values are means of three replicates
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Table 32. Total water leaching and nutrient loss from lysimeters,
July 15th to September 28th, 1976.
Total water Nutrient Losses (Kg/ha)
leached NH4—N NO3—N Total P K SO4-S
mm.

1-A 23.9 0.9 0.8 1.7 * 1.1 9.8
3~A 55.4 0.3 9.5 9.8 2.4 31.9
4-A 53.8 0.3 13.5 13.8 2.8 36.1
5-A 34.2 0.4 1.6 2.0 2.3 31.1
6-A 32.1 0.3 1.1 1.4 1.4 7.5
7-A 33.8 0.2 1.1 1.3 1.1 7.7
1-B 31.5 0.1 9.6 9.7 4.1 19.1
3-B 55.1 0.4 23.5 23.9 4.7 38.1
4-B 37.9 0.2 12.3 12.5 3.2 16.1
5-B 34.1 0.4 5.4 5.8 ‘5.8 23.1
6-B 24 .4 0.2 4.8 5.0 3.9 - 5.7
7-B 24,7 0.1 1.7 1.8 2.0 4.8
1-C 28.1 - 0.2 4,7 4.9 1.9 9.8
3~C 41.7 0.1 14.7 15.8 6.6 15,7
4-C 60.9 0.1 31.1 31.2 10.1 31.8
5-C 33.8 0.4 5.2 - 5.6 5.6 15.6
6~C 30.5 0.1 5.6 5.7 5.0 11.9
7-C 51.5 0.3 3.1 3.4 2.8 12.4

* A1l losses much less than 0.1 Kg-P/ha
P, K and 804—8 not determined in the first set of leachate.
Total precipitation from July 15th to Septembér 28th = 178.5 mm.

All values are calculated from the means of three replicates for

each sampling period.
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from the rapid drainage of water through the cracks that developed around

the edge of the pail.

The total amount of water that was leached during the July 15th to

September 28th study pefiod was equivalent to between 23.9 mm and 60.0 mm

of rainfall in different tregtments studied (Table 32). The total rainfall
&uring this period was. 178.5 mm. Therefore 1t seems likely that, on newly
revegetated areas on the dike, a significant proportion of the total precip-
itation will readily leach to below the rcoting depth. However, once a

dense root mat develops the leaching pattern may be entirely different.

The reaction of the leachate water was neutral to slightly acidic.
The ﬁater from trhe first collection period was a little more alkaline than
were the later samples; This seemed to reflect the trend shown with soil
samples from the main plot experiment where the samples became more acidic
as‘the year progressed.

Conductivity of the leachate water varied from 0.16 to 1.46 mmhcs/cm.

The only trend observed was that the values with the high fertilizer rate
(B and C) were generally greater than those recorded for the lower.réte
{(treatment A). |

Where leaching of water was most intense the losses of mineral nitrogen
were found to be quite high. Much less ammonium in relation to nitrate was
lost in the leachate water. The losses of mineral nitrogen during the summer
study period was equivalent to between 1.3 and 31.2 Kg-N/ha. Within the
same fertilization treatment the losses for treatments 1, 5, 6 and 7 were not
significantly different. Between 1.3 and 2.0 Kg-N/ha were lost at the low
fertilizer rate (treatment A, 80 Kg-N/ha added) while equivalent to between

1.8 and 9.7 Kg-N/ha were lost at the higher rate (eg. treatments B and C




150 Kg-N/ha added). Nitrogen losses incurred with treatments 3 ard 4, which
involved the soil stabilizers, were significantly higher (9.8-13.8 Kg-N/ha
at rate A; 12.5-31.2 Kg-N/ha at rate B and C). The majority was lost as
the nitrate ion.

The rate of loss of nitrate will depend upon many factors. Some of

the more important ones are:

(i) Water flux through the soil

(ii) Rate of nitrification (NH49N03)

(iii) Rate of uptake by plants and micro-organisms
(iv) Denitrification losses

(v) Accompanying cations

As was noted previously, the growth of plants in lysimeters that had
been treated with the soil stabilizers was extremely poor. The negligible
plant uptake of mineral nitrogen could have contributéd_to the large amount_
of nitrate lost by leaching. It also seems possible that the adhesive
property of the stabilizer materials caused the soil to pull away from. the
sides of the pail and increase the amount of water leaching through the soil.:
To a certain extent this might increase the downward movement of nitrate
in the soil.

If the results noted with the lysimeters are representatiye of the .
main plot area, it seems that relatively large amounts of nitrogen applied
as fertilizer are leached below the rooting depth. The process seems more
sericus where large single applications of nitrogen are made (e.g. 150 Kg—N/ha).

Losses of other nutrients were generally less serious. Phosphate in

particular was practically immobile in the soil. Leaching losses over the
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summer were less than 0.1 Kg-P/ha.

Between 1.1 and 10.1 Kg/ha of potassium was leached below the 30 cm
depth in the lysimeters. Generally the amount lost in each treatment was
quite similar to that fpund for nitrogen. However, with the soil stabilizer
treatments loss of potassium_was considerably less than for nitrogen.

Sulfate was very readily leached from the lysimeter soils. The'tqtal
amounts lost during the summer were on average only slightly greater at
the higher fertilizer application rate. It therefore seems that a large
proportion of the sulfur leached came from native sources present in the
tailings sand, peat and overburden. The soil mixes are sufficiently rich in
available sulfur that the losses are of little consequerce in relation to

plant nutrition. However, it is of some concern that there is probably a

high rate of leaching of sulfate to depth in the dike which could result

in salt seepages towards the base of the dike. Average losses of sulfate-S
from the lysimeters were equivalent tc between 4.8 and 38.1 Kg-S/ha over the
period studied.

(c) Soil Samples

Soil samples were taken frcm each lysimeter during October 1976. Only
two cores were taken from each pail. Samples were divided into two depths;
0415 cm and 15 cm to the bottom (about 30 cm). The fesults are presented
in Table 33;

The soil pH in the surface 15 cm was normally about C.5 to 0.6 units.

higher where lime had been added (treatments B and C). The pH of the lower -
depth was always slightly lower than in the surface.

Soluble salts were highest where the tailings sand had been amended




Table 33. Analysis of lysimeter soil samples—~ October, 1976.
pH Mineral nitrogen K SOA—S
mmhos/cm
ppm
1-A 0-15 cm 6.22 1.9 0.6 6.8 18.2 50.1
15-30 6.33 5.7 1.7 4.4 9.8 26.1
3-A 0-15 cm 6.12 3.6 25.5 0.2 40.5 50.8
15-30 6.60 1.4 5.5 2.0 9.2 17.8
4-A 0-15 cm 6.12 2.4 18.5 1.6 39.0 30.1
15-30 6.62 2.2 7.5 1.9 11.3 15.6
5-A 0-15 cm 6.43 1.6 0.7 8.2 48.0 133
15-30 6.78 1.2 1.3 4.8 17.3 64.5
6-A 0~15 cm 6.58 2.6 2.5 5.5 48.3 305
15-30 6.65 3.3 2.3 4.5 25.5 146
7-A 0-15 cm 6.37 4.6 4.3 3.8 47.0 181
15-30 6.65 4,1 3.3 4.4 24.7 43,0
1-B  0-15 cm 6.88 3.3 27.8 2.2 47.3 55.4
15-30 6.95 3.4 7.4 2.1 30.3 32.9
3-B 0-15 cm 6.77 4.3 41.5 7.1 65.3 50.0
15=30 - 6.93 2.1 10.4 2.8 48.7 22.2 )
4-B- 0-15 cm 6.88 5.0 28.1 0.9 117 48.4
15-30 7.07 4.0 8.8 0.9 37.3 13.4
5-B 0-15 cm 6.27 4.8 14.8 7.0 54.0 212
15-30 6.57 1.8 3.7 3.1 12.0 - 50.9
6-B 0=15 cm 7.12 3.6 12.2 4.0 56.3 281
15-30 7.52 1.3 6.8 3.6 38.7 106
7-B 0-15 cm 6.85 2.8 8.4 4.7 52.7 294
15-30 7.62 4.3 5.1 3.6 17.7 50.0
1-C 0-15 cm 6.72 3.1 13.5 7.6 31.7 72.4
15-30 7.12 3.0 3.3 1.0 10.3 18.4
3-C 0-15 cm 6.72 5.6 39.8 10.8 57.0 46.8
15-30 7.13 1.9 9.4 2.9 15.3 25.9
4-C 0-~15 cm 7.15 7.5 24.1 0.4 55.3 22.2
15-30 6.85 3.7 11.6 1.4 15.3 16.5
5-C 0-15 cm 6.37 4,1 15.6 8.4 64.3 155
15-30 6.87 8.7 7.8 4,5 24.0 65.5
6-C 0-15 cm 7.12 3.3.  11.8 8.6 55.0 276
15-30 7.57 4.6 " 7.5 3.9 39.0 107
7-C 0-15 cm 6.93 8.0 17.2 9.3 60.0 - 287
15-30 7.55 2.0 8.4 6.1 49.7 59.4
Treatments B and C received the same amount of fertilizer in 1976.

Values are

For statistical analysis of the 0-15 cm. depth see Appendix.

means of three replicates.
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with overburden. At the higher fertilizer rate with the non overburden
treated soils the conductivity also increased. Overall values rarnged from
0.60 to 2.47 mmhos/cm in the 0-15 cm depth to 0.50 to 2.01 mmhos/cm in the
soil below 15 cm. These are higher than would be expected to be found for
‘most virgin or cultivated soils but they are not high enough to cause concern
tb plant growth;

Amounts of ammonium nitrogen were low throughout. Nitrate concen-
trations were quite variable but were much higher. The high rate of ferti-
lizer addition generally produced the highest amounts of residual nitrate.

In treatments 3 and 4, where the plant growth was the poorest,NOS-N values
were higher than was found for other treatments.

Available phosphorus contents were moderately low. No consistent
differences were found between either main treatments or subtreatments. The
reéults of leaching losses and of soil analysis seem to indicate that much
of the phosphorus added in fertilizers beccmes fixed in the soil since uptake
by the vegetation was probably quite small.

Potassium contents were also quite low in the surface 15 cm especially
at the low fertili;ation rate. Surface soil values ranged from 18.2 to 117
ppm while in the lower depth concentrations were considerably lower.

Sulfate~-S on the other hand was quite abundant. Concentrations were.
greatest in the overburden treatments (¢, 6, and 7). Here values were
between 133 and 305 ppm in the surface 0-15 cm. All soils contained adequate

amounts of available sulfur for plant needs.

Even though isotopically tagged fertilizers were not used in this study

we can make some approximate statements concerning the fate of added ferti-
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lizer nutrients. An estimate of fertilizer losses in water runoff has
already been discussed (see Section 3.6.2) and the lysimeter study provides
data related to possible leaching losses (see Section 3.6.6). However,
several assumptions must be made if the lysimeter results are used in con-
Jjunction with reéults from the main plot experiment. Firstiy the soil
mixes in the lysimeteré are not precisely the same as occur on the main
experimental area. Plant growth in the lysimeters was not as extensive as
on the main plot and consequently nutrient uptake was likely less and the
potential for nutrient leaching was greater. Finally, due to the generally
poor grcwth in the lysimeters, treatment C did not receive an addition of
fertilizer in Augusf, 1976, as was the case in the main experiment.

The tabulation below gives a rough comparison of nitrogen use for
all three fertilization regimes on treatment 1 (peat on the surface) énd
treatment 5 (overburden over peat). Due to the preliminary nature of
these results a more complete discussion of nitrogen, phosphorus and potassium

cycling will be delayed until two years of data are at hand.

Soil Nitrogen Plant Nitrogen Fertilizer Estimated Losses
(Kg-N/ha) (Kg-N/ha) (Kg-N/ha) (Kg-N/ha)
Total* Available** Tops Roots Runoff Leaching¥*#*¥*
Jul/76  Sept/7€ o Soil  Water
1A 840 25 4 59 32 80 nd nd 1.7
5A 1860 43 7 69 20 - 80 nd nd 2.0
18 1770 39 4 65 nd 150  nd nd 9.7
5B 1815 57 14 82 nd 150  nd nd 5.8
1C 1410 74 61 76 22 300 1.0 0.4 4.9
5C 1635 43 60 88 25 300 1.2 2.6 5.2
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* July data, does not include subsequent root production

*¥*¥  for O - 3C cm depth. Assumed bulk densities for the O - 15 and
15 - 30 cm depths were 0.3 and 1.0 g/cm3 respectively

¥¥¥ Leaching losses below 30 cm. Estimates for treatments B and C
involved the addition of 150 Kg-N/ha

nd- not determined

Again it should be noted that the addition of peat provides large
amounts of organic nitrogen. A small percentage of this will become avail-
able through natural microbial mineralizatién reactions. Urfortunately
without using tagged fertilizers it is not possible to determine the natural
rate of mineralization or the effect of the added fertilizer on the release
of native soil nitrogen in a form available to plants.

Except where additional fertilizer was added in August, there was a
gradual depletion in available nitrogen between July and September, 1976.

In the first year of growth there was little variation in the amount of
nitrogen taken up into tops and roots. Total amounts varied between 89 and
113 Kg-N/ha in relation to a range of 80 to 300 Kg-N/ha added as fertilizer.
It can be seen that, in térms of efficiency of fertilizer use, an addition

as large as 300 Kg-N/ha is probably not needed during the first year. How-

ever, a definite pronouncement can not be made sincé the area was seeded much

later than would ke considered normal and therefore the growing season was short.
Nitrogen losées in runoff water and eroded soil materials were

insignificant in relation to the amount added in fertilizers (total of 1.4

to 3.8 Kg-N/ha lost in relation to 80 to 300 Kg-N/ha added). Leaching losses,
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as estimated from the lysimeter study, were greater. However, values much

less than the 1.7 to 9.7 Kg-N/ha would probably been found on the main exper-

iment where plant growth was better.

(1)

(2)

(3)

(4)

(5)

Summary Conclusions

A bare peat surface over the tailings sand was not able to prevent
water channeling and erosion without the rapid establishment of a

dense plant cover.

In view of the slope involved, the extent of soil mdvement down slope
was not rated serious on any of the vegetated plots. Logsses were
greatest where the highest rates of mine overbturden had been incorpor-
ated into the tailings surface or where a layer of overburden was placed
at the surface. Significant soil movement occurred where "Aquatain"
and "Bitumuls" soil stabilizers had been used. If peat'formed the soil
surface, downr slope movement of soil was slight. Contour trenching
seemed to reduce the particulate movement down slope but.it had no
significant advantage over the incorporation of peat without trenching.
Water infiltration rates were high. Lysimeter studies indicated

that between 13 percent and 34 percent of the intercepted rainfall
readily leached below a depth of about 30 cm.

The highest volumes of surface water runoff occurred in treatments
where mine overburden incorporation had been studied. The results .

indicated that, in relation to the total rainfall intercepted by the

- soil surface, the amount in runoff was quite small.

In comparison to the amounts of nutrients supplied in fertilizer, the




(6)

(7)

(8)

(9)

(10)

(11)

(12)
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losses in runoff water and eroded soil were very small. Leaching
losses were greater; Nitrate, potassium and sulfate were leached

more readily than phOSphate and ammonium ions.

Plot surfaces where mine overburden was added to the surface or wes
tilled in at a high rate became dry and hard. The percentage moistureb
held in the surface 30 cm was significantly less than with plot surfaces
that had only been amended with peat;

Soil pH and soluble salt concentrations were within the fange acceptable
for plant growth; Overburden treated plots»had the highest surface
conductivities;

Soils contained moderate amounts of available plant nutrients before

the plots were seeded and fertilized in July; By September depletion
of mineral nifrogen, phosphorus and to a certain extent potassium

had occurred.

Sulfate sulfur analysis indicated that no further additions of sulfur
containing fertilizers would be necessary in the immediate future.

Seed germination and growth was adequatevto protect the soil surface from
erosion.

Oat dry weight production was considerably greater than that for grasses
and legumes. The cover produced by grasses and legumes alone was
considered adequate in terms of erosion protection in all treatments
except those that involved application of overburden to the surface or
where a high rate of overburden was tilled into the surface.

Dry weight yields Qere ﬁot significantly different between the different‘

fertilizer regimes studied. Applications of 150 Kg-N per hectare and
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over did not seem to help in the initial establishment of plant cover
in comparison to a rate equivalent to 80 Kg-N per hectare.

(13) Plant uptake of nutrients was nct significantly different at the two
lower fertilizer applicatiqn rates which were made in June.

However, an additional application iﬁ August significantly increased
uptake into plant tissues; The total plant uptake amounted to 90-110
Kg-N; 20-30 Kg-P; 85-135 Kg-K and 10 Kg~3 per hectare.

(14) Dry weight production of root and shoot material was approximately
equivalent.

(15) Root growth was largely limited to the surface 15 cm.

(16) Plant growth in the lysimeters was poor and highly variable. Extensive
reseeding will be required next yeér.

(17) Commerciél soil stabilizers‘demonstrated little advantages over other
forms of surface amendments. The "Bitumuls" conditioner seemed tc
produce a more uniform plant cover, possibly by reducing seed water
wash off.

(18) symptoms of plant nutrient deficiencies were not widespread or
related to anj specific experimental treatment. Of thoée observed,
nitrogen deficiencies seemed to be most common. |

k19) Nitrate contents in plant tops reached levels that would cause some con-

cerh if plant material were used as livestock feed.

4. EXPERIMENT TO STUDY WAYS OF INCREASING THE ROOTING DEPTH

OF PLANTS GROWN ON A TAILINGS SAND SLOPE (EXPERIMENT III).

4.1 Introduction

The previous years study on a vegetated area of the tailings pond dike
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indicated that grass root growth was restricted to the peat layer which had
been added to the'tailings,sand surface. It was estimated that about 86
percent by weight of the roots were ccncentrated in the peat layer (3).
Deeper penetration of roots should improve the stability of the dike through
reducing the likelihood of erosicn. It was initially hoped to study two
possible approaches to-promoting favorable conditions for deeper rooting.
One aépect involved the deep incorporation of different surface amendments

such as peat'and mine overburdens. The second approach concerned the deep

placement of fertilizer to stimulate the spread of root system;jx In the

y

-

first year it was decided to limit studies to assessing the incorporation

of different surface soil amendments.

4.2 Objectives

To examine means by which rooting depth of plants can be encouraged

to extend below the immediate surface of tailings material.

4.3 Experimental Design

An unvegetated area was selected immediately downslope of Experiment
IT (see Figure 2). Four different treatments were studied, each treatment was
replicated three times.
Treatment:
1. Overburden added at 750 Tonnes/ha and tilled into the peat -
tailings sand surface to a depth éf 30 cm..
2. Additional peat added to give a depth of about 20 cm on the sur-
face and incorporated in with the tailiﬁgs sand to a depth of

30 cm.
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3. Overburden added at 1500 Tonnes/ha and tilled into the peat sur-
face to a depth of 30 cm.

4, Peat (about 10-15 cm) tilled into the tailings éand surface to a
debth of about.15 cm

Fertilizer Amendment:

Treatments 1, 2, and 3

150 Kg-N/ha (58.3 KngOS—N/ha; 91.7 Kg NH,-N/ha)
40 Kg-P/ha

150 Kg-K/ha

20 Kg-S/ha

Lime at 5 Tonnes/ha

Treatment 4

80 Kg-N/ha (23.3 Kg NO,-N/ha; 56.7 Kg NH,-N/ha)
35 Kg—P/ha_

75 Kg-K/ha

20 Kg-S/ha
Fertiliéer applied in June as 21-0-0, 34-0-0, 11-55-0 and 0-0-62
Lime added as finely powdered feed grade limestone.

Plot size: 5m x 4m

Replicates: 3

Total number of plots: 12

The experiment was set out in a randomizéd design as shown in Figure 5.

4.4 Plot Establishment

The plots were staked out and the original peat that was added by
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Field plan of experiment on an unvegetated area on a tailings

sand dike at the GCOS plant site at Fort McMurray, Alberta

(Experiment [III]).
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G.C.0.S. was raked evenly over the plots. Soil samples were taken on June 22,
1976. Starting on June 29, 1976 the overburden and extfa peat was added.

The amendments were filled in with a rototiller to a depth of about 25 cm.
Final mixing fo 30 cm was completed by hand spading. Lime was added to

plots 1, 2, and 3 and the lime incorporated by raking to a depth of about

7.5 cm; Fertilizer was added individually to each plot by hand, and also
raked in to a depth of about 7;5 cm; About a week later, on July 10, the
plcts were seeded with the same seed mix and at the same rate as was used
with Experiment II; Seed was lightly raked in and the soil surface packed

down.

4.5 Work Plan
Visual and semi—quantifative measurements of germination and plaht
growth were made throughout the summer. Plant samples from one meter

square areas were taken from each plot on 15 September. At the same time

root samples and soil samples were taken. Root cores were taken for 0-15 cm,

15-30 cm and 30-60 cm depths.
Soil samples were taken at 0-15 cm, 15-30 cm, 30-60 cm, 60-90 cm and

90-120 cm.

4.6 Results

4.6.1 Soil Samples

(a) June 28th, 1976

Each plct was sampled to a depth of 120 cm before the addition of
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extra surface amendments. At this time the tailings material was covered by
the peat thét had been added by»G.C.O.S. personnel. The results would prov-
ide baseline values and would show the uniformity of the peat addition and
the tailings sand in the area;

The analysis indicated that the plot area chosen was more uniform than
the larger area uséd for Experiment II.  Visual observations showed that the
peat layer was nct as deep as on many parts of experiment II and that spread-
ing had been more even.

The results of soil anélysis are given in Table 34. Soil pH vglues
fanged from 6.03 to 6;62 in the surface 15 cm; This reflected the mildly
acidic nature of the peat used. »Soil reaction became slightly more alkaline
with depth. In the 90-120 cm depth pH values of 6.97 to 7.20 were found.

Soluble salt concentrations were highest in the surface peat layef.
Conductivity values of between 0.57 and 0.84 mmhos/cm were fecorded in the
0-15 cm depth while a range of 0;14 to 0.25 mmhos/cm was found in the tailings
sand regions between 30 cm and 12C cm in depth.

Caléium was the dominant extractable cation {(exchangeable + soluble).
Surface values were quite variable. Concentrations within‘the 15 cm peat
layer varied from 459 ppm to 1271 ppm. Smaller concentrations of sodium
and magnesium were found; Concentrations of cations in the surface 15 cm
were higher than in the lower depths. Surface concentrations of sodium were
variable and ranged from 9.4 ppm with treatment 4, to 51.3 ppm in treatment 1.
Less variability was encountered with magnesium. Concentrations were be-—
tween 72;9 and 103 ppm in thé surface 15 cm.

Organic carbon, total nitrogen and total exchange capacities were all
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Table 34. Analysis of soil samples from an experiment to examine rooting of plants on a tailings sand dike
at the GCOS plant site at Fort McMurray, Alberta - June 28th, 1976 (Experiment [III]).
pH Cond. Mineral nitrogen H,_ O P K S0 ,-S Acetate extractable Org. C Tot. N T.E.C.
NH -N NO_-N 2 =
4 3 C M
mmhos/cm % ppm Na a _ € % % meq/100g
ppm

1 0~15 cm 6.60 0.76 16.8 6.9 16.8 2.2 73 93.3 51.3 559 96.9 2.6 0.22 11.2
15--30 6.42 0.37 9.3 2.0 5.0 1.8 21 28.1 10.3 163 22.5 0.4 0.06 2.7
30-60 7.12 0.22 17.8 1.2 4.3 1.2 21 8.6 5.5 71 19.1 0.03
60-90 7.03 0.21 8.9 0.3 5.0 1.7 127 9.7 8.0 63 19.2
90-120 7.17 0.25 14.8 0.0 5.0 1.3 156 8.5 6.8 58 18.6

2 0-15cm 6.17 0.57 15.8 3.1 25.6 0.3 27 76.9 21.7 1271 98.3 4.4 0.27 19.7
15-30 6.53 0.27 16.6 0.3 7.4 1.5 14 16.6 7.4 250 32.9 1.0 0.07 3.2
30-60 6.85 0.20 11.0 0.0 5.0 1.0 8 6.3 5.8 102 26.7 0.03
60-90 7.12 0.14 11.5 0.0 5.4 1.0 7 5.4 6.5 49 17.7
90-120 6.95 0.17 13.4 0.0 6.0 0.8 7 6.9 7.3 79 20.7

3 0-15 cm 6.62 0.84 20.7 5.5 19.1 2.8 73 108 47.5 550 103 3.6 0.24 12.9
15-30" 6.55 0.40 19.6 0.6 8.8 2.0 16 26.1 8.4 150 22.5 1.0 0.13 2.8
30-60 9.97 0.23 13.1 0.1l 4.8 1.5 15 12.9 6.4 71 22.3 0.05
60-90 7.12 0.20 11.2 0.0 4.9 1.3 13 8.1 6.3 48 19.0
90-120 7 .20 0.23 14.9 0.0 5.1 1.5 13 12.5 7.8 75 12.7

4 0-15 cm 6.03 0.63 14.5 4.6 19.2 1.2 21 68.4 9.4 459 72.9 3.2 0.27 12.7
15-30 6.38 0.26 13.6 0.6 8.1 1.3 14 14.7 5.3 125 22.5 0.9 0.06 2.4
3060 6.82 0.22 14.8 0.3 4.5 1.3 13 6.8 7.0 74 17.0 0.06
60-90 6.90 0.19 14.0 0.3 4.6 1.3 9 7.1 6.9 73 20.4
90-120 6.97 0.18 8.6 0.0 5.0 1.0 8 7.4 8.5 61 20.1

Significance ¥¥¥ N.S. N.S. N.S N.S. N.S. N.5. N.S * N.S. N.S. N.S.
L.S.D. 0.32 30.2

Values are means of three replicates.

Statistical analysis of the 0-15 cm. depth only.
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highest in the 0-15 cm depth. This reflected the presence of the peat amend-
ment at the surface of the plots; Organic carbon was between 2.6 percent and
4.4 percent in the 0-15 cm depth and between 0.4 and 1.0 percent in the
15-30 layer. |

Exchange capacity was related to organic carbon contents and hence also
to the amount of peat present; Vélues tetween 11.2 and 19.7 meq/1C0g
indicated a good ability to hold nutrient cations in the surface 15 cm.

Cation exchange capacity of the 15-30 cm depth was much less (2.4 - 3.2
(3)

meq/100g). Tailings sand had a very low cation exchange capacity
Total nitrogen contents showed a similar pattern to organic carbon.

Most of the organic nitrogen would be expected to be defived from the peat.

Concentrations in the surface 15 cm varied from 0.22 - 0.27 percent. Organic

nitrogen can be slowly converted into potentially available mineral forms

such as ammonium and nitrate by microbial activity in the soil.

(b) September 15th, 1976

A similar set of core samples were taken on September 15, 1976, for
the determination of moisture, pH, conductivity and available nutrients.
In contrast to the June samples, theykshow differences due to the incor-
poration of overburden and extra peat. The results are shown in Table 35.
Surface pH was slightly higher than had been found with the initial
samples. In the surface 0-15 cm values ranged from 6.65 to 7.10 with
treatments 1, 2, and 3 which had received lime. Treatment 4, whick was not

limed had a significantly lower pH of 6.30 in the surface 15 cm.

Treatments 1 and 3 which involved the incorpcration of overburden,
had the highest conductivities. Even so the surface values of 1.65 mmhos/cm

and 2,09 mmhos/cm for treatments 1 and 3 respectively were not high enough to
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Table 35. Analysis of soil samples from an experiment to examine roqting of
plants on a tailings sand dike at the GCOS plant site at Fort McMurfay,
Alberta - September 15th, 1976 (Experiment [III]).

pH Cond. Mineral nitrogen H20 P K SO4-S
mmhos/cm - NH4—N NO3—N %
ppm
ppm

1 0-15 cm 6.93 1.65 1.9 2.7 11.9 15.4 72 61.6
' 15-30 6.62 0.70 0.7 1.2 7.7 1.4 19 -34.6
30-60 6.62 0.44 0.3 1.1 5.1 0.8 12 20.5
60-90 6.77 0.34 0.2 0.3 5.5 0.2 10 13.5
90-120 7.02 0.30 0.6 0.5 5.0 0.8 10 10.1
2 0-15 cm 6.65 1.04 2.0 9.3 23.8 7.4 46 43.5
15-30 6.47 0.68 1.4 3.5 10.3 1.0 15 36.0
30-60 6.88 0.41 1.1 0.6 6.0 1.2 12 14.0
60-90 6.95 0.35 0.8 2.5 6.0 1.0 11 9.9
90-120 7.05 0.31 0.6 0.9 6.4 1.2 10 8.6

3 0-15 cm 7.10 2.09 2.8 17.1 17.2 25.6 118 122
15-30 6.67  1.12 1.2 4.1 9.8 3.6 33 46.7
30-60 6.53 0.48 0.4 0.4 4.5 2.0 12 24.6
60-90 6.67  0.37 0.6 0.2 4.9 1.0 11 17.0
90-120 6.93 0.36 0.8 0.3 5.3 1.6 11 14.4
4 0-15 cm 6.30 0.54 1.7 1.9 27.8 5.7 28 51.4
15-30 6.20 0.53 0.7 0.4 6.6 1.2 12 33.2
30-60 6.45  0.35 0.5 1.0 5.7 1.4 10 16,3
60-90 6.85 0.29 0.5 0.3 6.1 0.8 10 10.6
90-120 6.88  0.27 0.3 0.5 5.7 0.6 11 9.0
+ignificance ® *Ex N.S. ** N.S. EEX XXX *
..S.D. 0.56 0.48 9.8 10.0 33 56.9

Values are means of three replicates. Statistical analysis of the 0-15 cm.
depth only.
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réstrict the growth of plants. Treatment 2 (extra peat added) had a conductivity
of 1.04 mmhos/cm in the surface 15 cm. The control treatment 4 had the lowest
conductivity, 0.54 mmhos/cm.

Available mineral nitrogen was generally low. Most of the ﬁitrogen
applied as fertilizer had been lost from the soil. Nitrogen could have been
taken up by plants, microbial cells or lost through leaching and denitrifica-
tion reacfions. Generally nitrate was the predominate form of mineral
nitrogen. Ammonium~N values were low and ranged from 1.7 fo 2.8 ppm in the
surface 15 cm and were less than 2 ppm in the lower hoisons. Nitrate-N in
the 0-15 cm depth varied from 17.1 ppm with treatment 3 to 1.0 ppm with
treatment 4; Values were quite variable between replicates.

There was evidence to suggest that sulfate was being leached in the
soil. Values recorded in Septembér for the lower depths (eg. 30—60, 60-90
and 90-120 cm) were generally higher than had been found in June. Sulfate
concentrations were still highest in the surface 15 cm. The high rate of
overburden addition (treatment 3) had 122 ppm Sodfsin the surface 15 cm.

Both overburden treatments (1 and 3) had higher levels of SO4—S in the sur-
face than the peat-only treatments. The overburden was naturally quite rich
in sulfate (see Appendix).

The mcisture content of the surface 15 cm was higher for treatments
2 and 4 which involved amendment with peat only. The overburden material
has a lower capacity to retain moisture and seems to dry out more easily
than the peat.

4.6.2 Vegetative Growth

A lower germination rate was recorded here than was found on the
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Experiment II plot éreé which was seeded later. Germination was between
19.2 percent and 21.7 percent (see Table 36). There were no significant
differences between treatments. Although complete identification of the
plant species was not possible at this timé: it seemed that most of the
types that had been seeded had shown some germination. Growth was dominated
by the rapidly growing Oat plants. The early growth was healthy in appear-—
ance. Later in the summer some deficiency symptoms of nitrogen in particular
were evident. Planté showing nutrient deficiency were not widespread andr;
did not appear to be»specifically relatedvto any barticular treatment.

Average plant heights were measured on August 4th and again on AugUSt
27th (see Table 36); On Augus% 4th, 25 days after seeding, theré were no
differences between the four experimental treatments. By August 27th, 48‘
days after seeding, the Oat plants on the overburden treated plots weré'not
quite as high as those on the peat-only treatments. When the plants were
sampled, Oats had headeé¢ out but few legumes or grasses had flowered or
~produced seed. At this time there did not seem to be any differences between
the experimental treatments in respect to general plant growth or to erbsion
damage. Some plcts had more patchy growth than others. Runoff water from
higtrer ub the slope had produced small channels on some plots. Erosion was
asseséed as very mild in relation to the extent of erosicn on some areas
bordering the experimental site or on the unseeded treatment in Experiment
IT.

(b) Plant Productivity

The methods used to take plant top and root samples were similar to
that described in Experiments I and II. Dry weight yields are shown in

Table 37. No significant differences could be found between the treatments
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Table 36. Seed germination and plant height in the deep rooting experiment.

Germination (%) Plant height (cm.)
Average SD Aug. 4, 1976 Aug. 27, 1976
Average SD Average SD

1 18.0 2.35 31.0 1.2 55.9 " 3.4
2 18.2 2.02 31.2 0.3 61.3 1.6
3 16.1 0.84 30.2 1.1 59.4 4.6
4 17.2 0.66 30.9 0.6 61.0° 3.3
Significance N.S. N.S. N.S.

Vales are means of three replicates.




Table 37. Dry weight yield of plant tops and roots and the root:shoot ratio (Experiment III)- 1976.

. . 2
Top yield (Kg/m2) Root yield (Kg/m ) Root/shoot
0-15 cm. 15-30 cm. 30-60 cm. Total

Ave. SD Ave. SD Ave. SD Ave. SD Ave. SD
1 0.211 0.044 -0,122 0.043 0.037 0,017 0,0013 0,0011 0.161 0.058 0.76
2 0.277 0.028 0.203 0.009 0.028 0.009 0.0015 0.0003 0.264 0.055 0.84 |
3 0.258 0.042 0.163 0.043 0,037 0,020 0,0011 0.0009 0.201 0.060 0.80 E
4 0.238 0.031 0.156 0.060 - 0,017 0.013 0.0008 0.0015 0.174 0.072 0.73 !
Signif. - N.S. N.S. N.S. N.S. N.S.

Values are means of three replicates.
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imposed for either total root cr top production. The results were quite
variable between replicates.  The yield of above ground material varied
between 0.211 and 0.277 Kg/mz. Root yields were between 0.161 and 0.233
Kg/mz. With the deep tilling treatments, between 75.8 and 87.1 percent of
the root material was in the surface 1t cm. _Whefe peat was only tilled to’
15 cm, 90.1 percent was located in the surface 15 cm. Most of the roots
were. confined to the regions that were amended with peat or overburden.
On average the overburden treated plots had a higherkpercentage of root
weight in the 15-30 cm depth than the other treatments. However, this may
not be due to the presence of overburden but rather to the tillage of the'n
initial peat amendment to a greater dépth than in other treatments. Root
production ir the 30~60 cm depth Qas very small during the first year of
growth (0.008 to 0.0015 Kg/m2 or from 0.1 percent to 1.2 percent of the
total wéight);

4,6.3 Plant Analysis

The root material isolated from each depth was combined to give a
bulk sample for each treatment. The results of.top and root analysis are
shown in Table 38,

(a) Plant Tops

Plant tops had slightly higher total nitrogen content where the higher
rate of fertilizer addition had been made. Plant top material in treatment
4 had a total nitrogen content of 1.92 percent. The contents of total
phosphorus, potassium, sulfur and calcium were not significantly different
between the four different treatments.

Nitrate content of the above ground material varied from 0.66 percent

to 0.84 percent. It is considered that nitrate contents of livestock feeds




Table 38. Analysis of plant material (Experiment [III]) - 1976.
N P K S Ca Nitrate
(%) (%) (%) (%) (%) (%)
1 2.35 0.39 2.73 0.22 0.33 0.66
TOPS 2 2.25 0.39 3.11 0.18 0.44 0.84
- 3 2.36 0.39 3.28° 0.19 0.39 0.66
4 1.92 0.33 2.50 0.21 0.38 0.66
Significance *® N.S. N.S. N.S. N.S. *
L.S.D. 0.32 0.14
1 1.63 0.82 1.17 0.20 0.66
ROOTS 2 1.14 0.83 1.23 0.18 0.81
3 1.26 0.89 1.45 0.1 0.53
4 1.05 0.62 0.57 0.16 0.70
Significance N.S. * N.S. N.S. N.S.
L.S.D.

=117~

0.17

All values are means of three replicates.
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that are between 0.5 and 1.5 percent are potentially toxic but are more
likely to cause decreased performance in animals. Over 1.5 percent
nitrate is considered to be toxic. \

Total nitrogen content of roots was quite variable and ranged from
1.05 percent to 1.63 percent. No significant differences existed between
treatments. Root contents were significantly lower than was found in the
top growth;

Phosphorus contents were higher in the rocts than in the shoots.
Addition of the higher rate of fertilizer produced a slightly higher
content of total phosphorus in the roots; A total of 40 Kg—P/ha was added
as fertilizer to treatments 1, 2 and 3 while treatment 4 received 35 Kg-P/ha.

Potassium levelé were significantly lower in the roote than in the
shoots. Average values in treatment 4 were considerably lower (0.57 percent)
in comparison to treatments 1, 2, and 3 (1.17 to 1.45 percent tctal-K). The
large differences in the éontent of root potassium and the results of soil
analysis seem to indicate that the deeper tillage in treatment 1, 2, and 3
helped to increase the uptake of pctassium. The deeply tilled treatment
also receivedmore fertilizer—-K than the control treatment 4.

The sulfur content of roots was approximately the same in the
different experimental treatments imposed.

The calcium content of the roots was appfoximately twice that found
in the top material. |

Calcium uptake was not significantly higher where lime had been added.

Table 39 shows the total amounts of nitrogen, phosphorus, potassium,
sulfur and calcium that was taken up into plant material during the first year

of revegetation of the area.




Table 39. Total uptake of nutrients by plant tops and roots {(Experiment [III]) - 1976.

Nutrient content (Kg/ha)

Tops : Roots Total
N P K- S Ca N P K. Ca N P K S Ca
Treatment-l 49,6 82 57.6 4.6 7.0 25,9 13.2 -18.8 3.2 10.6 75.5 21.4 76.4 7.8 17.6
Treatment-2 62.3 10.8 86.1 5.0 12.2 26.6 19.3 28.7 4.2 18.9 88.9 30.1 114.8 9.2 31.1
Treatment-3  60.9 10.1 84.6 4.9 10.0 25.3 17.9 29.1 3.6 10.7 86.2 28.0 113.7 8.5 20.7
Treatment-4 ~ 45.7 7.9 59.5 5.0 9.0 8.3 10.8 9.9 2.8 12.2 64,0 18.7 69.4 7.8 21.2
Fertilizer added- Treatments 1,2, and 3 -~ 150 KgQN; 40 Kg-P; 150 Kg-K and 20 Kg-S per hectare.
Treatment 4 v 80 Kg—-N; 35 Kg-P; 75 Kg-K and 20 Kg=S per hectare.

All values are calculated from the means of three replicates.

-61T-
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Greater amounts of total nutrients were taken up with treatments 2
(high rate of peat tilled to 30 cm); Treatment 1 {(lower rate of overburden
tilled to 30 cm) gave a higher uptake of N, P, and K than the control treat-
ment 4.

At the low fertilization rate (treatment 4), 64 Kg-N; 18.7 Kg-P;

69.4 Kg-K; 7.8 Kg-S and 21.2 Kg-Ca per hectare were taken up into plant
tissues. Potassium uptake in the roots only accounted for 9.9 Kg-K/ha.

With the treatments that received the higher rate of fertilizer amend-
ment, 75.5 - 88.9 Kg-N; 21.4 - 30.1 Kg~P; 76.4 - 114.8 Kg-K; 7.8 — 9.2 Kg-S
and 17.6 - 31.1 Kg~Ca per hectare were incorporated into plant tissues.

The levél of available sulfur in the soil in relation to plant uptake
suggests that there ig little need to add sulfur containing fertilizers in

the foreseeable future.

4.7 Summary Conclusions

(1) Deep tillage of overburden and peat resulted in a greater proportion
of root mass in the 15-20 cm depth. Root penetration below the
30 cm depth was slight.

(2) Initial soil sampling prior to the implementation of the experimental
treatments showed that the area was generally more uniform with respect

to soil properties than the Experiment II area.

(3) Amounts cf available phosphorus and potassium were low at this time.
(4) Plant growth on the plots was adequate to prevent erosion.
(5) Average top and root dry weight yields were within the range encount-

ered in Experiment II. Plant uptake of nutrients were similar in

comparison tovthe same fertilizer treatment.
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5 GENERAL STUDIES

5.1 Microbial Numbers and Soil Respiration

A compérison was made.of biological activity of the older experiment (I)
area and the newly established experiment (II) site. Soil respiration was
measured in the laboratory and in the field: The results are presented in
Tables 40 and 41. The measuremént of soil respiration during September
indicated that on -average the biological activity in the soils in experiment
(I) were higher than in eXperimeﬁt (II). However, the differences were quite
slight. No significant differences could be found between the treatments
studied. Laboratory measurements showed larger differences. The rates
reccrded with soils from the older experimental area were considerably
greater than those from experiment (II); The increased production in carbon
dioxide was thought to be due to the greater decomposition of plant root
and top residues or possibly to higher numbers of organisms. The results
showed that "baseline" respiration rates for a peat or peat/overburden
amended site were between 0.06 and 0.13 mg COZ—C/lOOg/hr at ZOOC. vValues
for an "established" plot seemed to be about 0.19 to 0.29 mg COZ—C/loog/hr.
There were no differences between the experimental treatments studied.

The tailings sand samples had Very low microbial activities. The
fresh sample had a higher activity than the older one, possibly since there
may have still been a certain amount of degradable bitumen in the fresh
material. The pH and conductivity of both samples were quite different
(see Appendix). |

The numbers of different organisms generally showed a relationship to

the laboratory soil respiration rate. Experiment (I) soil contained between
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Table 40. Microbial numbers and soil respiration for selected

treatments in Experiment (I), 1976.

Microbial numbers/g = . : Soil respiration
- Bacteria Actinomycetes Fungi Fields Laboratorys»
Treatment (147, (x 107) (x 104 (mg C0,,-C/ (mg CO,-C/
' ) ) i° /hr) " 100g/hr)

" To 27.2 2.1 8.3 29.5 0.191
T2 54.5 2.2 - 20.2 31.9 0.294
T4 45,9 0.5 10.6 35.8 0.219
T5 i 30.1 1.6 12.4 30.0 0.251
Significance N.S. N.S. N.S. N.S. N.S.

Values are means of three replicates.

* Soil respiration was measured on September 15, 1976
Mean air temperature = 17.4 C
Mean soii temperature' To 13.1 C’
(at 4 cm depth) Tl 13.3 C
T2 12.9 C
T5 13.3 C

*% Constant temperature of 20 C.
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Table 41. Microbial numbers and soil respiration from selected
treatments in Experiment (IL) and for two samples of

tailings sand

Microbial numbers/g Soil respiration
Treatment Bacteria Actinomycetes Fungi Field¥* Laboratory*#*
(x 107) (x 107) (x 104) (mg COZ—C/ (mg C02—C/
m2/hr) 100g/hr)
1-A 5.77 0.230 9.33 0.072
5-A 3.61 0.068 8.20 0.073
6-A 2.92 0.090 4.00 0.058
7-A 5.69 0.079 7.92. 0.069
1-C 13.1 0.194 21.7 ~22.4 0.128
5-C 6.26 0.211 5.65 21.8 0.070
6-C 8.30 0.104 8.94 25.9 . 0.070
7-C 7.87 0.177 6.76 32.3 0.070
Sig. & L.S.D. *5.47 N.S. *% 7,28 N.S. '
Fresh T.S. 0.24 0.010 0.10 0.016
014 T.S. - 0.015 0.001 0.18 ' 0.008

Fresh tailings sand taken from the edge of the tailings pond
0ld tailings taken from the 30-45 cm depth near Experiment III

*¥ Mean air temperature 18°¢
Mean soil temperature 1-C 13.400
(at 4 cm depth) 5-C  14.1°C
6-C  14.1°C
7-c  13.8°%C

*%* Constant temperature of ZOOC

Values are means of three replicates except for tailings sand samples.
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2.7 and 5.5 x 108 bacteria per gram while the experiment (II) soils contained
2.9 to 5.8 x lO7 bacteria per gram. A similar trend waé observed with
actinomycetes which were over an order of magnitude lower than the bacteria.
Differences between experiment (I) and (II) were not as noticeable where
fungal counts were concerned. Between 8.3 and 12.4 x 104 per gram were
found with experiment (I) soils and 4.0 to 9.3 x lO4 per gram with experiment
(IT) soils. |

Numbers of bacteria, actinomycetes and fungi were much lower in the
tailings sand samples. The variety of different types of bacteria was
much léss than had teen found wifh peat and oVerburden amended sands. Quité
high numbers of organisms were found in the tailings sand samples that were
studied last year. It seems possible that the samples of tailings that
- were takén last year had been contaminated with other soil materials that
contair.ed much higher numbers of micro—organisms.

The addition of peat and overburden to the tailings sand surface leads
to an increase in microbial numbers, diversity of microbial types and a
higher overall soil respiration rate. High microbial activity is important
in ensuring efficient recycling of nutrient elements from érganic forms

into theose that are available to plants.

5.2 Water Infiltration Rates

Table 42 shows the water infiltration measurements made in the field.
All the surfaces studied had very high water infiltration rates. The surface
of the Tc treatment in experiment (I) had the iowest infiltration rate
(16.6 cm/hr). This is probably due to the dénsé surface cover of Creeping

Red Fescue and the root mat that develops below. The bare tailings sand
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Table 42. Water infiltration rates - 1976

Treatment Infiltration rate

(ecm/hr)

Bare tailings 21.6

Expt (I) To 16.6

Expt (II) 1-A 24.1

Expt (II) 3-A 25.8

Expt (II) 4-A 27.3

Expt (II) 5-A | 24.0

Expt (II) 6-A 30.5

Significance N.S.

Measurements were taken in June, 1976
while Experiment (II) was not vegetated

Values are means of three replicates.
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surface had a slightly lower infiltration rate than the remaining treatments
on experiment (II). The values recorded for subtreatments 1, 3, 4, 5 and &
on main treatment A were not significantly different and varied between
24.0 and 30.5 cm/hr.

The data indicate that rainfall will be rapidly taken'up by tailings
sand, peat and overburden surfaces. - This conclusion. is largely substantiated

by the results of the lysimeter studies.

6 GENERAL CONCLUSIONS AND RECOMMENDATIONS

Since this was the first year of study involving experiments (II) and
(III) many of the recommendations and conclusions are tentative.
(a) The results and observations of experiment (I) this year indicate
that although a permanént plant cover has been established and the
site is physically fairlyvstable, it can/ﬁét be considered biologi-
cally stable yet; Mineralizatién reactions were able to supply good
amounts of available plant nutrients early in the year. Additions
of fertilizer the previous year produced higher early plant biomass
yields. However, continued good plant growth was dependent upon the
addition of extra fertilizers during 1976. Even large additions of
fertilizers in June of 1975 did not seem to promote plant growth later
in the summer of 1976.

If good plant top production is required, annual addition of
fertilizers preferably twice during the summer, should be made. The
amounts added should be at the minimum 8C Kg-N, 20 Kg-P and 80 Kg-K
per hectare per year to produce adequate results.

(b) The addition of sulfur containing fertilizers is rot needed on
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;the areas of the dike that were studied.
'J(c) Liming does not seem to be needed for several years where adequate
amounts of peat with a slightly acidic reaction has been added.
(d)_ Iﬁ newly vegetated areas peat seems to be the best surface
amendment to add. Tt has good moisture holding characteristics, high
‘cation exchange capacity and produces a good plant cover. It is how-
ever, often low in available plant nutfientsband will decompose quite
rapidly. o a7
Je by
(e) Overburden materials studied seem to be useful surface amendments.
Their long term use is still being assessed. They have good buffering
prOperties, add some clay to the soil and céntain good reserves of
potassium.  They are more erodable than peat, do not produce as uniform
a plant cover, develop tough surfaces and may'contain undesirable |
amounts of salts. Application costs in relation to peats will likely
be higher; |
(f) Soil conditioners, stabilizers and contouring methods do not seem
to bé economically advantageous in most.situatibns in view of the
success with the use of peats.
(g) During the first year of revegetatioh the following fertilization
scheme is tentatively recommended.
May: With seed - 75 Kg-K/ha
7% Kg-N/ha
40 Kg—P/hq
As 34-0-0, 11-55-0, 0—0;60
Late July: 150 Kg-K/ha

150 Kg~-N/ha

40 Kg-P/ha
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(h) Surface amendments of peat and overburcen should be tilled into
the tailings sand layer as deeply as possible. Deepr root penetration
seems to be more limited by lack of nutrients at debth than.by lack

of available moisture.

(1) The use of a quick growing nurse crop such as Oats is recommended
especially where areas are seeded late in the spring and summer.

Rapié soil stabiiization by‘root and toé growth is essential to pre-
vent soil erosion even where peat znd overburden amendments have

been added. |

(j) Tailings sands have low numkters of microorganisms in relation

to cultivated soils. The addition of peat and overburden adds micro-
organismsf The ability of the soils to develép good microbial populations
capable of decomposing dead plant tissues should be studied in more
detail, It is b& efficient cycling of added rutrients that a stable

plant cover will be rapidly established.
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8 APPENDIX

8.1 Properties of soils used in the study

Table 43 shows the analysis of physical and chemical properties of
the soils used in this study. The tailings sands 'B' and 'C' were the !fresh!
and 'old' tailings samples used in the microbiological studies. The fresh
sample had a high pH and a relatively high concentration of soluble salts
which would indicate the presence of residual sodium ﬁydroxide. The old
sample had a lower pH and salt content. Apparently much of the soluble
salt had leached out. Similar properties were shown by the tailings material
that was used in thé lysimeter studies (Tailings sand A). Contents of avail-
able plant nutrients were very low in the tailings samples. There were
measurable amounts of residual bitumen present. Tailings sands were low in
organic cérbon and total nitrogen and contained from 93-96 percent sand.

The different peat samples that were used were all acidic. Soluble salt
contents were quite low. The original peat that was added to areas (II) and
(III) contained moderate amounts of mineral nitrogenvwhen sampled in June.
Peats B and C which were used as extra amendments and in lysimeter studies
were low in mineral nitrogen. All peats had low amounts of availabie phosphorus;
Potassium was high in samples A and C but low in sample B. Peat A was less
decomposed than either sample B or C. This was reflected in the higher
organic carbon content of peat A. The ratios of carbon to nitrogen were qbout
the same. |

Overburden materials were typified by neutral to mildf§ alkaline pH

values and relatively high conductivities. Levels of mineral nitrogen and




Analysis of soil involved in the revegetation of steep tailings sand slopes at the G.C.0.S.

Table 43.
plant site at Fort McMurray, Alberta — Experiments (II) and (III).
pH Cond. Mineral nitrogen P K SOA—S Tot. N Org. C C:N Extractable
mmhos /cm NHA—N NO3"N . % % hydrocarbon
ppm pm , %
AN
Tailings sand-A 6.23 0.46 1.5 1.3 2.3 9 7.0 0.03 0.33 11.0 0.18 8
Tailings sand-B 9.70 1.17 0.01 0.28 28.0 ‘
Tailings sand-C 6.90 0.40 ‘ 0.01 0.29 29.0
Peat-A 5.40 0.29 41.6 53.8 2.8 233 10.4 1.82 44.7 24.6
Peat-B 6.08 0.42 3.3 1.0 0.0 298 19.6 0.89 23.8 26.7
Peat~C 6.63 0.54 1.0 1.0 0.0 34 17.2 0.67 18.5 27.6
Overburden-A 7.75 2.66 14.0 2.2 1.8 205 107 0.08 1.1 13.8 0.15
Overburden—B 7.00 3.52 6.8 1.0 9.8 85 97.0 0.03 1.1 36.7 0.57

Tailings sand-A :

Tailings sand-B
Tailings sand-C

Taken from below the peat layer added to experimental sites (II) and (III).
Fresh tailings sand taken from the side of the tailings pond, G.C.0.S site.
0ld tailings sand from the 30-45cm depth below site (III).

Peat-A : Original peat added to experimental sites (II) and (III).
Peat-B : Extra peat added to certain areas in site (II) and (III).
Peat-C : Peat added to lysimeters.

Overburden—-A :
Overburden-B

Overburden added to experimental areas (II) and (III).
Overburden added to lysimeters.




-~ Table 43. (Continued)

Particle size distribution Soluble cations Sol + Exch. cations
% sand % silt Na K Ca ‘Mg Na -Ca Mg
ppm ppm
Tailings sand-A 96 6.0 1.1 8.0 3.2 6;3 96.0 22.0
Tailings sand-B 94 4
Tailings sand-C 93 ;
Peat-A 97.6 88.4 343 74.4 168 10550 1200
Peat-B 13.0 3.5 108 28.3 22.3 5800 925
Peat-C 27.7 2.3 41.1 12.9 115 4600 635
Overburden-A 79 12 164 19.7 102 32.4 635 1675 260
515 410 145

Overburden-B

148  11.4 44.5 16.3

-TET-
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available phosphorus were quite low. However, overburcens were relatively

rich in sulfate. Potassium was also quite high. The overburden added to the
main‘plots of experiments II and III contained more potassium than that used
in the lysimeter studies. Overburden B contained 0.57% extractable hydrocarbon
while overburden A contained 0.15%. These levels would not be expected to
affect seed germination or plant growth to any great extent. The overburdens
were quite sandy; Overburden A contained 79% sand, 12% silt and 9% clay.
Texturally it would be classified as a loamy sand.

Table 44 shows the moisture holding characteristics of different soils
and mixes. The tailings sand had the poorest akility to hold moisture. Over-
burden was also quite poor reflectiﬁg its high content of sand. Peat had the
best moisture holding characteristics. When the matefials.were mixed together,
%he moisture retention tended to be related to the amount of peat that the mix:

i
contained.

8.2 Rainfall data

Tables 45-48 shows rainfall data collected from the G.C.0.S. Top Gate

station between June and September 1976.
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Table 44. Moisture holding capacities of different soils and mixes

Moisture content (%)

Soil or mix 1/3 atmos. 15 atmos.

Peat 72.0 43.6
Overburden 9.9 4.1
Tailings sand 1.8 0.8
Tailings:peat (1:1) 15.8 12.5
Tailings:peat:overburden 10.7 4.9

(1:1:1)
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Rainfall data - June, 1976.
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Table 46. Rainfall data - July, 1976.
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Table 47. Rainfall data - August, 1976.
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Table 48. ‘Rainfall data - September, 1976.
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8.3 Statistical treatments

The following notations are

treatments.

Significance :

*¥¥%  Significant
** Significant

* Significant

SS Total sum of squares

ISS  Treatment sum of squares
ESS Error sum of squares

EMS Error mean square

Sig. Significance

used in the tables of statistical

at the 1% level
at the 2.5% level
at the 5% level

L.S.D Least significant difference at the 5% level

DF Degrees of freedom




1. Experiment I~ June soil samples

(a) Analysis of varience

Parameters Treatments F S8 TSS ESS EMS Sig. L.S.D.
pH 0-15 cm T1,T1A,T2,T2A 4,13 0.879 0.534 0.345 0.043 * 0.39
pH 0-15 cm T3,T3A,T4,T4A 12.83 1.414 1.171 0.243 0.030 NS
P 0-15 cm TO,T2,T4,T5 0.77 900 426 1474 184.3 NS
NH4-N 0-15 cm TO,T1A,T3A,T5 1.35 - 888 973 1915 239.4 NS
NH4-N 0O-15 cm T0,T2,T4,T5 0.99 - 2983 805 2178 272.2 NS
K 0-15 cm T0,T2,T4,T5 4,09 55578 33634 21945 2743 (*) 98.7.
S04-S8 0-~15 cm T0,T2,T4,T5 9.86 1999 1574 425 53.2 *HR 13.7
Org.-C 0-15 cm TO,T2,T4,T5 0.84 9,76 40,87 31.12 3.89 NS
(b) Correlation 7
b4 ¥y Treatments r2 DF Slope Interc. t t57 Sig.
Org.—-C E.C all, 0-15 cm 0.82 9 3.06 2.54 5.65 2.26 *HK
Org.—C E.C all to 60 cm 0.95 33 3.62 - 0.87 24,3 2.04 e
Org.-C .E.C 15~60 cm 0.97 21 3.55 -.1.0838 24,8 2.08 *HR

-6€T-
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(c) t-tests

Parameter Treatment t DF t5% Sig.
pH T1/T2 2.71 4 2.13 *
T1A/T2A . 2,00 4 2.13 NS

T3/T3A 6.09 4 2.13 *ax

T4/T4A 3.22 4 2.13 **
NH4-N T3,T3A,T4,T4A/TO,T5 0.66 16 1.75 NS
NO3-N " " " 1.80 16 1.75 (*)
P T2,T4/T0,T5 O0-15 cm 0.22 10 1.81 NS
K T2,T4/T0,T5 O0-15 cm 2.46 10 1.81 *
S T2,T4/T0,TS 0-15 cm 1.16 10 1.81 NS
S 0-15 cm/90-120 cm 7.46 22 7.46 * k%




2.

Experiment I- September soil samples

(a) Analysis of varience

Parameters - Treatments F S8 TSS ESS EMS Sig. L.S.D.
pH 0-15 cm T1,T1A,T2,T2A 11,1 1.295 1.045 0.250 0.031 *HR 0.33
T3,T3A,T4,T4A 3.13 0.63 0.34 0.29 0.036 NS
NH4-N 0-15 cm TO,T2,T4,T5 1.27 82.1 26.6 55.5 6.95 NS
NO3~N 0-15 cm " " 1.87 368 152 216 27.0 NS
P 0-15 cm " 1" 0.50 1293 204 1089 136.1 NS
K 0-15 cm " " 1.97 55805 23727 32078 4009 NS
S 0-15 cm " " 0.62 28696 ‘5427 23269 2909 NS -
DF1 = DF2 = = 4,
F1 3 F2 8 F5% 4,07
NH4-N O-15 cm TO,TOA,T3,T3A,T4,T4A,
and T1,T1A,T2,T2A 1.23 183.6 65.4 118.2 5.91 NS
NO3-N 0O-15 cm " " " 3.10 '992.8 578.7 414,1 20,7 3% 7.75
DF1l = 9 DF2 = 20 F5% = 2,39
(b) t—test
Parameter Treatment t DF t57 Sig.
0
NH4~-N TO,TOA,T3,T3A,T4,T4A/
T1,T1A,T2,T2A 2.93 28 - 1,701 *HE
NH4-N as above + TH,THA 3.20 34 1.697 ek
NO3-N as above 2.85 28 1,701 *®
NO3-N as above 2.16 34 1.697 *K

~-Tri-




3. Experiment I- Top production and root production

(a) Analysis of varience

Parameters Treatments DF1 DF2 F 58 TSS ESS EMS F57 Sig. L.S.D
June top yield All 11 24 2.88 .0736 .0418  .0317 .0013 2.27 * % 0.061
Sept top yield All 11 24 4,52 .1365 0920 . 0444 .0019 2.27 K * 0.073
Sept root yield TO,T2,T4,T5 3 8 0.20 2.727 .191 2.536 317 4,07 NS
June top yield T vs TA means 1 10 11.09 .0141 .0074 .0067 . 0007 4.96 *¥ 0.033
Sept top yield " M 1 10 0.27 .0308 .0008 .0300 .0030 4.96 NS
Sept top yield T0,T3,T4/T1,T2 1 8 22.2 .0232 .0170 .0062 . 0077 5.32 W * 0.036
Sept top yield 70, T3, 7471, T2,

T5 — means 1 10 35,2 .,0308 .0239 . 0068 .0068 4,96 33t 0.034
(b) t-test
Parameter Treatments t DF t57 Sig.
June top yield TO/TOA 1.15 4 2.13 NS
T1/T1A 1.39 4 2.13 NS
T2/T2A 1.20 4 2.13 NS
T3/T3A 2.37 4 2.13 *®
T4/T4A 1.82 4 2.13 NS
Total/total 3.24 28 1.71 A #
Sept. top yield
0/38 lbs-N/ac in 1976 4.14 22 1.71 H*H %
0/80 lbs-N/ac in 1976 5.85 28 1.70 *HK
38/801bs~N/ac in 1976 0.72 16 1.75 NS

-2p1-



4. Experiment I - Nutrient contents c¢f tops and roots

(a) Analysis of varience

Parameters Treatments DF1 DF2 F SS TSS ESS EMS F57 Sig. L.s.D.
(]
Top spring N All 11 24 3.53 3.77 2.33 1.44 0.0600 2,59 *## 0.41
- P 1.75 0.181 0.080 0.101 0.0042 NS
K 4,28 4,42 2.93 1.49 0,0622 R 0.42
S 1.45 0.048 0.019 0.029 0.0012 NS
Ca 1.15 0.230 0.079 | 0.151 0.0063
NO3. v 4.87 1.044 0.720 0.324 0.0131 Fx .20
Top fall N All 11 24 4.84 15.79 10.88 4.91 2.045 2,59 (¥i¥ 0.76
P 2.42 0.0746  0.0392 0.0354 0,00148 * C.06
K 3.01 9.66 5.60 4,06 0.1692 3 0.69
3 1.52 0.049 0.020 0.029 0.0012 NS
Ca 1.48 0.171 0.069 0.102 0.0043 NS
NO3 0.66 7.95 1.85 6.10 " 0.2541 NS
Rcot N TO,T2,T4,T5 3 8 2.08 0.129 0.056 0.073 0.0090 4,07 (*) 0.18
P 0.25 0.126 0.011 0.115 0.0145 NS
K 0.96 0.808 0.214 0.594 0.0742 NS
S 0.25 0.0072 0.0006 0.0066 0.,00082 NS
Ca 0.17 0.516 0.034 0.526 0.0658 NS
(b) t-test
Parameter Treatment ot DF t57 Sig.
N June/Sept 3.51 11 1,796 e
P June/Sept 3.77 11 1,796 Hodkdt
K June/Sept 2.48 11 1.796 3k
S June/Sept - 3.99 11 1.796 *H R

74
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5. Experiment II - July soill samples

(a) Correlation

X y Treatments r2 DF Slope Interc. Sig.
Org.-C T.E.C all, 0-15 cm 0.87 47 2.37 1.47 xH R
(b) Analysis of varience

Parameters Treatments DF1 DF2 F F5% Sig. L.S.D.
pH 0-15 cm. Var. in means A,B,C 2 21 0.12 3.47 NS
NH4-N 0-15 cm. 0.67 NS
NO3-N 0O-15 cm. 0.53 NS
P 0-1% cm. 0.29 NS
K 0~15 cm. 0.25 NS
5 0-15 cm. 1.28 NS
H20 O0~15 cm. 4,05 * 12.5
pH 0-15 cm. Within treatment A 7 16 0.87 NS
NH4-N 0-15 cm. 0.81 NS
NO3-N O0-15 cm. 0.53 NS
P 0-15 cm. 1.12 NS
K 0-15 cm. 3.23 ** 45.6
S 0-15 cm. 1.45 ‘NS
Cond. 0-15 cm. 5,70 *HE 0.47
Na 0-15 cm., 1.78 NS
pH 0-15 cm. Within treatment B 7 16 1.09 NS
Cond. 0-15 cm. 12.0 *H¥ 0.44
NH4~N 0-15 cm. 1.57 NS '
NO3-N 0-15 cm. 1.14 NS
P 0-15 cm. 3.39 ** 1.6
K 0-~-15 cm. 5.60 *HX 78.7
S 0-15 cm. 0.99 NS
Na 0-15 cm. 1.94 NS
pH 0~15 cm. Within treatent C 7 16 1.77 NS
Cond. 0~15 cm. 10.2 *¥xR 0.34
NH4-N 0O-15 cm. 0.76 NS
NO3-N 0«15 cm. ' 0.76 , NS
P 0-15 cm. : 0.44 NS
K 0-15 cm. ’ 3.89 *3t 54.0
S .0=-15 cm. . 0.¢0 NS

Na 0-15 cm. 4.48 He¥ek 18.9




(b) t-test

-145-

All analyses are for the 0-15 cm.. depth

Tréatment

Parameter t DF v Sige.
‘ . 5%

pH Means A v B 3.26 12 1.78 *H*
NH4-N 0.60 ' : NS
NO3-N 2.22 *3
P 1.25 NS
K 0.58 NS
S 0.66 NS
pH Means A v C 2.03 12 1.78 *
NH4-N 1.00 NS
NO3-N 10,79  #963
P 6.29 * %K
K 6.22 A¥%
S 0.71 NS
pH Means B v C 1.82 12 1.78 *
NH4-N 1.55 (*)
NO3-N 9.89 *¥*
P 6.88 *H¥
K- 4.73 *RH
S 0.16

NS
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6. Experiment II - September soil samples

(a) Analysis of varience

All analyses are for the 0-15 cm. depth

Parameter Treatment DF1 . DF2 F F Sig. L.S.D.

5%
pH Within treatment A 6 14 1.18 2.85 NS
Cond. 2.68 (*) 0.60
NH4-N 0.90 NS
NO3-N 0.59 NS
P 0.89 NS
K 3.30 * 42.1
S 0.49 NS
pH Within treatment B 6 14 1.35 2.85 NS
Cond. 5.64 Fx 0.58
NH4~-N 2.77 (*) 1.80
NO3-N 1.17 NS
P 1.C0 NS
K 4,22 *% 58.3
S 1.23 NS
pH Within treatment C 6 14 1.10 2.85 NS
Cond. 13.44 *HE¥ 0.46
NH4-N ‘ 2.30 NS
NO3—N 0.60 . NS
P 0.68 NS
K 0.63 NS
S 0.22 NS




=147~

7. Experiment II - Water runoff analysis

Germination C only 6 14 1.20 ‘NS

Parameter Treatment DF1 DF2 F FS% Sig. L.s.D.
Water r/o All - period #1 6 14 1.59 2.85 NS
' ' #2 2.05 NS
#3 2.27 NS
#4 ' 3.63 ** 0.60
Conduct. All ~ period #1 6 14 2.93 2.85 * 0.89
#2 2.90 * 0.69
#3 1.97 NS
#4 2.35 NS
NH ,—N All - period #1 6 14 1.10 2.85 NS
#2 14.8 *R¥ 17.4
#3 ' 3.31 ‘ * 18.9
#4 1.26 NS
N03—N All - period #1 6 - 14 1.83 2.85 NS
' #2 v 10.5 *HA 18.0
#3 1.51 NS
_ - #4 0.30 . NS
P All - period #1 6 14 -
#2 5.42 *HE 17.4
#3 3.60 *% 1.6
#4 _ -
K All — period #1 6 14 - 2.85
2 3.90 * % 81.4
#3 2.75 (*) 163
: #4 2.15 NS
S ’ All - period #1 6 14 3.75 2.85 *% 51.0
#2 4.26 * 33.4
#3 1.58 . NS
- #4 4.46 *x¥ 64.9
8. Plant height and germination - Experiment II
Parameter Treatment DF1 DF2 F F5% Sig. L.S.D.
Plant height A #1 . 6 14 1.61 2.85 NS
B 3.94 ** 4.14
C 0.68 NS
A #2 . 0.70 NS
B 1.82 NS
, C 0.64 NS
Plant height #1 A-B-C Means 2 18 0.50 3.55 NS
#2 A-B-C Means 0.18 NS
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9. Experiment II - Dry weight yield and plant analysis

(a) Analysis of wvarience

Parameter Treatment DF1 DF2 F FS% Sig. L.S.D.
Dry weight Within A 6 14 0.24 2.85 NS
(Tops) Within B 2.29 NS
Within C 0.65 NS
A-B~C Means 0.26 NS
(Roots) All 0.90 NS
Plant analysis + .
N A 5 12 0.14 3.11 NS
B 6 14 1.40 2.85 NS
P A 5 12 1.83 3.11 NS
B 6 14 2.73 2.85 (*) 0.11
K A 5 12 1.58 3.11 NS ,
B 6 14 3.13 2.85 * 0.52
S A 5 12 1.48 3.11 NS '
B 6 14 1.10 2.85 NS
Ca A 5 12 0.84 3.11 NS
B 6 12 1.92 2.85 NS
NO,-N A 5 12 0.84 3.11 NS
B 6 12 1.68 2.85 NS
N Oats/grass/legume 1-A 2 6 17.7 5.14 *k% 0.34
P 7.09 * 0.06
K 87.0 *r¥ 0.20
S 2.98 NS
Ca 263.9 ¥k 0.23
NOS—N 15.2 FRH 0.31
N Oats/grass/legume 1-C 2 6 41.2 5.14 LA 0.20
P 4.95 NS
K 16.5 % 0.62
S 7.82 * 0.08
Ca 260.3 *xK 0.23
NOS—N 14.1 % 0.45
Root analysis
N A-C 1 4 4.96 7.71 NS
p 8.18 * 0.35
K 0.14 NS
S 2.56 NS
Ca 1.86 NS
N A + C all reps. 5 12 2.33 3.11 NS
P 2.00 NS
K 1.14 NS
S 6.01 *x¥ 0.57
Ca 2.26 NS

+ Excluded are treatments where ocats, grasses and legumes were separated.
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10. Nutrient uptake - Experiment II

(a) t-test

Parameter Treatment t DF teg Sig.
N ‘A'v B 0.40 6 1.94 NS
P 0.60 NS
K 0.46 NS
S 1.64 NS
Ca 0.064 NS
N AvC 2.14 6 1.94 Xw%
P 2.00 *
K 4.10 _ ‘ ®Hx
S 0.55 NS
Ca 2.06 *
N BvC 3.70 6 1.94 EHF
P 2.98 *
K 3.16 *H%
S 1.44 NS
Ca 2.64 **

11. Soil movement downslope — Experiment II

(a) Analysis of varience

Parameter _ Treatment DF1 DF2 vF FS%. Sig. L..S.D.
Soil movement All period #1 6 14 . 0.90 2.85 NS
: #2 0.95 NS
#3 1.55 NS
. #4 1.40 NS
NH,-N #1 0.74 NS
‘ #2 1.14 NS
#3 1.12 NS
#4 1.07 NS
NO4—N #1 1.35 NS
#2 0.85 NS
#3 1.34 NS

#4 1.17 NS
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12, Lysimeter leachate water - Experiment II

(a) Analysis of varience

Parameter Treatment ‘ DF1 DF2 F F5% Sig. L.S.D.
Volume Collection #1 - A 5 12 0.97 3.11 NS
pH 1.06 NS
Cond. 2.16 ' NS
NH4N 1.29 NS
NO3N ' 0.62 NS
Volume Collection #1 - B 5 12 0.41 3.11 NS
pH 1.84 NS
Cond. 5.72 *HR* 0.35
NH4N 0.54 NS
NO3N 1.35 NS
Volume Collection #1 - C 5 12 2.91 3.11 NS
pH 1.16 NS
Cond. 5.85 * %% 0.56
NH4N o 1.30 NS
NO3N , 1.57 NS
NH4N Means A,B,C 2 15 0.12 3.68 - NS

NO3N 2.50 NS
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13. Lysimeter leachate analysis - Experiment II
Collection periods # 2,3, and 4.

(a) Analysis of varience

Parameter Treatment DFl DF2 F F5% » Sig. L.S.D.
Volume Per. #2 A 5 12 1.30 2.31 NS

pH - : 0.45 NS

Cond. 1.51 NS

NH4-N ' 1.09 NS

NO3-N 4.42 *% 0.22
P 0.32 NS

K 2.37 NS

S ‘ 2.78 NS

Volume Per. #2 B : 0.64 NS

pH 3.03 (*) 0.46
Cond. - 1.66 : NS

NH4-N : 1.05 NS

NO3-N 1.81.. NS

P : : ' 1.96 NS

K - ‘ 0.36 NS

S S : 1.89 NS

Volume - Per. #2 c 4.19 . *% 11.51
pH 0.13 NS

Cond. 5.19 *%% 0.32
NH4-N 0.20 : NS

NO3-N v 54.4 %% 0.70
P " 0.62 _ NS

K ' 13.4 rH% 0.14
S ‘ 3.82 Soox 1.02
NH4-N Means A, B, C 2 15 0.81 NS

NO3-N 1.82 NS

P : 1.83 NS

K 5.53 *% 188
S 0.30 NS

Volume Per. #3 A 5 12 - 1.11 NS

pH 0.48 NS

Cond. _ c.88 NS

NH4-N 1.10 NS o
NO3-N ' 5.81 **% 0,08
o .

K 5.13 *x® 0.05

S 1.43 NS




13. (Continued)

Parameter Treatment DF1 DF2 F F5% Sig. L.S.D.
Volume Per. #3 B 5 12 2.19 3.11 NS

pH 0.21 NS

Cond. 1.80 NS

NH4-N 0.62 NS

NO3-N 10.5 *e 0.35
P

K 2.47 NS

S 2.78 NS

Volume Per. #3 C 5.57 FH 9.65
pH 0.86 NS

Cond. 3.89 H*3* 0.39
NH4-N 1.20 NS

NO3~N 14.2 *3k 0.31
P

K 5.76 3 0.15
S 0.85 NS

NH4-N Per. #3 A,B,C 2 15 1.15 3.68 NS

NO3-N Means : 0.01 NS

P

K 1.29 NS

S 1.56 NS

Volume Per. #4 A .5 12 1.16 3.11 NS

pH 7.22 * % 0.44
Cond. 1.74 NS

NHA4-N 1.40 NS

NO3-N 3.87 * 0.23
P

K 0.27 NS .

S . 2.59 NS

Volume Per. #4 B 1.86 NS

pH 8.73 ®ER 0.19
Cond. 0.81 NS

NH4-N 1.48 NS

NO3-N 4.97 * % 0.37
P

K 0.98 NS

S 1.23 NS

Volume: Per. #4 C 0.93 NS

pH 4.06 *3% 0.14
Cond. 3.27 * 0.43
NH4-N 0.84 NS

NO2-N 1.71 NS

P

K 0.90 NS

5 0.49 NS
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13. (Continued)

T T TN T

Parameter .  Treatment DF1 DF2 F F5% Sig. L.S.D.
NH4-N Per. #4 A,B,C 2 15 1.30 3.68 NS

NO3-N . Means. . 0.55 NS

P .

K ' . "1.92° " NS

S . 0.82 NS

14. Lysimeter soil analysis - Experiment II

(a) Analysis of varience — 0-15 cm. depth only

Parameter Treatment = = DF1 DF2 F F5% Sig. L.S.D.
pH A 5 i2 14.9 3.11 *% 3 0.15
Cond. 42 .4 *RX 0.40
NH4-N ’ 1.02 NS

NO3-N ' 11.1 *K* 9.8
P : 772 ¥k 7.2
K 5.53 k% 15.1
S : 14.87 *¥ % 105
pH B : 11.2 * R K 0.26
Cond. - 22.4 *Hk 0.39
NH4~N ' 0.20 NS

NOZ-N 4.81 * 3% 17.6
P ' 1.21 NS

K 1.85 NS

S 17.6 R 87.4
pH C 22.7 X 0.19
Ccnd. 26.9 *H¥ 0.41
NH4-N - 0.51 NS

NO3-N 2.53 NS

P 0.75 NS

K 6.59 * %% 13.7
S 26.8 *hH 69.2
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.15. Experiment III - Soil analysis

(a) Analysis of varience (0-1%5 cm. depth only except where noted otherwise)

Parameter Treatment DF1 DF2 F ) F5% : Sig. L.S.D.
June 1976 ) ‘

pPH 1,2,3 and 4 3 e 9.10 4,07 *¥x 0.32
Cond. 1.71 NS

NH4-N 1.14 NS

NO3~N 0.28 NS

H20 0-~15 cm 1.36 NS

H20 15-30 cm 1.10 NS

H20 30-60 cm 1.10 NS

F : 2.79 NS

K 2.12 NS

S 0.81 NS

Na 4.76 * 30.2
% C 1.05 NS V
T.E.C. 1.93 NS

% N 0.28 NS

Sept. 1976 |
pH 4.14 * 0.56
Cond. 21.1 *xx 0.48
NH4-N 0.70 NS

NO3~N 5.55 * % 9.8
H20 0-15 cm 1.26 NS

H20 15-30 cm 0.40 NS

H20 30-60 cm 1.68 NS

P ' 8.81 *dex 10.0
K 15.3 HHH 32.9
S 4,17 * 56.9
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16. Experiment III - Germination, plant height, yield, nutrient analysis.

(a) Analysis of varience

Parameter Treatments DF1 DF2 F F5% Sig. L.S.D.
Plant height All #1 3 8 0.76 4.07 NS
All #2 1.56 NS
Germination All 0.98 NS
Yields Tops’ All 1.71 NS
Yields Roots All O~15-cm 1.77 NS -
15-30 cm - 1.24 . NS
30-6C cm 0.36 NS
Total 1.67 NS
Tops analysis All _ _ .
N 4,40 * 0.32
P _ ‘ ‘ 0.53 ‘ NS
K : 1.22 NS
s ' 0.41 " NS
Ca 0.58 NS
NO3-N , 4,12 * 0.14
Root analysi '
N . 1.61 NS v
P 4,96 L 0.17
K ' 3.07 NS
S 0.40 NS
Ca 2.68 : NS
(b) t-test
Parameter Treatmrents t DF t5% ’Sig.
N Root v Shoots =~  6.67 16 1.75 *H%
p 12.8 *%¥
K 9.55 *¥%
S 0.93 NS
Ca 4.97 H¥¥

All replicates of treatments 1,2, and 3.
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17. Bacteria, fungi, actinomycetéé, respiration and. infiltration rates

(a) Analysis of varience

Parameter Treatment DF1 Dr2 F F57 Sig. L.S.D.
Bacteria . Expt. I 3 8 1.98 3.86 NS
Actinomycetes . 2.72 NS
Fungi 1.20 NS
CO2 field 2.24
Bacteria Expt. II 7 16 3.28 2.66 * 5.47
Actinomycetes 0.60 NS :
Fungi \ 5.41 *% 7.28
Co2 field : 3 8 1.79 3.86 NS

%

H
Infiltration All 6 14 2.12 2.85 NS
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