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As the mountain pine beetle continues 
to play havoc with lodgepole pine 

forests in the province of British Columbia, 
it is natural to turn to the role that other 
species, such as interior spruce, can play 
in addressing gaps in timber supply.   
In particular, experts are examining 
silvicultural options as a way to accelerate 
the development of young spruce 
plantations.  

One of the options often considered is 
forest fertilization. Preliminary research 
indicates that young interior spruce (white 
spruce [Picea glauca] and Engelmann 
spruce [Picea engelmannii], and their 
hybrids) plantations are potentially 
very responsive to nutrient additions.  
However, large-scale fertilizer operations 
are currently discouraged because of 
a lack of reliable fertilization growth 
response data, and concerns regarding 
the potential susceptibility of fertilized 
spruce to damage from the white pine 
weevil (Pissodes strobi).  This insect is the 
most damaging pest found in young 
spruce plantations in British Columbia; 
its repeated destruction of the terminal 
leader causes severe growth losses and 
stem defects. Severe infestations can 
reduce lumber quality and stand yield by 
as much as 40%.  

In a recent study, research scientists from 
the Canadian Forest Service and the B.C. 
Ministry of Forests tracked the effects of 
several fertilization treatments on tree 
growth and white pine weevil damage 
in a 16-year-old spruce plantation near 
Hixon, British Columbia.  The research 
site at Lodi Lake is one of several 
“maximum productivity” installations (E.P. 
886.13) established by the B.C. Ministry 
of Forests to determine the effects of 
repeated fertilization on the growth 
and development of young, managed 
stands of lodgepole pine (Pinus contorta) 
and interior spruce.  The fertilization 
treatments employed in this study 
are described in Table 1.  Over the last 
few years, a severe weevil infestation 
has developed at Lodi Lake, enabling 
researchers to track weevil damage in the 
various fertilizer treatments and inspiring 
the study of fertilizer effects on leader 
dimensions and host defenses. 

Results
While fertilization signifi cantly increased 
spruce growth, the incidence of weevil 
attack was up to 30% higher in fertilized 
trees compared to unfertilized trees. The 
amount of weevil damage increased with 
fertilization intensity. This relationship 
is likely due to a number of fertilizer-
induced changes that take place in the 
host tree, which infl uence aspects of the 
weevil’s biology and tree defenses.  

Fertilization enhances leader length, 
diameter, and bark thickness, resulting 
in increased availability of resources 
for weevils to complete their life cycle. 
Weevils are attracted to trees with long, 
thick leaders.  Adults feed on the bark 
tissues of the terminal leader, where they 
also deposit their eggs and where their 
brood eventually feeds.  

When a tree has been fertilized and the 
terminal leader has been enhanced, there 
is a dilution of the tree’s defenses.  Resin 
canals present in the bark of spruce 
trees are considered to be the fi rst line of 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.

Treatment code Treatment

ON2 Fertilized yearly to maintain foliar N levels at 1.6%, other nutrient 

levels maintained at optimal levels

ON1 Fertilized yearly to maintain foliar N levels at 1.3%, other nutrient 

levels maintained at optimal levels

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

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

NB Fertilized every 6 years with 200 N, 1.5 B

Control Not fertilized

Table 1  Fertilization treatments employed at the B.C. Ministry of Forests maximum productivity 
research trial at Lodi Lake, British Columbia.

A white pine weevil.
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defense against insect or pathogen attack.  
Resin canals severed by feeding weevils 
produce resin fl ows that inundate feeding 
and oviposition punctures, repelling adults 
and drowning eggs and larva.  Enhanced 
leader growth results in reduced resin 
canal density in the bark, and thus 
reduces the effectiveness of this defense 
mechanism for the tree. 

The good news
The study’s most important fi nding was 
that the benefi cial effects of fertilization 
on the height growth of young interior on the height growth of young interior 
spruce plantations outweighed the spruce plantations outweighed the 
negative effects associated with increased negative effects associated with increased 
incidence and severity of leader damage incidence and severity of leader damage 
caused by the white pine weevil.  caused by the white pine weevil.  

Although weevil attack rates on trees were 
highest in the most intense fertilization 
treatment, the height losses due to weevil 
attack were not as great as the height 
gains due to fertilization.  On average, 
fertilized trees in the ON2 treatment were 
35% taller than unfertilized trees following 
6 years of annual fertilization.    

It is important to note that the negative 
impacts of weevil damage on lumber 
quality and value have not yet been 
evaluated. However, fertilization, when 
combined with genetically improved 
stock, advancements in weevil 
resistant genotypes, and improved 
pest management strategies, may offer 
great potential for accelerating the 
development of second-growth spruce 
plantations in the Interior of British 
Columbia.

Figure 1 Percent 
of interior spruce 
trees attacked by the 
white pine weevil 
(Pissodes strobi) in 
the six fertilization 
treatments 
(treatments described 
in Table 1).
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An example of leader damage caused by 
the white pine weevil.


