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Can Thinning and Fertilizing Young Lodgepole 
Pine Mitigate Future Timber Supply Challenges?

Abstract 

The effects of factorial combinations 
of post-thinning density (6, 11, 
and 16 stems per hectare [sph]) and 
repeated fertilization on the growth 
and development of young lodgepole 
pine (Pinus contorta Dougl. var.  
latifolia Engelm.) were investigated 
in central British Columbia. After 
14 years, the effects of density and 
multi-nutrient fertilization (applied 
at , 5, and 1 years) on tree height 
were small relative to the effects on 
tree radial increment. Individual-tree 
bole growth was greatest at the lowest 
stand density, whereas per-hectare 
volume gains were greatest at the 
highest residual density and declined 
with decreasing stand density. Stand 
volume gains following fertilization 
were less, in both relative and absolute 
terms, at 6 sph than at 11 or  
16 sph. Over 14 years, mean total 
bole volume increment in fertilized 
treatments was 13.9 m3/ha (39%),  
9. m3/ha (56%), and 33.5 m3/ha 
(59%) greater than that in the unfertil-
ized treatment at densities of 6, 
11, and 16 sph, respectively. Low 
conifer site occupancy and vigorous 
response of understorey vegetation to 
nutrient additions may have reduced 

the effectiveness of fertilization in the 
low-density treatment at this site. Re-
sults indicate that the combined posi-
tive effects of thinning and repeated 
fertilization may substantially acceler-
ate lodgepole pine stand development, 
thereby potentially shortening techni-
cal rotation length and mitigating 
the negative effects of the mountain 
pine beetle on midterm timber supply 
in the interior of British Columbia. 
However, the advantages of acceler-
ated harvest and larger piece size must 
be weighed against the considerable 
thinning and fertilization costs and 
their effects on return on investment. 

Introduction

Thinning and fertilization are the 
primary silvicultural options for 
accelerating the development of 
established stands. As such, these treat-
ments may be helpful in mitigating 
the catastrophic effects of the current 
mountain pine beetle (Dendroctonus 
ponderosae Hopk.) epidemic on future 
timber supply in the interior of British 
Columbia. Accelerating the operability 
of extensive stands of young lodge-
pole pine (Pinus contorta Dougl. var. 
latifolia Engelm.) may be particularly 
important in this regard.
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The effects of thinning on the 
growth and development of young, 
non-repressed lodgepole pine forests 
are well documented (Johnstone and 
van Thienen 4). Thinning re-
duces inter-tree competition in dense 
stands, thereby redistributing growth 
on residual trees. Because stand and 
individual-tree growth cannot be 
simultaneously maximized, stand 
density management is typically a 
compromise between maximum 
production per unit area and indi-
vidual-tree growth and size. Forest 
managers must weigh the advantages 
of potentially shorter technical rota-
tion length and larger piece size 
against the likelihood of reduced 
harvest volume.

Nutrient deficiencies are wide-
spread throughout the British 
Columbia interior, and the growth 
benefits of fertilizing lodgepole pine 
with nitrogen (N) and other nutri-
ents have been well documented 
(Blevins et al. 5; Brockley 1996, 
, 6; Brockley and Simpson 
4). Most lodgepole pine fertiliza-
tion research in British Columbia has 
been conducted in thinned stands. 
Thinning reduces the likelihood of 
competition-induced mortality of 
fertilized trees later in the rotation, 
and the growth increment of fertil-
ized trees compensates for the volume 
sacrificed by reducing stand density. 
However, little is known about the 
effects of fertilization across a range 
of post-thinning densities. This 
information is needed to determine 
optimum fertilization and thinning 
regimes for achieving timber supply 
objectives.

This Extension Note reports the  
14-year results of a study designed 
to investigate the effects of differing 
levels of post-thinning stand density 
on the growth and development of 
fertilized and unfertilized young 
lodgepole pine in south-central  
British Columbia. The 1-year results 
were reported by Brockley (5).

Methods

The Spokin Lake study site is located 
southwest of Horsefly within the 
Moist Cool subzone of the Sub-Boreal 
Pine–Spruce biogeoclimatic zone 
(SBPSmk/1) (Steen and Coupé 1997). 
The site is occupied by a naturally 
regenerated lodgepole pine stand 
originating from a 1977 clearcut and 
subsequent drag scarification. At the 
time of installation establishment in 
1989, the 1-year-old stand had an 
average density of about 4  stems 
per hectare (sph). 

The study is designed as a 3 ×  
factorial experiment: three levels of 
post-thinning density (6, 11, and 
16 sph) and two levels of fertiliza-
tion (unfertilized and fertilized). Each 
of the six treatment combinations is 
replicated three times for a total of  
18 treatment plots. 

Treatment plots are rectangular in 
shape and vary in area from .15 to 
.8 ha depending on post-thinning 
density. A minimum distance of 5 m 
separates the outer boundaries of ad-
jacent treatment plots. The 6, 11, 
and 16 sph thinning regimes were 
created by establishing a 1 × 14 grid 
within each treatment plot, with grid 
intervals corresponding to the square 
inter-tree spacing dictated by each 
post-thinning density. A healthy, vigor-
ous “leave” tree was selected near each 
of the 168 grid intersections. A square 
assessment plot was established within 
each treatment plot to monitor the 
growth and development of 64 perma-
nently tagged leave trees. Three sides of 
the assessment plot are surrounded by 
two rows of trees at the specified spac-
ing interval; the buffer on the fourth 
side is four trees wide.

A customized, multi-nutrient fertil-
izer was uniformly applied by hand to 
fertilized treatment plots in October 
199, 3 years after thinning. In a previ-
ous study, fertilization of a young, 
densely stocked stand at the time of 
thinning resulted in severe snowpress 

damage to residual trees. Pre-fertiliza-
tion foliar analysis indicated deficien-
cies of N, sulphur (S), and boron (B) 
(Brockley 1). At an application rate 
of 18 kg/ha, the blended fertilizer 
delivered amounts of individual nutri-
ents as follows:  kg N/ha, 1 kg 
phosphorus (P)/ha, 1 kg potassium 
(K)/ha, 75 kg S/ha, 37 kg magnesium 
(Mg)/ha, and 3 kg B/ha. A more  
complete description of the fertilizer 
regime is provided by Brockley (5). 
The same blended fertilizer, at the 
same application rate, was reapplied to 
treatment plots in October 1997 and 
October . 

The diameter at breast height 
(dbh), total height, and tree form and 
condition were recorded for all tagged 
trees within each assessment plot in 
October 199, immediately after fertil-
ization. Measurements were repeated 
in the fall of 1997 (5th year) and in 
the fall of  (1th year). The stand 
was attacked by the mountain pine 
beetle (mpb) in August 6, and a 
final remeasurement was subsequently 
completed that fall (14th year). 

The main effects of post-thinning 
density (D) and fertilization (F), and 
of the D × F interactions, were deter-
mined for several tree and stand char-
acteristics. Using only trees alive after 
14 years (all mpb-attacked trees were 
considered alive at the time of the final 
measurement), individual-tree height, 
basal area (ba), and volume values at 
each of the four measurements were 
analyzed with a univariate repeated 
measures analysis of variance (anova) 
(sas Institute Inc. 4). Stand ba and 
volume per hectare were determined 
for each measurement by summing 
individual-tree values in each plot and 
converting plot area to a per-hectare 
basis. Per-hectare stand values for each 
treatment were subjected to repeated 
measures anova. Individual-tree dbh 
and height values were used to cal-
culate tree volumes from a lodgepole 
pine variable-exponent taper function 
(Kozak 1988).
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Treatment effects on 14-year tree 
height, ba, and volume increments 
were determined by analysis of vari-
ance (anova) using the general linear 
model procedure (sas Institute Inc. 
4). The 1- to 14-year stand ba 
and volume increments (entire stand 
component and largest 5 trees/ha) 
were analyzed in a similar fashion. 
Orthogonal polynomial contrasts were 
used to test the linear and quadratic 
effects of post-thinning density on 
all tree and stand variables. A level 
of significance of α = .5 is used for 
inferring statistical significance.

Results

Individual-tree growth
Tree mean ba and volume were 
significantly affected by stand density 
(D) and fertilization (F) over 14 years. 
For these variables, the year (Y) × D 
and Y × F interactions were highly 
significant. Overall, tree height was 
unaffected by either density or fertil-
ization, but the effects of both treat-
ments on tree height varied with time. 
The individual-tree growth trends and 
interactions are illustrated in Figure 1.

For the whole-stand component 
(all trees), tree height increment was 
significantly affected by both stand 
density and fertilization. The density 
effect was linear, with the smallest  
14-year height increment being mea-
sured at the lowest stand density  
(Figure a). The mean height incre-
ment of fertilized trees was 57 cm 
(1%) greater than that of unfertilized 
trees over 14 years. For the largest  
5 sph, the effects of fertilization on 
14-year tree height increment varied 
with stand density (i.e., significant  
D × F interaction). Fertilization was 
less effective (both in relative and ab-
solute terms) at stimulating tree 
height growth at 6 sph than at 11 
and 16 sph (Figure a). Although 
not statistically significant (p = .14), 
a similar trend was observed for the 
whole-stand component.
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figure 1	 Effects	of	stand	density	and	fertilization	on	tree	(a)	height,	(b)	basal	area,	
and	(c)	volume	over	14	years.	For	each	year,	plotted	values	are	means	of	all	
measurements	combined.	600NF:	600	trees/ha,	unfertilized;	600F:	600	trees/ha,	
fertilized;	1100NF:	1100	trees/ha,	unfertilized;	1100F:	1100	trees/ha,	fertilized;	
1600NF:	1600	trees/ha,	unfertilized;	1600F:	1600	trees/ha,	fertilized.
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The effects of density and fertiliza-
tion on bole ba and volume incre-
ment were statistically significant 
over 14 years. The density effects were 
strongly linear for both stand compo-
nents (all trees and largest 5 sph), 
with the largest ba and volume incre-
ments being measured at the lowest 
stand density (Figure b, c). The larg-
est absolute bole ba and volume gains 
following fertilization were associated 
with the largest 5 sph. However, the 
relative fertilization effects were simi-
lar for both stand components. For all 
trees and the largest 5 sph, relative 
growth gains following fertilization 
were smallest at the lowest residual 
density (Figure b, c). However, the  
D × F interactions were not statisti-
cally significant.

Stand growth 
Per-hectare ba and volume develop-
ment were significantly affected by 
density and fertilization over 14 years. 
For these variables, the Y × D and  
Y × F interactions were highly signifi-
cant. Overall, the D × F interactions 
for stand ba and volume increment 
were not statistically significant  
(p = .13 and p = .179, respectively). 
However, the effects of density on 
fertilizer response varied over time 
for both ba and volume. The stand ba 
and volume growth trends and inter-
actions are illustrated in Figure 3.

For the whole-stand component 
(all trees), the effects of fertilization 
on 14-year per-hectare ba and volume 
increment varied with stand density 
(i.e., significant D × F interactions). 
Fertilization was less effective (both  
in relative and absolute terms) at 
stimulating stand ba and volume in-
crement at the lowest stand density 
(Figure 4). Over 14 years, total stand 
volume increment in fertilized treat-
ment plots was, on average, 13.9 m3/ha 
(39%) greater than that in the unfertil-
ized treatment plots at a density of 
6 sph. At 11 and 16 sph, 14-year 
fertilization volume gains averaged 
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figure 	 One-	to	14-year	(a)	height	increment,	(b)	basal	area	increment,	and	(c)	volume	
increment	of	unfertilized	and	fertilized	lodgepole	pine	by	stand	density.	Values	
above	bars	indicate	change	relative	to	unfertilized	treatment	for	each	stand	
density.	NF:	unfertilized;	F:	fertilized.
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9. m3/ha (56%) and 33.5 m3/ha 
(59%), respectively (Figure 4b). For 
the largest 5 sph, 1- to 14-year ba 
and volume increments were signif-
icantly affected by stand density. 
The density effect was linear, with 
the largest absolute stand ba and 
volume increments being measured 
at the lowest stand density (Figure 4). 
Fertilization increased ba and volume 
increments of the largest 5 sph, 
with the smallest absolute and rela-
tive increases measured at the lowest 
stand density (Figure 4). However, 
the D × F interaction was not statis-
tically significant for either ba or 
volume.

 

Summary and Management  
Implications 

After 14 years, the effects of post-
thinning density and repeated, 
multi-nutrient fertilization on tree 
height were small relative to the ef-
fects on tree radial increment. These 
results are generally consistent with 
previously reported thinning and fer-
tilization studies with non-repressed 
lodgepole pine (Brockley 1996; Brock-
ley and Simpson 4; Johnstone and 
van Thienen 4). Tree bole develop-
ment was strongly affected by residual 
stand density, with the magnitude of 
radial increment increasing with de-
clining stand density. In spite of larger 

and faster-growing trees, however, 
total stand bole volume was consider-
ably smaller in low-density treatments 
after 14 years.

The effect of stand density on 
tree radial increment is surprisingly 
large given the low levels of growing 
stock at this site. After 14 years, stand 
density index (sdi) ranged from 64 
at 6 sph to 497 at 16 sph. These 
values represent only 16% and 9% 
of maximum sdi for lodgepole pine, 
respectively (Long 1985). Even the 
higher sdi value is below full site oc-
cupancy and only slightly above the 
level at which strong inter-tree com-
petition generally begins. An upward 
shift in mean tree dbh with decreasing 
stand density caused by thinning (i.e., 
chainsaw effect) may partially explain 
the density effects on tree radial incre-
ment in this study.

Interestingly, the fertilization ef-
fects at this site apparently varied 
differentially across the range of 
residual densities tested. Relative indi-
vidual-tree height and bole responses 
to repeated fertilization were less at 
6 sph than at 11 or 16 sph. At 
the stand level, relative and absolute 
per-hectare fertilization volume gains 
were also directly proportional to 
residual stand density. These growth 
trends differ from several previously 
reported D × F studies with other spe-
cies, where the relative effectiveness of 
fertilization was the same, or greater, 
at lower post-thinning densities (see 
Brockley 5). Low site occupancy 
by young lodgepole pine and vigorous 
response of understorey vegetation to 
nutrient additions may have reduced 
the effectiveness of fertilization in the 
low-density treatment at this site. Veg-
etation sampling undertaken in year 
1 indicated that understorey biomass 
in the 6 sph fertilized treatment was 
34% and 68% greater than in the 11 
and 16 sph fertilized treatments, 
respectively (Brockley 5). Several 
studies have reported that induced 
water stress or direct competition 
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figure 3	 Effects	of	stand	density	and	fertilization	on	(a)	stand	basal	area	and	(b)	stand	
volume	over	14	years.	For	each	year,	plotted	values	are	means	of	all	measurements	
combined.	See	caption	of	Figure	1	for	a	description	of	treatments.
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for applied nutrients can reduce 
or eliminate the positive effects of 
thinning and fertilization on conifer 
growth on brushy sites (see Brockley 
5). The competitive effects may be 
exacerbated in widely spaced young 
stands, where the below-ground root 
network may not be fully developed. 
The D × F interactions may be less 
evident in older stands where conifer 
site occupancy is higher.

Results indicate that the combined 
positive effects of thinning and 
repeated fertilization may substan-
tially accelerate lodgepole pine stand 

development, thereby potentially 
shortening technical rotation length 
and mitigating the negative effects of 
the mpb on midterm timber supply in 
the interior of British Columbia. The 
future development and yield of these 
thinned and fertilized stands (had they 
not been attacked by the mpb) can be 
predicted from the tipsy growth and 
yield program (Mitchell et al. 7). 
For example, minimum operability 
(e.g., a merchantable volume of  
15 m3/ha) of an unfertilized and un-
thinned stand would be attained at a 
stand age of about 44 years at this site. 

At a post-thinning density of 16 sph, 
minimum operability of the unfertil-
ized stand would be reached about  
4 years sooner. Repeated fertiliza-
tion (at 13, 18, 3, and 8 years) of the 
thinned stand would reduce the time 
required to attain minimum oper-
ability by about another 7 years (i.e., 
11 years earlier than the unthinned and 
unfertilized stand). At 11 sph, tech-
nical rotations for the thinned and for 
the thinned and fertilized stand would 
be about 1 and 7 years shorter, respec-
tively, than for the unthinned stand.

Another way to view the potential 
positive effects of thinning and fertil-
ization on timber supply mitigation 
is to estimate the effects of different 
scenarios on harvest volumes at a 
fixed time in the future (e.g., when a 
timber supply shortage is predicted). 
For example, tipsy predicts that a 
13-year-old unthinned stand would 
produce a merchantable harvest of 
94 m3/ha in another 5 years (stand 
age of 38 years). If thinned to 16 sph, 
the 38-year-old stand would likely 
produce a merchantable harvest of 
about 13 m3/ha (a 38% increase above 
the unthinned stand). In comparison, 
195 m3/ha (+17%) of merchantable 
volume would be likely be harvested 
from a 38-year-old thinned and re-
peatedly fertilized stand. At 11 sph, 
predicted harvest volumes 5 years in 
the future are 113 m3/ha (% above 
the unthinned stand) and 161 m3/ha 
(+71%) for the unfertilized and repeat-
edly fertilized stands, respectively.

The advantages of accelerated harvest 
and larger piece size must be weighed 
against the considerabe thinning and 
fertilization costs and their effects on 
return on investment. Also, large and 
persistent tree crowns at low stand 
density are often associated with larger 
branch (knot) size, greater proportion 
of juvenile wood, and increased taper. 
These undesirable characteristics may 
be exacerbated by repeated fertilization 
of low-density stands, thereby reducing 
lumber quality and recovery.
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