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ABSTRACT 

The effects of nitrogen, phospho
rus and potassium on tree growth were 
tested at two levels (residual and 
residual plus fertilizer supplement) 
in natural stands of black spruce 
(Picea mariana (Mill.) B.S.P.), mixed 
red spruce (Picea rubens Sarg.) and 
balsam fir (Abies balsarnea (L.) 
Mill.) and pure balsam fir at five 
different locations in New Brunswick. 
Nitrogen was applied at the rate of 
168 kg ha- 1 as urea, phosphorus at 
the rate of 112 kg ha-1 as triple 
superphosphate, and potassium at the 
rate of 112 kg ha-1 as potassium 
sulphate. Trees were measured at the 
time of treatment and remeasured 
after 5 and 10 full growing seasons. 
Treatments were evaluated on the 
basis of total volume gross and net 
periodic increments~ 

All stands showed significantly 
increased gross periodic increments 
with nitrogen fertilization. This 
treatment effe.ct was strongest in the 
first 5-year period. Separate nitro
gen application yielded a maximum 
1D-1ear growth response of 12. 5 m3 

ha- total volume, approximately 
20% of the gross periodic increment 
without treatment, in a mixed red 
spruce-balsam fir stand on well 
drained, loamy soil. The two black 
spruce stands showed best growth with 
combined nitrogen and phosphorus 
treatment. However, there were no 
statistically significant phosphorus 
main effects nor nitrogen x phospho
rus interact.ions. There al so was no 
convincing evidence that potassium 
benefited tree growth in these 
experiments. 

All stands showed high tree morta
lity in the second 5-year period of 
the experiments. Volume losses 
exceeded fertilization gains in most 
instances and resulted more often 
than not in negative net periodic 
incrementsD 
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RESUME 

Les effets de l'azote, du phos
phore et du potassium sur la crois
sance des arbres ont ete testes a 
deux niveaux (residuel et residuel 
plus supplement par engrais) dans des 
peuplements naturels d'Epinette noire 
(Picea mariana (Hill.) B. S. P.), 
d 'E'pinette rouge (Picea. rubens Sarg.) 
et de Sapin baumier (Abies balsamea 
(L.) Mill.) et des peuplements purs 
de Sapin baumier en cinq endroits 
differents au Nouveau-Brunswick. 
L'azote a ete administre sous forme 
d 'uree a raison de 168 kg ha-l., 
le phosphore sous forme de super
phosphate triple a raison de 112 
kg ha- 1 et le potassl.um sous 
forme de sulfate de potassium a rai
son de 112 kg ha- 1 Les arbres 
ant ete rnesures au moment 1es traite
ments et remesures au bout de 5 et 10 
saisons pleni€:res de croissance. Les 
traitements ont €:t€ €values sur la 
base des a.ccroissements p€:riod iques 
en volume to-tal brut et net, 

Tous les peuplernents ont accuse 
des accroissements p€riodiques bruts
significativement plus grands avec la 
fertilisation ii l'azote. L'effet de 
ce traitement s'est avere le plus 
puissant dans la premiere periode de 
5 ann€es. L 1 €:pandage d I azote a prod
uit en 10 ans une reaction de crois
sance maximale de 12,5 m3/ha-1 

en volume total, soit pres de 20% de 
l'accoissement periodique brut sans 
traitement, dans un peuplement m€lan
ge d'Epinette rouge et de Sapin 
baumier venant sur un sol limoneux 
bien draine. Les deux peuplements 
d 1Epinette noire ant manifeste la 
meilleure croissance avec le trai te-· 
ment combine a l 'azote et au phos
phore. Cependant, le phosphore n'a 
pas eu d'effets principaux statisti
quement significatifs et il n 'y a pas 
eu non plus d'interactions de l'azote 
et du phosphore. Il n' y a pas eu 
egalement de preuve convaincante que 



Use of fertilizers in naturally 
regenerated and unmanaged spruce and 
fir stands of the region is not 
recommended because of the potent
ially high and uncontrolled tree 
mortality and because of generally 
low stumpage values. However, fer
tilization may hold a certain poten
tial if preceded by spacing and 
thinning to control stocking and to 
improve the value of the stands. 
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le potassium ait favorise le crois
sance des arbres dans ces 
experiences. 

Tous les peuplernents ont accuse 
une forte mortalite des arbres au 
cours de la seconde periode quinquen
nale des experiences. Les pertes en 
volume ont depasse les gains par fer
tilisation dans la plupart des cas et 
se sont sol.dees plus souvent qu' autr
ement en des accroissements periodi
ques nets negatifs. L'usage 
d 'engrais n' est pas recommande clans 
les peuplements d 'Epinet:te et de 
Sapin de la region regeneres naturel
lement OU non amenages, a cause de la 
mortalite potentiellement forte et 
incontrOlee des arbres avant que ces 
peuplements n'atteignent l'age de 
gros bois fort ainsi que des valeurs 
generalement faibles des bois sur 
pied. Toutefois, la fertilisation 
peut avoir un certain potentiel si 
el.le est precedee d I un espacement et 
d'une eclaircie 8 l'effet de con
tr6ler le materiel sur pied et 
relatif et ameliorer la valeur des 
peuplements. 
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INTRODUCTION 

By the mid-1960' s, many studies 
had indicated that tree growth in the 
northern coniferous forest is common
ly limited by nutrient shortage, par
ticularly nitrogen (N). It was 
logical to assume that such shortages 
would intensify with stand age 
because of the accumulation of nutri
ents in the tree biomass and forest 
floor. An example of early awareness 
for the need of supplementary N by 
stands in the pole-size and timber 
stages is the study of Weinkauf£ 
( 1941). He had calculated that 
Norway spruce (Picea abies (L,) 
Karst.) and Scots pine (Pinus 
sylvestris L.) between the ages of 40 
and 100 years required annual N sup
plements from 1. 2 to 22. 6 kg ha- 1 to 
maintain satisfactory growth. Con
siderable attention had also been 
given to excessive raw humus forma
tion which would seriously diminish 
the rate of biogeochemical nutrient 
cycling and further aggravate N 
shortages in coniferous stands of 
older age classes (Wittich 1952, 
Weetman 1961). 

Convincing proof of N deficiency 
in pole-size and timber stage stands 
had been obtained first by simple 
fertilization trials in central and 
northern Europe during the 1930 's and 
40's (Hesselman 1937, Fabricius 1940, 
Berg 1952). Continued field experi
mentation in Sweden had revealed that 
yield and quality of Norway spruce 
and Scots pine stands could be im
proved substantially by N fertiliza
tion, but that responses to phospho
rus (P) and potassium (K) additions 
would be small if present at all 
(Tamm and Carbonnier 1961). 

The silvicultural potential of 
forest fertilization was recognized 
by Scandinavian foresters in t~e 
early 1960's. Both industry and 
governments mounted fertilization 
programs which have grown steadily 
through the 1960 's and most of the 
?O's (Hagner 1967, Holmes 1977). 
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Canadian forest 
experienced rapid 
the 19SO's and 60's. 

industries had 
expansion during 

Forest fertili-
zation, as practiced in Scandinavian 
countries, had a special appeal for 
improving the vanishing wood supplies 
in the vicinity of production 
centres@ Field experiments sponsored 
by industries, governments, and uni
versities were therefore initiated in 
most provinces during the late 
sixties and early seventies. 

This report gives the results of a 
series of identical fertilization 
experiments carried out in pole-size 
and early timber-stage spruce and fir 
stands at various locations in New 
Brunswick between 1968 and 1979. 
Since no quantitative information was 
available on nutrient availability in 
forest soils of New Brunswick and the 
immediate Atlantic region at initi
ation of this study, the experiments 
were designed to determine main 
effects and interactions of N, P, and 
K when present at two levels 
(residual and fertilizer amended). 
Follow-up experiments were planned to 
ascertain optimum application rates 
and response surfaces where proven 
that shortages of more than, one of 
the three elements limited tree 
growth. 

MATERIALS AND METHODS 

Experimental Sites 

Experiments of identical design 
were established at six locations in 
New Brunswick (Fig. 1). These repre
sent some of the important growing 
regions in the Province. One of 
these experiments (Canaan) was termi
nated early because of heavy damage 
by an ice storm a It is, therefore, 
not reported here. 

Experiment A (Bathurst) 
The experimental· site is located 

on level terrain about 120 m above 
sea level. The prox:lmity of the 



ocean has moderated the climate to 
some degree (Appendix I). Precipita
tion is less than average for New 
Brunswick. 

The soils, being derived from sand 
and siltstones (Pennsylvanian age), 
have sandy loam texture. The sub
strate is severely compacted which 
has led to impeded drainage and shal
low rooting. The soils are classi
fied as Gleyed Hume-Ferric Podzols 
(Canada Soil Survey Committee 1978). 
They are further characterized by 
high acidity, low contents of total 
N, available P, and exchangeable 
calcium (Ca) (Appendix II). 

The forest stand is composed main
ly of black spruce (Picea mariana 
(Mill.) B. S. P.) with an average age 
of 60 years 1 • Balsam fir (Abies 
balsamea (L.) Mill.) is present in 
small numbers contributing about 10% 
to the basal area. White pine (Pinus 
strobus L.) and white birch (Betula 
papyrifera Marsh,) are of sporadic 
occurrence (Append ix III). With a 
standing total volume of about 200 m3 
ha-1 and a net mean annual increment 
of about 3.3 m3 ha-1, it was the 
least productive stand in the 
series. 

Experiment B (Piskahegan) 
The experimental area lies about 

140 m above sea level and slopes very 
gently towards the Piskahegan River. 
The climate differs from that of the 
other sites by the long frost-free 
period and high number of growing
degree days (Appendix I). 

The soils are imperfectly and 
poorly drained sandy loams with pro
file characteristics of Gleyed Humo
Ferric Podzols and Orthic Gleysols. 
They have developed in till from red 
and grey sandstones (Pennsylvanian 
and Mississippian eras), silicic and 
mafic volcanic flows, tuffs, and 
related instrusive rocks. The 

1 Age at breast height plus 5 years. 
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presence of mafic materials in the 
the till is reflected by a somewhat 
lower soil acidity than found at the 
Bathurst site, and high concentra
tions of exchangeable Ca and magne
sium (Mg) in the surface horizons. 
Appendix II gives texture and 
nutrient contents of an imperfectly 
drained variant of these soils. 

The forest stand is also dominated 
by black spruce (Appendix III). This 
stand was younger and revealed a 

somewhat greater past productivity 
than the Bathurst stand. Its net 
mean annual increment was about 3. 8 
m3 ha-1 as compared to 3.3 m3 ha- 1 at 
the Bathurst site. 

Experiment C (Nashwaak) 
This experiment is located between 

2 90 and 310 m above sea level on a 
gently undulating area near the 
Nashwaak River. The climate is more 
humid and the growing season is con
siderably shorter than at the two 
black spruce sites (Appendix I). 

Soils have developed in till of 
diverse origin. Its coarse fraction 
is made up of grarlite, gr a nod iorite, 
quartz monzonite, sandstone, grey
wacke and conglomerate fragments. 
The soils have sandy loam texture, 
are well drained and classified as 
Orthic Ferro-Humic Podzols. They are 
strongly acidic throughout the pro
file, but concentrations of available 
P show a noticeable increase with 
depth (Appendix II). 

The forest stand is variable in 
composition. Balsam fir and red 
spruce (Picea rubens Sarg.) are 
present in about equal numbers, but 
red spruce comprises more than 50% of 
the basal area (Appendix III). The 
stand is the most productive one in 
the series. It exhibited a total 
volume of about 350 n2 ha- 1 at the 
average age of 48 years, indicating a 
net mean annual increment of about 
7.2 m3 ha-1 • 



Experiment D (Sevogle) 
The experiment was carried out on 

undulating terr·ain near the South 
Sevogle River at the eastern side of 
the New Brunswick Highlands, The 
climate is characterized by a low 
mean annual temperature, high summer 
precipitation, short frost-free 
period, and a low number of growing
degree days (Appendix I). 

The bedrock of this area includes 
formations of micaceous schist, 
gneiss and phyllites, These have 
given rise to till and soils with 
large silt and very fine sand frac
tions. Soils are further character
ized by high porosity throughout the 
solum, Other features of interest 
are the moderately high concentra
tions of exchanges ble K, Ca, and Mg 
in the surface horizon. Available P 
showed a marked increase in the C 
horizon (Appendix II). These soils 
were well-drained and exhibited the 
profile characteristics of an Orthic 
Ferro-Humic Podzol, The total stand 
volume at the time of treatment indi
cates a somewhat lower past produc
tivity than shown for the Nashwaak 
site (Appendix III), 

Experiment E (Green River) 
The experimental area is gently 

sloping and located at about 500 m 
above sea level on the Northwestern 
Plateau of New Brunswick, Climatic 
conditions are among the least 
favourable in the Province with a 
frost-free period of 80 days and a 
low number of growing-degree days 
(Appendix I). 

Till deposits in which soils have 
developed, are derived from slate, 
argillite, Greywacke, conglomerates 
and sandstones. The soil texture 
varies from sandy loam to loam. The 
soils are well drained and well 
structured and also exhibit the p10-

file characteristics of an Orthic 
Ferro-Humic Podzol. Fertility is 
comparable or slightly higher than in 
the well-rlrained loams of the pre
vious two experiments ( Appendix II). 
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The stand is formed by balsam fir 
with an average age of 44 years. 
White spruce (Picea glauca (Moench) 
Voss), the remnants of the previous 
stand, and white birch are sporadic
ally mixed with balsam fir (Apprendix 
III). This stand exhibited moderate
ly high productivity. The standing 
total volume was 266 ~ ha-1 at the 
time of treatment which corresponds 
to a net mean annual increment of 
about 6 m3 ha- 1 . 

Experimental Design 

Nitrogen, P, and K were tested at 
two levels in factorial combination. 
The levels were residual fertility 
and residual fertility plus 168 kg 
ha- 1 (150 lb/acre) of N as urea and/ 
or 112 kg ha 1 (100 lb/acre) of P as 
triple superphosphate and/ or 112 kg 
ha -l of K as sulphate of potash. 
The 8 treatments were replicated 5 
times. The Piskahegan experiment in
cluded only 4 replicates because of 
limited stand size. The third order 
interac ti.on was confounded in order 
to achieve a higher precision for 
main effects and second order inter
actions (Cox 1958). For this pur
pose, the 8 treatments were distrib
uted in two blocks which formed one 
superblock or one replication (Fig. 
2) • 

Circular or rectangular, 0.04-ha 
(0,1 acre) experimental plots were 
established. Rectangular plots were 
used where stand and terrain exhibit
ed an acceptable degree of uniform
ity. Circular plots were found more 
convenient where such uniformity was 
lacking, It was aimed to space plots 
at a minimum distance of 10 m but a 
few plots lay closer together because 
of insufficient space or excessive 
variability of stand and terrain. 

A 0.027-ha (0.067 acre) area was 
concentrically located in each plot 
(Fig. 2). Fertilizers were applied 
to the 0,04-ha plot, but growth 
measurements were limited to all 
trees on the inner plot. This 



provided a buffer zone about 2 m wide 
around each plot of measured trees. 
Fertilizers were applied during the 
first half of the 1968 growing season 
to plots of the Bathurst, Nashwaak, 
Sevogle, and Green River experiments, 
and early in the growing season of 
1969 to plots of the Piskahegan 
experiment. 

Stand Mensuration 

All living trees with a diameter 
at breast height 1 (dbh) equal to or 
greater than 7.6 cm (3,0 inches) were 
numbered and the location of measure
ment on the stem was permanently 
marked, Breast height diameters were 
recorded to the nearest 0.025 cm 
(0.01 inch) with a steel tape before 
or at the time of treatment. Trees 
of the Bathurst, Nashwaak, Sevogle, 
and Green River experiments were 
remeasured after completion of the 
1968, 1973, and 1978 growing seasons. 
Trees of the Piskahegan experiment 
were originally measured before 
fertilizer addition early in the 
growing season of 1969, and remeasur
ed after completion of the 1973 and 
19 78 growing seasons. At each 
remeasurement, the number of dead 
trees was recorded on the tally 
sheets. 

In the summer of 1973, the heights 
of 7 - 9 trees were measured on each 
plot of the Bathurst and Green River 
experiments. Equations proposed by 
Bennet (1966), Hendricksen (1950), 
Stoffels and van Soest (1953), and 
Trorey (1932) were used for quantify
ing the height/ diameter relationship 
by treatments for the major species 
at each experimental site, The equa
tion giving the best fit for an indi
vidual data set was selected. The 
standard error of the estimate was 
used as criterion for best fit. 

Comparison of height/diameter 
relationships of different treatments 

1 Measured at 1.37 m (4.5 feet) 
above ground level, 
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did not reveal statistically signifi
cant differences. This was not en
tirely unexpected since the error of 
tree height measurements by the 
Suunto hypsometer has been found to 
vary between 2 and 4% (Fitje 1967). 
One height/diameter relationship was 
therefore determined for each experi
ment. For this purpose, the heights 
of 80 trees, randomly selected from 
all plots of an experiment, were 
measured after completion of leader 
growth in 1973 and again early in the 
season of 1979. Measurements of dbh 
were used to compute the basal area 
(BA) per plot and. treatment. Total 
volumes (TV) were computed for each 
living tree and summed to·· obtain plot 
TV and treatment mean TV. This was 
accomplished by obtaining the height 
for each tree of given dbh from the 
previously established height/diame
ter relationship and by substituting 
both values into lloner's (1967) 
volume equations. The TV of dead 
trees was also determined. From the 
TV of surviving trees, 5-year gross 
periodic increments (PI) were compu
ted. Net PI were obtained by sub
tracting the volume of all. dead trees 
from the volume increment of surv:i.vor 
trees for the period in question. 

Merchantable volumes (MV) were 
computed by assumi.ng a stump height 
of 15 cm.(0.5 feet) and a merchant
able top diameter of 6.7 cm (3.0 
inches), 

Treatment means were tested stati
stically by covariance analysis using 
the model for a confounded z3 factor
ial experiment (Cox 1958). Initial 
total BA, TV, or MV were used as 
covariates. 

RESULTS 

Fertilization effects are evaluat
ed in terms of TV. Mean BA and MV 
increments are given by treatment and 
experiment in Appendix IV. 



Gross Periodic Increment and 
Fertilization Response 

Bathurst 
The black spruce stand grew at an 

intermediate rate during the first 
5-year period, but stagnated during 
the second 5-year period, The 
periodic annual increment (PAI) for 
total volume, without fertilizer 
treatment, was 5, 3, 1. 5 and 3, 4 m3 
ha-1 for the first and second 5-year 
periods and for the 10-year period, 
respectiv<,ly, Exact reasons for the 
decline in growth are not known, but 
it is conceivable that stand produc
tivity decreased because of age and 
low level budworm (Choristoneura 
fumiferana (Clem,)) infestation, 

The black spruce stand responded 
signficantl.y to N addition (Table 1). 
The total volume was increased by 
8. 3 m3 ha-1 over the 10-year period 
(Table 2), About 60% of the total 
response was realized during the 
first 5-year period, The stand ?haw
ed a maximum response to the combina
tion N+P treatment. However, P main 
effect and NxP interaction were not 
statistically significant. Potassium 
seems to have interacted negatively 
with N. Application of N, N+K and 
N+P produced relative total volume 
growth responses of 24, 18,5, and 
34. 4% over the 10-year period (Fig, 
3A), 

Piskahegan 
Black spruce at this location 

showed generally low PAI over the 
10-year observation period (Table 2). 
Extensive tree mortality indicated 
early deterioration of this stand. 
This is probably the result of wet 
soil condition. 

Nitrogen application significantly 
affected tree growth (Table 1), With 
the separate N application, the TV 
increment was improved by 4.7 m3 ha- 1 

(Table 2) or 17 .3% (Fig. 3B), The 
response was limited to the first 
5-year period. With the combination 
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N+P treatment, 
8,4 m3 ha-1 or 

a 10-year PI of 
31% was recorded, 

However, P 
interaction 
significant, 

main effects and NxP 
were not statistically 

Potassium addition failed to 
improve growth significantly. It 
seems to have interacted negatively 
with N or P or both in the N+P+K 
treatment. 

Nashwaak 
The mixed stand of spruce and fir 

showed moderately high productivity 
without fertility supplements (Table 
3). The corresponding PAI were 5.3 
and ?.? m3 ha- 1 for the first and 
second 5-year periods, respectively. 
Tbe slower growth at first ,is most 
likely due to a budworm infestation 
which was controlled later by the 

, provincial insecticide spray 
program, . 

The spruce-fir stand responded 
strongly to the N treatment during 
the first 5-year period. The re
sponse continued through the second 
5-year period so that the TV incre·· 
ment for the IO-year observation 
period was increased by 12, 5 m3 ha -l 
or 19.2% (Fig, 3C). There were no 
significant P and K effects, but N 
and P interacted negatively and P and 
K showed a significant positive 
interaction (Table 1) during the 
second 5-year period. 

Sevogle 
The mixed fir-spruce stand suffer

ed from budworm infestation through
out the entire study period, This is 
probably the main reason that the 
10-year PI of this stand was consid
erably below that of the similar 
Nashwaak stand. 

Nitrogen application resulted in a 
modest, but statistically significant 
growth response during the first 
5-year period (Tables 1 and 3). How
ever, in the second 5-year period, 
the N treated plots showed a lower TV 
increment than the control plots so 



that the N effect became insignifi
cant for the 10-year period. Combi
nation of N and K resulted in the 
highest periodic increments for the 
first 5-year period and the 10-year 
period, but the statistical analysis 
did not indicate significant K nor P 
effects. 

A noticeable feature of this ex
periment is the decline of the mean 
PI for treated plots below the mean 
PI of control plots during the second 
5-year period. This may indicate an 
unfavourable interaction of fertili
zer treatments and budworm damage in 
trees. 

Green River 
The nearly pure balsam fir stand 

showed a moderately high productivity 
at indigenous soil fertility. The 
rate of growth was increased by 4.6 m3 

ha-l (Table 3) or 13.6% (Fig. 3E) 
on the N fertilized plots during the 
first 5-year period, The N response 
had faded to 1,9 u;J ha- 1 or 6.8% 
during the second 5-year period, 
Although tree growth was best on 
plots with N+P+K treatment, the sta
tistical analysis of data did not in
dicate significant P and K effects. 
During the second half of the experi
ment, P and K seemed to influence 
tree growth negatively. The 10-year 
data show clearly that no further 
benefit beyond the N effect was ob
tainable with P and/or K fertilizers 
at this site. 

Tree Mortality, Net PI, and 
Fertilization Response 

In the previous section, fertili
zation responses were based on the PI 
of survivor trees. Biologically, 
this appears to be the most appropri
ate approach, but in the overall con
text of forest management, the net 
gain in TV and value of the fertil
ized stands must be considered as 
overriding criteria. This cannot be 
done without accounting for volume 
losses due to tree mortality. 
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Tree mortality varied with experimen
tal stand and time, Volume losses 
were generally much higher in the 
second than the first 5-year period. 
This may simply reflect the pattern 
of stand development. The natural 
stands, without density control, 
apparently begin to deteriorate at 
age 55 years or earlier. The pres
ence of the spruce budworm undoubted
ly accelerated this process in at 
least two of the experimental 
stands. 

On the control plots of the 
Bathurst experiment, tree mortality 
reduced the TV increment by 13. 5% in 
the first 5-year period and nearly 
cancelled the volume gain shown by 
survivor trees in the second 5-year 
period (Table 4), Although not 
proven statistically, mortality 
appeared to he increased by P and K 
treatments and it remained at a simi
lar rate as on control plots with 
N-only and combined N+P and N+K 
treatments. As a result, fertiliza-
tion responses based on net PI were 
actually negative for Kand P treat
ments without N. For separate N 
addition and two element combinations 
includirig N, the responses were simi
lar regardless whether based on gross 
or net PI. 

The second black spruce stand at 
the Piskahegan River showed consider,
ably greater mortality than the 
Bathurst stand. It was pointed out 
previously that stand deterioration 
at this site may have been hastened 
by the presence of excess water 
throughout portions of the growing 
season. As in the Bathurst experi
ment~ volume losses were much larger 
in the second than in the first 
5-year period (Table 4). Fertilizer 
treatments seemed to lower tree mor
tality. Fertilization responses 
based on net PI differed strongly 
from those obtained by considering 
survivor trees only. However, tree 
mortality showed a strong plot to 
plot variation, and the differences 



in volume loss by treatment were not 
statistically significant. 

In the Nashwaak experimental stand 
volume losses were also larger during 
the second than the first 5-year 
period (Table 5), In the untreated 
stand, tree mortality reduced the PI 
of survivor trees by 33% during the 
first 5-year period and by 75% over 
the 10-year period, Fertilizer 
treatments did not impart an apparent 
pattern on tree mortality although 
losses were notably lower on P+K 
treated plots and increased by the 
3-element treatment. The high N 
response of the surviving stand is 
also evident when net PI is 
considered. 

The Sevogle spruce-balsam fir 
stand suffered high tree mortality 
during the second term of the experi
ment due to budworm infestation. As 
a result, the net gain in total 
volume over the 10-year period was 
negative for all treatments. Balsam 
fir was more strongly affected than 
red spruce. Table 5 suggests a small 
fertilization response in total 
volume net gain with N+K treatment, 

The Green River balsam fir stand 
had the lowest rate of tree mortal
ity. Of special interest are the 
large increases in the net PI with 
the N-only and the 3-element treat
ments (Table 5). However, as pointed 
out previously, fertilization re
sponses based on net PI lack reli
ability since treatment means for 
tree mortality were not significant 
at the 5% level of probability. 

DISCUSSION 

The results from the five experi
ments are generally i.n agreement with 
those of other studies. However~ 
responses to N tended to be lower in 
all but one of the five experiments 
than reported for other trials 
carried out under similar conditions~ 
This could probably be attributed to 
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differences in physical site. Also, 
the low stand vitality at several 
sites during the second half of this 
study may have affected adversely the 
response to fertilizer treatments. 

Responses to Nitrogen 

The two black spruce stands of 
this study showed increased annual 
growth of 0.8 and 0.5 m3ha-1 

over the 10-year observation period 
with addition of 168 kg N ha-1 

For comparison, van Nostrand (1979) 
reported increases in the PAI of 2.3 
and 2. 6 ni3 ha- 1 for a 9-year period 
following N fertilization at two 
black spruce sites in Newfoundland. 
The N application rate used by van 
Nostrand was only 1,3 times higher 
than in the present experiment, but 
the fertilizer was added in split 
applications, at the beginning of the 
experiment and two years later. 

In a combination thinning and fer
tilization experiment in Quebec 
(Weetman 1975), N applied to unthin
ned stands at rates of 112 and 448 kg 
ha -l increased the 10-year PAI 
by 0.9 and 2.1 m3 ha- 1 (approx.). 
The fertilizat.ion response tended to 
be higher in thinned stands. The 
response shown with the low applica~ 
tion rate was slightly higher than 
the best response obtained in the New 
Brunswick black spruce stands with 
168 kg of N ha-1 . 

Also of interest to the present 
study are the results of the inter
provincial forest fertilization pro
gram (Weetman et al. 1981). In the 
three black spruce trials with sig
nificant treatment effects, the PAI 
was increased by O. 6, 0. 9 and 2. 0 m 3 

ha- 1 in the first 5 years follow
ing application of 224 kg of N ha- 1 

The corresponding values for our two 
black spruce experiments with the 
lower N application rate were both 
close to 1.0 m3 ha- 1 • Morrison and 
Foster (1979) reported a similar low 



N response for a black spruce stand 
in northwestern Ontario. 

Balsam fir in the nearly pure 
stand at the Green River experiment 
showed the same reaction to N addi
tion as reported previously for a 
similar stand by Hoyt ( 19 73). In 
both cases, the PAI was increased by 
0.9 nil hirl over the first five years 
with 168 kg of N ha -1 • The Inter
provincial Forest Fertilization Pro
gram included 14 balsam fir trials, 
three of which showed significant 
treatment effects (Weetman et al. 
1981). In these trials, N addition 
at the rate of 224 kg ha -l stimulated 
the PAI by 1. 7, 2.1 and 3.1 n;J ha -l. 
These responses are far superior to 
the N effects on balsam fir in the 
New Brunswick experiments, even if 
adjustment is made for the differenc
es in application rates. Larger fer
tilization gains than shown for 
halsam fir in the present study were 
also reported by Gagnon et al. 
(1979). 

The Nashwaak experimental stand 
which showed a moderately high N 
response, consisted mainly of red 
spruce. Information on fertilization 
response by this species is very lim
ited. A predominantly red spruce 
stand in Nova Scotia, being part of 
the Interprovincial Fertilization 
Program, showed an annual growth 
improvement of 1. 2 n;J ha -l during the 
first 5 years following addition of 
224 kg of N ha-1 of N (Weetman et al. 
1981). In the Nashwaak experiment, 
the PAI was increased by 1. 8 !& ha l 
during the same period with a consid
erably lower N application rate. 
White spruce, a somewhat more demand
ing species than red spruce· in terms 
of nutrients, has shown increases in 
the PAI of 2.4 rn3ha-lduring the 
first five years in Alberta trials of 
the Interprovincial'Forest Fertiliza
tion Program (Weetrnan et al. 1981). 
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It is also of interest to compare 
the fertilization responses by spruce 
and fir from this study with respons
es of jack pine (Pinus banksiana 
Lamb.). Hoyt (1973) applied identi
cal treatments as used in this study, 
to two semimature jack pine stands in 
New Brunswick. Addition of N only 
improved the PAI of the first 5 years 
by about 1. 5 m3 ha- 1 • An only 
slightly lower response by jack pine 
to N addition was reported by 
Kingston et al. ( 19 78). It seems 
that the Nfertilizer has been more 
efficient in the jack pine stands 
than in the spruce and fir stands of 
the province, excepting the Nashwaak 
experimental stand. 

Swedish foresters have established 
the average

3 
amounts of N required to 

produce 1 m of wood. Values varied 
not only with species, but also with 
application rate and duration of re
sponse period (Jansson 1977). This 
information, reproduced in part in 
Fig. 4, represents useful reference 
points for rating the efficiency of 
the applied N. Accordingly, the N 
treatment of the two black spruce 
stands was lacking in efficiency 
because more than 20 kg of N were 
required to produce 1 m3 of wood. 
With the same application rate of 
urea to a Norway spruce stand in 
Sweden, 18 kg of N would have been 
sufficient to produce l m 3 of wood 
over 10 years (Fig. 4). Nitrogen 
treatments were particularly ineffi
cient in the pure balsam fir stand of 
the Green River experiment and the 
mixed fir-spruce stand of the Sevogle 
experiment. In contrast, moderately 
high efficiency was shown in the 
Nashwaak stand. The amount of N 
required to produce 1 m3 of wood in 
this experiment was only two-thirds 
of the average amount required by 
Norway spruce to accomplish the same 
under Swedish conditions (Fig. 4). 



What are valid reasons to explain 
the low efficiency of N treatments in 
all but one of the present experi
ments? Foliar analysis after comple
tion of the first growing season 
showed substantial increases in N 
content of current-year needles from 
each of the experimental stands 1 • 
However, the duration of increased 
foliar N levels was short especially 
in the black spruce stands. This 
suggests that the increase of avail
able N in the soil was short-lived 
and that the recovery of the added N 
by the trees was low. It has, in 
fa.ct, been shown in other studies 
that fertilizer N disappeared rapidly 
from the mineral pool of the forest 
floor during the first few months 
after application, and more slowly 
thereafter (Mahendrappa 1978, 
Morrison and Foster 1977). After 
three years, the fertilization effect 
on the mineral N pool was mild or 
non-detectable, depending on site and 
application rate. With the dis
appearance of N from the mineral 
pool, increases in the organic pool 
were observed (Mahendrappa 1978, 
Morrison and Foster 1977, Roberge and 
Knowles 1965). 

Immobilization of fertilizer N 
presumably was an important factor in 
the present study, especially in the 
black spruce experiments. In the 
words of Theml it z (19 54) , raw humus 
is N starved. Perhaps several 
intermediate rate fertilizer 
applications may be required to 
normalize the N nutrition of many 
middle-age and older coniferous 
stands in New Brunswick. 

Another explanation for the low N 
responses in our study is the possi
bility that other mineral deficien
cies limited growth. 

1 H.H. Krause, unpublished data. 
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Effects of Potassium and 
Phosphorus 

The statistical analysis has not 
shown significant P or K main effects 
or positive interactions of these 
elements with N. 

A lack of response to K .addition 
was not unexpected as New Brunswick 
soils contain appreciable quantities 
of only partially weathered, K-bear
ing, primary layer silicates (Kodoma 
and Brydon 1968). These minerals are 
capable of sustaining an adequate 
labile K pool. Furthermore, K is 
being recycled efficiently in forest 
ecosystems after canopy closure (Cole 
et al. 1976, Foster and Morrison 
1976-,-Switzer and Nelson 1972). It 
is therefore unlikely that a defi
ciency of K exl.sted at the five sites 
with the possible exception of the 
Sevogle area. However, there is a 
possibility that the small effects 
shown for separate K application in 
Experiments A, B, C, and D (Tables 2 
and 3) are real, and are due to en
hanced ·mineralization of indigenous N 
in the presence of the K salt. Such 
salt effects have been discussed 
earlier by Broadbent and Nakashima 
(1971). 

Although not statistically signif
icant, P addition has shown small 
positive main effects and interac
tions in the two black spruce experi
ments, (Table 2). It would not be 
unreasonable to expect that P was 
deficient at these sites which are 
characterized by impeded drainage and 
low contents of available P in the 
mineral soil (Appendix II) and forest 
floor (Maftoun and Krause 1977). It 
is also possible that P effects, if 
in existence, were indirect insofar 
as the presence of calcium monophos
phate reduced the loss of added urea 
N by volatilization (Mahendrappa and 
Ogden 1973) which, in turn, would 



have increased the recovery of added 
fertilizer N by trees. Also, the 
salt effect on the mineralization of 
indigenous N described previously in 
connection with K additions, may be 
applicable to P treatments. 

Salt effect and reduced volatili
zation losses may also be the expla
nation for a possible growth improve
ment with a separate P application in 
the Nashwaak experiment. Combined 
application of N and P considerably 
increased growth beyond that obtained 
with a separate N treatment in a jack 
pine stand at a location not far 
removed from the Sevogle experiment 
(Kingston et al. 19 78). However, 
there was no doubt that P addition 
failed to benefit the growth of the 
predominantly balsam fir stand of the 
Sevogle experiment and the pure 
balsam fir stand of the Green River 
experiment. 

Inconclusive results with respect 
to P and K treatments were also 
reported by Weetman et al. (1981) for 
trials in the Interprovincial Forest 
Fertilization Program. 

Implications to Forest Management 

A logical question following the 
performance of field experiments is 
whether or not the tested treatments 
are operationally feasible. The 
answer has to include a certain form 
of cost/benefit analysis, What fol
lows is not intended to be a compre
hensive economic evaluation of forest 
fertilization under the local condi
tionsi but a simple discussion of 
some relevant information. 

Fertilization is feasible if the 
revenue from additional wood produced 
exceeds the total cost of fertiliza
tion, Cost usually includes the pur
chase price of fertilizers, their 
application, and interest charges. 
Owners of large forests may be in a 
position to disregard interest charg
es by invoking the "allowable cut 
effect'", i,e,, they may increase the 
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allowable cut in the year of treat
ment by an amount that equals the ex
pected gain in forest growth. 

Determining the benefits from fer
tilizer treatments ls more difficult 
as this depends not only on the quan
tity but also on the quality of the 
additional wood produced by the 
treatments as well as a number of 
other factors (Tucker 1974), Hence 
opposing answers may be obtained for 
a given response at different loca
tions and different times, 

Diameter distribution is an impor
tant parameter as it determines the 
value of extra wood produced and the 
cost of tree harvesting. Miller and 
Fight (1979) determined a negative 
present net worth of Douglas fir wood 
if it were produced at the rate of 
200 cu. ft, (5,66 m3) per 200 lb. 
(224 kg) of N applied, and if the 
mean dbh were 8 inches (20,3 cm), 
However, the present net worth turned 
positive as the mean· dbh changed from 
8 inches to 20 inches (50.8 cm). 
This diameter constraint ex1.sted 
despite the high stumpage values for 
Douglas fir in the Pacific Northwest 
of the United ·states and even though 
the allowable cut effect had been 
applied, 

If the guidelines of this Douglas 
fir case study were applied to the 
results of the present study and 
general forest conditions in New 
Brunswick, fertilization would not 
appear to be a promising alternative 
for improving the wood supply in the 
Province. Even with responses as 
high as in the Nashwaak experiment, 
the economic threshold beyond which 
treatments are justified, may just be 
approached, provided stumpage prices 
were raised considerably above the 
present level. 

The above comparison leads to the 
question whether or not the efficien
cy of added N can be improved suffi
ciently so that fertilization may be 
considered in forests of the north 
Atlantic region. One possible way 



may be to use fertilizer N at high 
enough rates to induce an ameliora
tion effect on the accumulated raw 
humus (Wittich 1952, Themlitz 1954). 
The long-· lasting response of a black 
spruce stand to urea application sup
plying 448 kg ha -l of N in Que bee 
is seen to be due to favourable 
changes in the raw humus layer, in
cluding enhanced release of indige
nous organic N and improved nutrient 
cycling (Weetman et al. 1980). 

Source of N and time of 'fertilizer 
application may also affect the effi
ciency of the added N. However, a 
factor of primary importance is the 
vitality of the stands to be treated. 
The present experiments have shown 
that unmanaged coniferous stands in 
New Brunswick, 45 years old or older, 
are prone to high tree mortality. In 
fact, volume losses due to tree mor
tality were more often than not 
greater than fertilization responses, 
and the net PI for the 10-year obser
vation period was negative in two of 
the five experiments. Operational 
fertilization would be irrational 
under these conditions a Such unman
aged stands which lack density and 
stocking control would probably show 
maximum productivity if harvested 
before they reach the age of 50 
years. 

Could fertilizers be used advanta
geously in naturally regenerated 
unmanaged stands harvested in short 
rotation? In the north Atlantic 
region, naturally regenerated conifer 
stands are usually very dense and 
characterized by a low mean dbh at 
age 45 or 50 years. Diameters would 
not change much if the total stand 
volume were increased by one or 
several N applications between ages 
30 and 40 years. According to pres
ent standards, the major portion of 
wood from such stands would be direc
ted to pulp mills and only a small 
portion would attain sawmilling 
quality, Under these conditions, 
stumpage values would be low, even 
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if they represented fair market 
value, and use of fertilizers would 
not be warranted. 

Another view on fertilizer use 
would probably emerge if stands, 
naturally or artificially establish
ed, were subjected to some degree of 
management, involving density and 
stocking control. For example, the 
Nashwaak experimental stand with a BA 
of about 52 m2 ha-1 and a standing TV 
of about 350 m3 ha-1 , at the time of 
treatment, was overstocked ·according 
to the Nova Scotia yield tables 
(Hawboldt and Kostjukovits 1961). 
Reduction of the BA by one-third, 
using especially adapted equipment, 
might have resulted in an 
economically viable pulpwood 
operation and would have left an 
improved stand capable of producing, 
with the help of appropriate amounts 
of N fertilizer, quality saw timber. 
Unfortunately, stands that merit such 
treatment are not abundant in the 
Province today. 

SUMMARY AND CONCLUSIONS 

1. Naturally regenerated and 
fir, 
fir 

N 

unmanaged black spruce, balsam 
and mixed red spruce-balsam 
stands responded consistently to 
fertilization. 

2. In black spruce stands on 
imperfectly to poorly drained soils, 
small gains in tree growth were 
observed with P and combined N+P 
additions. However, the statistical 
analysis did not show significant P 
main effects or NxP interactions. 

3. Potassium applied separately 
and in combination with N did not 
significantly affect tree growth, 
Positive and statistically signifi
cant P x K interactions occurred in 
two experiments, but no practical 
significance could be attributed to 
this observation. 

4. The experimental stands showed 
high tree mortality in the second 
5-year period of the study, This 



resulted in negative net PI for most 
treatments at all experimental sites. 
In two experiments, net PI were 
negative for the entire 10-year 
period of the experiments. 

5. Use of fertilizers in the 
unmanaged spruce and fir stands of 
the north Atlantic region is unlikely 
to yield benefits as shown by fertil
ization in the coastal forests of 
British Columbia or many other parts 
of the world because of high tree 
mortality, the tendency of stands to 
deteriorate early and low stumpage 
values. Howevert fertilization may 
offer a potential for improving the 
supplies of quality wood in this 
region if combined with other silvi
cultural activities such as the con
trol of species and stand density. 

6. Even in the latter case, the 
efficiency of added fertilizer N 
needs to be improved above levels 
shown in this study. At sites with 
pronounced raw humus format ion, high
rate or repeated N applications may 
be necessary to achieve practically 
significant growth improvements. At 
sites with impeded drainage, effi
cient use of N may require simultan
eous add it ion of P. Both N applica
tion rate and timing, and the need 
for P require further study. 
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Table 1. Statistical significance of treatment effects as determined by covariance analysis 
of 10-year total volume data 

Experiment Main effects Interactions 
N p K NP NK PK 

Bathurst 1958/73 ** n. s. n.s. n. s. n.s. n.s. 
1974/78 ** n.s. n.s. n.s. n.s. n.s. 
1968/78 ** n.s. n.s. n.s. n. s. n.s. 

Piskahegan 1958/73 ** n. s. n.s. n.s. n.s. n.s. 
1974/78 n.s. n.s. n.s. n.s. n. s. n. s. 
1968/78 * n. s. n. s. n.s. n.s. n.s. 

Nashwaak 1968/73 ** n. s. n.s. nes. n.s. n.s. 
1974/78 n.s n. s • n. s. ** n. s . * 

1968/78 ** n.s. n.s. * n. s. n.s. 

Sevogle 1968/73 ** n.s. n.s. n.s. n. s. n.s. 
1974/78 n.s. * n.s. n.s. n. s. n.s. 
1968/78 n.s. * n.s. nGs. n.s. n.s. 

Green River 1968/73 ** n. s. n.s. n.s. n.s. n.s. 
1974/78 n.s. n. s. n.s. n.s. n. s. ** 

1968/78 * n .s. n.s. n.s. n.s. * 

* significant at P - 0.05. 
** significant at P = 0.01. 
n. s. not significant. 

,.... 
V, 
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Table 2. Gross periodic total volume increments and fertilization 
responses in two black spruce stands 

Gross perioo1c increment Response 
1969- 73 1974-78 1969- 78 1969-73 1974-78 1969- 78 

m /ha 

Bathurst experiment (A) 

Control 26.7 7.3 34.0 
K 27.2 9.0 36. 2 0.5 1. 7 2.2 
p 26.5 9.7 . 36.2 -·O. 2 2.4 2.2 

PK 25.7 8.4 34. l -1.0 1. l 0. 1 

N 31.6 10. 7 42.3 4.9 3.4 8.3 

NK 30.9 9.4 40.3 4.2 2. l 6 . .3 

NP 34.2 11.5 45.7 7.5 4.2 11. 7 
NPK 32. 3 11.8 44. l 5.6 4.5 11. 1 

Piskahegan experiment (B) 

Contra 1 16.l 11 .o 27. l 
K 17.3 12.5 29.8 1.2 1.5 2.7 
p 17.6 11. 3 28.9 l. 5 0.3 1.8 

PK 17.8 11. 4 29.2 1. 7 0.4 2. 1 

N 20.8 11 . 0 31.8 4.7 0.0 4.7 

NK 20.7 11. 7 32.4 4.6 0.7 5.3 
NP 22.8 12.7 35.5 6.7 1. 7 8.4 
NPK 20.2 13.0 33.2 4. l 2.0 6. 1 

' I 
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Table 3. Gross periodic·total volume increments and ferti'lization responses 
in two mixed stands of red spruce and balsam fir and a pure balsam 
fir stand 

Gross perioa1c increment Response 
'1969-73 1974-78 1969-78 1969-73 1974-78 1969-78 

m ha 
Nashwaak experiment (C) 

Control 26.5 38.6 65.l 
K 29.2 38.4 67.6 2.7 -0.2 2.5 
p 29.2 40.8 70.7 3.4 2.2 5.6 
PK 31.4 42.5 73.9 4.9 3.9 8.8 
N 35.4 42.2 77.6 8.9 3.6 12.5 
NK 32.7 42.6 75.3 6.2 4.0 10.2 
NP 31.8 37. l 68.9 5.3 -1.5 3.8 
NPK 35. 3 43.0 78.3 8.8 4.4 13.2 

Sevogle exeeriment · (D) 

Control 24.2 29.0 53.2 
K 25.3 28.3 53.6 1. 1 -0.7 0.4 
p 22.2 25.4 47.6 -2.0 -3.5 -5.6 
PK 23.4 25.8 49.2 -0.8 -3.3 -4.0 
N 26.9 26.7 53.G 2.7 -2.3 0.4 
NK 30.2 25.6 55.8 6.0 -3.4 2.6 
NP 27.7 25.5 53.0 3.5 -3.6 0.0 
NPK 27.6 25.2 52.8 3.4 -3.8 -0.4 

Green River exr:ieri ment (E) 

Control 33.9 27.6 61.5 
K 33.3 25. 1 58.4 -0.7 -2.5 -3. l 
p 35. 5 24.7 60.2 l. 5 «2.9 -1.3 
PK 35.9 25.7 61.6 2.0 -1.9 0. 1 
N 38.6 29.5 68.5 4.6 l. 9 6.6 
NK . 36. 3 25 .o 61. 3 2.4 -2.6 -0.2 
NP 37.3 24. 1 61.4 3.4 -3. 5 -0.1 
NPK 40. 1 27.9 68.0 6. 1 0.3 6.5 



Table 4. Volume losses due to tree mortality, net periodic increments (PI) and fertilization response 
in two black spruce stands · 

1st 5-year period 2nd 5-year period 10-year 12eriod 
Mortal - Net Re- Mortal- Net Re- Mortal- Net Re-

ity rrt sponse ity prt sponse ity prt s12onse 
m3 /ha 
~ 

Bathurst 

Control 3,6 23. 1 -- 6.4 0.9 -- 10.0 24.0 
K 8.6 18.6 -4.5 11.8 -2.8 -3.7 20.4 15.8 -8.2 
p 10.7 15.8 -7.3 11. 0 -1. 3 -2.2 21. 7 14. 5 -9.5 
PK 12. 1 13.6 -9.5 7.9 0.5 -0.4 20.0 14. l -9.9 r-' 

N 4.6 27.0 3.9 5.2 5.5 4.6 9.8 32.5 8.5 a, 

NK 3.3 27.6 4.5 7.4 2.0 l. l 10.7 29.6 5.6 
NP 5.6 28.6 5.5 6.9 4.6 3.7 12.5 33.2 9.2 
NPK 5.9 25.4 3.3 79.8 -8.0 -8.9 25.7 18.4 -5.6 

Piskahegan 

Contra l 21. 7 -5.6 -- 41.0 -30.0 -- 62.7 -35.6 
K 8.6 8.7 14.3 54.3 -41.8 -11. 8 62.9 -33. l 2.5 
p 17.0 0.6 6.2 36. 5 -25.2 4.8 53.5 -24.6 11.0 
PK 10.7 7. i 12.7 25.9 -14. 5 15.5 36.6 -7.4 28.2 
N 13. 6 7.2 12.8 36 .6 -25.6 4.4 50.2 -18.4 17.2 
NK 7.4 13.3 18.9 50.4 -38.7 -8.7 57.8 -25.4 10.2 
NP 17.0 5.8 11.4 46. 3 -33.6 -3.3 63.3 -27.8 7.8 
NPK 13. l 7. 1 12.7 45.2 -32.2 -2.2 58.3 -25.7 10. 5 

t Net PI= Gross PI (PI increments shown in Tab1e 2) - mortafity. 
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Fig. 1. Map of New Brunswick showing general location of experiments. 
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Fig. 2. Schematic diagram of a replication of treatments in two incomplete blocks. 
Tree-measurements were limited to the concentric inner plot. Capital 
letter notation indicates treatments. 
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Fig. 3. Relative fertilization response in two black spruce stands (A 
and B), two mixed stands of red spruce and balsam fir (C and D), 
and a pure balsam fir stand, based on 10-year gross periodic 
increments in total volume, adjusted by covariance analysis. 
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Fig. 4. Average amount of urea nitrogen required to produce one m3 of 
wood (total volume) by Norway spruce as a function of application 
rate (reproduced from Jansson 1977), 



Appendix I. Location and some climatological data of experimental sites. 

Exper- Physiographic Geographic Elevation Mean precipitation Mean temperature, Frost- Growing 
iment region Coordinates a.s.l. annual May-Sep annual July Jan free degree 

m mm degree Celsius days days 

Eastern 47°35' Lat. 120 889 406 4 19 -11 108 2550 
A Lowlandt 65°24' Long. 

Centra 1 45o32• Lat. 140 1067 406 5 19 -9 115 2750 
B Lowland 66°50' Long. 

Centra 1 46°25' Lat. 300 1143 533 3 l8 -11 84 2350 
C Highland 67°10' Long. "' w 

York 47°05' Lat. 330 1118 584 3 18 -13 74 2200 
D 66°18' Long. Plateau 

Northwestern 47°50' Lat. 500 965 508 2 17 -14 80 2100 
E Plateau 68°20' Long. 

t As defined by Putnam, D.F. 1954. Canadian Regions. 
Toronto, 2nd. edition, 1954. 601 pp. 

A geography of Canada. J.M. Dent and Sons (Canada) Ltd. 
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Appendi X I I. Texture, pH and nutrient contents of a typical pedons at each of 
the experimental sites. 

Texture Exchangeable Total Avail 
Horizon Depth Sand Silt Clay pH K CA Mg N p 

cm % ppm '/ ppm ,, 

Bathurst 

LF 7- 4 * n.d. n. d. n. ct. n .d. 1. 325 n. d. 
H 4- 0 3.2 336 235 223 1.247 n. d. 
Ae 0-10 97.7 18. 1 2.2 3.5 113 l 3 0.039 3.2 
Bf1 10-15 60.0 18. 9 21 . 1 3.9 127 39 11 0.168 3.2 
Bf2 15-23 63.5 21.5 15.0 4.7 25 51 4 0. 124 3.7 
Bfg 23-33 59.2 27.4 13. 4 5. l 34 ·12 l 0.059 2.8 
Cg1 33-46 66.2 22.9 10.9 4.8 21 11 l 0 .036 4.6 
Cg2 46+ 60.6 23.8 15,6 4.8 31 10 3 0.029 l. 9 

Piskahegan 

LF 4- l n.d. n.d. n.d. n.d~ l. 771 n • d. 
H 1- 0 4.8 582 2663 280 l. 236 n • rl. 

Ae1 0- 5 57. l 40.3 2.6 4.5 30 84 39 0.056 4.2 
Ae2 5-12 n.d. n. d. n.d. 4.5 27 41 26 0.046 . 14. 7 

Bfi ·12-18 51. 2 42.4 6.4 5.4 40 28 17 0.025 . n. d. 
Bf2 18-28 48.8 34.5 16.7 5.7 26 7 4 0. 143 17 .8 
Bfg 28-38 50.8 41 . 0 8.2 5.7 19 8 2 0.075 18.8 
Cg1 38-48 51.0 39.2 9.8 5.9 31 8 3 0.081 10.9 
Cg2 48+ 53.3 38.9 7.8 5.9 27 8 4 0.048 8.8 

Nashwaak 

LF 4- l n.d. n. d~ n.d. n.d. l. 846 n. d, 

H 1- 0 3.5 538 364 138 1. 728 n. d. 
Ae 0- 8 60.4 31. 5 8. l 3.4 24 8 6 0.077 3. l 
Bhf1 8-13 74.3 21.5 4.2 4.4 82 4 2 0.626 n .d. 
Bhf2 13-25 70.4 20.0 9.6 4.9 23 2 4 0.320 1.4 
Bf1 25-38 75.7 18. 4 5.9 5.0 18 l 2 0. 195 3.0 
Bf2 38-51 72. l 24.2 3.7 4.9 13 3 l 0. l 01 19.3 
C 51+ 69.2 28.0 2.8 4.8 12 2 l 0.070 25.2 

Sevogl_e!_ 

LF 5- l n.d. n. d. n.d. n .. d. l . 661 n. d. 
H 1- 0 n.d. 600 2350 177 1.448 n. d. 
Ae 0- 5 50.6 45. 8 3.6 3.6 25 58 16 0.072 5.3 

Bhf1 5- 8 63.7 30.2 6. 1 3.4 47 12 13 0.360 5.0 
Bhf2 8-23 57.4 39.0 3.6 4.3 21 8. 3 0.288 3.0 

Bf1 23-30 50.6 45 .0 4.4 4.7 20 5 l 0. 170 2.0 
Bf2 30-46 55.5 37.9 6.6 5,-1 22 3· 1 0.56 5.0 
C 46+ 56.2 37.8 6.0 5. l 30 3 ·1 0.37 13. 4 
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Appendix II continued. 

Texture Exchangeable Total Avail 
Horizon Depth Sand Silt Clay pH K CA Mg N p 

% ppm % ppm 

Green River 
LF 4- 1 n. d. n. d. n.d. n. d. l. 850 n. d. 
H 1- 0 3.4 736 725 225 1. 590 n.d. 
Ae 0- 3 n .. d. n. d, n .. rt. 3.5 25 13 · 26 o. 171 11. 8 
Bhf 1 3- 8 64.6 23.9 11. 3 3.9 26 3 33 0.416 2.5 
Bhf2 8-18 48.6 36. l 15.3 4.6 21 2 7 0.306 4.0 
Bf 1 18-23 55.9 33.8 10.3 4.8 17 l 2 0.176 4.0 
Bf2 23-38 55.8 29.4 10.8 5.0 9 2 l 0.109 5.4 
C 38+ n. d. n.d. n •. rl. 5.2 10 2 l 0.098 16. l 

* n.d. = not determined. 
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Appendix III Stand characteristics. Measurements were made before treatments 
were applied. 

Species 

Black spruce 
Balsam fir 
Red maple 
White pine 

All species 

Black spruce 
Balsam fir 

Both species 

Red spruce 
Balsam fir 
White birch 

All species 

Balsam fir 
Red spruce 
White birch 
Red maple 

All species 

Balsam fir 
White spruce 
White birch 

All species 

Average 
Age 

(Years) 

60 

55 

if8 

47 
47 

44 

Number 
of trees 

per ha 

Average 
diameter 

cm* 

Basal 
area 

m2ha 

l(ijl4 
398 

54 
56 

2182 

Experiment A, Bathurst 

15.6 
11.9 
11.9 
14.3 

31.8 
4.4 
0.6 
0.9 

3 7, 7 

Experiment B, Piskahegan 

1963 
87 

2050 

1593 
1561 

95 

3249 

1758 
593 

17 
24 

2392 

3047 
45 

1'\5 

3237 

14.8 
10.1 

14.6 

33.7 
0.7 

34.4 

Experiment C, Nashwaak 

15 .4 
13.0 
14.2 

11, .• 3 

29.8 
20.8 
1.5 

52.1 

Experiment D, Sevogle 

14.0 
17 .o 
17.3 
12,6 

14.8 

27.0 
13.S 
0.4 
0.3 

41.2 

Experiment E, Green River 

13.4 
16.8 
10.3 

13.3 

42.8 
1.0 
1.2 

45.0 

Total Merch. 
Volume Volume 

m3/ha 

202 170 

207 177 

348 289 

256 219 

266 218 

* Average diameter = diameter of tree of average basal area. 
** SI 50 = Average dominant height in metres at age 50 years; from height/age 

curves given in Hawboldt and Kostjukovits (1961). 

** 
SI50 

14.6 

1 s. 8 

16.8 

16. 5 

16.8 



27 

Appendix IV Ten-year basal area, total volume and merchantable volume increments 
by experiment and treatment (unadjusted), 

Mean 

Basal area, m2/ha 
Total volume, m3fha 
Merch. volume, m3/ha 

Basal area, m 2 /ha 
Total volume, m3fha 
Merch, volume, m3/ha 

Basal area, m2/ha 
Total volume, m3jha 
Merch, volume, m /ha 

Basal area, m2~ha 
Totl volume, m /ha 
Merch, volume, m3/ha 

Basal area, m2/ha 
Total volume, m\ha 
Merch. volume, m /ha 

Treatment 
CONTROL K P PK N 

Experiment A, Bathurst 

5.01 4, 71 5.16 4.85 6.03 
34,10 32.64 36.98 34. 69 43. /+6 
34.14 32.54 36.49 31,. 28 42. 74 

Experiment B, Piskahegan 

2.80 2,94 3.47 3.20 3. 78 
23.17 24.21 29,00 26.42 31.36 
22. 01 23.29 28.18 25.37 29.57 

Experiment C, Nashwaak 

5. 58 6,01 6.56 6.68 7.14 
60.14 66.24 73.12 69.86 78. 51 
57. 26 63.07 69. 42 65.93 74. 72 

Experiment D, Sevogle. 

5.03 
50.52 
48,32 

1,. 56 
48. 58 
46. 53 

Experiment 

7.42 7.01 
60,50 57. 72 
58. 83 56,21 

3. 91 
43. 15 
41.16 

4.37 
45.80 
43.82 

E, Green River 

7.20 7.64 
58.81 62.42 
57.45 60.90 

4.49 
46.61 
44.66 

8,20 
66 .115 

61,. 77 

NK 

5.57 
38. 68 
38. 06 

3.30 
27.54 
26. 58 

6.86 
73. 01 
69.53 

5.55 
57. 01 
54. 77 

7.42 
60.38 
58 .86 

NP 

5,99 
42,87 
42,12 

3,96 
33, 11 
32,00 

6,41 
68,02 
65,02 

5.32 
55, 19 
52. 9 7 

7,46 
61.00 
59,39 

NPK 

6,28 
45.30 
44.70 

3.66 
30.40 
29,49 

7. 36 
78. 99 
75.00 

4,55 
48. 39 
46.37 

8.31 
67.59 
66 .15 
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