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Abstract 

The 6-year effects of urea (46--) 
and ammonium nitrate (AN; 34--)  
fertilizers, applied alone and in com-
bination with other nutrients, on 
tree growth and foliar nutrition were 
evaluated in a -year-old, thinned 
lodgepole pine (Pinus contorta Dougl. 
var. latifolia Engelm.) stand in central 
British Columbia. Results indicate that 
lodgepole pine has no clear preference 
for a particular nitrogen (N) source, 
when applied alone or combined 
with other potential growth-limiting 
nutrients. Results also indicate that 
N-deficient lodgepole pine may not 
respond favourably to N fertilization 
unless other nutrients are combined 
with N in the fertilizer prescription. 
When applied alone, fall-applied AN 
and urea were relatively ineffective in 
stimulating tree growth at this site, 
apparently due to induced deficiencies 
of other nutrients (especially sulfur). 
Foliar nutrient status and growth were 
significantly improved by including 
a Complete fertilizer with both N 
sources. Results from this study do 
not suggest any reason for changing 
the current practice of using urea as 
the primary N source in large-scale 
fall fertilizer operations in the interior 

of British Columbia. However, further 
studies may be warranted to examine 
the effect of different N fertilizers on 
the growth of other interior species.

Introduction

Most long-term forest fertilization 
research studies in the interior of Brit-
ish Columbia have used urea (46--) 
as the primary nitrogen (N) source. In 
these studies, urea fertilization (some-
times combined with other essential 
nutrients) has generally been effective 
in stimulating the growth of N-defi-
cient conifer target species (Brockley 
1996, 6; Brockley and Simpson 
4). Not surprisingly, therefore, 
urea is currently the preferred N 
source for large-scale aerial fertilizer 
operations. The combination of urea’s 
relatively low unit price and high N 
analysis results in lower transport 
and spreading costs per unit of added 
N compared with other nitrogenous 
fertilizers. Also, urea’s suitability for 
blending with other fertilizers, and 
its favourable storage and handling 
properties, make it ideally suited for 
operational fertilization projects.  

In Sweden, fertilization studies 
in Scots pine (Pinus sylvestris L.) 
and Norway spruce (Picea abies [L.] 
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Karst.) forests indicate that growth re-
sponses are often 5–4% higher with 
ammonium nitrate (AN; 34--) than 
with urea (Pettersson 1994). Since the 
mid-197s, AN (often combined with 
dolomite to reduce soil and water 
acidification effects) has been used 
almost exclusively in Swedish forest 
fertilization operations.

Urea and AN fertilizers have not 
been fully evaluated under stand and 
site conditions commonly encoun-
tered in immature lodgepole pine 
(Pinus contorta Dougl. var. latifolia 
Engelm.) forests in the interior of 
British Columbia. Preston and Mead 
(1994) reported that the N source 
did not affect the growth of young 
lodgepole pine. However, the sample 
size was very small, and winter fertil-
ization on snow was inconsistent with 
interior aerial fertilizer operations 
that are usually undertaken in snow-
free, early- to mid-fall conditions. 
In a subsequent study, the growth of 
fertilized lodgepole pine trees showed 
no clear preference to either N source 
(Brockley 1995). However, foliar 
nutrient results indicated that N fer-
tilization may have induced sulfur (S) 
deficiencies, and further studies were 
recommended to compare these two 
N sources under conditions where 
S and other essential nutrients were 
adequately supplied.

An area-based field experiment 
was established in 1999 to study the 
effects of fall-applied urea and AN, 
applied alone and in combination 
with other nutrients, on the growth 
and foliar nutrition of naturally regen-
erated, thinned lodgepole pine. This 
extension note presents the 6-year 
study results.

Methods

The study site is located approximately 
53 km southwest of Prince George on 
a submesic site within the Stuart Dry 
Warm variant of the Sub-Boreal Spruce 
biogeoclimatic zone (SBSdw3/5) 

(DeLong et al. 1993). The site was  
harvested in 1973, scarified to assist 
natural regeneration of lodgepole 
pine, and thinned to a density of 
about 16 stems/ha in 1986. At the 
time of trial establishment, the -year-
old stand had an average diameter at 
breast height (dbh) of 9.7 cm and an 
average height of 8.6 m.  

Five treatments were tested: (1) 
Control (i.e., unfertilized); () Urea; 
(3) AN; (4) Urea + Complete fertilizer 
(Urea + C); (5) AN + Complete fertil-
izer (AN + C). In treatments  and 3, 
urea and AN were both applied at a 
rate of 3 kg N/ha. The Complete 
fertilizer used in treatments 4 and 5  
delivered amounts of individual 
nutrients as follows (kg/ha): 5N, 1 
phosphorus (P), 1 potassium (K), 
75S, 39 magnesium (Mg), and 3 boron 
(B) at an application rate of 899 kg/ha. 
An additional 5 kg N/ha was added 
separately as urea and AN, in treat-
ments 4 and 5, respectively.

Each of the five treatments was 
randomly assigned to three .7-ha 
circular treatment plot. All fertilizers 
were applied by hand in October 1999. 
The dbh, total height, and tree form 
and condition were recorded for  
5 permanently tagged trees within 
each treatment plot immediately after 
fertilization. These measurements 
were repeated in fall 5 (6th year). 

Using standardized foliar sampling 
guidelines (Brockley 1), replicated 
samples of current year’s foliage were 
collected from 1 trees in each treat-
ment plot before fertilization in fall 
1999 (year ) and after years 1, 3, and 
5. All individual foliage samples were 
oven-dried at 7°C for 4 h. For each 
sampling date, one composite sample 
per treatment plot, consisting of equal 
amounts of foliage from each of the  
1 sample trees, was prepared for 
nutrient analysis.  

Individual-tree growth was exam-
ined for all trees alive after 6 years. 
Variables of interest were 1- to 6-year 
tree height increment, basal area (ba) 

increment, and volume increment. For 
stand-level response, all trees alive at 
each measurement were used to deter-
mine initial and 6-year stand volume 
per hectare by summing individual-
tree values in each plot and converting 
plot area to a per-hectare basis. These 
values were used to calculate 1- to 6-
year net stand volume increment.

The effects of treatment on 6-year 
tree height, ba, and volume increments, 
and 6-year stand volume increment, 
were subjected to analysis of variance 
(anova) using the general linear 
model procedure (sas Institute Inc. 
4). Orthogonal contrasts were 
used to test for the effects of fertiliza-
tion (Control vs. fertilized), N source 
(Urea vs. AN), and Complete fertilizer 
(N vs. N + C). Similar analyses were 
undertaken on foliar nutrient data 
for individual nutrients and nutrient 
concentration ratios. A level of signifi-
cance of α = .5 is used for inferring 
statistical significance.  

The mountain pine beetle (mpb) 
(Dendroctonus ponderosae Hopk.) 
attacked most of the trees in all treat-
ment plots during the sixth growing 
season. The distribution of damage 
was not consistent across treatments, 
with fewer trees attacked in the AN 
and AN + C plots than in the other 
Control, Urea, and Urea + C treat-
ments. Treatment response may not 
be fully expressed in damaged trees, 
and the uneven distribution of damage 
across treatments may influence the 
reported growth effects. The possible 
relationship between N source and 
mpb damage may warrant further 
study.  

Results

Tree and stand growth
Height increment was unaffected by 
N source (p = .97). When applied 
alone, both urea and AN resulted in a 
small decrease in mean 6-year height 
increment relative to the Control 
treatment (Figure 1a). Both N sources 
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had a small positive impact on height 
growth when they were combined 
with the Complete fertilizer. However, 
the effect of N versus N + C was not 
statistically significant (p = .111).  

Six-year ba increment was slightly 
larger with AN than with urea, when 
applied alone and when combined 
with the Complete fertilizer (p = .43). 
For both N sources, the addition of 
the Complete fertilizer had a positive  
effect on ba growth relative to fer-
tilization with N alone (Figure 1b). 
However, the effect of N versus N + C 
was not statistically significant  
(p = .6).  

Six-year tree volume response was 
unaffected by N source (p = .756). 
When applied alone, neither urea nor 
AN effectively stimulated tree volume 
growth (Figure 1c). However, volume 
responses from both N sources were 
substantially greater when they were 
combined with the Complete fertilizer. 
The effect of N versus N + C was sta-
tistically significant (p = .3). Similar 
treatment effects were obtained for 
6-year stand volume increment (Figure 
). When applied alone, urea and 
AN both produced approximately 7 
m³/ha more wood than the Control 
treatment over 6 years. Stand volume 
responses were increased to about 
1.1 m³/ha when both N sources were 
combined with the Complete fertilizer.

 
Foliar nutrition 
Fertilization effects on foliar N were 
strongly positive, with no obvious 
effects of N source (Figure 3a). In year 1, 
AN was slightly more effective than 
urea at increasing foliar N. Foliar 
N levels in all fertilized treatments 
peaked in year 1, and remained  
higher than Control levels after 3 years  
(p < .1). In years 1 and 5, foliar N 
was significantly higher in N-only 
than in N + C treatments (p < .1) 
(Figure 3a). This was likely a dilution 
effect caused by larger growth and 
foliage mass response in the N + C 
treatments.

Fertilization with N alone (urea 
and AN) caused foliar S levels to 
decline sharply relative to S levels in 
unfertilized foliage, and this effect 
persisted for at least 3 years (Figure 3b). 

Foliar levels were unaffected by N 
source in all years, but the S included 
in the Complete fertilizer had a strong 
positive effect on foliar S concentra-
tion (Figure 3b). The effect of N versus  
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figure 1	 Six-year	(a)	tree	height	increment,	(b)	tree	BA	increment,	and	(c)	tree	volume		
increment	by	treatment.	Numbers	above	bars	indicate	change	relative	to	the		
Control	treatment.	(AN=ammonium	nitrate;	C=Complete	fertilizer)
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N + C was statistically significant at 
all post-fertilization sampling dates  
(p < .1).  

The amounts of P, K, and B in the 
Complete fertilizer were generally 
effective in elevating foliar levels of 
these nutrients above those in Control 
and N-only treatments (data not 
shown). Absolute foliar levels of other 
added and non-added nutrients were 
relatively unaffected by treatment.  

The effect of N source on the balance 
of foliar N relative to other nutrients 
was not statistically significant. How-
ever, N-only fertilization caused large, 
prolonged, and statistically significant 
increases in foliar N/P, N/K, and N/S 
ratios relative to N + C treatments 
(Figure 4). These results indicate that 
S deficiencies and possible deficiencies 
of P and K were induced by fertiliza-
tion with N alone (Brockley 1) 
at this site. The Complete fertilizer 
effectively maintained adequate foliar 
nutrient balances in Urea + C and  
AN + C treatments (Figure 4).

Summary and  
Management Implications

Six-year tree growth results indicate 
that lodgepole pine has no clear pref-
erence for fall-applied urea or AN, 
when applied alone or when combined 
with other potential growth-limiting 
nutrients. Six-year stem ba increment 
was slightly larger with AN than with 
urea, but minimal height response 
in all fertilized treatments resulted 
in similar tree and stand volume 
responses for both N sources.  

Growth data also indicate that 
N-deficient lodgepole pine may not 
respond favourably to N fertilization 
unless other growth-limiting nutrients 
(especially S) are included with N in 
fertilizer prescriptions. These results 
agree with several previous studies 
(see Sanborn and Brockley 5),  
and emphasize the importance of 
using pre-fertilization foliar nutrient 
data and available foliar nutrient 
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figure 	 Six-year	stand	volume	increment	by	treatment.	Numbers	above	bars	indicate	

change	relative	to	the	Control	treatment.	(AN=ammonium	nitrate;	C=Complete		
fertilizer)

figure 3	 (a)	Foliar	N	concentration	and	(b)	foliar	S	concentration	by	treatment	and	year.	
(AN=ammonium	nitrate;	C=Complete	fertilizer)
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interpretative criteria to assist in  
developing appropriate fertilizer  
prescriptions for lodgepole pine.

Results from this study do not 
suggest any reason for changing the 
current practice of using urea as the 
primary N source in large-scale fall 
fertilizer operations in the interior of 
British Columbia. However, further 
studies may be warranted to examine 
the effect of different N fertilizers on 
the growth of other interior species.
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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.

The Lodgepole Pine Foliar Nutrient 
Diagnosis and Fertilizer Advisory 
System, developed jointly by the 
Canadian Forest Service and the B.C. 
Ministry of Forests and Range, is 
located at: http://www.pfc.cfs.nrcan.
gc.ca/silviculture/lodgepole/ 
index_e.html.
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