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AN EVALUATION OF THE INFLUENCE OF GRASS/LEGUME MIXTURES ON TREE SPECIES AT THE 
JUDY CREEK TEST MIN£. 

ALAN J. KENNEDY 

Env1ronmental Coord1nator. Esso Resources Canada Ltd .• 011 Sands and Coal 
Department. 237 - 4 Avenue S.W. Calgary. Alberta T2P OH6. 

ABSTRACT 

The 1nfluence of compet1t1on of agronom1c m1xlures on out planted 
lodgepole p1ne and wh1te spruce was 1nvest1galed on study plots at the Judy 
Creek test M1ne from 1979 to 1983. Two agronom1c seed m1xtures cons1dered 
compet1t1ve and two seed m1xlures cons1dered less compet1t1ve were evaluated 
1n terms of effects on surv1val and growth performance of the two tree spec1es. 

Data were collected on so1l qual1ly. seed m1xture appl1cat1on rate. 
vegetat1on cover and b1omass, and tree surv1val and growth. Results from f1ve 
years of study 1nd1cate the follow1ng conclus1ons. 

l. Chem1cal and phys1cal properl1es of so11 mater1als were s1m1lar among 
treatments w1th the except1on of mo1sture content, wh1ch was much lower 
on two treatments. 

2. Apply1ng seed m1xturei at 15 kg/ha or 30 kg/ha d1d not affect total 
11v1ng ,over dur1ng lhe study per1od. 

3. Total l1v1ng cover and b1omass data d1d not 1nd1cate 1ncreased cover 
correspond1ng to predeterm1ned h1gh cover seed m1xes. low so11 mo1sture 
11kely 11m1ted seed m1x cover and b1omass. 

4. Tree mortal1ty of both spec1es was not cons1stently related to 
compet1l1ve seed m1xlures. 

5. Lodgepole p1ne growth was 1ndependent of seed m1xture and mo1sture 
reg1me. Wh1te spruce growth was related to mo1sture reg1me. 
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INTRODUCTION 

On severely d1slurbed s1tes 1n Alberta seed1ng w1lh appropr1ate agronom1c 
grass-legume m1xlures 1s requ1red lo obta1n control of so11 eros1on (Alberta 
Env1ronment 1971). However, result1ng herbaceous vegetal1ve cover can affect 
performance of co11111erc1al soft wood tree spec1es (S\ms and Mueller-Dombo1s 
1968) and may be delr1mental to atta1n1ng a post m1n1ng comerc1al forestry 
land use. 

The 1nfluence of compet1l1on for water and nutr1ents, space, and 11ght 
exerted by eros1on control11ng herbaceous mater1al w1th 1nterplanted trees may 
be a s1gn1f1cant factor 1n the ult1mate performance of the outplanted trees. 
The ab111ty to reduce 1ntra spec1f\c compet1t1on between agronom1c mater1al 
and trees wh1le adequately controll1ng eros1on 1s a key challenge 1n meet1ng 
both short and long term land reclamat1on objectives \n the Eastern Slopes of 
Alberta. 

Our1ng the w1nter of 1978 Esso Resources constructed a coal test m1ne on 
lhe Judy Creek North Coal Reserve. The test m1ne was des,gned to obta1n a 
10,000 tonne bulk sample of coal lo determ1ne burn1ng character1st1cs (Esso 
Minerals Canada 1979). Reclamat1on procedures subsequent to the test m1ne 
construction provided a s1te su1table for study of the effects of agronom1c 
herbaceous cover on the surv1val and growth of lodgepole p1ne (P1nus contorta) 
and white spruce (P1cea glauca). Th1s paper descr1bes the methodology for the 
competit1on exper1ment and discusses the results of five years of study . 

STUDY AREA 

The Judy Creek Test Mine is located within the Judy Creek North Coal 
Reserve approximately 56 k1lometers (km) south of Swan Hills, Alberta and 2 km 
east of H1ghway 32. The test m1ne 1s located 1n the NW 1/4, Sect1on 14, 
Township 64, Range 10, west of the 5th mer1d1an (F1gure 1). 
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FIGURE 1. LOCATION MAP FOR JUDY CREEK TEST MINE 
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An area of 17.3 hectares (ha) was cleared for test m1ne operat1ons \n 
December, 1978; of wh1ch the test p1l 1tself compr1sed 1.5 ha. An add1t1onal 
2 ha area (2 km 1n length) was cleared as an access road to h1ghway 32. 

The test m1ne area 1s regionally characterized by warm sunrners and cold 
winters. Mean da1ly temperatures vary from a low of -17 degrees C (1n 
January) to a h1gh of 20 degrees C (in July). Average annual total 
prec1p1tation 1s about 53 centimeters of which approximately 33% is received 
as snowfall. The prevailing w1nd directions are west and northwest. 

The test mine lies al the western edge of lhe western plains 
phys1ogeographic region, in what is termed the Rocky Mountain Foothills area 
of Alberta. Elevations 1n the area range from 600 m on the Freeman River to 
over 1400 m in the Swan Hills. The hydrography of the area is dominated by 
the Freeman River, the Judy Creek, and the Christmas Creek; all tributaries of 
the Athabasca R1ver. 

Forest cover in the test mine area 1s dominated by stands of wh1te spruce 
and lodgepole pine. Pine and spruce occur as a mosaic of even-aged pure 
stands, depending on slope, or as stands of various mixtures of pine and 
spruce mixed-wood forests of either pine or spruce and aspen {Populus 
tremuloides) or balsam poplar (Populus balsam1fera). Shrublands occur as 
clumps of mainly w111ow (Salix sp.) along the riparian sites or, to a minor 
extent on roadways and access clearings. 

METHODS ANO MATERIALS 

Study Design 

Competition from herbaceous cover was evaluated on twenty-four 12.5 m x 
30 m plots (Figure 2). The plots were situated on the backfilled tesl pit 
portion of the test mine and were compr1sed of 70 cm of mixed A, B horizon 
Gray luv1sol soil over a t111 subsoil (figure 3). Treatments of herbaceous 
cover were applied in a random block design. 
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FIGURE 2. PLOT SCHEME FOR COMPETITION EXPERIMENT 
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W1th1n the study area four dtfferent grass/legume seed mtxtures were 
applted al etlher 15 kg/ha or 30 kg/ha (Ftgure 2). Tables l to 4 gtve the 
composttton of each seed mtxture applted to the competttton plots. Mtxtures 1 
and 2 contatned sod- and bunch-formtng grass spectes recommended for eroston 
control (Alberta Energy.and Natural Resources 1979). However, the grasses 
used tn seed mtxtures 3 and 4 were only bunch-formtng and are less ltkely to 
provtde a dense compettttve cover (Watson et al. 1980). All plots were 
broadcast seeded wtth a hand-operated cyclone seeder. The plots were 
ferttltzed once only by hand broadcaster wtth N(23) - P (23) - K(O) at a rate 
of 160 kg/ha. 

Tree OulplanUng 

Ntne lodgepole ptne and wh1le spruce seed11ngs were planted 1n 
alternat1ng, equally-spaced rows 1n each study plot (n = 216 trees per 
spec1es). The trees were planted June 2, 1979 ustng both V-bar (2/3 of trees) 
and shovel mattock (1/3 of trees) techn1ques. Each tree was marked for study 
w1th a 1 m wooden slake and metal tdenttftcatton lag. Lodgepole p1ne 
seedltngs were one year old and whtte spruce seedltngs were two years old at 
t1me of plant1ng. All seedl1ngs had been container grown from stmtlar genettc 
stock at the Blue Rtdge Lumber (Ltd.) nursertes near Whttecourl, Alberta. 

,--
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TABLE 1. COMPETITION SEED MIX ONE, A GENERAL GRASS (SOD/BUNCHGRASS) AND 
LEGUME SEED MIXTURE SUITABLE FOR MESIC AREAS 

Spedes Variety 

Grasses 

Canada bluegrass 

Creeping red fescue Boreal 

Slender wheatgrass Revenue 

Crested wheatgrass Fa1rway 

T1mothy Cl 1max 

Smooth brome Car llon 

Legumes 

Alfalfa Orylander 

Red clover Alla swede 

Percent 
of M1x 
( by wt.) 

20 

15 

10 

15 

10 

10 

10 

10 

100 

Features 

Low ma1ntenance, tolerance to 
graz1ng, aggress1ve, drought 
tolerant 

Tolerant to graz1ng, good 
seed11ng v1gor, sod form1ng 

Strong root system for 
eros1on control 

Good seedling v1gor, can 
withstand traff1c 

Rap1d establ1shmenl, fibrous 
roots 

Long-lived, sod forming 

Superior w1nter hard1ness, 
drought res1stant 

Short-11ved, w1nter hardy, 
ac1d tolerant 
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TABLE 2. COMPETITION SEED HIX TWO, A GENERAL GRASS (SOO/BUNCHGRASS) ANO 
LEGUME SEED MIXTURE SUITABLE FOR MOIST AREAS 

Spec1es Var1ety 

Grasses 

Creep1ng bentgrass Emerald 

Creep1ng red fescue Boreal 

Reed canarygrass Front1er 

Tall wheatgrass 

nmothy 

Legumes 

Al1sike clover Aurora . 

Red clover Altaswede 

Percent 
of Mh 
(by wt.) 

10 

25 

25 

20 

5 

10 

_s 

100 

Features 

Slolon1ferous, prefers mo1st 
areas 

Deep rooted, strong rh1zomes 

Flood tolerant, rap1d 
establ1shment 

Rh1zomatous, adapted to mo1st 
areas 

Rap1d establ1shment, f1brous 
roots, mo1sture tolerant 

Flood tolerant, super1or 
w1nter hard1ness, ac1d 
tolerant 

W1nter hardy, short-11ved 
ac1d tolerant 
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TABLE 3. COMPETITION SEED MIX THREE. A GRASS (BUNCHGRASS) AND LEGUME SEED 
MIXTURE SUITABLE FOR MESIC AREAS 

Percent 
of M\x 

Spec1es Var1ety (by wt.) Features 

Grasses 

Slender wheatgrass Revenue 30 Strong root system for 
eros1on control 

Crested whealgrass Fa1rway 35 Good seed11ng v1gor, can 
w1thstand traff 1c, not too 
ta 11 

T1mothy C 11max 15 Rap1d estab11shment, f1brous 
roots 

Legumes 

Alfalfa Dry lander 10 Super1or w1nter hard1ness, 
drought res1stant 

Red clover Alla swede ...lQ. Short-11ved. w1nter hardy. 
acid tolerant 

100 
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TABLE 4. COMPETITION SEED MIX FOUR, A GRASS (BUNCHGRASS) AND LEGUME SEED 
MIXTURE SUITABLE FOR HOIST AREAS 

Percent 
of Hh 

Spec.1es Varlety (bywt.) Features 

Grasses 

Reed canarygrass Fronl\er 25 Flood tolerant 

Tall wheatgrass Orb1l 45 Rh\zomatous, adapted to molst 
areas 

1'mothy Cllmax 15 Rap\d establ\shment, f\brous 
roots, mo\sture tolerant 

Legumes 

Alsike clover Aurora 10 flood tolerant, super,or 
w,nter hard\ness, ac\d 
tolerant 

Red clover A ltaswede _5 w,nter hardy, short-llved, 
add tolerant 

100 

r--

t--
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Data Collect1on and Analys1s 

So11 samples were taken from each plot from 1979 to 1981 and 1n 1983. 
Four subsamples from the Oto 15 cm so11 layer were taken at randomly spaced 
locat1ons w1th1n each plot. Analys1s of so11 samples followed procedures 
reported 1n McKeague (1978). From 1979 to 1981, the follow\ng chem1cal 
parameters were determ1ned: levels of ava1lable macronutr1ents 1nclud1ng 
n1trogen (as N03 - N), phosphorous (as P), potass1um (as K}, and sulfur (as 
so4-S); ph; electr1cal conduct1v1ty; and organ1c matter content. Dur1ng 
1983 the same parameters were measured, and also the follow1ng; calc1um 
carbonate equ1valence; cat1on exchange capac1ty; and sod1um absorpt1on rat1o. 
Measurement of phys1cal so11 propert1es 1ncluded mo1sture content, texture, 
cons1stence, structure, and bulk dens1ty. To ca11brate so11 mo\sture content, 
results were plotted on ava1lable so11 mo1sture curves (1e. Foth 1978), and 
f1eld capac1ty and w1lt1ng po1nt were determ1ned for the appropr1ate so11 
texture. For the Judy Creek replaced so11 mater1al, f1eld capac1ty was 
determ1ned to be about 40% so11 mo1sture and w1lt1ng po1nt was approx1mately 
20% so11 mo1sture. 

Measurements of vegetat1on cover were made on each plot dur1ng August 
1979, and June and August of 1980, 1981 and 1983. Vegelat1on cover on each 
plot was determ1ned through the observat1on of the port1on of ground covered 
by revegetat1on spec1es w1th1n forty 2 dm x 5 dm quadrats. Plant cover w1th1n 
each quadrat was est1mated us1ng a mod1f1ed form of the Braun-Blauquet method 
(Kershaw 1973). 

As a method of further invest1gat1ng vegetat1on compet1t1on, stand1ng and 
below ground b1omass were also determ1ned on the plots 1n 1981 and 1983. 
Three plots represent1ng each seed m1xture treatment were sampled at three 
random locat1ons. Above ground b1omass samples were obta1ned by c11pp1ng all 
stand1ng plant mater1al to ground level w1lh1n a 0.25 m2 square quadrat. 
Samples were placed 1n appropr1ately-s1zed paper bags and returned to the 
laboratory where they were oven-dr1ed at 80°C for 24 hours and we\ghed. Below 
ground biomass samples were taken at each of the above ground sample 
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locations. Three 7 cm d1ameter tubes were used to remove 20 cm long cores. 
Each core was bagged ind1vidually in plastic and returned to the laboratory. 
Each core was then soaked in detergent solut1on for 24 hours to d1sperse so11 
particles. Roots then were extracted by washing each core through two sieves 
(4.75 11111 and 2.00 11111 mesh). Roots reta1ned by s1eves were combined. 
oven-dr1ed at 80°C for 24 hours and weighed. 

Estimations of tree mortality and growth were conducted on each marked 
seedling during August 1979 and June and August of 1980 to 1984 (with the 
exception of 1982. when only tree mortality was evaluated). 

Tree mortality was recorded by determ1n1ng the status of each tree (i.e., 
11v1ng or dead). An assessment of the causes of mortality was also made when 
possible. Mortality causes were recorded as follows: 1) planting dead 2) 
competition dead, 3) small manvnal dead, 4) large ma11111al dead, 5) flooded 
dead. Tree growth was recorded by measur1ng the height of each marked tree 
with a graduated meter rod. Height was cons1dered a true 1nd1cator of growth 
and therefore basal d1ameter was not measured. Incremental growth was 
determined by measuring the new vertical leader growth each year. 

Soil samples were combined by treatment and a mean and standard error 
determined for each treatment for the entire study per1od. Vegetation cover 
was determined for each plot and year by calculat1ng the mean percentage cover 
of each plant species recorded on the 20 quadrats. Standard errors were 
calculated to determine variability from the means. A one-way analysis of 
variance and Duncan's multiple range test. (Sokal and Rholf 1969) were used to 
determine the statistical relat1onship between soil depth treatments and 
vegetation cover of plant species group. Data on lree morta11ty. growth and 
condition were combined by treatment and differences tested using an analysis 
of variance and Duncan's multiple range tests. All data base management and 
statistical analyses w~re conducted using the Statistical Analysis System (SAS 
1982). 
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RESULTS 

So11 Qual1ty 

The phys1cal propert1es of the so11 mater1al replaced on each treatment 
of the exper1ment are g1ven 1n Table 5. The part1cle s1ze d1str1but1on data 
1nd1cate that the so1l maler1al from all treatments 1s s\m1lar and can be 
class1f1ed as a clay loam. Structure and cons1stence were 1dent1cal between 
treatments throughout the study per1od. Mean bulk dens1ty data were also 
s1m11ar between treatments, and no one treatment showed values that 1nd1cated 
potent1al tree root penetrat1on d1ff1cult1es. The s1m1lar1ty 1n these 
phys1cal propert1es of the so11 mater\als 1s expected. as 1dent1cal 
replacement techn1ques were used for each treatment. Percentage mo\sture 
content was observed to be lower on treatments 1 and 3 than on treatments 2 
and 4. The d\fferences ranged from 5.8% to 10% between treatments. The 
cons1slently low mo1sture content on treatments land 3 has 1mpl1cat1ons to 
vegetat1on growth. These treatments afforded mo1sture levels only 5% - 7% 
above the est1mated w1lt1ng po1nt of the so11, wh\ch may have affected 
nonwoody plant growth as well as morta11ty and growth of outplanted trees. 

The chem1cal parameters of so11 mater1als replaced on each treatment are 
g\ven 1n Table 6. Values for all chem\cal parameters were very s1m1lar and 
w\thin the ranges su1table for growth of lodgepole p1ne and wh1te spruce. 
S1m1lar values for chem1cal parameters were expected, due lo the 1dent1cal 
mater1als hand1ing and cu1t1vat1on techn1ques exercised on each treatment. 
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TABLE 5. PHYSICAL PROPERTIES OF SOIL MATERIAL ON COMPETITION EXPERIMENTAL PLOTS 

TREATMENT TEXTURE 
% PARTICLE SIZE 
Sand S1lt · Clay 

STRUCTURE 
(0-15 cm) 

Seed m\x 1 39.86 30.45 27.93 granular 

Seed mix 2 33.51 36.75 29.74 granular 

Seed mix 3 38.55 32.24 29.20 granular 

Seed mix 4 37.09 32.26 30.15 granular 

SOIL PROPERTY 

CONSISTENCE 
(Hohl) 

friable 

friable 

friable 

friable 

BULK DENSITY 
(g/cm3) 

l. 22,!. 05 

1.26+.0l 

1.14,!.05 

l.24,!.14 

MOISTURE CONTENT 
(") 

27.2,!.05 

33.0_!l.l 

25. 9,!l. 5 

35 . 5,!6.2 

N 
0 
'-I 



TABLE 6. CHE"ISTRY Of SOIL MATERIALS FR0'1 COMPETITION EXPERIMENTAL PLOTS 

TREATMENT YEAR 

Seed Mixture 1 1979 
1980 
1981 
1983 

l±SE 

Seed Mixture 2 1979 
1980 
1981 
1983 

X±SE 

' 
Seed Mixture 3 1979 

1980 
1981 
1983 

X±SE 

Seed Mixture 4 1979 
1980 
1981 
1983 

-X+SE 

pH 

6.1 
6.0 
S.8 
6.0 

5.9,t().02 

5.9 
5.8 
5.6 
5.6 

5. 7;t().02 

6. l 
6.0 
5.8 
6. l 

6.0,t().02 

5.9 
5.8 
5.6 
5.8 

5.8+0.04 

CONOUC TJ V IT Y 
(nmhoslcm) 

0.10 
.0.20 
0.10 
0.25 

0. H>:t.004 

o. 1 
0.2 
0. l 
0.25 

0. 16±.004 

0. 1 
0.2 
0. 1 
0.2 

0. 15:!:,.009 

0.10 
0. 20 
0. 10 
0.2~ 

o. 16,t.009 

AVAILABLE MCRONUTRIENTS 
(ppm) 

N03-N P K So4-s 

1.3 7.0 88.3 
1.0 9.0 160.0 
2.0 8.0 136.0 
0.2 6.0 117 .5 

1.12±.0S 7.5±.17 125.5±1.2 

1.0 8.0 93.3 
1.0 10.0 145.0 
2.0 10.0 140.0 
0. l 8.0 127 .5 

l.02:t,04 9.0±.17 126.5±1.2 

1.3 7.0 88.3 
1.0 9.0 160.0 
2.0 8.0 136.0 
0.4 6.0 105.0 

l. 18±,05 7 .S±. 17 122.3±1.9 

1.0 8.0 93.0 
1.0 10.0 14S.O 
2.0 10.0 140.0 
0.5 6.5 112.5 

l. 13:t,05 8.6+. 17 122. 7+1.2 

1.1 
3.0 
4.0 
12.0 

5. 1±.27 

2.6 
3.0 
2.0 
7.0 

3.6;t.27 

l. 7 
3.0 
4.0 
s.o 

3.4±,26 

2.6 
3.0 
2.0 
7.S 

3_ 7+_;>f, 

CEC 
(meq/100 g) 

25.8 

22.9 

22.6 

24.3 

CaCD) 
Equivalence 

(S) 

0.16 

0.10 

0. 12 

0.14 

SAR 

.s 

.9 

.5 

.5 

OAGANIC 
MTTER 

(S) 

l. 7 
2.8 
2.3 

2.2,!_0.02 

l.8 
2.4 
2. l 

2. l;t().02 

l. 7 
2.8 
2.3 

2.2.!,0.02 

1.8 
2.4 
2.1 

~ ' A ,.,..._ 

N 
:::, 
co 
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Vegetat,on Cover 

The effects of lhe two d1fferent seed appl1cat1on rates on vegetat1on 
cover dur1ng each year of study are shown 1n F1gure 4. Appl1cat1on rate had 
11ttle d1scern1ble effect on vegetat1on cover, although the 30 kg/ha rate 
showed sl1ghtly h\gher cover values than the 15 kg/ha rate. These d\fferences 
were not s1gn1f1cant for grasses (F = 1.01, P • 0.0701), legumes (F = 0.92, P 
= 0.2860) or total l\v\ng cover (F = 0.83, P = 0.2497). 

The percentage covers of each planted spec\es for the ent1re study per\od 
are g\ven 1n Table 7. Reed canary grass and creep\ng red fescue were 
cons\stently the most abundant spec\es on all of the compet\tion study plots. 
Creep\ng red fescue and reed canary grass were the most abundant spec\es \n 
the sod/bunch grass seed m1xtures, and reed canary grass and l\mothy were the 
most abundant spec1es 1n the bunch grass seed m1xtures. Other spec\es were 
recorded at low or marginal abundances. In the legume species group, red 
clover had higher cover est\males than the other planted legumes. Mean 
percentage cover values for total 1\v\ng cover are shown in F\gure 5. In 
terms of total l\v\ng cover, s\gn\ficant d1fferences were found between 
treatments 2 and 4 relat1ve to 1 and 3 over the entire study period (F = 4.10, 
P = 0.0559). 

Above ground b1omass of seeded agronomic spec\es is g\ven in Table 8. 
Seed mixtures 2 and 4 were recorded at s\gn\ficantly higher total biomass than 
seed mixtures 1 and 3 (F = 11.01, P = 0.0001). Above ground biomass data 
shows a similar trend as the percentage total living cover data. Below ground 
b1omass values recorded on the compet1l1on plots are g\ven in Table 9. Seed 
m\xtures 2 and 4 cons\stently showed greater below ground b1omass than seed 
mixtures l and 3 (F = 12.05, P = 0.0001). 

,--
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TABLE 7. SPECIES ABUNDANCE AS INDICATED BY COVER ESTIMATES FOR COMPETITION 
EXPERIMENT 

TREATMENT 

Seed Mhlure 1 

Canada Bluegrass 
Cresled Whealgrass 
Slender Whealgrass 
Smooth Brome 
T\molhy 
Creep,ng Red Fescue 

Red Clover 
Alfalfa 

Seed Mhture 2 

Creeping Bentgrass 
Tall Wheatgrass 
Creep,ng Red Fescue 
Reed Canary Grass 
nmothy 

A1s1ke Clover 
Red Clover 

Seed Mhture 3 

Crested Wheatgrass 
Slender Wheatgrass 
T\mothy 

Red Clover 
Alfalfa 

Seed Mixture 4 

Tall Wheatgrass 
Reed Canary Grass 
nmothy 

Red Clover 
Als1ke Clover 

MEAN PERCENTAGE COVER 

3 .10,~J. 58 

3.17.:!:,0 .88 
6.30.:!:,4.53 
3.25+2.53 
28.92.:!:,12.08 

5.451-4.53 
1.74!2,20 

23.82+4.41 
27.92;7.67 
1.20.:tO,90 

2.57+2.22 
4.12!3,10 

10.80+5.48 
18. 17!8. 38 

1.05:!_0.43 

45.59.:!:,23.16 
6.50:!_3.82 

l7. 53+29. 20 
l .63:!_2.21 
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TABLE 8: ABOVE GROUND BIOMASS OF HERBACEOUS SPECIES ON COMPETITION EXPERIMENT 

TREATMENT MEAN ABOVE GROUND BIOMASS (g/m2)* 
Stand1ng L1tter Total 

S1gnH1cance** 

Seed Mhture 1 111.!,14.5 189.!,26.2 300.!,18. 4 A 

Seed Mhture 2 384.!,19.4 259.!,31.4 643.26.2 B 

Seed Mhture 3 174.!,25.3 197.!,27.9 371.!,22.9 A 

Seed Mhture 4 349.!,27.4 254.!,35.4 603.!,29.7 B 

TABLE 9: BELOW GROUND BIOMASS OF HERBACEOUS SPECIES ON COMPETITION EXPERIMENT 

TREATMENT MEAN BELOW GROUND BIOMASS (g/m2)* 
0 - 10 cm 10 - 20 cm 20 - 30 cm TOTAL 

Seed Mhture l 751-25.4 38.!,4. 3 18.!,6,4 131.!,8,4 

Seed Mhture 2 162.5.!,19.4 81.5,!ll.2 32,!7. 9 276.13.4 

Seed Mh lure 3 1031-12.9 13.!,3,3 101-2 .1 126.!,11, l 

Seed H1x ture 4 1491-5.6 40.!,4,9 33.!,6,2 2221-9.4 

* Values are mean (and S.E.) for n1ne samples/year/treatment 

•• Means with the same letter are not sign1f1cantly different 

SignH1cance** 

A 

B 

A 

B 

r--
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Tree Morta11ty 

Oala on the mortal\ty of lodgepole p\ne outplanted on the compet\t\on 
plots are shown 1n F\gure 6. Seed m\xlures 1 and 3 had cons\stently h\gher 
mortal\ty than seed m\xtures 2 and 4 throughout the study per1od (Fa 18.25, 
P = 0.0001). Wh1te spruce showed a s1m1lar trend 1n mortal1ty as lodgepole 
p1ne (Figure 7) w\th treatments land 3 be1ng recorded al s1gn\f1cantly h\gher 
mortal\ty than treatments 2 and 4 (f = 21.01, Pa 0.0001). 

Tree Growth 

Total growth and total yearly 1ncremental growth for lodgepole p1ne, as 
1nd1cated by he\ght measurements, are shown \n F\gure 8 and 9 respect\vely. 
Total height of lodgepole p\ne was s\m\lar on each treatment under 
\nvest\gat\on (F = 3.03, P = 0.0614). Incremental yearly growth was also 
s\m1lar for each treatment for each year of study (F = 4.17, P = 0.0718). 

Wh\te spruce total growth and yearly growth are shown 1n F\gure 10 and 11 
respectively. Tolal height of wh\te spruce was s1gn\f1cantly d\fferenl 
between seed mixtures land 3 and seed m1xtures 2 and 4 (f = 23.65, P = 
0.0001). Incremental yearly growth showed a s\milar but much reduced trend 
(f = 2.89, P = 0.0507). 
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FIGURE 7. MORTALITY OF WHITE SPRUCE 
ON COMPETITION EXPERIMENT PLOTS 
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FIGURE 10. GROWTH OF WHITE SPRUCE AS INDICATED BY TOTAL 
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DISCUSSION 

Results from the compet1t\on exper1ment are best d1scussed 1n two 
sect\ons; those results related to herbaceous vegetat\on cover, and those 
related to tree surv\val and growth. Results on herbaceous vegetat\on cover 
\nclude d\scuss\on of appl\cat1on rates, spec1es abundance. cover est1mates, 
and b\omass. Results of tree surv1val and growth \nclude d1scuss1on of tree 
growth and mortal\ty. 

Herbaceous Vegetat\on 

The seed\ng rate of any part\cular seed m\x 1s determ\ned by the 
eff\c\ency of seed d\str\but\on and the expected rate of surv1va1 of the 
seeds. Appl\cal\on rates for \nd\v\dual spec\es and m\xes are well-known for 
most agronom\c spec\es (e.g., U.S.O.A. 1948; Saskatchewan Agr\culture 1975; 
Alberta Agr\culture 1976). Us\ng the prev\ously-ment\oned stud1es and s1te 
spec\f\c env\ronmental data; \t \s poss1ble to est\mate appropr\ate 
appl\cat\on rates for m\ned-area reclamat\on purposes (U.S.O.A. 1979). For 
the Judy Creek Test M\ne s\te, as appl\cat\on rate of between 15 kg/ha and 30 
kg/ha was est\mated (Esso M\nerals Canada 1979). 

Dur\ng the per\od of study, vegetat\on cover was observed to be very 
s\m\lar with both 15 kg/ha or 30 kg/ha seed\ng rates. These results agree 
w1lh other stud1~s in the mounta\n/footh\lls b\omes of Alberta. K\ng, (1984) 
found that an \ncrease in seeding rate from 16.8 to 28.0 kg/ha prov\ded only 
2% - 5% more cover after 3 years of growth. Macyk, (1984) has shown that 
cover \snot \ncreased substant\ally through \ncreasing seed\ng rate to over 
20 kg/ha on reclamat\on s1tes near Grande Cache, Alberta. 
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Inter·spec1f1c compet1t1on w1th1n a develop1ng recla1med plant comnun1ty 
\swell known and has been documented under a var1ety of d1fferent 
c1rcumstances. Smol1ak and Johnston (1975) and Schuman et al. (1982) found 
that fast-grow1ng, tall spec1es such as crested wheatgrass are far more 
compet1t1ve than other range grasses at the seedl1ng stage. Slender 
wheatgrass was recomnended by Schuman et al. (1982) as an alternat1ve to the 
h1ghly-compet1t1ve spec1es. Johnston, (1961) and Johnston and Smo11ak, 
(1971) exam1ned the early establ1shment and compet1t1on 1n plant comun1t1es 
w1th m1xed nat1ve and agronom1c spec1es with1n the footh111s of southern 
Alberta. Seedl1ngs of t1mothy and crested wheatgrass were found to be most 
agress1ve, and the authors concluded these spec1es were more compet1t1ve than 
naturalized spec1es such as brome grass. Walker, (1983) evaluated early 
success1onal changes 1n seed mixtures in north-central Saskatchewan and 
concluded that t1mothy and reed canary grass completely dominated the 
poorly-drained s1tes, wh1le creeping red fescue dominated well-dra1ned s1tes. 
Dryness, (1974) showed that grasses 1n a grass/legume-seed m1x appl1ed to 
forest access roads in the mountain/footh111s of Oregon prov1ded too much 
compet1t1on for legumes. Smo11ak and Hanna, (1977) found that early growth 
rates of three species of legumes were s1gnif1cantly d1fferent. 

Results from the present exper1ment are in agreement with those stud1es 
prev1ously ment1oned 1n that a few spec1es of grasses appeared to dominate 1n 
terms of abundance. Reed canary grass and creep1ng red fescue were 

consistently most abundant w1th1n the seed m1xtures w1th which they were 
planted. In the absence of these species, t1mothy was most abundant. 
Grasses. 1n general. were observed to be more long-11ved than the legumes 
seeded. 



223 

Tree Surv\val and Growth 

Prev\ous stud\es on the problem of compet\t\on between grass/legume seed 
m1xtures and outplanted trees have prov1ded results that are not cons1stent 
between stud\es. Several authors (1.e., Fedkenheuer 1979; Vogel and Berg 
1973) have found thal grasses seeded for eros1on control, part1cularly sod 
grasses, prov1de too much compet1t1on for space and mo\sture to allow shrubs 
and trees to establ\sh. Slud1es spec1f1cally on p\ne have shown that on some 
sites survival and growth of th1s genus 1s restr\cted by a rap\dly-develop\ng 
grass cover (Baron 1962; Duffy 1974). 

S1ms and Mueller-Dombois (1968) have shown that, on soils where wh1te 
spruce roots were competing with faster grow\ng herbaceous vegetat1on, tree 
growth was severely reduced or the spruce was e11m\nated altogether. However, 
results not cons1stent lo those above have also been reported 1n the 
literature. For example, Clark and Mclean (1975) stated that the survival of 
lodgepole p\ne was not affected by dens1ty of grass or the spec1es of grass 
sown. As well, E1s (1981) found that, even though the presence of herbaceous 
vegelat1on slowed wh1te spruce growth rates, 1t was rarely found to cause 
s,gnif\cant mortality and fa\lure of regeneration. Fedkenheur et al., (1980) 
found a relationship between biomass and woody plant surv1val, but not for 
cover and surv1val. K\ng (1983), in a study conducted with1n 50 km of the 
Judy Creek Test M1ne, fo~nd that surv1val and growth of p1ne and spruce 
seedlings were independent of seed mix and seeding rate treatments. 

The data obtained from the present study indicate that, at the Judy Creek 
Test M1ne, pine and spruce survival and growth are independent of cover 
treatment. Treatments wilh sign1ficant1y lower covers and b1omass showed 
higher mortalities and reduced growth rates for both tree spec1es examined. 
Previous works by Day (1963), Day (1964), W11de et al. (1968), Fedkenheur 
(1968), and E,s (1965) have demonstrated the 1mporlance of soil moisture 
availability to pine and spruce seedling survival and growth. A relationship 
between reduced moisture availability and lower survival and growth of both 
tree spec1es was apparent. 



224 

Therefore, because of the 1ncons\stent affect of cover treatment to tree 
surv\val and growth bul a cons\stent mo\sture def\c\ency affect, mo1sture 
reg\me may have been more \mportant lo reforestal\on than compet\t\on from 
herbaceous plants. 
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