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Soil Quality and Tree Growth in Plantations 
of Forest and Agricultural Origin

Forest. Range & Wildland Soils

Changes in demographics and land utilization in Canadian rural regions as 
well as C sequestration objectives under the Kyoto accord (van Kooten et 

al., 2000; White and Kurz, 2005) are creating a socioeconomic environment fa-
vorable to reforestation (White and Kurz, 2005). Th is is the case for the Abitibi-
Témiscamingue region, in northwestern Quebec, where more than 100,000 ha of 
abandoned agricultural land could be put back into forest production (Syndicat 
des Producteurs de Bois de l’Abitibi-Témiscamingue, 2000). Old fi eld reforestation 
raises a number of interesting questions, however, regarding soil quality for tree 
growth, as decreases in soil organic matter pools and soil compaction induced by 
land clearing and cultivation (Murty et al., 2002; Pagliai et al., 2003) are consid-
ered the mechanisms most likely to directly impact tree growth in managed forests 
(Powers et al., 1990).

Changes in soil structure induced by the circulation of heavy equipment have 
been well documented for agricultural (Servadio et al., 2001; Pagliai et al., 2003; 
Hamza and Anderson, 2005) as well as forest lands (Greacen and Sands, 1980; 
Corns, 1988; Brais and Camiré, 1998). Compacted soils are characterized by high-
er bulk density, greater root penetration resistance (Gomez et al., 2002), higher 
microporosity (Shestak and Busse, 2005), increased water retention (Gemtos and 
Lellis, 1997), and lower air-fi lled porosity (Gomez et al., 2002; McNabb et al., 
2001) than uncompacted soils. Diff erences in the frequency of entry and traffi  c 
patterns between forestry and agricultural operations may lead to diff erences in 
compaction severity and intensity and the area aff ected (Sveistrup et al., 2005). In 
any case, the relationships between severity of compaction and plantation growth 
can be tenuous because compaction may improve water retention (Gomez et al., 
2002) and growth (Brais, 2001) while confounding factors such as a reduction of 
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plant competition in traffi  c trails may mask potential negative 
eff ects (Brais, 2001; Fleming et al., 2006).

Following harvest, surfi cial forest soil organic matter con-
tent can decrease ( Johnson et al., 1991; Brais et al., 2002). Th is 
reduction may be caused by an increase in the decomposition 
rate and reduced inputs or by a redistribution of organic matter 
within the soil profi le (Covington, 1981; Johnson et al., 1991). 
Diff erences between uncut and harvested stands were still appar-
ent in the study area 15 yr aft er harvesting (Brais et al., 2002). 
Land clearing and soil cultivation for agricultural purposes also 
lead to large decreases in mineral soil organic matter (Murty et 
al., 2002; Franzluebbers, 2002). Reforestation, however, may 
promote soil C accumulation within the forest fl oor and upper 
mineral soil horizons (Richter et al., 1999). Diff erences in soil or-
ganic matter quality between agricultural and forest soils caused 
by diff erences in litter type are also expected (Hu et al., 1997).

Comparisons between agricultural and forest soils are chal-
lenging because historical records of land management are oft en 
lacking and diff erences in practices within similar land utiliza-
tion are the rule rather than the exception. Th e Abitibi region of 
northwestern Quebec, however, was opened to colonization only 
recently (in 1911, with the construction of the transcontinental 
railway), agriculture was extensive rather than intensive (Tabi et 
al., 1990), and cultivation was of short duration in some parts 
of the region. Controlling for soil parent material and moisture 
regime using ecological classifi cations allows meaningful com-

parisons between forest plantations established aft er forest har-
vesting and plantations established on former agricultural lands.

Th e objectives of the study were to compare soil quality and 
the growth of jack pine and white spruce plantations established 
following clear-cutting of native forests with plantations estab-
lished on former agricultural lands or old fi elds using indices 
of soil quality (Adams et al., 1998). Jack pine and white spruce 
are commercial boreal species with contrasting growth require-
ments (Dang and Cheng, 2004). White spruce is shade tolerant 
(Kneeshaw et al., 2006), has a high nutrient requirement, and 
grows better on mesic sites (Landhausser et al., 2003), while jack 
pine is shade intolerant and can perform well on nutrient- and 
water-limited sites (Hangs et al., 2003). We hypothesized that (i) 
soils from old fi eld plantations would be more compacted than 
soils from forest plantations, (ii) soils from old fi eld plantations 
would have lower organic C concentrations than soils from for-
est plantations, and (iii) both white spruce and jack pine would 
grow more rapidly in forest plantations but that jack pine growth 
would be less sensitive to soil conditions than white spruce.

MATERIALS AND METHODS
Study Area

Th e study area is located between 48 and 49° N and between 77 
and 80° W (Fig. 1), in the Clay Belt region of northeastern Ontario 
and northwestern Quebec (Canada). Th e climate is continental, with 
a mean annual temperature of 1.2°C and a precipitation of 918 mm 
(Environment Canada, 2004 [www.climate.weatheroffi  ce.ec.gc.ca; veri-
fi ed 6 Mar. 2010]), about half of which falls as rain between May and 
September inclusively. Th e region is situated at the southern fringe of 
the boreal forest and is characterized by forests of balsam fi r [Abies bal-
samea (L.) Mill.], white birch (Betula papyrifera Marshall), and white 
spruce stands on mesic sites. It is part of the Precambrian Shield and its 
topography is generally gentle with short slopes. Most of the bedrock is 
covered with Quaternary deposits. Th e studied soils have evolved from 
fi ne clayey to fi ne loamy textured glaciolacustrine deposits formed by 
sedimentation at the bottom of glacial Lake Barlow-Ojibway (Veillette 
et al., 2000) under fresh to moist moisture regimes (Brais and Camiré, 
1992) and are classifi ed as Gray Luvisols or Boralfs (Agriculture Canada 
Expert Committee on Soil Survey, 1998).

With the construction of the Canadian transcontinental railway 
at the beginning of the 20th century, large tracts of land were cleared 
by settlers for agricultural purposes. As forestry and mining industries 
gained in importance, fi elds were abandoned (Vincent, 1995) and later 
converted to forest plantations. Fodder production and pasture were 
and are still the most common practices on agricultural land in the area 
(Tabi et al., 1990). Public forests occupy 93% of the land base area and 
forest harvesting is still mainly conducted in natural forests. Upland 
sites, close to towns, are logged during the summer. In the early 1980s, 
regeneration by plantation was just starting in Quebec; before this, dif-
ferent site preparation techniques were used—on clayey sites, mostly 
light scarifi cation or winter windrowing. In old fi elds, no site prepara-
tion was required unless shrubs were abundant. In that case, the sites 
were also windrowed.

Fig. 1. Studied area and sampled site locations of jack pine (JP) and 
white spruce (WS) plantations.
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Field Methods
Potential plantations were fi rst localized using the forest inventory 

database of the Quebec Natural Resources Ministry, which provides 
information such as stand type, surface deposit, moisture regime, and 
slope. Forest agencies were also contacted to fi nd plantations on private 
agricultural land. Ten white spruce and 10 jack pine plantations on me-
sic (Brais and Camiré, 1992) clayey soils were located in each environ-
ment (plantation origin: old fi eld or forest) for a total of 40 plantations. 
Plantation sizes ranged from 4 to 20 ha.

In each plantation and on two perpendicular transects, three circu-
lar sampling plots (100 m2) were systematically located 50 m apart from 
each other. In each plot, three dominant trees were measured for total 
height. Trees were cored for plantation age determination. All trees with 
a diameter at breast height >1 cm were numbered.

In each plot, two undisturbed soil samples (100 cm3) were taken 
with a double-cylinder soil sampler from the center of the 0- to 10- and 
10- to 20-cm mineral soil layers for bulk density, macroporosity, and 
fi eld capacity measurements. Two bulk soils samples were also taken for 
biochemical and permanent wilting point analyses and kept in a refrig-
erator (4°C) until processed (within a week). Finally, one sample was 
collected at the 25-cm depth for soil texture determination.

Soil Physical Properties
Soil texture was estimated by the Bouyoucos hydrometer method 

(Kroetsch and Wang, 2008). Soil structural properties were assessed ac-
cording to Klute (1986) and Cassel and Nielsen (1986). Undisturbed 
soil samples (5-cm diameter, 100 cm3) were brought to saturation 
under vacuum and weighed (W1, macroporosity). Samples were set 
on the porous surface of a sand-box apparatus (Eijkelkamp Agrisearch 
Equipment, Giesbeek, the Netherlands), and brought to equilibrium at 
a tension of −10 kPa (fi eld capacity). Th e samples were weighed again 
(W2), then oven dried (105°C for 48 h) and weighed one more time 
(W3). Macroporosity, bulk density (BD), and fi eld capacity (FC) were 
estimated with the following:

( ) 1 2
3Macroporosity % 100

100 cm
W W−

=

3
3BD

100 cm
W

=  

( ) 2 3

3

FC % w/w 100
W W

W
−

=

Bulk soil subsamples were dried and sieved (2 mm) before be-
ing submerged and brought to equilibrium with a tension of −1500 kPa 
(permanent wilting point) using a pressure membrane apparatus 
(Soilmoisture Equipment Corp., Santa Barbara, CA) and weighed 
(W4). Th e samples were dried for 48 h at 105°C and weighed again 
(W5). Th e permanent wilting point (PWP) and available water holding 
capacity (AWHC) were estimated with the following:
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5
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Soil Biochemical Properties
Ground samples (250 μm) were analyzed for Kjeldahl N, includ-

ing NO2
− and NO3

− (Bremner and Mulvaney, 1982), and for organic 
C by wet oxidation (Yeomans and Bremner, 1988). To assess the net 
potential N availability, mineral soil samples (5 g) were incubated un-
der anaerobic conditions at 23°C for 2 wk in 50 mL of deionized water 
(Bundy and Meisinger, 1994). Th e samples were then extracted with 50 mL 
of 2 mol L−1 KCl. Initial NH4

+ concentrations were determined on 5-g 
subsamples extracted with 100 mL of 1 mol L−1 KCl. Th e initial con-
centrations were subtracted from the fi nal concentrations and the values 
were reported on a total-N basis as an index of organic matter quality 
and on a soil volume basis (g m−3) using bulk density values.

Statistical Analyses
All statistical analyses used the MIXED, CORR, and MEANS 

procedures of SAS (SAS Institute, 2004). To determine whether soil 
clay content could be a confounding cause behind the observed eff ects 
of plantation origin or species, linear correlations between soil charac-
teristics and clay content were assessed (n = 40). For the same reason, 
correlations were also conducted between soil characteristics and plan-
tation age. Because of diff erences in the age range of the jack pine and 
white spruce plantations, however, separate analyses (n = 20) were done 
for each species to avoid the confounding eff ects of age and species.

Th e eff ects of plantation species and origin on the soil characteris-
tics were tested by means of a mixed linear model (Littell et al., 2006), 
with sampling plots (n = 3) nested within plantations (n = 40). Both 
factors were treated as random eff ects, while species and plantation ori-
gin were treated as fi xed eff ects. Th e signifi cance of species, plantation 
origin, and their interaction was based on a Type 1 test of the hypothesis.

Th e eff ects of plantation age and origin on tree height were as-
sessed by means of mixed linear models. Tree, plot, and plantation were 
treated as random eff ects, with individual trees (n = 3) nested within 
sampling plots (n = 3), and plots nested within plantations (n = 20). 
Age and plantation origin were treated as fi xed eff ects. Preliminary scat-
ter plots of tree height as a function of tree age indicated a strong linear 
relationship. Because tree growth was expected to show a polymorphic 
relationship with time (Th rower, 1987), however, a second-order poly-
nomial model was fi rst tested. To test for diff erences in growth patterns 
with time between plantation origins, the interaction between origin 
and age or origin and age squared were also included in the model. For 
the sake of simplicity, quadratic eff ects were removed from the models 
when not signifi cant. Th e correlation between the observed and pre-
dicted values was used as a measure of explained variance (R2).

For all regression models, Studentized residuals’ normality and 
distribution in relation to the predicted values were visually assessed. 
Variables with residuals showing a horn-shaped pattern were logarith-
mically transformed.

RESULTS
Plantation Origin, Age, and Inherent Soil Conditions

All plantations were located on clayey to heavy clayey soils, 
with clay content ranging from 37 to 84% (Table 1; Fig. 2). No 
obvious bias was found in the range of clay contents observed 
for plantation origin or species (Fig. 2). Some of the jack pine 
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plantations established in old fi elds had higher soil clay contents 
than the general average, while the lowest values were observed 
in jack pine plantations of forest origin and white spruce planta-
tions in old fi elds (Fig. 2). Th e sole variable showing a signifi cant 
correlation with clay content was the permanent wilting point 
between 10 and 20 cm (r = 0.41, P = 0.009, n = 40); however, 
weak correlations were also observed for the net N mineraliza-
tion rate (r = −0.31, P = 0.051, and r = −0.27, P = 0.076 at the 
0–10- and 10–20-cm depths, respectively).

Plantation age ranged from 9 to 16 yr for white spruce and 
from 11 to 27 yr for jack pine (Table 1). Th ree jack pine planta-
tions had been subjected to restocking and supported two diff erent 
cohorts of trees. A permanent wilting point between 10 and 20 cm 
was the only soil characteristic correlated with plantation age (r 
= −0.459, P = 0.041 and r = −0.461, P = 0.042, n = 20 for jack 
pine and white spruce plantations, respectively).

Effects of Species and Plantation Origin on Soil 
Physical Properties

Average values for the 0- to 10-cm mineral soil bulk densities 
ranged from 0.99 to 1.04 Mg m−3 and were not aff ected by planta-
tion origin or species (Table 2). Independent of plantation origin, 
bulk densities were higher under white spruce at the 10- to 20-cm 
depth (Table 2). Macroporosity was signifi cantly lower in old 
fi eld than in forest plantations at both soil depths and was also 
signifi cantly lower under white spruce than under jack pine. In 
jack pine plantations, the average 10- to 20-cm macroporosity was 
between 2.3 and 2.5 times higher than in white spruce plantations.

Field capacity was signifi cantly higher in old fi eld plan-
tations and higher under jack pine at the 10- to 20-cm depth 

(Table 2). Although the same trend 
was observed at the 0- to 10-cm 
soil depth, only the diff erences be-
tween species were signifi cant. Th e 
soils from the old fi eld plantations 
were characterized by signifi cantly 
higher permanent wilting points 
than those of the forests at both soil 
depths (Table 2), and the average 

wilting points were also higher under white spruce than under 
jack pine. At both soil depths, independent of origin and species, 
the wilting point increased with soil organic C content (r = 0.76, 
P < 0.001 and r = 0.43, P = 0.005 for the 0–10- and 10–20-cm 
depths, respectively; n = 40). At both depths, the available water 
holding capacity was signifi cantly lower under white spruce but 
was not aff ected by plantation origin (Table 2).

Effects of Species and Plantation Origin on Soil 
Chemical Properties

Organic C concentrations were between 1.4 and 1.9 times 
higher in the old fi eld than the forest plantations at both soil 
depths (Table 2). Th e same trend was observed for Kjeldahl N; 
however, a signifi cant interaction between species and origin was 
noted for Kjeldahl N at the 0- to 10-cm depth, where the diff er-
ence between origins was weaker for jack pine. Species by itself 
had no eff ect on Kjeldahl N or organic C concentrations.

Th e C/ N ratio ranged from 20 to 27 and little diff erence 
was observed between depths (Table 2). A signifi cant interac-
tion was observed for the C/N ratio between plantation origin 
and species at the 0- to 10-cm depth. Values were higher in forest 
than old fi eld plantations under white spruce, while the reverse 
was true for jack pine. Th e 10- to 20-cm-depth C/N ratio was 
higher under white spruce than under jack pine.

Potential net N mineralization rates at the 0- to 10-cm 
depth ranged from 9.6 to 27.1 g m−3 for 14 d and were signifi -
cantly higher under white spruce than under jack pine (Table 2). 
At both depths, the interaction between plantation origin and 
species was signifi cant: higher rates were observed in forest than 
old fi eld plantations under pine and lower rates in forest than old 
fi eld for spruce. Th e ratio of net mineralizable N/Kjeldahl N, a 
measure of organic matter quality, was higher under white spruce 
than under jack pine at the 0- to 10-cm depth and higher in forests 
than in old fi elds for both species and both soil depths (Table 2).

Effects of Plantation Origin on Tree Height 
Tree height as a function of tree age followed a strong linear 

relationship for both species (Table 3; Fig. 3). Between 11 and 
27 yr, jack pine height increased by an average of 56.3 cm yr−1 in 
forest plantations. According to the fi rst-order model, jack pine 
annual height growth in old fi elds was reduced by 12.4 cm com-
pared with forests; however, the diff erence between plantation 
origins was not signifi cant (Table 3). At age 9 yr, white spruce 
from old fi eld plantations were 210 cm taller than those of forest 
origin. Between age 9 and 16 yr, white spruce height increased 

Fig. 2. Range in clay content (minimum, 25th to 75th percentiles, 
and maximum) of soils from jack pine (JP) and white spruce (WS) 
plantations established in old fi elds (OF) and forest clear cuts (F).

Table 1. Characteristics of sampled old fi eld and forest plantations in the Clay Belt region of 
northwestern Quebec.

Species Origin n Soil texture Age
Commercial 

species density
Total tree 
density

Total 
height

yr ———— stems ha−1 ———— m
Jack pine forest 10 clay to heavy clay 16–21 600–2300 1133–5033 9.16

Jack pine old fi eld 10 clay to heavy clay 11–27 1100–3000 1367–2633 8.63
White spruce forest 10 clay to heavy clay 10–15 1100–2900 2533–8667 5.03
White spruce old fi eld 10 clay to heavy clay 9–16 1500–3200 1867–6300 5.23
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by 74.4 cm yr−1 in forest plantations and by 34.9 cm yr−1 in old 
fi eld plantations. Th e diff erence in growth rates between planta-
tion origins was signifi cant at the 0.060 level (Table 3).

DISCUSSION
Clayey soils from the Abitibi-Témiscamingue region have 

evolved from Quaternary glaciolacustrine deposits, and pedo-
genesis began with the retreat of Lake Ojibway 9000 yr ago 
(Veillette et al., 2000). Th ese soils are richer in fi ne primary min-
eral particles than in true clay minerals (Veillette et al., 2000). 
Th e observed bulk densities in clear-cut forests were similar to 
those reported for unmanaged forests (Brais and Camiré, 1998), 
while macroporosity values were in the same range as those re-
ported by Brais (2001) for managed forest soils of the region. 
According to Pagliai et al. (2004), the surfi cial macroporosity 
was within the range of values of moderately porous soils; how-
ever, the steep decrease in macroporosity with depth indicated a 
relatively weak pedogenetic development.

As we initially hypothesized, land clearing and subsequent 
cultivation induced more severe soil compaction than forest har-
vesting, as shown by the reduced macroporosity values in old 
fi elds at both sampled depths. Field capacity—determined on 
undisturbed samples—is strongly infl uenced by soil structure, 
and higher values observed at the 0- to 10-cm depth in old fi elds 
were also consistent with compaction, which, as well as break-
ing down larger pores, increases the proportion of smaller ones 
(Shestak and Busse, 2005; Wall and Heiskanen, 2003). On the 

other hand, the permanent wilting point, assessed on sieved soils, 
is strongly infl uenced by the organic matter content and texture. 
Soils in old fi elds were characterized by higher organic matter 
content than forest soils and this caused the permanent wilting 
point to increase (Ferreras et al., 2006; Hamza and Anderson, 
2005). Th e available water holding capacity was not impacted by 
plantation origin because both fi eld capacity and wilting point 
increased simultaneously.

Old fi eld soil organic C concentrations were in the range 
of values reported for a number of soil series of the region un-
der fodder production (Tabi et al., 1990); however, the higher 
soil organic matter concentrations of old fi elds, compared with 
that of the forest soils, was unexpected. Losses of organic matter 
pools in the range of 20 to 40% have been found following culti-
vation of virgin soils (Davidson and Ackerman, 1993); however, 

Table 2. Effects of species and plantation origin on 0- to 10- and 10- to 20-cm mineral soil properties. Mixed model analyses with 
sampling plot, nested within plantation, as random effects. Type 1 test of hypothesis for species, plantation origin, and their inter-
action. Signifi cant effects are indicated in bold.

Property
White spruce Jack pine Simple effects Interaction

Old fi eld Forest Old fi eld Forest SE† P > F species P > F origin SE† P > F 

0–10-cm mineral soil
Bulk density, Mg m3 1.01 1.04 0.99 0.99 0.02 0.225 0.619 0.03 0.677

Macroporosity, % 10.4 11.2 16.3 21.2 0.8 <0.001 0.010 1.1 0.062

Field capacity, % 44.2 38.0 48.0 45.2 1.9 0.041 0.095 2.7 0.527

Permanent wilting point, % 27.7 21.7 23.5 18.5 1.2 0.030 0.002 1.7 0.758

AWHC‡, % 17.3 17.2 22.3 25.3 1.6 0.004 0.510 2.20 0.483

Organic C, g kg−1 45.8 29.6 37.8 27.5 0.072 0.189 <0.001 0.102 0.571

Net N mineralization, g m−3 in 14 d 27.1 22.9 9.6 18.2 2.1 0.001 0.476 3.0 0.038
Kjeldahl N, g kg−1 2.0 1.1 1.6 1.4 0.075 0.902 <0.001 0.106 0.049
C/N ratio 22.5 26.2 23.3 19.9 0.044 0.054 0.952 0.062 0.015

Organic matter quality 0.011 0.017 0.004 0.009 0.140 <0.001 0.002 0.198 0.397

10–20-cm mineral soil

Bulk density, Mg m3 1.16 1.23 1.10 1.06 0.03 0.002 0.636 0.04 0.103

Macroporosity, % 5.9 7.4 13.87 18.5 0.7 <0.001 0.002 1.0 0.102

Field capacity, % 39.1 29.4 41.8 39.1 1.5 0.005 0.005 2.1 0.107

Permanent wilting point, % 24.2 19.5 21.1 16.1 1.1 0.034 0.002 1.5 0.913

AWHC‡, % 16.1 12.8 20.7 24.0 1.2 <0.001 0.960 1.7 0.053

Organic C, g kg−1 32.5 16.8 27.5 18.9 0.085 0.839 <0.001 0.121 0.244

Net N mineralization, g m−3 in 14 d 15.6 10.9 11.0 16.3 1.2 0.819 0.874 1.6 0.003

Kjeldahl N, g kg−1 1.2 0.7 1.2 1.0 0.081 0.114 <0.001 0.115 0.100

C/N ratio 26.4 25.7 22.6 19.8 0.056 0.012 0.319 0.086 0.530
Organic matter quality 0.008 0.011 0.007 0.012 0.144 0.792 0.041 0.202 0.532
† Standard errors for Kjeldahl N, organic C, C/N ratio, and organic matter quality are in the natural log scale.
‡ Available water holding capacity.

Table 3. Type 1 tests of fi xed effects of tree age, plantation 
origin, and their interaction on tree height in jack pine and 
white spruce plantations; fi rst-order linear model.

Effect
df 

numerator
df

denominator
F value P > F

Jack pine
Tree age 1 119 190.73  < .001

Plantation origin 1 119 0.59 0.446

Age × origin 1 119 2.39 0.125

White spruce

Tree age 1 120 24.95  < .001

Plantation origin 1 120 0.76 0.384
Age × origin 1 120 3.62 0.060
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those losses occur mostly within the fi rst few years following cul-
tivation (Davidson and Ackerman, 1993). By contrast, large root 
litter inputs from cultivated plants, with high lignin content and 
slow decomposition rates (Puget and Drinkwater, 2001), can 
contribute to increases in soil C. By maintaining a permanent or 
semipermanent cover, fodder production and pasture may have 
promoted soil organic matter accumulation (Pulleman et al., 
2000) in the years preceding plantation establishment as well as 
in the subsequent years. Th e lower quality of soil organic matter 
observed in the old fi elds refl ects lower mineralization rates and 
can result in soil organic C accumulation. Post and Kwon (2000) 
have found average rates of C accumulation of 33.4 g m−2 yr−1 
in agricultural soils following reversion to permanent vegetation 
cover for a wide range of bioclimatic regions. Assuming lesser ac-
cumulation values (15 g m−2 yr−1), considering the regional cli-
matic conditions of our study, it would take 66 yr to increase soil 
organic C concentrations by 10 g kg−1 m−2 in the 10-cm depth 
increment. On the other hand, forest site preparation before 
plantation has been shown to reduce organic C concentrations 
of forest clay soils of the region (Brais et al., 2002) and could also 
have contributed to the lower organic C values observed in the 
forest soils.

Despite large diff erences in soil physical and nutritional 
characteristics between forest and old fi eld plantations, little 
evidence of signifi cant diff erences in growth patterns was found 
between plantation origins. A number of factors other than soil 
conditions may infl uence growth patterns, including the initial 

height of seedlings and competition for light and nutriments. As 
well, white spruce seedlings are vulnerable to spring frost dam-
age, which kills apical buds (Groot and Carlson, 1996) and re-
duces annual height growth. Height of the dominant trees was 
retained as a measurement of site productivity, as it has been 
shown to be fairly independent of competition and initial spac-
ing (Skovsgaard and Vanclay, 2008). Th e high correlations ob-
served between tree age and height indicates that, despite all the 
possible sources of variation in initial plantation growth condi-
tions, height growth remained predictable during the study pe-
riod. Divergences in growth patterns between plantation origins 
for white spruce were statistically marginal and need to be inves-
tigated on a larger number of plantations and for a longer period 
of time because they may have been caused by diff erences in ini-
tial seedling height. White spruce is a more nutrient-demanding 
species than jack pine and could be more susceptible to the lower 
net N mineralization rates observed in the old fi elds.

Tree species were included in the models as a means of con-
trolling statistical variation. Considering the age of the planta-
tions, we did not expect signifi cant species eff ects on the soils; 
however, the eff ects were strong enough to warrant further in-
vestigation. All physical soil characteristics were aff ected by spe-
cies. Under white spruce, we observed a higher permanent wilt-
ing point and lower macroporosity, indicating a shift  in the pore 
size distribution toward smaller pores and a more massive struc-
ture, resulting in reduced aeration and available water retention. 
Diff erences in spruce and pine root distribution may account for 
some of these results. Roots are involved in soil structure devel-
opment through mechanisms such as the pressure exerted by water 
extraction and inputs of organic matter that can promote soil aggrega-
tion. A spruce root system is mainly located in the 0- to 15-cm soil 
horizon (Saff ord and Bell, 1972) in contrast to the deeper more 
vertical rooting pattern of jack pine (Visser, 1995). Jack pine 
root growth capacity is also greater than that of white spruce 
(Grossnickle, 1988).

Large diff erences in the indices of net N mineralization in 
the 0- to 10-cm horizon were also found between species. Th e 
respective eff ects of jack pine and white spruce on ground veg-
etation dynamics following reforestation were not investigated 
in the current study; however, in a concurrent study on the bio-
diversity of old fi eld and forest plantations, Gachet et al. (2007) 
found little convergence of ground vegetation dynamics be-
tween old fi eld and forest plantations of jack pine. Diff erences 
in light transmission and the quality and quantity of litter inputs 
between white spruce and jack pine plantations may set under-
ground vegetation on diff erent successional trajectories and may 
explain in part the higher rates of net N mineralization under 
white spruce.

Th e clayey soils of the Abitibi region support natural stands 
of jack pine, while white spruce seldom forms pure stands in this 
part of the boreal forest; it is, however, an important compo-
nent of forest succession on clayey sites. Th e choice of species 
for plantation is dependent on individual owner preferences and 
the seedlings availability from greenhouse producers. Jack pine is 

Fig. 3. Tree height in relation to age in jack pine and white spruce 
plantations growing in forest clear cuts and in old fi elds. Observed 
values of individual trees are indicated as dots. Parameters of the 
linear relationship (solid lines) between height and age were obtained 
from mixed linear regression models.
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oft en the preferred species of private land owners because of its 
rapid growth. No bias in inherent site conditions (soil texture or 
soil moisture regime) could explain the signifi cant diff erences in 
soil properties found between species as no diff erences in clay con-
tent or organic matter concentrations were found between species.

CONCLUSIONS
Increased demand for natural forest conservation, intensi-

fi cation of forest management in areas close to towns, as well as 
rising interest in forest biomass for energy purposes will lead to 
increased reforestation of abandoned agricultural lands. Because 
of the diffi  culties inherent in retrospective studies, comparisons 
between diff erent land management histories are scarce and their 
inference potential regarding cause and eff ect relationships re-
main limited. Th e diff erences between forest and old fi eld plan-
tations found in this study, however, in terms of soil compaction 
and organic matter concentrations, are consistent with the litera-
ture. Similar patterns of tree growth in former forest lands and 
old fi elds, despite signifi cant diff erences in soil properties, indi-
cate that tree growth in young plantations established on rich 
clayey soils is not controlled by soil properties.
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