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ABSTRACT 

. The proposaI to revegetate unfertilized coal mine spoils 

wi th red pine in Minto, New BrU,nswick 1 may prove unsuccessful 

over the 10l)g terme Consequently 1 red pine, black locust and a 

cont roI of pioneer tree spec i es were used to study ground cover 

variations and edaphic differences on unfertilized spoil banks. 

Available bases and pH were acceptable for plant survival on aIl 

three trea tments. Percent ground cover and species diversity 

were the greatest on the black locust sites. Establ ishment of 

ground cover on the red pine and control si tes was most li kely 

affected by a lack of li tter and available ni trogen as weIl as 

wind, high temperatures, and crusty sur face conditions. 11: was 

recommended that black locust be reconsidered as a reclamation 

spec i es for the Minto spoils. 
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, " RESUME 

On a proposé d'utiliser le pin rouge pour recouvrir les 

déblai s de mine non-fertilisés à Minto, au Nouveau - Brunswick. 

Ce plan pourrait échouer à long terme. Par cons'quent, le pin 

rouge, le robinier faux-acacia, ainsi qu'un contrale d'essences 

pionnières furent utilisés afin dl étudier les variati-ons dans la 

couverture végétale e,t les différences édaphiques des déblais de 

mine de charbon a Minto, N. B. Les bases disponibles et le pH 

étaienct propices à la survie des plantes dans les trois cas 

étudiés. Le pourcentage de couverture vé9~tale et la diversité 

des espèces ~taient, le plus 'levés aux sites de robinier 

faux-acacia. L'absence de litière et d'azote disponible, le 

vent, les températures élevées et un encroûtement de la surface 

ont vraisemblablement affecté l"tablissement d'une couverture 

vég'tale aux si tes de pin rouge et de contrale. Il est 

recommandé gue le robin ier faux - acac ia soi t reconsidéré en 

tant gu' espèce apte à la réclamation des déblais de mine de 

Minto. 
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1.0 Introduct ion 

The Minto region of New Brunswick. (Fig- 1) has been mined 

for anthracite coal since 1887 with stripmining being the 

, dominant technique." To reduce erosion and improve the aesthetic 

quality of the mined areas, especiallY along public roads, the 

New Brunswick Department of Natural Resources (DNR) began 

reclaiming the area in 1967. 

Stripmining for coal creates large areas of crushed 

overburden (the rock and debris found above the coal searn) 

commonly known as spoi 1. Greater' pùbl ic awareness of the 

environment and stricter' laws governing the handling of that 

environment have ,led, in part, to the rec larnation of dèrel ict 

land left by stripmining. The actual legal processes governing 

methods of reclamation vary between legislative jurisdietions, .. 
however, the objective is normally to rnitigate sorne of the 

undesirable condi ti ons a r ising ,from surface mi ning. These 

condi ti ons inc lude erosion, the presence of toxic substances in 

soil and water, the lack of vegetation and the absence of a 

fertile soil medium. 

Ecosystem development on d~gradea land tends to follow a 

pattern in which colonization by pioneer species is followed by 

the' accumulation of nutrients in the plants and soil. Changes 

in soil structure due to plant and animal activi ty and 

reductions in the levels of toxici ty further ameliorate the 

environment. The, pr!ogress of this development can be speeded by 

-, ------_ .. _------------ ---------------
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human intervention since the planting of suitable species can 

occur far in advance of even aggressive colonization by native 

spec ies. Low planting and maintenance costs and long term '/' 

viability should be major criteria ~or species selectipn in the 

reclamation o'f ,areas wi th low accessibili ty. However, the 

measure of success of planting programs is rapid restoration of 

soil quality and of full vegetation cover. 

To date, fev attempts have been made to determine whether 

tree species planted on the Minto spoils have long term affects 

on a) the soil conditions or b) the underlying ground cover. 

Previous studies on stripmine revegetation in New Brunswick 

- reviewed in more detail later in this thesis - have dealt vith 

'the introduction of various tree and grass species (Meadows 

1967, 1968, Rowan 1969, Smith 1970, Rayworth 1971, Nightin~a1e 

1972a, 1973, Logan 1978), nutrient deficiency (Rivard and Smith 

1978), the fertilization of trial plots (McDonald 1979), or vere 

part of environmental impact assessements (Abbott 1976, Montreal 

Engineering Co. (MEC) 1978). A more detailed study deal t wi th 

the naturai succession occurring around the surface mine ponds 

(Nightingale 1972b). However, there is a need to enlarge this 

qata base to inc1ude the succe"'ss of introduced species in 

sustaining continuaI vegetation on the spoils, in other words, 

to examine the long term effects of tree planting. This thesii 

proposes to evaluate the effectivenes of recent tree planting 

programs by examining sites of black locust (Robinia 

pseudoacacia L.), and red pine (Pinus resinosa Ait.>. Sites 

----------------- ---- - - --------------



( 

( 

where white birch (Betula papyrifera Marsh.), trembling aspen 

(Populus tremuloides Michx. ) and pin cherry (Prunus 

pennsylvanica L.) recolonize naturally vere used as a control 

for compari son. 

1.1 rhe Minto Problem 

The main coal reserve of the Minto coal fields, operated by 

New Brunswick Coal, Ltd. (N.B. Coal), is of low quality coal 

occupying 1133 ha at the northern end of Grand Lake and is known 

as the Sal'mon Harbour Mine (MEC 1978), 

Mean monthly temperatures from May to September are 15'C (5 

month max=2l,C) and the frost free period i5 approximately 170 

days. Rainfali from April to September is 500 mm and extended 

dry period5.are infrequent (Table 1) (Abbott 1976, MEC 1978). 

The native soils of the region are defined as the Queens, 

Harcourt and Mid1and series (MEC 1978), The former two were ., 
developed on basal or ablation till of clay Ioam and clay 

texture overlain by coarse materials derived from' grey and red 

sandstones and shale. The latter series is composed of red 

sandy loam and i5 the result of sandstone and conglomerate, AlI 

three are moderately acidic soil types and support forest 

vegetation (MEC 1978). Soil capability for agriculture is 

generally poor ranging from those soils having moderately severe 

limitations that restrict crop type to those with no capability 

-- - - -- ---------
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TABLB 1. 

Meteorologieal Information, Minto, New Bruniwlck 
30 Vear Avera9. 

V •• r Jan Fab Mar Apr May June July Aug Sept Oct Nov cee Tot. 1 ' .. penture 'c 
MaxinlUllt -3 -S 3 10 18 21 2S 23 20 13 6 -2 .. ini.UIII ':15 -13 -8 -2 3 e 12 12 , 8 3 -3 -12 ... an -9 -9 -3 4 11 15 19 la 14 a 2 -7 Degre. daya ( + 5.6 ·C) 1 ) 40 252 599 799 77S 472 190 27 3156 Growing daya (+ 5.6·C) 10 22 31 30 31 31 JO 29 11 225 Frost fra. day.Z 1. 3 13 29 30 31 31 29 24 9 199 Sun.hin. (No. of hra. briqht 100 117 138 158 206 198 234 225 160 144 90 91 1861 lun) 

Precipitation) 
.... n rainl.'all (11ft) 35.3 24.6 39. <} 59.2 71.4 88.6 90.4 80.5 83.8 75.9 85.6 43.9 779.1 .novfall CCIII) 48.8 47.2 38.6 14.0 T 0,0 0,0 0.0 0.0 1.5 11.9 41.4 203.4 tota 1 pree Ip. (CIII' 9.4 7.2 7. e- 7.3 7.1 8.9 9.0 B.l 8.4 7.7 9.8 9.S 98.2 Max. precip, in 24 hrl, (Cnl) 5.6 3.8 5.4 5.5 3.6 5.9 6.9 6.4 6.9 B.O 5.3 S.l M.an no. dey. with 

•••• ur.bl. rain 3 3 5 7 11 12 12 11 10 10 10 4 98 .now 7 6 5 2 2 6 28 preclp. 10 9 10 9 11 12 12 11 10 10 12 10 126 Me.n no. deya total precip. 

Wlnda4 0.25 cm 9 8 8 9 

Guet apeel! Otph) 145 129 121 137 Mean ",ind ap •• d Otph) 19.3 (",inter) 16.0 (apring) 16.0 (a \limier) 16.0 (fall) 

1) Stert of growlng a.aaons Apr. 22 3)Mean pracip. Apr-S.ptl 510.- 4)Wind direction (Fr@quency %) End of growlng ' •• Ionl Oct. 25 Oct-Mari 510 l1li N NE E SN S SN N HW 
Hean annual runoffl 71 e. win ter 12 7 7 4L.... 10 14 32 12 2)La.~ froat in aprln91 Hay 20 "aan annual avaporetion ... 11 l.ka.s 61cm a\lllWllar 9 11 6 7 16 30 15 6 Firat froat in fal1, Sapt 22 annual 12 10 8 7 14 19 20 10 

(Abbot t 1976) 
U1 



for arable agriculture or permanent pasture 
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(MEC 1978). 

Simi1arly, forèst capability ranges from moderately severe 

limitations to severe restrictions for the production of 

commercial forest (MEC 1978). 

Orig i nal vegetat i on on the str ipmlpe area consi sted of whi te 

pine (Pinus strobus L.), balsam fir (Abies balsamea (L.) Mill.), 

black spruce, (Picea mariana (Mill.) B.S.P.), red maple (J\cer 

rubrum L.), wire bir~h (Betula populif01ia) and aspen (Populus 
1 

spp.) with black ~pruce and balsam fir being common on marshy 

sites (Abbott and Bacon 1977, MEC 1978). 

The spoils resulting from the stripmining at Minto vary from 

older gently rolling slopes to the recently deposited steep 

ridges. Surface overburden is composed of crushed, weathered 

shale with pockets of sandstone. The aIder slopes which had 

little or no grading, lie at an angle of approximately 35 

degrees, ,averaging 10-15 m high and are 15-30 m apart (Meadows 

1967, Abbott 1976). The majority of the stripping is now done 

by the '8200' tlragline which can reach depths of 37 m. Because 
~ 

of the greater depth excavated by newer draglines, grading and 

levelling are necessary for safety and planting purposes 

(N.B.Coal 1982, Shaw 1982). 

The coal, which is in seams usua11y no more ~han 48 cm thick, 

lies beneath an average of 27 m of overburden composed largely 

of sandstone and sha1e (FENCO 1971, Abbott and Bacon 1977, MEC 

1978). When the overburden is first removed it has a pH of 

approximately 7.0, but vith the weathering of pyrites the pH 
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decreases to 2.6 within 6 months of disturbance; a further 

problem i s the presence of f ree sulphur ie ac id in the surface 

layers of sorne of the spoils, a result of the high sulphur 

content in the coal (Rowan 1969). The reduction of the acidity 

i5 partially inhibited by the high clay content which absorbs 

hydrogen ions thus maintaining acid conditions. However, after 

2-3 years the spoiis reach an eguilibrium of pH 4.5-5.0 (Rowan 

1972). Thus , attempts to revegetate occur following a 2-3 year 

waiting period to aIlow the breakdown of the shale, an increase 

in pH and a reduction of sulphuric acid within the spoil 

overburden. 

To appreciate possible improvements brought about by p1anned 

rel(.egetation it is necessary to understand the natural 

succession of vegetation and edaphic conditions of untouched 

spoils. Several authors have documented the establishment of 

local species and the temporal change in spoil physical and 

chemicai characteristics on coal mine spoiis in the United 

States. Croxton (1928), in studying the natural revegetation of 

coai stripped lands in Illinois, found that sites with a pH of 

less than 5.0 were not weIl covered. However, with increased 

moisture overall stress was reduced thereby improving conditions 

for growth. Bramble and Ashley (1955) followed the naturai 

succession on selected Pennsylvania coal mine spoils noting that 

exposure to vind, high surface temperatures, spoil surface 

permeability and acidity retarded the establishment of plants. 

The problems associated with toxicity of coal mine spoils have 
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been dealt vith at length (Berg and Vogel 1973~ Knabe 1973, 

Vogel and Curtis 1978, Dollhopf 1979, Pionke and Rogowski 1979, 
\ 

Pole et al. 1979). The most frequent negative effects vere the 

release of toxic elements such as manganese and aluminum at low 

pH and the presence of sulphuric acid. 

The development of soils i5 slow on minespoils, and while 

nitrogen is "the main limiting factor (Rivard and Smith 1978), 

other nutrients may be sufficient for growth of hardier species 

(Cornwell 1971, Indorante and Jansen 1981). Johnson et al. 

(1982), in a study of 49 unreclaimed Oklahoma coal stripmines 

ranging from 10 to 70 years old, found that the soils did not 

undergo any appreciable horizon development over that time span. 

However soi 1 chemical propert ies improved and ground" cover 

tended to increase with age. The authors concluded that sites 

having a high initial concentration of calcium and potassium 

and low concentrations of iron would probably support vegetation 

with little to no amendments. 

The adverse conditions associated with coal sp~ils retard 

natural revegetation. Bramble and Ashley (1955) noted that it 

took four years for plant cover to begin invading Pennsylvanian 

spoils, while Abbott (1977) stated that a scatter~ng of 

individual trees and plants were found only on Minto spoils 5 

years or oider. 

The object of site amelioration is to speed up the natural 

process, thereby reducing the negative effects associated vith 

coal mine spoils. 

\. . 
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1.2 Revegetation efforts at Minto 

Early planting techniques and species selection attempted by 

the DNR were based on programs carried out in the Central and 

Eastern United States (Meadows 1967), but lack of preliminary 

soil surveys, damaged stock and drought led to high morta1ity of 

tree species (40-60%) within the first experimental plots. 

However, after 1967 experimentation with varied tree and grass 

species, time of planting, root stock, fertilizers,~grading and 

levelling, and topsoiling, improved methods of revegetation. 

Tree species which showed the best survival rates when planted 

in the spring as bare root stock were: red pinet jack pi ne 

(Finus banksiana Lamb.), scots pine {Finus sylvestrus L.}, and 

black locust, (Nightingale 1973). Grass species planted on pond 

banks which showed moderate success vere: white Dutch clover 

(Trifolium repens L.), birdsfoot trefoil (Lotus corniculatus 

L.), sweet clover (Melilotus slba Desr.), and red top clover 

(Agrostis alba L.) (Nightingale 1972b). 

complete species list). 

(See appendix for a 

Since nitrogen is the main factor limiting tree growth on 

the spoils (Rivard and Smith 1978), fertilizer use or the 

planting of leguminous species were found to be necessary. 

Logan (1978) indicated that legumes were preferred to fertilizer 

since the latter was depleted within 5 years of application 

(Logan 1982) and without continuaI fertilization, growth slowed 

and vegetation became chlorotic within 3 years. Many legume 

species are intolerant to shade and once crown closure be9ins, 

i 

1 ___________________________ , _____________________ L 
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morta1ity increases. The same applies to the legume black 

10cust if it is shaded by surrounding tree species. In mixed 

stands with red pine, this could be avoided by planting 10cust 

on spoil tops above r~d pine. Locust is more drought resista~t 

than the pine, and the nitrogen which it supplies will leach 

down to the less resistant red pine at the spoil bases (Shanks 

1970) • 

Grading and leve11ing of the spoils i~ generally prohibitive 

in cost and 50 was confined to roadside spoils for aesthetic 

purposes (Meadows 1967). Bulldozing has been found to reduce a 

~ulching effect of shale and 50 proved detrimental to 

revegetation during drought (Smith 1968). Further, the 

disturbance of the spoils a1so leads to the exposure of soi1 

concentrated with sulphuric acid and causes compact ion (Rowan 
\ 

1969) • 

Replacing topsoil is inefficient not only because of its 

poor original quality but also because the topsoil has a high 

clay content and when dried hardens to form a crusty surface 

which is difficult to pierce when planting (Nightingale 1972a). 

Of the 4 858 ha disturbed since 1887 the DNR had reforested 

1 307 ha by 1978 (Logan 1978). With the purçhase of the 8200 

dragline in 1979, sorne of the older site management policies 

were changed to suit nev conditions. New spoils must be graded 

to an average slope of 20 degrees directly following 

disturbance, with planting occurring after a 2-3 year period 

(Logan 1982, N.B.Coel 1982, Shaw 1982). 



'" Il 

1.3 Revegetation plans 

The DNR will plant red pine supplemented with jack pine on 

most of the graded spoils (Logan 1982). This species choice was .. 
based on the good survival rate of both trees and the aesthetic 

'advantages of the red pinea Legumes will be planted on high 

erosion areas such as stream and and pond banks (MacLaggan 

1984) . The ~ack locust will not be used as a revegetation 

spec ies because of its thorns, poor economic value and the fear 

that it rnight bec orne a pest species (Logan 1982). 

N.B.Coal is interested in establishing a 40 ha commercial 

Christmas tree plantation using jack pinea They are also 

involved in a' joint project with New Brunswick Power Ltd~, 

constructing g~eenhouses which will be ,heated by warm plant 

waste water from the Grand Lake Thermal Generating Station and 

will be used for nursery stock for reclamation or agricultural 

produce for local markets. N.B.Coa! will also continue to 

support the stocking of surface mine ponds which are used for 

sport fishing, and will update mapped information on the past 

and future reclamation to comply with governmental regulations 

(N.B.Coal 1982, Shaw 1982). 

1.4 Trees vs. grasses as revegetation species 

Current methods of reclamation have led to the establishment 

of a limited number of favoured plant species and the prospect 

of ecosystems of low diversity and thus restricted land use and 

wildlife habitat potential (Roberts et . al. 1981 ). The 

'\. 
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preference for grass species expressed by many as a means of 

quick, easy coverage (Vogel and Berg 1968, Ruffner and Steiner 

1973), leaves areas of limited use. Tree species, may not 

reduce arosion as quickly as grasses (Bradshaw and Chadwick 

1980) but require less fertile soils and help to reduce the 

extremely high temperatures associated with dark shale coal mine 

spoils which inhibit the establishment of iDcoming successional 

species (Riley 1957). (Riley found that often a difference of 

20· C existed, between shade and open ground). Furthermore, 

their ability 

rooting depth 

to withstand drought 

(Ashby et al. 1978). 

is stronger due to greater 

Introduced grass species 

may discourage the influx of naturai ground cover since most of 

the early successional herbaceous species colonize open spaces 

(Cornwell 1971). 

Ashby et al.(1978) pointed out that trees help reduce dust 

from mining and reduce both wind erosion and water erosion. 

However, tree species introduced to the spoi1s vary not only in 

survival but in their ibility to improve conditions suitable for 

the establishment of associated vegetation within a reasonable 

time periode 

1.5 Black locust as a revegetation species 

Nitrogen has been shown to be the major nutrient lacking in 

coal mine spoils (Cornwell and Stone 1968, Hays and Bengston 

1978, Rivard and Smith 1978, Jeffries et al. 1981, Bloomfield et 

al. 1982, Bradshaw 1983). The nitrogen-fixing bacteria 

) 

---- ------ --------- ------- -- - - --- ---
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associated with the nodules on the black locust roots increase 

,he nitrogen content of the soil in which the tree grows 

(Chapman 1935, Ike and Stone 1958). Further, the deposition and 

decomposition of the large annual 1itter layer increases soil 

'" calcium, magnesium, potassium, nitrates and pH (Garman and 
• 

Merkle 1938). 

The rapid decemposition of the litter releases nitrates 

which are readily available to other plants (Auten 1945), with 

this high annual turnover being principally responsib1e for the 

effects on associated vegetation (Ike and Stone 1958, Fowells 

1975, Carpenter and Eigel 1979). Similarily, Streo and Jencks 

(1982) found a rapid accumulation in the annual rate of nitrogen 

as weIl as improved mlcrobial activity beneath black locust on 

minespoils in West virginia. The positive effect to growth of 

other plant species grown in proximity to the black locust has 

been noted frequently {Mclntyre and Jeffries 1932, Chapman 1935, 

Auten 1945, Ike and Stone 1958, Ashby and Baker 1968),",-.--H.~nce, 

planting black locust i 5 synonomous with a continuous, 

inexpensive nitrogen ferti1ization program. 

Extensive planting of the leguminous tree species black 

locust nas occurred in the Eastern United States (Miles et al. 

1973, vogel and Berg 1973, Bennett et al. 1978, Plass 1978, 

Carpenter and Bigel 1979, Jencks et al. 1982), on sites 

comparable to those at Minto. Attributes of this species, other 

than ni~rogen fixing, which are beneficial to recla~ation 

include its ability to grow rapidly, to survive within a pH 
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range of 4.6 to 8.2, to adapt to a large range of conditions 

such as dry, and in fert i le sÎ'tes, and to sprout prol i f ically 
\ 

through vegetative reproduction, (DenUyl 1962, Vogel and Berg 
1 

1973, Lowe 1979, Jencks et al. 1982). It is also beneficial in 

creating suitable wildlife habitats on coal mrne spoils. Riley 

(1957) found that of six hardwood species surveyed on Ohio spoil 

banks, black locust proved superior, providing a closed canopy 

within ~'yeaF~ (at 1.8 x 1.8 m spacing) and shelter during the 

spring and summer months. 

Black locust can be used commercially if the stands are 

healthy, however because of disease and insect problems it often 

remains an unmarketable, product (Bennett et al. 1978). Hea1 thy 

stands reach heights of 8 to 12 metera and pecause of rapid 

growth, form crown closure and cover at an early age. This 

enables the locust to over top other species which, without 

release, may die. 

The main disease prevalent amongst the locust on the Minto 

coal spoils is nectria canker (Nectria cinnabarina Tode) 

(Nightingale 1973), which causes dieback of the main stem and 

heavy sprouting, which in conjunction with the long thorns of 
. 

the,locust, creates impenetrab1e thickets. 'Here, nectria canker 

can be beneficial since dieback reduces competitive exclusion 

for associated species in the mixed stands of the Minto spoils. 
'\ 

Black locust is vf!ry into1erant to shade and if p1anted wi th 

herbaceous species, may not survive (Fowells 1975). However, 

Vogel and Berg (1973) showed good success when black locust were 

1 ., 
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15 
-seeded with slower developing vegetation, or speëies, that grew 

in late spring and summer. 

The black locust introduced to the Minto coal spoiis were 

imported from Ho11and and the Mid-central United States. (5sing 

a closer source, the Appa1achian Mountains, could mean greater 

seedling sUfviva~). The best survival , rates were achieved by 

piant ing in the spring as bare root stock at 2.7 x 2.7 m 

Sorne selectivt fertilizer trials vere attempted vith 

phosphorus and potassium (2:1 ratio at 2 oz. per tree ). 

spacing. 

Results were good but only lasted two years !ollowing which a 

reapplication would have been necessary (Smith 1970). 

Thus, the advantages of using blac k Iocust as arec 1amat ion 

species are: they improve soil conditions, do not r,equire 
,,~ 

regular maintenance assoc iated wi th legumes and are a sel f 

sustaining plant community. 

1.6 Red pine as a revegetation species 

The commercial viabi1ity of the red pine as weIl as its 

iii ability to survi've on acidic,sandy soiJs have made it a common 

revegetation species on coal mine spoils (Aharrah and Hartman 

1973, Bennett et al. 1978, Logan 1982) • Further, it i5-

indigenous to the area and therefore easily obtained and 

ace.l imat ized to the regional conditions. However, survival of 

seedlings is often hindered by the high temperatures and winds 

associated with spoi1 tops (Nightingale 1972a, MEC 1978) and to 
• 

achieve good growth on the nutrient poor spoils requires the 

1 . ! 

1 

1 
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regular applicat ion of fert i l izer or the presence of leguminous 

spec ies (McDonald 1979, Logan 1982). 

Trials on the Minto spoils showed the need for 

fert il ha t ion. Following a ten year period pines which were 

fertilized reached heights of 0.9 to 3.7 m whereas those which 

were not were only 0.3 to 0.9 m high (Abbott 1976). Alban 
" 

(1982) showed that soil under red pine plantations were slow to 

accumulate nutr ients, espec ially ni trogen and phosphorus. 

The amount of litter deposited annually by red pine is both 

meagre aod low in fertility (Auten 1945, Alban 1982), and 

decomposi t ion ret urns less than one thi rd of the annual uptake 

of nutrients to the soil (Fowells 1975). The slow rate in 

accumulat ion of the li tter layer was related to the number of 

seasons that the needles remain on the branches, which in the 

case of the r~d pine i s four (Mergen and Malcolm 1955). 

The red pine is intolerant to shade and can be overshadowed 

and rep1aced by associated vegetation if growth rates are slow. 

Lambert et al. (1972) showed that red pine increased vertical 

growth' rate by 13 percent when weeds were removed f rom a young 

plantation. 

This species does not produce a self sustaining community on 

mine spoils because not only is cone product ion rare (Aharrah 

and Hartman 1973) but emergence and sund val of seedl ings 

unlikely. Seed trials on spoil piles showed poor survival rates 

due in part to soil crusting a'nd soil texture (Plass ' 1974). 

Conover (1953), in studying the effects of competition on red 

1 
1 

1 
1 
J 
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and whi te pines deternfined tha t the regeneration of red pine was 

hampered by compet i tion of brush and the presence of a heavy 

overstory. 

Al though the red pine may endure site condi tions and improve , 

the physical soi 1 structure (Auten 1945) cont i nuaI ma intenance 
.,,-

is required', if commercial yields are to be achieved. It is slow 

to improve soil nutrient availability as shawn by wilde (1964) 

who found that pine plantations younger than 20 years maintained 

Most of, the soil characteristics present at the time of planting 

and only after 35 years were soil deficiencies corrected. For 

coal mine spoils this could be a limi t ing factor to rapid 

natural development and colonization. 

1.7 TheSis Rationale 

This thesis studies edaphic parameters and ground cover on 

selected sites at Minto. The results are used to describe 

successional models (Section 5.0 ) and management alternatives 

(Section 6.0) useful for future recla'Ç1ation. The interaction of 

soil and ground cover can provide a cross-reference for si te 

differences. Soil parameters such as nutrient levels and pH may 
, 

indica te si te condi t ions and May pa rt ia11y expIa in the presence 

or abundance of ground cover; ground caver spec ies can be used 

as partial indicators of site conditions such as soil moisture 

and nutrient levels as weIl as the success of habi tat 

amelioration (Bradshaw and Chadwick 1980, Bradshaw 1983). 

Moreover, the greater the species diversity the higher the 
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probability of the site being self-sustaining and able to 

support wildlife (Vogel and Curtis 1978). 

Threè different management options (henceforth called 

'treatments') were chosen for study: 1) red pine, because i t is 

the preferred tree species for the Minto area, 2) black locust, 

because it is leguminous and hence a natural source of N 

fert i li zer, can survive on the spoi l overburden and has been 

used extensively in the United States, and 3) a control which 

was le'fJ to recolonize naturally 

comparis~.lor the other two species. 

and therefore provided a 

Given that red pi ne i s the preferred species for 

revegetation, the following questions are considered: 

l)if planted without fertilizer and regular site 

maintenance, is the red pine a successful 

reclamation species in terms of providing 

ground cover an'd improved soi l condi t ions; 

2)if the red pine is not a successful reclamation species 

are there measures which can be taken to improve 

conditions in an economic manner. 

However, the foci of this thesis are the linked processes of 

the establi"Shment of vegetation and the creation of 'soil' from 

spoi 1 ma terial . 

J 

L 
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2.0 Site Selection and Methods 
( 

2.1 Site selection 

Study sites were chosen for maximal inherent similarity in 

genesis, surface material and age of revegetation tree species 
. 

(Table 2). Two discrete sites were selected from each 

management treatment for detailed evaluation (Fig. 2). 

Table 2. Age of black locust, red pine and control 

sites. 

No. years since 

Site Age of vegetation creation of spoil 

1 and 2 11 years - 15 

( Black locust) 

3 and 4 13 years -15 

(Red pine) 

5 and 6 -12 years -17 

(Control) (aged by tree core samples) 

2.2 Site description 

AlI sites se1ected had gently ro11ing, para1le1 slopes. 

Site 1 (black locust) and site 6 (contrpl) contained the 

steepest slopes averagiilg 30 degrees. Ridges in black locust 

and control areas ran in an east west direction vhile in red 

pine areas they ran in a north-east south-west pattern. 

( 
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Pig. 2. Study site locations of red p~e, 
black locust and control ait ••• 
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There vas naturai vegetation vi th i n 600 m of each s'i te. 

Si tes 2,3 5 and 6 contained ponds. None of the si tes vas 

levelled or fertilized in the preliminary preparation for 

revegeta t i on. 

2.3 Sampling techniques 

Site size varied according to the number of h~ctares 

planted for each species <'I:able 3), with the resu1t that the 

larger sites were sampled less intensive1y per unit area than 

the smaller sites. A simple closed traverse was used to set up 

the bounda ries for each si te which vere then part i t ioned by a 

dot grid pattern ~t the spacing indicated in Table 3. Buffer 

zones of 9 percent and 1 percent for the Iarger and smaller 

each of the si tes to \ plots respective1y were estab1ished.around 

reduce the edge effect. Tventy points vere randomly se1ected 

from the dots resulting in a total of 40 points for each 

treatment and 120 points for the study. Soil cores, 15 cm deep 

by 10 cm w ide vere extracted and bagged for analysi s. Posi t ion 

on the slope and aspect vere a1so recorded. AlI sampling vas 

done within a two veek period from July 31 to August 11, 1982. 

At each sampling point a 1m2 grid was used to study herbaceous 

species occurrence, diversity and frequency; frequency vas 

determined by noting those species appearing directly under grid 

points which vere at 20 x 20 cm spacing. 

_1-- : 
1 
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TABLE 3. Site dimensions including butter zones 
for aIl sites of black locust. red pine 
and control. 

........ 

Species Site Dimensions Grid spacing % No. points sampled 
________________________________ ~_~ ______ (n~20) 

Black locust l 225 x 250m 25 X· 25m 31 

2 150 x 200m 12.5 x 12.Sm 28 

Red pine 3 150 x 200m 12.5 x l2.5m 28 

4 225 x 250m 25 x 25m 31 

Control 5 150 X lS0m 12.5 x 12.5m 28 

6 150 x 150m 12.5 x l2.5m 28 

~ 
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2.4 Laboratory analyses 
-

Soil cores were air dried and passed through a 2 mm sieve. 

The following analyses were then performed on subsamples: 

l )Part icle size di stribution was determined by the 

Pipet\e method and converted to soil texture 

(Day lr65). 

2)Organic matter was determined by weight 108S after oven 

drying ,for 24 hours at lOStC and igniting at 850 tC 

for one-half hour. A value of 2% was subtracted 

from results to account for water 105S during 

ignition. (BalI 1964). 

3)A 1:1 ratio of soil/water paste was used for pH 

analysis (Peech 1965). 

4 )Exchangeable Ca, Mg, R, Na and H were extracted with 

neut ral IN ammon i um acetate, the bases be ing determi ned 

by atomic absorpt ion spectrophotometry and H by pH 

change (Chapman 1965). 

5 )Ava i ljlble P was extracted vi th a NH4F-HCl solut ion and 

determined by the ammonium molybdate-ascorbic acid 

method (Olsen and Dean 1965, Hesse 1971). 

AlI soil analyses vere duplicated and where discrepancies 

appeared, anal'yses vere repeated. Results appear as the means 

of the duplicates. 

Becau~e planting black locust is equivalent to nitrogen 

fertili zation 1 it was fel t that chemical analysi s of N would be 

redundant sinee neither the re~ pine nor the control had 
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received this treatment, and would consequently be lower in 

avai1able N. Thus, emphasis was p1aced on the ability of each 

of the three treatments to affect soil, ground coyer and 

microclimate. However, the avai1ability of N is considered in 

the di scussion of the resu1 t s. 

2.5 Ground coyer analysis 

All he rbaceous species f rom w i thin the 1 m2 quadra t 5 were 
, 

removed, bagged and subsequently identified. 

Species diversity was calculated using the Shannon-Weiner 

diversity index (Remmert 1980, Ricklefs 1980, Farmer et al. 

1982), such that: 

H'= 

-2: No. plants for individual spp. log No. plants for individual spp. 

Total No. plants Total No. plants 

Percent relative frequency was calculated by the formula: 

F= Freguency of a species x 100 

Sum of frequency values for all species 

(Curtis and Mclntosh 1950, Rershaw 1973) where frequency was 

determined for each site and for each species. The selection of 

these formulae was based on the need for a common measure of 

species diversity and frequency 50 that results could be 

compared vith studies reviewed in the literature. Percent 

, " 
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ground cover was determined by the number of segments in the 1 m2 

grid which contained vegetation, where: % C = x/25 x 100. 

Allowances were made for semi-vegetated segments. 

2.7 Statistical Analysis 

Normal distribution was determined using the Shapiro-Wilk 

statistic 'w' (data were similar to a normal distribution). . 
Analysis of variance (ANOVA) was done on the soil laboratory 

results and the percent ground cover. The Duncan Multiple Range 

test (Alpha "" 0.05) was used to establish significantly 

different means among sites and between species. A correlation 

matrix and stepwise regression were used to determine any 

relationship existing between the soil parameters and ground 

cover. 
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3.0 Resul ts 

3.1 Results by 

The spa i ls beneath treatments of blac k locust, red pine, and 

control sites ranged from strongly acidic (pH 3.0) to neutral 

(7.4 pH). The soil texture was predominantly Ioam although 

clay ranged from 13 ta 46 %, silt ranged from 16 ta 59 %, and 

sand ranged f rom 12 to 65 %. 

Available phosphorus ranged from 63 to 400 ppm while 

exchangeable bases of potassium, sodium, magnesium, and calcium 

ranged from 0.10 to 0.45, 0.13 to 0.21, 0.10 ta 2.78, and 0.05 

to 10.75 m.e./lOOg respectively. 

Ground cover ranged from 0 ta 100 %, whi1e litter depth 

ranged from 0 to 4 cm. 

Analys i 5 of va dance gave the f ollow i ng resu1ts (Table- 4): 

pH was significantly higher (P < 0.05}' on black locust and 

red pine than on the control but there was no significant 

difference in percent organic matter between the three 

treatments at P< 0.05. 

Sail texture contained significantly more (P<O.OS) silt and 

significantly less sand (P<O.05) on black locust and red pine 

than on the eont roI; there was no s Îgnif icant di fference in the 

percen t clay between the three trea tments. 

Available phosphorus was significantly higher (P < 0.05) on 

the black locust treatment than on e i ther red pine or control 
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VARIABLE 

pH 

Organic ma tter (%) 

Soil texture (%) 
Clay 
Silt 
Sand 

Availab1e P (ppm) 
Exchangeable bases 

(me/100 9 sail) 
K 
Na 

Mg 
Ca 

Base saturation (%) 
CEe (me/lOO g soil) 

Ground caver (%) 
Li tter layer (cm) 

,1 '" 

.,.,....... 
ç 

~BLE 4. Treatment means and standard errors for 
soil parameters and ground cover for 
black locust, red pine and control 

TREATMENT 

Black locus t ln=40} Red pine [n=401 Control (n=411 

5 0 tO.t2 
• a 

5 2 tO,22 
• • 

22 6 t .... 
• • 

41 0 to.tS 
• a 37.0 ±1.1I b 

250.0 tt.13. 

~ tO.01 a 
0.24±I.D02. 
0.16 tO.10 a 
1.37 +0 .• 5 a 
5.21 -

t1.12 a 
88.7 tOA9 a 

7.6 

t5.59 a 
65.0 tO.26 a 

1.3 

5 2 :tO.12 
• a 

4.7 tO.U a 

22 9 tO.07 
• • 

43 0 :tD.tt • • 
34.0 tD.1' b 

187.5 tl.02 b 

0.19 tD.D1 
0.15 :! 0.101 : 

1.18 :1:0.01 1 

5.34 tO.~t 

94 4 :l2.27 
7" 0 tO.~31 

• • 
:!:3.6t b 

13.1 ±O.OS b 
0.08 

a 

4.5 i:O.10 b 

4 B tO.23 • a 

fO.07. 
23.2 tO.1G

b 
34.0 tO.tl 1 
43.0 

200 OU1.31 • b 

tO.IIS b 
0.18 tO.001'e 

0.14 tG.11 b 
0.89 tO.S3 b 
3.07 

!3.53 b 
73.1 :!O.59 b 
4.9 

!2.5' b 
5 • 9 te.10 b 
0.18 

N.B. values with the sarne letter are not significantly different at a~0.05 

N 
..... 
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as was sodium; ~odium was significantl'y higher (P<O.05) on the 

red pine trea tment than on the control. 

Both black locust and red pine contained significantly mor'e 

(P< 0.05) calc i um and magnesium than the con trol. 

Base ~ saturation and cation exchange 'capacity were 

significantly greater (P<O.05) on the black locust and red pine 

treatments than on the control treatment. 
" 

• Ground cover and li t ter layer depth we re 5 igni f icantly (P< 

O. 05) greater on the black locust treatment than on ei ther the 

,red pine or con trol t reatments. 

Spec i es di versi ty and f requency (Table 5) were greater on 

the black' locust treatment than on "-the other two treatments. 

Frequency of shrubs was grea test on the cont roI decreas ing f rom 

red pine to black locust. Ai though young seedlings of the 

invading pioneer species were present on both the control and 

black locust treatments, there were none wi thin the l m2 quadrat 

on the red pi ne. Grass and. sedge spec ies present on the blac k 

locust decreased in frequency from red pi ne to control so that 

the latter was devoid of these vegetation types. 

Correlation matrices suggested no signif icant relationships 

(P<O~05) between ground cover and soil characteristics. 

\ 

1 

1, 
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TABLE 5. Diversity and percent relative frequency of 
species found beneath the three treabnents 
of black locust, red pine and control. 

• 
H' --I: Pi I? Pi 

i-1 

Speéies 

Carex umbella ta 
C. cumulatuS' 
C. debilis 
Danthonia spica ta 
Poa compressa 
P. palustris 

Anaphalis margaritacea 
Aralia hispida 
As uer la teriflorus 
A. umbellatus. 
Comptonia peregrina 
Cornus canadensis 
D±ervilla lonicera -Epilobium watsonii 
Equ~situm arvense 
Hieracium aurantacium 
H. kalmii 
H .. pilosella 
Pyrola ~lliptica 
R~bus allegheniensis 
R. setos)Js 
Senecio viscos us 
Solidago graminifolia 
Spirea la tifolia Î' 1-

Trifolium spp. 

'Betula papyrifera 
Populus tremuloides 
Prunus pennsylvanica 
Robinia pseudoacacia 
Salix discolor 

H' 

Black 
locust 

0.59 
0.29 
1.19 
0.29 
2.99 
5.37 

2.39 
1.49 
7.46 
1.79 
1.79 

.0.59 

12.84 
2.99 

Il.04 
5.67 
2.09 
9.85 . 
2.08 
9.25 
7.16 

0.29 
1.46 
0.29 

11.34 

') 

2.35 

% F • 
F ()() 

E F(X) 

% F 
Red 
pine 

9.86 

2.82 

26.76 ' 
4.20 

4.20 
4.22 
4.20 

21.12 
2.82 

5.60 

Il.26 

1.25 

x 100 

ContX'ol 

18.42 

15.78 

5.26 

31.56 
-7.89 
15.-78 

21.;05 

0.76 

n.b. aIl tree apeeies listed here appeared as aeedling •• 

\ 
/ 

, , . 

, , , 

f 
, \ 

1 

1 , 
i 
Î 

- , ~~ -~.~----_._-----~------------------------
r ' 

~-------------~------------~----



, .. ( 

'C 

4.0 Discussion 

..1 Edaphic features 

4.1.1 Nutrient availability 

, 
\ 

30 

Surface mater ials' resul t ing from str ip min in~ are dissimi lar 

to the former soils of ~he area and are assumed to be 

heterogenous in nature because of the mixing of the various 

layets of substrate (Cornwell 1971, Plass and Vogel 1973, 

Johnson et al. 1982). 

Native undisturbed soils in the Mi nto area 
. 

revealed pH 

values of 4.4 (Stobbe 1940) vhich vere lover than those of the 

three treatments. 
. \ 

Heterogeneity, as expected, vas evident within treatments, 

but was limited to nutrient availability and proportion of sand 

(red pine) and silt (black locust). The control sites had the 

greatest amount of variation in soil parameters although this 

had no effect on the percent ground cover. 

Betveen treatment variability of nutrients vas shown by the 

higher amounts of available phosphorus and exchangeable 

potassium and sodium found beneath the black locust. Further, 

black locust and red pine vere consistently higher in 

exchangeable calcium, magnesium as weIl as base saturation and 

cation exchange capacity when compared to the control. This il 
" 

probably due- to the large number of control samples whiéh,were 

devoid of any vegetation and empMsizes the need for 

• 

, .. , 
, 
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revegetating spoil material. 

Although available nitrogen was not analysed, the high 

correlation between black locust and the presence of nitrogen in 

soils has been constantly documerted as previously shown. On 

minespoils , in southern Illinois, black locust soil was 

inherently richer in nitrogen than soils beneath shortleaf pines 

(Ashby and B~ker 1968). Total nitrogen in We~t Virginia mine 
il 

soils beneath black locust plantations was comparable to and 

sometimes greater than surrounding native soils and Jencks et 

al. (1982) felt it to be sufficient to permit invasion by other 

vegetation to an over burden otherwise devoid of nitrogen. 

Elsewhere, Carpenter and Eigel (1979) found that soil nutrient 

accumulation did not vary between the species on minespoils~n 

Kentucky excepting nitrogen which was significant1y higher under 

black locust as compared to cottonwood and Virginia pine. Hence 

it was assumed that nitrogen was more abundant under the black 

locust than under the other treatments. t 

The high annua1 turnover of nitrogen beneath black 10cust 

due to the rapid decomposition of its leaf litter found by Auten 

(l9'~) could be applied to the high amounts of leaf li tter found 

beneath the black locust treatment on the Minto spoil~. In this 

study depths of up to 4 cm of leaf litte~ were often observed 
~ . 

beneath the locust as compared to the meagre scattering of pine 

needles on the red pine sites. In fact, the majority of the 

leaf litter available beneath the pines was from the aspen, 

birch and cperry successional tree species. since the leaf 
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litter vas not included in the determination of organic 

matter/organic carbon, values obtained were not sign i ficantly 

different betveen the three treatments. The lov values obtained 

are usually associated with lov nitrogen availability (Brady 

1974), but are only pertinent to the soil analysis. Since the 

decomposition of locust litter is the main source of plant 

available nitrogen (Ike and Stone 1958), there should be no 

deficiency of nitrogen beneath the black locust plots. This 

vould not be the case vith the other species. The lov nitrogen 

(

content associated wi th pine needles as 

amount~ of litter found on both the red pine 

\ould result in poor nitrogen return through 

of that leaf litter. 

weIl as the trace 

and control sites 

t~e ~ecomposition 

Soil acidity, vhich is 50 often a hindering factor to plant 

9rovth on coai mine spoiis (Croxton 1928) had no significant 

effect on the presence of ground ~over on any of the treatments. 

Comparisons vith other studies reveaied sorne differences 

betveen soil parameters (Table 6). 

The black 10custJtreatment was slightly higher in available 

potassium, exchangeable magnesium and calcium than spoils 

beneath the seven and ten year old jack pine plantations studied 

by Rivard and Smith (1978). Available phosphorus was much 

higher under aIl treatments in this study than results obtained 

by either Abbott (1976) or Rivard and Smith (1978) on 

unferti1ized sites at Minto. This may be partially due to the 

a9ing of the sites but 15 more likely due to the extracting ~ 

.... _---------- ---
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Soil 
~rameter 

pH 

organic matter % 
Organic carbon % 

Soi1 texture % 
clay 
Silt 
Sand 

Avai1ab1e P (ppm) 

Exchangeable bases 
(me/100g Boil) 

K 
~ 
Mg 
Ca 
Base saturation % 
CEe (me/100g Boil) 

Age , , 

• ~ "'''V, ~~lO>~ ... ...-

... 

TABLE 6. A comparison of the three treatments with 
other coa1 mine spoi1 sites using soi1 
parameters. 

1 

5.0 

5.2 
1.4, 

22.6 
41.0 
37.0 

250 

0.24 
0.16 
1.37 
S.21 

88.7 
7.6 

Il 

II 

5.2 

4.7 
1.3 

22.9 
43.0 
34.0 

188 

0.19 
0.15 
1.18 
5.34 

94.4 
7.0 

13 

Site 
III 

4.5 

4.8 
1.3 

23.2 
34.0 
43.0 

200 

0.18 
0.14 
0.89 
3.07 

73.1 
4.9 

12 

IV 

4.7 

N.A. 
N.A. 

N.A. 
N .A. 
N.A. 

139 

0.19 
N.A. 
1.25 
4.72 
N.A. 
N.A. 

7&9 

v 

4.8 

N.A. 
N.A. 

N .A. 
N.A. 
N .A. 

trace 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
9.6 

N.A. 

VI 

5.5 

N .A. 
0.7 

34.6 
53.0 
12.4 

N .A. 

N.A. 

0.89 
5.64 

12 .. 74 
N.A. 
N.A 0 

2 

"" 

VII 

2.9 

N.A. 
N.A. 

N.A. 
N.A. 
-N.A. 

N.A. 

0.4 
N.A. 
0.3 
3.2 
125 
3.4 

new 

1- black locust (Minto, 1982) 
11- red pine (Minto, 1982) 

111- control (Minto, 1982) 

IV == Rivard and Smith (Minto, 1978) 
V == Abbott (Minto, 1977) 

VII == Czapowskyj 

VI- Indorante and Jansen (Ohio, 1981) ) 

\ . , ,-

(1973) 
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solution used in the chemical analysis. The method employed in 

thi s st udy, based on Olsen and Dean (1965), using carbon blac k 

as an organic matter deco1orizer, has been shown to be 

satisfactory for P determination (Berg 1973, 1978). Although 

Abbott (1976) does not cite the method for his P determination; 

Rivard and Smith (1978) used the Truog method of determination 

which may have given slightly lower results than the method used 

here. 

Studies in the United States were dissimilar due either to 

the age of the spoil material and/or the varying composition of 

the overburden. The spoi1s analysed by Czapowskyj (1973) were 

very new and thus strong1y acidic, the low pH prohibiting the 

release of plant available nutrients and thus producing the low 

values seen in Table 6. On the other hand, soil texture and a 

higher pH appeared to improve the nutrient availability in the' 

silty clay loam spoils studied by Indorante and Jansen (1981) in 

Ohio. Since clay provides a greater effective surface area and 

number of possible exchange sites than sandy soil thereby 

increasing the adsorption aAd retention of nutrients (Brady 

1974), this may explain the higher overa11 available bases on 

that site. Some authors (Indorante and Jansen 1981) have shown 

a considerably higher concentration of available nutrients in 

mine spoils as compared with local forest soils. However l'. this 

may be due to the nutrient removal by plants growing in the 

forest soils rather than particularly fertile minespoils. It 
1 

should be noted that standard nutrient requirements for red pine 

• l.. 

---------------------,---------_._----
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and trembling aspen survival were comparable to levels found on 

~ the spoils (Table 7). 

Development of vegetation on the spoils was probably 

affected by the presence/absence of available nitrogen, but 

other factors such as physical and microclimate conditions can 

influence plant establishment. Once established, they in turn, 

affect edaphic and microclimate conditions 

4.1.2 Physical and microclimate factors 

The loose shale conditions encountered on the control have 

been shown to prohibit plant establishment elsewhere. Bramble 

and Ashley (1955) found that banks having loose shale slopes may 

achieve only 15 percent coverage over a period of 30 years. 

Bramble (1952) noted that the crust formed by loose sha1e may 

serve to reduce runoff and evaporation from underlying layers 

hence conserving moisture but will also serve as a barrier to 

natural reseeding of herbaceous species. The fact that the 

aspen, birch and cherry association vas able to co10nize first 

vas probably due to the seeds' ability to sift through the 

surface layers and then spread vegetatively. The soil texture 

on the control sites vas close to the optimum range required for 

aspen. Stoeckler (1948) found that a silt plus clay content of 

around 50 to 55 percent improved productivity of quaking aspen. 

Bramb1e (1952) and Abbott (1976) describe a mu1ching effect 

which is caus~d by loose shale surface conditions. This vas 

noticeable on the control plots vhere soil vas moist despite the 

,J 
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Table 7. Nutrient requirements for red pine 
and quaking aspen 

Red Pine 
l 2 

pH 5.3 6.3 

Organic matter % 4.68 ' 3.9 

Avai1ab1e P (ppm) N.A. 

Exchangeablè bas~s 
(me!lOOg soi1) 

Ca 3.2 
Mg 0.9 

C.E.C. (me/100g soil) 8.3 
sas. saturation % 52.0 

Red Pine 
1 - Wilde (1938) for Wi.consin, Michigan 

Minnesota, Ohio 
2 • Leaf and Keller (1956) for wisconsin 
3 - Wilde (1966) for wisconsin 

114 

4.24 
1.26 

9.8 
N.A 

Aspen 
3 4 

5.2-6.5 4.7 

1.3 0.96 

N.A. 6.0 (H 1ayer-184) 

0.8, 0.6 
0.2 0.28 

3.5 3.2 
\\ N.A. N.A • 

Aspen 
4= Stoeck1er (1948) for 

Wisconsin and Minnesota 

w 
0'1 
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high temperatures and greater evaporation rates associated with 

barren spoils (Smith 1968). However, the crust was effective in 

discouraging vegetation as was the lack of protection from high 

surface winds and temperatures. 

In sorne areas of tpe red pine sites where the crust was 

lacking, soil moisture was observed to be low. The open areas 

were likely subject to high winds and temperatures and the 

resultant 1055 of moisture through high evaporation. Herbaceous 

species had established deep root systems (in comparison to the 

black locust sites) and were located in hollows or at the bases 

of the spoil piles where moisture and leaf litter were more 

likely to collect. A lack of suitable soil medium was a150 a 

hindrance to plant establishment on some sites on the black 

locust plots where most barren areas were typified by 

unweathered shale below the surface few centimeters or sandstone 

outcroppings~ Here again it is possible to see the benefits of 

planting to improve spoil conditions; spoil on the locust and 

pine sites contained less coarse material than the control 

suggesting advanced weathering of the spoil. 

4.2 Ground coyer 

The most significant distinguishing feature among the three 

treatments vas the amount of ground cover present: black locust 

supported the ,greatest number and density of species, with red 

pine and the control plots having considerably fever. (See Fig. 

3 - 5). Many of the species found are <reported in other studies 

I .... _____________ .. ~- - .... 
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Black locuat site 2 

Fig. 3. B1acltolocuat 
sit •• '1 & 2 

------------------

COLOURED PICTURES 
t Images en couleur 
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Red pine site 4 

Fig. 4. Red pine 
sites 3 & 4 

" COLOURED PICTURES 
Images en couleur 
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Control site 5' 

Control site 6 

Fig. 5. Control sites 5 & 6 
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of the Minto spoils. Nightingale (1972b) studied the natural 

succession occurring ,around surface mine ponds, listing 

terrestrial ground coyer such as Hieracium spp. (hawkweeds), 

Comptonia peregrina (sweetfern) , Epilobium angust i fol i um 

(firewéed), Solidago spp. (goldenrod), Aster spp. (asters) , 

Eguisitem arvense (horsetail), Senecio spp. (groundsel), and 

Aralia spp. (sarsaparillas). Abbott (1976) included a list of 
~ 

approximately 130 species sighted on old spoils which had 

revegetated naturally. His list of dominants included Hieracium 
/ " 

spp. , Oenothera biennis (evening primrose), Ruhus spp. 

(raspberry, blackberry), Comptonia peregrina, Eguisitem arvense, 

Epilobium angustifolium, and various grasses and sedges. Rivard 

and Smith (1978) recorded the ground cover appearing on jack 

pine plots as f.. peregrina, Hieracium spp. and Aster spp·. 

The dominants beneath the black locust in this study were 

f2! pa1ustris (fowl meadow grass), Hieracium aurantacium (devils'l 

paintbrush) , H. pilosella (mouse-ear hawltweed) , Aster 

1ateriflorus (calico aster), Rubus setosus (red raspberry), 

pyrola elliptica (shinleaf), Solidago graminifolia (goldenrod), 

Spirea lati!olia (meadowsweet), and black locust seedlings. 

Beneath the red pine the dom~nants were Danthonia spikata 

(poverty grass), ~. pilosella, g. setosus, f.. Iperegrina, and 

Trifolium spp. (clover). The control plots, representative of 

natural recolonization, showed that the hardwoods aspen, birch 

and cherry were the first to colonize followed in most cases by 

C. peregrina, a local, early successional species. These and 
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other species found within the 1 m2 grid are listed in Table,8 
.. 

a10ng with their locations and characteristics. 

The dense ground cover noted beneath the locust 1 

particularly on site 2, was comparable to other studies. 

Bramble (1952) and Bramb1e alnd Ashley (1964), showed the locust 

to be an aggressive native pioneer species in Pennsylvania, 

resu1ting in adequate ground cover on spoils ten years and 

older. Similarly, Riley (1957) noted that heavy undergrowth had 

developed after 10 years and by 15 years was very dense. 

Casual observation in the field showed that black Iocus€ had 
; 

a positive effect on the surrounding vegetation. Percent ground 
> 

cover ·and species diversity appeared to decrease with distance 

from the plots. Particularly noticeable was the absence of 

herbaceous and grass species. This effect was not seen on 

either the red pine or control plots. Pine plantations in Ohio 

were found to have little undergrowth probably because crown 

closure was achieved in nine years at 1.2 x 1.2 m. spacing 

(Riley 1957). 

Distribution of ground cover a1s~ varied between treatments. 

Cover on the black locust was fairly uniform except for 

sandstone outcrops which hindered the establishment of 

vegetation because of slower weathering'and un~yitable medium 

for root growth. However colonizing species on red pine and 

control treatments were concentrated at the bases of the spoil 

p~les and in the hollows on the slopes, usually appearing 

beneath the invading aspen, birch and cherry, aIl early 
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Se4g.. • gr ••••• 

Car.x c:uaulatu. 

c. a.bili. 

c. uabtllata 

PoIl cOllpr •••• 

P. palu.tri. 

o.nthoni. .pic.ta 
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TABLB 8. Location and characteristics of species 
found on black locust (B.L.), red pine (R.P.), 

l and control (C.) sites. 

~ f 1 

-'-~-1.ocation -~--~-- Characteristics 

B.L. 

c_ 

B.L. 

B.L •. 

B.L. 

B.L. 

B.L. 
R.P. 

- \ 
-~ 

Open, dry to fairly moist sandy loams 
with low pH, drought resistant, full 
sunlight to light shade, dispersal -
wind. 

Poor, dry to moiet 10ams, also in 'part­
shad. of richer 80i18. 

Dryish, sandy loams, full Bun, drought 
resietant, dispersal- wind & gravit y & 
water. 

Open, sandy or rocky 80ila, but ia 
adaptable to many Boilsr drought resis­
tant, full sunlightr dispersal- wind & 
gravity. 

Dry to wet habitats~ in sandy to rich 
organic soila, partly ahaded wood. to 
open areas. 

. open, dry ,andy/loamy sitea, drought 
reaiatant, full sunlight to light shad. 

",. 
w 

... 
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Herb. " ihruœ Location -- --- characte-riatic"'---

Cornu. canaden.i. 

Hi.racium kalmii 

H. aurentaci .. 

H. pilo.ella ., 
A.ter lateriflorU8 

1. ullbellatu8 

Pyrola .lliptica 

Bpilobium wataonii 

R.P. 

B.L. 

B.L. 
R.P. 

B.L • 
R.P. 

B.L.· 
R.P. 

B.L. 

B.L. 
R.P. 

B.L. 
R.P. 

Dry to moiet sandy loamsf shaded or 
partly shades woods, low pH, high 
organic content. 

Dry, sandy or rocky open areas, full 
sunlight, drought resistant. 

Dry to moillt sandy/gravel and lIandy 
loam soils, full sunlight, drought 
reeietant. 

'~_ Dry, sandy or rocky open areas, full 
aunlight, drought reaiatant, 

Dry to wet sandy loam, organie and 
aphagnum loamf full sunlight to medium 
shade. 

Moiet to wet àandy loame, organie and 
aphagnum soils, full sunlight to"light 
shede. 

Moist to wet leaf covered lIoila, light. 
to medium ahade, low pH. 

Open areas, dry to fairly moillt sandy 
and sandy loam soils. 

/ 

\ 

.. ,. 

~,-... ~ "Ik T ;_ 
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._H'lb! , ,hrub! Loc. tian Characteriitici 

Solidago gra.inifolia B.L. 

s.necio vi.eoaua B.L. 

Anaphali ... rg.ritaee. B.L. 

Bqut.item arven •• R •. P. 

'l'rifolium app. "R.P. 

Diervilla lonieera c. 

Ca.ptoni. per.grina B.L • 
R.P. 

'J c. 
Aralia hi.pida B.L. 

Spire. 1atifoli. B.L. 
C • 

Open, dry ta wet eandy loama, drouqht 
re.iltant, dispersa1~ wind. 

Open eandy or rocky 801la, drought 
reaiatant, dispersal- wind. 

Dry ta moiat sandy and aandy lO8ma, 
full lunlight ta light Ih.de, draught 
r .. i.tant, di_per_al- wind. 
Very aandy aoil., full aunlight, 
dilper •• l- windr 

Open .oile, high pH, .omewhat drought 
relilt.nt, 

Dry ta moiat weIl drained aandy and 
..ndy 108ml, full lunlight ta light 
ahade, drought resietant, di.per.al­
bird. 

Open , dry .andy loame, full sunlight 
N fixing, diepereal- wind & gravity. 

, 
Dry gravel and sandy loa.~, full _un-
liqht, di.perlal- bird. 

Open, fatrly motst sandy 108 •• ' low pH. 

! 

... 
U1 
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* 
Herba & .hruba 

Rubue alleqhenienei. 

R. a.to.u. 

Tree. 

Sali" discolor 

Populus tremuloidee 

Prunus peneylvanica 

&etul. papyrifera \ 
\ 

Location 

B.L. 

B.L. 
R.P. 

c. 

B.L. 
c. 

R.P. 
B.L. 
R.P. 
c. 

B.L. 
R.P. 

\ c. 

~'-... ,~~.r ..,. 

,,-... .. 
~ 

• 

Characteriatica 

Fairly dry 80il., relatively high pH' 
full sunlight to liqht ahade, 
dispersal- birdt 

Damp thicketa and awampy are.a, 
'colonizing .peeies. 

Open moist 80ils with fairly low pH, 
disperaal- wind. ' 

Open mineraI 80i18, not drought 
reliltant, diaperaal- wind. 

Open mineraI soi18' nur.e tre. for 
other luccellionat app., di_perl.l­
bird. 

Open mineral aoila, not very drouqht 
re.i.tant, dispersal- wind, 

':Ji 

~ 
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colonizers of vaste si tes in the ares. 

The combination of aspen, birch 'and cherry as the first 

successional tree species has been noted by other authors. 

Cornwel1 (1971) studied spoil vegetation in Pennsylvania and 

found that the first colonizers were invariably small trees, 

spec i f ically bi rch, aspen and cherry, wi th tradi t,i ona1 fi rst 

colon i zers of lichens and moss occurr ing inf requentl y. Bramble 

(1952) and Bramble and -Ashley (1964) also studying natural 

succession in Pennsylvania reported the pioneer community 

developing on the spoil banks to be an aspen-fire (pin) cherry 

association, which was followed by shrubs and herbaceous 

spec ies. Johnson et al. (1982) noted a simi lar pioneering 

community on mine spoils in Oklahoma in which small trees, woody 

shrubs and vines provided the majority of cover with only a 

sparse scattering of herbaceous species beneath. Paper bi rch, 

trembling aspen and pin cherry have also been noted to colonize 

talus slopes and glacial ti11 resulting from land slides 

herbaceous cover being slow to follow (Flaccus 1959). Other 

authors such as Croxton (1928), who studied natural succession 

in the mid-west, found a much different process in which lichens 

and grass-herb associat ions were the first to colonize the 

spoi1s, tree species oniy occuring on the peripheries. This 

difference was probably due to a disparity in location and spoil 

type. 

Aspen i 5 known to colon i ze waste areas rapidly ei ther by 

vegetative growth or seedi it is a1so intolerant to shade and a 

( 
" 

\ 

, 



( 

( 

48 

rapid grover. Alb~n (1982) showed that nutrient accumulation 

beneath aspen on the forest f loor vas in sorne cases tvo to three 

times higher than that for red pinea Fowells (1975) stated that 

aspen ls a soil improver 1 particu1arly because it redistributes 

nitrogen to the surface 1ayers through its leaf litter. 

However, it is not a leguminous species and does not fix 

nitrogen as i5 the case vith black locusta 

Paper birch i5 another early successiona1 spec ies, a1so 

intolerant to shade, whose reproduction i5 mostly by seed which \. 

can 9row in acidic to calcareous, vell drained sandy loams 

(Fowe11s 1975). lt also restores exchangeable potassium in K 

deficient soils (Hepting 1971). 

Pin cherry, which has a short life span, is known for its 

abili ty to rapidly recolonize disturbed areas, he ing a fast 

9ro"ing pioneer species vith an intolerance to shade (Hosie 

1969, Hepting 1971). Marks and Bormann (1972)' found that pin' 

cherry helped to minimize nutrient losses in disturbed areas 

because of i ts rapid grovth. The high rate of bi~ss 

accumulation meant an increase in nutrient cyc1ing which might 
o 

othervise have been lost through leaching. 

Al though some of these spec ies have a vide range of 

tolerance ta mQi sture regimes such as f2!. compressa· (vire 

grass), which can to1erate high moisture levels (Rapp and Rapp 

1946), ,most species are usually restricted to their optimum 

regime as pointeâ out by Rove (1956). The presence of certain 

herbaceous species indicated that moilture levels vere good on 

* N.B. Descriptions of ground coyer were ta'ken from Scoggan, 1979 
&/or Peterson and McKenny 1968, unless otherwise indicated. 
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selected areas. Aster umbellatus (flat topped white aster), 

Rubus setosus, Solidago graminifolia, ~ palustris, Epilob}um 

angustifolium, pyrola e11iptica and Spirea latifolia aIl require 

medium to high moisture regimes. The shallow root system of 

Fraga ria vi rginiana (st rawber ry) makes i t )ntolerant to drought 
' ....... 

(Weaver and Albertson 1939) and both S. latit'oHa, and Salix 

disco1or (pussy willow) are common moist forest spec~~s ( Rowe 

1956). Othe r ground cover spec ies i ndiea ted dry condi t ions, and 

1 ike compressa and Anapha1is margar i tacea ( pearly 

everla st ing), wh i ch have la rge underground rootstocks, can 

5urvi ve ex tended drought ( Young 1936, Pa rtridge 1941) • 

Eguisitern arvense is a1so deeply rooted (Kurskii 1941) and can 

withstand up to three feet of sUt and sand eovering(Dunk1ee and 

Midgley 1939) making i t an excellent naturaI species for 

" stabal izing slopes subject to erosion. Other dry site 

colonizers included Danthonia spikata, Hieracium canadensis 

(Canada hawkweed), Dierv i11a lonicera (bush honeysuc kIe), and 

Aralia hispida (bristly sarsapari lla ). 

The only species which did appear on aU three treatments 

was Compton ia peregrina which colon izes barren sandy areas and 

fixes atmospheric ni trogen through root nodules (Z iegler and 

Huser 1963). This low woody shrub vas found predominantl}' on 

the control and red pine plots and to a much lesser extent on 

the black locust treatment. The possible values of thi s spec ies 

as a spoil amender have yet to be considered in relation to 

black locust. 

\------------------ "." _. 
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fi ndings of 

not a self 

sustaining species on tpe spoi1s. 

genera1ly begins at 20 ta 25 

Sinee viable seed production 

years (Fowells 1975) and the 

condi t i on of the present spec ies i s generally poor 1 there is 

1 i ttle chance that the red pine will reproduce to form a 

continuing community. Conversely, black loeust sprouts were 

prolific and probably the result of vegetative reproduction 

sinee natural reproduction is 1arge1y by this method (Fowe11s 

1975) . 

S'pecies diversity beneath the three treatments, was 

comparable to other studies (Table 9). Farmer et al. (1982) 

studied the diversity of plants emerging from forest topsoi1 of 

mixed deciduous stands which was placed on mine spoils in 

Tennessee and found that a di verse community developed, well 

w i thin the range for deciduous woodlands in eastern North 

America. Simi lar values vere found by Monk et al. ( 1969) and 

Bazzaz (975) who studied spec ies diversi ty of a strati f ied 

oak-hic kory forest commun i ty and spec ies diversi ty in old field 

success i onal ecosystems respect i vely. 

Diversity tends to increase with age until shade intolerant 

species are excluded by shade toleran t spec ies wh ich have become 

the dominant s. High di versi ty i s therefore mainta ined by 

environmenta1 perturbations such as windfal1s. This was 

noticeable on the black locust treatment where shaded and 

non-shaded areas displayed varied herbaceous species. Open 

L. 
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Table 9. Species diversity beneath the three 
treatments and on three forest soi~s. 

Author ,fi' age 

This atudy 2.35 Il 

Thi. 8tudy 1.25 13 

This study 0.76 12 

Monk et al. (1969) -- 3.45 N.A. 

Elazzaz (1975) 2.0 10 

Farmer et al. (1982) -- 3.16 1 

l' 

Source 

Black locust 

Red pine 

Control 
(as pen-birc h-cherry 

association) 

Oak-hickory 
(Georgia) 

Deciduous 
(illinois) 

Mixed dec iduoos 
(forest topaoil 
on spoil banks) 
(Tennessee) 

VI 
1-' 
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areas on the red pinê and control tended to be generally 

unsuited for plant growth and therefore the contrast was not as 

marked. 

Since the treatment plots were in various stages of 

recolonizing most of the plants were early successional, light 

demanding spec ies as opposed to shade tolerant late succession 

types. For instance, with the development of a tree canopy, 

Anaphalis margaritacea and Spirea latifolia (Flaccus 1959) as 

weIl as Aster spp., Epilobium pngusti folium and Solidago spP. 

(Ehrenreich and Crosby 1960) quickly disappear'- Sorne grass 

species such as Poa compressa and Danthonia spikata are tolerant 

to shade (Watk i ns et al. 1940, Ehrenre ich and Crosby 1960) and 

may increase with a growth of crown cover. However, light 
\ 

tolerance is only part of the successional process, 

physiographic adaptation to poor site conditions being just as 

important as the lack of compet i tion from other less hardy 

spec ies. 

Brenchley and Heintze (1933) noted that colonizat ion by 

Epilobium angustifolium was due to competition rather than the 

ability to withstand acidic conditions and this species quickly 

died out as other vegetation became established. It is also 

capable of vegetative reproduction and tends to allocate most of 

i t s mineraI accumulation to root product ion, thus enabling i t to 

spread to adjacent barren areas (Van Andel and Vera 1977). ~ 

compressa can outcompete Anaphal15 margari tacea because of a 

larger number of indi vidual plants which can grov from one root 
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system as compared to the few individuals supported by A. 

margaritaeea (Young 1936). Further 1 ~. compressa does weIl on 

nitrogen poor soils which have a low organic matter content 

(1. 3%) (Wa t kins et al. 1940). S imilar Iy, Danthon ia spi ka ta has 

been shown to produce the densest growth and greatest yield on 

poor unfertilized sites (Johnstone-Wallace et al. 1942), as have 

Hieracium aurtantacium and H. pi Iosella (Hay and Ouellette 

1959) • However, the presence of these species does not 

necessarily mean that th~ spoils are lacking in plant available 

nutrients, as evidenced by the comparable amounts required for 
, ~ 

optimum growth by both red pine and aspen (Table 7) and lack of 

correlat ion wi th percent ground cover. Further, Van" Andel and 

Nelissen (1979) found that Epilobium angustifolium showed good 

growth pa t terns on soils contai n ing less available cale i um, 

magnesium, sodium and potassium than available on the three 

treatments studied here (Table 10). Thus, herbaeeous species 

vith higher nutrient requirements should be able to survive on 

the spoils. 

It is apparent that many of the indigenous speeies of the 

Minto area are capable of rapid colonizat ion on the spoils 9i ven 

the right conditions of lowered temperatures and wind speeds, 

and the availability of moisture, nutrients and a rooting medium 

New ideas on trial elsewhere involve the use of hardy native 

species adapted to the climate of the a.rea (KUg8 and Hutchison 

1979, Fedkenheuer ànd Heaeock 1979) or plant communities 

o,riginating from topsoil placed on the spoils (Farmer et al. 
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1982, Iv.rson and Wali 198'2). Both of thele .. thods lIIight prove 

uneconollical in the Minto area because of the paor quaI i ty of 

th, for.st soil (MEC 1978) and the time and labour requi red to 

.et up a local seedbank. Thus, it is apparent that black 

locust, as an alternative has tbe abi1ity to speed up the 

process of natural succession both in the per'cent ground cover 

and diversi ty of species far above that of the red pine or 

'untouched control plots. 
1 

Baaed on the reluIts found from analysil of the black 

locust, red pine and control plots, it iB possible to describe 

modela of succession for each of these manageme'nt measures. 

Approximations of the succession on each of the three treatDtents 

provides a description of the natural proce.ses involved in the 

the recolonization of the coal lpoils. 

Tabl. 10. Mean .oil r •• u1t. ~rOlll 17 
plot. o~ EpilobiUID va t.oDnj;i. 

pB 

Bxcblnq .. ~l. be ••• 
( .. /1009 .oil) 

Je 
lia 
ca 
Mg 

3.9 

0.13 
0.38 
2.15 
0.44 

(vanAndel and N.li •• en 1. 97 9) 
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5.0 Models of Succession 

The purpose of the following models of succession is to 

compile the resul ts of this study and to ex tend them into the 

future based on field observat ions and informat ion found in the 

literature. Although they are hypothetical from approximately 

15 years onward, they- are, l feel an accurate representation of 

the processes of succession up to 50 years. 

5.1 Model 1: N,atural recolonization 

Natural succession on untreated spoils is dominated by the 

invasion of birch, cherry, and aspen approximately 5 years after 

the creation of the spoils (Fig. 6). The abi l ity to achieve 

deep rooting not only provides moisture for these tree species 

during drought conditions, but also forms an anchor against high 

.inds. Conversely, the arrivaI of pioneer shrub and herbaceous 

specie,s is hindered by the high temperatures, winds, and crusty 

surface conditions. Wi thout the· rooting depth of the tree 

species, germinat ing seeds usually 

survi v ing on the barren spoils. 

have li ttle chance of 

Li tter accumulation froll the hard"ood spec ies provides an 

b important rooting medium for plant establishment. Similar to a 
J 

lDulc:h, litter not only supplies nutrients for the developing 

seeda but protects them froll surface w i nds and hi gh 

temperatures. Once roots have penetrated thi,s layer, the spoil 

pH and available bIlses, althougb 10., are vithin acceptable 
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TABLE 11. Legend for the pictorial diagrams of 
Models 1, 2, and 3. 

Life form _. _ _ Species name 

Trees: Black locust ~ 

Pine spp. ~ 

Pitneer spp. ~ 

Shrubs:' n 
Herbs/gr,ass es: _ ..... 

t} 

A Aspen 
B Birch 
C Cherry 
wp White Piner 
Rp Red pine 
Cp Comptonia peregrina 
Dl Dieryilla lonicera 
Sd Salix discolor 
Sl 8pirea latifolia 
Rs Rubus setosus 
Ra R. allegheniensis 
Cc Carex cumula tus 
Cd C. debilis 
Cu C. cumulatus 
Da Danthonia apicata 

'Pc Poa compressa 
Pp Poa palustris 
Cca Cornus canadensis 
Bk Hieracium kalmii 

, Ha Hieraciurn aurantacium 
Hp H. pilosella 
Al Aster lateriflorus 
Au A. umbellatus 

1 ... 

Pe Pyrola elliptica 
FM Epilobium watsonii 
8g Solidago graminfolia 
Sv Senecio viscosus 
Am Anaphalis margaritacea 
Ah Aralia hispida 
Ea Equisitem arvense 
T Trifolium spp. 
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range for continued plant groyth. Soil texture beneath the 

crust is also acceptable for many of the hardier species whicb 

are adapted to sandy loams. 

The gelll,eral downslope movement of 1 i tter by gravi ty', yind 

and vater, means an increased accumulation at the slope bas.s. 

This, alon9 with greater moisture and less vind results in a 

greater abundance of species. Although diversity i5 lov and 

confined to mostly woody 5hrubs (Spire. latifolia, Comptonia 

peregrina, Diervilla lonicera, Salix discolor), there is more 

between tree cover than can be found on the spoil tops. 

, Ney growth on the spoil r idges i s l imi ted to the hardwood 

seedlings vith some C. pereqrina locating in vindbreats; 

othervi5e the area i5 devoid of any shrubs. 

Further colonization should progres5 from the spoil bases to 

the slopes and slope tops as species become strongly establisbed 

and branch out. Increased competition from successional species 

"ould "ould lead to the colonization of the open slopes and 

ridges by such early pioneers as Comptonia peregrina. 

The aspen, birch and cherry association "ill remain tbe 

dominant hà'-r-èwood species since individuels are so "id.ly 

scattered and therefore have little effect on the microcli .. te 

or the overall accumulation of litter. Cro"n closure and 

colonization by later successional species such as maple will he 

slow as will the overall improvement of spoil phyaical and 

chemical conditions. Horizon formation "ill take yeara although 

the. crusty surface condi tions viII disappear as the shale i. 
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veathered, increased root action breaks up the soil, and leaf 

litter accumulates. 

5.2 Model 2: Red pine 

~endin9 spoils vith red pine results in areas of sparse 

ground cover and lov species diversity at 13 years (Fig_ 7). 

The slow accumulation of pine needle litter does little to 

enhance rooting medium for ground cover, especially on spoil 

tops. However, the present lov bush y nature of most of the 

'pines acts as a vindbreak, enabling herbaceous species to 

colonize in hollows as weIl as protected slopes in limited 

numbers. Further, the litter layers formed by the interspersed 

cherry, aspen and birch improve site conditions for incoming 

species especially at spoil bases. 

Although the most frequently occuring species vere Comptonia 

peregrina and Hieracium piloselle, both early colonizers of dry 

vaste sites, some moist wood1and species such as Pyrola 

elliptica and Cornus canadensis occured at the spoil bases. The 

increase in species number on the red pine areas over naturally 

colonized sites is probab1y a result of improved microc1imate 

conditions. The reduction in vind and surface te.peratures is 

due to the greater density and number of tree species. 

Casual observation on site suggests that survivel of the red / 

pine i5 poor. Red pine seedlings require mineraI soils to 

become established and do not survive in heavy 1itter layer. 
) 

•• sociated vith deciduous species. However, without the 

( 
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addition of fertilizer to improve growth and yield, the red pine 

will continue to he overtopped by the colonizing birch, aspen 

and cherry apecies, which create both shade and litter 

sufficient to kill pine. Thua, the probability of red pine 
\ 

becoming a self-sustaining community or growing to economic 

value seems 10., given the present condition of the trees abd 

the time required for regeneration. 

Given the improved microclimatic conditions provided by the 

increased number of tree species, succession on red pine sites 

should occur at an increased rate compared vith Model 1. Coyer 

established in the valleys and hollovs viII ex tend up the slopes 

to the r idges. A more diverse community viII evolve as 

conditions such as shede, improved availability of nutrients 

from decomposition of litter and increased pH, and changes in 

the microclimate are created. Physical properties vill a18Q 

iaprove as root action and various soil biota veather the soil, 

although, as vith Model l, horizon dev.lo~nt will bf estr ... l! 

·slow. 

5.3 Model 3: Black locust 

The areas planted to black locust reveal the -.ost rapid 

colonization by herb,grass and shrub speeies of all thr .. 

treataents. Following Il years, black locust sites bave the 

high •• t densi ty and the aost diverse.ad ca.plete ground cover' 

on bath spoil tops and bas.s (,ig. 8). 

Although .arlf barah site colonizers such .1 CO!ptonia 

t ,. 
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peregrina are still pre.ent,~ they are not the major species as 

in Models land 2. Similarily Spirea latifolia shrubs found 

only at the bases in Model lare located on spoil tops in Model 

3. The abundant fruit 'on both Rubus allesheniensis and R. 

setosu5 5u9gest that there is reduced stress from environmentaf 

conditions. 

The crusty surface conditions 50 

treatments has evol v'ed'-, in many areas 

easily penetrated by rooting seeds. 

prevalent on the other two 

into a brown forest soil, 

However, in open sections, 
\\ 

the abundant litter from the black locust provides the necessary 

rooting medium for germinating seeds with further protection 

given by black 1 locust saplings and offspring of the birch, 

cherry and aspen association. 

Later successional tree species such as t-he red maple are 

beginning to colonize by the Ilth year. However, the existing 

hardwood species will remain the dominants for sorne time since 

they have no serious competition and are approximately the same 

age and height. Once they begin to die, later successional 

species will respond te release, replacing the pioneers. The 

short life span associated with those black locust affected by 

nectria canker will keep the locust from overtopping incoming 

native hardwoods, espec ia11y on site l,and wi 11 permi t 

competition from herb~ and grasses in the new openings created 

by dead trunks. Hewever, sinee regeneratien by the locust is 

strong, espeeially for those trees affected by the canker, it 

will be a while before the locust disappears. The healthy 

i , 
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locust prevalent on site 2 are similar in height te the 

surrounding hardwoods. 

The sequence for succession for Model 3 will involve the 

continued growth of the black locust and the birch, cherry, 

aspen community, and the eventual colonization of open areas by 

herbaceous,grass or shrub species. There should be little 

change in the composition of the present ground cover except in 

the general frequency of species eccurence, depending on shade 

and competition. Creation of 'soil' from weathered spoil 

material will continue as the shale is broken down and litter 

decomposes. Since the black locust sites have the greatest 

amount of ground cover and litter, the developrnent of a soil 

horizon will occur at a faster rate than either of the other two' 

models. Return to a 'natural' state i5 therefore hastened by 

the planting of black locust. 

In summary, it is the time required to establish soil 

material and continuous ground cover which links the three 

models. Hypothetically, Model l i5 slower than Model 2 which is 

slower than Model 3'in achieving a forested ecosystem, although 

eventually they will aIl contain the same climax vegetation. 

The important consideration here however, is the necessity of 

rapid colonizatien to ensure stability and recovery of the spoil 

piles. 

To this end, black locust is shown to be the most successful 

reclamation species, and if planted with red pine, may result in 

successful commercial yields of the latter species. 
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6.0 Cane lusions 

6.1 SUllllDiry 

The analysis of ground caver and edaph~c factors beneath 

similarly aged treàtments revealed that black locust supported 

the highest amount and greatest diversity of ground caver in, 

comparison to red pine and control treatments .. Available plant 

nutrients of phosphorus, sodium, potassium, calcium and 

magnesiurn, and pH were sufficient for plant growth and were 

comparable to other studies done both on these spoils and 

elsewhere. Available nitrogen was assumed to be adequate 

beneath the locust but lac king on the oth~r two sites due to the 

absence of litter layer present andf~he likely correlation with 

releasable nitrates through decornpostion. This led, in part, to 

early growth of ground cover. 

Crusty surface conditions as weIl as high surface winds and 

temperature,s were probably the major hindrance to the 

establishment of herbaceous species on the control sites. Poor 

moisture conditions brought about by a lack of crust and 

therefore increased evaporation through high winds and 

ternperatures may have affected the establishment of ground cover 

on the red pine plots. Unweathered sandstone ~nd shale were 

responsible for uncolonized areas on the biack locust sites. 

Where litter was able to accumulate, ground cover had a 

better chance of becoming established. Acting as a rooting 

medium for germinating seeds it provided nutrients, moisture, 

._-----" ----~-- ----
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and protection from surface winds and temperatures. lts 

influence was particularly noticeable on the control and red 

pine sites such that on the control, ground cover was located st 

the spoil bases; on the red pine sites, ground coyer was locat~d 

in protected hollows and at the spoil bases beneath the hardwood 

species. 

The increased density of tree species on the red pine sites 

served to improve conditions by lowering surface winds, thereby 

improving chances for increased diversity and percent cover. 

Since the black locust sites were not lacking in either 

./ prot'ection from wind and high temperatures or in the 

availabilityof a litter layer: rich in nitrogen, ground cover 

was weIl established from spoil bases to tops. 

Future rev-egetation of the Minte spoils does not include the 

use of black locust or the application of fertilizers. Thus, in 
o 

'" answer te the first question posed in Section'l.8, the proposaI 

of red pine plantations for commercial use seems non-viable, 

since commercial yields require regular maintenance through 

fertilization, thinning, and pest control. 

The results expressed here and elsewhere indicate that black 

locust is a beneficial species for reclamation of coal mine 

spoils due to its amending properties and adaptability to '. 
numerous site conditions. Thus it i5 suggested that black 

locust b~ reconsidered as a revegetation species to provide the 

spoiis with a more diverse, self sustaining community. 

Section 6.2 provides detailed recommendations, thereby 

1 
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encompassing the second question posed in Section 1.8. 

6.2 Recommendations 

Of the several possible methods available to those ihvolved 

in the revegetation of the Minto coal spoils, the main choiee 

for future tree harvesting appears to be red pine (Logan 1982) 

and jack pine (N.B.Coal Ltd. 1982). If commercially viable 

products are to result, these trees will require high 

maintenance either in the form of fertilizer application or the 

addition of herbaceous legumes at the time of planting. 

Fertilizers are ex~nsive and do not last while many herbaceous 

species are intolerant to shade and die out when crovn closure 

begins (Logan 1978). Further, some require added nutrients to 

become vell established and are generally only suitable on 

spoiis vith a pH of '.5 or highèr (Vogel and Berg 1968). Cost 

of establishment is high and s-ince application is usuelly by 

hydroseeding relatively even topography is reguired. 

Alternatively, Mixed planting uaing the tree legume black 

locust has shown excellent results. The adaptability of this 

.pecies to varied nutrient pH and moi sture levela, al vell as 

itl self-sustaining ability .. ke it highly useful • Despite 

this, the black locust will not be planted as a. site amender 

becauae of its poor economic value, thorny nature and fear tbat 

it will become a pest species. These probl •• s can be uaed to 

advantage hovever. Sensible planting methods placing locust on 

spoil tops and upper slopes would not only reduce vind damage to 

_L 
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seedlings planted on the lover slopes 

nutrients supplied through leaching 
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but provide 

processes. 

Further, the locust enables other tree species to colonize not 

only because of improved soil conditions but b~cause of a lack 

of competition for light. The shrub-like appearance caused by 

nectria canker enables aggressive pioneer species to overtop the 

locust or opens new areas for incoming herbaceous layers. 

Normally viewed as a non-commercial species because of the poor 

form resulting from diseases the locust may still be marketable. 

Carpenter and Eigel (1979) found that since the locust has one 

of the highest heat equivalents on any North American woody 

species, it shows excellent potential as an alternative energy 

source. The authors found that in full bloom, black locust 

provides 3l.1 million BTU/cord as compared to 15.8 BTU/cord for 

cottonwood; wood alone yields 24.6 million BTU/cord, which is 

comparable to 1.12 tons of anthracite coal. 

The adaptabi1ity of black locust to a vide range of spoil 

conditions makes it an important species in areas unsuitable for 

!ed pine plantations. Further, when planted as a monoculture, 

it results in a much more diverse community than red pine, 

without the addition of·fertilizers. This study and others show 

that black locust is quick to provide conditions suitable for 

rapid . colonization of native species, therefore providing an 

acceptable habitat for wildlife. Although no detailed study of 

fauna vas, implemented here, several sitings of wildlife, 

particularly porcupine, were recorded. A preponderance of de.r 
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and moose tracks revealedl heavy use of the spoils ~ither as 

pathways or for 
1 -

available water sources. Although red pine is 

not noted for its,ability ta attract wild1ife, black 10cust and 

i~s associated vegetation provide food sources for a variety of 

birds and mamma1s (Petrides 1958). 

Mu1ti-speeies planting reduees the chance of to~~1 crop 
~ 

failure in the event of disease or pest invasion, and aeeording 

to Ashby et a1.(1978), it inereases the diversity and number of 
1 

tree invaders when compared to areas ,planted with one or tvo 

similar species. Further, it can provide a mu1ti-purpose land 

use system of easy aecessibi1ity for recreation or commercial 

activities when the trees are properly spaeed. Figure 9 

illustrates a suggested pattern of planting to maintain 

suffieient aeeess while allowing rapid natutal succession. The 

rows between the.species provide aeeess routes for human traffic 

and planting the loeust on the spoil tops provides necessary 

nutrients for pines at the bases. Should the de~'1s\on be made 

fo~harvesting pines in the future, spaeing the trees\at 2 x 3 

meters would permit adequate release of aIl trees without the 

need of thinning; restrieting the black· locust nurse crop to 

less than 25% of the area would reduce the tendancy of producing 
Q 

~ ~ens~ stands from agressive root sprouting, (Ashby et al. 1978). 

COnYersely, a self-sustaining community used for reereation but 

still requiring some freedom of aecess eould have the spacing 

reduced and pereentage of black locust increased. Mixed 1 

plantiqg also ~ncourage8 vildlife t~ inhabit the spoils. ~l.ck 
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locust provides a food source while the the pines fQrm a 

windbreak during the winter. 

Low maintenance and cost, and high productivity and survival 

are impor~ant factors in the selection of revegetation'species. 

Since black locust fits these stipulation~, it should be 

reconsidered as a reclamation or nurse crop species for the 

'Minto coal mine spoils. 
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Figure 9. Suggested planting to obtain 
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maximum cover, diversity and 
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Appendix 

Species planted on the coal spoils 
Minto, New Brunswick. 

\j 

Species 

Red pine 

Scotch pine 

Jack pine 

Blue spruce 

Whi te ~pruce 

European Black aIder 

:> 

Black"" locust 

Sugar mapie. 

Apple 

Red maple 

La urel Leaf wi1low 

Weeping wil10w 

White birch 

Caragana 

i 

Year 

196 7 , 196 8, 196 9. 1972 

1967,1968,1969,1970,1973 

1968, 196 9, 1970, 1971, 1972 , 1973 

1968,1969 
\ 

197,0 
Î 

'1968,1969 

1968,196 9,1970,1971,1972,1973 

1970,1971 

1970 

1972,1973 

1971 

1972 

19?1 

( 1971 
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