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ABSTRACT 

Thirty different species� including grasses� herbs� shrubs and 

trees were hydroseeded on two coal mine spoil areas at Luscar� Alberta 

from 1970 to 1972. The seedings were carried out on different grades 

of slopes and rough-graded or bulldoaer-packed soils. Observations 

after one and two growing seasons showed that only grasses and herbs 

germinated and established in significant numbers. The number of 

established 8eedling8 declined sharply with increasing grades of 

8lope. SPring seeding provided better result8 than fall seeding� 

especially for legume8. Germination and seedling e8tablishment took 

place mostly in depressional micr08ites� because of their more favorable 

environmental conditions. Use of wood fiber hydromulche8 is unnece8sary 

on moderate slope8 but probably improve8 the 8tability on steeper 8lopes. 

RESUME 

Trente differente8 e8peces� comprenant des herbes� des graminees� 

des arbustes et des arbres ont ete ensemencee8� avec terreau sur deu:c 

tas de dechets de mines de charbon a Luscar� Alberta� entre 1970 et 1972. 

L'ensemencement a ete fait sur differentes pentes et BUr des sols 

grossierement niveles ou tas8e8 par bulldoaer. Des observations faites 

apre8 une ou deu:c saisons de croi8sance indiquent que seules le8 graminees 

et autres plantes herbacees se sont implantee8 en nombre significatif. 

Le nombre de semi8 implantes a decru sensiblement a me sure que les pente8 

augmentaient. Surtout pour les legumineuses� l'ensemencement printanier 



s'est av��� ptus efficaae que t'ensemencement automnat. En maj�e 

partie ta ge�nation et t'imptantation des semis s'est effectuee 

�tout dans de tegeres depressions� aU tes conditions au mitieu 

s'averaient favorabtes. L'utitisation de terreau provenant de vegetation 

tigneuse ne s'est pas av�ree necessaire sur tes pentes moderees� mais 

probabZement cette technique am�tiora t'imptantation sur Zes pentes 

pZus raides. 
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INTRODUCTION 

Coal is an important mineral resource in the Rocky Mountain 

Foothills of Alberta, underlying an area of about 2600 km2 

(Whitaker 1969). About 5% (12,800 ha) of this area could be exploited 

by strip mining in the next 20 years (Environment Conservation Authority, 1972) . 

Mining activities in the Luscar area are scattered over an 

area of about 1600 ha which include exploration cuts, access roads, 

spoil heaps, and overburden dumps. Prompt revegetation of these 

disturbed lands is important because the headwaters of Greg River, 

Luscar Creek, Cabin Creek and Camp Creek are within the affected area. 

Subalpine regions of the area are also used as winter ranges and 

migration routes by elk, mule deer and other species. The immediate 

aim of present revegetation efforts by Cardinal River Coal Ltd. is 

erosion control and restoration of the land for wildlife use. 

Research in support of reclamation in the Luscar area began 

in 1970 with seeding trials and plant establishment studies. The 

objectives of the project were the selection of suitable species, 

seeding time, and surface preparation, and the study of the effect of 

slope steepness on plant establishment. 

DESCRIPTION OF THE STUDY AREA 

Luscar is located in west central Alberta, about 40 km south 

o 0 
of Hinton, at 53 N and 117 30' E. Regionally the study area is on 

the boundary between the Rocky Mountain Foothills and Mountain Region 

(Dumanski et ale 1972), adjacent to the Nikanassin Range. Elevations 

range from 1600 m in the valley bottom at Luscar to 2550 m on Luscar 

Mountain. 



The climate is subhumid continental with large diurnal and 

and annual temperature ranges. Frequent warm, dry winds (chinooks) 

during winters cause changes from extreme cold to above-freezing 

temperatures within a few hours. Temperature and precipitation data 

at Luscar (1600 m amsl) from May to September are shown in Table 1. 

Meteorological observations at one of the test areas 

(1660 m amsl) between May 13 and August 17, 1972 indicate that the 

highest daily maximum temperatures and potential evapotranspirations 

were reached in late May and early August. For the period between 
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. 0 May 23 and June 13 the mean daily maximum was 4. 1 C higher than between 

June 14 and August 1. The cooler maximum temperatures were due to the 

more frequent precipitation and cloudiness in the later period, 

particularly in late June and July. 

The soil was frozen in some places in early May but the 

o average temperatures ranged from 3. 3 to 7. 6 C, depending on the soil 

depth. By June 7 the average soil temperature had risen over l20
C at 

all measured depths (0, 15, and 30 cm), and it changed only slightly 

through June and July. Average soil moistures between 0 and 15 cm 

were 31. 0, 16. 5, 30. 4, and 32. 8% on May 2, June 7, July 3, and August 4 

respectively. The lowest soil moistures coincided with high evapo-

transpiration demand and lack of precipitation in late May and early June. 

Relatively little moisture is stored from winter precipitation and 

most of the recharge occurred in June and July. Potential evapo-

transpiration rates were calculated by a method developed by Christiansen 

(1966, 1968) and Bordne and McGuinness (1972). 



The study area lies within the East Slope Rockies Section of 

the Subalpine Forest Region (Rowe, 1972). Four forest communities 

were found in the vicinity of Luscar. Two of the communities are 

dominated by enge1man spruce (Piaea engeUnannii Parry) and alpine 
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fir (Abies Zasioaarpa (Hook) Nutt. ). The ground vegetation is 

characterized either by stiff club moss (Lyaopodium annotinum L. ) or by 

bunchberry (Comus aanadensis L. ). Lodgepole pine (Pinus aontorta 

Loudon var. Zati!oZia (Hook) Nutt. ) and trembling aspen (PopuZus tremuZoides 

Michx. ) are the most important trees in the other two communities. 

Pine grass (CaZamagrostis rubesaens Buck1. ) dominates the ground cover 

on the moderately well drained soils while bearberry (AratostaphyZos 

uva-ursi (L. ) Spreng) on the dry slopes distinguishes the other community. 

Soils of the study area were described by Dumansky et a1. (1972) 

as Orthic Gray Luviso1s and Degraded Eutric Bruniso1s. Some Regoso1ic 

soils also occur in the actively eroding river banks. 

METHODS 

Seeding experiments were carried out at two locations, both in 

Township 47, Range 24, west of the Fifth Meridian, at an elevation 

between 1650 and 1680 m. Location No. 1 was in the northeast corner 

of section 27 on weathered sandstone and shale spoil which had not been 

disturbed for at least 20 years, and very little natural vegetation had 

established on its surface. Slopes of the spoil varied from zero to 

over 70%, with southeastern to northeastern exposure. Location No. 2 

was a recent (1971) mostly shale spoil in the northwest corner of . 

section 22 with a southwestern exposure and 10-20% slopes. 
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SEEDING TIME AND SLOPE EFFECTS 

These experiments were conducted to test the effect of seeding 

time and slope steepness on the establishment of 34 plant species. 

Tests were carried out at Location No. 1 using four slope gradients 

(A--O to 5%, B--13 to 21%, C--33 to 39%, D--70 to 76%), and ten 18 x 6 m 

sample plots within each slope gradient (Figure 1). Five of these 

were seeded on September 23, 1970 and the rest on May 27, 1971. The 

site was prepared by bulldozer grading in September, 1970 resulting 

in a surface similar to that of the current dumps, although somewhat 

less stony and more weathered. Seeds of a wide range of native and 

introduced species, grasses, herbs, and trees were applied in five 

mixtures (Table 2) by hydroseeding at a rate of about 112 kg/ha. 

The hydroseeding slurry contained the following ingredients: 

Water 

Wood fiber 

Inorganic fertilizer 
(10-30-10) 

Urea (46-0-0) 

Activated sewage 

1. 1 11m2 

90-110 g/m2 

22. 59 g/m2 

11. 00 g/m2 

22. 59 g/m2 

Results were evaluated by determining the average number of 

established seedlings on six l-m2 quadrats in each plot. Counts were 

made on May 27, June 29, and July 27, 1971. Additional observations 

were made for the evaluation of species performance in August 1972. 

Analysis of variance and Duncan' s multiple range test were used for 

the statistical analysis of the observations. 
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SOIL TREATMENTS AND SLURRY MIXES 

Twenty-four 18 x 6 m sample plots were established in Location 

No. 2. The effect of two surface treatments (graded or bulldozer-packed) 

on the establishment and growth of seed mixtures 1-10 in Table 4 was 

tested in 20 sample plots (Figure 2). Seeds were hydroseeded onto 

these sample plots in May, 1972, using slurry a described in Table 3. 

The effects of slurry mixes b to e (Table 3) were tested on 

four rough-graded sample plots with seed mixture 2 (Table 4). The 

seeds in all treatments were sprayed on the soil with water, then 

the different slurry mixtures were applied to cover the seeds. Application 

rates and germination capacities are listed in Table 5. 

Seeding establishment was evaluated in June, July, and August, 

1972 by counting the seedlings on six 1-m2 quadrats within each sample 

plot. An additional measurement of plant density and biomass was made 

in September 1973, two growing seasons after seeding. At this time 

plants were counted on four 1-m2 quadrats in each sample plot, and were 

dug up from one-quarter of each quadrat for biomass measurements. 

o 
Separated into roots and tops, plants were washed, oven-dried at 70 C, 

and weighed. Data from the above experiments were analysed statistically 

by analysis of variance and Duncan's multiple range test. 

SEED PLACEMENT 

Observations at Location 1 indicated that germination and seedling 

establishment were concentrated in depressional microsites. Either the 

accumulation of seeds in depressions after seeding or better seedbed 

conditions might have been responsible for these higher establishment rates. 



Three pairs of 6 x 6 m sample plots were established in Location 2 to 

ascertain which of these factors caused the higher establishment. 

One of each pair was smoothly graded and the other was furrowed. 

Seed mixture 2 (Table 4) was applied by hydroseeding with adhesive to 
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the first pair, by hydroseeding without adhesive to the second, and by 

broadcast seeding to the third pair. None of the plots received mulch 

treatment. These sample plots were checked weekly for possible 

redistribution of seeds from seeding time to the completion of germination. 

To discover possible differences in seedbed quality, the 

following measurements were made in depressional and non-depressional 

microsites in the vicinity of the above sample plots: 

1. Soil temperature was mea surd with YSI telethermometer at 

2 mm depth on hot days at 10 points. Dates of measure

ments were May 24, June 11, July 15, and August 10, 1972. 

2. Gravimetric soil moisture was measured on samples 

collected at 2. 5 cm depth. Five locations were sampled 

on May 24, June 11, July 15, and August 10, 1972, and 

18 locations on May 20, June 20, and July 20 in 1973. 

3. Soil moisture tension curves were established with a 

Ceramic Plate Extractor for two samples from depressional 

and non-depressional microsites to estimate the moisture 

tention in the field samples. Water contents were 

measured at 0. 1, 0. 3, 1. 0, 3. 0, 7. 0, and 15 bar pressures. 

4. Soil texture was examined at 11 locations on May 2, 

June 7, July 3, and August 4, 1972. 



RESULTS 

SEEDING TIME AND SLOPE EFFECTS 

Germination from fall seeding began about a month earlier 

and produced higher plant densities by June 29 than spring seeding. 

However, by July 27 this trend had been reversed due to mortality in 

the fall seeding and further germination from the spring seedlings. 

Results from spring seeding of grasses were better than from fall 

seeding when all seed mixtures were evaluated together, but 

individually only seed mixture 2 showed a significant difference 

(Table 6). Spring seeding of MeUtotu8 and Mediaago gave especially 

better results than fall seeding on all slope gradients with the 

exception of slope D where the steep gradient had an equally adverse 
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effect on both seedings. The effect of seeding time on the establishment 

of grasses was significant only on slope A (close to level condition). 

On steeper slopes there was only a trend toward better results from 

spring seeding (Table 7) . 

Increasing slope gradients lowered establishment rates in all 

seed mixtures and in both seedings. The greatest decrease in 

establishment rate occurred between the 0 and 20% slopes. The decrease 

continued by somewhat lower rates with further increases in slope 

gradients (Figure 3). 

SOIL TREATMENTS AND SLURRY MIXES 

Table 8 shows the number of plants per square meter as affected 

by surface treatment. Rough-graded surfaces had higher plant densities 

on both observation dates, probably due to the greater number of 
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favorable microsites. Bulldozer packing created a surface of smooth, 

elevated areas alternating with depressions. Plant establishment 

took place only in the depressions, which occupied 30% of the total 

area. Rough-graded surfaces had about 50% depressional microsites 

(Figure 4). 

The larger number of plants per unit area in the rough-graded 

surface did not produce a significantly greater biomass than plants 

on the bulldozer-packed surface, although the values were somewhat 

higher (Table 9). 

The use of four slurry mixes did not introduce significant 

differences in plant establishment from seed mixture 11 (Table 10). A 

slurry mix which did not contain any wood fiber mulch or adhesive 

produced equally high plant densities as slurries with mulches and 

adhesives. This lack of difference was probably due to the good quality 

of spoil material and the moderate slope of the plots. In this 

experiment, the number of plants per square meter decreased sharply 

between the 1972 and 1973 growing season. This was a result of the 

coalescing of adjacent individuals into single clumps, and not 

deterioration in plant cover. 

SEED PLACEMENT 

Field observations revealed that germination and plant estab

lishment took place almost exclusively in depressional microsites on 

both rough-graded and bulldozer-packed surfaces. The seed placement 

test showed that this germination pattern was not caused by the 

accumulation of seeds in depressions. Seed distribution was uniform on 



the test plots throughout the observation period under both soil 

treatments and all seeding methods. It was concluded that high 

germination in the depressions and low germination in non-depressional 

microsites were caused by differences in seedbed quality. 

Texture, moisture, and temperature of the microsites were 

studied during the summers of 1972 and 1973. Soil texture in Location 

No. 2 was a stony clay loam with 45% sand, 26% silt, and 29% clay. The 

amount of coarse fragments ranged from 30% to 85% depending on the 

place and date of sampling (Table 11). Data in Table 11 indicate a 

definite decrease in coarse fraction percentage from May to August, 
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suggesting an active physical weathering of the shale fragments close tQ 

the soil surface. Texture ranged from coarse silty sand in non-depressional 

microsites to silty clays in depressions. This indicates the accumulation 

of fine particles in depressions. The higher clay content of soils from 

depressions was also reflected in the soil moisture tension curves of the 

two microsites (Figure 5). Water-holding capacity of depressional soils 

was 3-7% higher than those of the non-depressionals, between 0 and 15 bar 

moisture tensions. However, 16. 7% was the average field moisture content 

difference between the two microsites in the summers of 1972-1973 

(Table 12). This large difference in moisture content can be explained 

by the runoff of precipitation from non-depressional sites and also by 

the higher evaporation in non-depressional microsites. The higher 

evaporation was the consequence of higher soil temperatures and increased 

exposure to wind and direct sunshine. Data in Table 13 show that 

o 
exposed microsites were up to 5 C warmer at the soil surface on sunny days. 

o 
The highest recorded soil temperature was 30 C in mid-July, well below 
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. the lethal levels for young plants. 

SPECIES SUITABILITY 

Location No. Z. Table 14 shows that seed mixtures 1 and 2 were the most 

successful, one growing season after seeding, while mixtures 3 and 4 

performed very poorly. This pattern was similar on all slopes. When 

the seeding area was reexamined in the fall of 1972, two seasons after 

seeding, 12 species were still growing in the area (Table l5)� These 

species appeared to be in good condition, but plant densities remained 

low on steep slopes. Six of the 12 species, all grasses, were native, 

and 4 of the 6 belonged to the wheatgrass genus. The presence of 

foxtail barley (Hordeum jubatum) in the test plots was interesting, 

because this species had not been seeded. It appeared in greater 

numbers on the graded and hydromulched plots than on unimproved spoils, 

indicating the beneficial effects of soil preparation on plant 

establishment. 

Location No. 2. Species in Table 16 are listed in order of their 

establishment rate after one growing season. Even the most successful 

species had a low establishment rate, not exceeding 20%. The average 

rate was identical in both surface treatments; however, grasses had 

better results on the rough-graded surface, while forbs were more 

successful on the bulldozer-packed soil. 

Seed mixtures were also evaluated in 1972 and 1973 as n�ber of 

established plants per square meter, regardless of their germination 

percentage (Table 17). In both years seed mixture 3 {Agropyron riparium 
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and Poa pratensis) had the largest numbers and in 1973 it was superior 

to all other mixtures. Seed mixtures 5 and 10 (Agrostis aZba� Medicago 

sativa� Lupinus sp.; and KOeZeria cristata� PhaceZia sericea� and 

Linaria daZmatica)� gave the lowest plant densities in both years. 

In spite of the large variations in plant density the above

ground biomass did not differ significantly between seed mixtures 

(Table 18). Within-mixture variations were lower for root biomass as 

compared to tops, and seed mixtures 7, 9, and 6 had significantly larger 

root systems than other mixes. Species represented in these mixtures 

were DactyZis gZomerata� PhZeum pratense� Festuca rubra� Bromus ine�is� 

and MeZiZotus aZba. 

DISCUSSION 

Soil moisture measurements show that water received from 

melting snow had disappeared by May 21 and a moisture deficit developed 

which lasted until June 9. The contribution of winter snow to the 

annual soil water balance on such sites is of little significance. 

Major recharge took place in late June and in July. This soil moisture 

pattern and the highly variable winter temperatures did not favor fall 

seeding. Plants which were seeded in the spring did not suffer from 

winter conditions and from the late spring drought, and produced better 

results, especially the legumes. 

The effect of slope on the success of the seedlings was more 

pronounced than that of seeding time. Establishment rates decreased 

from about 100 plants/m2 on 0% slope to about 10 plants/m2 on 70% 

slopes. The sharpest drop took place between the 0 and 20% slopes. 

Krause (1969) regards a 70% slope as the upper limit of successful 



revegetation, but the formation of a viable vegetation cover at this 

gradient seems doubtful. A 50% upper slope limit, at which 

approximately 30 seed1ings/m2 could be established, appears more 

realistic. 

Seedling establishment on steep slopes is hindered by removal 

of the seeds by wind and water erosion, and by the continuous movement 
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of soil particles down the slope. This surface instability can prevent 

rooting even after successful germination. Droughtiness of the upper 

portions of steep slopes, due to little snow accumulation and runoff, 

may also have contributed to low seedling establishment. It is 

generally felt that a hydromu1ch containing wood fibers and adhesive 

increases soil stability and plant establishment. However, the mulch 

test conducted in this study did not demonstrate this beneficial effect 

because the test was carried out on a gentle slope where seeds did not 

move even without any mulching. 

o Soil surface temperatures were about 5 C cooler in depressional 

than in non-depressional microsites on warm sunny days. However, this 

probably did not affect seedling establishment directly because 

o 
temperatures did not attain the 55-60 C values considered lethal by 

Meyer and Anderson (1952) . 

In this study grasses were most successful in establishing on the 

spoils. Legumes had much lower establishment rates, but Selner (1973) 

reported better survival of legumes than grasses in other places in 

the Luscar area. Direct seeding of woody species was a failure. Of 

ten species only EZaeagnu8 commutata had some very limited success. 



Eleven seeded species survived in Location No. 1: Agropyron 

bakeri" A. inerme� A. repens� A. riparium� Bromus inerrmis� DaotyZis 

gZomerata� KoeZeria oristata� PhZeum pratense� Linaria daUnatioa� 

Medioago sativa� and MeZiZotus aZba. Of these the Agropyrons and 
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the KoeZaria are native species to Alberta and the rest are introduced. 

In Location No. 2 18 species survived after two growing seasons 

including Agropyron ZatigZume� A. triohophorum� A. oristatum� EZymus 

junoeus� Poa pratensis� PhaoeZia serioea� EZaeagnus oommutata� Festuoa 

rubra� Vioia amerioana� and Agrostis aZba,in addition to the 8 species 

which also survived in Location No. 1. 

Native species did not appear to have an advantage over 

introduced species in the first two growing seasons after seeding. The 

number of native and introduced grasses and herbs seeded in this study 

was approximately equal. In Location No. 1 the surviving species were 

equally divided between native and introduced species, while 7 native 

and 11 introduced species survived in Location No. 2. 

CONCLUSIONS 

1. Establishment of grasses by hydroseeding is more successful than 

that of legumes and other herbs. 

2. Direct seeding of woody species should be avoided. 

3. Spring seeding provides better results than fall seeding, especially 

with legumes. 

4. Seedbed preparation in�broken sandstone and shales by rough grading 

provides a sufficient number of favorable microsites for seedling 

establishment. The advantage of additional bulldozer packing is 

marginal. 
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s. The use of wood fiber mulch with adhesive is unnecessary on moderate 

slopes but probably improves the stability of steeper slopes. 

6. Soil surface temperature was not a limiting factor in plant 

establishment. 

7. Available seedbed moisture seems to be the most important factor 

influencing germination and establishment. 

8. Depressional microsites provide much more favorable seedbed moisture 

regime than non-depressional microsites. 

9. The critical time of the year for seedling establishment is late 

May and early June when high evapotranspiration demand and soil 

moisture deficit cause severe moisture stress in the plants. 
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Table 1. Mean monthly precipitation and temperatures during 
the growing season. 

May 

Precipitation* 58. 4 
(millimeters) 

Temperature* * (oC) 4 

* Stashko, 1971. 

June 

81.3 

9 

** Canada Department of Transport, 1974. 

July Aug. 

91.4 104.1 

11 11 

17 

Sept. 

45.7 

9 



Table 2. Species Used in Fall 1970/Spring 1971 Seeding at Location 
No. 1. 

Species 

Mix 1 
Agropyron cristatum (n) 
Agrostis alba (i) 
Festuca rubra (i) 
Me1i1otus alba (i) 
Poa pratensis (i) 

Mix 2 
Agropyron riparium (n) 
Bromus inermis (i) 
E1ymus junceus (i) 
Medicago sativa (i) 
Ph1eum pratense (i) 

Mix 3 

Mix 4 

Abies ba1samea (n) 
Picea glauca (n) 
Pinus contorta (n) 
Caragana arborescens (i) 
E1eagnus commutata (n) 
Prunus padus (i) 
Prunus virginiana (n) 
F raxinus pennsylvanica (i) 
Cotoneaster interessima (i) 

Agropyron bakeri (n) 
A. latiglume (n) 
A. repens (n) 
Koeleria cristata (n) 
Oryzopsis hymenoides (n) 
Dryas drummondii (n) 
Epilobium angustifolium (n) 
Linaria dalmatica (i) 
Phacelia sericea (n) 

Mix 5 
Agropyron inerme (n) 
A. riparium (n) 
A. smithii (n) 
A. trichophorum (i) 
Dacty1is glomerata (i) 
Festuca scabrella (n) 

n-- native 
i-- introduced 

Common Name 

crested wheatgrass 
red top 
creeping red fescue 
white sweet clover 
Kentucky bluegrass 

streambank wheatgrass 
smooth brome 
Russian wild rye 
alfalfa 
timothy 

balsam fir 
white spruce 
lodgepole pine 
caragana 
silverberry 
mayday 
chokecherry 
green ash 
cotoneaster 

baker wheatgrass 

couchgrass 
Junegrass 
Indian millet 
dryas 
fire weed 
toad flax 
scorpion weed 

beardless wheatgrass 
streambank wheatgrass 
western wheatgrass 
Pubescent wheatgrass 
orchard grass 
rough fescue 
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Table 3. Slurry mixes used in the seeding experiments 

Ingredients Slurry 
a 

Water (liters/m2) *  3.76 

Wood Fiber Mulch (g/m2) ** 218.67 

Waste paper (g/m2) ** 

Fertilizer (g/m2) ** 

10 - 30 - 10 & organic 22.59 

46 - 0 - 0 11.02 

Adhesive AK (liters/m2) *  .06 

Conditioner (g/m2)** 

* gal/acre - 1iters/m2 x 890.21 

** 1b/acre = g/m2 x 8.93 

Slurry Slurry 
b c 

3.76 3.76 

218.67 218.67 

22.59 22.59 

11.02 11.02 

.06 

2.47 

Slurry 
d 

3.76 

22.59 

11.02 

Slurry 
e 

3.76 

54.67 

164.00 
to 196.81 

22.59 

11.02 

.06 

I-:" 
\0 
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Table 4. Seed Mixtures used in the surface treatment and mulch test at 
Location No. 2. 

Mix 1 Mix 7 
Agropyron cristatum (n) 
Amelanchier alnifolia (n) 
Aster alpinus (n) 

Mix 2 
Agropyron latiglume (n) 
Prunus virginiana (n) 
Lonicera tartarica (i) 

Mix 3 
Agropyron riparium (n) 
Poa pratensis (i) 
Rosa woodsii (n) 

Mix 4 
Pinus contorta, var. latifolia (n) 
Agropyron trichophorum (n) 
Caragana arborescens (i) 

Mix 5 
'Agrostis alba (i) 
Medicago sativa (i) 
Lupinus sp. (Russel) (i) 

Mix 6 
Bromus inermis (i) 
Melilotus alba (i) 

n-- native 
i-- introduced 

Picea glauca (n) 
Dactylis glomerata (i) 
Vicia americana (n) 
Cornus stolonifera (n) 

Mix 8 
Picea engelmannii (n) 
Elymus junceus (i) 
Elaeagnus commutata (n) 

Mix 9 
Festuca rubra (i) 
Phleum pratense (i) 
Epilobium angustifolium (n) 

Mix 10 
Koeleria cristata (n) 
Phacelia sericea (n) 
Linaria dalmatica (i) 

Mix 11 
Picea engelmannii (n) 
Agropyron cristatum (n) 
Phleum pratense (i) 
Caragana arborescens (i) 
Epilobium angustifolium (n) 
Linaria dalmatica (i) 
Pinus contorta (n) 
Bromus inermis (i) 
Rosa woodsii (n) 
Medicago sativa (i) 
Phacelia sericea (n) 



Table 5. Seeding rates, germination capacity and potential germinations per square meter of species seeded. 

Botanical name Seeding rates Seeds per Seeds per Germination capacity Max. potential 

(g/100 m2) *  g** m2 in percent germinants/m2 

Picea enge1manii 11. 9 503 55 75 41 
Picea glauca 11. 9 503 55 57 31 
Pinus contorta, var 1atifo1ia 19. 9 302 55 87 48 
Agropyron cristatum 155. 5t 386 545 83 452 
Agropyron 1atig1ume 177 . 9  337 545 24 131 
Agropyron riparium 195. 4 307 545 94 512 
Agropyron trichophorum 419. 0 143 545 96 523 
Agrostis alba 5. 4 11, 009 545 76 414 
Bromus inermis 200. 1t 300 545 96 523 
Dacty1is glomerata 78. 5 734 545 90 491 
E1ymus junceus 155. 5 386 545 94 512 
Festuca rubra 44. 2 1, 356 545 89 485 
Koe1eria cristata 13. 9 4, 323 545 31 169 
Ph1eum pratense 22. 1 2, 711 545 97 529 
Poa pratensis 12. 5 4,800 545 53 289 
Amer1anchier a1nifo1ia 19. 9 301 55 
Prunus virginiana 485. 5 12 55 
Rosa woodsii 666. 7 9 55 
Caragana arborescens 156. 5 38 55 63 35 
Medicago sativa 27. 2* 441 109 86 94 
Me1ilotus alba 20. 9 573 109 96 105 
Vicia americana 151. 2 79 109 18 20 
E1aeagnus commutata 644. 5 9 55 43 24 
Epi10bium angustifo1ium 0. 07 171, 428 109 57 62 
Cornus sto10nifera 360. 0 17 55 
Phace1ia sericea 3. 8 3,141 109 32 35 
Linaria da1matica 2. 1 5, 581 109 18 20 
Lonicera tatarica 121. 3 49 109 81 88 
Aster conspicuus 22. 9 528 109 12 13 

t Seeding rates reduced by one-hal; for mix 2. * 1b/acre - g/100 m2 x . 08 

** seeds per 1b - seeds per g x 453.59 

N 
.... 



Table 6. The effect of seeding time on plant establishment as 

number of plants per square metre at Location No. 1. 

Seeding 

Time 

Fall 

Spring 

Sx ... 29.5 

1 

93ab 

104a 

2 

37bc 

120a 

Values are means of 24 observations 

Seed Mixtures* 

3 

2c 

llc 

4 

4c 

4c 

5 

11c 

64abc 

All 

29 

61 

Figures not followed by the same letter are significantly different 

at the 95% probability level. 

* As given in Table 2. 

Table 7. The effect of slope and seeding time on plant establishment 

as number of plants per square metre at Location No. 2. 

Seeding 

Time 

Fall 

Spring 

Sx - 18.5 

A 

67ab 

159 

Slope 

B 

26ab 

74a 

c 

41ab 

48ab 

D 

lOb 

9b 

Numbers not followed by the same letter are significantly different at 

the 95% probability level. 

Values are means of 30 observations. 
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Table 8. The effect of soil surface treatment on seedling establishment from 

10 seed mixtures, as number of plants per square metre at Location No. 2. 

Soil Treatment Date 
Seed Mixtures* 

1 2 3 4 5 6 7 8 9 10 All 

Graded and Packed 1972 20 27 56 23 9 33 53 30 22 8 28 

1973 21 22 73 27 4 40 17 28 32 8 27 

Rough-Graded 1972 45 35 32 79 1 66 44 56 46 8 41 

1973 43 52 65 32 3 37 19 29 46 13 34 

All Treatments and Dates 32 34 56 40 4 44 33 36 36 9 

* As described in Table 4 

All figures are means of six observations, rounded to the closest whole number. 

N 
W 



Table 9. Biomass in grams per square meter as affected by seed mixture and soil treatment at 

Location No. 2. 

Treatment Plant Organ 

1 2 3 

Top 38 37 37 

Packed Root 17 18 28 

Total 55 55 65 

Top 61 46 46 
Rough-

Root 40 30 42 
Graded 

4 

34 

13 

47 

45 

26 

Seed Mixtures* 

5 

14 

5 

19 

26 

21 

6 

46 

33 

79 

46 

53 

7 

65 

68 

133 

25 

38 

8 9 

12 61 

12 58 

24 119 

13 61 

13 30 

10 All 

30 37 

15 27 

45 64 

63 43 

38 33 

Total 101 76 88 71 47 99 63 26 91 101 76 

All 78 65 72 59 33 89 98 25 105 73 70 

Sx Top'" 13.67; Sx Root - 9.08; Sx Total == 15.68. 

* As given in Table 4 

N 
� 
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Table 10. The effect of slurry mixes on plant establishment, as number 

of plants per square meter at Location No. 2. 

Slurry Mixes* 
Year 

b c d c All 

1972 70 62 58 55 61 

1973 ·41 32 36 32 35 

All 55 47 47 43 

si 1972 - 8.0 si 1973 - 3.7 

* As given in Table 3 

Table 11. Changes in soil texture in the top 2.5 cm during the summer 

of 1972 at Location No. 2. 

Sites 2 May 7 June 3 July 4 August 

1 29.3* 20.4 37.4 59.6 
2 19.4 43.9 35.1 56.2 
3 23.5 43.4 35.7 76.2 
4 27.1 50.1 37.3 63.5 
5 22.8 52.2 25.9 69.1 
6 39.1 36.5 44.8 66.3 
7 22.8 50.2 45.0 54.7 
8 45.7 40.1 45.0 59.0 
9 14.5 36.7 25.7 48.8 

10 40.9 33.8 49.4 49.4 
11 23.5 51.9 59.4 52.7 

Average 28.1 41. 7 40.1 59.6 

* per cent· of material (dry weight) less than 2 mm in diameter. 



Table 12. Soil moisture % of non-depressional (N) 

and depressional (D) microsites 

Date N D 

May 24, 1972 12.1 28.6 

June 11, 1972 14.1 30.2 

July 15, 1972 14.3 31.8 

Aug. 10, 1972 10.2 29.8 

May 20, 1973 11.9 28.9 

June 20, 1973 13.7 29.2 

July 20, 1973 13.1 30.9 

N-D 

16.5 

16.1 

17.1 

19.6 

17.0 

. 15.5 

17.8 

Means are based on 5 samples in 1972 and 18 samples in 1973. 
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Table 13. 

Date 
Time 
Air Temperature* 
Cloud Conditions 
Sunshine % 

Bulldozer Packed 
Surface 

Rough-Graded 
Surface 

Average for Both 
Surfaces 

* 10 cm above ground 

o 
Soil temperatures ( C) at 2 mm on selected dates in 
non-depressional (N) and depressional (D) microsites in 1972 

May 24 
1300 
11

0
C 

Partly Sunny 
40 

N D N-D 

12.4 10.8 1.6 

12.3 10.3 1.9 

12.3 10.5 1.7 

June 11 
14�0 
13 C 

Cloudy 
24 

N D 

11.0 10.1 

11.9 11.2 

11.4 10.6 

N-D 

0.9 

0.6 

0.7 

July 15 
1300 

200
c 

Clear 
73 

N D N-D, 

28.6 22.7 6.1 

26. 0 21. 9 4. 1 

27.3 22.3 5.0 

\. 

Figures are averages of 5 observations 

N 

August 10 
1200 
200

c 
Partly Cloudy 

67 
D N-D 

23. 6 21. 3 2. 4 

24.6 22.0 2.7 

24.1 21.6 2.5 

N 
...... 



Table 14. Effect of slope and seed mixture on plant establishment 

as number of plants per square meter at Location No. 1. 

Slope Seed Mix* 

1 2 3 4 5 All 

A 201a 178ab 17cd 6cd 71 cd 114 

B 77cd 94bcd 5cd 5cd 24cd 50a 

C 108bc 29cd 4cd 2cd 38cd 44ab 

D 9cd l3cd 1d 1d 15cd lOb 

All 93a 79ab 7c 4c 37bc 

si = 20. 9 

Values not followed by the same letter are significantly different at 

the 95% probability level. 

* as in Table 2 

N 
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Table 15. Successful species in Location No. 1 from 

f all, 1970 and spring, 1971 seedings 

Botanical Name 

Agropyron bakeri (n) 

Agropyron inerme (n) 

Agropyron rep ens (n) 

Agropyron riparium (n) 

Bromus inermis (i) 

Dactylis glomerata (i) 

Hordeum jubatum (n) 

Koeleria cristata (n) 

Phleum pratense (i) 

Linaria dalmatica (i) 

Medicago sativa (i) 

Melilotus alba (i) 

n-- native 
i-- introduced 

Connnon Name 

Baker Wheatgrass 

Beardless wheatgrass 

Couchgrass 

Streambank wheatgrass 

Smooth brome 

Orchard grass 

Foxtail barley - volunteer 

June grass 

Timothy 

Toadflax 

Alfalfa 

White clover 
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Table 16. Species establishment rate as percentage of possible maximum germinants after one 
growing season at Location No. 2. 

Species 

Agropyron 1atig1ume (n) 
Linaria da1matica (i) 
Bromus inermis (i) 
Agropyron trichophorum (i) 
Dacty1is glomerata (i) 
Ph1eum pratense (i) 
E1ymus junceus (i) 
Poa pratensis (i) 
Agropyron riparium (n) 
A. cristatum (n) 
Phace1ia sericea (n) 
Me1i10tus alba (i) 
E1aeagnus commutata (n) 
Festuca rubra (i) 
Vicia americana (n) 
Koe1eria cristata (n) 
Medicago sativa (i) 
Agrostis alba (i) 

Possible Max .  
No. of Germinants 
per m2 

131 
20 

523 
523 
491 
529 
512 
289 
512 
452 

35 
105 

24 
485 

20 
169 

94 
414 

�- on bulldozer-packed soil 

B-- on rough-graded soil 

n-- native 

i- - introduced 

Established Plants 
Per m2 

A B 

22 26 
5 2 

50 63 
23 79 
52 44 
29 72 
38 58 
14 32 
43 32 
20 43 

2 2 
6 3 
2 0 

16 20 
1 0 
2 5 
3 0 
6 1 

Mean 

Establishment 
Percent 

A B 

16. 8 19. 8 
25.0 10.0 
11. 5 12.0 

4. 4 15.1 
10.6 9.0 

5. 5 13. 6  
7. 4 11. 3 
4.8 11.0 
8. 4 6. 2 
4.4 9. 5 
5.7 5.7 
5. 7 2. 8 
8. 3 0.0 
3. 3 4. 1 
5.0 0. 0 
1. 2 3.0 
3. 2 0.0 
1.4 0. 2 

7.4 7. 4 

Mean 

18. 3 
17.5 
11.8 

9. 8 
9. 8 
9. 6 
9. 4 
7.9 
7. 3 
7. 0 
5. 7 
4. 2 
4. 2 
3.7 
2. 5 
2. 1 
1. 6 
0. 8 

UJ 
o 



Table 17. Number of plants per square metre by seed mixture after one and two growing 

season in Location No. 2. 

Seed Mixture* 3 6 9 4 7 8 1 2 10 5 

No. of Plants 1m2 
(1972) 67 66 52 51 48 42 32 31 8 5 

Seed Mixture1 
3 9 2 6 1 4 8 7 10 5 

No. of Plants/m2 
68 39 37 35 32 30 29 18 10 4 

(1973) 

* As described in Table 4 Sx = 3.58; Sx = 3.24. 
1972 1973 

Means not connected with the same line are significantly different at the 

95% probability level. 

w 
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Table 1&. Biomass production of 10 seed mixtures after two growing seasons 

in Location No. 2. 

Seed Mixture* 
Plant Organ 

1 2 3 4 5 

Top 50a 41a 42a 40a 20a 

Root 28bcde 24dc 35bcd 20de 13e 

Total 78ab 65abc 77ab 60abc 33bc 

Sx Top = 9.67; Sx Root = 6.42; Sx Total = 15.68. 

6 

46a 

43bc 

89a 

7 

45a 

53b 

98a 

8 9 

13a 46a 

13de 44bc 

26c 90a 

10 

47a 

27bcde 

74ab 

Values in the same row not followed by the same letter are significantly different 

at the 95% probability level. 

VJ 
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Figure 1. Plot layout for testing the effect of slope and seeding time 
on plant establishment at Location No. 1. 
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Figure 2. Plot layout for testing the effect of surface treatment and mulches on 

plant establishment at Location No. 2. 
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Figure 3. The effect of slope and seeding time on 
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seedling establishment,one growing season 

after seeding at Location No. 1. 
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Figure 5. Soil moisture tension curves of soils from depressional and non-depressional 
microsites. 
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