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ABSTRACT 

A study was carried out in two parts of the Is land of Newfoundland 
to examine the effects of f our maj or types of forest cover - young black 
spruce (Picea mariana (Mill. ) B. S. P. ) and balsam f ir (Ab ies ba lsamea (L. ) 
Mill. ) ,  semimature and mature black spruce and balsam fir,  softwood cutovers , 
and mixed hardwoods , mainly white birch (Betu la papyrifera Marsh. ) - on the 
properties of three widely distributed soil types. Cover has a very strong 
influence on soil propert ies at or near the surface but only a weak inf luence 
at greater depths. In general ,  semimature black spruce stands induce the 
greatest accumulat ion of surface organic matter , the highes t acidity , and 
the lowest concentration of available nutrients , while hardwood stands induce 
the least organic matter accumulat ion , the lowest acid ity , and the greatest 
concent rat ion of available nutrients. S ignif icant differences in s oil 
propert ies also exist between clear-cut areas , young stands , and semimature 
s tands for both black spruce and balsam f ir cover types. 

Amalgamat ion of data from stands at d ifferent stages of development 
permitted the const ruct ion of emp irical curves showing patterns of change 
in soil propert ies beneath even-aged softwood stands through a period of t ime 
equivalent to one rotation. These curves indicate that a net accumulation 
of surface organic mat ter occurs between canopy closure and attainment of 
semimaturity but that a net decrease occurs under the more open mature stands 
and , more marked ly ,  after clear-cutt ing. These changes appear to be generally 
favorable to stand productivity in the context of  the coo l ,  humid climatic 
condit ions of Newf oundland. There is no evidence of s ite deteriorat ion 
resulting from one complete rotat ion involving clear-cutt ing and the normal 
development of even-aged stands. However ,  a number of special c ircumstances , 
including the dis turbance of very wet ,  nonregenerating , or eas ily eroded 
s ites , require further invest igation to evaluate man ' s influence more clearly. 

RESUME 

Dans deux parties d ifferentes de Terre-Neuve , l' auteur etudia 
l ' effet de quatre classes importantes de couvert f orest ier sur les proprietes 
de trois types de s ols communs. Les couverts f orest iers s ont un j eune peu
plement d ' Ep inettes noires (Pic e  a mariana (Mill. ) B. S. P. ) et de Sap ins 
baumiers (Ab ies ba lsamea (L. ) Mill. ) ,  ces memes deux essences arrivees a 
maturite ou a moitie ,  la f oret debo isee de res ineux , et la foret mixte de 
feuillus , surtout composee de Bouleau a papier (Betu la papyrifera Marsh. ) .  
Le s ol superf iciel subit fortement l ' inf luence du couvert. (En profondeur 
il n ' est que faiblement t ouche par ce facteur. ) En general,  les peuplements 
a demi-maturite d ' Ep inettes noires entrainent la plus forte accumulation de 
mat iere organique superf icielle , et produisent Ie plus d ' acid ite du sol et 
la p lus basse concentrat ion de mat ieres nutritives assimilables , tandis que 
les peuplements feuillus ent rainent l' accumulat ion de moins de mat iere orga
nique et produisent la plus basse acid ite et la concentration la plus elevee 
de mat ieres nutr it ives ass imilables. On trouve aus s i  des d if ferences signi
f icat ives entre les differents sols dans les lieux coupes a blanc et oc,  les 



j eunes peup lements et les peuplements a demi-maturite tant dans les classes 
de couvert a Epinette noire quIa Sap in baumier. 

En observant les peuplements a d if ferents stades de leur developpe
ment , on a pu construire des courbes empiriques montrant comment les proprie
tes du s ol chan gent s ous des peuplements equiennes de res ineux durant une 
periode de temps equivalente a une revolut ion. Ces courbes f ont voir que la 
mat iere organique superficielle s ' accumule nettement des que Ie couvert se 
ferme et j usqu ' a  ce que Ie peuplement atteigne la demi-maturite , mais qu ' elle 
diminue nettement dans un peuplement clairseme et arrive a maturite,  et 
encore plus apres la coupe. Ces changements semblent favorables generalement 
a la productivite des peuplements s is en region froide et humide a Terre
Neuve. L ' auteur observe qu ' aucune s tat ion ne se de teriore a la suite d ' une 
revolut ion complete incluant une coupe a blanc puis Ie developpement normal 
d ' un peup lement equienne. Dans quelques circons tances , cependant , par exemple 
lorsque la stat ion affectee est tres humide , ou lorsque la regenerat ion n ' a  
pas lieu , ou lorsque l'erosion j oue un role important , de plus amples etudes 
sur l ' inf luence de l ' homme restent a effectuer. 
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EFFECTS OF FOREST COVER ON THE 

PROPERTIES OF SOME NEWFOUNDLAND FOREST SOILS 

INTRODUCTION 

Forest , like all vegetative cover,  is widely recognized as playing 
an important role in soil development and in the maintenance of soil fertil
ity . Because of this , and because of today's concern over the prote ction 
of all parts of man' s environment , interest has arisen in the influence of 
d ifferent forest cover types on the phys ical and chemica l properties of so ils 
and in the short- and long-term effects of logging and other forms of forest 
d isturbance on the present vegetation-soil-climate balance . 

Data on the soil and microclimatic parameters that are influenced 
by the nature of forest cover can be obtained from d irect , comparative studies 
of soil and climatic conditions beneath different types of forest stands 
at any one stage of crop or successional development . Such stud ies , while 
providing important and useful information on the gross effects of the various 
forest-cover types on soil properties , cannot , alone , show the changes that 
take place through time after forest harvesting or other  forms of forest 
d isturbance . An adequate understanding of the entire response requires 
stud ies of changes in the above- and below-ground environment over a period 
of at least one rotation . These studies lead ultimately to the deve lopment 
of models that can describe all the effects of any maj or change in the 
vegetation-s oil-climate balance of a given area and the ir ramifications . 

The most exact means of acquiring this understand ing would be to 
take remeasurements over a long period in a carefully se lected and repre
sentative series of permanent sample plots . Such an approach , however,  is 
prohibitive in time and cost . The only practica l  alternative is a combina
tion of the two approaches j ust referred t o ,  in which a series of comparative 
plots beneath d ifferent cover types at d ifferent stages of development are 
measured at one point in time and subsequently combined to provide an 
emp irica l representation of the pattern of change over time . A compromise 
approach such as th is inevitably involves d ifficulties in ensuring that all 
sample s ites are ,  in fact, homogeneous with in defined limits . However,  
carefully selected comparative plots and the use  of a re latively large 
sample can usually overcome th is prob lem and ensure that overa ll trends 
revealed are cons istent and valid . 

T oward this end various studies have been carried out in North 
America and Europe and elsewhere . Some have investigated relations between 
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cover conditions and soil properties beneath natural and artificially 
established forest crops at d ifferent stages of development or succession 
(e . g . Ovington 195 7 ,  195 9 ;  Crocker 196 0 ;  Wilde 1964 ;  Hamilton 1965 ; Page 
1968) . They have provided bas ic information for use in determining the 
probable long-term effects of cover-type changes and of silv icultural treat
ments on s ite productivity . Other workers have examined the water and 
nutrient budgets of forested ecosystems (e . g . Weetman 196 1,  Ovington 1962 ,  
Cole and Gessel 1963, Fraser 1966 , Likens et a Z. 1967 ) ,  including the losses 
of nutrients resulting from forest harvesting (Rennie 196 2 ,  Weetman 1970) . 
Results from this type of work make it poss ible to assess the sensitivity 
to d isturbance of the various forest s ites and the long-term effects on the 
forest-so i l-wate r balance of logging and other forms of forest removal or 
change . 

Only very limited information of this type is available for 
Newfoundland . Damman (1971) , in a detailed study of the effects of fire
o rigin black spruce and balsam f ir stands (also of Kalmia heathland) on the 
nutrient status of an infertile glaciofluvial s ite in western Newfoundland , 
concluded that no maj or fertility d ifferences had been induced by the two 
tree specie s  during the course of a rotation , despite the greater immobil
ization of nutrients in the raw humus under spruce . More-general data on 
nutrient supply and availability have been presented for nine important forest 
soil types by Page (19 7 la ) , but no other comprehens ive data on the effects 
of the maj or forest cover types on the soils of the is land are at present 
available . 

A study was therefore carried out in two maj or forest areas of the 
island to determine some of the effects of four forest cover types - s oftwood 
cutovers , young softwood stands ,  semimature and mature s oftwood stands ,  and 
mixed hardwood stands - on several of the phys ica l  and chemical properties 
of Newfoundland forest so ils . The effects of the four types of cover , which 
together occupy a large proportion of the productive forest s ites, were f irst 
examined independently ; data were then combined to show changes in soil 
properties over one complete rotation . The s oils investigated were of three 
maj or orders - podzols , brunisols , and gleysols - to one of which most of 
the productive forest s oils of the island belong . Results of the study , 
which formed part of a wider investigation of site-tree growth interrelations 
(Page 197 1b) , are presented in this paper .  

DESCRIPTION OF SAMPLE AREAS 

Sampling was carried out in the northern two-thirds  of Forest 
Section B28b of the Boreal Forest Region (Rowe 1959 )  in western Newfoundland , 
and in the Avalon Peninsula portion of Forest Section B30 in eastern New
foundland (Fig . 1) . These two samp le areas ,  each of wh ich covers about 
3 , 500 square miles (9 , 000km2 ) ,  were se lected because of the relative ly large 
d ifferences between them in climate , geo logy ,  and topography . 

Annual precipitation is heavy in both areas , averaging between 50 
and 60 inches ( 1 , 270 and 1 , 5 20 mm) on the Avalon Peninsula and between 35 
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and 55 inches (890 and 1 , 400 mm) in western Newfound land. In comparison 
with those of many other parts of Canada , the summers are cool (July mean 
temperature about 60°F , 16°C) and the winters mild (January mean temperature 
15 to  25°F , -10 to _4°C) , especially on the Avalon Peninsula , where marit ime 
influences are very strong (Hare 195 2 ) .  

Most of the Avalon Peninsula i s  underlain by Hadrynian s lates , 
s ilts tones , and conglomerates. In wes tern Newfound land , Cambrian and 
Ordovician limestones and Carboniferous sandstones , s ilt stone s ,  and conglom
erates are abundant. Glacial t ills of varied thickness  cover much of the 
island ; on the Avalon Peninsula these t ills are relat ively fine-textured 
and usually very stony , while in western Newfound land they are coarser
textured and much les s st ony. Alluvial,  lacustrine , and outwash deposits 
are locally important in both areas. 

Podzolic and brunisolic soils are typical in both areas wherever 
drainage cond it ions are adequate. Leaching often occurs to a greater depth 
in western Newfound land , where the more varied topography and coarser
textured parent materials favor rapid drainage ; on the Avalon Peninsula 
the more leve l t opography and the finer-textured t ills result in the more 
frequent occurrence of gleysols and gleyed podzols. The high rainfall and 
humidity , together with the coniferous forest cover , have caused the accu
mulat ion of large amounts of surface organic material and the incorporat ion 
of relative ly large amount s of organic matter into the upper mineral soil 
horizons on many s ites in both areas ; deep peat deposits are common on s ites 
with impeded drainage. The propert ies of the maj or soil types of the two 
areas have been described by Page (197la).  

The fores t stands are composed predominant ly of two softwood spe cie s ,  
balsam fir (Ab ies balsamea (L. ) Mill. ) and black spruce (Picea mariana (Mill. ) 
B. S. P. ) ,  often with a small admixture of wh ite spruce (Picea g lauca (Moench) 
Vos s )  and tamarack (Larix laric ina (Du Ro i) K. Koch. ) .  Hardwoods ,  mainly 
white birch (Betu la papyrifera Marsh. ) together with some trembling aspen 
(Popu lus tremu loides Michx. ) ,  form an est imated 10 to 15% of the volume of 
the stands in wes tern Newfound land but only a very minor proport ion of those 
on the Avalon Peninsula. 

Balsam f ir is the climax species on product ive forest s ites in most 
parts of the island ; most stands have originated from cutt ing , insect at tack,  
or the gradual opening up of old , overmature stands. Black spruce is  the 
climax species on many very wet or very dry s ites too poor for fir; it also 
occurs on more product ive s ites as a result of past fires. Birch stands 
occur on s ome of the most fert ile s ites , and also on a number of average 
s ites where d isturbance by cutt ing or fire has created favorable seedbed 
cond it ions. 

METHODS 

Two hundred and forty temporary sample plots were established 
throughout the two sample areas (Fig. 1).  Plots were 1/10 acre (0. 04 ha) 
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in s ize in semimature and mature s oftwood stands and varied f rom 1/40 acre 
(0. 0 1  ha) down to 1/ 100 acre (0. 004 ha ) in other stands according to their 
dens ity. The plots were arranged in 120 pairs , d iv ided equally among the 
follow ing s ets of comparisons: 

1. semimature and mature balsam f ir vs. semimature and mature 
black spruce ; 

2. semimature and mature f� and spruce vs. young f ir and spruce ; 

3. semimature and mature f ir and spruce vs. s oftwood cutovers ; 

4. s emimature f ir and spruce vs. mixed hardwoods. 

Only stands on podz ols , brunis ols , and gleys ols were sampled. The distribu
tion of plot pairs by sample area and soil type is shown in Table 1. The 
d ifferent numbers of plot pairs on the three soil orders reflect the fre
quency of occurrence of the various cover types on these soils. Great care 
was taken to ensure that the plots of each plot pair were s ituated close 
together on s ites having the same parent material , the same pro f ile drainage , 
and the same mineral soil texture (Table 2) , under the same elevation , aspect ,  
and topographic conditions. 

The s emimature and mature softwood stands (Figs. 2 to 4) were all 
well stocked , even-aged , and composed predominantly of black spruce or 
balsam f ir. The ir breast height ages ranged from 30  to about 120 years and 
their dominant heights from 20 to 60 feet (6. 1 to 18.3 m) . Most of these 
stands had originated f rom cutting ,  e ither f or pulpwood or f or local timber 
requirements. A few of the older f ir stands probably resulted from insect 
epidemics or the gradual opening up of previous stands , while some of the 
black spruce stands probably developed after f ire (only very few of the spruce 
stands appeared to be in the f irst rotation after f ire , but a number of others 
were probably in the second or third rotation after such an event) .  

The young , even-aged softwood stands (Figs. 5 and 6)  were composed 
mainly of black spruce or balsam f ir (each young spruce stand was paired 
with a semimature spruce stand , and each young f ir stand with a semimature 
f ir stand ) ranging in age f rom 5 to 30 years at breast height and in height 
from 7 to 28 feet (2. 1 to 8. 5 m) . All these stands had originated from 
cutting. 

All cutovers sampled (Fig. 7 )  had previously carried a s oftwood 
stand of f ir or spruce and had been clear-cut f or 2 to 12 years (an average 
of between 6 and 7 years ) .  All except one of the areas most recently cut 
carried s oftwood regeneration ; none had been burned s ince cutting. Tops 
and slash had been left at or near the felling s ite in all cases. 

The hardwood stands were mostly young , be ing between 10 and 40 
years of age at breast height and between 10 and 30 feet (3. 0 to 9. 1 m) in 
dominant height. They were composed mainly of white b irch, with s ome 
trembling aspen,  pin cherry (Prunus p ensy Zvan ica L. f. ) ,  mountain maple 
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TABLE 1. DISTRIBUTION OF COMPARATIVE PLOT PAIRS BY SAMPLE AREA, SOIL TYPE, AND COVER 
CONDITION 

Number of plot pairs a 
Comparison Western Avalon 

Semimature bF 
vs. semimature 
bS 

Semimature soft
woods vs. young 
softwoods 

Semimature soft
woods vs. soft
wood cut overs 

Semimature soft
woods vs. mixed 
hardwoods 

Totals 

Podzo1s Bruniso1s 

11 o 

11 3 

10 3 

7 6 

39 12 

G1eyso1s Podzo1s 

4 11 

1 9 

2 11 

2 6 

9 37 

Bruniso1s G1eyso1s Total 

1 3 30 

3 3 30 

2 2 30 

6 3 30 

12 11 120 

�ote that any comparison of soil properties is not valid in more than one of the four 
paired sets of cover types presented in Tables 1, 2, and 3: different semimature soft
wood plots are involved in each of the paired sets. 

TABLE 2. AVERAGE SAND, SILT, AND CLAY CONTENTS OF MINERAL-SOIL FRACTIONS OF UPPER AND 
LOWER MINERAL-SOIL HORIZONS (6- AND 12-INCH SAMPLING DEPTHS) OF SAMPLED PLOT 
PAIRS 

Comparison
a 

and Sand �%} Silt �%} C1aX {%} 
cover type 6 inches 12 inches 6 inches 12 inches 6 inches 12 inches 

Semimature balsam 

(1) 
fir 39.8 45.6 41.2 37.6 19.0 16.8 

Semimature black 
spruce 37.7 43.0 41.4 38.8 20.9 18.2 

Semimature soft-

(2) 
woods 31.0 42.0 44.2 39.7 24.8 18.3 

Young softwoods 31.8 43.6 44.6 39.4 23.6 17.0 

Semimature soft-

(3) woods 38.2 45.6 39.8 36.1 22.0 18.3 

Softwood cutovers 41.6 48.1 38.9 34.2 19.5 17.7 

Semimature soft-

(4) woods 33.5 40.6 44.7 41.1 21.8 18.3 

Mixed hardwoods 34.7 45.8 43.9 37.4 21.4 16.8 

a
See the footnote to Table 1. 
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semimature and mature hardwood stands because 

on different, more fertile, sites than those 

stands. 

On all trees above feet .4 in 

breast diameter classes, and the 
ages of four well-formed dominant stems were recorded. 

beneath the cro�� of one or more dominant trees an 
record total soil thickness of 

ile dra 

were tallied 

and breast 
A soil 

open area on 
all horizons 

of f 

was 
ile, since below this 

confined 
th 

the 

minimal 

all 
inches, 

and tree roots are scarce. Three 

sides of the soil pit) were collected 

and 12 inches (2.5, 15, and 30 
in each ile. 

bet1;veen the L and F ,vas very difficult to detect 

sites, and therefore ion of these was ed. 

between the was more read discernible 

and \.Jas therefore used as a reference for A fixed-

sys from the upper surface of the • was 
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2 , silt 
the standard 

10 

of the • even 1;.Jithin 
the roots 

a 2-rr� sieve, and the 

,002 .05 
rometer method; 

• and 



2. percent small stones (larger than 2 mm and smaller than approxi
mately 3 cm - i. e. having the diameter of the soil core sampler 
used - determined from an undis turbed core sample ) ;  

3. bulk density of air-dry soil (including small stones as just 
ment ioned) ,  determined from core sample ; 

4. percent moisture retent ion of a s ieved sample at 1/3 and 15 
atmospheres pressure , determined by us ing a pressure-membrane 
apparatus ; 

5. color readings of hue , value , and chroma for air-dry samples , 
by comparison with a soil-color chart (Munsell Soil Color Co. 
Inc. 1954) ; 

6. percent loss of weight on ignit ion , as an approximate measure of 
organic matter content ; 

7.  pH by the st icky-point method (Jackson 1958) ; 

8. total n itrogen by the Kje1dah 1  digestion and dist illat ion method 
(Jackson 1958) ; 

9. "available" phosphorus , extracted with d ilute sulphuric acid and 
determined by the Itmo1ybdenum-b1uelr method (Truog and Meyer 1929 ) ; 

10. ltavai1ab1elt calcium , magnes ium, potas s ium, and sod ium, by extrac
t ion with ammonium acetate s olut ion (Scho11enberger and S imon 
1945 ) and determinat ion with an atomic adsorpt ion spectrophotometer; 

11. carbon-nitrogen rat io (carbon content = percent los s on ignit ion 
x 0. 5 9  (van Bemme1en's factor : Jackson 1958» . 

A series of paired t-tes ts was carried out to  test for s ignificant 
d ifferences in s oil properties beneath the cover types examined in each of 
the four sets of paired plots. Plots on all three s o il groups under inves
t igat ion were combined for these analyses. 

T ime sequence d iagrams were subsequently constructed by graphical 
methods1 for all the important soil factors for which s ignificant d ifferences 
were detected in the t-tests. Soil groups (bruniso1s , podz o1s , and gleys o1s )  
and cover types (fir,  spruce , and hardwoods )  were analyzed separately for 
this purpose. Each t ime s equence curve thus applies to a s ingle soil para
meter (on the Y-axis ) plot ted against an index of t ime (on the X-axis) for 
one cover type and one s o il order. Breast he ight age and stand dominant 

1 Construct ion of the time sequence curves by regression techniques was not 
attempted because the relations varied widely between the various soil 
parameters and did not correspond to any standard curve forms. 
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height were tested for pos sible use as the time index. In addition , the 
poss ible effects of stand dens ity on these relations were examined. 

To provide enough data for the construction of valid time sequence 
graphs , data from the series of paired plots were supp lemented by add itional 
data from an earlier phase of the same study (Page 19 7 1b) . These add itional 
data cons isted of stand and soil parameters , determined by the same methods 
as in the paired comparison plots , from a total of 2 7 1  ind ividual 1/ 10-acre 
(0.04-ha) sample plots beneath semimature and mature fir and spruce stands 
growing on podzols , brunisols , and gleys ols within the two sample areas. 
The use of these data , from plots ranging in height from 20 to 70 feet (6.1 
to 21.3 m) and in age from 30 to about 150 years , provided enough material 
for the construction of valid , generalized time sequence curves for balsam 
fir on podzols (curves constructed from a total of 104 plots ) ,  brunisols 
(45 plots ) , and gleys ols (62 plots ) ,  and for black spruce on podzols ( 7 7  
plots) and gleysols ( 7 3  plots ) .  Not enough data were available for the 
construction of reliable curves for black spruce on brunisols and for hard
woods on all three soils. 

RESULTS 

T-TESTS 

Table 3 shows the results of the t-tests made on the four sets of 
pa ired plots with data from all three soil types. These tests provided no 
evidence of meaningful d ifferences between the Avalon Peninsula and western 
Newfound land in terms of soil properties beneath the different cover types. 
No distinction between the two sample areas has therefore been made in the 
results , wh ich are presented as follows: 

1. Th ic kn ess of L + F: Th icker under semimature s oftwoods than under 
any other cover type; thicker under black spruce than under balsam 
fir; 

2. Th ic kness of H: Thicker under semimature s oftwoods than on cut
overs; thicker under black spruce than under balsam fir; 

3. Th ic kness of A e: Th icker (marginally s ignificant) under semimature 
s oftwoods than under hardwoods or on cutovers; 

4. Bu Zk dens ity : No s ignificant d ifferences at 6- and 12-inch depths. 
At 1 inch , higher on cutovers , under young s oftwoods ,  and under 
hardwoods than under semimature softwoods; 

5. pH: Higher under fir than under spruce at I-inch and 6-inch depths; 
higher on cutovers than under semimature s oftwoods at 1 inch and 
6 inches; higher (marginally s ignificant) under young s oftwoods 
than under semimature s oftwoods at 6 inches and 12 inches; higher 
under hardwood s than under s oftwoods at all three sampling depths; 
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6. Va lue (co lor): No s ignificant d ifferences at 6 and 12 inches , but 
marginally higher under spruce than under fir at 12 inches. At 
I- inch depth , higher under fir than under spruce and higher under 
hardwoods and on cutovers than under s oftwoods; 

7. Chro ma: Higher on cutovers than under softwoods at all three 
sampling depths; higher under hardwoods than under softwoods at 
6- and l2-inch depths; 

8. "Ava ilab le " po tass ium (b y we ight): Higher (marginally s ignificant) 
under hardwoods than under s oftwoods at l2-inch depth; 

9. "Ava ilab le " po tass ium (b y vo lume ): Higher on cutovers than under 
softwoods at 6 and 12 inches; higher under young s oftwoods than 
under semimature s oftwoods at 1 inch and 6 inches; higher under 
hardwoods than under softwoods at 12 inches; 

10. "Ava ilab le " ca lcium (b y we ight): No s ignificant differences; 

11. "Ava ilab le " ca lc ium (b y vo lume ): Higher on cutovers than under 
softwoods at I-inch depth. No s ignificant differences at 6- and 
l2-inch depths; 

12. "Ava ilab le "  magnes ium (b y we ight): No s ignificant d ifferences; 

13. "Ava ilable " magnes ium (b y vo lume ): No s ignificant d ifferences at 
6- and l2-inch depths. Higher on cutovers and higher (marginally 
s ignificant) under young s oftwoods than under semimature softwoods 
at 1 inch; 

14. "Ava ilab le " sodium (by we ight): Lower under hardwoods and young 
softwoods and on cutovers than under semimature softwoods at all 
three sampling depths , but not s ignificant at 12 inches under 
hardwoods; marginally higher under spruce than under fir at 6-inch 
depth; 

15. IIAva ilab Ze " sod ium (b y vo lume ): Same as for sodium by weight , but 
higher under softwood s than under hardwoods at 12 inches; 

16. To ta l  n itrogen (b y we ight): Higher under fir than under spruce 
at all three sampling depths. Higher under hardwoods than under 
s oftwoods at I- inch depth; 

17. To ta l n itrogen (b y vo lume ): Higher under fir than under spruce 
at 1 inch and 6 inches; higher at I-inch depth under young soft
woods and hardwoods and on cutovers than under semimature softwoods; 

18. "Ava ilab le "  phosphorus (b y we ight): Higher at 6 and 12 inches under 
softwoods than under hardwoods or on cutovers; higher under spruce 
than under fir at 6 and 12 inches , but lower under spruce than 
under fir at 1 inch; 

13 
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TABLE 3. COHPARISONS OF SOIL PROPERTIES BENEATH FOUR PAIRED SETS OF FOREST COVERS (ALL SOIL TYPES COMBINED)a 

Factor 

Thickn.ss lri-F (inches) 

Thickness H (inches) 

Thickness Ae (inches) 

Bulk density (g/ee) - 1 inch 

Bulk density (g/ee) - 6 inches 

Bulk density (g/ee) - 12 inches 

pH - 1 inch 

pH - 6 inches 

pH - 12 inches 

Value (oolor) - 1 inch 

Value (color) - 6 inches 

Value (color) - 12 inches 

Chroma - 1 inch 

Chroma - 6 inches 

Chroma - 12 inches 

Avail. K (meg/100g) - 1 inch 

Avail. (meqjl00g) - 6 inches 

Avail. (meqjl00g) - 12 inches 

Avail. (meqjl00cc) - 1 inch 

Avail. (meg/l00cc) - 6 inches 

Avail. (meqjl00cc) - 12 inch.s 

Avail. en (meqjl00g) - 1 inch 

Avail. en (meg/l000) - 6 inches 

Avail. Ca (meg/l00g) - 12 inches 

Avail. Ca (meg/l00cc) - 1 inch 

Avail. en (meg/l00cc) - 6 inches 

Avail. Ca (meg/l00cc) - 12 inches 

Avail. Hg (meg/l00g) - 1 inch 

Avail. Hg (meg/l00s) - 6 inches 

Avail. !Ig (meg/l00g) - 12 inches 

Avail. !.Ig (meqjl00cc) - 1 inch 

Avail. !.Ig (meqjl00cc) - 6 inch •• 

Avail. !.Ig (meg/l00cc) - 12 inches 

Avail. lin (meg/l00g) - 1 inch 

Avail. lIa (meg/l00g) - 6 inches 

Avail. lIa (meqjl00g) - 12 inches 

Avail. lis (meqjl00cc) - 1 inch 

Avail. lis (meqjl00cc) - 6 inches 

Avail. lis (meqjl00cc) - 12 inches 

Semimature balSBJIl fir va. 
semimature black spruce 

Average value
balsam fir 

1.24 

5.15 

2.28 

0.22 

1.00 

1.07 

3.81 

4.17 

4.53 

3.1 

5.7 

5.0 

1.8 

2.2 

3.0 

1.99 

0.12 

0.07 

0.42 

0.05 

0.04 

4.21 

0.46 

0.46 

0.83 

0.23 

0.21 

4.56 

0.86 

0.64 

0.96 

0.37 

0.33 

0.95 

0.22 

0.17 

0.19 

0.10 

0.09 

Average value
black spruce 

1.59b 

6.wd 

2.40e 

0.21e 

0.93e 

1.07" 

3.6sd 

3.94g 

4.40· 

2.8d 

5.4e 

5.3f 

1.ge 

2.2e 

2.ge 

1.83e 

0.21e 

0.07e 

0.37" 

0.07e 

0.04e 

3.20" 

0.59" 

0.31e 

0.658 

0.228 

0.17e 

4.91e 

1.62e 

0.75e 

0.97e 

0.55e 

0.30e 

1.04e 

0.36f 

0.208 

0.208 

O.Uf 

0.09· 

Semimature fir and spruce 
va. softwood cutovers 

Average value
sem.imature 

softwoods 

1.34 

3.34 

2.86 

0.22 

1.01 

1.08 

3.84 

4.16 

4.67 

2.8 

5.8 

5.3 

1.7 

2.3 

3.1 

1.88 

0.13 

0.09 

0.1,2 

0.06 

0.05 

10.54 

4.47 

0.73 

2.38 

1.31 

0.28 

4.40 

0.78 

0.31 

0.92 

0.35 

0.29 

1.01 

0.15 

0.15 

0.<0 

0.11 

0.09 

Average value
cutovera 

0.57c 

2.41b 

1.93f 

O.29b 

1.00· 

1.11· 

4.1Sc 

4.53c 

4.80· 

3.2d 

5.6· 

5.6· 

2.0b 

3.2c 

3.60 

1.63· 

0.14· 

0.108 

O.42e 

0.098 

o.oad 

12.28· 

4.67e 

0.47e 

3.74b 

1.258 

0.24" 

1 •• 848 

0.76" 

0.25e 

1.29b 

0.33" 

0.19· 

0.58c 

0.10c 

0.10f 

0.14b 

0.08b 

O.O? 

Sem1.mature fir and spruce VB. 
young fir and spruce 

Average va.lue
semimature 

softwoods 

1.26 

3.09 

2.40 

0.22 

1.01 

1.12 

3.87 

4.25 

4.61 

3.2 

5.7 

5.3 

1.7 

2.6 

3.2 

1.76 

0.11 

0.07 

0.38 

0.06 

0.05 

7.9< 

0.54 

0.38 

1.79 

0.31 

0.24 

4.94 

0.63 

0.<3 

1.05 

0.39 

0.16 

1.00 

0.21 

0.14 

0.22 

0.12 

0.10 

Average value
young 

softwoods 

u.79c 

2.66e 

1.12· 

0.33b 

1.02e 

1.13· 

3.90· 

4.441' 

4.761' 

3.4· 

5.9· 

5.3· 

2.0· 

2.S· 

3.4· 

1.67· 

0.11" 

O.Oee 

O.46f 

O.OSf 

O.06e 

6.65e 

0.70· 

0.54" 

1.86e 

0.5B" 

0.26e 

4.63e 

0.64· 

0.24· 

1.<ef 

0.48· 

0.188 

0.65b 

o.nf 

O.lOb 

0.18f 

O.Q9Il 

0.08d 

semimature 1'ir and spruce 
vs. mixed hardwoods 

Average value
semimature 

softwoods 

1.14 

3.88 

1.90 

0.24 

0.94 

1.09 

3.82 

4.26 

4.70 

2.8 

5.3 

5.2 

1.9 

2.5 

3.1 

1.83 

0.20 

0.09 

0.43 

0.09 

0.06 

9.33 

1.62 

1.07 

2.47 

1.21 

0.98 

5.10 

0.91 

0.45 

1.14 

0.60 

0.35 

1.<0 

0.29 

0.17 

0.26 

0.14 

0.12 

Average value
hardwoods 

O.48c 

3.77" 

1.15d 

0.291' 

0.90" 

1.0B" 

4.10° 

4.68b 

4.911' 

3.1d 

5.20 

5.2· 

2.0e 

3.2b 

3.5d 

1.93· 

0.19· 

O.Ur 

O.48e 

0.118 

O.09d 

9.81· 

2.32· 

0.84· 

2.90" 

1.188 

0.81e 

5.53· 

0.83e 

0.62e 

1.45e 

0.58e 

0.4ge 

O.64c 

0.16f 

0.13· 

0.15° 

O.09b 

O.09d 
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TABLE 3 (COUT.) 

Factor 

Total. N (% by wt) - 1 inch 

Total. N (% by wt) - 6 inch.s 

Total. N (% by wt) - 12 inch •• 

Total. N (% by vol) - 1 inch 

Total. N (" by vol) - 6 inches 

Total. N (% by vol) - 12 inch.s 

Avs.U. P (meq/l00g) - 1 inch 

Avs.U. P (meq/l00g) - 6 inches 

Avs.U. P (meq/l00g) - 12 inches 

Avail. P (meq/l00cc) - 1 inch 

Avail. P (meq/l00oc) - 6 inch •• 

Avail. P (meq/l00cc) - 12 inches 

C/N ratio - 1 inch 

c/N ratio - 6 inches 

C/N ratio - 12 inchos 

% 108s on ignition - 1 inch 

% 10.. on ignition - 6 inches 

% los. on ignition - 12 inches 

% moist. @15 aU. by wt - 1 inch 

% ".,ist. @15 aU. by wt - 6 inch"s 

% moist. @15 aU. by wt - 12 inch.s 

% moist. @15 aU. by vol - 1 inoh 

% moist. @15 aU. by vol - 6 inches 

% moist. @15 atm by vol - 12 inchos 

% moi.t. @1/3 atm by wt - 1 inch 

% moist. @1/3 atm by wt - 6 inches 

% moist. @1/3 atm by wt - 12 incho. 

% moist. @1/3 atm by vol - 1 inch 

% moist. @1/3 atm by vol - 6 inches 

% moist. @1/3 atm by vol - 12 inches 

% sand - 1 inch 

% silt - 1 inch 

% c1q - 1 inch 

aSee th_ footnote to Table 1. 

bSignifioant at p = .01 

c 

d 

II P = .001 

" p = .05 

"Not satisUoa1ly significant. 

fSignificant at p = .10 
g II P = .02 

Semimature balsam fir vs. 
aemima ture black spruce 

Average value
balsam fir 

1.12 

0.28 

0.25 

0.24 

0.11 

0.12 

0.267 

0.016 

0.009 

0.055 

0.008 

0.007 

49.3 

33.7 

35.0 

92.2 

16.8 

14.3 

99.7 

18.3 

14.4 

21.7 

10.8 

9.8 

305.6 

68.3 

50.4 

67.7 

44.8 

38.9 

3.4 

3.0 

1.5 

Average value
black spruce 

O.99b 

0.21d 

O.20f 

O.20g 

O.09f 

0.100 

0.210d 

0.028r 

O.ODd 

O.044d 

O.011f 

0.008" 

55.9b 

38.� 

38.6f 

91.80 

24.30 

15.00 

95.2° 

23.9° 

15.7· 

19.Jf 

10.2° 

9.9· 

329.5° 

81.2" 

54.5° 

66.6° 

39.4° 

39.0° 

3.7" 

3.4· 

1.9° 

Semimature fir and spruce 
va. sof'twood cutovers 

Average value
semimature 

softwoods 

1.06 

0.25 

0.24 

0.24 

0.11 

0.11 

0.235 

0.019 

0.006 

0.054 

0.008 

0.005 

50.0 

33.8 

)6.4 

86.4 

13.2 

11.7 

92.6 

15.3 

12.6 

20.0 

7.2 

7.1 

310.7 

56.6 

41.8 

72.7 

29.1 

26.0 

4.7 

5.5 

3.4 

Average value
cutovers 

1.07° 

0.23° 

0.20° 

O.29b 

0.110 

0.1,0 

0.199° 

O.� 

0.003d 

0.051° 

O.005b 

0.002f 

39.8c 

34.1" 

34.9° 

73.2b 

14.0· 

11.60 

82.9£ 

14.0° 

10.5e 

21.3· 

7.1· 

6.5e 

245.4c 

50.6f 

40.3· 

63.0· 

31.5· 

27.6° 

8.9b 

12.9b 

5.7b 

Semimature fir and spruce VB. 
young fir and spruce 

Average value
semi.mature 

softwoods 

1.21 

0.20 

0.17 

0.26 

0.11 

0.10 

0.202 

0.010 

0.006 

0.043 

0.005 

0.004 

41.5 

33.9 

)6.4 

83.3 

9.5 

9.7 

93.3 

12.3 

10.6 

20.0 

8.1 

6.8 

303.8 

46.6 

41.5 

65.2 

30.6 

27.0 

3.8 

8.2 

4.7 

Average value
young 

softwoods 

1.17-

0.18· 

0.15e 

0.33b 

0.12· 

0.10e 

0.178· 

o.OO6e 

0.005' 

0.047· 

0.005' 

0.004· 

37.0b 

31.2f 

35.7· 

74.1g 

9.1° 

10.0· 

8O.1f 

9.6f 

10.0-

21.7· 

6.5f 

7.1" 

2J8.3b 

4O.5f 

34.5d 

64.2" 

29.2· 

25.8" 

5.6" 

12.4d 

7.4f 

Semimature fir and spruC" vs. mix_d hardwoods 

Average value
sem.imature 

softwoods 

1.24 

0.30 

0.21 

0.28 

0.14 

0.12 

0.220 

0.016 

0.007 

0.052 

0.008 

0.005 

40.9 

31.6 

33.7 

83.7 

17.9 

11.8 

92.8 

18.3 

10.9 

20.9 

8.0 

6.6 

288.9 

64.8 

43.5 

65.1 

32.3 

30.6 

4.9 

7.7 

3.7 

Average value
hardwoods 

1.3sf 

0.34" 

0.24" 

O.)6b 

0.16-

0.13" 

0.205" 

0.005d 

0.004f 

0.052" 

0.004f 

0.003b 

31.7c 

29.2" 

31.1" 

75.sd 

16.1" 

10.9" 

82.1" 

13.7" 

10.4" 

21.0" 

7.3" 

5.9" 

210.9c 

53.4" 

41.5" 

53.3d 

31.2" 

26.6" 

8.1f 

12.0/ 

5.2" 



19. "Ava ilable" phosphopus (by vol wne) : Same as for phosphorus by 
weight , but spruce-f ir comparison at 12 inches is nons ignif icant; 

20. Carbon-n itrogen rat io: Higher under spruce than under f ir at all 
sampling depths; higher at 1 inch under semimature s oftwoods than 
under hardwoods and young s oftwoods (also at 6 inches )  or on cut
overs; 

21. Peroent loss on ign it ion : Higher at 1 inch under semimature soft
woods than under hardwoods and young s oftwoods or on cutovers; 

22. Peroent mo is ture ret ention at 15 atmospheres pressure (by weight) :  
Higher under semimature s oftwoods than under young s oftwoods at 
1- and 6-inch depths , and h igher than on cutovers at I-inch depth; 

23. Peroent mo isture ret ent ion at 15 atmospheres pressure (by vo lume) : 
Marginally higher under f ir than under spruce at 1 inch and h igher 
under semimature s oftwoods than under young softwoods at 6-inch 
depth; 

24. Peroent mo isture ret ent ion at 1/3 atmosphere (by weight) : Higher 
under semimature softwoods than under hardwoods at I-inch depth , 
on cutovers at 1- and 6-inch depths , and under young s oftwoods at 
all three sampling depths; 

25. Peroent mo is ture retent ion at 1/3 atmosphere (by v o l wne) : Higher 
under softwoods than under hardwoods at I- inch depth; 

26. Peroent sand: Apparently higher2 at 1 inch ( i. e. in surface 
organic layer)  under hardwoods and on cutovers than under semi
mature s oftwoods; 

27. Peroent s ilt : Apparently higher at 1 inch under hardwoods and 
young softwoods and on cutovers than under semimature s oftwoods; 

28. Peroent olay : Apparently higher at 1 inch under young s oftwoods 
and on cutovers than under semimature s oftwoods. 

TIME SEQUENCE DIAGRAMS 

Time sequence diagrams for the most important of the soil factors 
that showed we ll-marked changes through time are presented in Figs. 9 to 
11; patterns of change for s o il factors of lesser importance are reported 
in the text only. In each time sequence diagram, a s ingle soil parameter 
is plotted on the Y-axis against an index of t ime on the X-axis. Stand 

2Significant differences in sand, silt, and clay percentages are probably 
reflections of different organic-matter contents rather than measures of 
any real changes in the mineral-soil fraction. 
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Figure 9. Time sequence diagrams : podz o ls .  
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(A) Thickness of L+F, H, Ae Layers 
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KEY TO F IGURES 9-11 

1 )(18 

* 

, 

10 20 30 40 50 60 

Dominant Height (feet) --------+ 

1 .  Stand dominant height is used on the X-axis a s  a measure of stand 
deve lopment and hence as an indirect index of time . 

2. Data from cutover sites appear on the graph at dominant height zero. 

3 .  Data for spruce on bruniso ls were inadequate for the construction of 
va lid curves . Mean va lues for spruce on bruniso ls have therefore been 
p lotted with triang les (�) on ba lsam fir graphs for that soi l type . 

4 .  Data for hardwoods were inadequate for the construction of va lid curves 
on a l l  three soils .  Mean va lues for hardwoods have been entered as 
asteris ks (*)  on appropriate ba lsam fir graphs .  

5 .  The arrow represents the amount of change that has taken p lace in the 
soil parameter concerned after cutting. The initia l part of the arrow 
shows the leve l in semimature stands before cutting; the tip of the 
arrow shows the leve l on 6- to 7-year-o ld cutovers (based on data from 
paired p lots on ly ) • 

6. A time sequence curve showing the change in the s oi l  parameter concerned 
from c lear-cutting (height zero) through young s tand deve lopment (height 
about 5 to 20 feet) to semimaturity or maturity (height about 25 to 60 
feet) • 

7.  A guide line, showing the leve l on cutover areas for comparison with the 
time sequence curve . 

8. Mean va lues by 10-foot height c lasses, together with numbers of 
observations . The latter remain the same on a U  graphs for each 
combination of soi l and cover type . 
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dominant height was f ound t o  give much clearer and more consistent relat ions 
with the various soil factors than age , and it has therefore been used on 
the X-axis in all graphs as a measure of stand development and an indirect 
measure of t ime . The fact that s tand he ight is better related to changes 
in s o il propert ies than age is itself evidence that the nature and stage of 
development of the f orest cover are more important factors than t ime alone 
in inducing changes in soil properties (note , however , that stand height is 
s trongly correlated with t ime because of the limited amount of variat ion in 
growth rate that is present among the stands on any one s o il type) . 

Stand dens ity (number of stems and basal area) is associated with 
stand height (density decreases as height increases ) and hence with stage 
of development of the stand . However , no cons istent effects of density , 
independent of height , were detected in respect of any of the soil parameters 
examined ; so the sample plots were not subdivided on th is bas is . 

Differences in curve shape were observed between the d ifferent 
cover types and between the three s oil types ; but no consistent d ifferences 
in curve shape were observed between the two sample areas for any given soil 
and cover type , and theref ore no d is t inction between the two areas has been 
made in the results about to be presented . 

Physical Soil Factors 

The thicknesses of L + F and H layers decrease by between 0 . 5  and 
1 . 5  inches ( 1 . 27 and 3 . 81 cm) , or by 20 to 70% after clear-cutting on all 
the soils examined (Figs . 9 (A) , 10 (A) . and 11 (A» . After a new crop becomes 
established , the thicknesses increase,  slowly at firs t ,  then more rapidly 
under pole-stage crops , and reach a maximum close to the original (i . e .  
immediately before cutting) under s tands o f  about 3 0  feet ( 9 . 1  m) dominant 
height on gleyso1s , of about 40 feet (12 . 2 m) on podz o1s , and 40 to  45 feet 
(12 . 2 to 13 . 7  m) on bruniso1s . The decrease following cutt ing and the 
subsequent buildup in the thicknes ses of L + F and H layers are generally 
more clearly marked under crops of spruce than under crops of f ir .  Both 
factors show a s light decrease under stands of dominant heights greater than 
those j ust referred t o .  

On podzo1s and bruniso1s (Figs . 9 (A) and 10 (A» , the Ae layer shows 
a decrease of between 0 . 5  and 2 . 0 inches ( 1 . 27 and 5 . 08 cm) in thickness  
(20 to  40%)  after clear-cutting.  It cont inues to  decrease in thickness at 
a slower rate under regenerat ing and pole-stage balsam f ir stands but 
increases under young spruce stands . There is an increase under semimature 
stands of both species , maximum thicknesses being reached under crops of 
about 40 feet (12 . 2  m) in height on podzo1s and 50 feet (15 . 2  m) in height 
on brunisols . Many of the gleyso1s do not possess an Ae layer , and the 
pattern of change f or this parameter is not clearly def ined on these s oils 
(Fig . 11 (A» . There is , however , s ome evidence of an overall small decrease 
in the thickness of the Ae layer during the course of a rotation ,  with a 
subsequent small increase after c1ear�cutting . 
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Bulk dens ity at the l-inch sample depth increases by 0 . 1  to  0 . 2  
units (20 t o  40%) af ter clear-cutt ing on podz ols and brunisols (Figs . 9 (B) 
and lO eB» � . There is s ome further increase under young stands on brunisols , 
but bulk dens ity ult imately decreases on both s oils t o  reach a minimum close 
to the original value under stands of about 40 feet (12 . 2 m) in height . 
There is no evidence of any cons istent change in bulk dens ity on gleysols 
(Fig . 11 (B» , either after clear-cutt ing or during a rotat ion . 

Loss of weight on ignit ion at 1 inch decreases by up to 20% after 
clear-cutt ing on all s oils and under all cover types examined (Figs . 9 (B) , 
lO eB) , and 11 (B» . It then begins to  increase under young stands and reaches 
a maximum close to the original value under pole-s ize or semimature s tands 
(dominant heights between 20 and 40 feet , 6 . 1  and 12 . 2  m) . 

Sand , s ilt , and clay contents at the l-inch depth generally increase 
after clear-cutt ing on all three soils , presumably in inverse response to  
changes in the amount s of surface organic matter . There is  a subsequent 
decrease under the new stands , minimum values being reached under stands 
ranging in height f rom 25 to 55 feet ( 7 . 6  to 16 . 8  m) . In podzols and 
brunisols , sand and s ilt contents show a tendency t o  increase again under 
stands of more than 40 to 50 feet (12 . 2 to 15 . 2  m) in height . 

Value (color) at 1 inch generally increases by up t o  0 . 5  unit 
(20%) after clear-cutt ing and then s lowly decreases as the new stand 
develops .  Chroma shows a s imilar pattern at all three sample depths , increas
ing from 0 . 5  to as many as 1 . 5  units (10 to 100%)  after clear-cutt ing , and 
then s lowly decreas ing to a minimum close t o  the original under semimature 
stands . 

In most cases there is a decrease in moisture retention at 15 
atmospheres pressure averaging 20% by weight at the l-inch depth after 
clear-cutting on balsam f ir s ites (on gleysols the full decrease is attained 
only after a new s tand has begun to  develop) and a later proportionate 
increase under semimature s tands (Figs . 9 (C) , 10 (C) , and 11 (C» . On black 
spruce s ites the change appears similar but less  c learly marked . On a 
volume bas is , changes in moisture retention at 15 atmospheres pressure are 
small but s imilar in pattern to those observed for this factor on a we ight 
bas is . 

Moisture retent ion at 1/3 atmosphere pressure decreases by between 
30 and 80% by weight at the 1-inch depth on all soils after clear-cut t ing;  
the change is  clearly marked on both f ir and spruce s ites . It then increases 
under young stands and reaches a maximum s imilar to  the original under stands 
between 15 and 40 feet (4 . 6  and 12. 2 m) in height . Changes are s imilar but 
les s  clearly marked at the 6- and 12-inch sampling depth s .  S imilar changes 
are also apparent at the l-inch depth on a volume bas is on brunisols and 
gleysols , but no consistent pattern is apparent f or podzols . 

Chemical Soil Factors 

The pH increases by up to  0 . 5  unit (about 15%)  after clear-cutting 
for all s oils and cover types , with only minor except ions at the 6- and 
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12- inch depths in gleys o1s (Figs . 9 (D ) , 10 (D) , and 11 (D» . There is sub
sequently a steady decrease , minimum values close to the originals being 
reached under stands of 20 to 30 feet (6 . 1  to 9 . 1  m) in height . There is 
a further small increase under stands above about 30 feet ( 9 . 1 m) in height . 

Total nitrogen by we ight at the 1-inch depth increases by about 10% 
after clear-cut t ing on all black spruce s ites and also on f ir s ites on 
gleyso1s , but decreases by a s imilar amount on f ir s ites on podzo1s and 
brunis o 1s (Figs . 9 (E) , 10 (E) , and 11 (E» . There is a later decrease on 
spruce s ites and an increase on f ir s ites . Changes immediately following 
cutt ing at the 6- and 12-inch depths are generally opposite to those at 
1 inch ( i . e .  where the nitrogen content at 1 inch increases , tha t at 6 and 
12 inches decreases , and vice versa) . Later changes at these two depths are 
s imilar to but less clearly marked than those at 1 inch . 

Total nitrogen by volume increases by between 10 and 30% after 
clear-cutt ing for all soils and cover types examined , and then decreases 
to  reach a minimum under pole-size or semimature stands . There is evidence 
of a further small increase beneath mature stands in all soils except 
bruniso1s . 

Carbon-nitrogen ratio decreases markedly (by as much as 15 units , 
or 25% , at the 1-inch depth on black spruce s ites ) after clear-cutt ing 
(Figs . 9 (F ) , 10 (F) , and 11 (F» . On podzo1s and bruniso1s there is a further 
small decrease beneath young stands , but the ratio ult imately increases on 
all soils to reach a maximum under 10- to 20-foot-h igh (3 . 0  to 6 . 1  m) stands 
on gleyso1s , 20- to 30-foot-h igh (6 . 1  to 9 . 1  m) s tands on podzo1s , and 50-
foot-h igh ( 15 . 2 m) stands on bruniso1s . Where the increase is mos t  rapid , 
i . e .  on the podzo1s and gleyso1s , there is a further decrease under mature 
stands . 

Available phosphorus content at 1 inch decreases by about 0 . 1  
meq/ 100 g ( 20 t o  50%) after clear-cutt ing of balsam f ir stands on bruniso1s 
and P9dzo1s but later increases to  its original values . On gleyso1s and 
under black spruce stands on podz o1s , phosphorus content increases somewhat 
af ter cut t ing , decreases to a minimum under pole-s ize or semimature stands , 
then increases once again . Phosphorus content varies litt le at the 6- and 
12-inch depths , but for all so ils and cover types a maximum is reached under 
stands of 20 to 50 feet (6 . 1  to  15 . 2  m) in height . 

On a volume bas is , available phosphorus content at 1 inch increases 
by 10 to 20% after cutt ing except under f ir stands on brunis o1s . There 
follows f irst a decrease and then a further increase . In most cases , the 
pattern of change at the 6- and 12-inch depths is s imilar to  that observed 
for phosphorus on a weight bas is . 

Changes in available potassium content (volume basis)  are generally 
small.  There is  a cons istent small increase at the 6- and 12-inch depths 
after clear-cutt ing, but changes at the 1-inch depth vary by s oil type , 
gleyso1s showing an increase after cutt ing f ollowed by a decrease and then 
a further increase ,  while podzo1s and bruniso1s show little or no consistent 
pattern . 
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Available s odium content appears to  be very strongly influenced by 
cover changes during the course of a rotat ion . After clear-cut t ing there is 
a decrease that averages 0 . 2  to 0 . 5  meq/ IOO g (30 to 60%) on a weight bas is 
and 0 . 1 meq/ IOO cc (20 t o  40%) on a volume bas is at the I-inch sample depth 
on all s ites . S od ium content then increases under the new stand , a very 
marked peak occurring beneath stands of 20 t o  30 feet (6 . 1  to 9 . 1 m) in height . 
There is a further decrease beneath stands more than about 30  feet ( 9 . 1  m) 
in height . Changes at 6- a�d l2-inch depths are s imilar to , but less clearly 
marked than , those at 1 inch . 

Ava ilable calcium content at 1 inch increases by between 0 . 1  and 
0 . 3  meq/ IOO cc ( 10 t o  60%) after cutting . It later decreases markedly (by 
up to  0 . 4  meq / IOO cc) to a minimum beneath 20- t o  30-foot-high (6 . 1  to  9 . 1  
m) s tands and then increases again . Available magnesium by volume at 1 inch 
shows a similar but les s s trongly marked pattern of change . 

DISCUSSION 

The s ignificant changes that take p lace in the soil during the 
course of one rotation of balsam f ir or black spruce can be explained in 
terms of success ive s tand-development s tages and their inf luence on the 
above- and below-ground environment . Almost all the s oftwood stands examined 
are even-aged and originated f rom cutt ing,  and therefore represent at least 
the second phase of a recurrent cycle , wh ich begins with crop removal ,  which 
is followed by regrowth and then attainment of semimaturity or maturity . 

A typical semimature s oftwood stand in the productive forest areas 
of Newfoundland is dense or moderately dense ,  contain ing an average of 
between 1 , 200 and 2 , 300 stems per acre , or 3 , 000 to 5 , 750 stems per hectare 
(Page 1970a , 1970b) . When such a stand is cut , the forest f loor can be 
expected to receive a sudden inf lux of s o lar rad iat ion and to become much 
more exposed t o  the movement of drier air (Geiger 1961) . As a result , 
temperature variat ion of the air near the ground and of the upper part of 
the s o il profile ( in part icular , the surface organic material) is much 
greater . Greater amounts of d irect precipitation are received , and there 
is probably also a greater movement of moisture through the profile because 
of the les ser amounts retained by the shallow organic layers and the absence 
of many living t ree roots to ut ilize  the moisture within the profile (Gessel 
and Cole 1965 ) . This probably also favors the movement of organic material 
and nutrients int o the mineral s oil horizons . 

Cutt ing operat ions normally create s ome disturbance and m1x1ng of 
the organic mant le and upper mineral-soil layers ; this dis turbance probably 
increases the mineralizat ion rate of the organic material.  In addit ion, 
the cons iderable increase that usually occurs during the clear-cut period 
in the amount of herbaceous vegetation may increase the amounts of readily 
decomposable litter . Th is , however , probably does not happen when species 
such as Ka Zmia are involved (Damman 1971) . 
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The changes in soil parameters that occur after cutting can all be 
explained as ref lect ions of the changes j ust mentioned . L + F and H layers 
are reduced in thicknes s  through more rapid decomposition and phys ical 
d isturbance . The thickness of the Ae layer is also reduced s light ly during 
the clear-cut and subsequent young stand development phases , poss ibly through 
the incorporat ion of organic material int o  the upper part of the horizon ,  
wh ich then becomes an � layer . The reduction in the surface accumulation 
of organic material usually causes the upper sampling level (I-inch depth) 
to fall partly within the upper mineral-soil layers .  Hence sand , s ilt , and 
clay contents , and bulk dens ity , as well as value and chroma (which primarily 
reflect organic-matter content ) are in general increased , and loss on ignit ion 
and moisture-retention capacity (on a weight bas is , but often not on a 
volume basis ) are decreased . Changes in these parameters at the 6- and 
l2-inch (15- and 30-cm) depths are much smaller than at 1 inch (2 . 5  cm) 
or are absent but , when present , tend to mirror changes a� the surface . 

Decreased carbon-nitrogen rat ios and increased concentrations by 
volume of total n itrogen and avai lable potassium, calcium, and magnesium 
result f rom the increased mineralizat ion of surface organic material that 
occurs on all s ites after clear-cutt ing . Similar trends are evident on 
s ome s ites in terms of t otal nitrogen and available phosphorus concentrations 
by we ight . However , changes in these factors were generally f ound t o  be 
small and were not observed at all on s ome s ites . This suggests that in 
many cases increases in the bulk density of the surface samples more or les s  
counterbalanced the observed increases in concentrat ions o f  these nutrients 
on a volume bas is . 

The clear-cut areas examined in this s tudy averaged 6 to 7 years 
from cut ting . Climatic conditions , together with the decomposition of the 
organic mantle on clear-cut areas , favor abundant regeneration on mos t  
cutover s ites i n  Newfoundland , and the regenerating s tand begins t o  form 
a closed canopy anywhere between 5 and 15 years after cutting . Solar 
radiation and windspeeds near the s o il surface are reduced in consequence , 
and the trends that were apparent on the cutovers are reversed (some trends 
may cont inue for a t ime under the young s tands before becoming reversed) .  
The reversal is slow at f irst but becomes more rapid as the stand develops 
through the thicket and pole-s ize s tages to semimaturity (at a dominant 
he ight between 25 and 50 feet depending on soil type ) . L + F ,  H ,  and Ae 
depths , percent loss on ignition ,  and moisture retention by weight increase 
during this period , whi le surface bulk density , surface sand , s ilt and c lay 
contents (as inverse measures of changes in organic-matter content) , value , 
and chroma decrease . Among the nutrient factors , carbon-nitrogen ratio and 
available sodium by weight and volume increase , wh ile avai lable phosphorus , 
p otass ium, calcium, and magnes ium and total nitrogen (all by volume) tend 
to decrease .  

In the later stages of s tand development , the canopy begins to  
open up  and become more irregular . More light and warmth again reach the 
forest f loor , though not to the same extent as on clear-cut areas . Decompo
s it ion of organic material tends to speed up and ground vegetation grows 
more vigorous ly . These events are often suff ic ient to halt the net accumula
t ion of organic matter or even t o  induce a slow rate of net decomposition . 
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It is thus evident that there is a cyclic pattern of change in soil 
propert ies , especially near the surface , which follows from the normal 
pattern of development of even-aged f ir and spruce stands ; a very s imilar 
pattern of change has been observed beneath artifica11y established coniferous 
stands in Great Britain (Page 1968) . S ignificant differences detected in 
the t-test s  therefore s imply represent the maj or s teps in the overall (cyclic) 
course of events .  Soil parameters beneath f ir and spruce stands show very 
s imilar patterns of change in the two sample areas and on each soil type , 
but the absolute level at which the various parameters are maintained differs 
because spruce l itter is more acid and less  readily decomposable than f ir 
litter (Bhure 19 70) . 

It has not been poss ible to construct a series of t ime sequence 
d iagrams f or hardwood stands , but comparisons of soil conditions beneath 
hardwood and softwood stands at s imilar stages of development (most hardwood 
stands examined were between 10 and 30 feet (3 . 0  and 9 . 1  m) in height ) 
indicate that hardwood litter is less acid and more readily decomposable 
than conifer litter . As a result , organic layers are shallower , while bulk 
dens ity , value , chroma , pH, t otal nitrogen , available potass ium, and sand , 
s ilt , and clay contents are higher , and Ae depth , carbon-nitrogen rat io , 
moisture retent ion , and available sodium and phosphorus are lower under 
hardwood stands than under sof twood stands (Table 3 ) . These apparent ly 
favorable effects of hardwoods suggest the desirability of maintaining or 
introducing a hardwood component in mos t  Newfoundland forest stands . 

Many conifer crops will normally be felled before they reach 50  
o r  60 feet (15 . 2  to 18 . 3  m)  in height , at  a t ime when their effects on  the 
s o il are s till well marked . The levels of  the various soil parameters are , 
however , largely dependent upon the nature of the forest cover , and once 
this is removed the inf lux of light and warmth can be expected to induce 
the rapid complet ion of the typical cycle of events .  Evidence in favor of 
this is provided by a comparison of many of the typical trends on bruniso1s 
and podzo1s . Bruniso1s are generally of  high fert ility; during a rotat ion, 
the buildup of organic material and associated changes are relatively small, 
and the reverse effects af ter cutt ing are small in proport ion . Podzo1s are 
usually les s  fertile than bruniso1s ; they possess deeper accumulations , and 
show a more rapid buildup , of organic material and associated factors during 
a rotation . However ,  the change following cutting is also greater than on 
bruniso1s and is suff icient to return all the parameters examined approxi
mately to their original levels . 

Present evidence therefore suggests that , on most mineral-soil sites 
in Newfoundland , one complete rotation of a forest crop , including a c1ear
cut phase and all normal s tages of even-aged stand development , does not 
induce s ite deterioration . Indeed , the changes through t ime in surface-
s o il parameters appear generally favorable in terms of forest product ivity 
within the context of the cool ,  humid climat ic condit ions of the island . 
In particular , it appears that the more rapid decompos it ion of organic 
material and the increased supply of nutrients following cutt ing are probably 
the cause of much of the increased productivity observed in young and semi
mature s econd-growth stands , as compared with virgin s tands , in many 
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parts of Newf oundland; s imilar effects have been reported f rom Alaska 
(Stephens et a Z .  1969) . Several important qualif icat ions must , however , 
be added to these observations : 

1 .  The maintenance of the typical cyclic pattern of change requires 
successful regenerat ion at the beginning of each rotation . Coni
ferous species regenerate naturally and abundantly on most clear
cut mineral-soil s ites in Newfoundland (Richardson 1970 ) , but 
where regenerat ion fails , permanent s ite degradation may result 
(Damman 1971)  unless man intervenes to replace the f orest cover 
by artif icial means . 

2 .  Excess ively wet s ites with very thick surface organic layers have 
not been examined in this paper , but clear-cutt ing under such 
condit ions may increase waterlogging and make the establishment 
of a new stand diff icult . 

3 .  Where s ites are especially suscept ible t o  degradation on d is tur
bance - for example ,  on steep s lopes or in specific locations 
where pressures of logging operations are more severe , such as 
on extract ion routes and landing areas - organic material may be 
removed and compacted mineral soil exposed during harves t ing 
operations . Subsequent regeneration may be inadequate on these 
areas , and the removal of the organic material may reduce s ite 
fert ility . 

4 .  Clear-cut areas examined in this study were logged by methods that 
involve leaving all top and branch material at . or near the felling 
s ite . In full-t ree logging methods now being introduced in some 
logging operations , tops and branches are of ten removed f rom the 
felling s ites ; they can play no part in subsequent cycling of 
organic matter and nutrients (Weetman 1970) , and reduced s ite 
fertility may result . 

All these special circumstances require further invest igation in 
regard to Newf oundland fores t ,  soil , and climat ic condit ions . 

CONCLUSIONS 

The effects of f ir ,  spruce , and hardwood cover types on the proper
t ies of three maj or f orest soils (brunisols , podzols , and gleysols) have 
been examined by means of paired comparisons and t ime sequence d iagrams 
represent ing one rotation .  Conclus ions may be summarized as follows : 

1 .  Cover type has a very s trong influence on surface s o il properties 
(l- inch sampling depth) but a lesser influence on the propert ies 
of the lower soil layers (6- and l2-inch sampling depths) . Surface 
organic mat ter accumu lat ion ,  moisture retention ,  acid ity,  and 
carbon-nitrogen rat io are h ighest under black spruce , intermediate 
under balsam f ir ,  and lowest under hardwoods .  In general ,  the 
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availability of all nutrients except s od ium and possibly phosphorus 
is greatest under hardwoods and least under black spruce . 

2. The stage of development of a forest stand inf luences the propert ies 
of the s oil beneath it . Clear-cut areas show increased decomposi
t ion of organic material and increased availability of nutrients ,  
presumably owing t o  the marked increase in light and warmth reaching 
the f orest f loor at this stage . Organic matter accumulates again 
between canopy closure and attainment of semimaturity . The canopy 
begins t o  open up once more beneath mature stand s ,  with a resultant 
increase in the rate of organic matter decompos ition .  The net 
result of these changes is a cyclic course of events in which all 
s o il parameters are returned approximately to  their original values 
at the end of each rotation .  

3 .  The pattern and absolute amount o f  change in soil properties through 
t ime appears essentially the same in wes tern Newfoundland and on 
the Avalon Peninsula for any given cover-type/soil combination .  
In general,  the three s oi l  types show s imilar patterns o f  response 
but d if ferent absolute amounts of response to  the same cover-type 
condit ions . The greatest absolute changes were observed in podz o1s . 

4 .  The cyclic changes occurring in s o il properties in association 
with even-aged stand development appear generally favorable to  
s tand productivity in the context of Newfoundland soil and climatic 
condit ions . The breakdown of organic material and release of 
nutrients that f ollows clear-cutting is probably largely the cause 
of the increased growth rates observed in young and semimature 
second-growth s tands as compared with virgin stands on s imilar 
s ites . Although data were inadequate f or the development of a 
full t ime sequence analysis for hardwood stands , it appears that 
a hardwood component in softwood stands would assist in the 
maintenance of favorable soil condit ions and might improve stand 
productivity . 

5 .  Available evidence suggests that one complete rotation of even-
aged softwood stands , including a clear-cut phase , does not 
induce s ite deteriorat ion ;  this is in agreement with conclusions 
presented by Damman (1971) f or one selected s ite in western 
Newfoundland . There are , however , a number of special c ircumstances 
under wh ich permanent s ite degradat ion may occur , and these require 
further invest igation within the context of Newfoundland soil and 
climat ic condit ions . 
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