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PAST, PRESENT, AND FUTURE(?) /68§ 3
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R. P. Brockleys )
(Paper for presentation at the Northern Silviculture
Cormittee Workshop, Smithers, B.C. April 7-8, 1983)
INTRODUCTION

Of increasing concern to the forestry sector in B.C. are possible
shortages of raw material projected for some Timber Supply Areas (T.S.A.'s)
over the short- and long-term futures (Anon. 1980). Such shortages are of two
types: (1) shortages of annual allowable cut (AAC) resulting from the
transition from harvesting old growth to management of immature stands, in the
face of increasing wood consumption, and (2) shortages of timber of
merchantable size resulting from disparity in the forest volume/age structure
and/or timber management constraints. Silvicultural practices such as
reforestation of backiog areas, prompt regeneration folilowing denudation, and
proper species selection and planting practices probably have the greatest
potential to reduce the long-term 'falldown' in AAC. Over the short-term,
however, fertilization can produce rapid increases in harvestable wood volumes
~and thus help alleviate age class distribution problems in immature stands.

An accurate inventory of the growing stock, together with an assessment of
the timber supply position and problems associated therewith, should be
undertaken before the wide-scale operational use of fertilizers is
contemplated. This rational approach will allow the identification of
specific species, age classes, and geographic areas where fertilization will
have the greatest potential for improving the timber supply position. Such an

approach has been taken in Scandinavia where large-scale fertilization is a

*Research Silviculturist, Research Branch, Ministry of Forests, Vernon, B.C.
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standard feature of boreal forest management. In B.C., we are fortunate in
that 1.S.A. analyses provide much of this information for us.

In the interior portion of the Prince Rupert Forest Region, lodgepole pine
(Pinus contorta Dougl. var. latifolia Engelm.) makes up a large proportion of
the timber inventory. In fact, the management of immature stands of lodgepole
pine may be a key to alleviating the short-term timber supply deficits that
are forecast for some T.S.A.'s. Age Class 3 P1 constitutes 10% of the
interior land base and, within individual T.S.A.'s, up to 58% of stands less
than 60 years age. Variable-density yield tables produced by Johnstone (1976)
for natural stands of lodgepole pine in Alberta suggest that failure to treat
these stands (i.e. thinning and/or fertilization) will result in an end-product
piece size substantially lower than the specified target diameter (d.b.h.).
Indeed, 1ittle useable sawlog volume will be produced from these stands if
left untreated.

Thinning and fertilization are attractive silvicultural options in that
they may substantially increase piece size and shorten rotation to the extent
that the wood produced from these stands will come 'on-stream' nearer the time
that timber supply deficits are forecast. Although expensive to produce, the
value of this 'extra' wood may be high depending on the severity of the
deficit that would otherwise occur without it. Indeed, the current five-year
Silviculture Plan for the Prince Rupert Forest Region calls for the

fertilization of 1500 ha of P1 by 1987-88 (M. Geisler, per. comm. ).
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FOREST FERTILIZATION: SOME GUIDING CONCEPTS

The manager who desires to manipulate his forest by application of
fertilizers must first understand some basic conceéts related to their use.
In this regard, I will review a few of these concepts before we continue our
discussion of fertilization specific to lodgepole pine. Many of these

concepts have been previously reviewed by Miller (1981).

(1) Fertilizers are generally of benefit to the trees, not the site.

Although fertilizer application may result in a temporary increase in
stand growth, there is generally no long-term improvement in site
productivity. Growth of the fertilized trees eventually reverts to the growth
curve appropriate to the site (Figure 1).

(2) Growth response to fertilizer application depends lTargely on the nutrients
accumulated in tree tissues during the short period immediately following
treatment.

In consequence, the forest manager must endeavour to maximize: (1) the
rate of uptake of the applied nutrient(s) by the trees, and (2) the storage
available within tree tissues. Factors such as season of application and
nutrient source can influence (1) above. On the other hand, storage-related
factors raise important questions regarding crown condition at the time of
fertilization and silvicultural practices (e.g. thinning) which may influence
crown development.

(3) Growth response to fertilizer application is best considered as a
reduction in rotation. length.

There is insufficient evidence to suggest that a fertilized crop will
differ in any significant respect from that which would be achieved in the

absence of fertilizers but over a longer rotation. This 'acceleration through




A

- 4 -

time' principle is illustrated in Figure 2. Trees fertilized at point X, will
return to the curve at X', whereas over the same time interval the slower-
growing unfertilized trees will only have reached development stage X''.
Therefore, although growth response has ceased, and the trees are of the same
age and on the same growth curve, the treated trees have seemingly jumped
several years ahead and so will be growing at a faster rate than the
unfertilized trees. This phenomenon may cause problems in the interpretation
of fertilizer growth response in immature stands, since the long-term duration
of response often reported in the Titerature may in fact be largely due to
this acceleration principle. These difficulties in interpretation can be
largely avoided if response is described, and costed, in terms of time saved

to achieve the desired crop, i.e. a reduction in rotation length.

(4) Fertilizer requirements alter with development stage of the crop.

Miller (1981) suggested that three distinct stages in the life cycle of
trees may be identified (Figure 3).

In Stage 1, the rapidly expanding crowns require large amounts of all
nutrients, little of which is recycled via litterfall. Concentration of
available soil nutrients is likely to be the critical factor controlling the
rate of crown development, and on degraded sites at least, response to
fertilization can be expected (e.g. fire origin P1 stands with depleted soil
nitrogen capital).

Although the rate of nutrient uptake continues to increase during Stage 2,
efficient nutrient cycling may mean that for many nutrients the demands made
on soil nutrient capital are very low. As a result, the potential

responsiveness of the stand to fertilization may be low. It is important to
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replacement for) conventional trials, then they may offer some advantages.
Relative treatment differences obtained from single-tree experiments may
provide valuable information that will satisfy specific study objectives.
Experiments testing various nutrients, sources of nitrogen, dosage levels,
etc. could be designed as single-tree experiments. The evaluation of the
relative effectiveness of the various treatments would then aid in the
selection of the most attractive treatments to be included in future
conventional fertilizer installations. Such an approach may improve the
overall efficiency and cost effectiveness of fertilization research in the
B.C. interior.

Two single-tree experiments (E.P. 886.03) have recently been established
in Age Class 3 P1 stands in the central B.C. interior by Dr. D. Draper, Mof
Research Silviculturist. The objective of these experiments is to compare the
growth of untreated trees with trees which have been both thinned and
fertilized (Draper 1981). They were designed at the request of MoF Regional
personnel who wished to test ways of increasing 'old-stand' merchantability in
specific T.S.A.'s threatened by timber supply shortfalls. One of the

experiments is located near Topley in the Morice Forest District.

Fertilizer Screening Trials

The 'screening' method has been developed in an effort to rapidly identify
those stands which exhibit the greatest potential for growth response to
fertilization. The responsiveness of a fertilized stand is assessed using the
increase in first-season needle weight of fertilized trees and foliar analyses
as measurement parameters. Its practicability is based on the high
correlation between first-season foliage biomass response and subsequent
volume growth response reported by Camire and Bernier(1981), Timmer and Stone

(1978), Weetman and Algar (1974) and others, in eastern Canada.
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In 1980, Dr. G. F. Weetman, U.B.C. Faculty of Forestry, established 17 P1
screening trials throughout the B.C. interior as part of a research contract
with the B.C. Ministry of Forests. All of the stands studied had been
juvenile-spaced and ranged in age from 9 to 40 years. Results suggest there
is considerable variation in the responsiveness of thinned lodgepole pine
stands to fertilization (Weetman and Fournier 1982). Increases in first-year
foliage biomass following N addition averaged 20% (range of +8 to +60%). The
stands tested were generally unresponsive to nutrients other than nitrogen.
Based on work with jack pine in eastern Canada, five-year volume increases of
up to 30% or more may be realized (Weetman and Fournier 1982).

If the practicability of the screening method for lodgepole pine can be
verified by results from conventional fertilizer field trials, it will offer a
fast and economical way of obtaining information on the potential
responsiveness of forest stands to fertilizer additions over a wide range of

site and stand conditions.

Foliar Analysis Research

Foliar analysis is probably the most cost-effective means available of
estimating the nutrient status of forest stands. It has become a popular tool
for evaluating tree nutrient status because, unlike soils analysis, it
reflects nutrient absorption from the whole volume of soil permeated by tree
roots.

Foliar analysis has been used extensively in forestry for both diagnostic
and predictive purposes - diagnostic in that it may be used to determine
nutrient requirements of trees and to diagnose specific nutrient deficiencies
Timiting tree growth, and predictive in that it may be used to predict which
trees exhibit greatest potential for growth response to nutrient addition

(Richards and Bevege 1972).
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The basis for interpretation of foliar analysis is the quantitative
relationship between foliar nutrient concentration and tree growth (Figure
5). A critical foliar concentration level (or range) of a given nutrient may
be identified (¢ in Figure 5), above which there is luxury consumption and
below which growth is significantly depressed. In this regard, foliar
concentrations thought to represent 'critical' levels for growth have been
jidentified for many nutrients and tree species.

The volume of Todgepole pine foliar analysis data collected during the
past two to three years in B.(C. has risen dramatically. The major impetus for
this increased interest in foliar analysis as a means of quantifying site
nutrient status has been the MoF contract research undertsken by Dr. T. M.
Ballard, Dept. of Soil Science, U.B.C. (Ballard 1979; 1980a, b; 1981; 1982).
As well as collecting and/or analyzing a considerable volume of foliage
baseline data for P1, his suggestions regarding foliage sampling, handling,
and analytical procedures have generally been accepted as standard practice in
B.C. Based on a search of the available literature, he has also prepared
preliminary diagnostic criteria for the species (Table 2). Foliar analysis
data collected to date in B.C. suggests lodgepole pine is often moderately to
severely deficient in nitrogen. This finding is in accordance with those
reported elsewhere for northern temperate glaciated soils (Weetman 1982).
Other nutrients are generally adequately supplied, although localized
deficiencies have certainly been indicated (e.g. P, S, B, Fe). Also, on some
sites it is 1ikely that nitrogen fertilization will induce other nutrient
deficiencies.

Foliar analysis can be a useful tool for evaluating the nutrient status of
a site and determining those nutrients which are most likely 1imiting growth.

This information may aid in the selection of nutrients to be included in




fﬂ“ﬁn

- 13 -

formal fertilizer trials, as well as where nutrient deficiencies are severe
enough to justify establishment of fertilizer trials. However, the
preliminary diagnostic criteria developed for P1 must be verified, i.e. it
must be demonstrated that trees yielding a suggested 'critical' foliar
concentration will respond favourably to the application of the supposedly
deficient mutrient. We need more fertilizer research trials to provide this
information for lodgepole pine.

As illustrated in Figure 6, the central component of fertilization
research is the conventional fertilizer trial. This type of trial not only
supplies the forest manager with absolute growth response data (i.e. m ha
of 'extra' wood produced over the response period), but also provides the
means by which other techniques (e.g. foliar analysis, screening trials) can
be verified. Once verified, these other methods may also have diagnostic and
predictive value. Single-tree trials are probably most useful in evaluating
relative treatment differences which will aid decisions regarding which

treatments to include in future conventional trials).
Future Research

Much more 'empirical' fertilization research is 6bvious]y needed before
decisions regarding lodgepole pine operational fertilization can be made with
confidence. Available information does allow us to mske some
"first-approximations' regarding probably nutrient deficiencies and potential
responsiveness to fertilization, bdt our ability to estimate the magnitude of
the expected response, or even to predict which sites exhibit the greatest
response potential, is very limited. Moreover, specific 'basic' research

studies may be needed to improve our understanding of the processes involved
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in fertilization response and our ability to explain why certain sites and/or
stands are responsive and others are not.

More field trials comparing nitrogen sources (e.g. urea vs. ammonium
nitrate), nitrogen dosages, season of application, and timing of fertilization
in relation to thinning are needed on a variety of sites and stand conditions

before operational guidelines can be established. Localized nutrient

deficiencies must also be identified and tested.
CONCLUSIONS

Lodgepole pine will respond to fertilizer application. However, whether
P1 fertilization will ever become a viable silvicultural tool will probably
depend as much on economic and timber supply factors as it will on the
biological response potential of the species.

Fertilization research takes time - 1ittle lodgepole pine volume growth
response data will be available for five to ten years. In the meantime, we
should certainly limit any operational fertilization to those stand and site
conditions where a growth response can be predicted with at least some degree
of confidence. Stands and sites where response potential is doubtful shouid
be avoided, except for small-scale research studies.

Tt is important that future P1 fertilization research be designed to meet
specific 'client' needs. ’In this regard, the researcher must work closely
with the forest manager to ensure that any research which is undertaken
supports an operational need - it should not be an end in itself. Finally,
avenues for technology transfer (i.e. passing on of research results to users)

must be developed and maintained.
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TABLE 1

AVERAGE FIVE-YEAR VOLUME RESPONSE OF VARIOUS SPECIES
FERTILIZED WITH 224 KG N/HA AS UREA

FIVE-YEAR GROWTH OVER CONTROL

SPECIES MAXIMUM MINIMUM AVERAGE
- - - - -M3/HA- - - - - -
DOUGLAS-FIR 25,6 7.6 15.6
JACK PINE 19,1 -2.7 8.5
BALSAM FIR 15,7 -3.8 7.1
RED SPRUCE 10,9 -1.9 L,6
WHITE SPRUCE 4.5 -1.9 4,5
BLACK SPRUCE 8.4 -7.8 2.2

FROM: FOSTER AND MORRISON (1980)




TABLE 2

NUTRIENT DEFICIENCY INTERPRETATIONS
FOR LODGEPOLE PINE

ELEMENT

- ORRATIO DEFICIENCY LEVEL
N <1,2%
P <0.127
K <0,40%
Ca <0,06%
Me <0,07%
N <10 T0 15 PPM °
Cu <2.6 10 4 pPM
B <10 10 20 PPM
Fe | <50 pPM
N/S ‘ >14,6 S DEFICIENCY
N/P >12.5 70 16 P DEFICIENCY

FROM: Ballard (1980a)



FIGURE 1. MAGNITUDE AND DURATION OF FERTILIZER RESPONSE WITH VARIOUS APPLICATION RATES (Fy - Fy).
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FIGURE 2. ACCELERATION THROUGH TIME PRINCIPLE OF FOREST FERTILIZATION.
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FROM: Miller (1981)
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FIGURE 4. IMPROVING SITE QUALITY BY FERTILIZATION.

FROM: Miller, R.E. and R.D. Fight (1979)
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