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Abstract 

Average dry weight and nutrient levels in current foliage from red 
spruce and balsam fir seedlings and saplings in the understovy of a 25-year 
old aspen and birch stand were observed 3 years after N, P, and lime 
treatments were applied. Elemental concentrations were plotted as a 
function of needle weight and quantity of element per needle. This allows 
interpretation of treatment effect on overall nutrient levels for both 
concentration and quantity of each element in the foliage. In balsam 
fir, dry weight per needle was significantly increased by fd fertilizer. 
Nitrogen also significantly affected levels of ash, N, P, K, Ca, Fe, Mn, 
Zn, and Na in balsam fir foliage. In red spruce, dry weight per needle, 
N, and Fe levels all responded to N fertilizer; P fertilizer affected P foliar 
concentration and lime significantly affected Mn levels. In both species 
there were significant interactions m o n g  the N, P, and lime treatments, 
indicating that response to one element varied according to the other 
elements added simultaneousIy . B d s m  fir needles were heavier and 
contained higher levels of nutrients than red spruce needles. The magni- 
tude of changes in elemental levels was generally greater for balsam fir 
than for red spruce. 



INTRODUCTION 

T HZRE IS INCREASING CONCERN that 
s i t e  productivity of spruce-fir forests in 

Maine may be diminished by complete- 
tree utilization. Current interest in forest 
fertilization, and current reearch on nutri- 
tive values of spruce and fir foliage for the 
spruce budworm population dynamics, have 
inbnsified the need for more accurate esti- 
mates of tree responses to fertilizer appli- 
cation, 

Foliage analysis is a sensitive and accepted 
method of assessing the ability of soils to sup- 
ply nutrients for adequate tree growth. In 
1944 w e  established a study to determine if 
a s t m d  with an aspen-birch-maple overstory 
and a scatkred spruce m d  fir understolry 
would respond to treatments with lime, 
nitrogen, and phosphorus applied singly 
and i n  combination following a precom- 
mercial thinning. The responses of the over- 
story hardwoods to fertilizer and lime were 
documnenkd earlier (Czapowskyj and Safford 
1979, Schmitt e t  al. 1979). 

In this paper we report the concentration 
and content of nutrients in the cument-year 
foliwe of red spruce and balsam fir as re- 
lated $0 fertilizer treatments applied three 
growing seasons earlier. 

STUDY 
The study was established in Washington 

County, Maine, on land owned by Georgia 
Pacific Corporation. The stand origin&ed 
followhg a wildfire in 1952, The overstow 
consists prirnmily of aspen (Populus trernla- 
loides Michx. and P. grandidentata Michx.), 
78 percent of the bas& sea, and paper 
birch ( B e  tula papy rifera Marsh .), 14 percent 
of the basal area, The soils are well- and 
moderakly well-drained Haplorthods. For a 
more aetailed description of the study area, 
the origin and composition of the forest 

overstory, and soil characteristics see Cza- 
powskyj and Safford (1979). In the present 
study we obsewed the effects of lime asrd 
fertilizer and the foliage of the understory 
stand consisting of red spruce (Picea mbens 
Sarg.), white spruce (P. glauca (nloench) 
Voss), and balsam fir (Abies balsamea (L.) 
Mill.) (Table 1). 

Twenty-four 20- by 20-m plots with 7-m 
wide isolation strips were laid out. Because 
of the nature of the landscape, some plots 
were on well-drained soils, some on moder- 
ately well-drained soils, and some plots had 
both. Lime and fertilizer treatments were 
assigned randomly among plots as follows: 

@ Control ( C )  
+ Lime (L): 4,480 kg/ha; 100 percent CaC03 

equivalent as ground limestone provid- 
ing 1,749 kg Ca and 27 kg Mg/ha. 

@ Nitrogen (N): 448 kg/ha of elemental N, 
as 46-0-0 urea. 

+ Phosphorus (P): 112 kg/ha of elemental 
P as 0-45-0 triple superphosphate. In addi- 
tion to P, the fertilizer contained 12 per- 
cent Ca (+30 kg/ha). 

@ All combinations- NL, PL, NP, NPL-for 
a total of eight treatments replicated three 
times. 

Lime was broadcast by hand on the soil 
surface in the fall of 1974. Phosphorus and 
one-half of the nitrogen were broadcast in 
June 1975; the remaining nitrogen was 
added in August 1975. 

Foliage sampling and analysis 

The smples of red spruce and balsm fir 
foliage were collected in early Sepkmber 
1977-three growing seasons after the stand 
was fe&ilized. 

Sa~npling. Three trees of each species were 
selected randomly to represent each treat- 
ment and replication. The trees were less 
than 1.37 rn tall and were free of any damage 
caused by spruce budworrn (Choristoneura 
fumiferana (Clem.)) infestation. Twigs with 



Table 1.-Characteristics of a 15-year-old aspen-birch spruce-fir stand before fertilization 
(average of three replications) 

Stand characteristics 
Species 

Treesjha Height Dbh Basal area/ha 

Overstory 

Aspen, birch, other 
hardwoods 

Understory 

Red spruce 2 1.371-11 
< 1.37m 

Balsam fir 2 1.37m 
< 1.37m 

Other softwoods 2 1.37m 
< 1.37rn 

Total or average 
of softwoods 

Percent 

7 4 

3 
7 

3 
7 

1 
5 
7 

26 

rn ern rn2 Percent 

current-year needles were collected from 
upper crown portions. Equal quantities of 
foliage of each of the three trees per species 
were combined for a total of 24 composite 
samples of red spruce and 23 of balsam fir 
(one plot had no balsam fir). Samples were 
dried at 65OC to constant weight, ground 
to  pass a 20-mesh screen, and prepared in 
duplicate for chemical analysis. 

Chemical analysis. The samples were dry 
ashed at 500°C; the ash content was deter- 
mined gravhetsically. The ash was taken 
up in dilute HCl and calcium (Ca), magnesi- 
um (Mg), potassium (K), sodium (Na), man- 
ganese (Mn), zinc (Zn), and iron (Fe) were 
determined by atomic absorption. Nitrogen 
(N) and total phosphorus (P) were deter- 
mined in Kjeldahl digests with an auto 
maly zer. 

All analyses were performed on the oven- 
dry ( 6 5 ' ~ )  samples. Foliar nutrients are 
expressed both in concentration (percent or 

ppm) and actual content (mg per 1,000 
needles). 

Statistical analysis 

For each species, ash, oven-dry weight, 
nutrient concentration, and content were 
analyzed as dependent variables by analysis 
of variance. The experimental design was a 
complete factorial with three fertilizer treat- 
ments: lime, nitrogen, and phosphoms. 
Each factor had two levels: absent and 
present. Each treatment was replicated three 
times except for balsam fir which had only 
two replicaks for the lime treatment. 

Because main effect factors have only 
two levels, mean separation kchniques were 
not necessary. Factorial analysis of vmiance 
and the F test were used to determine sig- 
nificance of the main effects of each nutrient 
treatment as well as interaction among 
nutrient elements (blendenhall 1968). 



RESULTS 
Mean needle weight and nutrient levels 

in the foliage of these understory red spruce 
trees (Tables 2 and 3) are generally consistent 
with findings of Schomaker (1973) and 
Safford et al. (1977) in overstory dominant 
and codominant red spruce. Average needle 
weight, nitrogen concentration, and potas- 
sium c ancentration of control foliage differed 
the most. In this study, needles from con- 
trol trees weighed 1.72 mg per needle com- 
pared with 2.5 mg per needle reported by 
Safford et al. (1977); N concentration in this 
study was 0.82 percent while Schomaker 

(1973) and Safford et al. (1977) reported 
1.03 percent. Potassium concentration of 
foliage from this study averaged 0.49 percent 
compared with 0.92 percent reported by 
Schomaker (1973) and 0.98 percent re- 
ported by Safford et al. (1977). 

Mean needle weight and nutrient levels 
in the balsam fir trees in this study (Tables 
4 and 5) are very close to those reported 
for similar-size trees by Timmer and Stone 
(1978) and Czapowskyj (1979); N con- 
centration at 0.95 percent in this study was 
somewhat lower than that reported by either 
Timmer and Stone (1978) at 1.5 percent or 
Czapowskyj (1979) at 1.4 percent. 

Table 2.-Sample means and standard deviations of red spruce foliar ash and nutrient 
concentrations three growing seasons after fertilization. 

Ovendry 
weightof Ash Nutrient 

Treatment ,000 

needles N P Ca K Mg Mn Na Fe Zn 

Control 

N only 

P only 

Lime o n l y  

N+P 

Lime + N 

Lime + P 

Lime + N-+P 

Percent - 

0.31 
(0.13) 

0.27 
(0.07) 

0.28 
(0.03) 

0.30 
(0.10) 

0.26 
(0.07) 

0.25 
(0.01) 

0.29 
(0.02) 

0.33 
(0.03) 

aStandard deviation in paren thesis. 

3 



Table 3.-Sample means and standard deviations of ash and nutrient contents for red spruce 
foliage three growing seasons after treatment. 

Nutrient 
Treatment Ash 

N P Ca M Mg Mn Na Fe Zn 

rngil000 needles - - 

8.2 1.4 
( 1.7) (1.1) 

8.7 0.8 
( 2.1) (0.2) 

9.9 1.0 
( 2.4) (0.4) 

7.0 0.8 
( 0.7) (0.2) 

8.6 1.0 
( 1.7) (0.4) 
13.6 1.0 

( 0.8) (0.4) 
9.0 1.1 

(1 .3)  (0.3) 
8.1 1.1 

( 1.0) (0.2) 

Control 

N only 

P only 

Lime only 

N+P 

Lime + N 

Lime + P 

Lime + N+P 

aStandard deviation in parenthesis. 

Table 4.-Sample means and standard deviations of balsam fir foliar ash and nutrient 
concentrations three growing seasons after fertilizing. 

Ovendry Nutrient 

Treatment W ; ~ ~ ~ o O f  ~ s h  

needles 
N P Ca K X?g Mn Na Fe Zn 

- Percent- - 

Control 

N only 

P only 

Lime only 

N1-P 

Lime + N 

Lime + P 

Lime + N+P 

- 

"Standard deviation in parenthesis 

4 



Table 5.-Means and standard deviations of ash and nutrient contents for balsam fir foliage 
three growing seasons after treatment. 

Nutrient 
neatmemt Ash 

N P Ca K Mg Mn Na Fe Zn 

Control 

N only 

P only 

Lime on ly  

N+P 

Lime + N 

Lime + P 

Lime + N+P 

mg/"l000 needles - - - - - - - - 

aStaradard deviation in parenthesis. 

The fertilizer treatments significantly af- 
fected dry weight and levels of ash, N,  P, K, 
and Mln in both species. Levels of Ca, Fe, 
Zn, and Na in balsam fir foliqe also differed 
significantly with N fertilizer. Magnesium 
was the only element not significantly af- 
fected b y  the fertilizer treatments (Table 6). 

Needle weight 
Nitrogen significantly increased needle dry 

weight for both species (Table 6). Needles 
from each N treatment were heavier than 
the comparable non-N treatment for both 
species- Balsam fir needles were heavier than 
red spmrce needles and they increased more 
than r e d  spruce needles did for each treat- 
ment ( Fig. 1). The addition of P tended to 
increase balsam. fir needle weight above 

comparable treatments without P. Lime 
tended to decrease needle weight below each 
equivalent treatment without lime. 

The three-way NP lime interaction was 
siaificant for red spruce needle weight 
(Table 6). We interpret this to mean that 
both P and lime affected the way red spruce 
needle weight responded to N. When either 
P or lime was added in combination with 
N , needle weight significantly increased above 
control and N alone. But, when both P and 
lime were added with N,  needle weight was 
only slightly greater than for IN' alone. Al- 
though the main effect of neither P nor lime 
was significant, each tended to have a nega- 
tive effect on needle weight and thus con- 
tribukd to the significant NP lime inter- 
action (Fig. 1).  



Table 6.-Summary of analysis of variance showing significant effects for foliar nutrient levels 
of balsam fir and red spruce in soils fertilized with N, P, and lime. 

Source of 
variation Ash 

BALSAM FIR 

Concentrationa ** ** * ** 
Contentb ** ** *i~: ** * * * ** ** 
Concentration 
Content 

( Lime Concentration 
Content * 
Concentration 
Content 

I RED SPRUCE 

Concentration ** * * * N Content * * 
Concentration 
Content I Lime Concentration 
Content 

Concentration * NP Content * 

/ Lime + 

Concentration 
Content * I Lime + NP Concentration * 
Content 6 * ri; 

aFoliar concentration is percent or ppm 
content per needle. 
*significant at 5% level. 

**significant a t  1% level. 

Ash 
Ash content (pglneedle) of both species 

followed the response pattern of needle 
dry weight discussed previously. The ash 
content of balsam fir foliage was significantly 
increased by N fertilizer. The ash content of 
red spruce foliage was influenced primarily 
by N but the P and lime treatments had sig- 
nificantly different impacts on the response 
t o  N as indicated by the significant NP 
lime interaction (Table 6). Ash components 
varied in proportion to overall weight in- 
creases, keeping concentrations relatively con- 
stant at around 3 percent in balsam fir foliage 
and 2.5 percent in red spruce (Fig. 2). 

Nitrogen 
Nitrogen fertilizer stimulated the uptake 

of N in both balsam fir and red spruce foliage. 
The main effect of N was highly significant 
for both concentration and content o f  N in 
both species (Table 6). Foliage f rom red 
spruce trees treated with N averaged 1.08 
percent and 20 pg per needle compared with 
0.76 percent and 1 2  pg for foliage f rom trees 
not treated with N. The N levels for balsam 
fir foliage averaged 1.28 percent a n d  58 pg 
per needle for trees treated with N compared 
with 0.90 percent and 30 pg per needle for 
non-N treatments. The NP lime interaction 
term was significant for N content of red 



Figure 1.-Effect of N, P, and lime treatments on average dry 
weight of red spruce and balsam fir needles. 

CONT L P  LP N LN NP LNP 
TREATMENT 

Figure 2.-Average ash levels in red spruce and balsam fir foliage 
from trees treated with N, P, and lime. 

1 2 3 

DRY WEIGHT mg/needle 



DRY WEIGHT mg/needle 

spruce foliage. When either P or lime was 
added in combination with N, the N content 
of red spruce needles increased above that 
for trees treated with N alone. But when P 
and lime were added together with N, the N 
content decreased to the N only level (Fig. 3). 
This corresponds to  the significant NP lime 
interaction on needle weight already dis- 
cussed. We interpret this to mean that the 
needle components that constituted the 
increased dry weight contained N and that 
the N concentration in these components 
was about the same as that in the untreated 
needles. 

Nitrogen content of balsm fir needles 
was significantly decreased by lirne (Table 6), 
Foliage from balsam fir trees treated with 

lime ranged from 2 to 20 pg N per needle 
less than each treatment without lime (Fig. 3). 
These lower contents resulted from the 
trend of decreased weight per needle for 
lime as well as a trend of decreased con- 
centration in some treatments (Table 4). 
The greatest difference was between the 
NP and NP lime treatments. Apparently, 
this difference was not so much a reduction 
of N uptake as it was a suppression of re- 
sponse to the KP fertilizer combination. 
That is, the NP treatment produced the 
heaviest needles (4.95 mg) with the greakst  
N content (69 pg). In the NP lirne treat- 
ments, the needles were still heavier than 
control (4.03 versus 3.45 mg) and had a 
greater N content (49 versus 32 pg).  



P h o s p h o r u s  
Phosphomts fertilizer significantly increased 

concentration and content of P in balsam fir 
foliage and P concentration only in red 
spruce foliage. None of the interaction terms 
was sipificant (Table 6). All treatments with 
P averaged 0.22 percent and 8.6 pg per 
needle P in balsam fir needles compared with 
0.18 percent and 7.0 pg for non-P treatments. 
In r e d  spruce foliage from trees treated with 
P, t h e  P concentration was 0.1'7 percent 
and t ha t  of non-P treatments was 0.15 per- 
cent (Fig. 4). 

centration was significantly affeckd by the 
NP interaction term (Table 6). In red spruce 
foliage, the NP interaction term was sig- 
nificant for both K concentration and con- 
tent. The K content was also significantly 
affected by the N lime and NP lime inter- 
action (Table 6). 

In foliage of balsam fir trees treated with 
N7 the content of K averaged 25.7 pg per 
needle whereas needles from trees not treated 
with N contaked 17.3 pg of K. This differ- 
ence resulted from the increase in dry weight 
per needle caused by the N treatments in 
combination with a tendency for N-treated 
trees to have higher concentrations of K, 

Potassium 0.58 percent compared with non-N treat- 
The K content of balsam fir foliage was ments, 0.51 percent. We interpret the sig- 

significantly affected by N, and the K con- nificant NP interaction term as follows: 

Figure 4.-Average P levels in red spruce and balsam fir foliage 
from trees treated with N, P, and lime. 

DRY WEIGHT mg,needIe 



Figure 5.-Average K levels in red spruce and balsam fir foliage 
from trees treated with N, P, and lime. 
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In the absence of N, the foliage of balsam 
fir treated with B contained 0-44 percent K,  
but in the presence of N, the concentration 
of K was increased to 0.62 percent by the 
addition of P (Fig. 5)- 

The K contrtmt of red spruce needles was 
siaificantly affected by the NP, N lime, 
and NP lime interaction terms. Concentration 
of K in the folige was significantly affeckd 
only by the NP interaction (Table 6). The 
effect of the NP interaction on red spruce 
foliar K was the reverse of that on balsam 
fir. Potassium concentration was increased 
by I? in the absence of N to 0.58 percent and 

depressed in the presence of N to  0.45 per- 
cent (Fig. 5). 

I t  is difficult to  hterpret the simultaneous 
significance of these interaction terns-NP, 
N lime, and NP lime-on K content o f  red 
spruce foliage. Lime bJr itself depressed K 
content below control (7.0 vs, 8.2 pgineedle). 
However, lime substantially increased K 
conknt  in combination with N (13 .5 VS. 

8.7 pg/needle), The effect of NP inkraction 
on K content was the same as on K coneentra- 
tion already discussed. The NP lime inter- 
action can be interpreted as paralleling the 
significant interaction on needle dry weight 
already discussed. 



Catc ium 
The Ca content of balsam fir needles was 

significantly increased by N fertilizer (Table 
6), averwing 24 pg per needle versus 18 pg 
per needle for non-N treatments. This increase 
results from the increased needle weight 
from N treatments (Fig. 6). No other treat- 
ments or interactions were significant for 
Ca in balsam fir or red spruce foliage. 

Cdeium concentration in balsam fir foliage 
(0.54 percent) was about double that of 
red spruce foliage (0.29 percent). This could 
indicate that either the fir has a higher Ca 
requ*ement or a greater ability to extract 
Ca from the soil than red spruce (Fig. 6). 

l ron 
The iron concentration and content of bal- 

sam fir foliage were both significantly in- 

creased by N treatments (Table 6). Foliage 
from balsam fir trees treated with N aver- 
aged 50 ppm and 23 pg per needle versus 
43 ppm and 14 pg per needle for treatments 
without N. There was a trend for each of the 
lime and fertilizer treatments to increase 
Fe levels in balsam fir foliage (Fig. 7). Red 
spruce foliar Fe was unaffected. 

Manganese 
The concentration of Mn in balsam fir foli- 

age responded significantly to N, lirne, and 
N lime and NP lime interactions; Mn content 
was significantly affected by lime and the 
NP lime interaction. In red spruce foliage, 
Mn concentration was sigmificantly changed 
by N and lime, and the Mn content by lime 
only (Table 6). 

All fertilizer treatments tended to decrease 

Figure 6.-Average Ca levels in red spruce and balsam fir foliage 
from trees treated with N, P, and lime. 
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Figure 7.-Average Fe levels in balsam fir foliage from trees 
treated with N, P, and lime. 
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Mn levels--both concentration and content-in 
the foliage of both species (Fig. 8). In balsam 
fir foliage, treatments that included N aver- 
aged 0.07 percent Mn; those without N 
averwed 0.1 I. percent Mn. This is a dilution 
effect created by the gain in needle weight in 
response to N fertilizer. Lime decreased both 
average concentration and content of Mn 
from 0.11 percent and 4.4 pg per needle to 
0-07 percent and 2.6 pg per needle. These 
decrews  resulted from reduced uptake of 
Mn s f  bdsam fir trees from plots treated 
with lime, The significant N lime interaction 
resulkd from a @eater reduction of Mn 
concentration by N in the absence of 
lime-0.14 to 0.08 percent-than in the 
presence of lime-0.08 to 0.06 percent. The 

significant NP lime interaction resulted from 
an increase or no change in Mn levels when 
N or P was combined with lime only; whereas, 
NP plus lime resulted in the greatest reduc- 
tion of Mn of all treatments (Fig. 8). 

In red spruce foliage from trees treated 
with N, concentration of Mn averaged 0.09 
percent versus 0.18 percent for non-N treat- 
ments. This decrease is partially a diliution 
effect and partly decreased uptake in t h e  NP 
and NIP lime treatments (Fig. 8); M n  con- 
centration in foliage from red spruce trees 
treakd with lime decreased from 0.13 percent 
to 0.08 percent, and Mn content decreased 
from 2.2 to 1.5 pg per needle. This decline 
results primarily from decreased uptake of 
Mn (Fig. 8). 



Zinc 
T h e  Zn content of balsam fir foliage was 

significantly increased by N fertilizer. None 
of t h e  treatments significantly affected the 
Zn levels in red spruce foliage (Table 6). 
The Zn content of balsam fir foliage averaged 
0.24 pg per needle compared with 0.15 pg 
for non-N treatments. This significant increase 
in Z n  content reflects the increase in total 
needle weight caused by N treatment and a 
trend toward greater Zn uptake in the N 
and N lime treatments (Fig. 9). 

Sodium 
The Na content of balsam fir foliage was 

significantly increased by N fertilizer. None 
of the treatments affected Na levels in red 
spruce foliage (Table 6). The Na content 
averaged 1.06 pg per needle for treatments 
with N compared with 0.56 pg per needle 
for non-N treatments. This significant increase 
in Na level reflects the increase in total needle 
weight caused by N treatments plus a trend 
of greater uptake of Na in the N treatments, 
which averaged 231 ppm Na versus 169 ppm 
for the non-N treatments (Fig. 10). 

Figure 8.-Average Mn levels in red spruce and balsam fir foliage 
from trees treated with N, P, and lime. 
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Figure 9.-Average Zn levels in balsam fir foliage from trees 
treated with N, P, and lime. 
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Figure 10.-Average Na levels in balsam fir foliage from trees 
treated with N, P, and lime. 
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DISCUSSION 
Three years after treatment, weight of 

current-year needles, both balsam fir and red 
spruce, increased in response to nitrogen 
fertilizer. This fact implicates nitrogen as 
being a growth limiting nutrient on the site. 

FoLiar nutrient levels in balsam fir needles 
appear to have responded more to fertiliza- 
tion tthan those of red spruce. Every foliar 
nutrient (except Mg) changed significantly 
in response to  N fertilization. In red spruce, 
N w a s  the only element that increased sig- 
nificmtly in response to N fertilizer. Also, 
needle mean dry weight for balsam fir in- 
creased by 34 percent compared with a 
21 percent increase for red spruce in response 
to N fertilization. 

Although not greatly different, average 
concentrations of ash and each element ex- 
cept F e ,  Mn, and Na were higher in bdsam 
fir t han  in red spruce. And, because of the 
greater weight per needle, the content of 
every element was greakr in balsam fir. The 
substantially higher concentration (0.54 vs, 
0.25 percent) and content (18 vs. 6 pg per 
needle) of Ca in balsam fir may indicate a 
fundamental difference in Ca requirements 
or in capacity of the two species to absorb 
and translocate Ca, The addition of lime 
had n o  direct effect on either Ga or Mg levels 
in either species. Apparently, the surface ap- 
plication of ground limestone was less avail- 
able .to the understory stand than to the 
overstow hardwoods, which increased uptake 

of bath @a and Mg (Czapowskyj and Safford 
1979; Schmitt et al. 1979). Another possi- 
bility for this lack of response is that the 
conifer's requirements may have been satis- 
fied by the quantities of Ca and klg available 
in the untreated soil. 

Nutrient concentration is a function of 
needle dry weight and nutrient content. 
Theref ore, significant changes in? nutrient 
concentration reflect changes in dry weight 
or nutrient content, or both. When simifieant 
increases in nutrient content are not aceorn- 
panied by a s i ~ i f i c a n t  increase in concentra- 
tion, the logical hypothesis is that increases in 
dry weight are responsible for the obsenred 
increases in nutrient content. Ira the case of 
balsam fir, contents of ash, Ca, K, Pe, Zn, and 
Na contributed to increased needle weight. 
That is, the content of these elements in- 
creased at a rate in proportion to the dry 
weight increase of the needles. The contents 
of N, P, and Fie increased at a @eater rate 
than dry weight; therefore, concentrations of 
N,  P, and Fe were higher. But the content of 
&fn diminished even though dry weight was 
greater; there was a reduction of Mn con- 
centration. These relationships are easily ob- 
served in Figures 2-10, where element& con- 
tent is plotkd as a finnction of needle weight 
by the concept described by Safford (1978) 
as an dternative to that suggested by Tim- 
mer and Stone (1978) based on earlier refer- 
ences. The use of this method allows a new 
hkrpretation s f  the respons to each of the 
treatments, 



CONCLUS 
On the basis of the results of this study, 

we draw the following conclusions about 
the response of understory red spruce md 
baisam fir to fertilizer and lime treatments. 

1.Dry weight m d  levels of ash, N, P, K, 
Ga, Fe, Mn, Zn, and Na were sigrrificantly 
affected by fertilizer treatmen&, espeeial- 
ly by N alone and in combination with 
P and lime, The signiificmce of severd 
inhraction terms indicated that response 
t o  a given element or elements may depend 

on the status of other elements. 

2. Balsam fir needles were heavier and had 
generally higher levels of nutrient ele- 
ments than red spruce needles, especially 
Ca concentration and content. 

3 ,  Balsam fir foliage exhibited a greater 
response to fertilizer treatments, both in 
the number of elements significantly 
changed and in the magnitude of the 
changes. 
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