
75

August 5

Lara vanAkker 
Pacific Forestry Centre
Canadian Forest Service
506 West Burnside Road
Victoria, BC V8Z 1M5

Rob Brockley
Research Branch
B.C. Ministry of Forests  
and Range
3401 Reservoir Road
Vernon, BC V1B 2C7

René Alfaro 
Pacific Forestry Centre
Canadian Forest Service
506 West Burnside Road
Victoria, BC V8Z 1M5

Extension Note
Interactions between Fertilization and 
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in Young Interior Spruce Plantations 

Abstract 

White pine weevil (Pissodes strobi 
(Peck)) damage was surveyed at 
three interior spruce (Picea glauca 
× engelmannii) fertilization research 
installations to document the effects 
of different fertilizer regimes and 
frequencies on weevil attack incidence. 
Weevil attack rates increased with 
fertilization intensity at a site with 
well-established and evenly distributed 
weevil populations. From 4% (unfer-
tilized) to 54% (repeatedly fertilized) 
of trees were attacked at least once 
over the 6-year study period. The  
longer, thicker leaders of fertilized 
trees likely increased the resources 
available for weevil feeding and ovipo-
sition. A dilution of the leader’s resin 
canal defence system may have also 
contributed to higher levels of weevil 
attack in repeatedly fertilized trees. 
However, despite the more frequent 
weevil damage to fertilized trees, the 
height losses caused by weevil attack 
were less than the height gains due to 
fertilization. The other two sites had 
smaller, or less evenly distributed, 
weevil populations, reflected in much 
lower weevil attack rates and fertilizer- 
stimulated attack impacts. Results 
indicate that the beneficial effects of 

fertilization on the growth of young 
interior spruce plantations likely out-
weigh the negative effects associated 
with increased incidence and severity 
of leader damage from the white pine 
weevil.

Introduction

Catastrophic mortality of lodgepole 
pine (Pinus contorta Dougl. var. 
latifolia Engelm.) caused by the 
mountain pine beetle (Dendroctonus 
ponderosae Hopk.) is creating seri-
ous future timber supply challenges 
for the forestry sector in the interior 
of British Columbia. Fertilization is 
widely viewed by forest practitioners 
and planners as a potentially viable 
strategy to mitigate the timber supply 
shortfalls forecast for several interior 
forest management units. Increasing 
the productivity and accelerating the 
operability of young interior spruce 
(Picea glauca (Moench) Voss, Picea 
engelmannii Parry, and their naturally 
occurring hybrids) plantations may be 
a particularly attractive silvicultural 
option for mitigation. 

Forest fertilization research under-
taken by the B.C. Ministry of Forests 
has shown that young interior spruce 
plantations can be very responsive 
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to nutrient additions (Brockley 199; 
Swift and Brockley 1994; Brockley and 
Simpson 4). However, increased 
damage from the white pine weevil 
(Pissodes strobi (Peck)) has been 
observed following fertilization of 
planted Sitka spruce (Picea sitchensis 
(Bong.) Carr.) in coastal British 
Columbia (Weetman et al. 1989; 
B.C. Ministry of Forests 1995). There 
have been no formal studies of the 
relationship between fertilization and 
susceptibility to weevil attack, but 
field studies have shown that weevils 
prefer tall trees with long, thick lead-
ers (Alfaro et al. 1993). In the British  
Columbia interior, the potential 
growth benefits of fertilizing interior 
spruce plantations must be weighed 
against the risk of increased suscep-
tibility of fertilized stands to weevil 
damage before large-scale fertilizer 
operations can be recommended.

The white pine weevil is native 
to North America and is distributed 
from coast to coast across the con-
tinent, attacking spruce and pine 
species (Humble et al. 1994). Its main 
hosts include white pine (Pinus 
strobus L.) in eastern Canada and the 
United States, and Sitka spruce and 
interior spruce in the west. Damage 
results from repeated mortality of the 
terminal leader, which causes acute 
growth losses and stem defects. Severe 
infestations can reduce lumber quality 
and stand yield by as much as 4% 
(Alfaro et al. 1997). Growth losses 
due to weevil damage significantly 
increase the time required to reach 

free-to-grow status (Alfaro 1989), and 
heavily attacked plantations often 
require rehabilitation. 

Because interior spruce plantations 
will undoubtedly play a critical role in 
British Columbia’s future wood supply, 
it is important to document how  
silvicultural treatments affect their 
health and growth. This Extension 
Note provides silviculturists with an 
update on current research explor-
ing the effects of fertilization on the 
incidence of weevil attack. The posi-
tive effects of fertilization on height 
growth in three young interior spruce 
plantations are weighed against the 
increased susceptibility of fertilized 
trees to weevil attack.

Methods

Weevil damage surveys were conducted 
for 3 consecutive years (1–3) at 

three spruce fertilizer research instal-
lations in central British Columbia 
(Figure 1). The field installations (Lodi 
Lake, Hand Lake, and Crow Creek) 
are part of a long-term “maximum 
productivity” study (E.P. 886.13) estab-
lished by the B.C. Ministry of Forests 
to document the effects of different 
fertilization regimes and frequencies 
on the growth and development of 
young (9- to 15-year-old) managed 
stands of lodgepole pine and interior 
spruce (Brockley and Simpson 4). 
The three spruce sites are located in 
three different subzones of the Sub-
Boreal Spruce (SBS) biogeoclimatic 
zone (Meidinger and Pojar 1991), 
representing a broad range of climatic 
conditions. Site and stand locations 
and descriptions are shown in Table 1. 

Six fertilizer treatments are replicated 
three times for a total of 18, .164-ha 
treatment plots at each study site. 

table 1 Site and stand locations and descriptions

Location
Latitude 

(N)
Longitude 

(W)

BEC 
subzone/ 
variant†

Site 
Series

Elevation 
(m)

Year 
estab.

Age at 
estab.

Initial 
height 

(m)

Crow Creek 54˚20' 126˚17' SBSmc2 01  1050 1994 10 2.4

Lodi Lake 53˚22' 122˚06' SBSwk1 01  1030 1995 11 2.3

Hand Lake 54˚24' 122˚53' SBSmk1 01  950 1999 14 3.3

† SBSmc2, Babine variant of the moist cold subzone (Banner et al. 1993); SBSwk1, Willow wet cool variant (DeLong 3); SBSmk1, Mossvale variant of the 
moist cool subzone (DeLong et al. 1993).

figure 1 Location of study sites.
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Treatments are described in Table .  
A 4.16 × 4.16 m (.58 ha) assessment 
plot is located within each treatment 
plot to monitor the growth and de-
velopment of 64 permanently tagged 
trees. The ON₁ and ON₂ treatments are 
patterned after “optimum nutrition” 
fertilization experiments in Sweden, 
and typically receive 5–1 kg N/ha 
and 1– kg N/ha, respectively, 
each spring. Other nutrients (P, K, Mg, 
S, B) are added periodically to balance 
nutrients and to minimize growth 
limitations caused by secondary defi-
ciencies. A more complete description 
of fertilizer regimes is provided by 
Brockley and Simpson (4). 

At each site, ground surveys of 
all 64 trees in each treatment plot 
were conducted to record old and 
new weevil damage. New damage 
was recognized by a shepherd’s crook 
formed by the current year’s growth, 
while old damage was identified by 
the presence of crooks and forks in 
the bole accompanied by an old, dead 
leader or leader stub if the dead leader 
had broken off. Complete weevil 
attack histories over a 6-year period 
were then compiled for Crow Creek 
and Lodi Lake. At Hand Lake, weevil 
damage was recorded for the 5 years 
following trial establishment.

Analyses of variance were con-
ducted to detect differences in attack 
rates (i.e., proportion of the trees 
attacked per treatment plot) between 
fertilization treatments at each site. 
Duncan’s multiple range test was used 
to identify differences between treat-
ment means. 

At the Lodi Lake site, tree heights 
from the ground to the tallest live 
growth were measured in 1995 (pre-
fertilization) and 1 using height 
poles. A linear regression model was 

developed to predict tree height based 
on fertilization treatment, number 
of weevil attacks per tree, and height 
before fertilization. In May 1, 
leader samples were collected from 1 
buffer trees in each plot for analysis 
of constitutive resin canal defences. 
Four-centimetre sections of terminal 
growth were collected, starting ap-
proximately  cm below the apical 
bud, in the area where weevil oviposi-
tion would usually occur. 

Results

Lodi Lake
The Lodi Lake site had significantly 
more weevil attack than the other two 
sites over the study period. Fertilizer 
treatment significantly influenced 
weevil attack rates, with a trend towards 
increasing attack rates with increasing 
fertilization intensity (Figure ). Attack 
levels ranged from 4% of control 
trees attacked to 54% of ON₂ trees 
attacked at least once over the 6-year 
period. 

The effects of fertilizer treatment, 
initial tree height, and the number of 
weevil attacks per tree significantly in-
fluenced tree height in the regression 
model (p < .1). These variables 

table  Description of fertilizer treatments

Treatment code Treatment

Control Not fertilized

NB Fertilize every 6 years with 200N, 1.5B

NSB Fertilize every 6 years with 200N, 50S, 1.5B

Complete Fertilize every 6 years with 200N, 100P, 100K, 50S, 25Mg, 1.5B

ON₁ Fertilize yearly to maintain foliar N concentration at 1.3% and 
other nutrients in balance with foliar N

ON₂ Fertilize yearly to maintain foliar N concentration at 1.6% and 
other nutrients in balance with foliar N

Note: For each treatment, numbers preceding each nutrient symbol represent nutrient application 
rate (kg/ha). B, boron; K, potassium; Mg, magnesium; N, nitrogen; P, phosphorus; S, sulphur.
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figure  Cumulative percentage of trees attacked in each fertilizer treatment from 1997 to 
2002 at Lodi Lake. Treatments with different letters are significantly different  
(p < 0.05). See Table 2 for description of treatments.
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collectively explained 85% of the 
variation in 1 tree height. The 
model indicates that height increases 
with increasing fertilization intensity 
and initial height, and decreases with 
increasing numbers of weevil attacks. 
A plot of the curves generated by the 
regression equation for each fertiliza-
tion treatment indicates that although 
incidence of weevil attack increases 
with fertilization intensity, the height 
loss due to weevil attack is not as great 
as the height gain due to fertilization 
(Figure 3). On average, fertilized trees 
in the ON₂ treatment were 35% taller 
than unfertilized trees after 6 years of 
annual fertilization (5.3 m vs. 3.9 m).

Fertilization increased both the 
number and the size of inner resin 
canals in leader bark. Resin canal 
density was unaffected by fertilization 
when expressed as the proportion 
of the bark area occupied by resin 
canals. However, there were fewer 
resin canals per unit area of bark in 
fertilized than in unfertilized trees. 
Although not statistically significant, 
there was an apparent trend of a 
larger distance between resin canals 
with increasing fertilization intensity. 
The observed increase in the number 
and size of resin canals in ON₁ and 

 

 

ON₂ treatments was apparently not 
sufficient to maintain the high resin 
canal densities observed in the other 
treatments. The resulting dilution of 
the tree’s resin canal system may have 
contributed to the higher levels of 
weevil attack measured in the repeat-
edly fertilized treatments at Lodi 
Lake.

A more complete description of the 
effects of fertilization on the incidence 

of weevil attack at Lodi Lake and on 
resin canal defences may be found in 
vanAkker et al. (4). 

Hand Lake 
At Hand Lake, weevil attack rates after 
5 years of fertilization ranged from 
7% in the control trees to 16% in the 
NSB trees. Fertilization had a signifi-
cant effect (p < .5) on incidence 
of weevil attack. Unlike Lodi Lake, 
however, there was no apparent trend 
of increasing weevil attack with in-
creasing fertilization intensity (Figure 
4). The Hand Lake site had not been 
fertilized for as long as the Lodi Lake 
site, so fertilizer-induced changes in 
tree characteristics (i.e., height, leader 
length) in intensively fertilized treat-
ments may not yet be large enough 
to influence host selection by weevils. 
The weevil population at Hand Lake 
is smaller than the population at Lodi 
Lake and may have a more patchy 
distribution, which is characteristic 
of low-level populations. The effects 
of fertilization on weevil damage may 
therefore have been partially con-
founded by uneven weevil dispersion 
at this site. It is unclear at this time 
whether the weevil population at this 
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figure 3 Predicted height based on height prior to fertilization, fertilization treatment, and 
the number of attacks per tree. The observed average number of attacks per tree 
is indicated by (•). See Table 2 for description of treatments.
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site is increasing or whether it will 
remain at this relatively low level.

Crow Creek
Overall, weevil attack rates at Crow 
Creek were much lower (1% of trees 
attacked over 6 years) compared 
to the other two study sites. This is 
likely due to the cooler climate at 
Crow Creek (SBSmc) compared to 
Lodi Lake or Hand Lake (SBSwk 
and SBSmk, respectively). Previous 
studies have suggested that weevil 
activity is affected by climate, and that 
areas with heat sum accumulation 
of less than 785 degree days above a 
threshold of 7.°C will have low risk of 
weevil damage (McMullen 1976). Heat 
sum accumulations calculated from 
data collected at two nearby climate 
stations (Equity Silver, 54°1' N 16°17' 
W, elevation 18 m; Topley Landing, 
54°49' N 16°1' W, elevation 7 m) 
over a 3-year period (–) indi-
cate that Crow Creek is likely too cold 
to sustain a large weevil population.

While differences between means 
were not tested statistically, cumulative 
weevil attack rates varied amongst 
fertilizer treatments. The ON₂ trees 
sustained the most weevil attack (4%), 
while none of the NB trees were  
damaged.

Summary and  
Management Implications

Results from this study indicate 
that fertilization of young spruce 
plantations in the SBSwk and SBSmk 
biogeoclimatic subzones will exacer-
bate leader damage by the white pine 
weevil. The longer, thicker leaders 
of fertilized trees likely increases the 
resources available for weevil feeding 
and oviposition. Fertilization may also 
dilute the leader’s resin canal system, 
which is considered to be the first 
line of defence against bark-invad-
ing insects. However, despite the 
increased weevil damage to fertilized 

trees, the height losses due to weevil 
attack are not as great as the height 
gains due to fertilization. When 
combined with large increases in 
stem radial increment, the beneficial 
effects of fertilization on the growth 
of young interior spruce plantations 
in the SBSwk and SBSmk subzones 
likely outweigh the negative effects 
associated with increased incidence 
and severity of leader damage from 
the white pine weevil. At Lodi Lake 
(SBSwk), the ON₂ treatment produced 
 m³/ha more stand volume than the 
control treatment over 6 years, a rela-
tive increase of 8% (Brockley and 
Simpson 4). 

Our results also indicate that large-
scale fertilization of spruce planta-
tions in the SBSmc biogeoclimatic 
subzone probably entails a low risk of 
increasing damage by the white pine 
weevil. The Crow Creek study site was 
likely too cold to sustain large weevil 
populations. Small amounts of weevil 
damage, combined with large radial 
and height responses following nutri-
ent additions at Crow Creek (Brockley 
and Simpson 4), indicate that 
spruce plantations in the SBSmc may 
be particularly good candidates for 
operational fertilization. Additional 
fertilizer trials and weevil damage 
surveys in the SBSmc are needed to 
confirm estimates and predictions of 
favourable growth responses and low 
weevil activity following fertilization 
of planted spruce. 

It must be noted that the negative 
impacts of weevil damage on lumber 
quality and value cannot be fully 
evaluated until a later stage of stand 
development. However, when com-
bined with the selection and breeding 
of weevil-resistant genotypes and 
improved pest management strategies, 
our results indicate that fertiliza-
tion likely offers great potential for 
improving the productivity of second-
growth spruce plantations in the 
interior of British Columbia.
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Web Resources

Additional information on B.C. Min-
istry of Forests fertilization research, 
including project descriptions and 
links to additional publications, is 
available at: http://www.for.gov.bc.ca/
hre/standman/trtfert.htm. 

Additional information on the white 
pine weevil is available at: http://www.
pfc.cfs.nrcan.gc.ca/entomology/weevil/
index_e.html. 
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