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Abstract

The 6-year effects of different regimes 
of single and repeated nutrient addi-
tions on the amount, richness, and 
diversity of understorey vegetation 
were evaluated in young stands of 
lodgepole pine (Pinus contorta Dougl. 
var. latifolia Engelm.) and interior 
spruce (Picea glauca [Moench] Voss, 
Picea engelmannii Parry, and their 
naturally occurring hybrids) in central 
British Columbia. At both sites, a 
single, multi-nutrient fertilization had 
relatively small effects on total under-
storey biomass after 6 years, whereas 
the effects of repeated fertilization on 
total biomass were much larger and 
statistically significant. The amount 
and relative abundance of shrubs 
and herbs commonly associated with 
nitrogen-rich soils (fireweed, aster, 
prickly rose, currant, raspberry) 
increased following fertilization, es-
pecially when nutrients were applied 
repeatedly. Conversely, indicators 
of nitrogen-poor soils (bunchberry, 
huckleberry, kinnikinnick) generally 
declined in abundance following 
single and repeated fertilization. 
Single and repeated fertilization 

had large negative impacts on the 
amount and relative abundance of 
moss and lichen. Results from this 
study indicate that a single fertilizer 
application will likely have only a 
small and (or) short-term impact on 
wildlife habitat and range productivity 
in young conifer stands. However, by 
increasing the quantity (and prob-
able palatability and nutritive value) 
of desirable herbs and shrubs for 
browse, forage, and security cover, 
the effects of repeated fertilization on 
grazing and browsing animals may 
be positive and persistent. Whereas a 
single fertilization apparently has only 
minimal impact on understorey spe-
cies diversity (richness and evenness), 
the vegetation response to repeated 
nutrient additions in this study indi-
cates that intensive fertilization may 
reduce stand-level species diversity. 
However, the functional relevance of 
these changes to long-term ecosystem 
sustainability is unclear. Also, the 
implications of stand-level changes in 
species diversity must be addressed on 
a landscape basis. 
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Introduction

Nutrient deficiencies are widespread 
throughout the British Columbia 
interior, and the growth benefits of 
fertilizing with nitrogen (N) and 
other nutrients have been well docu-
mented for several conifer species. By 
accelerating stand development and 
reducing rotation age, large-scale fer-
tilization may be helpful in mitigating 
the effects of catastrophic mortality 
on future timber supply caused by the 
mountain pine beetle. 

A single fertilizer application 
typically produces only a temporary 
increase in tree and stand growth 
rate. However, fertilization research 
in boreal forests indicates that large 
and sustained growth responses are 
achievable by repeatedly fertilizing 
young conifer stands. Similar pro-
ductivity gains in young lodgepole 
pine (Pinus contorta Dougl. var. 
latifolia Engelm.) and interior spruce 
(Picea glauca [Moench] Voss, Picea 
engelmannii Parry, and their naturally 
occurring hybrids) sub-boreal forests 
would be of great benefit in address-
ing future timber supply challenges 
in the interior of British Columbia. 
However, it is also important to under-
stand the impacts of repeated nutrient 
additions on other forest resources. 
For example, an understanding of the 
effects of large nutrient additions on 
understorey vegetation is needed to 
manage forests effectively for biological 
diversity, wildlife habitat, and range 
productivity.  

Beginning in 199, a small network 
of lodgepole pine and interior spruce 
long-term “maximum productivity” 
research installations (e.p. 886.13) 
was established by the B.C. Ministry 
of Forests to document the effects of 
different regimes and frequencies of 
repeated fertilization on above- and 
below-ground timber and non-
timber forest resources. Fertilization 
effects on tree and stand development 
(Brockley and Simpson 4; Brock-

ley 7), forest health (vanAkker et 
al. 4, 5), and soil biota (Berch 
et al. 6) have been previously re-
ported. This Extension Note examines 
the 6-year effects of different regimes 
of single and repeated nutrient addi-
tions on the amount, richness, and 
diversity of understorey vegetation at 
two “maximum productivity” study 
sites (one pine and one spruce) in 
central British Columbia. 

Methods

The Sheridan Creek study site is locat-
ed northeast of Williams Lake within 
the Blackwater Dry Warm variant of 
the Sub-Boreal Spruce (SBS) biogeo-
climatic zone (SBSdw/1) (Steen and 
Coupé 1997). The site is occupied by a 
naturally regenerated lodgepole pine 
stand originating from a 1978 clearcut 
and subsequent drag scarification. 
At the time of installation establish-
ment in 199, the 13-year-old stand 
had an average density of   stems 
per hectare (sph). The study area was 
thinned to a uniform density of 11 sph 
during installation establishment. 

The Crow Creek study site is located 
southeast of Houston within the Babine 
Moist Cold variant of the SBS zone 
(SBSmc/1) (Banner et al. 1993). The 
site was planted with interior spruce 

seedlings following clearcutting and 
broadcast burning. The 9-year-old 
plantation was thinned to a uniform 
density of 11 sph during installation 
establishment in 1994. 

At each site, six treatments are 
replicated three times in a completely 
randomized design for a total of 
eighteen .164-ha treatment plots. 
Each treatment plot consists of an 
inner, .58-ha “assessment” area 
surrounded by a treated buffer. Treat-
ments are described in Table 1. The 
ON1 and ON treatments are pat-
terned after Swedish “optimum nutri-
tion” experiments (Tamm 1991), and 
typically receive 5–1 kg N/ha and 
1– kg N/ha, respectively, each 
spring. Other nutrients (phosphorus 
[P], potassium [K], magnesium [Mg], 
sulphur [S], boron [B]) are added 
periodically to provide an appropriate 
nutrient balance and to minimize 
growth limitations caused by second-
ary deficiencies.

Vegetation sampling was completed 
in 1998 and  at Sheridan Creek 
and Crow Creek, respectively. The NB, 
NSB, and Complete treatment plots 
at both sites had been established and 
fertilized 6 years previously. At Sheridan 
Creek, N additions to ON1 and ON 
treatments totalled 45 and 9 kg/ha, 
respectively, over 6 years. For both 

table 1 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

ON 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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differences in biomass, richness, and 
diversity after 6 years are assumed to 
be treatment-related. 

Results

Total biomass
Treatment effects on the amount of 
field- and bottom-layer vegetation 
varied with the frequency and amount 
of nutrient additions (Figure 1a, b). 
At both sites, differences in total 
understorey biomass between single 
applications of NB, NSB, and Complete 
fertilizers and the unfertilized control 
were not statistically significant after 
6 years. Conversely, yearly fertilizer 
additions (ON1 and ON) resulted 
in relatively large, and statistically 
significant, increases in biomass. At 
Crow Creek, understorey biomass was 
tripled and quadrupled in the ON1 and 
ON treatments, respectively, relative 
to the control treatment (Figure 1b). 

Relative abundance
At both sites, single applications of 
NB, NSB, and Complete fertilizers 
had negative effects on the abundance 
of mosses and lichens, and generally 
positive effects on the abundance of 
herbs (and shrubs at Crow Creek), 
relative to the unfertilized control 
(Figure a, b). Mosses and lichens 

treatments, the total amounts of other 
added nutrients were (kg/ha): 3P, 
3K, 175Mg, 166S, and 3B. At Crow 
Creek, ON1 and ON plots received 
45 and 85 kg N/ha, respectively, 
over 6 years. Additions of other nu-
trients totalled (kg/ha): 3P, 35K, 
3Mg, 6S, and 4.5B.  

Field sampling at both sites was 
undertaken in early August when  
vegetation had reached its peak 
seasonal growth. At Crow Creek, 
twenty .5-m² circular subplots were 
randomly located within each treat-
ment plot. At Sheridan Creek, twenty 
.5-m² subplots were located at 4-m 
intervals within a  m wide zone im-
mediately adjacent to the assessment 
area boundary of each treatment plot. 
All living vegetation originating with-
in each subplot was clipped at ground 
level. Shrubs and herbs (forbs and 
grasses) were separated and bagged 
by species. Mosses and lichens were 
combined into a single composite 
sample per subplot. All harvested ma-
terial was air-dried to constant weight 
and the dry mass of each individual 
sample was recorded. Representative 
subsamples of each species were oven-
dried at 7°C for 18 hours and the ra-
tio of oven-dry/air-dry mass for each 
species was used to calculate oven-dry 
mass for all of the collected samples. 

The combined oven-dry mass of each 
species collected from each of the  
 subplots per treatment plot was 
converted to a per-hectare estimate.

For each treatment plot, field-layer 
vegetation (i.e., shrubs and herbs) was 
described by abundance (amount of 
vegetation), richness (number of spe-
cies), and diversity (evenness). Species 
diversity was based on the Simpson 
diversity index (Simpson 1949). This 
index calculates the probability of 
picking two organisms at random of 
the same species, and ranges from 
 to almost 1. Species diversity was 
calculated separately for shrubs and 
herbs. Bottom-layer vegetation (i.e., 
mosses and lichens) was described 
by abundance only (all species 
combined). For each treatment plot, 
species abundance and diversity were 
calculated using the summed dry-
mass of each plant species harvested 
from the  subplots. Treatment 
effects on total understorey biomass, 
species richness, and shrub and herb 
diversity were subjected to analysis 
of variance (anova). Treatment 
means were compared using Duncan’s 
multiple range test. A level of signifi-
cance of α = .5 is used for inferring 
statistical significance. Based on visual 
similarity of understorey conditions 
at the beginning of the study, the 
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figure 1  Mean total understorey oven-dry biomass by treatment and layer at (a) Sheridan Creek and (b) Crow Creek (n = 3).   
Bars topped by different letters are significantly different (p < 0.05). Numbers above each bar indicate change relative  
to the control treatment.
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were virtually eliminated following 6 
years of repeated fertilization at both 
study sites. The amount and relative 
abundance of both shrubs and herbs 
were increased in the ON treatment 
at Sheridan Creek, whereas the field 
layer in the ON treatment at Crow 
Creek was dominated by herbaceous 
vegetation after 6 years. 

At Sheridan Creek, single ap-
plications of NB, NSB, and Complete 
fertilizers, and low-intensity repeated 
fertilization (ON1), had little effect on 
the species composition of herbaceous 
vegetation compared to the unfertil-
ized control (Figure 3a). Pinegrass 
(Calamagrostis rubescens) accounted 
for about one-half of the herbaceous 
biomass in all of these treatments. In 

 the ON treatment at Sheridan Creek, 
the abundance of fireweed (Epilobium 
angustifolium) and asters (Aster spp.) 
was increased, and the abundance of 
pinegrass was decreased, relative to 
the other treatments (Figure 3a). At 
Crow Creek, all single and repeated 
fertilization treatments increased the 
relative abundance of fireweed com-
pared to the control treatment (Figure 
3b). The relative abundance of bunch-
berry (Cornus canadensis) and pearly 
everlasting (Anaphalis margaritacea) 
generally declined following fertiliza-
tion, especially in the ON treatment, 
where fireweed accounted for 97% of 
the total herbaceous biomass after  
6 years.  

Fertilization had large effects on 

the species composition of shrub 
vegetation at both study sites (Figure 
4a, b). At Sheridan Creek, the abun-
dance of kinnikinnick (Arctostaphylos 
uva-ursi) and black huckleberry (Vac-
cinium membranaceum) were reduced 
in fertilized treatments relative to the 
unfertilized control, especially in the 
ON1 and ON plots. Conversely, the 
relative abundance of prickly rose 
(Rosa acicularis) was increased by a 
single application of Complete fertiliz-
er and by repeated nutrient additions 
(Figure 4a). After 6 years, prickly rose 
accounted for almost two-thirds of the 
total shrub biomass in the ON treat-
ment at Sheridan Creek. Treatment 
effects on the sizeable component 
of willow (Salix spp.) and saskatoon 
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number of herb and shrub species 
(Figure �a, b). At Sheridan Creek, 
small amounts of red raspberry, com-
mon sweetgrass (Hierochloe odorata), 
and thistle (Cirsium spp.) were often 
present in fertilized treatments but 
were not observed in unfertilized 
treatments. At Crow Creek, red swamp 
currant (Ribes triste), red elderberry 
(Sambucus racemosa), fowl bluegrass 
(Poa palustris), and nodding wood-
reed (Cinna latifolia) were absent from 
control plots but were commonly ob-
served in fertilized plots. Conversely, 
small-flowered woodrush (Luzula 
parviflora), palmate coltsfoot (Petasites 
palmatus), and several species of club-
moss (Lycopodium spp.) were largely 

eliminated by repeated fertilization 
at Crow Creek. The amounts of other 
species were fairly consistent among 
the different treatments. 

Species diversity
At Sheridan Creek, shrub diversity 
was slightly lower in all fertilization 
treatments compared to the control 
(Figure 6a). Shrub diversity was low-
est in the ON2 treatment, where the 
shrub layer was dominated by prickly 
rose following 6 years of repeated 
fertilization. The species diversity of 
herbaceous vegetation at Sheridan 
Creek was largely unaffected by fertil-
ization (Figure 6a). The dominance of 
pinegrass in the control treatment was 

(Amelanchier alnifolia) at Sheridan 
Creek were inconsistent (Figure 4a). At 
Crow Creek, the total amount of shrub 
biomass in all treatments was small. 
However, the abundance of black 
huckleberry was generally decreased 
in fertilized treatments relative to the 
unfertilized control, especially in the 
ON1 and ON2 plots (Figure 4b). Con-
versely, the relative abundance of red 
raspberry (Rubus idaeus) and currants 
(Ribes spp.) was increased following 
repeated fertilization.   

Species richness
Overall, single and repeated fertilizer 
applications had minor, and statisti-
cally insignificant, effects on the total 
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supplanted by dominance of fireweed 
in the ON treatment. 

Despite large changes in the rela-
tive abundance of different species, 
the diversity of shrubs was largely 
unaffected by treatment at Crow 
Creek (Figure 6b). The control treat-
ment was dominated by huckleberry, 
whereas the ON1 and ON treatments 
were dominated by red raspberry and 
currant.  Most fertilizer treatments 
had minor, and statistically insignifi-
cant, impacts on herb diversity (Fig-
ure 6b). However, virtual domination 
of the herb layer by fireweed resulted 

in very low species diversity in the 
ON treatment at Crow Creek.

Summary and Management  
Implications

Because field sampling was not un-
dertaken until 6 years after treatment, 
the short-term effects of a single fer-
tilization on the abundance, richness, 
and diversity of understorey vegeta-
tion could not be evaluated. At both 
sites, differences in total understorey 
biomass between single applications 
of NB, NSB, and Complete fertilizers 

and the unfertilized control were not 
statistically significant after 6 years. 
However, repeated fertilization result-
ed in relatively large, and statistically 
significant, increases in biomass. 

The magnitude of understorey 
biomass response to repeated fertiliza-
tion may depend on factors such as 
light and water availability and on the 
nutrient, light, and moisture require-
ments of the existing plant commu-
nity. For example, the largest response 
was observed in the young spruce 
plantation at Crow Creek, where 
low initial overstorey crown cover 
and relatively moist soils provided 
favourable light and soil moisture 
conditions for a poorly developed 
community of shade-intolerant herbs 
and shrubs capable of vigorously 
exploiting improved soil nutrient 
supply. The older lodgepole pine 
stand at Sheridan Creek had slightly 
higher initial crown cover and a well 
established ground cover of pinegrass. 
The smaller understorey response 
to improved nutrient availability at 
this site may have been affected by 
lower light levels, drier soils, and the 
relative unresponsiveness of the well 
established pinegrass community to 
repeated fertilization.

The observed reduction in the 
amount and relative abundance of 
moss and lichen following single and 
repeated fertilization agrees with re-
sults from fertilization experiments in 
boreal forests (Kellner 1993; Nohrstedt 
1994). It is unclear whether the de-
cline was caused by competition and 
shading from field and tree layers or 
by direct toxic effects of fertilizer on 
bottom-layer vegetation; both mecha-
nisms have been implicated in previ-
ous studies. Regardless, the negative 
effects on mosses and lichens from 
even a single fertilizer application are 
clearly large and persistent.  

The amount and relative abundance 
of shrubs and herbs commonly as-
sociated with nitrogen-rich soils (e.g., 
fireweed, aster, prickly rose, currant, 
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raspberry) increased following fer-
tilization, especially when nutrients 
were applied repeatedly. Conversely, 
indicators of nitrogen-poor soils (e.g., 
bunchberry, huckleberry, kinnikin-
nick) generally declined in abundance 
following single and repeated fertiliza-
tion. The replacement of slow-grow-
ing species with low N requirements 
by fast-growing species with high N 
requirements following fertilization 
has been previously reported (Kellner 
1993). 

Results indicate that a single fertil-
izer application will likely have only a 
small and (or) short-term impact on 
wildlife habitat and range productiv-
ity. However, by increasing the quan-
tity (and probable palatability and 
nutritive value) of herbs and shrubs 
for browse and forage, the effects of 
repeated fertilization on grazing and 
browsing animals may be positive and 
persistent. By providing necessary 
food and security cover, an abundant 
and well developed herb and shrub 
layer can potentially support a diverse 
community of birds, small herbi-
vores, and ungulates. For example, 
habitat use by mule deer (Odocoileus 
hemionus) and moose (Alces alces) 
was significantly enhanced by re-
peated fertilization in young, thinned 
lodgepole pine stands (Sullivan et 
al. 6a). Sullivan et al. (6b) 
reported more winter habitat use by 
snowshoe hares (Lepus americanus) in 
fertilized than in unfertilized stands. 
In another study, 1 of 13 animal spe-
cies/groups made more tracks during 
winter in fertilized than in unfertil-
ized plots in boreal forests (Ball et al. 
).

It is generally accepted that high 
species and structural diversity within 
a biological community plays an 
important, if largely undefined, role in 
maintaining ecosystem function and 
stability. Whereas a single fertilization 
apparently has only minimal impact 
on understorey species diversity 
(richness and evenness), the vegeta-

tion response to repeated nutrient 
additions in this study (especially in 
the ON treatment) indicates that 
intensive fertilization may reduce 
stand-level species diversity. However, 
the functional relevance of these 
changes to long-term ecosystem 
sustainability is unclear. Also, the 
implications of stand-level changes in 
species diversity must be addressed 
on a landscape basis. Continued 
monitoring of understorey responses 
at “maximum productivity” sites is 
needed to determine the magnitude 
and nature of vegetation changes in 
different fertilization treatments fol-
lowing canopy closure.  
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Web Resources

More information on B.C. Ministry 
of Forests and Range fertilization re-
search, including project descriptions 
and links to additional publications, 
is available at: http://www.for.gov.
bc.ca/hre/standman/trtfert.htm. 
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