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ABSTRACT

The concentration of nitrogen in current year lateral needles
of 122 mature dominant and codominant dlack spruce trees growing on
different site gualities has been studied. Anslyses carried out on
needles collected at the end of the growing season and within two feet
of both the top and base of the crown indicated that samples cbtained
from either position on the crown can be relsted %o site index or site
quality. It seems, therefore, that the concentration of nitrogen inm
needles from the lower branches is as good a criterion of growth or
productivity as thet in the meedles frem the upper branches.

| INTRODUGTION '
- It is generally agreed that the concentration of mitrogen in

Besdles of meny conifers is directly related to tree growth (2, 3, 7, 5,
9, 11, 16, 13, 19, 20, 25). However, opinions are apparently conflicting
with respeet to the position on the erown where samples must be collscted
%6 obAadsi ‘such o relationship. 4

According to Leyteon and Armson (10) whose opinicns are mow
shared by many (12, 19, 2L),current yesr needles fram as mesr the
terninal shoot ss posaible, provide the best materisl for foliar
analysis in relation to tree growth, and they elaim that if Aaltonen (1)
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2,
did not find & relstion between trees from different site qualities it
was because he used needles collected from the lower branches, Strebel
(15) reperted that needles of terminal shoots fram lower whorls have
sometines higher and sometimes lower nitrogen concentration than
th from the first whorl. Although he has shown that the per cent
of nitrogen tewds to incresse with grester distence from the base of
the tree, Ovington (13) found it to change irregularly slomg the length
_of the bole. Will (23) cbserved no veriation in needle mitrogen of
Nonterey pine st different helghts within the crown while White (21)
 recommends ssmpling st the mid-crewn position, Recent foliar snalysis
by Swan (16) suggests that mitrogen content in needles from the lower
eroun of planted white spruce parallels vigour classes of trees.
The purpose of this study was to determine the extent to
which the concentration of a&tnju in needles of mature black spruce
A Mum site qualities was related to site index, and to
determine the uhtim between utro.n levels in the upper snd
lower m of the tree.
FATERIALS AND METHODS
_ In September 1961, 122 meture dominant snd codominant black
spruce were felled in twelve widely separated localities of the GQuebec
3 Laurentide Park, in Forest hctten B.la of the boreal forest regiom (1};).
"rhn trees were m-mwr-mt stands in esch of four blasck spruce
sites belonging to distinet uu’(nnun as deseribed by Lintesu (11).

3/ The site types wore Sphagnu Olm (Mnhbh site class V),
cLas: Phagnum-Cornus (site class I1I) and




TABLE 1.
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In each stand ten trees were cut (in one case, twelve previcusly felled
trees were used) end their heights recorded, Current year needles were
then stripped from latersl branches located within twe feet of both
the top and the base of the crown and allowed to air-dry. HRoot-collar
discs were teken at six inches above ground level and retained for 8ge
counts. Age was determined along sn average redius by means of a
binocular microscope., Bconemic age, that is, total sge minus an
allowsnse for initial suppression, if any,was used in the present study.
Individual trees were considered as sample units, end their identity
was maintained throughout the analysis,

The needles eollected were ground in @ LO-mesh Wiley eutting
mill, om-drhd st 65% for 12 hours, and anmalysed for mitrogen content
using the Kjeldahl method (6). :

Most studies dealing with foliar nitrogen and its relation to
tree growth have been conducted on uniform planting sites with trees of
the same age and have used sctuslleight growth &8s the dependent variable,
However, in natural forests, individual tvoe age varies slightly in
even-aged stands and very widely in uneven-aged stends, Therefore, in
the present study, site index, i.e. domimant height st sn index age of
S0 years, was used as the expression of tree growih and as the
independent varisble. ;
| ‘ RESULTS

Mensurationsl charseteristics of the ﬁtes on sach eéfte
quality are shown in Table 1.

The relationship between concentration of nitrogen in the
needles st two crown levels snd the site index of individual trees is
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shown in lizafe 1. The nitrogesn level in the upper crown is expreased
by the equation log.% ¥ = ,208 log, site index «,210, and the lower
level by the equation log, £ ¥ = .218 log, site index -,267.
The standard errors of onﬁmh in logerithnic units are
similar st both levels of erown (0.0L9 for the upper and 0.048 for
the lower level), indicating that materisl from either level can be ‘
used with equal confidence, The nitm concentration at the upper
level is, however, significantly higher than that at the imr level,
The relatiunsnip betwsen the mitrogen concentration st the two levels
can be expressed simply by the equation ¥ = ax®,
TABLE 2. In Table 2 the mean values of the nitrogen concentrations
at the two erown levels are showm for ueh‘ of the site qualities.
Sigaificent differences in nitrogen lovel are evident between these
and between eromn levels, '
i DISCUSSION
In !.n‘urputin; these resalts, one must remember that
considerable uneortainty exists regarding the uptake of mutrients by
trees. Unlsiomléhnummqﬂutmtaditcmm
at any time depend upen its past history over s long period of years;
for m-pxé, the concentration of nitrogen determined in current year
mjtm uﬁmim m.'a- mouy!pmctth M
 conditions which prevailed that year, which in turn depends on food
stored im previous yesrs, hﬁhmn; tree grwth is not a Meu
of the wptake of mutrients slome, but of many other factors, the
complex of which, nmiu to Cain (L), is slmost inseluble in a
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mathematical unu and complieated emough to prompt Wilde (22) to warn
of the dangers in the use of folisr analysis in silvicultural practice.
However, folhr analysis does provide some better apprecistion of the
" relatiosships between mutrients uptske end tree growth,

The sppavent canflicting opinions with respect o the position
on the erown were impzu must be collected is attributed to differences
in photogynthesis. Aecording te White (21) lower whorls are very une
representative as to iut reenmt baceuse they carry on little photo-
synthesis, This msy be trve in plantations where, at the serly stage,

' iauyrt:icbuuhuhtnlmmmcthowllﬂnmmnu.

Later on, mew younger branches shade the lower ones to a point where
photosynthesis is practieslly mil. However, mature stands of blaek
spruce, espeeially those on tw soils, are normally nﬂur open and
ﬂn lower branches of dominant and codominant trees receive much light.,
-~ In short, the relatiomship bdmu’utugu content of the lower branches
and rete of tree height growth may be cbseured in dense plantations but
‘ ot 1n open s'u;h, due to light intensity effects on appsrent photoe
synthesis as reported by CUlark (5). A '

The faet that mt&m of nitrogen in the mrcat-mr
: ‘needles collseted fram the bottem two feet of erown em be significantly
related to tree growth hes a prectical spplicetion. Instesd of felling
or clinbing up trees to cbtein suitsble materisl for folisr analysis,
one needs ouly %o strip off needles from lower braaches, Nost of the
lm black spruce hnnahn ere inclined downward and are quite
accessible (Table 1), |
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The findings that, in general, eurrent=year needles collected
from the uppermost lateral shoots contained more nitrogen than those
collected from the lowermost latersl shoots (#i:, 1), sgree with those
of Leyton and Amson (10) and with most reperts of previous m:t_-;
igators. The comcentration of nitrogen in needles {rom both positions
on the crown wes found to vary alsc with site quality as assessed by
the site index of the stands (Table 2).

. Cette étude » trait & une analyse du contenu en agote des
eiguilles de 122 épinettes noires (Pices marisma ¥ill,) dchantillonnées
parmi 1'étage dominant et codominant de peuplements croissant dens Adu
stations de produsctivité varise. Des dchantillons de l'amnée courante
ont 8%8 prélevés des remesux latéreux situbs 3 moins de deux pieds de
1'extrémité de la eime de 1'arbre et 3 moins de deux pieds de 1a base
de la cime, /

‘ L'snalyse @ démontré que le contenu em ssote des aiguilles
des arbres dtudiés Stait étroitement 114 & 1'indice de heuteur de ces
derniers, et reflétsnt la productivité des stations concermdes. 11
ressort sussi de cette dtade que, dans les linites de 1'expérience, un
échantillon prélevé du nivesu le plus accessible de ls c¢ime est sussi
valable que s'il est prélevé 3 la partie supéricure do 1'srbre,

- CONCLUSIONS
Prom the results of this investigation, it can be concluded

thut,wnhummpe!ml-pmgs
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1. There is arelationship botween grasth ag indicated by =
the site index snd the concentration of n&trom in needles of mature
black spruce growing in netural stands, ,

. 2. The concentration of nitrogen in laterdl needles eoiln&d
from either within two feet of the top or two feet fram the base of the
erown of msiura black spruce can nqunv be nhtod to site quality and
t& site indox of individual trees.

5. mmmuumpmmwm from uppormost
lsteral shoots was Pound %o be. omimnuy higher than in needles 4
eollected from lowermost laterd shoots of thi ‘ei-m. |

The sither is grateful to Mr, R.J. Hsteher for reviewing
the manuseript, snd alse to Mr. Anteine Jean for \eshntonl assistance.
The writer s also indebted to Dr. P.J, Rennis of the Petawawa Forest
Exporimett Stetion for helpful comments and critivisms.
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Table 1. MNeans and stendayd errors of mesns of menswrational dnu for
: the four black spruce site qualities.

me:

Number Site
Site = of “oonamic age Height index clear beole
class samples (years) (feet) (feet) (feet)
s T e y % o SRy
' )2 11609 - 3.2 26.& - 0.6 u.’ - 0.7 2.5 - 006
v 0 1060 26k 00208 176206 8.020.8
111 3 TNb=0.8 R7206 250=0.8 13.3%0.7
11 30 6210 29«07 277212

720 204

Table 2. Aversge site index on each site quality, and mesns and standard
errors of mesns of goncentration of nitrogen in upper and
lower uhorh needles,

-Sih lﬂor" - Per Cent Jry Wei

3w of repli- site
cations index Upper Whorle Lower Whorls
v 3 12.6 1.04 = 0,02 95 = 0,02
v 3 17.0 1.2 = 0.0k 1,00 = 0.02
1iI 5 2049 1.23 % 0.1 1.12 = 0.02
11 3 33.0 1.29 < 0,02 1.7 = 0,02
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Figure: J. Linear regressions of foliar nitrogen on/a®i index for 122 individual trees, and

ranges within which the true regression lines probably lie for odds of 19 tol.



