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From a preliminary 1969 foliar analysis, eight provenances were

chosen from the sixteen included in a region-wide, reciprocal Doulgas-

fir provenance study for further study of variation in foliar nutrition.

In the fall of 1969 separate foliar samples were collected from ten

trees per provenance at each of ten plantations ranging from south-

central Oregon to northern Vancouver Island, British Columbia. Sixteen

composite soil samples were collected from each plantation. Three of

the same seed sources, growing in three Oregon plantations, were also

sampled at three dates during the 1971 growing season and at bi-weekly

intervals (ten to twelve sampling dates) during the 1972 season. Fin-

ally, progeny grown from 23 open-pollinated trees from a west-east

transect in Oregon and from 7, full-sib crosses made among 5 of these

parents were sampled at an arboretum located near Corvallis, Oregon.

All foliar samples were analyzed for N, P, K. Ca and Mg; Mn and Zn

data were also collected for the 1972 growing season samples. Several

physical foliage parameters were also measured. Soils were analyzed

for pH and macronutrients, except S.

Provenance effects were highly significant for all nutrients

analyzed, indicating the presence of relatively strong, genetically con-

trolled geographic variation in Douglas-fir foliar nutrient status. A

fairly weak trend of increasing nutrient concentration with increasing

latitude of the provenances was apparent; Vancouver Island, British

Columbia sources tended to rank high, whereas Nedford, Oregon, the most



southerly provenance, ranked last for all nutrients. Foliage weight

was also under strong genetic control and tended to result in reversed

provenance rankings when nutrient contents were expressed as mg/lOO

needles. Transformation of data to mg/lateral shoot generally restored

initial rankings. Implications of these results were discussed for

foliar analysis interpretatilons and for future nutritional research.

Analysis of variance, correlation coefficients and multiple re-

gression analyses of soil and foliar chemical data and field obser-

vations were used to characterize the marked differences in soil

fertility and productivity of the ten plantations. Variability within

test sites was also documented and discussed.

Growing season sampling revealed considerable variation in nutrient

level patterns with time among the three provenances and three planta-

tions studied. A pre-bud break decline and recovery in foliar N levels

could not be explained by dry weight changes alone. A more complicated

theory was proposed.

Stability of foliar N values varied unpredictably during the grow-

ing season. The tiiing of maximum height growth-foliar N concentration

correlations varied between sampling years and among the test sites.

Sampling during both the dormant and active seasons was recommended.

Growing season collections should be related to specific pheriological

events rather than to calendar dates.

Half-sib families from the west-east Oregon transect exhibited few

significant correlations between follar nutrient values and physio-

graphic variables. Partitioning the transect into segments defined by

foliar N homogeneity generally paralleled variation in phenology.
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VARIATION IN THE FOLIAR NUTRIENT STATUS OF SEVERAL
DOUGLAS-FIR PROVENANCES

I. INTRODUCTION

The forestry profession has undergone a period of rapid evolution

since Peavy (1933) warned:

Forestry is a matter of national concern. Considered
from a national standpoint, it is clearly evident
that the great virgin forests of the country are
rapidly yielding to the demands of industry.
Foresters estimate that normally the nation is using
wood material four times as fast as nature is repro-
ducing it. Timber production must meet timber con-
sumption or discomfort and distress will result.

The profession has made truly significant gains in basic, scientific

understanding, in technological expertise, in sociological awareness,

indeed, in all aspects of forestry. Our achievements are perhaps best

exemplified by the expansion of the protection and harvest philosophy

to the current, idealogical concept of sustained, multiple use manage-

ment of timber and all associated resources.

Yet, despite our many advancements, the past four plus decades may

have rendered Peavy's warning prophetic. Our "great virgin forests"

have largely subsided, first to the misery whip and steam donkey, more

recently to the chain saw, steel tower and even helicopter, but always

to feed a timber product demanding society. That society, continually

growing in population and requirements for timber products (both in

total and per capita requirement (Swan, 1965)) is also largely respon-

sible for a shrinking forestry land base. Much of our remaining old-

growth forests are "locked up" in public parks, ecological reserves,

and wilderness areas; unavailable for timber management and harvest.

Public demand should be anticipated for even more preservation and for

other uses which preclude timber harvesting. The philosophy of multiple

use itself places further constraints on timber production from our

remaining public and private forested lands. Furthermore, society's

"progress", such as freeway construction, hydroelectric and flood
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control dams, and urban sprawl persistently and, for practical purposes,

permanently destroy productive forested acreage (i.e., opposed to

"locked up" lands for which society can, when it wishes, make a "key").

Peavy's (1933) prediction of "discomfort and distress" may have

been foreseen by the general public and perhaps experienced by prospec-

tive home buyers as a result of soaring lumber prices in recent years.

Pulp and newsprint supplies have fallen short of demand until recently.

Furthermore, the "energy crisis" could very easily compound shortages

by restricting timber harvest and the manufacture and distribution of

wood products. Strong foreign demand for raw and manufactured forest

products, coupled with our balance of payment deficits, can be expected

to continue to reduce supplies and inflate domestic prices. In short,

I fully expect Peavy's warning to become reality before the year 2000

as suggested by Swan (1965) and even before the predicted 1985-1995

period of shortages (Anon., 1965) under current levels of forest manage-

ment.

Thus, today's forester is in a dilemma. His is the responsibility

to provide more people more wood and other resources and services from

less and less land. While society has several stopgap options, including

recycling used materials, switching to alternative materials, and reduc-

ing comsumption of timber products, the forester has the most realistic,

potential long-term solution: intensify management to yield more use-

able wood fiber per acre of land.

The forester can approach his formidable task from two directions.

First, he can attempt to increase yields by identifying and ameliorating

the environmental factors which effect site productivity. These include

meteorological conditions, topographic influences, and edaphic character-

istics, including moisture regime and the chemical and physical proper-

ties of the soil. Second, he can alter or control the biological

components which influence site productivity, including genetic variation,

stand density, competing vegetation, and disease, insect and wildlife

losses.

These environmental and biological categories are arbritrary and

interaction of factors, both within and between divisions, obviously

occur. One such interaction, genetic variation in the ability of trees
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Hereinafter, unless otherwise noted, "Douglas-fi"refers to the
coastal var. menziesij.
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to absorb and assimilate nutrients from the soil, is receiving increased

interest lately. However, S. A. Wilde (1954), a noted soil scientist,

clearly recognized its importance at an early date:

A sound development in any realm of life is the out-
come of the nature as well as the nuture of specimens;
a close correlation of inherited growth potential with
suitable environmental conditions. Thus far forest
tree breeders have fulfilled the latter requirement
only in regard to climatic influences, but they have
neglected the equally important effects of soil
factors. With rare exceptions, forest soil special-
ists are also to be blamed for the existing short-
comings, since they paid little attention to the prob-
lems of forest genetics. However, the increased
interest of reforestation practice in genetically
superior stock will doubtlessly force both groups of
technicians to abandon their attitude of isolationism
and solve acute problems by cooperative efforts.

More recently, Zobel and Roberds (1970), well known forest geneticists

from Southeastern U.S., concluded:

Maximum returns from either a tree breeding program
or from commercial scale use of fertilizers can be
realized only after stock adapted to best respond to
conditions of high nutrition is used. . . . The

fertilizer-x-genotype interactions, which was a key
to the spectacular success of agriculture, must be
taken into account if forestry is to achieve its
potential.

These statements, made by researchers approaching the problem from oppo-

site directions, add perspective and urgency to the assessment of

genetic-x-soil interactions.

Unfortunately, little research on these interactions has been con-

ducted for coastal Douglas-fir (Pseudotsuga menziesii var. menziesii

(Mirb.) Franco),1 especially when its economic importance is considered.

Hence, the current study was designed with the following objectives:

1) To provide a quantitative estimate of genetic
variation in the foliar nutrient status of
Douglas-fir and determine if the variation
follows a geographic pattern.



To assess the effects of soil characteristics
of outplanting sites on genetic variation in
foliar nutrient content.

To illustrate the relationships between site
characteristics, foliar nutrition, and growth
rate of Douglas-fir.

As the study progressed, a related project was designed with the follow-

ing objective:

To measure genetically and environmentally related
differences in the pattern of change in the foliar
nutrient status of Douglas-fir during the growing
season.



II. LITERATURE REVIEW

The literature dealing with foliar nutrition is voluminous; numerous

reviews have been published, including those by Armson (1967), Epstein

(1972), Epstein and Jefferies (1964), Gessel et al. (1960), Harvey

(1939), Lavender (1970), Leyton (1948; 1958), Morrison (1974), Nustanoja

and Leaf (1965), Smith (1962), Tamm (1964), Ulrich (1952), and van den

Driessche (1974). Even though early reviews were typically general in

scope and, as the literature has grown, topics have necessarily become

more specific, a complete literature review dealing with genetical and

seasonal variation in foliar nutrition is beyond the scope of this study.

Much of this literature deals with annual, agricultural crop plants (re-

viewed by Vose, 1963) and, while interesting, bears limited relevance to

the current study. Consequently, the following review is confined to

forest trees and the seasonal variation literature is further restricted

to conifers. However, although foliar nutrition is the central topic,

studies dealing with differential, genetical growth response to fertiliz-

ation and genetics-x-edaphic interactions are also included.

GENETIC VARIATION IN FOLIAR NUTRITION

Provenance Variation

A summary of the literature concerning provenance variation in

foliar nutrition is presented in Table 1. References are grouped by

genera and listed in chronological order by species. Appendix I contains

the literature citations for the published references. For brevity, only

the publications concerning Douglas-fir are reviewed in the text.

As mentioned previously, the literature dealing with variation among

Douglas-fir provenances in foliar nutrition is relatively meager. Most

of the studies cited below were designed with another objective in mind;

foliar nutrient variation was secondary. Only two researchers, Kral

(1965) and van den Driessche (1969a, 1973) have dealt with the topic

directly.



Table 1. Provenance variation Ia foliar nutrition.

Type of Study Statistical Provenance Differences in Foliar Nutrition2

a aa a o 5i-o
u a u .-i ua-i
a o a
a sun a-iu
a a-is

a.ai. w.4
a.w >-s

o.-i oe.. o
Species Reference sea-i se.i N P K Ca S Fe Mn Zn Cu B Mo Cl Ash Others

Pinus sylvestris L. Langlet, 1936 x
Vinogradov, 1949 x *

Cerhold, 1959 x * as as * ** * us as as
Steinbeck, 1965 x x ** ** as as * ** as ** as as A1**,Na=NsSteinbeck, 1966 x * * as ns * as as ns as ** Alns,Na**
Dykatra and Gautherum, 1967 x x **
Brown, 1970 x
Bopp, 1971 x
Patlal, 1973 x

Pinus nigra Arnold Lee, 1968 x as as as * * as as * as * A1,Nans
Lee, 1970 x x ** At At At At * * At * At A1,Na**
Cech et al., 1974 x x ** * At At * as ** Al=**,Na*

Ba, Sr*A
Pinus strobus L. Hilton, 1968 as as as as as as * A* as A1,Naas

Radu, 1973

Pinus ponderosa Laws. Jenkinson, 1966 x x * * * * *
Wright et al., 1969 x At At ** t* ** A A * **
Rahean, 1970 x x * At At At as as ** ** ** At Na*
Jenkinson, 1975 x

Pinus banksiana Lamb Giertych and Farrar, 1962 x x *

Mergen and Worrall, 1965 x At ** At

Pinus contorts Loud. Crooke et al., 1964 x * as as us as as as as
Lines and Mitchell, 1970 x At At At as

2
* signifies statistically significant provenance effects at the .95 confidence level, At Is significant at the .99 level, as is non-significant at the.95 level, Blanks signify either no data or no statistical comparisons.

0'



Table 1. -continued-

Type of Study Statistical Provenance Differences ía Foliar Nutrition

N P K Ca S Fe Mn Zn Cu B Mo Cl Ash Others

* * *
* * *

*
** as ** ** as
* * * *

as ns * * as

Species Reference
. o

p 5sZ I44 a

Pinus resinosa Alt. Youngborg, 1952 x

Pinus attenuata Leinm. McMillan, 1956 x x x

Pinus elliottil Engel. Schopmcyer, 1966 x
Schultz, 1969 x x

Pinus taeda L. Woessner, 1972 x x

Pinus carlbaea Morelet Bevege and Simpson. 1913 x

Pinus serotina Michx.
Pinus virginians Mill. Wright, n.d.3 x

Picea abies Karst. Youngberg, 1950 x
Youngborg, 1952
Kral, 1961

x
x

x

Ciertych and Fober, 1967 x x
Ciertych, 1970
Fober and Giertych, 1971

x x
x

Picea glauca Moench. Arisson, 1966 x
Farrar and Nicholson, 1967 x x
Cunningham, 1971
Teich and Hoist, 1974

x
x

x

Picea glauca and
Picea engelmannii Perry Dietrlchson, 1967 x

Picea sitchensis Falkenhagen, 1974 x x
(Bong.) Carr. Falkenhagea, 1976 x

* **

* * Al**

Na*as

as as *

us as * as as
us as * as as

ns as us
as as as

3 Personal communication (no date) with J.W. Wright cited by Hilton (1968).



Table 1. -continued-

Species

Abies concolor (Gord.
and Glend.) Lindi.

Thula occidentalis L.

Larix sibirica Ledeb.

Cupressus inacuabiana

Murr.

Eucalyptus cladocalyx
F. Muell.

E. vimlinalis Labill.

Pseudotsuga menziesii

Reference

Isik, 1974

Habeck, 1958

Deryuzhkin et al., 1972

McMillan, 1956

Groves, 1967

Ladiges and Ashton,. 1974

Sorensen, 1964
Kral, 1965
Anderson and Gessel, 1966
Krueger and Trappe, 1967
Heiner, 1968
van den Driessche, 1969a

, 1969b

1973
van den Driesache and Dangerfield, 1975
van den Driesache and Webber, 1975

Type of Study

4 x
I 0 I C
a o asoo C U .. u54C 0 c -' ONUmoo m.Iu0I*J C.-I5 ..I5ea-' e.n:,. a.,-iu,0.a -a

0.-lU OSU 0I.-
i.oc I-50ç545 a4514 nu-1 N

Statistical Provenance Differences in Foliar Nutrition

P K Ca S Fe Mn Zn Cu B Mo Cl Ash Others

x ** ** ns *

x J,5j* and
important d

ns ns * *

x

na * * *

x. * * * *

x *

x *

x ns
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Sorensen (1964) compared the photosynthetic rate, respiration rate,

and dry matter accumulation of Douglas-fir from Corvallis, Oregon (i.e.,

var. menziessi) and Missoula, Montana, (i.e., P. rn. var. glauca (Beison.)

Franco). The author also presented a table showing the foliar N concen-

tration of seedlings grown for 55 days in growth chambers. When grown

in a cold environment (180 C day,
40

C night) the Missoula source con-

tained 1.38 percent N compared to 1.30 for Corvallis; in the "hot

chamber" (360 C day, 210 C night) concentrations were 1.85 percent and

1.42 percent respectively.

Kral (1965) analyzed foliage from one- and two-year old Douglas-

fir from seven British Columbia provenances grown in lower Austria. Sig-

nificant differences were noted in K, Ca, and ash concentrations. A

coastal provenance from Campbell River, British Columbia, had the high-

est K concentration, but the lowest ash and Ca concentrations. The

provenance also exhibited the lowest N and P concentrations, although

differences were not significant. Foliar K concentration was negatively

correlated and Ca/K ratio positively correlated with the elevation of

the seed source.

Kral (1965) noted that differences were particularly large among

provenances in the foliar Ca/K ratio. The fastest growing sources had

the highest K concentrations, while the slowest growing ones possessed

the highest Ca concentrations. The author also found positive correla-

tions between Ca concentration, Ca/K ratio and drought resistance of the

provenances. Kral (1965) concluded:

On the basis of the causal relationships revealed,
it seems completely justified to use the calcium!
potassium relationship as criterion for the judge-
ment of the drought resistance of Douglas-fir strains

Furthermore, he speculated as to the physiological basis for. this relation-

ship:

Potassium and calcium work antagonistically to the
extent that the K, by simultaneous promotion of
water uptake and restraint of transpiration tends
to retain water and thereby favors all building
processes such as, e.g., assimilation, while Ca,
by restraining water uptake and promoting trans-
piration tends to cause drying and thus favors the
degradation processes such as respiration.
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Anderson and Gessel (1966) tested the effects of a fall application

of nitrogen fertilizer in a nursery on the five-year growth response of

outplanted, 2-0 Douglas-fir. The nursery fertilized seedlings, from

four western Washington and one western Oregon seed sources, grew signi-

ficantly better than the unfertilized controls in each of the five years

following outplanting. Although seed source variation in height growth

response was not discussed by the authors, they did present a table that

permits comparisons of averages. I calculated the "responses" (mean

height of fertilized trees minus mean height of controls) of the five

seed sources at five years of age to be 0.50, 0.54, 0.68, 0.84, and 1.27

feet. Compared to the significant fertilizer effect across provenances

(6.26 versus 5.56 feet, or 0.70 feet response), the seed source means

represent substantial variation; the range of seed source responses (0.77

feet) is greater than the overall average fertilizer response.

Anderson4 noted that the experimental design (randomized single tree

plots) did not permit testing of seed source effects. Anderson also re-

layed the results of recent remeasurement of the plots at 15 years after

planting. Fertilizer effects were remarkably significant for total

height (33.8 versus 31.2 feet), basal area (.0789 versus .0615 square

feet), and volume (1.27 versus 1.00 cubic feet). Anderson related that

analyses of both basal area and volume data produced fertilizer-x-seed

source and block-x-seed source interactions significant at the 90 percent

level. Interestingly, two provenances from Forks, Washington, responded

very strongly to the nursery fertilization while the other three (from

King and Lewis Counties, Washington, and Columbia County, Oregon) exhib-

ited the same relative growth rate regardless of fertilizer treatment.

Graphs presented by Krueger and Trappe (1967) illustrated that

protein nitrogen in the tops of seedlings from Lake Wenatchee, Washington

(var. glauca) was considerably greater than in seedlings from the Willa-

mette National Forest, Oregon, (var. menziesii). Sampling was continued

throughout the growing season at the U.S. Forest Service's Wind River

Nursery, Carson, Washington.
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Heiner (1968) compared the response to drought stress of seedlings

from five seed sources from a dry, southslope near Medford, Oregon, with

seedlings from a north slope provenance near Tillamook, Oregon. The last

seed source was the highest of the six in concentrations of foliar N and

K, both with and without stress. Phosphorus concentration of the Tilla-

mook seedlings was the highest under drought stress, but the lowest with-

out stress. Calcium and magnesium concentrations were more variable

among seed sources. Overall, drought stress increased N, Ca, and Mg

while it decreased P and K concentrations.

van den Driessche (1969b) observed: "Douglas-fir seedlings of in-

terior provenance tend to show higher tissue N percent values than

coastal provenances." In the same year, van den Driessche (1969a) pub-

lished the results of foliar analyses of seedlings from four U.S. seed

sources5 and one from Vancouver Island, B.C. He found large and signif 1-

cant differences in N, K, Ca and Mg concentrations; P differences were

not sifnificant. Unfortunately, the U.S. seed sources were represented

by single tree collections, so, as van den Driessche stated: "...whether

nutrient concentration differences are due to region, or possible mother

tree effects, is not absolutely clear." The implications of these "mother

tree effects" are discussed in the Literature Review section on Family

Variation in Foliar Nutrition (page' ). However, some of van den

Driessche's (l969a) general conclusions are relevant to this section:

Needle nutrient concentrations are usually measured
for the purpose of assessing the plant's nutrient
status. It maybe argued that seedlings of different
seed sources show differences in needle nutrient con-
centrations because they have different abilities to
obtain nutrients under the same conditions. .. . if

there are differences in tissue nutrient concentration
associated with seed source, which are unrelated to
plant nutrient status, interpretation of foliar analysis
must be restricted to the seed source for which it was
developed. .. . the data for Douglas-fir suggest that...
limits of foliar nutrient concentration developed for
one population, or seed source may be misleading when
applied to another.

Three of the U.S. sources (New Mexico, Colorado, and Montana) are var.
glauca; the California and Vancouver Island, B.C. sources are var.
menziesii.
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More recently, van den Driessche (1973) has published the results

of two more detailed experiments. In the first experiment, seedlings

from four coastal British Columbia Douglas-fir provenances were grown

for three seasons (one in the greenhouse, two outdoors after transplant-

ing into 3.2 1 pots). During each of the last two years, the seedlings

were fertilized four times with the equivalent of 0, 22.4, 44.8, 89.7

and 156.9 kg N per ha to test if the fertility level of the soil in-

fluenced foliar nutrient concentration relationships. van den Driessche

found significant differences among provenances in concentration of fol-

jar and whole plant N, P, K, Ca, and Mg. The differences seemed little

affected by N treatment, but the provenance ranking in foliar concentra-

tions were not the same for the foliage and the whole plant.

In the second experiment, the author conducted a fertilizer trial

(0; 45 kg/ha; 23.5 kg N and 45 kg P/ha; 23.5 kg N, 45 kg P and 45 kg

K/ha) with three coastal B.C. provenances at three B.C. Forest Service

nurseries. The seedlings were fertilized twice in each of the two grow-

ing seasons and were harvested in October of their second year. Shoot

lengths showed a significant interaction between provenances and fertil-

izer treatment at two of the nurseries. Significant differences among

provenances were noted for mean heights, weights, and foliar nutrient

concentrations within nurseries. Provenance-x-nursery interations were

also evident.

Regression analyses revealed significant differences between proven-

ances within a nursery in the relationship between foliar nutrient con-

centration and total height. Interestingly, regression coefficient dif f-

erences were also noted when the foliar N concentrations of the two prov-

enances were similar. When shoot length-foliar nutrient concentration

regressions were examined for individual provenances across all three

nurseries, significant differences were noticed between provenances in

regression coefficients, especially for foliar N and K. van den

Driessche (1973) concluded:

There is therefore evidence that a general species
relationship does not exist between shoot length
and foliar N, or shoot length and foliar K, among
these three coastal Douglas-fir provenances growing
under nursery conditions. Should this apply to the
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relationship between foliar nutrient concentrations
and other yield parameters, foliar analysis inter-
pretation must be confined to individual provenances.

Finally, van den Driessche suggested that perhaps greater success in the

oft attempted relating of growth to foliar nutrient concentration in

Douglas-fir could be achieved if seed sources were treated separately.

In a review article, van den Driessche (1974) suggested:

Possibly, if important population differences in
foliar nutrient concentration:yield do exist with-
in a species, it might be possible to map the var-
ious populations and set up critical and deficiency
levels appropriate to each population.

The researcher has continued to incorporate comparisons of proven-

ances in his recent physiological studies. In a test of the effects of

nitrate and axmnonium sources of N (van den Driessche and Dangerfield,

1975), total N uptake varied significantly among coastal, intermediate

and interior British Columbia Douglas-fir seed sources. No interactions

between provenances and N source or N level were significant. van den

Driessche and Webber (1975) also reported significant differences among

four provenances of Douglas-fir in total N and soluble proline and

ninhydrin-positive fractions. Arginine and guanidino compounds did not

vary significantly.

Family Variation

Variation among progeny lines from open-pollinated or mass-pollinated

(half-sib families) and from controlled crosses (full-sib families) is

tabulated chronologically by species in Table 2. Most of these studies

have concentrated on genotype-x-edaphic or genotype-x-fertilizer inter-

actions in growth rate. Appendix I contains literature citations for the

published studies on family variation.

Smith et al. (1966) measured the growth response to nursery fertil-

ization of 25 half-sib families of Douglas-fir. Genetic differences were

highly significant for height growth, crom width, root collar diameter,

date of flushing, branch angle, and resistance to hazards four years after

planting. The authors concluded:



Table 2. Family Variation in foliar nutrition.

Statistical Family Differences6
Type of Study in Foliar Nutrition

o c
o

o i '0o X -' XN.J
1 IUU 1r10 0-' w4 a i ,

,0.-1 ..0 I.. ..4 .,- 1. 0 ,.+.4 .-1 I. .,4 0.5 . 4.'0 I., I.,
Family Type

Species Reference Full-Sib Half-Sib '01Z N P K Ca S Z Ash Others
Pinu ettiollii May et al, 1962 x x

Walker and Hatcher, 1965 x x x * * *
Goddard and Strickland, 1966 x x
Pritchett and Coddrd, 1967 x x x x x
Goddard, 1969 x x
Goddard and Smith, 1969 x x x
Goddard and Strickland, 1969 x x
Goddar9 and Strickland, 1970 x x
Carter x
Broermn7 x x
Goddard at al., 1971 x x
Jahroini, 1971 x x x ** **
Goddard, 1973 x x x x
Smith nd Goddard, 1973 x x ns *

Jahromi at al., (In Press) x x x
(In Press) x x ** **

1976 x x **

Pinus taeda Maki, 1964 x x
Posey, 1965 x x x
Tabor and Davey, 1966 x x x x ** * * Nans
van Buijtenen, 1969 x x
Anon., l?70 x X
Broerman x x
Carter7 x x
Martin x x
Simons x x

6
* signifies statistically significant family effects st the .95 confidence level, ** is significant at the .99 level, ns is non-significant at the
.95 level. Blanks signify either no data or no statistical comparisons.

Personal communications cited by Zobel and Roberds, 1970.



Table 2. -continued-

Species

Pious taeda

Pious serotina

Pious radiata

Pious pooderosa

Picea mariana

Platanus occidentalis L.

Pseudotsuga menziesii

Reference

Roberts and Nampkoong8
Wiley
2ôbel and Roberds, 1970
Anon., 1971a

1971b
Woessner, 1972
van Nuijtenen8,
Roberds et al.,
Natziris, 1974

Anon., 1971a

Gentle8
Shelbourne, 1973

Jenkinson, 1974
1975

Dietrichson, 1969

Weir. 1971
Kitzmiller, 1972
Anon. 1974

Smith et al., 1966
Rediske at al., 1968
van den Driesache, 1968a
Tucker. 1972

8
Personal communications cited by Zobel and Roberds, 1970.
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Table 2. -continued-

Spe4ies

Pseduotsuga menziesii

Family Type

Reference Full-Sib Half-Sib

c
0 O

0 .-I QJ4
o uu t..-)
l- ..45 ,-ia

-4.0k ,-1.I-.
,I41.. 40. ..4.laj

500 I50O 5510
e.e.z .1.1-4 e.e.l-4 N

Sorensen, 1973 x x
Bell, 1974 x x x
Carlson. 1974
Anderson9 x x

Personal coinauniation with H.W. Anderson, February 27, 1974.

Statistical Family Differences
Type of Study in Foliar Nutrition
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0
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P K Ca Ash Others



Long-term observations and more extensive and compre-
hensive progeny trials are needed, but it is clear
that in this study the genetical factors of proven-
ance and parentage are potentially at least as impor-
tant as seedbed fertilization, morphological grade,
and site.

Although fertilizer-x-family interactions were not discussed in the
paper, Kozak1° noted:

...anytime you look at a problem where 'family',
'fertilizer', 'location', and 'provenance' are affect-
ing the response of an experiment, there will be at
least one, but most of the time a number of significant
interactions. I have never, ever analyzed a problem of
this nature without the presence of some significant
interactions.

Rediske et al. (1968) compared the growth and net photosynthesis of
16 Douglas-fir families grown under 4 fertility levels in a growth
chamber for 15 weeks. Highly significant relationships were noted be-
tween seedling dry-weight and family, net photosynthesis and family,
fertilizer treatment and growth, and between net photosynthesis and fert-
ilizer treatment. The interaction between treatment and family for dry
weight was marginally significant at the 5 percent level. The authors
recoinniended the development of a rapid method for screening families for
potential under intensive management.

Three, half-sib families from a provenance from California had signi-
ficantly different N and Ca foliar concentrations (van den Driessche,
1969a). He also found that differences in foliar K and Mg were signif i-
cant, but smaller in degree, while P concentrations were not significant
at all.

Tucker (1972) conducted greenhouse-fertility trials with ponderosa
pine, Monterey pine, and Douglas-fir, the last including three full-sib
and three half-sib families. Considering only Douglas-fir, on a dry
weight basis, N differences in foliage, stem and roots were non-signif i-
cant; K was significant for foliage and roots; Ca for stem and roots;
and Mg and Na only for roots. Differences were more significant on a

10 Personal communication with A. Kozak, February 5, 1974.

17
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mg/plant basis; N varied significantly for foliage, stem, roots and

total; K for foliage, stem and roots (total not reported); Ca and Na for

all four comparisons; Mg for foliage and roots (total not reported). Un-

fortunately, the discussion by Tucker was confusing; it varied among c:om-

parisons of species, families, organs, concentrations and contents, grow-

th responses, and fertilizer treatment. Genetical differences and their

implications were not discussed in any detail. Family means of nutrient

concentrations for the two fertilizer treatments were presented in tables,

but no interaction terms were presented. The discussion of interactions

was mostly confined to "seeding type", which included all of the species.

Sorensen (1973) compared the growth of 18 half-sib families (6

female parents by 2 pollen mixes and by open-pollination) on 2 soils dif f-

ering markedly in natural fertility. Although growth varied significantly

among families, interactions between progenies and soils did not even

approach significance. Sorensen concluded:

In this test, the most distant parents were separated by
about 15 miles and 500 feet in elevation, a spread that
is within the range of our local tree improvement units.
Under these conditions, there is no evidence that dis-
tance between parents affected the environmental toler-
ance of the progeny.

Carlson (1974) studied the effect of urea fertilizer on the phenol-

ogy of 30 full-sib Douglas-fir families. He noted that fertilizer treat-

ment had a damping affect on the family variation in height growth,

growth rate, and length of the growing season even though it increased

the mean value of all three. One mother tree line (five families) had

an average terminaL growth response to the urea treatment of 134 mm com-

pared to anotherwith only 49 turn response. Carlson (1974) surmized: "A

fertilizer response difference of this magnitude indicates that a fertil-

izer/genotype interaction exists and that response to fertilizer is

heritable."

In a greenhouse experiment of the response of 39 full-sib Douglas-

fir families to N fertilizer, Bell (1974) found that family effects were

highly significant for diameter, height, dry weight, shoot/root ratio

and significant for foliar N concentration after 14 weeks. Fertilizer
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treatment effects were significant only for foliar N, probably reflect-

ing the short duration, of the experiment. Non-significant family-x-

fertilizer interactions for foliar N were suggested as evidence that

families efficient in taking up N at low concentrations are also effic-

ient in taking up N at high concentrations. However, the young age of

the material and strong dilution effects may have been contributing.

On the other hand, significant treatment-x-family interactions for

height and diameter led Bell (1974) to speculate that selection for

ability to use N fertilizer efficiently might be a successful venture.

Anderson and Wilson11 have been conducting greenhouse genotype-

fertilizer trials for several years at the Washington State Department of

Natural Resources. In one experiment with ten open-pollinated Douglas-

fir families, total height, diameter, and dry weight varied significantly

between families and between fertilizer treatments. Both total height

and diameter ranking changed among families even though the interactions

were not significant statistically. In a subsequent trial with 23 diff-

erent open-pollinated families, total height and stem diameter again

varied significantlyamong treatments and families. In contrast to the

first study, both growth parameters exhibited significant interactions

between families and fertilizers.

Clonal Variation

The literature considering clonal variation in nutrition is summar-

ized in Table 3. Appendix I contains the literature citations. Logic-

ally, trees which are easy to propagate vegetatively, especially by

rooting, have received the most attention.

I discovered no literature on Douglas-fir clonal variation. Perhaps

research similar to that of Ruck and Bolas (1956) for apple rootstocks

will be forthcoming from grafted, Douglas-fir seed orchards. Further-

more, recent interest in Douglas-fir rooting and in tissue culture could

stimulate clonal-nutritional research.



Table 3. Cional variation in foliar nutrition.

Species

Pious radiata

Pious echinata Hill.

Picea abies

Cryptomeria laponica
(L.F.) D.Don.

Populus deltoldes Bartr.

Populus x eurainericana

Populus nigra L.

Platanus occidentalis

Method of
Propagation

Reference Cuttings Grafts

Fielding and Brown, 1961
Burdon 1971
Burdon3
Forest and Ovington, 1971
Knight, 1971
Burdon and Low, 1971
Burdon, 1976

Allen, 1969 x

Evers, 1973 x

Shibata et al., 1969a
1969b

Curlin, 1967
Broadfoot and Farmer, 1969
Randall and Mohn, 1969

Carbaye, 1972

Wada and Shthata, 1966
Shibata and Wads, 1967

Steinbeck, 1971

Type of Study Statistical Clonal Differences12 in Foliar Nutrition

o c
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,-II.u_' ,.4-.-45 ,-h--IW55-.-, 5.01. 45-.1400.5 04-5
O,-44-I 051' 01.4-'-Io0 .-400 .-I5Ow4-z O1 oa.4.4

x

x

S Fe Mn Zn

* *

* *

Cu B Mo Cl Others

12
* signifies statistically significant clonal effects at the .95 confidence level, ** i8 significant at the .99 level, ns is non-significant at the
.95 level. Blanks signify either no data or no statistical comparisons.

13
Unpublished data cited by Burdon, 1971.
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SEASONAL VARIATION IN FOLIAR NUTRITION

Literature dealing with temporal variation in foliar nutrition is

presented in Table 4. The literature is organized alphabetically by

genus and species and chronologically within species. Literature cita-

tions are presented in Appendix II.

Consideration of specific nutritional trends within a growing season

will be deferred until the "Results and Discussiont' section. However,

the rationale behind preferred sampling periods will be reviewed briefly

here.

Essentially, there are two schools of thought regarding the optimum

time(s) to sample. The first group favors sampling when foliar nutrient

concentrations are relatively stable temporally, the second when correl-

ations between foliar nutrition and growth parameters are largest.

Actual calendar date favored varies considerably among species,

nutrients, and researchers of the first group. Generally, however, sam-

pling is recommended while the plants are dormant, usually from fall

(September - October) to mid-winter (January). The main rationale is

reduced sampling error, especially when sampling of plots, stands or in-

dividual trees must be spread over any appreciable period of time. Year-

ly variations are also more easily assessed during this period of rela-

tive physiological inactivity. Proponents of this sampling approach in-

clude White (1954), Taxnm (1955; 1964), Leyton (1957; 1958), Materna

(1964), Beaton etal. (1965), WeUs (1965), Kawada (1966), Lavender.'

Carmichael (1966), van den Driessche (1969b), Komlenovic (1971), and

Lavender (1970). Morison (1970) speculated that since most foliar

analyses are given in terms of percent dry weight, nutrient concentra-

tion stability may be more a reflection of stability of the foliage dry

weight than of the absolute foliar nutrient content. Regardless of

cause, he concluded:

It appears that almost universally there is a period
of stability of foliar nutrient concentration during
the dormant period of evergreens and that it is
during this period that sampling should be made.

21



Table 4. Seasonal variation in foliar nutrition.

Species

Abies balsamea (L.)
Mill.

Abies lasiocarpa
(Hook.) Nutt.
Chamaecyparis obtusa
(Sieb. & Zucc.) Endi.
Cryptomeria japonica

Juniperus chinensis L.
Larix decidija Mill.
Larix leptolepis
(Sieb. & Zucc.) Cord.
Larix sibirica Ledeb.

Picea abies

Reference

Allaire et al., 1973
Henry, 1973

Beaton et al., 1965

Kyroyanagi, 1962
Ando, 1952
Kuroyanagi, 1962
Davidson 1960

Komlenovic, 1971

Tsuda, 1958
Oeryuzhkin er al., 1972
Bannov. 1973

14Bauer, 1910
Mitchell, 1936
Tanue, 1955
Ingestad, 1962
Hohne, 196415

14 original not seen. Cited by Armson, 1965.
15 original not seen. Cited by Lowry and Avard, 1968.

xx x xx x

XXXX X) X

x xxx xxxxx xx x
xx x X

x x x K

Nutrients Analyzed

Dry Recommended
N P K Ca S Fe Mn Zn Cu B Mo Cl Ash Others u Sampling Time

xxx x
xxxx K X x x X XX

X]CXX K K X K K

xXxx
XXxx x x x X X

xxxX x x x K K

xXxx x

x x x x "Important Nutrients"
9 x x x xxx

xxx 9 x xxx
x x xx x xxxxxxxx xx x XXxx

xx x x x Xx xxxx x xxxx x X

Al
Al

Al Si
K
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K

X

Aug.
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x Late fall, winter
x
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Table 4. -continued-

18
Original not seen. Cited by Chandler and Lutz, 1946.

19
Original not seen. Cited by Gerhold, 1959.

Original not seen. Cited by Moriaon, 1970.
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Pinus rigida Mill. Woodwell, 1974 x x x x x x x x x x x x Na x

Pinus strobus Chandler, 193918 x x x x x x x
Walker, 1955 x x x x
Touzet etal., 1970 x x x x x x x x Aug. 15-Sept. 15
Komlenovic, 1971 x x x x x x x x x x x Oct.-Jan.
Henry, 1973 xx x xxx x x x x x xx Al

19Pinus sylvestris Bulk, 1875 x ? x x x x x x x x Si
Tamm, 1955 x x x x x x x x x x x x Si x Fall-Winter
Scerbakov, 1958 x x x x x x x x
Wright and Will, 1958 x x x x x x x x x x x x
Gerhold, 1959 x x x x x x x x x x x x x x
Ingestad, ,?62 x x x x x x x
Viro, l965 x x x x x x x
Jam, 1967 ,j_ x x x x x x x x X Growing season
Proszt, 1967 x x X x x x x

90 137Nommik and Popovic, 1968 x x x x x x x x Sr Cs
Gebeev, 1971 xx xx x x xxx x x x x Al Na Si Ti
Jones, 1971 x x x x x x x
El'Kina, 1973 x x x x x x x x x Co
Patlai, 1973 x x x x x x x x x x x
Christersson, 1974 x x x x x x x x x
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Pinus taeda May et al., 1962 x x x x x x ,t x
Wells and Mets, 1963 x x x t x x x x x x x x Variable - by

nutrient
Wells, 1965 x x x x x x x x x x x .Jan.-Feb.
Miller, 1966 x x x x x x x x x
Nelson at al., 1970 x x x c x x x x x x x
Smith at al., 1970 x x x x x x x Growing seaeon
Smith at al., 1971 x x x x x x x

Pious thumbergii
Pan. Kuroyanagi, 1962 x x x x x x x x x x x x x x x x Al Si

Peshko and Krinitskii, 1975 x x x x x x x

Pseudotsuga menziesii Schacdle0 1969 x x x x x x x x x x x x "summer growth"
Wittich2

22
7 x x x x x 7 x x x x x

Brackett, 1964 April only x x x x
Beaten at al., x c x x x x x x x x x x x Oct.-Feb.
Lavender and Carmichael, -1966 x x x x x x t x x x x x Fall-early winter
Turner,l966 x x x x
Krueger, 1967

23
x x x x x

Krueger and Trappe, 1967 x x x x
- van den Driessche, 1969a x x x x x xxx x x x

1969b xxxx x x xxxx x Fall-earlywjuter
Lavender, 1970 x x x x x x x x Sept.-Dec.
Morison, 1970 x x x x x x x x x Sept.

21
Personal communication with W. Wittich, 1961, cited by Lavender and Carmichael (1966).

22
Original not seen. Data presented by Gassel at al. 1965.

23
Samples taken at bi-weekly intervals. Foliage (aged current to 3-year-old) was composited with other tissues from the seedling tops.
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Table 4. -continued-
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Taxus cuspidata Sieb.
and Zucc. Davidson, 196026
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Pseudotsuga onenziesii Touzet et al., 1970
24

x x x x x x x x x Aug. 15-Sept. 15
van den Driessche, 1970 xxx x xxx x x x
Youngberg25 x x x x x x
Brix, 1971 x x x x x x
Komlenovic. 1971 x x x x x x x x x x x x Oct.-Jan.
Waring and Youngberg, 1972 x x x x x x growing season

24
Foliage from two to three year-old seedlings was composited across needle age.

25
Unpublished data of C.T. Youngberg, Department of Soils, Oregon State University, presented by Lavender (1970).

26
Original not seen. Cited by Morison (1970).
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7 x 7 7 xxxx x x x x x

.1
00050cc 0
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Taxus media Rehd. Boonstra et al., 1957 x x x x x x x x x x x x x x x
Kelley and Schier, 1964 x x x x x x x x x x x

,1965 xxxx x xxxxx x Al
Meyer and Tukey, 1965 x x x x x x X x x
Tukey and Meyer, 1965 x x x x x x x
Meyer and Splitatoeaaer, 1971 x x x x x x x
Splitstoesser and Meyer, 1971 x x x x x x x

Tsuga heterophylla
(Raf.) Sarg. Beatonetal., 1965 xxxx xxx xxxx x x
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The second group seems to have evolved slowly, perhaps because of

the wide acceptance of sampling methods recommended by earlier workers,

strengthened especially by White (1954) and Tamm (1955). Schaedle (1959)

was the first author I discovered to recommend sampling during the grow-

ing season for an evergreen conifer. From his study of nutrient uptake

and accumulation rates of Douglas-fir, Schaedle found that differences

between seedlings from different sites were maximum in the summer and de-

creased in the fall. He concluded:

The sampling of seedlings in the fall for chemical
analysis might, therefore, not be desirable if the
data will be used for the comparison of site fertil-
ity. The concentration of nutrients in the seedling
during the period of summer growth will be a much
more significant indicator of the fertility of a
soil.

Bengston (1961) reached a similar conclusion for the comparison of foliar

N concentrations from fertilized and unfertilized slash pine, and Smith

and co-workers (1970) also reported increased uniformity in foliar N

concentrations from a variety of loblolly pine sites as the dormant sea-

son approached. The latter authors suggested: "Perhaps, the best time

to characterize the differences in N is during periods of rapid growth,

after reserves are depleted and when demands for nitrogen are large."

Since Douglas-fir has a more determinate growth pattern than loblolly

pine, Waring and Youngberg (1972) were more specific phenologically in

advocating sampling of year-old foliage for N determination after the new

foliage is fully expanded. They found that this procedure revealed N de-

ficiencies on several sites which "recovered" sufficiently by fall to ex-

ceed critical levels. Perhaps Leaf (1970) most succinctly stated the

rationale for growing season sampling:

The biological justification for autumnal collection
time for foliage from any crown position is question-
able. Although this is the period of relative stabil-
ity of nutrient element levels in foliage and is a
convenient time to sample, it is a time following
translocation of the mobile nutrient elements from
the foliage in preparation for next season's growth
and following deposition of the nonmobile elements.
Thus the analysis of foliage at this time does not
measure nutrient element levels during the physio-
logically important period of use of these elements
in the foliage.
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Lowry and Avard (1968) attempted to compromise between foliar ele-

ment stability and sensitivity to nutrient deficiencies. They favored

September 15 for jack pine and October 1 for black spruce sampling. The

latter species seemed to be more sensitive to dormant season foliar

nutrition-growth relationships; August to January was satisfactory for

detecting most nutrient deficiencies. To the contrary, the researchers

found that dormant jack pine was relatively less sensitive:

the summer growing season may be the only time
when certain elements (N, P, K) are in sufficiently
short supply to be limiting growth and therefore
to be correlated with site quality.

Wells and Metz (1963) recommended sampling loblolly pine at differ-

ent times for different nutrients. Current foliage sampled in August

and September maximized plot differences in P. while the dormant period

(December - March) was best for K, Ca, and Mg. Year-old foliage col-

lected during the growing season was favored for N determination.

Despite the seasonal variation noted for both nutrient concentra-

tions and sensitivity to nutrient deficiencies, only Waring and Youngberg

(1972) recommended more than one sampling date be used for a given

nutrient for site productivity comparisons or for diagnostic purposes.

They suggested that foliar analyses be conducted during both the active

and dormant seasons.

It is noteworthy that the use of foliar analysis in forestry, de-

rived from agriculture, has not kept pace in sampling procedures. For

example, Ulrich and Hills (1967), reviewing the use of plant analysis as

aids to the fertilization of field and vegetable crops, commented:

multiple sampling dates are preferable to a
single sampling date in evaluating the nutrient
status of a crop. The sharper the drop in nutri-
ent concentration and the earlier in the season
it occurs, the greater the degree of deficiency.



III. MATERIALS AND METHODS

PLANT MATERIAL AND SAMPLING

Reciprocal Provenance Trial

Dormant Season Sampling

Fourteen of the sixteen seed sources in the reciprocal provenance

study were twelve years old (total age from seed) and two (Number 15,

Haney and Number 16, White River) were eleven years of age when I began

my research in 1969. A description of the provenances and the study co-

operators are presented in Table 5.

I collected a preliminary sample in January, 1969 to estimate the

variation in foliar N among all 16 seed sources at the Stump Farm plant-

ation near Monmouth, Oregon (See Table 5 and Figure 1). Four composite

samples, each representing ten "buffer" trees were collected from each

provenance in each of two blocks (See Figure 2).

Results of this initial test enabled me to select eight provenances

for further study which spanned the range of foliar N but still provided

a relatively uniform geographical distribution (See Table 5). Choice of

plantations was restricted to ten as a result of insufficient survival

at the remaining six locations. The distribution of these eight proven-

ances and ten plantations is shown in Figure 1.

Results from the composite sampling in the preliminary test did not,

to my satisfaction, adequately estimate within provenance variation in

foliar nutrition. As a consequence, I decided to collect and keep future

samples separate on an individual tree basis. Based upon statistical con-

sultation27, I randomly selected five suitable trees from the forty-nine

"numbered" trees from each seed source from each of the two contiguous

blocks comprising a plantation (See Figure 2 for the experimental design).

A tree was judged suitable if it formed part of the canopy and had not

30

27
Personal communication with R.G. Petersen, Statistics Department,
Oregon State University, June, l9t9.



Table 5. Seed source and location descriptions.

Seed
Source Latitude

Elevation
(feet) Location

British Columbia

Canadian Forest Products Ltd. 5O°30' 400- 600 Nimpkish Forest, Vancouver Island

#*
1

Crown Zellerbach Canada Ltd.
MacMillan Bloedel Limited

49045t

49°1O'
1,300-1,700
2,600-2,900

Courtenay, Vancouver Island
Sugarloaf Mt., Vancouver Island

3; B. C. Forest Service 48°50' 570- 750 Mesachie Lake, Vancouver Island

15 University of British Columbia 49°1O' 500- 700 Haney

Washington

Weyerhaeuser Co 47°3O' 3,900-4,100 White River11*
16

6 Simpson Olympic Tree Farm 47°15 100- 500 Shelton area

5 State Dept. of Nat. Resources 46°45' 1,850-2,000 Elbe area

Oregon

State Board of Forestry 45°30' 1,600-2,200 Tillamook area7

9 Crown Zellerbach Corp. 45°lO 1,600-2,000 Nolalla, low
Crown Zellerbach Corp. 45°lO' 3,200-3,800 Molalla, high
Jack Stump (Stump Farm) 44°50' 200 Monmouth
Oregon State University 44°30' 1,800-2,000 MacDonald Forest, Corvallis

l2 U.S. Forest Service 43°45 1,800-2,000 Oakridge, low
13 U.S. Forest Service 43°45' 2,500-3,000 Oakridge, high

14 Medford Corporation 42°2O' 2,700-3,300 Butte Falls (Medford)

Seed source included in the Reciprocal Provenance-Nutrition Study, Fall, 1969.

Location sampled in the Reciprocal Provenance-Nutrition Study, Fall, 1969. H
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been obviously damaged by insects, disease, climate or other factors.

Only one of the two plantations was sampled at each location. Thus, a

total of 800 individual trees are included in this study (5 trees/proven-

ance/block X 2 blocks X 8 provenances X 10 plantations).

Collection of foliage samples was modified slightly from procedures

suggested by Cessel et al. (1960) and Lavender and Carmichael (1966).

Sampling was confined to the third whorl from the top of the tree and,

as practicably possible, to the south side of the tree. Only the current

year's main, "terminal" growth of each lateral limb was collected in

order to standardize physical measurements and nutritional expressions.

Two of four twigs were collected to obtain the approximately two grams

of foliage needed for analyses.

Sampling was begun on September 15, 1969 and concluded on December

31, 1969 (See Table 6). To minimize possible phenologically related

effects, sampling was started at higher elevations and at northern lati-

tudes. Collections at the last three plantations were delayed longer

than planned as a result of course work and other commitments.

Table 6. Sampling schedule - reciprocal provenance study.

34

Plantation
Plantation Name Number Date Sampled

Nimpkish 4 September 15, 1969

Court enay 2 September 16, 1969

Sugarloaf 1 September 17, 1969

Haney 15 September 18, 1969

White River 16 September 19, 1969

Molalla, high 10 September 23, 1969

Oakridge, high 13 September 24, 1969

MacDonald Forest 11 October 21, 1969

Shelton 6 November 28, 1969

Stump Farm 8 December 31, 1969



28
Personal communication with R.H. Waring, Oregon State University,
June, 1971.
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Twigs were placed in paper bags labelled according to tree identi-

fication number and provenance. The total length (i.e., the 1969 growth)

was measured and the number of buds counted for each twig sampled. To

minimize respiratory weight losses, the samples were kept chilled (1.50 C

±10 C) in a large, military surplus, human blood chest while in transit

to Corvallis. Upon arrival at the Forest Research Laboratory, the

samples were dried at 700 C to equilibrium in a forced-air oven.

Dried needles were carefully separated from twigs and stored in

screw-capped glass bottles. Ten needles were randomly selected for

needle length measurements for each tree. The total length of the ten

needles was measured to the nearest millimeter by carefully gauging the

length of individual needles with a set of drafting dividers, then trans-

ferring the unit measurement to a running total for the tree on milli-

metric graph paper. The length of ten needles was transformed to an

average needle length (nearest imu) and recorded for each tree.

After redrying, the entire foliage sample from each tree was weighed

to the nearest tenth of a milligram. A 25 needle, randomly selected sub-

sample was also weighed to determine average needle weight and to calcu-

late the total number of needles in the sample. Counts of all the

needles from several samples showed that the weight proportion estimate

of the total number of needles per sample was consistently accurate with-

in ±2 percent.

Average needle surface area (oven-dry foliage) was determined for

five trees from each of the eight provenances at the Stump Farm and Molal-

la high plantations. A method developed by Thompson and Leyton (1971)

and recommended by Waring28 was used. Briefly, needles were dipped into

a pressure sensitive adhesive, allowed to dry and carefully weighed.

The needles were then rolled in 0.11 mm diameter, Ballatini glass balls,

shaken gently to remove loose balls and re-weighed. The weight

change-surface area relationship was established using sections of

graph paper of measured area. Since the glass balls form a uniform,

single layer over the entire adhesive surface, the gain in weight is
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fication number and provenance. The total length (i.e., the 1969 growth)
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in ±2 percent.

Average needle surface area (oven-dry foliage) was determined for

five trees from each of the eight provenances at the Stump Farm and Molal-

la high plantations. A method developed by Thompson and Leyton (1971)

and recommended by Waring28 was used. Briefly, needles were dipped into

a pressure sensitive adhesive, allowed to dry and carefully weighed.

The needles were then rolled in 0.11 mm diameter, Ballatini glass balls,

shaken gently to remove loose balls and re-weighed. The weight

change-surface area relationship was established using sections of

graph paper of measured area. Since the glass balls form a uniform,

single layer over the entire adhesive surface, the gain in weight is

28
Personal communication with R.H. Waring, Oregon State University,
June, 1971.
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directly proportional to the surface of the needle (Thompson and Leyton,

1971). Ten, randomly selected needles were composited for surface area

measurement for each tree from each provenance at the two plantations

(i.e., 5 trees/seed source X 8 seed sources X 2 plantations = 80 surface

area determinations).

The entire foliage sample was then ground in a Wiley Mill to pass a

20-mesh screen and restored in the same screw-capped bottles pending

chemical analyses.

A 0.75 inch diameter, 6 inch long soil core was extracted from a

point 1 foot south of each sample tree. The five cores were composited

into a single sample for each provenance in each of the two blocks per

plantation. Samples were stored in double-walled, paper bags under

ambient laboratory conditions until analysis.

Growing Season Sampling

Three locations, Stump Farm, MacDonald Forest and Molalla were

chosen for the study because of their proximity to Corvallis and because

of their diverse environments (Emmingham, 1974). Foliage was sampled on

three dates at each location in 1971 (See Table 7), based upon phenolog-

ical development that can be summarized as current foliage in "brush

stage", current foliage fully expanded and lateral twig growth completed.

Year-old foliage only was sampled on the first date from the same trees

from each of the eight seed sources included in the fall, 1969 Reciprocal

Provenance Trial. Both current and year-old foliage were collected and

samples kept separately for the next two dates. To accommodate labor-

atory schedules and workload, collections were limited to Nimpkish,

Shelton and Medford provenances.

Only one lateral twig was sampled on each date. Otherwise, sample

collection and treatment were the same as for the 1969 Reciprocal Prov-

enance Trial.



Table 7. 1971 growing season sampling.

Plantation Dates Sampled

Stump Farm June 10, July 10, September 15

MacDonald Forest June 11, July 11, September 20

Molalla June 15, August 8, September 9
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Based upon chemical analyses of the 1971 collections, sampling was ex-

panded in 1972. Collections were begun on April 7, 1972, approximately

40 days before bud break at the Stump Farm and MacDonald Forest planta-

tions. A heavy snowpack and resultant inaccessibility delayed start of

collections at Molalla until May 24, approximately ten days before bud

break. The same trees from Nimpkish, Shelton and Medford sources sampled

in 1971 were studied again in 1972.

Twelve, bimonthly samples were collected from Stump Farm and

MacDonald Forest but, because of the short growing season, only ten

samples were collected at Molalla. Beginning on June 2, 1972 (the second

collection at Molalla) the three locations were sampled on the same day

in the order of Molalla, Stump Farm and MacDonald Forest. Any time-of-

day sampling bias is thus constant in the study, although it is confound-

ed with plantations.

The large number of samples collected from each tree necessitated a

change in sampling procedures. Three, third whorl branches (southern

aspect) were selected and marked on each tree. On each sampling date,

three, year-old needles were carefully removed from each of the terminal,

middle and distal portions of each twig and composited by tree. The

choice of three sampling positions per twig was in recognition of the

effect of position on needle size. Similar sampling was begun for cur-

rent foliage when it was fully expanded (June 30 for Stump Farm and

MacDonald Forest and July 14 for Nolalla). The 1972 extension growth of

each lateral was measured at each sampling date following bud break.

Foliage was placed in small, labelled paper envelopes and kept

chilled (1.5° +0 . 0
-1 C) until drying at 70 C the same day. Foliage was



Personal communication with A. Doerksen, Forest Research Laboratory,
Oregon State University, January, 1969.
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stored under ambient laboratory environment until it was redried and

placed in a vacuum desicator on the day a chemical analysis was performed.

Average needle weight was determined when a random sample of the needles

from each tree was weighed for nutrient analyses.

Whole needles were used for chemical analyses because grinding

would have resulted in unacceptable loss of material from the small

samples. Tamm (1955) reported that small samples of whole Norway spruce

needles resulted in somewhat greater analytical error in foliar N deter-

minations compared to usual procedures employing larger samples of mixed,

ground foliage; the difference between duplicate determinations (i.e.,

ten needle samples from the same twig) was 0.027 percent N (Tamm, 1955).

Duplicate foliar N determinations revealed 0.0 to ±0.12 percent N vari-

ation, averaging about 0.04 percent in the current study. Any sampling

error is thus small and personally acceptable, since the average differ-

ence between duplicate samples is within the 0.05 percent N precision

noted for the apparatus.29

After N analysis, insufficient foliage remained in a single sample

for determinations of other nutrients. Therefore, remaining foliage from

the five trees in each provenance at each plantation was composited for

P, K, Ca, Mg, Nn, and Zn analyses.

Oregon West-East Transect

This test material came from trees of the range-wide collection of

Douglas-fir, located in an arboretum about ten miles north of Corvallis,

Oregon (Irgens-Moller, 1957; 1958; 1962; 1967).

I selected 23 single tree families (i.e., open-pollinated progenies

from each of 23 individual female parents) which originated from 17

locations along a west-east transect at approximately 40°3O' latitude,

running from Newport to Dayville, Oregon (See Figure 3). Seven, full-sib

crosses, using pollen parents from Newport and Lebanon, Oregon and two

Corvallis parents as both males and females, were also included (See Table

8)



Figure 3. Origins of single tree seed collections
used to grow the material included in
the Oregon West-East Transect Study.
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This west-east transect was chosen to compare variation in Douglas-

fir nutrition with elevation and distance from the Pacific Ocean with

findings of Crooke et al. (1964) for lodgepole pine. Also, the longitu-

dinal transect extends the seed source coverage to environments not in-

cluded in the Reciprocal Provenance Study, which is mainly latitudinal in

scope. However, it must be emphasized that the two studies cannot be

compared directly since family and parent tree location (provenance)

effects cannot be separated in the Oregon west-east transect.

All families selected for my study were represented by a minimum of

three healthy trees (See Table 8). Foliar sampling was conducted on

January 16, 1970. Sample collection, physical measurements and sample

preparation followed procedures outlined above for the Reciprocal Proven-

ance Study. Soil samples were not collected.

CHEMICAL ANALYSES

Foliage

Total N was analyzed at the Forest Research Laboratory by the Micro-

Kjeldahl method.

The remaining foliar analyses were conducted in the Plant Analysis

Laboratory of the Department of So1s, Oregon State University. Foliage

was digested by the nitric acid-perchloric acid wet ashing procedure.

Digested samples were filtered through Whatman No. 5 paper to remove de-

hydrated silica, brought to volume with double distilled water, and

stored in screw-capped, plastic bottles untiL analyses.

Total P was determined by the Ammonium Vandate-Ammonium Molybdate

colorometric method using a Bausch and Lomb tSpectronic 20." Analyses of

K, Ca, and Mg were made by atomic absorption spectroscopy (Perkin-Elmer,

Model 303).

Soils

Soil analyses were performed by the Soil Testing Laboratory, Oregon

State University under a research contract. The following data were col-

lected for each sample: pH, total N (percent dry weight), total P (ppm),



exchangeable K (ppm), exchangeable Ca (meq/lOOg) and exchangeable Mg

(meq/lOOg).

Table 8. Location of parent trees in the Oregon west-east transect
study.
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Location Name
Number Pacific Ocean Elevation Trees Germinated

Newport 1 0 0 4 1957
Newport 2 0 0 4 1956
Toledo 3 6 250 3 1957
Eddyville 4 15 92 4 1956
Eddyville 5 15 92 4 1957
Burnt Woods 6 21 688 4 1957
Marys Peak 7 26 4000 4 1957
Blodgett 8 27 633 4 1957
Corvallis 9 39 237 4 1957
Corvallis 10 39 237 4 1956
Corvallis 11 39 237 4 1956
Lebanon 12 58 347 4 1957
Waterloo 13 63 412 4 1956

Sweet Home 14 68 550 3 1957
Cascadia 15 80 832 4 1957

Trout Creek 16 90 1200 4 1956

Upper Soda 17 92 1317 4 1956

Tombstone Pass 18 100 3800 4 1957

Tombstone Pass 19 100 3800 4 1957

Santiam Pass 20 112 4000 4 1956

Suttle Lake 21 117 3600 4 1959
Sut tie Lake 22 117 3600 3 1959

Dayville 23 126 3 1958

Full-Sib Crosses Female Male

10 x 2 4

10 x 10 (Selfed) 3

10 x 11 4

10 x 13 3

11 x 2 4

11 x 10 4

11 x 13 4

Family Miles From No. of Year Seed



IV. RESULTS AND DISCUSSION

RECIPROCAL PROVENANCE TRIAL

Dormant Season Sampling

Composite Sampling

Table 9 presents an analysis of variance of the N concentrations

from the 1969 Stump Farm, preliminary sample.

Table 9. Composite sampling foliar N concentration analysis of
variance.
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used throughout the text.

The significant Block effect and Provenance-x-Block interaction were

not anticipated since, with the exception of one poorly drained corner,

the old agricultural field site appeared to be relatively uniform. In

subsequent, expanded collections, soils were sampled and chemically

analyzed in an attempt to quantify within plantation, soil nutrient vari-

ation.

The significant differences among provenances in foliar N (Table 9)

are encouraging. They provide preliminary evidence that intraspecific

variation in Douglas-fir nutritional status may be appreciable.

In Table 10, the 16 provenances are ranked by foliar N concentra-

tion and grouped by 5 percent and 1 percent significance levels. Al-

though no strong geographical trend is apparent from this ranking, it is

Degrees
Source of Freedom

Sum of Nen F Sign. a

Squares Squares Ratio Level

Provenances 15 2563.97 170.63 2.87

Blocks 1 675.28 675.28 11.34 **

Error (Blocks-x-Provenances) 15 893.47 59.56 2.69 **

Sub-sampling 96 2123.00 22.11

TOTAL 127 6255.72

a
Significance levels: * = 5 percent; ** = 1 percent. This convention is
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interesting to note that all sources ranking higher than the local, Stump

Farm provenance are from north of the plantation. Also notice that,

with the exception of the southern Oregon, Medford provenance, the Ore-

gon sources assume a middle ranking not really significantly different

from one another.

a
Means preceeded or followed by the same letter are not significant
at the 1 percent and 5 percent levels, respectively. The same con-
vention is used throughout the text.

Theranking in.Table 1.0 is valid only for.the Stump Farm envion-

ment for this sampling date. To test for the occurrence of provenance-

x-plantation interactions, sampling of eight of these provenances was

expanded to other plantations in the fall of 1969. These seed sources,

Sugarloaf, Nimpkish, and Courtenay, British Columbia; Shelton and White

River, Washington; and Stump Farm, Molalla High (hereinafter "Molalla"),

and Medford, Oregon were chosen because they spanned the range of foliar

N concentration in the initial sample while still maintaining a balanced

geographical distribution (See Figure 1).

Table 10. Least Significant Differences among provenances in foliar
N concentration.

Provenance LSD(l%) Mean LSD(5%)a

Sugarloaf Mt., B.C. a 1.561 a
Elbe, Washington a 1.556 a
Nimpkish, B.C. a 1.541 ab
Shelton, Washington a 1.533 ab
Molalla, Low, Oregon a 1.529 ab
Stump Farm, Oregon ha 1.523 ab
Mesachie Lake, B.C. cba 1.520 ab
Oakridge, Low, Oregon cba 1.508 ab
Oakridge, High, Oregon cba 1.505 ab
MacDonald Forest, Oregon cba 1.498 abc
Tillaniook, Oregon cba 1.498 abc
Molalla, High, Oregon cba 1.475 abcd
Haney, B.C. cba 1.474 abcd
White River, Washington cba 1.463 bcd
Medford, Oregon cb 1.409 cd
Courtenay, B.C. c 1.403 d
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Since the composite samples represent average values, tree tottee

variability is not really expressed by the above analysis. Numerous

authors, including Wehrinann (1959), van den Driessche (l969a) and

Lavender (1970) have reported that tree to tree variation in foliar

nutrient levels can exceed various "treatment effects" (including prov-

enance differences). Indeed, van den Driessche (1969a) concluded: "To

achieve a reasonably accurate indication of plant nutrient status, it may

be necessary to study the nutrient relationships within each provenance."

These sampling inadequacies were rectified in the more comprehensive,

fall 1969 collection.

Individual Tree Sampling

ANOVA - Foliar Nutrient Concentrations

Tablell summarizes the results of Analysis of Variance (ANOVA)

F-tests of foliar nutrient concentrations (percent dry weight). Detail-

ed ANOVAs are given for each nutrient in Appendix III.

Table 11. ANOVA summary of foliar nutrient concentrations.

Provenances

The highly significant nutrient concentration differences among

the eight provenances across all ten plantations indicate that relative-

ly strong, genetically controlled variation in Douglas-fir foliar nutri-

ent status does exist. Calcium, as illustrated by the largest F-value,

seems to be under the most control, while N, whose F-value just exceeds

the 1 percent critical level, the least (See Appendix III).

Significance Level by Nutrient

Source of Variation N P K Ca Mg

Provenances ** ** ** ** **

Plantations ** ** * ** **

Blocks (Plantations) ** ** ** ** **

Prov' s-x-Plantations *

Prov's-x-Plant's-x--Blocks * ** **
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Varied levels of competitional stress may have affected the nutri-

tional status of the seed sources. That is, trees from faster growing

provenances with high survival would be expected to begin competing with

each other for available resources sooner and, over time, to a greater

degree than slower growing seed sources. If root spread at early ages

is roughly equal to crown extension, then crown closure should approx-

imate the occurrence of appreciable competition for soil nutrients.

Only two plantations, Stump Farm and Haney had closed crowns by 1969,

while Nimpkish and some portions of the Shelton plantation were approach-

ing closure. A check of provenance rankings for foliar nutrients at

these plantations did not reveal substantial deviations from the overall

rankings (Table 12). Furthermore, a positive relationship between growth

rate and nutrient concentration rankings (See Tables 12 and 22) was main-

tained. While undetected scale differences may have resulted from varied

competitional stress, their effect should have been to reduce differ-

ences among provenances. Thus, the estimation of genetically related

differences among provenances (Table 11 and 12) may be conservative.

At any rate, provenance differences appear to be more significant

than those reported by van den Driessche (1973) and especially by Kral

(1965) (See Table 1). Several factors may have contributed to these

apparent differences.

First, age differences could influence the expression of genetical-

ly controlled, nutritional variation. Kral (1965) studied one- and

two-year-old seedlings and van den Driessche (1973) used two- and three-

year-old stock. Such young material may behave quite different nutri-

tionally from the 11- and 12-year-old trees I sampled. For example,

root systems may not have had enough time to develop sufficiently to re-

flect inherent provenance variability in nutrient absorption efficiency

or capacity. Other developmentally related processes, such as the

translocation of nutrients from older foliage and other tissues to

meristematic "sinks" could also affect results.

Second, both Kral and van den Driessche studied seedlings in nur-

sery environments. These fertile sites could act to dampen variation

among provenances. Indeed, comparing their results to foliar N, P, and



Table 12. LSDs among provenances in foliar nutrient concentrations.

Nutrient Concentration - % Dry Weight
Provenance N P K Ca Mg Mean Rank

Rank

Nimpkish ba 1.378 ab 3 ba 0.237 b

Courtenay b 1.322 cd 7 cb 0.225 bc

Sugarloaf a 1.403 a 1 a 0.265 a

White River ba 1.379 ab 2 c 0.213 cd

Shelton ba 1.364 abc 4 ha 0.245 ab

Molalla ba 1.338 bcd 6 b 0.231 bc

Stump Farm ba 1.351 bcd 5 b 0.229 bc

Medford b 1.311 d 8 c 0.195 d

Rank Rank

a 0.238 ab 2 a 0.116 a

a 0.242 a 1 b 0.109 b

ba 0.218 c 5 b 0.108 b

cb 0.206 cd 6 b 0.105 b

ba 0.222 bc 3 b 0.108 b

cd 0.197 de 7 b 0.106 b

ba 0.222 bc 5 b 0.107 b

c 0.180 e 8 c 0.096 c

.069 .052 .031 .023 .062 .047 .026 .019 .008 .006
LSD

(1%) (5%)

1 2.0

2 4.2

4 2.8

7 5.2

3 2.8

6 5.8

5 5.2

8 8.0

Rank Rank

3 a 0.701 a 2

6 dcb 0.644 bc 1

1 ba 0.688 ab 3

7 cba 0.655 abc 4

2 ba 0.693 a 2

4 dcb 0.637 cd 6

5 dc 0.621 cd 7

8 d 0.593 d 8
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K standards for Douglas-fir nursery stock proposed by van den Driessche

(1969a) is enlightening. In a pot study, none of the four provenances

fell below the highest category in N or K, but P was generally low (van

den Driessche, 1973). Although provenance effects were significant for

all three nutrients, P exhibited relatively greater inter-provenance

differences. Kral's (1965) data show N values well above average

"adequate" levels, P generally adequate, while, with the exception of

one provenance notably high, foliar K levels were mostly in the low

category. Only K exhibited significant provenance differences. The di-

verse environments of the ten plantations in my study are less fertile

and productive than nursery sites. As a consequence, seed source differ-

ences in foliar nutrition could be larger.

Third, the selection of provenances by Kral (1965), van den

Driessche (1973) and me could profoundly influence the results. My

study includes seed sources from 420 20' to 500 31' latitude and from

approximately 1210 20' to 126° 50' longitude (See Table 5 and Figure 1).

Despite the over
50

range in longitude, all provenances occur within
30

of the Pacific Ocean and all within the Taxon generally recognized as

the menziesii variety of Douglas-fir.

Both Kral (1965) and van den Driessche (1973) confined their popula-

tions to British Columbia. The reduced latitudinal variation (49° 15' to

50° 00' and 490 06' to 52° 25' respectively) results in less photoperiod

variation and suggests greater likelihood of gene flow among seed sources,

at least in terms of the evolutionary time scale. As a consequence, less

geographically discernable genetical variation should be anticipated than

in my study. On the other hand, Kral (1965) included approximately twice

the longitudinal range (115° 50' to 125° 20'), while van den Driessche's

longitudinal range (1210 05' to 1260 30') was approximately the same as

mine. However, while his provenances from Chilliwack and Hope are only

about 20 from the Straight of Georgia at Vancouver, they are about
40

from the true oceanic enviromuent on the west coast of Vancouver Island.

The broader longitudinal ranges should favor the inclusion of greater

genetical differentiation among their populations since environmental

gradients are typically steeper with change in longitude than latitude,

especially in the mountainous terrain of the west coast.
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Geographical interpretation of the studies by Kral (1965) and van

den Driessche (1973) is complicated by taxonomic and evolutionary uncer-

tainty. Six of seven provenances used by Kral (namely Cranbrook, Pen-

ticton, Shuswap Lake, Kamloops, Hope and Quesnel) and two of those in-

cluded by van den Driessche (i.e., Chilliwack and Hope) are question-

ably members of the menziesii variety. Some foresters and botanists

recognize these populations as members of a third variety, caesia

Asehers. To the contrary, Haddocketal., (1967) argued: "This desig-

nation (of the variety caesia) is so vague, ill-defined, and confusing

that it is probably not wise to continue its use." More recently, von

Rudloff (1972; 1973a;b) published the results of chemical analyses of

Douglas-fir leaf oils, including samples from populations from coastal

British Columbia, eastward to Calgary, Alberta. Based upon terpene pat-

terns of the populations, von Rudloff (1972) recognized three types of

intermediates (coastal intermediate, intermediate and interior inter-

mediate) to the typical coastal and Rocky Mountain varieties. Zavarin

and Snajberk (1973) reported corroborating findings based upon analyses

of terpenes from cortical blister oleoresin.

The geographic range of the intermediate populations described by

von Rudloff includes the six mainland provenances studied by Kral (1965)

and the two seed sources selected by van den Driessche (1973). Thus,

some care should be exercised in extrapolating Kral's and van den

Driessche's foliar nutrient differences to the species as a whole, or to

the variation expected among populations of either recognized variety

where their ranges are discrete.

Table 12 presents LSD comparisons of the provenances, listed in

order of decreasing latitude. A ranking by provenance for each- nutrient

and an overall ranking across all nutrients are also given.

There appears to be a slight trend of increasing foliar nutrient

concentration with increasing latitude of the seed source. The mean

ranking by provenance reflects this relationship, although the Shelton

and Courtenay proveqances rate higher and lower, respectively, than

needed for a strong trend. Notice that one of the Canadian sources

always ranks first and two of them, always including Nimpkish are

represented in the top three rankings for all nutrients. At the



30
Personal communication with C.H. Lee, March, 1974.
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other extreme, Oregon provenances never rank higher than fourth (Molalla

for P and Stump Farm for Ca) and the Medford source is last for all

nutrients. Indeed, with the exception of Courtenay, B.C. for N and

White River, Washington for P, Medford is significantly lower in foliar

macronutrients than all Washington and British Columbia sources.

This latitudinal trend compliments findings by Langlet (1936),

Steinbeck (1966) and Dykstra and Gatherum (1967) for Scots pine and by

Giertych and Farrar (1962) and Mergen and Worrall (1965) for jack pine.

Generally, with the exception of studies by Lee (1968) and Falkenhagen

(1974; 1976) these current results confirm foliar nutrient concentra-

tion research with other widely distributed species (See Table 1).

Close inspection of the research by Lee and Falkenhagen reveal

anomalies which must be considered in interpretations.

Lee (1968) used a highly restricted, composite sampling system and

questionable statistical methods in his study of 27 provenances of

Austrian pine. Furthermore, he actually compared means of variable

numbers of seed sources confined within political boundaries within the

species' range. The paucity of significant results in the 1968 publica-

tion is contrasted with significant differences noted for every element

tested by Lee (1970) in a subsequent note (See Table 1). Both reports

were based upon the same date, although all provenances were compared in

the latter paper, instead of means by country.3° Results from these

more biologically defensible, true provenance comparisons are generally

corroborated by findings of Cech et al. (1974).

Falkenhagen (1974; 1976) sampled 1-0 seedlings of ten Sitka spruce

provenances grown in containers of limited soil volume. The plants had

been fertilized weekly or biweekly via the irrigation system up until

about two months before sampling in February. These cultural techniques

and failure to consider dilution effects, luxury consumption and foliar

absorption of nutrients which likely resulted leave FalkenhagenTs con-

clusion of genetic uniformity within this species open for debate.



51

Plantations

Site related variations in Douglas-fir nutrient concentrations is

well documented in the literature. Thus, the highly significant differ-

ences in foliar N, P, Ca and Mg and significant differences in Kconcen-

trations among plantations in the current study (See Table 11) are not

surprising. More detailed ANOVAs are presented in Appendix III. LSD

comparisons of the plantations across all provenances, listed in order

of decreasing latitude, are given in Table 13.

Gessel and coworkers (1960) have published the following ranges of

foliar nutrient concentrations for Douglas-fir:

N 0.60 - 2.30 % Ca 0.20 - 0.75 %
P 0.10 - 025 % Mg 0.05 - 0.15 %
K 0.30 - 1.00 %

The authors noted that when an elemental concentration falls toward or

below the low end of the range, a deficiency probably exists. For ex-

ample, the concentration of 1.1 percent N was suggested as the"critical

point" (Gessel et al., 1960). Waring and Youngberg (1972) have assumed

1.2 percent as the critical N level for Douglas-fir. van den Driessche

(l969a) developed the following foliar N, P and K classification for

the British Columbia Forest Service nursery management of Douglas-fir:

N P K
Adequate 2.0 % 0.40 % 1.2 %
Low 1.5% 0.25% 0.6%
Very low 1.0 % 0.17 % 0.4 %

where very low concentrations are likely limiting growth, low levels may

be associated with reduced yield, while adequate concentrations are not.

Although designed for seedlings, van den Driessche suggested that these

ranges could have more general applicability to older trees as well.

The point may be somewhat contentious, though, since seedlings are com-

monly thought to have higher nutritional demands, reflected in higher

foliar levels, than older material. On the other hand, the 1.1 percent

value for N mentioned by Gessel et al. (1960) is most probably below the

upper limits of the deficiency range because visual symptoms are also

evident at this 1.1 percent level.

As for nutrient expression terminology, researchers have not only

been overly judicious in their use of yield-foliar nutrition terms.



Table 13. LSDs among plantations in foliar nutrient concentrations.

Plantation N P K Ca Mg

Nimpkish e 1.159 f

Courtenay edc 1.314 de

Haney cba 1.479 abc

Sugarloaf ed 1.239 ef

White River cba 1.426 bcd

Shelton ba 1.506 ab

Molalla ed 1.250 ef

Stump Farm a 1.588 a

MacDonald
Forest dcb 1.380 cd

Oakridge ed 1.216 ef

Rank

7 d 0.097 cde

4 a 0.151 a

9 d 0.096 de

10 d 0.082 e

8 d 0.088 de

3 dc 0.101 cd

Sdcb0.105 c

1 b 0.127 b

2 cb 0.124 b

6 d 0.098 de

Nutrient Concentration - % Dry Weight

Rank Rank Rank

10 a 0.293 a 1 b 0.451 c 10 dc 0.170 de

6 a 0.274 ab 3 ba 0.655 ab 5 cb 0.244 bc

3 dcb 0.204 cd 7 ba 0.655 ab 6 d 0.142 e

8 dc 0.175 d 8 ha 0.586 bc 9 d 0.140 e

4 a 0.275 ab 2 a 0.748 a 2 d 0.148 de

2 cba 0.242 bc 5 ba 0.619 ab 8 ba 0.276 b

7 d 0.174 d 9 ba 0.641 ab 7 dcb 0.214 cd

1 d 0.166 d 10 a 0.725 ab 3 a 0.353 a

5 dcba 0.229 bc 6 a 0.716 ab 4 ha 0.281 b

9 ba 0.267 ab 4 a 0.754 a 1 dc 0.191 cde

Mean Rank
Rank

7 7.0

1 3.8

8 6.6

10 9.0

9 5.0

5 4.6

4 6.4

2 3.4

3 4.0

6 5.2

LSD
.165 .116 .067 .047 .221 .155 .078 .055 .024 .017

(1%) (5%)



53

By convention, deficiency has been defined as the range in which yield

is linearly and positively related to foliar nutrient levels, while

critical level is set as 90 percent of the possible maximum yield

(Ulrich, 1952; van den Driessche, 1974). Luxury consumption results when

yield remains unchanged with increasing nutrient concentrations and tox-

icity is a range of declining productivity associated with rising foliar

levels.

Any species-wide values suggested for these terms must be consider-

ed rough approximations since levels are not static but rather may vary

with concentration of other nutrients, soils, and other environmental

factors (Lavender, 1970). Recall also that van den Driessche (1973;

1974) noted these yield-foliar nutrition values may vary under genetic

control in Douglas-fir.

In view of these uncertainties, my use of "deficiency" carries a

fairly broad connotation. In fact, for survey studies such as mine the

more general term "limiting" is probably more appropriate since it im-

plies only positive correlation between growth and nutrition without the

need to speculate about subtle changes from linear to non-linear relation-

ships.

It appears from Table 13 that N is limiting at the Nimpkish and pos-

sibly Oakridge sites, while growth at Molalla and Sugarloaf may be limit-

ed by N and Courtenay and MacDonald Forest productivity could be related

to N concentrations. Furthermore, since Table 13 lists mean nutrient

concentrations, individual trees, if not entire provenance groups with

lower N levels, could exhibit reduced growth at any plantation.

The lowest P and K levels in the current study fall near the mid-

point of the range of Gessel et al. (1960). van den Driessche (l969c)

found that P severely limited Douglas-fir seedling growth at concentra-

tions below 0.17 percent and that K affected yield only when P exceeded

this level and K exceeded 0.56 percent. Hence, Stump Farm, Molalla and

Sugarloaf are suspect for P and Nimpkish and Sugarloaf K levels could be

limiting growth. Also notice that Nimpkish, Courtenay, White River and

Oakridge all exceed the upper value of the range for P (Gessel et al.,

1960). At the other extreme, Nimpkish, Haney, Sugarloaf and Oakridge

fail to reach and Molalla just surpasses the low end of the Ca range.
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These Ca results are unexpectedly low since, with the exception of ultra-

maf ic soils, Ca is rarely suspected of limiting growth in the northwest.

Finally, Mg spans most of its reported foliar range; Sugarloaf and White

River are below average while Courtenay equals the upper limit of the

scale.

Comparisons of the plantations' grand mean rankings across all nutri-

ents also contribute to the foliar nutrient status evaluation. The Stump

Farm plantation, situated on an old agricultural site, has the highest

mean ranking, followed closely by Courtenay and MacDonald Forest. Sugar-

load rates lowest overall, below Nimpkish and Haney (Table 13).

No clear geographical or elevational trend is immediately evident in

these rankings. However, when the plantations are separated into two

groups based upon elevation, low (0 to 1,000 feet) and mid to high (1,000

feet and higher), relationships do appear (See Figure 4). The four low

elevation sites exhibit negative elevational and latitudinal relation-

ships with mean ranking. Although White River and Sugarloaf deviate

considerably from the other plantations, a fairly definite elevational

trend is also present among the medium to high elevation plantations

(Figure 4).

Comparison of plantation rankings for the five macronutrients sug-

gests possible imbalances between these elements at specific plantations.

For example, the Nimpkish site ranks first in P but last in N, while the

reverse is true at Stump Farm. Calcium rates seventh at Nimpkish and

first at Stump Farm, again contrasted with rankings of first and last,

respectively, for P (See Table 13).

Ingestad (1967) has determined optimum proportions of nutrients

relative to the nitrogen concentration for Picea abies, Pinus sylvestris

and Betula verrucosa Ehrh. Leyton (1957a;b;c) has also described optimum

ratios of N/P, N/K and K/P for Japanese larch and Garten (1976) presented

ratios for 14 tree species of the eastern U.S. Lavender (1970) presented

Douglas-fir foliar nutrient data calculated by Ingestad's method.

Ingestad's own ratios, the portion of Lavender's table dealing with

trees of sapling age or older, and the means from Table 13, recalculated

by Ingestad's method, are given in Table 14.
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Table 14. Ratios of other foliar nutrients to N.

Nutrient Concentrations Relative to N**

56

* Percent Dry Weight

** Percentage of foliar Nutrient concentration/Foliar N concentration

31
Value corrected from "30" in the published table. Personal
communication with D.P. Lavender, May, 1977.

Source N* P K Ca Mg

Ingestad, 1967 - 8-15 50-100 5-10 5-10

Lavender, 1970
Site V Douglas-fir 1.13 22 80 34 12

Lavender, 1970
Site V Douglas-fir 1.94 9 43 13 7

Lavender, 1970
Fertilized saplings 1.73 19 21 35 17

Nimpkish 1.16 22 39 15 8

Courtenay 1.31 21 50 19 12

Haney 1.48 14 44 10 6

Sugarloaf 1.24 14 47 11 7

White River 1.43 19 51 10 6

Shelton 1.51 16 41 18 7

Molalla 1.25 14 51 17 8

Stump Farm 1.59 10 46 22 8

MacDonald Forest 1.38 17 52 20 9

Oakridge 1.22 22 62 16 8
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The percentages of P to N for Nimpkish, Courtenay, Oakridge and

White River seem to be a bit excessive. Although the ratios are doubt-

lessly affected by relatively low N values, the very high levels of P,

as previously noted, may be contributing relatively more to the apparent

P/N imbalance. Potassium/nitrogen ratios fall near the lower end or be-

low the range suggested by Ingestad (1967), Mg/N values generally fall

within limits, but Ca/N proportions seem comparatively high. The lar-

gest Ca/N ratios, including Stump Farm, MacDonald Forest and Courtenay,

might suggest an imbalance. However, notice that two of Lavender's

(1970) ratios are much larger.

Provenances-x-Plantation Interactions

Of the five macronutrients analysed, only Ca exhibited a significant

provenance-x-plantation interaction. This interaction is likely a result

of the magnitude of differences between provenances at different planta-

tions, or scale effects, as well as actual rank changes.

Table 15 compares the Ca concentrations and rankings of the proven-

ances at each plantation. Two of the provenances are relatively consist-

ent in ranking across all plantations. Courtenay ranks first at half of

the plantations and second at two more. Its lowest ranking is fourth,

while its average is a very high 2.0. Medford is consistently poor,

placing eighth four times, seventh four times and sixth twice, for an

average of 7.2. Nimpkish averages fairly high in rankings with four

firsts and two seconds, although it also rates last at Haney. In

addition to Nimpkish, Sugarloaf and Shelton both span the range of pos-

sible rankings. Thus, while the first ranking at any given plantation

is confined to one of only four seed sources, three of these also rank

last at another plantation. The last ranking is spread among six of the

eight provenances. Hence, it seems that six of the sources - i.e., ex-

cluding Courtenay and Medford - may be largely responsible for the genet-

ical portion of the significant provenance-x-plantation interaction in

foliar Ca.

The significant plantation-x-provenance foliar Ca interaction com-

pares with generally more frequent interactions reported by other

researchers. For eastern white pine, Hilton (1968) found significant in-

teractions for eight of twelve elements. Rabman (1970) noted similar



* Percent Dry Weight.
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Table 15. Average foliar Ca coacentrations* and rankings of provenances at each plantation.

Provenance

Plantations
Range of Mean
Ranking Rank

MacDonald

Nimkish r Courtenay r Haney r Sugarloaf r White River r Shelton r Molalla r Stump Farm r Forest r Oakridge r

Nimpkish .191 1 .282 1 .112 8 .137 5 .128 5 .325 2 .249 1 .453 1 .322 2 .322 2 1-8 3.1

Courtenay .190 2 .259 3 .169 1 .165 1 .156 4 .327 1 .241 2 .367 4 .331 1 .216 1 1-4 2.0

Sugsrloaf .179 4 .275 1 .169 1 .122 6 .171 2 .127 8 .213 5 .324 6 .286 4 .198 4 1-8 4.3

White River .145 7 .237 5 .144 3 .158 2 .106 8 .259 4 .218 4 .358 5 .273 6 .160 8 2-8 5.2

Shelton .182 3 .215 8 .136 6 .145 3 .194 1 .225 7 .234 3 .404 2 .275 5 .211 2 1-8 4.0

Molalla .171 5 .239 4 .141 4 .125. 7 .128 5 .256 5 .186 7 .251 8 .299 3 .170 7 3-8 5.5

Stump Farm .167 6 .224 6 .137 5 .140 4 .183 2 .324 3 .208 6 .387 3 .241 7 .207 3 2-7 4.5

Medford .133 8 .220 7 .125 7 .115 8 .119 7 .252 6 .165 8 .276 7 .218 8 .180 6 6-8 7.2



32
Personal communcation with P.N. Hinz, Iowa State University, Ames,
Iowa, June 1977.

59

effects in ponderosa pine for all 11 nutrients analyzed. Steinbeck

(1965) found plantation-x-provenance interactions for seven of twelve

elements in Scots pine, but in an expanded study (Steinbeck, 1966) such

as interaction was found for only Ca, Al and Cu. In Isik's (1974) work,

only Mn provided a significant interaction of six nutrients analyzed for

white fir.

van den Driessche (1973) noted for concentrations of N, P, and Mg

in Douglas-fir that "provenance differences were affected by nurseries,

which probably represented a number of environmental influences." Inter-

actions were not explicitly disucssed any further, but bar graphs did

reveal rank changes between the three provenances at the three nurseries

for all four elements. Possible explanations for differences between

the current study and van den Driessche's (1973) research, presented on

pages to for provenance effects, may apply for provenance-x-planta-

tions interactions as well.

Block Effects and Third Order Interactions

Significant block effects were noted for all nutrients and the prov-

enance-x-plantation-x-block interaction was significant for N, P and K

(Table 11). Similar results were reported for nine year heights of all

sixteen provenances at nine locations by Rowe and Ching (1973).

Hinz32 advised that explanation of these effects need not be attempt-

ed since they are essentially expressions of experimental error. How-

ever, the effects do suggest that the test sites may be quite heteorgen-

eous. Estimations of variability in soil chemical properties are con-

sidered in the next section.

Soil Analyses

The means from analyses of 16 composite soil samples from each

plantation are presented in Table 16. Appendix IV contains a more com-

plete tabulation of summary statistics.



Table 16. Average soil chemical properties* by plantation.

Soil Property
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Plantation pH N P K Ca Mg

(% DW) (ppm) meq/lOO g

Nimpkish 5.4 .088 10 .10 1.21 .17

Courtenay 5.2 .127 8 .36 4.39 1.04

Sugarloaf 4.7 .128 13 .34 1.21 .32

Haney 4.6 .395 16 .43 6.39 .89

White River 4.6 .201 9 .40 1.77 .34

Shelton 5.1 .437 5 .95 3.73 1.40

Molalla 4.8 .203 7 .58 7.64 2.36

Stump Farm 5.5 .173 5 .84 4.01 2.49

MacDonald Forest 5.8 .258 7 1.74 24.69 10.64

Oakridge 5.5 .163 17 .48 4.64 .48

*
Samples collected from the upper 6 inches only.

Comparison of these average chemical values with other published

data for Pacific Northwest soils may be enlightening. Soil N deficiency

levels of 0.10 percent and 0.12 percent suggested by Gessel and co-

workers (1960) and Heilman (1971) respectively, indicate that the Nimp-

kish site is deficient and the Courtenay and Sugarloaf plantations are

borderline deficient. Higher soil N levels can also be limiting if C/N

ratios are unbalanced (Gessel and Walker, 1958). Furthermore, only

Haney and Shelton plantations exceed 0.28 percent N, the level to which

Heilman (1971) has found response to N fertilization.

Phosphorus contents in soils and its availability to trees are high-

ly variable in Douglas-fir region soils (Forest Soils Committee, 1957).

In addition, variation in extraction procedures make comparisons of pub-

lished data difficult (Webber, 1974; Lewis, 1976). Response to P fert-

ilization is occasionally noted (McComb and Griffith, 1946; Strand and

Austin, 1966; van den Driessche, l969c) in the northwest. More frequent

response might be expected if fixation of added P were reduced and avail-

ability to trees increased, e.g., by band application (Strand, 1964).

The K content of northwest soils is highly variable, but does not

often appear to be limiting (Forest Soils Committee, 1957). However,

potassium fertilization response is sometimes reported, particularly in

wmbination with N applications (Steinbrenner, 1968; Strand and
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Miller, 1969).

Calcium values are usually adequate, although extremely acid soils

and ultramafic, serpentine soils may be exceptions (McMillan, 1956).

Magnesium levels are frequently quite low in the northwest and, although

some vegetation reportedly exhibits deficiency symptoms (Forest Soils

Committee, 1957), response to Mg fertilization or well documented Mg de-

ficiencies were not found in the literature, van den Driessche (l969c)

did report a P-Mg interaction in a nursery test; Mg reduced growth when

it exceeded l.5meq/100 g of soil.

Collectively, the soil chemical data in Table 16 suggest that the

Nimpkish site has the least fertile and the MacDonald Forest plantatton

the most fertile soil. Courtenay and Sugarloaf sites also appear to be

relatively infertile. Unfortunately, these comparisons must be consider-

ed as only approximations. More valid soil fertility-site productivity

comparisons would have been possible had time permitted determination of

total soil and effective rooting depths, soil profile descriptions,

chemical analyses of samples from lower horizons, and bulk density

values. Analyses of sulphur levels might have also helped as response

has been obtained for young Douglas-fir growing on glaciated soils of

the Puget Sound area (Turner, 1968). Similarly, analyses of cation ex-

change capacities and organic matter contents, prohibited by budgetary

constraints, would have added to the interpretations of soil fertility.

Nonetheless, the highly significant differences between plantations

in all soil chemical properties analyzed (Table 17. and Appendix V) in-

dicates that the sites are markedly varied in soil fertility. Such dif-

ferences were anticipated from personal observations at the sites, in-

cluding obvious differences in productivity of past stands (i.e.,

stump sizes and radial increments), growth rates of the present test

material, superficial comparisons of soil characteristics such as parent

materials, rock and/or gravel contents and textural classes, and estim-

ations of soil depths from road cuts, wind-thrown trees and, when time

permitted, an occasional soil pit.

Soil variability within plantations is suggested by significant

Block effects and Provenance-x-Block and Plantation-x-Block interactions

(Table 17). Notice that pH, N and especially P appear to vary less
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within sites than the cations. However, estimations of standard errors

and coefficients of variation (Appendix IV) show that soil P is actually

highly variable within most plantations; coefficients of variation range

from 32.13 to 63.53 percent, exceeding 50 percent at six of the planta-

tions. The apparent anomaly is a result of a large error component in

the analysis of variance for P (Table 17).

Table 17. ANOVA sunmiary of soil chemical properties.

The cations, especially Ca and Mg also vary considerably within

soils of the plantations (Appendix IV). Nitrogen is generally the least

variable of the nutrients, but pH is the most stable of all the chemical

parameters.

Haney and Molalla seem to be the most heterogeneous plantations in

terms of soil fertility. Haney also appears to be the most variable

site in terms of microrelief. The rolling topography varies from swampy

areas supporting salmonberry (Rubus spectabilis Pursh.), thimbleberry

(Rubus parviflorus Nutt.) and even skunk cabbage (Lysichitun americanum

Hulten and St. J.), to well-drained soils on higher ground with an under-

story dominated by bracken fern (Pteridium aquilinum (L..) Kuhn. var.

pubescens Underw.) and huckleberry (Vaccinium spp.). Survival is low,

living trees chiorotic, and growth stunted in the swampy areas. Reuter

(1971) noted that mechanical disturbance from crawler tractor logging

contributed to site variability. Despite earlier herbicide treatments

of salmonberry and vine maple (Acer circinatum Pursh.) (Reuter, 1971),

distribution of these and other untreated species such as huckleberries

Source of
Variation

Significance Level by Property
pH N P K Ca Mg

Provenances ** ** **

Plantations ** ** ** ** ** **

Blocks * ** ** **

Prov. -x-Plant.

Prov.-x-Blocks ** * **

Plant.-x-Blocks ** ** ** **
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and bracken fern was patchy in 1969 and probably contributed to the site

heterogeneity at Haney. In keeping with its history of cultivation,

Stump Farm is relatively homogeneous in surface soil fertility. Shelton

and Courtenay are likewise fairly uniform. This is a little surprising

considering the glacial origin of their parent materials and the varied

aspects at Courtenay. The heavy sod cover on much of the Shelton

plantation may have acted to moderate soil variability by organic matter

buildup and nutrient cycling near the soil surface. The unexpectedly

high N level suppOrts this hypothesis.

The average coefficient of variation values for chemical properties

of soils in the current study are compared in Table 18 with those pre-

sented by Lewis (1976) for eight glacial till-derived, Vancouver Island

podzol soils. Lewis also calculated the number of sub-samples needed to

form a composite sample to provide a ±10 percent allowable error using

median estimates of variances (See Table 18).

Table 18. Comparisons of soil variability.

With the exception of P, the average coefficients of variation

seem remarkably close, especially when sampling methods are compared.

Lewis analyzed two composite samples consisting of eight sub-samples

each from 0.04 hectare (0.10 acre) plots from eight different soils. A

total of thirty-three plots were assessed. Thus, Lewis's coefficient

variation estimates are averaged from more sub-samples (eight versus

five) and composite samples (two versus one) from larger plots

Chemical Property
Samples Required

Coefficient of Variation (%) 10% error
Current Study Lewis (1976) Lewis (1976)

pH 3.63 3.7 3

N 21.23 15.9 12

P 50.29 16.2 13

K 28.50 20.0 18

Ca 34.59 33.8 46

Mg 41.63 34.3 48
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(0.10 versus 0.05 acre33) distributed over a much smaller area (average
33

of 0.40 versus 5.69 acres ) than for the current study. Logically,

Lewis's (1976) data should be more reliable than mine. However, twice

the number of composite samples per "soil" (16 versus 8) in my study may

have resulted in improved estimates of some of the soil chemical proper-

ty means and variances, which could partially compensate for fewer sub-

samples and much larger areas.

Heilman (1971) reported that 12 cores, 6 inches in depth were suf-

ficient to estimate total N content within 10 percent of the mean with

95 percent confidence on a stone-free,western Washington soil. Troedsson

and Tamm (1969) found that 15 to 20 samples for total N and 10 samples

for P and K were needed to provide reliable estimates at the same confid-

ence level on 100 square meter (0.0247 acre) plots on Swedish glacial

soils. Thus, in retrospect, the five sub-samples composited for each

provenance unit in this study were insufficient for all parameters, ex-

cept pH, at least at the level of 10 percent allowable error. Twenty

sub-samples, one from each cardinal direction at a given distance from

each sample tree, would have probably been more appropriate.

The numerous significant plantation-x-block and provenance-x-block

interactions (Table 17) are not surprising considering the variability

within plantations (Appendix IV). Likewise, the non-significant pro-

venances-x-plantation soil parameter interactions are logical. It would

be difficult to explain why soils from eight pairs of randomly associ-

ated, 0.05 acre areas should change rank and vary significantly from one

plantation to another. Hence, the highly significant soil N, Ca and Mg

differences among pairs of these plots across all plantations - i.e.,

the provenance effect in Table 17 - demands some thoughtful, albeit

speculative explanation.

Since provenance plot positions were randomized only once for each

of the four blocks (See Figure 2) and remained the same across all loc-

ations (Ching, 1965), a fixed plot position effect might influence the

The area of one plot containing only the 49 potential sample trees,
is 48 feet x 48 feet, or 0.05 acre. The total soil sampling area
of 0.80 acre is composed of 16 plots randomly distributed within
an area of 5.69 acres. See Figure 2.
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soil chemical variability. For example, if plantations were consistent-

ly oriented the same with respect to slope, increasing soil depth and

nutrient leaching and movement in seepage water could benefit downslope

plots. Isik (1974) described such an effect in his research. Fortunate-

ly, in the reciprocal provenance study, plantation orientation did vary.

Furthermore, independent randomization of the two contiguous blocks that

comprise a given plantation act to minimize fixed plot position effects.

Also, since I selected only one of the two plantations at each location,

based upon the highest survival and least amount of interfering damage

to trees, the possibility of a position effect is further diminished.

The most obvious non-random property of the pairs of provenance

plots, the genetic nature of the trees themselves, suggests a more rea-

sonable hypothesis. That is, the eight provenances could be influencing

underlying substrate chemistry differentially by variations in nutrient

absorption and/or recycling rates. Wright and Ching (1962) found that

11 month old seedlings from the provenance study, including 5 proven-

ances that I sampled, varied significantly in mycorrhizal counts on

their roots. Wright (1971) reaffirmed these results in a second study

which included three of the same seedlots at four field plots. If these

differing mycorrhizal formation rates have been maintained and further

manifested into varied nutrient absorption efficiencies of the proven-

ances, concomitant depletions of soil nutrient capitals might be expect-

ed. Conversely, larger mycorrhizal populations might enable trees from

a given provenance to utilize greater quantities of an otherwise unavail-

able nutrient source which could, through recycling, even increase the

available nutrient supply of the soil. Nutrient recycling differences

might be expected because of significant provenance growth rates (Ching,

1965; Rowe and Ching, 1973) and needle biomass differences (Eminingham,

1974), although needle retention, litter fall and actual nutrient re-

cycling have not been measured.

Stone and Fisher (1969) offered another possibility. They reported

that several species of conifers increased the availability of soil N in

ten- to fourteen-year-old plantations above their own net uptake. Be-

neath canopy and open area sampling positions provided identical total N

values, while NH3 and NO3 levels were higher under the canopies. Litter-



Critical r: (.05, 14 d.f.) = ±.497
(.01, 14 d.f.) = ±.623
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fall and rainfall leaching were not responsible. The authors also cited

additional reasoning to support their hypothesis that the tree root com-

plex, including the microbial population, mineralizes or somehow other-

wise extracts a fraction of soil N not available in the bare soil.

Regardless of hypothetical mechanisms, the idea of different pop-

ulations of trees causing significant differences in soil chemical

properties is intriguing. The possibility could warrant more careful

evaluation.

Correlations among soil chemical properties and between soil para-

meters, foliar nutrient concentrations and total height in 1970 across

all plantations are presented in Table 19.

The most striking correlations among soil nutrients are between the

cations, especially Ca and Mg. Indeed, 90 percent of the variability in

soil Ca is associated with Mg soil content. The scatter diagram (Figure

5) illustrates the close relationship between the two variables. At

higher values a non-linear trend seems to be developing.

Correlations between soil nutrients and their foliar analogs across

all plantations arehighly significant for N, K, Ca and Mg and signifi-

cant for P (Table 19).

Correlations were recalculated to observe relationships between soil

and foliar nutrients on a plantation basis (Table 20).

Table 20. Correlations between soil and foliar nutrients by plantations.

Plantations
Nutrients

N P K Ca Mg

Nimpkish .212 -.023 -.139 .320 .131

Courtenay -.312 .186 -.056 .102 -.350
Sugarloaf .202 -.169 .392 .464 -.244
Haney -.030 .531 -.354 .390 .409

White River .158 .205 .317 .347 -.057
Shelton .307 .202 -.060 .045 -.514
Molalla .034 -.028 -.118 -.063 -.089
Stump Farm -.314 .537 .686 .473 -.190
MacDonald Forest .044 .551 -.483 .083 .178

Oakridge .159 .194 -.332 .174 -.066



Table 19. Soil, foliar nutrient and height correlations.

Property

a'

Soil Chemical Foliar Nutrient Concentration - Total

Soil Chemical Property % Dry Weight Height

pH N P K Ca Mg N P K Ca Mg 1970

pH 1.00 -.228 -.214 .438 .394 . .471 .038 .141 .101 .524 .424 .104

N 1.00 .136 .379 .251 .175 .467 -.080 .101 .106 -.089 .252

P 1.00 -.175 -.022 -.187 -.179 .179 .010 -.341 -.207 -.024

K. 1.00 .762 .798 .309 -.171 .253 .541 .305 -.053

Ca 1.00 .948 .057 -.076 .229 .322 .300 -.162

Mg 1.00 .115 -.120 .213 .424 .318 -.126

Critical r: (0.05, 158 d.f.) = ±0.155
(0.01, 158 d.f.) = ±0. 203
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Few correlations are significant, only P at Haney, Mg at Shelton, P and

K at Stump Farm and P at MacDonald Forest. The large number of negative

correlations suggests inadequacy in sampling (soils and/or foliage),

ionic interaction(s), poor relationships between the soil analytical pro-

cedures and nutrients available to and/or absorbed by the trees, or in-

terference by other envirormental factors.

Webber (1974) found inconclusive correlations between soil and fol-

jar N, poor relationships between soil test values and foliar K and no

meaningful correlations for Mg from soils and foliar samples collected

from three Douglas-fir sites in the Cowichan Valley, Vancouver Island,

British Columbia. Strong soil and foliar relationships were noted for

P and numerous significant Ca correlations were also reported (Webber,

1974).

The highly variable soil P values in the current study (Appendix IV)

are probably contributing to low correlations with foliar values at many

plantations. Furthermore, generally better correlations could have been

expected had soil samples been collected from the entire profile, includ-

ing the litter layer as in Webber's (1974) study.

Physical Data

The physical measurements needed to transform concentration data in-

to other nutrient expressions are of considerable interest to genetic-

ists and physiologists on their own merit. A summary of the Analysis of

Variance and F tests of these data and total heights in 1970 is present-

ed in Table 21. Detailed ANOVAs are given for each parameter in

Appendix VI.

Needle length and weight vary significantly among provenances and

plantations, but no interactions or other environmentally related factors

are significant. Using calculated F ratios as indicators, needle weight

seems to be controlled relatively more by provenances than plantations,

while the reverse is trus for needle length (See Appendix VI). Lateral

shoot length, needles per lateral, vegetative buds per lateral and total

height all seem more closely associated with the environment than genet-

ics. The number of buds per lateral does not vary significantly among

the eight provenances, but the number of buds per centimeter of lateral

shoot does. Thus, the slower growing provenances obviously have a



Table 21. ANOVA summary of physical parameters.

0

Source of Variation

Significance Level by Parameter
Needle
Length

Needle
Weight

Lateral
Length

Needles!
Lateral

Needles/cm
of Laterals

Buds!
Lateral

Buds/cm
of Lateral

Height
1970

Provenances

Plantations

Blocks/Plantations

Prov's-x-Plantations

Prov's-x-Plant's-x--Blocks

**

**

**

**

**

**

*

**

**

**

*

*

**

**

**

*

**

*

**

**

**

**

**
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higher density of buds on their lateral shoots. A study of the pattern

of bud distribution along the shoots and the proportion of small, incon-

spicuous, latent buds (not tallied in this study) to normal buds might

have been revealing.34

Least Significant Difference comparisons of provenances in four

needle traits, lateral shoot length and 1970 total height are listed in

Table 22.

Foliage morphology differences among the extreme provenance exam-

ples were readily apparent in the field. The long, heavy needles of

Medford and Shelton's short, fine foliage could be used to distinguish

trees from these provenances from others even before checking seed

source identity tags. Notice that Medford's foliage is sparcelydistrib-

uted despite the short length of its laterals (Table 22). Conversely,

Shelton has a relatively high foliage density even though it has the

longest laterals.

Ching and Bever's (1960) measurements of needle lengths after two

years in the nursery included seven of the provenances that I sampled

(the eighthprovenance, White River, was onlyone-year-old and was not

measured). Their LSD comparisons for these seven provenances are pre-

sented in Table 23.

Table 23. LSD's among provenances at age two.35

Provenance Needle Length (mm) Rank

Nimpkish b 21.6 b 7

Courtenay a 25.6 a 1

Sugarloaf a 25.4 a 3

Shelton a 25.5 a 2

Molalla ba 22,7 ab 5

Stump Farm ba 22.2 b 6

Medford ba 23.1 ab 4

LSD 4.14 3.07

(1%) (5%)

Personal communication with D.P. Lavender, March, 1972.

Data from Ching and Bever (1960).



* 1970 height data for trees inc1.ded in this study were provided by K.K. Ching, unpublished data, Forest Research Laboratory, Oregon State Lniversity,
Corvallis.

** White River expected 13 year heights were calculated from existing, 12 year data by the method described by Rowe mod Ching (1973).

Table 22. LSDs among provenancos in physical foliage characteristics.

Provenance

Needle
Length
(cm) Rank

Needle
Weight
(mg) Rank

Needles/
Lateral Rank

Needles/cm
of Lateral Rank

Lateral
Length
(cm) Rank

Total
Height
1970
(cm)* Rank

Nimpkish b 2.650 b 4 cb 5.916 be 5 cb 299.6 bc 5 cb 11.40 be 7 ba 29.50 ab 3 a 409.09 abc 5

Courtenay b 2.618 be 5 eb 5.944 bc 3 cb 298.0 be 6 cbs 12.20 a 5 cb 27.35 cb 6 a 422.91 abc 3

Sugarloaf cb 2.585 be 8 dcb 5.548 ed 6 ba 321.7 a 2 cba 12.11 ab 6 a 30.04 a 2 a 435.84 a 1

**
White River** b 2.652 b 2 cb 5.940 be 4 e 291.8 c 7 a 12.52 a 2 cb 26.30 cd 7 ba 376.16 cd 7

Shelton c 2.467 d 6 d 5.232 d 8 a 325.6- a 1 ba 12.33 a 3 a 30.06 a 1 a 424.35 ab 2

Holalla b 2.651 b 3 b 6.164 b 2 cba 313.1 ab 3 eba 12.21 a 4 ba 28.59 abc 4 a 417.55 abc 4

Stump Farm cb 2.521 cd 7 dc 5.464 cd 7 cba 310.3 abc 4 a 12.75 a 1 cba 27.50 abc 5 ba 384.23 bed 6

Nedford a 2.798 a 1 a 7.272 a 1 d 250.8 d 8 e 11.23 c 8 c 24.60 d 8 b 341.43 d 8

.135 .102 .640 .484 25.5 19.2 1.01 0.76 346 2.61 6.37 46.97
LSD

(1%) (5%)
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Comparison of Tables 22 and 23 reveals a surprising number of prov-

enance rank changes between the nursery ratings and measurements taken

ten years after planting in the field. Note that Medford has changed

from a middle position to first while Shelton has switched from rela-

tively long to relatively short needles. If these needle length changes

with age are typical for the species, early selection for needle morph-

ology, e.g., for Christmas tree production, might prove difficult.

Least Significant Difference plantation comparisons for the four

foliage characteristics and two growth parameters are presented in

Table 24.

As expected, needle length and weight seem to be fairly closely

associated. Both needle parameter rankings compare well with 1970

height, except for Nimpkish and Courtenay plantations; they rank ninth

and tenth, respectively, in needle length, but third and fifth in height.

Rankings of needles per lateral and lateral shoot length, both of

which should indicate general tree vigor, do parallel the total height

listing. The number of needles per cm does not. Two Oregon plantations

provide the most striking examples of rank changes; Stump Farm is first

in needles per lateral, lateral length and height, but last in needles

per cm of lateral whereas Molalla ranks ninth, tenth and tenth in the

first three parameters, but first in density of needle distribution. A

general elevational trend is also apparent for these four traits. High

elevation plantations such as Molalla, Sugarloaf and White River are

slow growing and less vigorous while lower elevation plantations like

Haney, Shelton and Stump Farm have less dense foliage distribution and

more rapid growth.

An additional foliage characteristic, average needle surface area,

was measured for all eight provenances but, because of time constraints,

only for the Stump Farm and Molalla plantations. The analysis of vari-

ance is given in Table 25.

The highly significantly greater average leaf surface area at Stump

Farm was predictable since needle length and weight differences are of

the same magnitude (Table 24). However, considering the highly signif i-

cant differences in the last two traits among provenances across all



Table 24. LSD5 among plantations in physical foliage characteristics.

.250 .176 .395 .278 53.2 37.4 1.95 1.37 6.04 4.25 84.71 59.56

LSD
(1%) (5%)

* 1970 height data for trees included in this study were provided by K.K. Ching, unpublished data, Forest Research Laboratory, Oregon State University,

Corvallis.

* White River expected 13 yeax heights were calculated
from existing, 12 year data by the method described by Rowe and Ching (1973).

Rank

Needle
weight
(mg) Rank

Neediest
Lateral Rank

Needles/cm
of Lateral Rank

Lateral
Length
(cm) Rank

Total

Height
1970

(cm)5

Needle
Length
(cm)Plantation

Niinpkish gf 2.240 fg 9 8 5.280 e 6 cb 312.9 C 5 cb 12.93 b 4 dc 25.50 ed 5 b 496.75 b 3

Courtenay g 2.185 g 10 f 4.328 H 10 cb 320.8 c 4 ba 14.77 a 2 dc 23.24 de 6 c 359.81 c 5

Haney cb 2.758 bc 3 c 6.312 d 5 ba 363.7 b 2 8 10.52 8 8 b 36.79 b 2 a 653.58 a 2

Sugarloaf dc 2.698 c 5 c 6.572 cd 4 e 250.6 do 8 c 12.64 bc 5 d 20.80 e 7 ed 260.81 de 8

White River** b 2.905 b 2 b 7.100 b 2 e 217.0 e 10 dc 11.15 8 7 d 20.51 e 8 dc 296.65* 6

Shelton cb 2.738 be 4 c 6.700 c 3 cb 338.2 bc 3 8 10.19 8 9 b 35.51 b 3 b 459.49 b 4

Molalla fed 2.472 de 7 ed 4.888 f 8 e 224.7 de 9 a 15.40 a 1 e 14.99 f 10 e 206.59 e 10

Stump Farm a 3.179 a 1 a 8.452 a 1 a 414.2 a 1 a 7.59 e 10 a 54.94 a 1 a 711.18 a 1

MacDonald Forest edc 2.599 cd 6 d 5.216 e 7 dc 305.9 c 6 dc 11.33 cd 6 c 28.18 c 4 ede 289.86 8 7

Oakridge gfe 2.404 ef 8 fe 4.500 gh 9 ed 265.7 d 7 ba 14.42 a 3 ed 19.48 e 9 ad 258.01 de 9
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plantations (See Table 21), I expected distinct seed source differences

in leaf surface area as well. A relatively large error component and

considerable tree to tree variability certainly contribute to the lack

of significance.

Table 25. Analysis of variance - average needle surface area.

Figure 6 (upper graph) illustrates both provenance and plantation

differences in needle surface area. When the average needle surface

area is transformed to the foliage area per cm of lateral shoot length,

the plantations are reversed in ranking (Figure 6, middle graph). This

is a result of twice the number of needles per cm at the slow growing

Molalla plantation than at Stump Farm (See Table 24). By equating the

average needle surface area with the foliage area per cm for the local

provenance at each plantation, quite parallel graphs are obtained (Figure

6, lower graph). Since the provenances differ significantly in the num-

ber of needles per cm (Tables 21 and 22) a transformation shift similar

to that observed for plantations would have resulted in considerable

change in the pattern of these provenance plots (Figure 6, lower graph).

For most provenances, parallel plots suggest that needle density does

not either compensate for or accentuate needle surface area differences.

However, the Medford seed source provides an interesting divergence.

Despite its first ranking in area per needle at both plantations, its

sparce needle distribution does seem to weigh heavily on the transfor-

mation to foliage area per cm of shoot.

Einmingham (1974) found no significant difference in stomatal behav-

ior or plant moisture stress for four provenances, including Sugarloaf,

Source of
Variation d.f.

Sum of
Squares

Mean
Squares

Fc
d.f.

F

Ratio Sign.

Provenances 7 21.8929 3.1276 7,7 1.73

Plantations 1 65.5582 65.5582 1,7 36.20 **

Provenatice-x-Plant's 7 12.6775 1.8111 7,64 1.04

Error 64 111.2242 1.7379

TOTAL 79 211.3529
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Molalla and Medford, at the Molalla, Stump Farm and MacDonald Forest

sites. Foliage morphology suggests another possible drought avoidance

mechanism. Medford's long, heavy and relatively widely spaced needles

could represent a foliage surface area adaptation designed to limit

transpirational losses while optimizing the exposure of photosynthesizing

tissues to sunlight. Furthermore, Medford's overall slow growth rate

implies that competition for light and growing space at its native,

drought prone site might be less important for survival to reproductive

age than moisture conservation.

Other Expressions of Foliar Nutrient Values

The method of expressing foliar nutrient data can profoundly influ-

ence the interpretation of results. For example, foliage often contains

less nutrients on a dry weight percentage basis after fertilization than

before. On the other hand, total nutrient contents per plant, organ, or

area of tissue generally increase following treatment. This so called

"dilution effect" results from greater dry weight production response to

fertilization than in accumulation of nutrients. In fact, the nutrient

status of the tree may have improved decidedly despite the reduction in

nutrient concentrations.

Tamm (1964) aptly stated the situation:

Most authors report their analyses as percent of
oven-dry weight, and at present there is no reason
to abandon this practice. The question is whether
other reference bases may supply additional inform-
ation.

Three foliar nutrient content parameters were calculated for all the

trees sampled in the current provenance study: mgs of nutrients per

needle, per lateral shoot, and per cm of lateral shoot length. Suinniaries

of the Analysis of Variance results are given in Table 26. Complete

MOVA tables are presented in Appendicies VII, VIII and IX.

While only K/cm is non-significant for plantations, these transform-

ations remove more of the significant differences among provenances than

were noted on a concentration basis (Table 11); P as mg/lOO needles and

mg/cm of lateral, K as mg/cm of lateral and mg/lateral and N as mgi

lateral are all non-significant.



Table 26. ANOVA summaries of nutrient content expressions.

Nutrient Content Expression Significance Level by Nutrients

ng per 100 Needles

Source of Variation N P K Ca Mg

Provenance ** * ** **

Plantation ** ** ** ** **

Blocks/Plantation * * ** ** **

Prov's-x-Plantations ** **

Prov's-x-Plant's-x--Blocks ** **

mg per cm of Lateral

Provenance ** ** **

Plantation ** ** ** **

Blocks/Plantation ** * ** ** **

Prov' s-x--Plantations *

Prov's-x--Plantts---x-Blocks ** **

mg per Lateral

Provenance ** ** **

Plantation ** ** ** ** **

Blocks/Plantation ** ** ** ** **

Prov's-x-Plantations ** * ** **

prov's-x-Plantts-x-Blocks ** ** **



Isik (1974) reported the only comparable results in his study of

white fir. Table 27 summarizes his findings.

Table 27. Variation in white fir foliar nutrition.

Character Percent Dry Weight Content per -Needle (mg)

Plantation Group Population# Plantation Group Population

36
Data from Isik (1974).

79

Four populations from each of four regional zones (groups), defined
by morphology, were sampled at three Californian plantations.

It is interesting that for white fir the transformation to content

per needle tends to reduce plantation differences while increasing

genetic effects, especially at the "group" level. Isik (1974) dismissed

the genetic differences between the expressions as "...mainly due to sig-

nificant group differences in average weight per needle, which is highly

correlated with the amount of most nutrient elements per needle."

Superficially, the same process appears to be functioning, although

in reverse, in the current study. That is, growth related dilution in

percent dry weight tends to increase genetic variance, whereas conversion

to a content basis compensates for concentration differences for some

nutrients. Further-more, since almost all growth parameters measured vary

significantly among provenances (Table 21), the differences between fol-

jar nutrient concentration and content analyses appear to be genetically

related and not the typical, environmentally induced dilution effect

commonly reported in the literature.

A review of provenance rankings and, when applicable, LSD compar-

isons (Tables 28, 29 and 30) permits a closer examination of genetical

influence on these foliar nutrient expressions.

N **

P * *

K ** * **

Ca **

Mg ** **

Mn * *** ***



LSDs are not calculated for P since Provenance differences are not significant (See Table 26).

1.045 0.790 - 0.631 0.475 0.033 0.025 0.068 0.051

LSD
(1%) (5%)

Table 28. LSDs among provenances in foliar nutrient content - Ings per 100 needles.

Provenance
N P#

Nutrient
K Ca Mg Mean

RankRank Rank Rank Rank Rank

Nimpkish cb 8.297 b 4 1.391 3 ba 4.158 ab 2 a 1.460 a 2 a 0.688 ab 2 2.6

Coirtenay cb 8.012 bc 5 1.297 5 cbs 3.861 bcd 5 a 1.461 a 1 ba 0.638 bc 3 3.8

Sugarloaf cb 7.912 bc 6 1.466 1 cba 3.489 bc 6 c 1.211 cb 6 cb 0.591 cd 6 5.0

White River b 8.395 b 2 1.235 8 cba 3.926 abcd 4 c 1.224 c 5 cb 0.605 cd 5 4.8

Shelton c 7.275 c 8 1.269 6 cb 3.668 cd 7 c 1.196 d 7 c 0.558 d 8 7.2

Molalla b 8.377 b 3 1.374 4 cba 3.968 abc 3 c 1.193 d 8 be 0.630 c 4 4.4

Stump Farm cb 7.685 bc 7 1.247 7 c 3.461 d 8 b 1.279 b 4 cb 0.590 cd 7 6.6

Medford a 9.645 a 1 1.450 2 a 4.373 a 1 b 1.293 b 3 a 0.690 a 1 1.6



0.073 0.055 - - 0.018 0.014 0.0065 0.0049LSD
(17.) (5%)

LSDs are not calculated for P and IC since Provenance differences are not significant (See Table 26).

co

Table 29. LSOs among provenances in foliar nutrient content - mgs per cm of lateral shoot.

Provenance Nutrient
N ph

Ca Mg Mean
Rank

Rank Rank Rank Rank Rank

Nimpkish b 0.894 ed 6 0.150 3 0.445 3 ba 0.150 ab 2 a 0.073 a 1 3.0

Courtenay b 0.894 ed 6 0.150 3 0.435 5 a 0.158 a 1 a 0.073 a 1 3.2

Sugarloaf ba 0.92& abed 4 0.168 1 0.432 6 b 0.136 bc 5 ba 0.067 bc 7 4.6

White River ba 0.950 ab 2 0.144 8 0.449 1 b 0.139 be 4 ba 0.071 ab 5 4.0

Shelton ba 0.907 bed 5 0.146 7 0.419 7 b 0.134 c 7 b 0.064 c 8 6.8

Molalla ba 0.940 abc 3 0.158 2 0.449 1 b 0.136 b 5 a 0.073 a 1 2.4

Stump Farm b 0.883 d 8 0.150 3 0.405 8 ba 0.144 abc 3 ba 0.070 ab 6 5.6

Mudford a 0.975 a 1 0.147 6 0.441 4 b 0.133 c 8 a 0.072 ab 4 4.2



LSD
(1%) (5%)

- - 0.803 0.605 - - 0.714 0.537 0.235 0.177

LSDa are not calculated for N and K since Provenance differences are not significant (Sea Table 26).

Co

Table 30. LSDs among provenancea in foliar nutrient content - ings per lateral shoot.

Provenance
N P

Nutrient
gil Ca Mg Mean

Rank Rank Rank Rank Rank Rank

Niapkish 26.311 3 ba 4.327 ab 2 13.059 1 a 4.833 a 1 a 2.205 a 1 1.6

Courtanay 24.572 7 cb 3.979 bc 5 11.798 6 be 4.614 ab 2 ba 1.970 bc 4 4.8

Sugarloaf 26.632 2 a 4.855 a 1 12.870 2 cb 4.114 bc 5 ba 1.985 bc 3 2.6

White River 25.764 4 cb 3.656 c 7 11.891 5 dc 3.899 cd 7 cb 1.861 ccl 7 6.0

Shelton 24.950 6 ba 4.313 a 4 l2.33 4 cbs 4.158 bc 4 cb 1.906 bc 6 4.8

Molalla 27.158 1 ba 4.323 a 3 12.829 3 dcb 3.929 c 6 ba 2.045 ab 2 3.0

Stump Farm 25.122 5 cb 3.942 b 6 11.153 7 cba 4.309 abc 3 eb 1.919 bc 5 5.2

Madiord 23.796 8 c 3.440 c 8 10.712 8 d 3.376 d 8 c 1.699 d 8 8.0
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The transformation from percent dry weight to tug of nutrients per

100 needles essentially reverses the rankings of the Medford and Shelton

seed sources. Rank changes are also evident for other provenances for

given nutrients, but they are relatively slight, as indicated by small

changes in the average ranking of the seed sources across all nutrients

(Tables 12 and 28).

Rankings for tug of nutrients per cm of lateral and tug per 100

needles are quite similar. Likewise, comparison of tug per cm with per-

cent dry weight reveals a trend similar to that for tug per 100 needles

and percent dry weight; Medford and Shelton sources are again responsible

for most of the variation (Tables 12 and 29).

Nutrient contents per lateral shoot listings approximate those for

percent dry weight. Once again, Medford ranks last for all nutrients.

Indeed, except for Shelton and Molalla, the rankings for the two ex-

pressions are practically the same. Shelton rates higher on a percent-

age basis while Molalla fares relatively better as tug per lateral shoot,

especially for N and Mg.

The growing volume of literature on a variety of species (Tables 1,

2 and 3) certainly indicates that control of the genetic identity of the

seed used to produce trees for nutritional studies should be mandatory.

I have yet to find an adequate consideration of the effects of genetic

control of foliage characteristics, especially needle weight, on inter-

pretations of foliar nutrient concentrations and contents. Furthermore,

I suspect that nutritional experiments are still being conducted on

plantations without regard to the seed source(s) planted. "Wildings"

from the local seed will further confound results if they too are

sampled.

A hypothetical situation involving foliar analyses of the Medford

and Shelton seed sources will dramatize the necessity of considering

genetic diversity in both physical and chemical foliar parameters.

Assume that a researcher, attempting to relate foliar nutrition to

site productivity, collected foliage from two separate, adjacent planta-

tions; site one containing Shelton stock, site two Medford. Without ap-

preciating that provenances were different, he collected the appropriate

data and began to interpret the results. Site one (Shelton) had the
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highest foliar nutrient concentrations and the tallest trees. Many in-

vestigators, satisfied with a positive correlation, would stop here.

However, since the "better site" might have caused a dilution effect,

the researcher expressed the nutrient values as mg per 100 needles. In-

stead of expanding differences, the rankings were reversed. On the

chance that annual fluctuations may have favored growth and accumulation

of nutrients on the Medford site only in the current year, contents were

expressed as tag per lateral shoot. Once again, instead of expanding dif-

ferences, the order of the sites was reversed. At this point, the in-

vestigator might very well "write off" the nutrient content expressions

as "noise" and accept the dry weight-growth interpretation. However,

note that in keeping with the confusion, site two (Medford) could have

actually been equal if not appreciably better in productivity than site

one (Shelton) had the same provenance been planted on both.

Plantation comparisons of nutrient contents per 100 needles, per cm

of lateral and per lateral are presented in Tables 31, 32 and 33.

The conversion to mg per 100 needles indicates an apparent dilution

effect for Courtenay and Shelton plantations. Conversely, the high ele-

vation plantations, Sugarloaf, White River, Molalla and Oakridge, have

relatively higher concentration values than total contents on a needle

basis. It seems that relatively slow growth rates (Table 24), presumably

more a function of severe climate than nutrition, may have resulted in

some compensation in foliar nutrient concentrations.

Expressions of nutrient contents as tag per cm of lateral exhibit a

somewhat similar pattern with percent dry weight as mg per 100 needles

does. Most high elevation plantations still rate relatively high on a

percentage basis, although Oakridge has reversed its relative positions.

MacDonald Forest has decreased in its ranking whereas the Shelton planta-

tion has compensated for its high contents per 100 needles with fewer

needles per cm to approximate the concentration ranking.

Finally, tag of nutrients per lateral, iaore dependent upon the grow-

th rate of the trees than the other nutrient content expressions, re-

flects marked dilution effects for the Stump Farm, Shelton and Haney

plantations. However, Molalla, Oakridge and Courtenay rank lower for

this expression than for percent dry weight.



Table 31. LS0 among plantations in foliar nutrient content - mgs per 100 needles.

Plantation Nutrient

(1%) (5%)

K Ca Mg Mean
Rank Rank Rank Rank Rank

Nimpkish

Courtenay

Haney

Sugarloaf

Hhite River

Shelton

Molalla

Stump Farm

MacDonald Forest

Oakridge

ba 1.542 bc 3 d 2.432 d 10 d 0.880 d

cb 1.197 cd 7 dc 2.890 cd 9 dc 1.039 cd

cb 1.291 bc 5 cb 4.198 b 3 dc 0.889 d

cb 1.148 cd 9 c 3.820 bc 5 dc 0.914 d

a 1.990 a 1 ba 5.209 a 2 dc 1.014 d

ba 1.626 ab 2 cb 4.179 b 4 b 1.816 b

c 0.856 d 10 dc 3.122 cd 8 dc 1.036 cd

eb 1.382 bc 4 a 6.044 a 1 a 2.972 a

cb 1.205 cd 6 c 3.809 bc 6 eb 1.484 bc

cb 1.181 cb 8 dc 3.376 cd 7 d 0.853 d

LSD
2.038 1.433 0.577 0.405 1.363 0.959 0.651 0.458 0.156 0.110

9 de 0.509 de 8 7.4

4 cb 0.646 b 4 6.6

8 cb 0.603 bcd 6 6.2

7 deb 0.525 cde 7 6.6

6 cb 0.622 bc 5 3.2

2 b 0.666 b 2 2.6

S dc 0.508 de 9 8.0

1 a 1.071 a 1 1.6

3 cb 0.651 b 3 4.8

10 d 0.436 e 10 9.0

Rank

ed 6.163 ef 7

e 5.746 f 9

cb 9.370 bc 4

dc 8.123 cd 5

b10.185b 2

cblO.Oólb 3

ed 6.142 of 8

a13.366a 1

ed 7.298 de 6

e 5.521 f 10



Table 32. LSDs among plantations in foliar nutrient content - mgs per cm of lateral.

Plantation Nutrient

Ca Mg Mean
Rank Rank Rank Rank Rank

Nimpkish cb 0.766 d 9 ba 0.191 ab 2 0.298 10 dc 0.112 de

Courtenay cb 0.794 d 8 cba 0.167 be 3 0.399 9 dcb 0.146 cd

Haney ba 0.936 ab 5 c 0.129 ef 8 0.415 7 d 0.091 a

Sugarloaf a 0.986 4D 4 de 0.141 cde 6 0.469 2 dc 0.110 de

White River a 1.053 a 1 a 0.202 a 1 0.543 1 dc 0.108 de

Shelton a 0.993 ab 3 cb 0.157 cde 5 0.409 8 ba 0.182 b

Nolalla cba 0.920 bc 6 dc 0.128 ci 9 0.469 2 eb 0.155 be

Stump Farm a 1.006 ab 2 d 0.104 f 10 0.456 5 a 0.225 a

MacDonald Forest cb 0.805 Cd 7 dc 0.133 dci 7 0.421 6 cb 0.164 b

Oakridge c 0.755 J 10 cba 0.164 bed 4 0.465 4 de 0.118 cde

LSD
0.175 0.123 0.044 0.031 - - 0.060 0.042 0.018 0.013

(1%) 'il)

LSDa are not calculated for K since Plantation differences are not significant (See Table 26).

Co
0'

7 cb 0.064 cd 8 7.2

5 a 0.092 a 1 5.2

10 c 0.060 a 9 7.8

8 cb 0.065 ed 6 5.2

9 cb 0.065 cd 6 3.6

2 cb 0.066 cd 5 4.6

4 cbs 0.077 be 3 4.8

1 ba 0.081 ab 2 4.0

3 cb 0.073 bed 4 5.4

6 e 0.060 d 9 6.6

N

Rank



Table 33. LSOs among plantations in foliar nutrient content - mgs per lateral shoot.

Plantation
N Ca Fig Mean

Rank Rank Rank

Nimpkish c 19.433 cde c 2.728 cd 6 dcb 1.591 cd

LSD

cb 3.330 Cd 4 db 2.057 bc

cb 3.244 cd 5 cb 2.196 bc

c 2.301 cd 9 d 1.313 d

c 2.190 d 10 dc 1.313 d

b 6.151 b 2 b 2.266 b

c 2.329 cd 7 d 1.144 d

s12.366a 1 a4.409a

eb 4.614 bc 3 dcb 2.016 bc

c 2.306 cd 8 d 1.184 d

9.283 6.527 2.212 1.555 2.347 1.768 3.317 2.332 0.931 0.655

(1%) (5%)

Nutrient

P K

Rank Rank Rank

7 ba 4.918 abc 3 fe 7.759 fg 9

8 cba 3.891 cde 6 ed 9.433 def 7

3 ha 4.769 abcd 4 b15.466b 2

6 Cb 2.918 ef 9 ede 9.693 de 6

5 cba 4.164 cde 5 dc ll.064cd 5

2 a 5.644 ab 2 b14.375b 3

10 c 1.968 f 10 f 7081 g 10

1 a 5.752 a 1 a25.062a 1

4 cba 3.777 cde 7 cll.843c 4

9 cb 3.241 del 8 fed 9.277 ef 8

6 6.2

4 5.8

3 3.4

7 7.4

7 6.4

2 2.2

10 9.4

1 1.0

5 4.6

9 8.4

c 18.679 cde

b 34.066 b

c 20.595 cd

c 21.433 cd

b 34.325 b

c 13.975 a

a 55.141 a

c 22.544 c

c 14.983 de

Cour tenay

Haney

Sugarloat

White River

Shelton

Ho la ha

Stump Farm

MacDonald Forest

Oakrldge
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Both Tamm (1964) and van den Driessche (1974) have suggested that

expression of nutrient levels in terms of leaf surface area instead of

dry weight might be more appropriate since photosynthesis and dry matter

production are more closely associated with the former. Brix (1971) re-

ported that foliar N as a leaf area expression responded to fertiliz-

ation in a similar manner as percent dry weight N, except during the

months of June and July. During this period of active growth both

fertilized and control trees showed a decrease in percent dry weight N

concentration, but an increase, reflecting a leaf area to leaf dry

weight change, was noted for N per cm2 of foliage.

Percent dry weight N values were transformed to mg N per cm2 foli-

age area for 80 trees, 40 each (5 trees from each of 8 provenances) from

Stump Farm and Molalla plantations. An ANOVA for this parameter is pre-

sented in Table 34.

Table 34. Analysis of variance - mg N per cm2 of foliage

Provenances are not significantly different, but the Stump Farm site

has markedly greater N per cm2 of foliage than the Molalla plantation.

Plantation differences are magnified in comparison to surface area alone

(Table 25) by the highly significantly greater percent dry weight N

levels at Stump Farm (Table 13).

Table 35 lists correlations among several physical and foliar N para-

meters. The surface area N value is better correlated with total height

than percent dry weight N, but mg N per needle offers the best associat-

ion. Tamm's (1964) hope that the mg N per cm2 expression would be less

influenced by variations in tree vigor is not supported by these data;

Source of
Variation d.f.

Sum of
Suares

Mean
Squares

Fc

d.f.

F

Ratio Sign.

Provenances 7 1.27535 0.182192 7,7 1.49

Plantations 1 10.32240 10.322400 1,7 84.33 **

Prov's-x-Plant's 7 0.85649 0.122355 7,64 1.81

Error 64 4.33124 0.067676

TOTAL 79 16.78558



Table 35. Correlations among some foliar N and physical parameters for Stump Farm and Molalla plantations.

Height 1970 1.00

Critical r: (0.05, 79 d.f.) = ±0.218
(0.01, 78 d.f.) = ±0. 286

Parameter
Surface
Area

Needle
Length

Needle
Weight

Needles/
Lateral Foliar Nitrogen 2

Height
1970

(% DW) (mg/Needle) (mg/cm )

Surface Area

Needle Length

Needle Weight

Needles/Lateral

N - % DW

N - mg/Needle

N - mg/cm2

1.00 .719

1.00

.793

.856

1.00

.341

.600

.519

1.00

.380

.622

.551

.750

1.00

.721

.871

.954

.667

.762

1.00

.341

.735

.774

.713

.818

.887

1.00

.529

.753

.769

.824

.659

.816

.782
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N percent dry weight is less closely related to needle length and weight

and only slightly more closely correlated with needles per lateral than
2

mg N per cm of foliage (Table 35).

Thus, considering the extremely tedious, time consuming procedures

required to measure needle surface area of conifers (Thompson and Leyton,

1971; Drew and Running, 1975), expressing nutrient values on a surface

area basis is probably not generally warranted. Furthermore, the current

data indicate that its advantages for many purposes of foliar nutrient

analysis remains to be demonstrated. However, the expression should log-

ically be employed in integrated studies involving foliar nutrition and

photosynthesis and may well prove useful in studies of seasonal variation

in nutritional status.

Tanun (1964) expressed concern over the expression of nutrient con-

tents on a needle basis:

This method counteracts the dilution effect, and
beautiful correlations may be obtained between
growth and needle data; but it must be recognized
that the amount of something per 100 needles in-
cludes an expression for tree vigor -- the weight
of 100 needles (cf. Wehrmann, 1959) -- and that the
various measures of tree growth and vigor are much
more closely correlated than growth and nutrient
concentrations.

Waring and Youngberg (1972) also advised against reporting nutritional

results on a per shoot basis for the same reason. On the other hand,

Lavender38 advocated foliage biomass estimation for the entire third

whorl, followed by conversion of percent dry weight values to nutrient

contents per whorl. This procedure should give a better correction for

dilution effects since it provides a better estimate of total foliar

nutrient contents per tree.

Finally, Leaf (1970) was most emphatic in his recommendation:

Any expression on a percent or ppm basis can only be
referred to as a concentration, never content until
the percent or ppm value is multiplied by the dry
weight of the particular tissue over a given area.
Both concentrations and contents of elements must be
known to definitely evaluate the presence of a nutri-
ent element deficiency.
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The apparent conflict of opinion between these researchers may

result from different objectives. If the purpose of foliar analyses is

diagnosis of nutrient deficiencies (Leaf, 1970), comparison of relative

nutrient status of trees grown under different conditions (Smith, 1962),

or the prediction and evaluation of results of stand treatments, espe-

cially fertilization (Brix, 1971), both concentration and content values

should be assessed.

Those counselling against content expressions seem to be concentra-

ting on physiological explanation of basic nutrient-growth relation-

ships. For example, van den Driessche (1974) stated:

There may, however, be an objection to the use of
nutrient uptake values calculated from weight of
tissues, or the whole plant, if the intention is
to correlate growth with nutrient measurements.
Under these circumstances, nutrient measurements
should be independent of growth correlated para-
meters such as weight.

Although I appreciate the problem of autocorrelation, especially

the temptation to assign cause and effect relationships in interpreta-

tions, I believe some quantitative evaluation of a tree's present vigor

should be considered in such studies. Failure to deal with the dilu-

tion phenomenon may partially explain some of the disappointing results

that have been obtained with foliar analysis. Multiple regression

analyses should enable the assessment of independent variable effects

separately and in various combinations.

Again, except perhaps for very broad ecological studies, genetic

identity of subject trees must be maintained to obtain reliable foliar

nutrient data.

The Influence of Soil and Foliar Nutrition on Growth Rates

Multiple, stepwise linear regressions were run to help describe the

influence of soil and foliar nutrition on the rate of growth of the ten

plantations. Regressions of 1970 total height, using the 16 provenance

plot foliar nutrient means and the corresponding soil nutrient values as

independent variables, are presented in Table 36. The independent vari-

ables, listed in the equations according to the order in which they

entered by the forward, stepwise procedure, are all significant at the

p = 0.10 level. Individual correlations are given in Table 37.



Table 36. Regressions of 1970 total height on soil and foliar nutrition.

Where: Y

x5 =

x7 =

x9 =

x12 =

x14 =

1970 total height (cm)

Total soil N (%)

Soil K (meq/l00 g)

Soil Mg (meq/l00 g)

Foliar P (% DW)

Foliar Ca (% DW)

x4 =

x6 =

x8 =

xli =

x13 =

x15 =

Plantation Regression Equation

Nimpkish Y = 496.75 000

Cour tenay Y = -829.33 + 226.07X11 + 142.57X4 + 438.50X7 .407

Haney Y = -25.04 + 9925.46X15 - 784.03x7 + 495.75X5 .736

Sugarloaf Y = 234.77 + 93.14X8 - 1413.38x5 + 394.15x9 .711

White River Y = 662.21 - 457.21x14 .325

Shelton Y = 573.20 + 2l10.48X12 - 2l.58X6 .523

Nolalla Y = 182.31 + 137.92x13 - 293.86X5 .490

Stump Farm Y = 581.17 + 443.78X13 291

MacDonald Forest Y = 512.90 + 590.73X14 + 260.40X11 - 118.30x4 - 625.95X5 .886

Oakr idge Y = -578.42 + 475.58x13 .417

Soil pH

Soil P (ppm)

Soil Ca (meq/i00 g)

Foliar N (% DW)

Foliar K (% DW)

Foliar Mg (% DW)
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All independent variables enter at least one regression. The equa-

tions from plantations with the lowest r2 values, Stump Farm and Oak-

ridge, are limited to foliar variables. Sugarloaf is represented by only

soil parameters. No independent variables were correlated closely

enough with growth to enter the regression for Nimpkish.

The range in r2 values may provide an indication of the degree of

nutrient adequacy or deficiency for these plantations. For example, the

total height of MacDonald Forest, Haney and Sugarloaf trees all seem to

be closely related to nutrition, whereas Nimpkish, Courtenay, Stump Farm

and Oakridge do not. However, several limitations inherent in these

particular regression models complicate interpretations. The total

height of trees 13 years of age is probably not a very sensitive depend-

ent variable. A closer association with nutrition would be expected if

rate of growth were determined over a shorter, more current time inter-

val. Indeed, this is borne out by an additional regression run on the

Nimpkish data. Although the regression on 1970 total height is non-

significant, when five year. height growth (1965 to 1970) is substituted

as the dependent variable, the following model is obtained:

5 year growth = -1178.22 + 376.48 Foliar K + 143.48 Soil Ca
-2093.21 pH

The equation explains 62.7 percent of the variation in 5 year height

growth.

Insensitivity of total height is further indicated in Table 38.

Simple correlations were calculated between independent and three depend-

ent variables from the complete eighty tree population for each planta-

tion (i.e., without averaging or partitioning for blocks or seed sources).

Although exceptions are numerous, the five year height growth generally

provides slightly better correlations than total height in 1970 and con-

siderably better than that in 1965 (Table 38).

As mentioned in the Soil Analyses Section (page 61), several

additional unmeasured chemical and physical soil parameters would prob-

ably have improved both interpretations and regression models. Simi-

larly, foliar nutrient content expressions would have been desirable to

account for possible dilution effects. Finally, as discussed (pages 90

and 91), an evaluation of tree vigor would have probably helped.



Critical r: (0.05, 78 d.f.) ±.220

(0.01, 78 d.f.) ±.286

Table 38. Correlation matrit by plantations - selected growth, nurrient and foliage parameters.

Nimpkish Courtenay
Height Height S-Year
1965 1970 Height

Height
1965

Sugarloaf
Height S-Year
1970 Height

Height
1965

Haney
Height
1970

S-Year
Height

White River
Height Height 5-Year
1965 1970 Height

Height Height 5-Year
1965 1970 Height

N 1 OW
P 1 OW

.072 .193 .245

.168 .248 .256

.136

.234

.093

.139

.037

.042
.197

.332
.333

.412

.347

.381

.005

.137

.146

.213

.235

.244

.000

-.208
- .030

.143

- .039

.204

K I OW
Ca % OW

-.029
-.073

.283
-.221

.462
-.288

.247

-.048
.158

.042

.056

.064

.004

.071

.137

.091

.184

.086
.399

-.126
.541

- .002

.582

.091

.012

-.093
.131

-.161
.168

-.168

Mg 1 OW
mgN/l00 Needles
ingP/lOO Needles
mgg/100 Needles
mgCa/l00 Needles
mgMg/100 Needles
tagN / cm

mgP/ca
mgK/cm
mgCa/cm
agNg/ cm

Needle Length

-.108
.298

.337

.183

.071

.175

.171

.238

.047
-.023
.003
.116

-.234
.408
.462
.412

-.007

.180

.179

.282

.259

-.184
-.119
.278

-.281
.408
.461
.502

-.065
.148

.148

.257

.367
-.269
-.259
.344

.016

.270

.322

.298

.185

.234

.110

.185

.207

-.047
-.029
.201

.108

.124

.162

.140

.120

.168

.131

.176

.191

.074

.135

.035

.104

.011

.028

.015

.044

.072

.087

.102

.107

.097

.152

-.051

-.003
.162

.276

.068

.092

.087

.168

.260

.026

.087

.035

-.092

-.03?
.311
.399

.226

.173

.192

.277

.327

.114

.130
.021

.010

-.041
.336

.393

.272

.186

.214

.286

.304

.142

.129

.010

.064

.297

.235
.297

.393

.076

.389

-.099
.093

.179

- .149

.129

.173

.307

.358

.396

.518

.232

.446

-.051

.148

.261
-.046
.122
.204

.276

.406

.422

.549

.319

.435
-.009
.171

.291

.036

.102

.203

.124

.252

.179
.240
.114

.356

.135

.075

.124

- .004

.203
-.038

-.025
.268

.309

.329

.062

.284

.141

.227

.226

-.078
.125

.094

-.093
.232

.322

.318

.026

.202

.120

.264

.239
-.100
.067

.143

Needles! Shoot

Needles/cm

.228

-.263
.474

-.424
.564

-.459
.230

-.274
.310

-.024
.068
.094

.413

-.046
.521

-.175
.485

-.215
.394

- .407

.450
- .465

.438

-.451
.347

-.198
.615

-.234

.646

-.214

Buds/Shoot .310 .505 .549 .353 .160 .012 .301 .354 .319 .419 .542 .568 .197 .400 .434

Height 1965 1.00 .844 .553 1.00 .274 -.149 1.00 .778 .515 1.00 .906 .725 1.00 .770 .530

Height 1970
5-Year Height

1.00 .914
1.00

1.00 .910

1.00
1.00 .939

1.00

1.00 .948
1.00

1.00 .949

1.00



Critical r: (0.05, 78 d.f.) ±.220
(0.01, 78 d.f.) 1.286

¼D

Table 38. -continued-

Shelton Molalla Stump Firm MacDonald Forest Oakridge

Height
1965

Height 5-Year
1970 HeIght

Height
1965

Height 5-Year
1970 Height

Height
1965

Height 5-Year
1970 Height

Height
1965

Height
1970

5-Year
Height

Height Height 5-Year
1965 1970 Height

N % DW -.032 -.051 -.055 .172 .275 .239 -.096 .137 .273 .023 .160 .279 .379 .478 .468

P 1 OW .543 .523 .458 .220 .128 .350 .018 .216 .304 .170 .321 .050 .358 .228 .119

K % OW .296 .385 .391 .135 .081 .326 .248 .419 .431 .219 .338 .034 .432 .447 .400

Ca 1 OW -.077 -.140 -.158 .177 .259 -.037 .037 .196 .260 -.001 -.023 .254 .246 .186 .121

Mg 7. OW -.038 -.125 -.157 .006 -.021 -.077 .052 .185 .233 -.011 -.054 -.033 .399 .243 .163

mgN/l00 Needles .466 .457 .406 .236 .348 .419 .163 .160 .144 .107 .323 .342 .209 .419 .498

mgP/100 Needles .670 .644 .565 .294 .269 .492 .132 .233 .244 .215 .436 .202 .396 .454 .441

mgg/100 Needles .510 .557 .523 .231 .265 .518 .354 .372 .283 .244 .470 .231 .382 .560 .607

mgCa/100 Needles .204 .135 .086 .261 .387 .219 .174 .257 .248 .096 .194 .381 .271 .392 .420

mgXg/100 Needles .425 .346 .269 .180 .208 .250 .213 .243 .199 .114 .225 .183 .362 .434 .461

mgN/cm -.124 -.214 -.238 .164 .186 .286 .142 .266 .286 .099 .237 .162 .290 .399 .402

mgP/cm .437 .365 .289 .264 .154 .385 .130 .298 .340 .201 .363 .059 .399 .321 .228

mgK/cm .104 .102 .090 .179 .134 .358 .336 .445 .403 .257 .382 .054 .441 .511 .485

rngCa/cm -.120 .207 -.230 .226 .278 .076 .154 .287 .308 .078 .096 .249 .279 .262 .208

mgtg/cm -.104 -.233 -.275 .084 .010 .061 .209 .301 .287 .092 .097 -.047 .413 .331 .268

Needle Length .176 .195 .184 .043 .061 .226 -.051 .009 .051 -.030 .118 .058 -.083 .131 .245

Needles/Shoot .537 .642 .630 .190 .444 .531 .128 .440 .551 .098 .35 .501 .593 .747 .733

Needles/cm -.564 -.654 -.632 -.087 -.235 -.376 .020 .193 .269 -.041 -.254 -.273 -.178 -.360 -.442

8uds/Shoot .546 .613 .585 .275 .438 .554 .237 .371 .369 .248 .494 .444 .339 .632 .720

Height 1965 1.00 .866 .708 1.00 .772 .286 1.00 .783 .406 1.00 .814 .488 1.00 .806 .573

Height 1970 1.00 .966 1.00 .790 1.00 .887 1.00 .931 1.00 .928

5-Year Height 1.00 1.00 1.00 1.00 1.00
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Perhaps the greatest limitation of any of the regression models pre-

sented thus far is failure to account for genetic and environmental vari-

ability. The low number of observations per plantation (n = 16) in these

models obviates the consideration of fixed genetic (8 provenances) and

environmental (2 blocks) effects. Since analyses of variance show that

provenance and blocks both vary significantly across all plantations for

each foliar nutrient (Table 11) and provenances vary significantly in

1970 height (Table 21) as well, these factors are undoubtedly responsible

for a portion of the residual variation.

By using "dummy variables" (Draper and Smith, 1966), seed source

and block effects were assessed in regressions on five year height for

Molalla, MacDonald Forest and Stump Farm plantations. Independent vari-

ables were confined to the foliar nutrient concentration and content

values and the four physical parameters listed in Table 38. Preliminary

analyses showed that the two methods chosen for expressing nutrient con-

tents, mgs/lOO needles and mgs/cm of lateral, were generally more close-

ly correlated with growth than ratios of nutrients. Thus, final correla-

tions were calculated on only 22 variables for economy and for interpre-

tive value (Table 38).

Data from individual trees (n = .80 per plantation) were used in the

regressions equations for Molalla, MacDonald Forest and Stump Farm. The

models and their analyses of variance are presented in Table 39.

Provenances make a highly significant contribution to the MacDonald

Forest regression and block effects are significant for MacDonald Forest

and Stump Farm equations. Also notice that needles per lateral is the

first variable to enter the Molalla and Stump Farm equations while the

number of buds per lateral is first for MacDonald Forest. Both para-

meters are indicative of tree vigor. Determination of needles per later-

al is time consuming but the number of buds per shoot can be quickly

counted at the time of foliar sampling or when separating foliage from

the twigs. Furthermore, Table 37 shows that bud number has the highest

correlation with five year growth at four plantations (Nimpkish, Haney,

MacDonald Forest and Molalla) and rates closely behind needles per

lateral shoot at most others. Relationships might have been closer had

latent buds been tallied and the proportion of normally developed to



r2 .501

Models Nolalla: 5-Year Crouth 30.023 + 0.448X1 + 104.57X4 - ll84.80X5

Stump Farm: S-Year Growth 258.84 + 0.3SX1 + l30.l8X4

MacDonald Forest: S-Year Growth 189.259 + 7.3lX2 + llO.06X3

Where: S-Year Growth Total
Height 1970 Total
Height 1965

Needles/Lateral

X2 Buds/Lateral

K

mg K/lOU Needles

mg K/cm

Table 39. Molalia, Stump Farm and MacDonald Forest regressions and analyses of variance.

Plantation Source of Variation d.f. Sum of Squares Mean Squares F Natlo Significance

Molalla Total 79 102610.488
Regression 11 60638.879 5512.625 8.93 **

Provenances 7 5815.083 830.726 1.35
Blocks I 295.999 295.999 .48
Needles/Lateral 1 31160.755 31160.755 50.48 **

mg K/lOU Needles 1 16149.661 16149.661 26.16 **

mg K/cm 1 7220.381 7220.381 11.70 **

Residual 48 41971.608 617.229

2
.591

Stump Farm Total 79 576084.387
Regression 10 282903.543 28290.354 6.6 **

Provenances 7 43588.955 6226.944 1.47
Blocks 1 29057.357 29057.357 6.84 *

Needles/Lateral 1 113659.592 113659.492 26.75 **

mg K/lOU Needles 1 96598.202 96598.202 22.73 **

Residual 69 293180.884 4248.988

r2 = .491

MacDonald Forest Total 79 375367.487
Regression 10 188063.957 18806.396 6.93 **

Provenances 7 103120.958 14731.565 5.43 **

Blocks 1 12177.700 12177.700 4.49 *

Buds/Lateral 1 56907.766 56907.766 20.96 **

K 1 15857.533 15857.533 5.84 *

Residual 69 187303.531 2714.544
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total buds compared with growth rate.38 This parameter should be tested

further for application in future nutrition and fertilization research.

These results again illustrate the importance of considering genet-

ic identity and environmental variation in nutritional studies. Unfor-

tunately, limitations of time and budget prevented extending these

analyses to the other seven plantations or to testing of more sophis-

ticated regression models.

Despite the limitations noted above for these regression analyses,

they are useful in conjunction with the correlation matrices (Tables 37

and 38) and personal field observations for plantation description pur-

poses. The following interpretations, occasionally including conject-

ural reasoning, are presented separately for each plantation.

Nimpkish

I certainly did not expect the regression on 1970 total height

(Table 36) to be non-significant since the site seems to be the least

fertile in terms of overall soil (Table 16) and foliar (Table 13) nutri-

tion. However, the plantation is also quite variable in foliar nutri-

tion (See page 54). Rowe and Ching (1973) reported that the heights at

Nimpkish in 1966 (nine-years-old) varied significantly among provenances,

but the variance within seed sources was also relatively large.

Personal field notes taken in September, 1969 support these data.

For example, the local seed source was growing well in one block, but

comparatively slower in the second. The Shelton provenance was growing

remarkably well whereas the Medford source appeared generally poor in

vigor. Damage to the latter source from frosts in previous years was

still evident and many trees were chlorotic.

Tree to tree variability was also noticeable and is indicated in

the current data in Table 37. Total height in 1970 is significantly

correlated with four of the five nutrient concentration variables when

all eighty individual trees were analyzed, but with none when averaged

values were compared (Tables 38 and 37, respectively). These results

suggest that the model incorporating provenance and block effects would

have probably been particularly relevant for Nimpkish.
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Mortality from root rot (Armillaria mellea (Vahi.) Quel.) was

noticed and infected trees in varying stages of declining vigor were

also evident. I may have failed to recognize trees with early, incip-

ient symptoms; sampling of such diseased specimens could have increased

unexplained variation in both height and foliar nutrient data.

The regression on five year growth rate does indicate that nutri-

tion may indeed be limiting growth at Nimpkish. The very low soil

(Table 16) and foliar K (Table 13) levels are reflected in the signif i-

cant, positive correlation between foliar K and five year growth (Table

38) and the entry of foliar K in the regression (page 94). The subse-

quent entry of soil Ca and pH must be interpreted in terms of their

relatively low, non-significant individual correlations with five year

growth (.213 and .152, respectively) and higher associations with other

independent variables. For example, foliar N is closely related with

pH (r = -.716), has a higher correlation with five year growth (r =

.243) than pH or soil Ca, but its close relationship with foliar K

(r = .633) prevents its entry in the equation. Indeed, from all the cir-

cumstantial evidence, I suspect that both K and N may be limiting at

Nimpkish.

Courtenay

The suspected, borderline deficient soil N level (Table 16) may be

meaningful, as indicated by the entry of foliar N in the regression

(Table 36). Note that the average foliar N concentration of 1.31 percent

(Table 13) is not considered a deficient level (Gessel et al., 1960).

However, since individual provenance plot averages range as low as 1.10

percent, N is most likely limiting growth of some of the trees. The

history of repeated burning of the site following the 1938 wildfire39

could have depleted the N capital of the plantation. Also, the presence

of a copper mine only one and one-half miles away suggests that this

micronutrient or commonly associated heavy metals could possibly be pre-

sent in levels high enough to cause toxicity.
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Correlations between 1970 height, five year growth and independent

variables for the eighty tree data (Table 38) are unexplicably low. Cor-

relations with 1965 data are more usual, suggesting that the 1970 values

could be in error. However, a check of computer files and raw data re-

vealed no transcribing, keypunching or editing mistakes. Field verific-

ation of height data was not possible. When data from 1976 measurements

are available, height growth trends should be examined for the three

measurement dates.

Correlations between 1965 and 1970 heights are extremely low - less

than half the value of the next lowest relationship for the other planta-

tions. The 1970 with five year growth correlation is reasonable, but

the 1965 by five year association is small and negative (Table 38).

Figure 7 illustrates the variability in growth rate over initial, 1965

heights. The range in growth of small trees (e.g., 100 cm in 1965) is

plausible if these trees are examples of the severe deer browsing in the

third year noted by Ching (1965). Variation in the vigor of damaged

trees and the timing of their "escape" from subsequent browsing could

cause such a growth response. Although my field notes do not mention

noticeable damage in 1969, browsing of taller trees (1 m and taller) be-

tween 1965 and 1970 could also account for slower than expected growth.

Although entirely speculative, variation in effective rooting depth or

growth of roots from a favorable, surface layer into an underlying,

nutritionally poor or imbalanced horizon (e.g., heavy metal deposits)

could also cause such a response pattern.

Haney

The r2 value for the regression (Table 36) indicates that nutrition

is an important growth determinant at Haney. However, the high correla-

tion between foliar Mg and height (Table 37) was unexpected. Cause-

effect reasoning is premature, at least from these data. Indeed, the

possibility of an analysis artifact is indicated by the decrease in Mg-

growth correlation from the averaged values (Table 37) to those for in-

dividual trees (Table 38). On the other hand, all K expressions main-

tain reasonably high correlations with all growth parameter, implying

that it may be the nutrient actually in shortest supply.
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20 40 60 80 tOO 20 140 160 180 200 220 240 260 Z80

1965 Total Height-cm

Figure 7. Courtenay five-year height growth versus initial total height.
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As discussed earlier (pages 61 to 63), the Haney plantation is mark-

edly varied in soil chemistry, inicrorelief, understory vegetation and

site disturbance. The site is also extremely variable in foliar N, P.

and K levels and within provenance height growth (Rowe and Ching, 1973).

The expanded regression model including provenance and block effects

would have likely improved the r2 value.

Sugarloaf

The regression equation is unusual, limited to only soil variables

(Table 36). Although soil Ca is slightly more closely related to growth

than foliar N, the latter is most likely limiting growth at Sugarloaf.

For example, soil Ca is significantly and positively correlated with

both soil and foliar N levels, and, as noted, both appear to be margin-

ally deficient (Tables 13 and 16). Soil Ca is also positively corre-

lated with soil Mg and negatively with foliar K, both at the one percent

level. Thus, soil Ca is apparently acting as an integrator of other,

more plausible nutrient-growth relationships in entering the regression

equation.

Table 38 correlations suggest that foliar P could also be influenc-

ing growth. Conversion to content expressions do not improve the r

values for these nutrients, suggesting that growth may indeed be limited

by nutrition.

The glacially deposited, rocky, shallow soil (indicated by shallow

rooting on windthroii trees) and noticeable foliar chlorosis offer a vis-

ual impression of nutrient shortage. Furthermore, response of similar,

nearby stands to operational urea fertilization corroborates the N defic-

iency conclusion. On the other hand, the relatively severe climate of

this upper slope to ridge-crest site, exemplified by severe snow break-

age, certainly contributes to the low site quality and could be relative-

ly more limiting to growth than nutrition.

White River

Only foliar Ca is included in the regression, which explains only

32.5 percent of the variation in height (Table 36). The Ca-growth re-

lationship may be an artifact though, since no correlations between the

three Ca expressions and three dependent variables are significant on

the individual tree data (Table 38). Still, the relatively low soil Ca
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and Mg levels (Table 16), coupled with the shallow, rocky soil, light

sandy to sandy loam in texture, could be related to low CEC and/or base

saturation.

More logically, growth rate is probably most limited by a short

growing season and severe climate at the 4,000 foot elevation White

River site. Natural noble fir (Abies procera Rehd.) certainly seemed to

be better adapted than Douglas-fir.

Shelton

Inclusion of both foliar and soil P in the Shelton regression is

surprising. However, the relationship is supported by P-growth correla-

tions, which are highly significant for the individual tree data (Table

38). Shelton's soil P levels are comparatively low, whereas the N con-

centrations are the highest for any plantation (Table 16). An N-P

antagonism is thus a possibility. Alternatively, the high soil N level

and sod cover probably reflect a high soil organic matter content.

Binding of P in an unavailable form in the organic matter complex and/or

direct competition by the grass for the nutrient could accentuate defic-

iencies. From Tables 13 and 38, it appears that K could be a secondary

limiting nutrient.

These results should be considered tentative. Additional soil sam-

pling and analyses, including organic matter, CEC and various P extract-

ion procedures (Webber, 1974) could prove worthwhile in defining rela-

tionships.

Mo lalla

The soils-foliar nutrient levels on height regression (Table 36)

lists foliar K (positive) and soil N (negative) as significant factors.

Soil K almost enters the equation as a third (positive) independent

variable.

The negative soil N coefficient may be explained from field obser-

vations. Variation in extent and thickness of organic horizons was

noticeable. Microrelief seemed to be responsible for much of the vari-

ation, although mechanical, logging disturbance presumably contributed

to the pattern. Furthermore, shrub cover, principally Vaccinum spp. was

heavier on soils with thick organic mantles.' Nitrogen mineralization
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rates are probably very slow in this high elevation environment charac-

terized by short growing seasons and cool temperatures (Enimingham, 1974).

Thus, although total N levels were naturally higher in samples collected

from plots with thick organic mantles, less N might actually have been

available for tree growth. In addition, added competition from under-

story vegetation could have further depleted available supplies of N

and other resources, contributing to depressed Douglas-fir growth rates.

The expanded foliar regression model (Table 39) confirms the impor-

tance of K at Molalla. The significance of needles per lateral and the

two K content expressions document the variation in and importance of

overall tree vigor for growth on this severe site. The severe climate

of the area apparently mitigates against significance of genetic effects

and other nutrient expressions.

In addition to K, N and P correlations with five year growth (Table

38) indicate these latter nutrients could also be important at Molalla.

Strand (1964) found that heavy N fertilization (400 pounds/acre for each

of 3 .years) of a 20-year-old Douglas-fir stand at 3,100 foot elevation

in the Molalla River drainage resulted in about a 30 percent radial

growth response. Total N soils levels (pretreatment) were slightly high-

er than at the Molalla site in the current study (0.23 percent versus

0.20 percent). Fertilization with P at the same rate failed to improve

diameter growth. However, plot studies with Douglas-fir and Monterey

pine seedlings using the same soil did exhibit responses to N, P and S

additions.

Stump Farm

The favorable nutrient status of the Stump Farm site is indicated
2 . . .

by the low r and single significant independent variable, K, in the

soil-foliar nutrient on total height model. Potassiuui,as mgs per 100

needles, is likewise the only nutrient expression to enter the expanded

regression (Table 39). Soil (Table 16) and foliar (Table 13) K levels

at Stump Farm are comparatively high on a concentration basis and foliar

contents as mgs per 100 needles rank highly significantly greater than

all other plantations (Table 31). It is thus a little difficult to

rationalize entry of K in the regressions on the basis of direct limit-

ation of growth. A relatively close correlation of foliar K with some
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other, unmeasured factor or process which is limiting growth (e.g.,

drought and K's relationship with drought resistance as suggested by

Kral (1965)) could explain these results.

Comparisons of correlations between growth rate and the different

nutrient expressions (Table 38) reveal unusual results. Unlike other

plantations, mgs of nutrients per 100 needles have the lowest correla-

tion with five year height growth. Concentration and mgs per cm of

lateral associations with growth are similar. The differences between

concentrations and mgs per 100 needles correlations are greatest for N

and K. Since these two nutrients are sometimes absorbed in quantities

in excess of that needed for growth, luxury consumption is a plausible

explanation. A very weak, but positive correlation between needle

weight and growth (r = .091) supports this hypothesis. Alternatively,

since fixed genetic effects were not removed before the correlation

matrix was calculated (Table 38), large expressions of provenance differ-

ences in foliar nutrition and needle weight could cause the differences.

At one extreme at least, the heavy foliage but low nutrient concentra-

tions of the slow growing Medford provenance would contribute to such

reductions in correlations for the nutrient content expression.

At any rate, based upon the above interpretations of soils and

foliar nutrient data from a single, dormant season sampling, Stump Farm

appears to be a very fertile site, growing under little, if any, nutrient

stress.

MacDonald Forest

The very high r2 value for the soil-foliar nutrition-l970 height

regressions - considerably higher than for any of the other nine

plantations - was a complete surprise for two reasons. First, the foliar

analyses indicated that the trees were reasonably well supplied with

nutrients (Table 13) and the soils data are even more impressive. Over

all nutrients, the site seemed to be the most fertile of all plantations.

Second, general observations, especially of the composition of subordin-

ate vegetation, indicated that soil moisture should be most limiting to

growth. Indeed, Enmiingham (1974) confirmed that the site suffered

severely from drought; nearly 60 percent of potential growing season

photosynthesis was not realized due to moisture stress.
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The expanded regression model is also a bit unusual. Significance

of provenance and block effects are straightforward. Rowe and Ching

(1973) found that MacDonald Forest had the greatest differences among

provenances in nine year total height of the ten plantations they con-

sidered. However, entry of the number of buds per lateral instead of

needles per shoot, which has a higher r value with five year growth

(Table 38), must be explained in terms of the fixed effects already in

the model. Apparently, provenance and block differences account for a

proportionally larger amount of the variation in needles per lateral

than buds per lateral, thereby reducing the former's sequential F value

sufficiently to exclude it from the equation. The same process presum-

ably resulted in the entry of K concentration, even though its simple

correlation with five year growth is practically nil (Table 38). The

possibility that K would not have entered the equation at all, certainly

not as the first nutrient, if genetic, environmental and tree vigor

effects were not considered, provides additional support for my argument

to include these factors in nutritional studies.

An untested hypothesis offers an interpretation of the two MacDonald

Forest regression models which personally seems more logical than a

nutrition-growth, cause and effect explanation. I believe that moisture

stress is probably by far the most predominant factor affecting growth

rate. Circumstantially, the negative soil-l970 height correlations

(Table 37) support this idea. The cover of xerophyllic shrubs is quite

patchy, ranging from thick clumps to areas with only scattered individ-

uals. Although not quantified, I suspect nutrient cycling, probably

dominated by litter fall from the shrubs, may have caused a build-up of

the nutrient levels at the surface of the soils underlying the clumps.

Dry site conditions should also act to slow mineralization rates, aug-

menting soil surface nutrient accumulation, but not necessarily avail-

ability. Indeed, as at Molalla, the shrubs are probably efficient com-

petitors for nutrients as they become available. Furthermore, by

"definition" of their ecological niche, the shrubs must be efficient

competitors for short supplies of soil moisture.
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Thus, competing vegetation could be influencing nutrition - growth

relationships in three ways: increasing total nutrient levels at the

soil surface, decreasing nutrients available to trees and decreasing

growth rate by reducing soil moisture available to trees.

Oakridge

Only foliar K enters the regression equation, although foliar P is

also significantly related to 1970 height (Table 37). The two nutrients

are very closely associated, with an r value of .804. Table 38 data sug-

gest that N and K could be influencing growth, but the P concentration -

five year growth correlation is not significant. The very high foliar

K and borderline deficient foliar N concentrations imply that the former

could be reflecting a degree of luxury consumption while N might be act-

ually more limiting.

Regardless of apparent nutrient status, I suspect that, as at

MacDonald Forest, drought is the primary factor determining growth rates

at Oakridge. For example, a wide variety of plants common to dry sites

were present. The relatively close association of vigor-related physical

variables with growth parameters (Table 38) may also be an indication of

varied ability to cope with drought stress.

Growing Season Sampling

Description and Physiological Interpretation of Growing Season
Nutritional Trends

1971 Data

A comparison of fall, 1969 and June, 1971 foliar N concentration val-

ues for all eight provenances is presented in Figure 8. The average June

levels were in all cases lower than those for fall, 1969, but the differ-

ence between values for the two sampling dates varied among provenances

and plantations.

At Stump Farm, the spring 1971 N concentrations averaged 13.0 per-

cent lower than in the fall. The quite parallel graphs (Figure 8) sug-

gest relatively little provenance-x--sampling date interaction, although

Molalla and the local Stump Farm sources exhibited reductions of 17 per-

cent and 20 percent, considerably greater than the mean.
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Even though the average reduction in foliar N of 12.9 percent at

MacDonald Forest was equivalent to that at Stump Farm, the range in

fall-spring differences among provenances is much greater at the former

site. Nimpkish dropped only 1 percent, while Courtenay and White River

decreased 20 percent, Sugarloaf 19 percent and Stump Farm 18 percent.

Molaila, the most infertile of the three plantations also exhibited

the largest average reduction, 17.5 percent, to spring 1971 levels.

Nimpkish and White River showed the largest decreases, Shelton and

Molalla the least (See Figure 8).

Nitrogen data from the three, 1971 sampling dates at Molalla, Stump

Farm and MacDonald Forest are presented in Figure 9. All seed sources

at Stump Farm and MacDonald Forest plantations followed the pattern of

reduction during the growing season followed by recovery in N (percent

dry weight) toward the fall described by Waring and Youngberg (1972).

Similar trends are evident in data presented by Schaedle (1959), Morison

(1970) and Komlenovic (1971) for Douglas-fir. Graphs by Touzet et al.

(1970) showed too much variation to be conclusive, whereas Lavender and

Carmichael (1966) found that summer N concentrations were higher than

spring or fall. Quarterly sampling in the latter research was probably

not sufficient to describe seasonal variation.

The Stump Farm site appeared to be adequately supplied throughout

the growing season, whereas the trees at MacDonald Forest in July, 1971

fell below the 1.2 percent N critical level assumed by Waring and

Youngberg (1972). However, all three sources recovered above that level

by September 20; the Medford seed source's recovery was particularly

notable. At Molalla, this reduction-recovery pattern did not develop.

However, all the values remained considerably below the 1.2 percent N

level, most even below 1.0 percent N (Figure 9), so perhaps the site is

incapable of "recharging" the year-old foliage and supplying N to the

current foliage simultaneously. This hypothesis is supported by the

relatively higher levels in current foliage in the fall, 1969 (Figure

8).

The trends in Figures 8 and 9 provide general indications of tempor-

al changes, site effects and provenance differences. However, because of

an inadequate number of sampling dates and failure to relate sampling
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closely to phenological events, the data are of limited value for des-
cribing and interpreting nutritional variation during the growing season.
These deficiencies were rectified in the 1972 study.

1972 Data
Averaged, cumulative 1972 extension growth of the lateral shoots

included in the sample are presented in Figures 10, 11 and 12 (each
point is an average of 15 measurements: 3 twigs per tree from 5 trees
for each provenance). Logically, the lengths of laterals at the end of
the growing season followed the order of increasing site productivity;
Molalla, MacDonald Forest and Stump Farm.

Trees at the low elevation Stump Farm site began vegetative growth
about a week earlier than at MacDonald Forest and approximately a month
earlier than at the high elevation Molalla site. Within the limitations
of three to five day assessment intervals from bud swelluntil flushing,
variation in average bud break of provenances at a given plantation was
small; tree to tree differences in phenology were greater, but the max-
imum range of 12 days is well within ranges reported elsewhere for
Douglas-fir (e.g., Griffith, 1960). The relative timing of growth
initiation at the three plantations was similar, but phenological events
were about a week later in 1972 than recorded by Eumiingham (1974) for
1971.

Lateral shoot extension was completed in about 55 days at Molalla,
about 60 days at Stump Farm and 75 days at MacDonald Forest. Emmingham

(1974) found that the Molalla plantation completed 90 percent of terminal
shoot growth in 59 days, MacDonald Forest in 87 days and Stump Farm in
98 days. The differences between results at Stump Farm and MacDonald
Forest in these two studies are probably related to the parameters
measured (terminal (Enmiingham) versus third whorl laterals (current
study)) as well as yearly fluctuations. Dormant buds had developed

fully in all populations by the time growth curves flattened in the pre-
sent study. However, the accuracy of measurements made with a meter
stick on third whorl laterals at heights up to 30 feet above the ground
may have obscured continued extension resulting from growth of individ-
ual cells after the completion of mitotic divisions.
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Year-Old Foliage

Foliar N concentration data for the 1972 growing season are illus-

trated in Figures 13, 14 and 15.

At Stump Farm the three provenances behaved much alike in year-old

foliage N concentrations; although Nimpkish exhibited lower concentra-

tions for the first 6 weeks, for practical purposes the levels were the

same thereafter (Figure 13). An overall reduction in N concentration

in the year-old foliage continued from about 3 weeks after bud break

through the last sampling in early September.

At MacDonald Forest (Figure 14), Nimpkish and Shelton N levels both

decreased initially, but began to recover prior to bud break and contin-

ued to rise for about a month after flushing. Medford trees, initially

with the highest N concentrations, recovered only marginally near bud

break, then fell and remained below the other two sources for the rest

of the sampling dates. Contrary to the decline, recovery and second

gradual decline at Stump Farm, MacDonald Forest exhibited a second re-

covery and subsequent decline late in the growing season.

Finally, Molalla grown trees behaved quite differently. All seed

sources exhibited an initial N decline, but only Nimpkish began to re-

cover appreciably at bud break (Figure 15). However, with the exception

of a sharp drop about 80 days after bud break, the year-old foliage rose

steady in N from about a month after flushing until the 100 day mark.

Current Foliage

Current foliage also exhibited some interesting provenance and

plantation patterns. Current N concentrations were approximately equal

to year-old levels about 50 days after shoot growth began, but there-

after increased rapidly and remained considerably higher at Stump Farm

(Figure 13). The concentrations declined slightly during the last 6 to

8 weeks of sampling. Only the Shelton source had N levels in current

foliage that exceed those in year-old needles at MacDonald Forest. All

provenances showed an early, steep increase followed by a decline in N

concentration, roughly parallel to that for the year-old needles. At

Molalla, current N levels were almost equivalent to or higher than

those for the older foliage (Figure 15). However, the current year

pattern was more erratic than at Stump Farm or MacDonald Forest; only
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the Medford source had a higher concentration at the final sampling than

at the initial one. The decline in current N between the first two

sampling dates for all provenances was unique to the Molalla site. From

this point onward, the current needle N concentrations roughly parallel-

ed that for year-old foliage. Tamm's (1955) observation that a nutri-

ent deficiency may alter its seasonal foliar pattern may apply for N at

Molalla.

Medford remained consistently the poorest supplied with N for both

current and year-old foliage at Molalla. At the other plantations,

Medford was also lowest in current foliage, but equal or higher in N

than the other provenances in year-old values for the entire season at

Stump Farm and up until bud break at MacDonald Forest.

The more intensive sampling in 1972 revealed temporal patterns that

may have been present but were obscured in the 1971 study. However, the

recovery from July to September in 1971 is certainly different from the

decline noted in 1972, especially at Stump Farm. The 1971 growing sea-

son was unusually wet whereas 1972 was typified by the normal summer

drought. Since N status in the latter part of the growing season seems

to be more influenced by uptake from the soil than from translocation

from other tissues (Tamm, 1955; Wehrmann, 1959; Komlenovic, 1971), the

rainfall in 1971 may have logically permitted greater N mineralization,

availability and uptake than in 1972. This hypothesis is supported by

the failure of current foliage to continue its usual, gradual N accre-

tion during the late summer of 1972. Unfortunately, site specific

weather data were not collected in 1972, and the desirability of extend-

ing sampling until fall rains occurred was appreciated only after chem-

ical analyses were completed several months later.

The pre-bud break N concentration decline and pre- and post-

flushing recovery pattern was not evident in data presented by Waring

and Youngberg (1972), Krueger (1967) or Krueger and Trappe (1967). Such

a pattern apparently occurred for Douglas-fir at three plantations in

France sampled by Touzet et al. (1969) and at two plantations studied by

Komlenovic (1971) in Yugoslavia. Although the decline in April and re-

covery in May was evident in graphs presented for all locations,
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unfortunately, timing of bud break was not identified in either study.

Other studies of Douglas-fir did not include sufficient samples to de-

fine a trend in this time period. The site and provenance variation

noted in the current study suggest that similar phenomena could be res-

ponsible for the variance in published results. Differences in age of

trees and years of sampling could further complicate comparisons.

Mitchell (1936) long ago cautioned that without considering chang-

ing leaf mass; ". . . it is impossible to determine, with any degree of

accuracy, either the direction or magnitude of nutrient migration at

various times during the growing period." Surprisingly, few researchers

have heeded his advice and some of those who have recorded needle weight

have failed to utilize it in interpretations of seasonal nutrient data.

Tamm (1955) documented the early growing season decline and recovery

in foliar N, P, K and Ca concentrations over several years for Norway

spruce and Scots pine. He also carefully quantified changes in fresh

and dry weights of needles. Tamm (1955) concluded:

it is clear that the observed minimum in nutrient
percentage in the beginning of June is mainly caused
by an increase in dry matter content of needles
during spring, followed by a decrease during June
and July.

Variation in needle weight during the 1972 growing season is illus-

trated in Figures 16, 17 and 18. Comparison of these graphs with

Figures 13, 14 and 15 does provide some indications of an inverse re-

lationship between N concentration and dry weight. For example, the

sharp drop in foliar N concentration 80 days after bud break at Molalla

(Figure 15) can be at least partially rationalized by the concomitantly

increased needle dry weight (Figure 18). Likewise, early season decline

in N concentration was generally accompanied by a gain in dry weight.

The relationship is far from perfect, though. For example, at Stump

Farm the Nimpkish source declined sharply initially in N concentration

but began to recover by bud break. Needle weight remained static during

this 4 week period. Shelton and Nedford N concentrations and needle

weights appeared to be about 2 weeks out of phase during this early part

of the season at Stump Farm.
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The increases in year-old needle dry weight (Figures 16, 17 and 18)

suggest that net photosynthesis was positive before bud break. Nimpkish

at Stump Farm and initially at MacDonald Forest represent interesting

exceptions which could warrant investigation of actual photosynthetic

rates of provenances growing under different environments. Emmingham

(1974) estimated that trees growing at Stump Farm, MacDonald Forest and

Molalla realized 15 percent, 31 percent and 7 percent, respectively, of

their annual predicted photosynthesis during the dormant season and that

most of this occurred in early spring. In any event, as noted previous-

ly, these dry weight gains can only partially explain reductions in

foliar nutrient concentrations.

The rapid initial increase in current foliage N concentrations at

Stump Farm (Figure 13) and MacDonald Forest (Figure 14) reflect actual N

accumulation since dry weight changes were minor (Figures 16 and 17).

Indeed, lack of expected general gains in current foliage dry weight with

time at these two sites may have also been a response to drought. Molal-

la had the most consistent dry weight increases (Figure 18) but t.he most

erratic N concentrations (Figure 15).

Comparison of N contents on a per 100 needle basis (Figures 19, 20

and 21) with needle weights (Figures 16, 17 and 18) definitely illus-

trates variable provenance performances. At Stump Farm, Nimpkish and

Medford sources exhibited initial N content decreases while dry weights

were static and increasing, respectively. Furthermore, Medford remained

at its "recovered" level for one sampling date and Nimpkish for three

after their dry weights had fallen markedly. For the rest of the sea-

son the dry weight and nutrient content curves were essentially paral-

lel. Shelton N contents followed dry weights the entire season.

At MacDonald Forest, Nimpkish dry weight (Figure 17) and N content

curves (Figure 20) were almost identical. Although the patterns were

generally the same for Shelton, changes in N contents were much less

pronounced than dry weight differences, especially until about 20 days

after bud break. Medford's needle weights increased for a month before

bud break, but N contents were declining at the same time and never did

exhibit a pronounced gain. The drop in N shortly after flushing was
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particularly acute in comparison to other changes and to the correspond-

ing decrease in foliage weight.

Shelton dry weights and N contents behaved quite similarly at Molal-

la (Figures 18 and 21). The same was true for Nimpkish and Medford

after about 60 days from bud break. Medford's dry weight increased and

remained higher than the initial value for the next four sampling dates

while N contents changed very little. On the other hand, Nimpkish N

contents declined slightly prior to bud break while needle mass increased

a little, but the reverse was true about 3 weeks after flushing.

Clearly, the variations in seasonal dry weight, N concentration and

N content graphs indicate that Tamm's (1955) cause and effect, dry

weight-nutrient concentration change conclusion cannot fully explain

these current data.

Comparison of the temporal variation in some of the other nutrients

provides additional, corroborative evidence that actual import into and

export from the year-old foliage was involved in the early season pat-

terns for some elements (See Appendix X, Table 36 and Figures 1 to 18).

For example, K exhibited the pre-bud break decline and recovery in both

concentration and content expressions at Stump Farm and MacDonald

Forest. Recovery of this very mobile nutrient was slight and short-lived

at the nutritionally poor Molalla plantation. Magnesium behaved much

like potassium on a concentration basis, but content data showed that

most of the early season drop in this element was actually an artifact

resulting from increased foliar weight. Calcium and manganese, both

relatively immobile within plants, showed slightly different patterns in

year-old foliage prior to bud break. Calcium contents rose gradually

during this period, suggesting that this element was being absorbed by

the roots and translocated to the shoots. Manganese accumulation was

2 to 4 weeks later in beginning. Whether the differences are related to

varied availability in the soil, selective and changing absorption pat-

terns by the roots, the rate of transfer within the trees, or some other

phenomenon is not clear. Despite the mobility of P, contents were f air-

ly constant at all plantations before bud break, then dropped markedly,

especially at Stump Farm and MacDonald Forest. These results agree well
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with findings published by Krueger (1967) but differ from the practically

identical patterns for N and P reported Komlenovic (1971).

Variation later in the season in the concentrations of these nutri-

ents in year-old and current foliage also exhibited some unexpected

patterns.

Despite some abrupt deviations, Nimpkish and Shelton finished the

growing season at about their initial P concentrations and only slightly

below their early P contents at Stump Farm (Appendix X, Table 36 and

Figure 1). Medford, on the other hand, dropped about 30 percent in con-

centration and 60 percent in content and did not recover. Current foli-

age had somewhat variable P concentrations, but the levels were consist-

ently above those for year-old needles. Similarly, Nimpkish and Medford

P contents were higher in the new foliage in all cases, but Shelton ex-

hibited a consistent, reversed ranking. The peak in year-old contents

and concentrations at MacDonald Forest and Molalla (Appendix X, Table

36, Figures 2 and 3) about 70 to 80 days after flushing may reflect the

second P root absorption period described by Armson (1965). Explan-

ations for the precipitous drop following this peak are speculative.

Since both current and year-old foliage show the fall in P, leaching by

rainfall might be a plausible cause, although the delay in decline of

the new foliage for Shelton at MacDonald Forest is difficult to recon-

cile. Finally, the marked superiority in P concentration for the

Shelton seed source compared to the other provenances at MacDonald

Forest (Appendix X, Figure 2), especially for year-old foliage, is

notable.

Potassium showed a general late season increase in year-old foliage

for Nimpkish and Medford sources at Stump Farm and MacDonald Forest

(Appendix X, Table 36 and Figures 4 and 5), although Nitnpkish did de-

crease substantially 80 days after flushing at MacDonald Forest.

Shelton developed a bimodal, peak-valley-peak-decline pattern, quite

similar at both of these plantations. Its current foliar K concentra-

tion began at lower levels than year-old values, but the curves crossed

after the last peak for the older needles at both plantations. Current

foliage K was initially higher and generally stayed above the year-old

values for the other sources. Shelton also started at relatively low
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current needle K values at Molalla (Appendix K, Table 36, Figure 6), in-

dicating that the provenance might have evolved a different K metabolism

or internal cycling system. None of the sources had a prolonged period

in which K concentrations or contents in year-old needles were above the

initial, pre-bud break values at Molalla. These low, year-old K levels

and the substantial differential between current and year-old values

again suggest that Molalla is likely under considerably more K stress

during the growing season than the other sites.

Magnesium behaved quite erratically after bud break (Appendix X,

Table 36, Figures 10, 11, and 12). The current and year-old curves were

often parallel or non-related, rarely opposite in direction, suggesting

that uptake from the soil or transfer from a source other than year-old

foliage were responsible for the rising levels in the new needles. It

is perhaps noteworthy that current foliage contents never did reach

those for year-old needles for any provenance at the MacDonald Forest

plantations.

Zinc fluctuated wildly at all plantations (Appendix X, Table 36,

Figures 16, 17 and 18); the new foliage even dropped off scale for the

second sample at Molalla. Although old foliage levels showed a minimum

between 70 and 90 days after flushing and subsequent rise at all sites,

the significance of these fluctuations is not clear.

Year-old foliar levels always exceeded current values for the im-

mobile nutrients, Ca and Mn, at all plantations. Nimpkish seemed to

generally possess higher levels of these elements, particularly at the

Stump Farm site (Appendix X, Table 36, Figures 7 and 13). The sharp de-

clines for some, but not all, provenances late in the season, especially

at MacDonald Forest and Molalla (Appendix X, Table 36, Figures 8, 9, 14

and 15) are difficult to explain. For example, although current and old

foliage both showed declines in Ca at MacDonald Forest, the new and

year-old foliage for Nimpkish and Shelton were out of phase, and the

Medford source did not drop in year-old Ca content and concentration un-

til two weeks after the others. Such results again weigh strongly

against an explanation of leaching by rainfall. Internal Ca and Mn

transfer likewise do not appear probable, considering evidence accum-

ulated in numerous published accounts. Hence, these late season
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fluctuations remain a puzzle.

The seasonal nutritional trends in the current study, together with

additional circumstantial evidence, permit the development of a more com-

plicated physiological hypothesis than Tamm's (1955) simplified explan-

ation.

Lavender and coworkers (1973) found that initiation of vegetative

growth was related to increasing soil temperature and that gibberellic

acid applied to the foliage substituted for warmer temperatures, at

least above the
50

c level. The authors suggested that Douglas-fir bud

activity may be triggered by endogenous, gibberellin-like compounds mov-

ing from roots to the shoot as soil temperatures rise. This idea fits

well with data presented by Exnmingham (1974). He found that bud swell

at the three sites in the current study was closely related to a thresh-

old soil temperature of about
50

C
(430

F). His data for all three loc-

ations and 1972 values for the MacDonald Forest site are reproduced in

Figure .22.

These soil temperature regimes seem to relate fairly well to my

1972 nutritional data.. If about a weeks "reaction" or "lag" time is

assumed, the rapid rise in Ca and Mn concentrations at MacDonald Forest

correspond to the
430

to
450

F range. Stump Farm, which was slightly

warmer in early April, 1971 than MacDonald Forest, may have also been

warmer in 1972, at least as indicated by more rapid accumulation of the

immobile nutrients. At Molalla, recently receeded snowpack and result-

ant cold, saturated soils apparently prevented significant nutrient

accumulation until about the time of bud break.

Whether cold soils act directly in influencing foliar nutrient

accumulation by limiting early nutrient absorption by roots, indirectly

by delaying shoot phenology and development of a foliar sink, or both

may depend upon the reaction of the seed source(s) to the total environ-

ment prevailing at the site. The year-old foliage would not seem to be

a strong sink for nutrients itself in this period, although perhaps it

could function as a "storage" or "intermediate" sink temporarily be-

tween bud swell and flushing.
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Although root activity was not monitored by Eininingham (1974) or in

the current study, it is generally recognized that root initiation pre-

cedes shoot development in Douglas-fir (Krueger and Trappe, 1967;

Lavender et al., 1973). Kramer and Kozlowski (1960) suggested that

roots have no inherent dormant period but that observed periodicity in

root elongation is the result of external factors, including soil temper-

ature, and internal food supply. Indeed, Krueger and Trappe (1967)

found that starch contents built up in both roots and tops prior to

active growth. Because of alternation of growth in these organs, the

authors suggested that some of the sugars which disappeared from the tops

prior to bud break may have contributed to the pre-growth starch buildup

in roots and to maintenance of root growth. Krueger (1967) also re-

ported a decline in foliar N concentration and content before flushing

and suggested that N, along with carbohydrates, were exported to sustain

root activity. In the present study, the roots could have affected the

foliar nutrient and dry weight relationships by acting as either sources

or sinks, depending upon timing prior to bud swell, for nutrients and/or

carbohydrates.

Worrall (1971) concluded that Douglas-fir cambium has no endogen-

ously imposed dormancy and that its activity is initiated after bud ex-

pansion, presumably as a result of polar transport of auxin from the

latter tissues. Emtninghams (1974) data support this idea. He found

that lower stem cambium cell division began within a day or two of foliar

bud swell. Krueger and Trappe (1967) reported that stem diameter began

increasing about a month before bud break, but hydration changes were

not separated from true growth.

van den Driessche (1970) presented graphs which showed an abrupt

rise in P, K and Mg concentrations and slight increases in N and Ca

levels in diffusate from Douglas-fir stems collected before bud break.

All elements exhibited a marked decline at bud break, followed by par-

tial recovery at varying rates for N, P. K and Mg and complete recovery

for Ca later in the summer. Non (1974) found that soluble N levels

increased before growth initiation in roots, stems and shoots in

Cryptomera japonica, then decreased dramatically. These findings
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suggest that the stem and presumably other areas of wood deposition such

as roots and limbs, including the twigs bearing the year-old foliage,

could have also functioned as nutrient sinks between bud swell and flush-

ing in the current study.

Durzan (1968) reported an early season pattern of soluble N in white

spruce needles that was similar to van den Driessche's (1970) results for

Douglas-fir stems. The pre-flushing preponderance of N as soluble glut-

amine, glutamic acid and proline and minimal concentration of arginine

indicated that the last compound, the primary N storage amino acid, had

combined with carbon to produce the other compounds (Durzan, 1968).

Since total N levels were not presented by Durzan, the in situ, convert-

ed soluble N levels could have been augmented by transfer from other

sources. On the other hand, export to other sinks may have also

occurred.

t any rate, new expanding shoots are widely recognized as powerful

sinks for nutrients and food materials from older tissues. For example,

Krueger (1967) found that N lost from older shoots ac.counted for nearly

80 percent of that accumulated by new shoots between bud break in early

April and mid-June. For my data, net translocation from year-old foli-

age is indicated by declining N contents prior to or slightly after bud

break at Stump Farm and MacDonald Forest (Figures 19 and 20). Only a

slight decline in N content was observed at Molalla (Figure 21). Since

the site is the least fertile of the three, one might expect an even

larger demand on year-old foliage for nutrients to supply the new grow-

th However, Durzan and Steward (1967) found that low N supply reduced

arginine content to 2 percent and 20 percent of levels in white spruce

and jack pine, respectively, grown under full nutrition. Although total

N levels were not determined, the authors concluded:

Under nitrogen starvation, roots tended to maintain
their compliment of nitrogenous compounds (i.e.,
soluble N) more than the leaves which, no doubt,
utilized available nitrogen for protein.

Thus, at Molalla, perhaps the low N contents in year-old foliage repre-

sent N predominantly bound in structural proteins, unavailable for con-

version to soluble compounds for translocation to growing shoots or
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other sinks. Alternatively, K deficiency (See pages 104 and 105) could

have modified the N status of the foliage by blocking metabolic pathways

during growth. An increase in soluble N, especially glutamine, observed

for pine and spruce grown under K deficiency by Durzan and Steward

(1967), apparently at the expense of protein synthesis, supports the pos-

sibility. Of course, detailed study of N metabolism, mineral nutrition

and other physiological processes would be required in order to document

the actual mechanisms involved at a particular site.

My hypothetical explanation for the seasonal nutritional trends can

be summarized in simplified, point form, with recognition of probable

interactions between and temporal overlaps of the items, as follows:

As soil environments permit, roots become active, absorb nutri-

ents and translocate them to other tissues. Accumulation of Ca

in year-old foliage suggests that roots and translocating

tissues were physiologically active at the beginning of sam-

pling at all three plantations in the present study.

Net photosynthesis is generally positive for a few days to sev-

eral weeks before flushing, depending upon the incidence of

frosts (Einmingham, 1974). Newly fixed Ca2, results in most of

the increase in year-old foliage weight, but some may be trans-

located to other sinks as well.

Mobile nutrients, especially N and K, are exported along with

carbohydrates to rapidly growing roots before bud swell under

favorable conditions (e.g., at Stump Farm and MacDonald For-

est). For severe,high elevation climates such as Molalla,

the very rapid sequence of phenological events may act to

prevent the full development of this sink before other compet-

ing tissues become active. If the site is especially impover-

ished, contents of nutrients in the foliage may be insuffic-

ient to permit a significant translocation.

Bud swell is triggered by hormones translocated from the roots.

The buds in turn quickly produce auxins which stimulate the

initiation of cambial growth. Expanding buds also create a

demand for nutrients proportional to their production of

auxin. The year-old foliage may serve as a temporary storage
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development of current shoots. Recovery of nutrient contents

in the year-old foliage varies among provenances and planta-

tions according to the ability of roots to absorb and supply

elements, availability of nutrients from other storage tissues

and the relative strengths of other sinks competing with the

expanding buds.

As flushing approaches, increased respiration and rapidly es-

calating demand for carbohydrates by the buds exceed the

photosynthetic capacity and year-old foliage weight drops.

Nutrient concentrations continue to rise, somewhat propor-

tional to weight losses.

At bud break, the demand for nutrients increases rapidly.

Phosphorus contents in year-old foliage drop precipitously.

Nitrogen contents generally decrease quickly too, although

some trees are able to sustain their N levels for a short

time after flushing. Perhaps their current foliage sink is

initially less demanding or maybe other nutrient sources

are able to buffer the requirements from year-old needles.

Contents of mobile nutrients in older needles remain at

depressed levels unless or until available supplies exceed

demands of current foliage and twigs. As the season pro-

gresses, renewed root and increased cambial growth again

compete for available nutrients.

Immobile nutrients continue to accumulate in both current

and year-old foliage. Since Ca and Mn are apparently rarely

limiting in Douglas-fir, their gradual build-up in year-old

needles (and reportedly in older foliage too) probably re-

flects "passive accumulation" - e.g., binding of Ca as

calcium oxalate - as they are transported in the transpir-

ational stream.

Although effects are highly variable from year to year and

site to site, in the Douglas-fir region drought generally

exerts progressively more affect on foliar nutrient status

from mid summer until fall rains begin. During periods of

137
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drought, reduced net photosynthesis may result in a decline

in foliage dry weight which, in turn, can result in a corres-

ponding increase in nutrient concentrations. Since the drought

also depresses growth in general, the reduced strengths of the

various sinks probably results in less transfer of mobile

nutrients from storage sites. Nutrient uptake is likewise

decreased from dry soils. Consequently, foliar nutrient con-

tents may remain relatively static or change only slowly.

Abrupt, late sutmner fluctuations in both immobile and readily

transferable nutrients may be caused by vagaries of weather.

Rainfall can change foliar nutrient values by washing dust

deposits from leaves, leaching elements from the foliage, in-

creasing net photosynthesis and dry weights (hence reducing

concentrations) and by increasing nutrient availability and

uptake. However, in the current study, rapid changes were not

generally consistent for the three provenances at a given

plantation, somewhat discounting the theory of weather effects.

On drought stressed sites, recovery of the N content in year-

old needles is delayed until the drought is alleviated. On

more mesic sites or during seasons with more favorable mois-

ture regimes, recovery may be related to the photosynthetic

compensation point in the current foliage. This event marks

the end of the carbohydrate sink and may reflect a substantial

decrease in the nutrient sink as well.

Selection of the Most Appropriate Time(s) to Sample

Two factors must be considered in deciding upon the best time(s) to

sample foliage for operational foliar analyses purposes: the temporal

stability of foliar element levels and the sensitivity of these values

in relation to growth parameters.

Stability in Foliar N Levels

Figures 13, 14 and 15 and 19, 20 and 21 also illustrate the relative,

temporal stability of average N concentrations and contents during the

growing season. Obviously, smaller changes between sampling dates in-

dicate more stable N levels.
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These graphs show that N contents were relatively more stable than con-

centrations at MacDonald Forest and Molalla, while there was little dif-

ference at Stump Farm. However, except for the period beginning about

3 weeks after flushing through the last sampling at Stump Farm and

MacDonald Forest, the rate of change of N levels in year-old foliage

seems to be too great to recommend sampling for normal, Ttoperational'

foliar analyses. Still, this tentative conclusion must be qualified by

the assumption, suggested by the literature but unfortunately untested

for the current study material, that the N levels are considerably more

stable with time during the dormant season.

Two statistics were calculated in an attempt to further define the

scope of the growing season N variation.

Sequential, paired sampling date correlation coefficients, calcu-

lated across the three provenances at each plantation, are presented in

Table 40. These data indicate the uniformity of change in foliar N

levels for all 15 trees sampled at each plantation. Logically, more

variability (lower r values) is evident near bud break since general

physiological activity is increased at this time. On the other hand,

these values also reflect some variation in phenological development

since the data were not interpolated to correct for phenology, but were

rather based upon actual sampling date for ease of computation.

Note that neither concentration nor content correlations are con-

sistently superior. Further, contrary to expectations, notice that a

consistent trend in correlations is not evident for year-old foliage N

during the latter part of the season. Improving correlations with mat-

uring current foliage are apparent at Stump Farm and MacDonald Forest,

while the opposite trend developed for Nolalla (Table 40). Reasons for

these site related differences remain obscure.

Coefficients of variation, calculated for each provenance at each

plantation for all sampling dates, including 1969, 1971 and 1972 col-

lections, are listed in Table 41. A trend of decreasing variability

from July, 1972 onward may be present, but its weakness renders any in-

terpretation questionable. In fact, perhaps the most significant rele-

vation from Table 41 is the absence of a consistent pattern of N con-

centration variability near bud break, 1972 compared to the dormant



Table 40. Simple correlation coefficients between sequential sampling dates for foliar N concentrations
and contents at three plantations.

Critical r: (0.05, 13 d.f.) ±.5l4; (0.01, 13 d.f.) ±.64l

Sampling Date Contrasts Foliar
Year N Concentration (% DW) N content (mg/lOG needles)

Stump
Farm

MacDonald
Forest Molalla

Stump
Farm

MacDonald
Forest Nolalla

April 7 - April 21 1971 .999 .941 .750 .947

April 21 - May 5 1971 .997 .950 .877 .913

May S - May 19 1971 .848 .939 .868 .959

May 19 - June 2 1971 .895 .749 .755 .912

May 25 - June 2 1971 .872 .963

June 2 - June 16 1971 .940 .897 .935 .888 .986 .919

June 16 - June 30 1971 .915 .946 .848 .885 .884 .960

June 30 - July 14 1971 .965 .803 .969 .915 .886 .935

1972 .838 .676 .918 .880

July 14 - July 28 1971 .911 .787 .878 .944 .803 .935

1972 .881 .827 .672 .853 .918 .852

July 28 - August 10 1971 .913 .778 .954 .907 .778 .753

1972 .955 .852 .839 .958 .916 .691

August 10 - August 25 1971 .907 .831 .902 .923 .898 .894

1972 .960 .913 .837 .970 .958 .655

August 25 - September 8 1971 .722 .901 .802 .897 .936 .716

1972 .962 .931 .840 .980 .942 .632

September 8 - September 22 1971 .788 .754

1972 .747 .574



Table 41. Foliar N concentration coefficients of variation by plantation, provenance and sampling date.

Sampling Date Foliage
Year Stump Farm MacDonald Forest Molalla

Nimpklsh SheltoO Medford Nimpkish Shelton Medford Nimpkish Shelton Nedford

Fall, 1969 1969 4.57 8.71 9.28 9.38 6.21 10.37 7.68 21.22
10.86

16.31
5.83

June, 1971 1970 9.10 8.58 11.71 6.75 11.02 7.81 6.71

July, 1971 1970 7.72 12.56 12.52 6.47 10.56 7.41

July, 1971 1971 12.25 19.13 12.12 11.12 6.41 12.07
15.88 13.73

August, 1971
August, 1971

1970
1971

10.87
8.36 14.95

5.94

4.37
15.24

September, 1971 1970 5.53 3.68 14.34 5.78 10.59 10.98 8.58
9.75 13.78 7.23

S.ptember, 1971 1971 7.94 9.74 4.49 4.62 11.06 19.59

April 1, 1972 1971 4.16 9.30 11.46 7.40 10.31 13.79

April 21, 1972 1931 5.35 10.27 8.58 8.68 11.89 11.75

May 5, 1972 1971 4.68 5.01 11.01 10.40 13.56 11.26

May 19, 1972 1971 3.55 9.89 11.36 8.80 9.76 9.40
6.91 9.52 5.63

May 24, 1972 1971
8.70 5.57

June 2, 1972 1971 5.30 12.28 4.84 12.40 9.16 7.45 10.06
8.29 8.08

June 16, 1972 1971 4.78 7.90 2.61 10.23 8.58 7.44 9.87
6.82 7.97

June 30, 1972 1971 1.34 8.87 4.70 8.63 9.04 7.96 11.43

June 30, 1972 1912 14.87 12.15 6.55 7.68 15.29 9.23
6.94 6.41

July 14, 1972 1911 6.11 8.11 5.43 5.89 11.52 5.52 9.29
6.87 5.68

July 14, 1972
July 28, 1972

1972

1971

13.97
2.47

9.18
5.69

9.20
6.34

9.85
6.18

11.98
9.18

16.06
5.84

8.43
13.16 7.40

9.91

6.40
13.27

July 28, 1972 1972 10.31 6.31 9.54 9.30 8.12 9.44 7.28
12.82 8.39 5.09

August 10, 1972
August 10, 1972

1971

1972

2.98
10.99

7.48
8.35

2.16
7.50

5.66
7.63

6.88
5.45

5.60
11.63 6.87

11.95

10.07
9.19

11.28
7.46

August 25, 1972 1971 4.23 6.01 5.65 4.60 10.18 5.47
5.55 11.43 12.79

August 25, 1912
September 8, 1972
September 8, 1972
September 22, 1972

1972
1971

1972
1971

9.22
4.54
8.01

7.37
5.99
8.10

8.66
4.07
9.17

5.25
6.46
4.18

7.63
8.69

6.00

10.67
5.25

12.39

10.80
6.07

13.68

10.80
11.09
4.14

13.98

6.64
10.11
6.86

10.75
September 22, 1972 1972

1.41

Average, 1972
Average, 1972

1971

1972

4.62
11.23

8.07

8.58

6.57
8.44

7.94
7.42

9.90
9.08

8.06
11.57

11.00
6.94

8.02

10.56
8.91

6.64
10.65
6.14

Bud Sw11, 1972 1971 4.64 8.41 13.44 9.42 13.53 12.24 10.51
8.37 8.30

Bud Break, 1972 1971 6.39 6.61 9.55 11.78

-

10.04 9.81 10.46

Lateral growth complet-
ion, 1972 1972 11.59 6.93 9.18 5.77 6.46 10.81 5.63 10.07 6.58
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"fall", 1969 collection and the near dormant September, 1971 and 1972

samples. Interpolating data to estimate values at bud swell, bud break

and the completion of lateral shoot growth did not consistently improve

coefficients of variation over those for the closest calendar dates when

samples were actually collected.

Comparison of the coefficients of variation (Table 40) with other

summary statistics (Appendix XI) shows that the apparent discrepancies

between coefficients of variation and correlation coefficients are not

simply a result of different N concentration means. Rather, it appears

that those coefficients of variation which were relatively small at bud

break were mainly a result of smaller variances. Correspondingly small

r values can thus be largely attributed to rank changes among the indiv-

idual trees for contrasted sampling dates.

Sensitivity of Foliar N Values in Relation to Growth

Simple correlation coefficients between 1971, 1972 and 1973 height

growth and 1971 and 1972 growing season foliar N levels are listed in

Table 42. Generally, the r values were lower than I anticipated. This

was probably at least partially a result of the low number of trees (15)

sampled per plantation and, within these sampling constraints, the in-

ability to separate out seed source effects in the calculation of cor-

relations. With these limitations in mind, pertinent results from

Table 42 are itemized as follows:

Stump Farm

The best correlation with 1972 growth occurred near the peak of

"recovery" for N concentration following bud break (See Figure 13).

Only 1972 growth exhibited significant correlations and only with

year-old N levels from the 1972 samples.

Concentration correlations were negative and declined with time

after the peak of recovery; content correlations were weakly positive at

first sampling, but generally improved with time.

MacDonald Forest

Several significant r values occurred for 1971 and 1972 height grow-

th, none for 1973.
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The best correlation for both 1971 and 1972 growth occurred with N

concentrations in the current foliage at the latest sampling (September

8, 1972).

In 1972, N content correlations were generally negative and non-

significant; concentration relationships were usually positive and im-

proved during the season.

Molalla

Only 1971 sampling exhibited significant correlations, and only with

1971 growth. Correlations with August, 1971 samples were, however,

better with 1972 and 1973 growth than any 1972 samples.

Despite the low r values in 1972, current foliage N relationships

were consistently stronger than year-old N correlations.

For all plantations, interpolating data for each tree to specific phenol-

ogical events, bud swell, bud break and completion of lateral growth,

improved correlations only slightly when compared to the value for the

calendar sampling date closest to the mean timing of each event.

At Stump Farm, the negative relationship between concentration val-

ues and growth rates and the weak, positive content correlations suggest

source-sink effects. The peak in "recovery" of N concentration approxi-

mates the period of most rapid lateral shoot growth. Consequently, the

maximum, negative correlation of N concentration with 1972 height growth

at this time may reflect differential degrees of demand for N. The

strength of the sink should be associated with growth rate, which would,

in turn, result in the negative relationship with foliar N concentration.

At MacDonald Forest, improving percent dry weight N-growth correla-

tions during the 1972 season may again relate to drought stress. For

example, contents retained weak, negative associations with growth

throughout the 1972 season, implying that N itself may not have actually

been limiting. The significant, negative correlation between the cur-

rent foliar N concentration in July, 1971 and 1972 growth could repre-

sent a dilution effect during that wet year. This possibility supports

the late season, positive r values in 1972, a very dry year. Also, the

slower rate and longer period of growth at MacDonald Forest (See Figure

11 and page 112) may have been associated with gradually improving
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foliar N correlations.

These data again imply that, despite very low foliar levels, factors

other than N may normally limit growth at Molalla. Correlations did not

even approach significance for 1972. However, the 1971 season may have

been an exception, as indicated by significant, positive correlations

for the August, 1971 sample. A longer growing season, beginning with

flushing a week earlier, and the relatively low moisture stress in 1971

(Emmingham, 1974) could have permitted stronger expression of nutrient

stress-growth relationships.

Simple correlation coefficients in Table 42 represent estimations

of relationships at individual, discrete sampling dates, but tree

growth-nutrition relationships are obviously dynamic. Therefore, an

attempt was made to assess the effect of N levels for the entire season

by calculating the area between the curves and the arbitrary levels of

1.10 percent and 1.20 percent dry weight and 0.5 mg N/100 needles. The

area differences between current and year-old foliar N levels were also

determined. Because of the time required to make these calculations,

average values represented in Figures 13, 14, 15 and 19, 20 and 21 were

used instead of individual tree data.

Correlations between these integrated, seasonal N area values and

growth rates are presented in Table 43. Although averaging and compar-

ing data from three different plantations may be partially responsible,

the increased number of significant relationships also indicates in-

creased sensitivity. Note that prediction of 1973 growth was particu-

larly improved; over 80 percent of the variation was explained by the

area above 1.20 percent N in the 1972 growing season.

The concept warrants further investigation. Integration of the

severity and duration of nutrient stress could prove to be a potentially

useful tool for defining site specific relationships between foliar

analyses and productivity.

In conclusion, these results do not suggest an overall optimum

time or period of time to sample. Foliar N levels were variable during

the 1972 growing season, and no strong temporal trends of increasing or

decreasing N stability were evident. Likewise, timing of the best noted
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relationships between terminal growth and seasonal N levels varied among

the plantations and between sampling years. Unless or until a more con-

sistent method of relating growing season nutrient status to growth rate

can be established - such as the integrated-area approach investigated

briefly in the current study - Waring's and Youngberg's recommendation

of sampling during both the active and dormant seasons should be follow-

ed. In recognition of definite site differences and phenological vari-

ation from year to year, "active't sampling should be related to a

specific phenological event(s) such as bud swell, bud break, develop-

ment of fully formed buds, or completion of lateral extension growth.

Accumulation of data according to the concept of a foliar analysis "crop

log", advocated by Richards and Bevege (1972) could prove to be valuable

as a reference for management purposes.

Table 43. Correlations between height growth and the area between
seasonal N curves and standard levels.

Critical r: (0.05, 7df) = ±.666
(0.01, 7df) = ±.797

N Seasonal Area Measurement
1971
Growth

1972
Growth

1973
Growth

Area >1.10%, 1971 foliage .653 .848 .878

Net area, 1.10% N, 1971 foliage .653 .824 .841

Area >1.20% N, 1971 foliage .586 .791 .902

Area <1.20% N, 1971 foliage -.655 -.841 -.835

Net area, 1.20% N 1971 foliage .634 .808 .839

Current - Year-old ZN 1971 foliage .878 .820 .736

Area >0.5 mgN, 1971 foliage .820 .879 .765

Year-old - Current mgN .560 -.622 -.370



OREGON WEST-EAST TRANSECT

The distribution of seed sources sampled from the Reciprocal Prov-

enance Study is principally latitudinal in scope (See Figure 1). How-

ever, in the Douglas-fir Region, the modifying influence of the Pacific

Ocean, coupled with the generally north-south orientation of the Coastal

and Cascade Mountain Ranges, frequently results in much steeper longitu-

dinal than latitudinal environmental gradients.

Griffin's (1974) nursery study of Douglas-fir from seed collected

along logitudinal transects in northern California provides an example

of genetical adaptation to these environmental pressures. Seedlings

from the inner mountain ranges grown at Corvallis were shorter, more

cold hardy, set buds sooner and had a greater capacity to go dormant in

response to moisture stress than seedlings from the coastal fog-belt.

More minor variations in cold hardiness and growth were also related to

elevation within major locations. Griffin argued, logically, that since

the coastline does not run due north-south, distance from the ocean is a

more meaningful standard for such population studies than longitude.

Material which originated from seed collected along a west-east

transect at approximately latitude
440

30' in western Oregon (See Figure

3 and Table 8) provided an opportunity to evaluate the relationship of

foliar nutrient status to elevation and distance from the ocean.

A correlation matrix, incorporating foliar nutrient concentrations,

needle weight, needle length and physiographic variables, distance from

the ocean, elevation and their product, is presented in Table 44.

No significant correlations among nutrients are evident. Although

nutrient content expressions were not calculated, lack of significant

correlations among both foliar concentrations and needle dry weights

suggest that dilution effects may also be relatively minor.

Correlations with distance from the coast are non-significant for

all nutrients, while elevation of seed origin is negatively associated

with foliar Mg. Since elevation and distance are positively related,

their product was also tested for correlation with the other variables.

Needle weight is just significantly related to this product and,
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Table 44. Oregon west-east correlations among foliar nutrient concentrations, needle characteristics
and physiographic variables.

Critical r: (0.05, 21 d.f.) ±0.413

(0.01, 21 d.f.) = ±0.526

N P K Ca Mg

Needle
Weight

Needle
Length Distance Elevation Distance-x-Elevation

N - .076 -.053 .322 .217 -.351 -.141 -.106 -.137 -.174

P - -.062 -.290 .182 -.064 .012 .212 .047 .259

K - .255 -.281 .329 .258 .051 .307 .103

Ca - .002 -.058 -.014 -.275 -. 317 -.374

Mg - -.380 -.283 .226 -.501 -.361

Needle Weight - .564 .241 .333 .418

Needle Length - .037 .187 .324

Distance - .621 .768

Elevation - .893

Distance-x-Elevation
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although Ca exhibits a slight improvement over the best correlation with

these individual physiographic parameters, no correlations with nutri-

ents are significant.

Crooke et al. (1964) reported a positive relationship between

needle length, needle weight, foliar nitrogen content (meq/lOO g of dry

matter) and distance from the coast for lodgepole pine. These para-

meters were also positively related with elevation for "intermediate and

inland" provenances. In contrast with present findings, Kral (1965) re-

ported that Douglas-fir Ca concentrations increased with elevation of

seed source, whereas K decreased. The ratio of Ca/K was positively

related with elevation above sea level.

Correlations between ratios of nutrients and physiographic variables

were also calculated to compare with Kral's (1965) findings. Results are

listed in Table 45.

Table 45. Correlations between nutrient ratios and physiographic
variables.

Nutrient Ratios Distance Elevation Distance-x-Elevation

P/N .276 .121 .347

K/N -.080 .281 .176

Ca/N -.225 -.274 -.315

Mg/N .307 -.357 -.219

K/P -.057 .199 -.055

Ca/P -.273 -.248 -.371

Mg/P -.041 -. 319 -.405

Ca/K -. 316 - .433 -.405

Mg/K .012 -.385 -.251

Mg/Ca .350 .267 .412

Critical r: (0.05, 21 df) = ±0.413
(0.01, 21 df) = ±0.526
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Since individual K and Ca correlations with elevation are opposite

in sign to those reported by Kral (1965), it is not surprising that the

correlation of their ratios with elevation is likewise opposite. It

may be noteworthy, however, that Ca/K does have the highest and the

only significant correlation with elevation. Also notice that Mg/Ca ex-

hibits a relatively high, positive relationship with these physiographic

parameters.

On closer inspection, results of studies by Crooke and coworkers

(1964) and Kral (1965) may be of questionable relevance and are probably

not directly comparable with the current research. As noted previously

(page ), Kral's seven seed sources span almost 4 degrees of latitude

and 10 degrees of longitude, making inferences about elevational effects

suspect. The conclusions on distance from the coast made by Crooke and

others must be interpreted with the realization that provenances from

both Pinus contorta and P.c. var. latifolia S. Wats. are included. The

elevational trend within coastal Pinus contorta is likewise inconclusive

because the six provenances are scattered from southern Oregon to the

middle of the BritishColumbian coast.

Since identity in the Oregon West-East Transect study was maintain-

ed on an open-pollinated, single tree family basis (See Table 8), half-

sib family comparisons were planned. Unfortunately, lack of replication

in the planting design of the arboretum and confounding of provenances

and family effects obviated normal Analysis of Variance tests. Instead,

a more complicated procedure was used.

Families were combined into geographical "groups" with the object-

ive of minimizing foliar N heterogeneity within them. I selected N as

the distinguishing parameter because of its nutritional importance.

Beginning with the two west coast, Newport families, I began calculat-

ing standard errors. Data from the next nearest family(s) were added

and the standard errors recalculated and compared. Adjacent families

were added sequentially until the standard error began to increase; then

the family(s) added from the last location was removed and used to begin

the next group. When the west-east traverse was completed, the process

was repeated in reverse beginning with the Dayville family and working

westward. If a family(s) from a location fit into different groups in
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the two runs, e.g., Lebanon with Corvallis from west to east and with

Sweet Home and Waterloo from east to west, it was assigned to the group

in which it made the largest reduction in standard error - the latter

group in the case of Lebanon.

Initial groups identified by this process are presented in Table

46.

Table 46. Grouping of family locations by foliar N homogeneity.

To some extent, lack of replication also restricts interpretation of

these "groupedtt data. Since definition of groups was based upon minimiz-

ing standard errors, site heterogeneity would tend to limit the size of

groups. Although no soil samples were collected, the site is similar in

physiography and history to the quite variable Stump Farm plantation

located a few miles away. Thus, the number of families per "homogeneous

group" may be conservative. On the other hand, if delimiting of groups

were simply a result of aberrant family values caused by site variability,

Locations
Comprising
the Group

Number of Number of
Observations Families

Mean N
(% DW)

Standard
Errors

Range in:
Miles Elevation

(feet)

Newport
Toledo
Eddyville 19 5 1.41 0.03506 15 250

Burnt Woods
Marys Peak
Blodgett 12 3 1.54 0.05161 6 3,367

Corvallis 12 3 1.41 0.02356

Lebanon
Waterloo
Sweet Home 11 3 1.40 0.04485 10 203

Cascadia
Trout Creek
Upper Soda
Tombstone Pass 20 5 1.27 0.03042 20 2,968

Santiam Pass 4 1 1.54 0.07550

Suttle Lake 7 2 1.63 0.11703

Dayville 3 1 1.32 0.06438
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then more single family "groups" should have been identified. Fortun-

ately, random assignment of family plot location within the arboretum

adds some statistical credibility to the method. In addition, very

similar initial groupings were obtained from the west to east and east

to west progressions, increasing my confidence that the partitioning re-

presents real differences, not merely statistical artifacts.

Notice that the ranges in distance of groups all fall well within

the Reciprocal Provenance Study specifications of a 25 mile radius for

seed sources. However, the groups including Tombstone Pass and Marys

Peak exhibit large elevational ranges. Since these two high elevation

locations improved the standard errors of their groups by relatively

small amounts, I placed them in separate categories. This partition pro-

vides a closer approximation of normal seed transfer practices in west-

ern Oregon.

Summary statistics for this revised classification are presented

for all foliar nutrients in Table 47.

Comparison of coefficients of variation show that N is the least

variable nutrient within groups. However, it must be recalled that the

classification is designed to maximize homogeneity of N within groups

without considering the other nutrients. Hence by definition, the N co-

efficient is biased on the low side. Calcium has by far the largest

group coefficient of variation.

Pooled, sequential t-tests were used to compare significance be-

tween group means for all nutrients. Of course, some non-significant N

differences between contiguous groups are to be expected since their

means can be similar - even identical - but their standard errors mark-

edly different. Thus, I again proceeded west to east, adding groups

previously defined by N standard errors until a significant t-test for

foliar N was obtained. Results of the analyses are presented in Table

48.

A definite geographical pattern is evident in the definition of

groups and in comparison of their means. Group One, from the heavy rain-

fall area of the west coast, has significantly lower foliar N concentra-

tions than Group Two from the eastern slope of the Coast Range Mountains.

Group Two is also significantly higher in N than Corvallis and is almost
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Table 47. Summary statistics

Group Foliar Standard Standard Coefficient

Number Locations Nutrient n Mean Variance Deviation Nrror of Variation

1 Nwport to N 19 1.41 0.02335 0.15282 0.03506 10.84

Eddyville P 0.18 0.00198 0.04445 0.01021 25.13

K 0.45 0.01413 0.11885 0.02727 26.41

Ca 0.37 0.01870 0.13676 0.03137 36.96

Mg 0.16 0.00062 0.02485 0.00570 15.53

2 Burnt Woods N 8 1.60 0.02450 0.15652 0.05534 9.78

and Blodgett P 0.16 0.00091 0.03011 0.01065 19.06

K 0.45 0.00720 0.08485 0.03000 18.86

Ca 0.51 0.02130 0.14594 0.05160 28.62

Mg 0.15 0.00096 0.03091 0.01093 20.61

3 Marys Peak N 4 1.41 0.02753 0.16593 0.08297 11.77

P 0.13 0.00017 0.01315 0.00657 10.04

K 0.60 0.00480 0.06928 0.03464 11.55

Ca 0.32 0.01367 0.11690 0.05845 36.53

Mg 0.14 0.00017 0.01291 0.00645 9.22

4 Corvallis N 12 1.41 0.00666 0.08163 0.02356 5.81

P 0.18 0.00154 0.02927 0.01134 22.23

K 0.39 0.01735 0.13170 0.03802 33.77

Ca 0.28 0.00702 0.08379 0.02419 30.19

Mg 0.17 0.00067 0.02594 0.00749 15.26

5 Lebanon to N 11 1.40 0.02213 0.14875 0.04485 10.63

Sweet Home P 0.14 0. 00080 0. 02823 0.00851 20.16

K 0.46 0.00956 0.09776 0.02948 21.25

Ca 0.39 0.01401 0.11836 0.03568 30.35

Mg 0.17 0.00037 0.01921 0.00579 11.30

6 Cascadia to N 12 1.28 0.02034 0.14263 0.04117 11.16

Upper Soda P 0.16 0.00075 0.02740 0.00791 17.26

K 0.55 0.00946 0.09727 0.02808 17.85

Ca 0.34 0.00817 0.09040 0.02610 26.52

Mg 0.17 0.00086 0.02927 0.00845 17.48

7 Tombstone N 8 1.27 0.01821 0.13495 0.04771 10.63

Pass P 0.17 0.00110 0.03321 0.01174 19.65

K 0.50 0.00797 0.08928 0.03157 17.86

Ca 0.30 0.01986 0.14091 0.04982 46.97

Mg 0.13 0.00036 0.01909 0.00675 14.68

8 Santiam Pass. N 4 1.54 0.02280 0. 15100 0.07550 9.81

P 0.22 0.00212 0.04601 0.02300 20.91

K 0.41 0.00090 0.03000 0.01500 7.32

Ca 0.18 0.00090 0.03000 0.01500 16.67

Mg 0.16 0.00087 0.02944 0.01472 18.40

9 Suttle Lake N 7 1.53 0.09586 0.30962 0.11703 19.00

P 0.17 0.00087 0.02956 0.01117 17.39

K 0.48 0.00600 0.07746 0.02928 16.14

Ca 0.36 0.01380 0.11745 0.04439 32.63

Mg 0.17 0.00065 0.02545 0.00962 14.97

10 Dayville N 3 1.32 0.01243 0.11150 0.06437 8.45

P 0.20 0.00018 0.01323 0.00764 6.62

K 0.42 0.00000 0.00000 0.00000 0.00

Ca 0.28 0.00120 0.03464 0.02000 12.37

Mg 0.18 0.00043 0.02082 0.01202 11.57

TOTAL N 88 1.41 0.01701 0.13042 0.01390 9.25

P 0.17 0.00102 0.03194 0.00340 18.79

K 0.47 0.00728 0.08532 0.00910 18.15

Ca 0.35 0.00820 0.09055 0.00965 25.59

Mg 0.16 0.00058 0.02408 0.00257 15.05
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so in comparison with the nearby, high elevation Marys Peak family. The

central (Corvallis) and eastern (Lebanon to Sweet Home) Willamette Valley

groups have comparable foliar N levels.

Analyses of foliage produced from crosses involving trees 1 and 12

from Newport and Lebanon, respectively, as pollen parents and Corvallis

trees 9 and 10 as both pollen and female parents provides additional in-

formation about the western and central portions of the transect. Table

49 compares half-sib and full-sib family means in foliar N.

Table 49. Foliar N half- and full-sib family means.

Crosses involving Newport and both Corvallis females are inter-

mediate in foliar N concentration between their open-pollinated family

values. The N levels from reciprocal matings of Corvallis trees are

very close to their open-pollinated means, whereas the Lebanon crosses

exceed both parental values. Not unexpectedly, the Corvallis S1 family

is considerably lower in N than any of the five outcrossed populations

involving tree number 9. A similar pattern is present for P, Ca and Mg,

but the self ed family K mean is considerably larger than all others. I

have no explanation for this result. Perhaps study of effects of in-

breeding depression could help illucidate inheritance patterns in foliar

nutrition.

The results from the analysis of controlled crossed families gener-

ally tends to corroborate my foliar N classification of groups (Tables

46 and 47) for this portion of the transect. Once again, however,

plantation design limitations make interpretations tenuous. Because of

lack of replication and small numbers of plants per family, I decided

not to calculate heritability estimates for this material.

Female Parents Male Parents Half-Sib

1 9 10 12 (Open Pollinated)

1 (Newport) 1.58

9 (Corvallis) 1.50 1.25 1.39 1.55 1.41

10 (Corvallis) 1.41 1.42 1.41 1.39

12 (Lebanon) 1.34
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Beginning at the eastern edge of the Willamette Valley to the crest

of the Cascades, change in average group foliar nutrient concentrations

is quite gradual (Table 48).

A sharper change is apparent in the summit area of the Cascades.

Santiam Pass (Group 8) has a highly significantly greater concentration

of foliar N and highly significantly less Ca than Tombstone Pass (Group

7) which is only 200 feet lower in elevation and 12 miles to the west.

From Santiam Pass eastward, the only significant differences are for Ca.

It must be noted, however, that two of these ttgroupst, Santiam Pass and

Dayville, are represented by a single family and Suttle Lake by only

two.

These results provide some interesting similarities to variation in

phenology. In an early test of plants from seven locations along the

transect, Irgens-Moller (1957) discovered that local, Corvallis seedlings

had the earliest mean date of bud burst, significantly different from all

others. High elevation plants from the Cascades were later than all the

rest. Controlled environment chamber studies revealed that bud break of

high elevation plants was under photoperiodic control whereas low elev-

ation populations were not. Irgens-Moller (1958) also found that growth

of 1-0 seedlings from Santiain Pass was much less and growth cessation

earlier than for low elevation seedlings from Eddyville. lie hypothesized

that Corvallis seedlings and the slightly later bud breaking population

from Sweet Home are adapted to avoidance of frequent, severe summer

droughts (Irgens-Moller, 1967).

Lack of weather data from the Coast Range collection areas prevented

Irgens-Moller from interpreting the relatively late bud break of sources

only 20 to 40 miles west of Corvallis. However, Sorensen (1967) report-

ed that annual precipation at Summit was 66 inches, compared to 38 inches

for Corvallis, only about 14 miles to the east. Sorsensen speculated

that the sharp change in phenology between the east foothills of the

Coast Range and the Willamette Valley, noted by Irgen-Moller and sub-

stantiated by his own experiments with seedlings from Burnt Woods and

Corvallis, may be in response to a fairly sharp break in the inland

penetration of oceanic influence.
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Unfortunately, timing of growth events for the intermediate elev-

ation Cascade families, higher elevation Tombstone Pass location and the

east slope Suttle Lake and IJayville sources was not assessed by Irgens-

Moller. However, some sources tested by Sorensen (1967) and chemo-

systematic studies of samples collected from trees growing along the

transect provide some insight as to genecological variation.

In a map presented by von Rudloff (1972), the Santiam Pass, Suttle

Lake and Dayville locations appear to be within "intergradation limits"

for the menziesii and glauca varieties. In a subsequent, more detailed

paper, von Rudloff (1973a) found that the coastal pattern of leaf oil

terpene composition persisted from Foster - i.e., between Sweet Home and

Cascadia (See Table 8 and Figure 3) - to Santiain Pass with no indication

of intermediate patterns. Dayville, on the other hand, was "interior

intermediate", the closest chemical taxon of the pure glauca variety

pattern. Zavarin and Snajberk (1973) similarly concluded that Suttle

Lake and Prineville populations, the latter approximately 45 miles east

of Suttle Lake and 70 miles west of Dayville in the Ochoco Mountains,

were intermediate between pure coastal and pure inland varieties. How-

ever, classifications of individual trees according to sabinene and -

pinene + limonene analyses from cortical samples revealed a ratio of

about two to one, coastal to intermediate phenotypes for Suttle Lake,

compared to a seven to one, inland to intermediate ratio for Prineville.

In a more detailed analysis of Oregon and Californian populations, the

researchers (Zavarin and Snajberk, 1975) concluded that the terpene seg-

regation at Suttle Lake probably resulted from east-to-west gene flow

from the Ochoco Mountains and was not related to a Sierra Nevada race to

the south.

von Rudloff (l973a) stated:

Since Douglas-fir does not grow in the semi-arid
region east of Santiam Pass to the Ochoco National
Forest (Redmond-Prineville area) the bridge across
which gene interchange could take place remains to
be found.

Apparently the author either overlooked the Suttle Lake population and

others even slightly farther east (Sorensen, 1967), or considered them

collectively as the Santiam Pass seed source. The distance of 40 to 45
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miles between the Suttle Lake and Prineville areas, or even 25 miles sug-

gested as the smallest separation between the two ranges (Zavarin and

Snajberk, 1975) should be a relatively effective barrier to gene flow,

although Douglas-fir pollen has been identified much further in distance

from the nearest tree (Zavarin and Snajberk, 1973). Of course, gene ex-

change might have occurred many generations earlier if ranges were

closer together or contiguous. However, additional interpretation would

be required to rationalize the occurence of current phenotypic ratios at

Suttle Lake without continued introgression into nearby populations to

the west. The possibility of artificial establishment of an interior

genotype(s) followed by introgression from this point source(s) was not

considered in any of the publications.

The predominantly coastal, chemical character of the Suttle Lake

population supports findings by Sorensen (1967) in his study of seedling

phenology at a Corvallis nursery. He reported that a provenance from

Metolius, approximately 5 miles northeast of Suttle Lake behaved much

more like seedlings from Santiam Pass than seedlings from the Ochoco

Mountains. The climate at the Metolius source is similar to the Ochocos;

it differs considerably from the high Cascades, Santiam Pass area.

Sorensen (1967) surmised:

This again implies that certain important adaptive
changes in Douglas-fir of western Oregon may be
found to occur at quite a distance from a distinct
geographic feature, such as the crest of a mountain

range.



V. STJIYIHARY AND CONCLUSIONS

The inadequacy of composite sampling for descriptive, intraspecific

studies of variation in foliar elemental levels was illustrated.

An individual tree approach was chosen and a total of 800 single

tree samples, representing 10 trees from 8 provenances at each of

10 plantations, were analyzed.

Provenance effects were highly significant for all nutrients

analyzed (N, P, K, Ca, Mg)., indicating the presence of relatively

strong, genetically controlled geographic variation in Douglas-fir

foliar nutrient status. A slight trend of increasing nutrient

concentration with increasing latitude was apparent; Vancouver

Island, B.C. provenances tended to rank high whereas Medford, Oregon,

the most southerly seed source, ranked last for all nutrients.

These results generally corroborate and extend findings by van den

Driessche (1973). In future research employing foliar analysis,

careful control of seed origin(s) should be mandatory. In oper-

ational work, identification of seed source(s) should also be

practiced. "Wildings" must be identified and excluded from the

sample or sub-sampled for comparison.

With the exception of K, F-values for nutrient concentrations were

considerably greater for plantation than provenance effects. Fol-

jar content expressions and soil nutrient level ANOVAs also exhib-

ited significant plantation differences, illustrating the widely

varying fertility of the ten test sites.

Significant block differences for all foliar concentrations and

contents and for most soil chemical parameters, together with a

variety of interactions, dramatized the heterogeneity of the test

sites. The within plantation interaction terms represent experi-

mental errors which complicated interpretations. To minimize these

errors, future field tests should employ efficient designs which

require minimum acreage. Even with reduced acreage requirements,

environmental uniformity should still be a primary criterion in

selecting sites. I also favor incorporation of clonal material -

159
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e.g., a given clonal line mass produced from a young seedling by

hedging and successive propagation or, as technology permits, by

tissue culture - into progeny and provenance tests to serve as a

quantifier or at least an indicator of site variability.

Significant differences in soil N, Ca and Mg levels associated

with provenances were unexpected. Whether differences resulted

from varied demands on the soil nutrient capital by seed sources

or from varied amelioration of soils by the trees themselves

could not be determined, although Stone and Fisher (1969) did

offer evidence supporting the latter, somewhat novel idea. At

any rate, genetic studies of nutrient cycling rates might prove

enlightening.

The lower mycorrhizal counts, noted on the roots of the Medford

seed source in earlier years (Wright and Ching, 1962; Wright,

1971), tempts speculation about the relationship of these data

to the consistently slow growth rate and low foliar nutrient

levels for this provenance. A follow-up survey of mycorrhizal

associatiOns of selected provenances from plantations represent-

ing a range of soil fertility levels could be interesting. If

selection and breeding for nutrient accumulation and utilization

efficiency does proceed, investigations of mycorrhizal associ-

ations could be an important trait to consider.

Seed sources were significantly different in all physical para-

meters measured except buds per lateral. Needle weight differ-

ences were particularly large and consistent. These genetic

effects should be taken into account in any nutritional study

involving two or more provenances.

Expressing nutrient levels as mg/cm2 of needle area improved cor-

relations with total height over those for concentrations. How-

ever, unless surface area must be measured for other purposes,

the improved sensitivity of this nutrient expression will prob-

ably not be worth the extra labor required. Nutrient contents

per 100 needles and per lateral shoot provided even closer relat-

ionships with height; they should be considered in foliar analysis

work. These expressions should supplement, not replace,
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concentration data in interpretations since concentrations are

still the most frequently reported values. Moreover, percentage

values must be determined in the analytical procedure.

Correlation coefficients, regression analyses and field obser-

vations were used to interpret the fertility regimes of the ten

individual plantations. These data should prove useful in future

interpretations of site productivity differences in the reciprocal

provenance study.

Biweekly sampling during the 1972 growing season revealed consider-

able variation in nutrient patterns among the three provenances

and three plantations studied. The pre-bud break decline and re-

covery in foliar N could not be explained simply as a result of

foliage dy matter increase, as suggested by Tamm (1955). Rather,

a more complicated theory was postulated which incorporated en-

vironmentally stimulated, endogeneous control of phenological

events, associated development of and competition among nutrient

sinks, elemental translocation and uptake, and net photosynthetic

rate.

Drought stress apparently markedly affected growing season nutri-

ent levels and was presumably the cause of eventual decline in

both foliar concentrations and contents at two sites. Abrupt,

late summer fluctuations in both mobile and immobile elements

could not be explained by vagaries of weather; their cause

remains unresolved.

Stability of foliar N levels varied during the growing season with

no strong temporal trends apparent. Although completely comparable

trends during the dormant period were not available, 1969 dormant

sampling and 1972 near-dormant collections did not indicate in-

creased stability, contrary to widely reported findings.

Timing of the maximum height growth-foliar N concentration correla-

tions varied between years and among sites. Integrated, entire

season N values showed improved relationships with growth. The

concept warrants further investigation.

Waring's and Youngberg's (1972) recommendation of sampling during

both the active and dormant season is supported. The active



162

season sample(s) ahould be related to a specific phenological

event(s).

15. Progeny grown from single tree collections along a west-east

transect in Oregon exhibited few significant correlations between

nutrient levels and physiographic variables. Results tend to con-

flict with findings reported by Kral (1965). Partitioning the

transect into segments defined by foliar N homogeneity resulted in

groups which paralleled. phenological variation described by Irgens-

Moller (1957; 1958) and Sorensen (1967).

Collectively, my research indicates that a substantial portion of

the variation in nutrients contained in Douglas-fir foliage may be

genetically controlled. Geographically related differences and tree to

tree variation were both appreciable. These data support the proposition

that definite gains may be possible through breeding for efficiency of

nutrient accumulation and utilization (Bell, 1974).

A second, still pertinent prophesy of Peavy (1933) suggests that the

task should begin forthwith:

Wood played a vital part in subduing to man's use the
natural resources of this nation. Wood has always
been numbered among the necessities of the race. There
is nothing to indicate that it will not be a necessity
even though the form of use may greatly change. Seeing

to it that a wood supply adequate in amount to meet the
reasonable needs of our people, is a national responsi-
bility. Unquestionably the general welfare demands that
the nation do this thing.
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Source of
Variation d.f.

Sum of
Squares

Mean
Squares

F

Ratio
Fc

d.f.

Sign.

Level

Table 1. Foliar N ANOVA.

Provenances 7 0.682126 0.097477 2.92 7,63 **

Plantations 9 14.544715 1.616079 14.89 9,10 **

Blocks/Plant' s 10 1.085010 0.108501 3.25 10,70 **

's-x-Plant' S 63 2.992229 0.047496 1.40 63,70

Prov' s-x-Plant' s-

x-Blocks ('Pooled
Error) 70 2.338.50 0.033400 1.34 70,640 *

Error 640 15.885520 0.024820

Total 799 37.423415

Table 2. Foliar P ANOVA.

Provenances 7 0.305632 0.043662 6.92 7,63 **

Plantations 9 1.630398 0.181155 10.02 9,10 **

Blocks/Plant's 10 0.180850 0.018085 2.86 10,70 **

Prov' s-x--Plant' S 63 0.0326534 0.005183 0.82 63,70

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 0.441972 0.006314 2.17 70,640

Error 640 1.861964 0.002909

Total 799 4.453469

Table 3. Foliar K ANOVA.

Provenances 7 0.010058 0.001437 5.27 7,63 **

Plantations 9 0.058207 0.006467 3.33 9,10 *

Blocks/Plant' s 10 0.019405 0.001941 7.12 10,70 **

Prov' s-x-Plant' s 63 0.011956 0.000190 0.70 63,70

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 0.019077 0.000273 2.20 70,640 **

Error 640 0.079204 0.000124

Total 799 0.197907
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Source of
Variation d.f.

Sum of
Squares

Mean
Squares

F

Ratio
Fc
d.f.

Sign.

Level

Table 4. Foliar Ca ANOVA.

Provenances 7 0.301561 0.043082 9.23 7,63 **

Plantations 9 3.671611 0.407957 17.05 9,10 **

Blocks/Plant's 10 0.239326 0.023933 5.13 10,70 **

Prov's-x-Plant's 63 0.518365 0.008228 1.76 63,70 *

Prov' s-x--Plant' s-

x-Blocks (Pooled
Error) 70 0.326771 0.004668 1.14 70,640

Error 640 2.621712 0.004096

Total 799 7.679346

Table 5. Foliar Mg ANOVA.

Provenances 7 0.020311 0.002902 5.63 7,63 **

Plantations 9 0.319821 0.035536 16.04 9,10 **

Blocks/Plant's 10 0.022161 0.002216 4.30 10,70 **

Prov's-x-Plant's 63 0.041525 0.000659 1.28 63,70

Prov' s-x--Plant' 5-
x-Blocks (Pooled
Error) 70 0.036100 0.000516 1.10 70,640

Error 640 0.296275 0.000463

Total 799 0.736193
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APPENDIX IV

Table 6. Summary statistics of soil chemical properties by plantation.

Chemical
Plantation Property Mean Variance

4.45 0.027333
0.088 0.000380
9.9 10.196000
0.10 0.000520
1.21 0.083833
0.17 0.004958

5.2 0.043336
0.127 0.000636
8.3 7.829364
0.36 0.003670
4.39 1.721082
1.04 0.101169

4.7 0.039832
0.128 0.001527

12.6 42.116206
0.34 0. 002946

1.21 0.231169
0.32 0.109580

4.6 0.152100
0.395 0.020755

16.3 74.356129
0.43 0.017424
6.39 14.945956
0.89 0.230400

4.6 0.007569
0.201 0.003844
8.6 29.855296
0.40 0.040401
1.77 0.595984
0.34 0.034596

5.1 0.005184
0.424 0.002704
4.8 4.464769
0.95 0.017956
3.73 0.693889
1.40 0.082944

Standard Standard Coefficient
Deviation Error of Variation

0.165
0.019
3.193
0. 023

0.290
0.070

0.208
0.025
2.798
0.061
1.312
0.318

0.200
0.039
6.490
0.054
0.491
0.105

0.390
0.144
8.623
0.132
3.866
0.480

0.087
0.062
5.464
0.201
0.772
0.186

0.07 2

0. 052

2.113
0.134
0.833
0.288

0.041
0. 005

0.798
0.006
0. 072

0.018

0.052
0.006
0.7 00

0.015
0.328
0.080

0. 050

0. 010

1.622
0.014
0.123
0.026

0.098
0.036
2.156
0.033
0. 967

0.120

0.022
0.016
1.137
0.050
0.193
0. 047

0.018
0.013
0.528
0.034
0.208
0.072

3.08
22.28

32.13
23.84
23.88
41.73

4.00
19.86
34.98
16.83
29.88
30.58

4.25

30. 53

51.50
15.96
40.59
32.71

8.48
36.49
52.90
30.70
60.50
53.93

1.89
30.85
63.53
50.25
43.62
54.71

1.41
12. 26

44.02
14.11
22.33
20.57
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Chemical Standard Standard Coefficient

Plantation Property Mean Variance Deviation Error of Variation

Molalla pH 4.8 0.046656 0.216 0.054 4.50

N 0.023 0.001225 0.035 0.009 17.24

P 6.7 11.431161 3.381 0.845 50.46

K 0.58 0.103684 0.322 0.081 55.52

Ca 7.64 28.132416 5.304 1.326 69.42

Mg 2.36 5.391684 2.322 0.581 98.39

Stump Farm pH 5.5 0.012321 0.111 0.028 2.02

N 0.173 0.000484 0.022 0.006 12.72

P 4.6 3.048516 1.746 0.437 37.96

K 0.84 0.035721 0.189 0.047 22.50

Ca 4.01 0.345744 0.588 0.147 14.67

Mg 2.49 0.271441 0.521 0.130 20.92

Mac Donald

Forest pH 5.8 0.021187 0.181 0.036 3.12

N 0.258 0.000361 0.091 0.005 7.36

P 7.3 19.669225 4.435 1.109 60.75

K 1.74 0.229441 0.479 0.120 27.53

Ca 24.69 59.581424 7.671 1.930 31.07

Mg 10.64 8.088336 2.844 0.711 26.73

Oakridge pH 5.5 0.037249 0.193 0.048 3.51

N 0.163 0.001369 0.037 0.009 22.70

P 16.9 106.646929 10.327 2.582 61.11

K 0.48 0.017689 0.133 0.033 27.71

Ca 4.64 4.848804 2.202 0.551 47.46

Mg 0.48 0.029929 0.173 0.043 36.04



APPENDIX V

189

Source of
Variation d.f.

Sum of
Squares

Mean F

Squares Ratio

Fc

d.f.

Sign.

Level

Table 7. Soil pH ANOVA.

Provenances 7 25. 570 3.65337 1.04 7,63
Plantations 9 2627.34 291.928 82.95 9,9 **
Blocks/Plant's 1 14.4000 14.4000 4.09 1,63 *

Prov' s-x-Plant' s 63 294. 050 4.66746 1.33 63,63
Prov's-x-Blocks 7 15. 2000 2.17143 .62 7,63
Plant' s-x-Blocks 9 35. 7 250 3.96944 1.12 9,63
Error 63 221.675 3.51865

Total 159 3233.98 20.3395

Table 8. Soil N ANOVA.

Provenances 7 290.700 41.5286 2.85 7,63 **
Plantations 9 18282.1 2031.34 139.40 9,9 **
Blocks/Plantt s 1 0.62500 0.62500 0.04 1,63
Prov' s-x-Plant' s 63 3268.30 51.8778 3.56 63,63 **
Prov' s-x-Blocks 7 104.375 14.9107 1.02 7,63
Plantt s-x-Blocks 9 415.125 46.1250 3.17 9,63 **
Error 63 917.875 14. 5694

Total 159 23279.1 146. 409

Table 9. Soil P ANOVA.

Provenances 7 239.500 34.2143 1.25 7,63
Plantations 9 2754.15 306.017 11.29 9,9 **

Blocks/Plant's 1 27.2250 27.2250 1.00 1,63
Prov' s-x--Plant' s 63 2147.75 34.0913 1.26 63,63
Pray' s-x--Blocks 7 173.475 24.7821 0.91 7,63
Plant' s-x-Blocks 9 348.525 38.7250 1.43 9,63
Error 63 1707.78 27. 1075

Total 159 7398.40 46. 5308
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Source of
Variation d.f.

Sum of
Squares

Mean
Squares

F

Ratio
Fc
d.f.

Sign.

Level

Table 10. Soil K ANOVA.

Provenances 7 4451.30 635. 900 2.06 7,63
Plantations 9 309151.0 34350.1 111.46 9,9 **
Blocks/Plant's 1 2528.10 2528.10 8.20 1,63 **
Prov' s-x-Plant' S 63 26768.3 424.8 94 1.38 63,63
Prov' s-x-Blocks 7 1347.70 192.529 0.62 7,63
Plant' s-x--Blocks 9 15893.0 1765.89 5.73 9,63
Error 63 19414.2 308.162

Total 159 379554.0 2387.13

Table 11. Soil Ca ANOVA.

Provenanc es 7 15071.8 2153.11 3.39 7,63 **
Plantations 9 6869.53 76328.1 120.20 9,9 **
Blocks/Plant' s 1 9579.02 9579.02 15.08 1,63 **
Prov' s-x-Plant' s 63 59937.5 951.388 1.50 63,63 *

Prov' s-x-Blocks 7 6225.17 889.311 1.40 7,63
Plant' s-x-Blocks 9 34862.5 3873.61 6.10 9,63 **
Error 63 40005.3 635.005

Total 159 852634.0 5362.48

Table 12. Soil Mg ANOVA.

Provenances 7 1450.07 207.154 3.39 7,63 **
Plantations 9 141988.0 15776.5 258.62 9,9 **

Blocks/Plant's 1 1020.10 1020.10 16.72 1,63 **
Prov' s-x-Plant' s 63 8504.68 134.995 2.21 63,63 **
Prov' s-x-Blocks 7 832.600 118.943 1.93 7,63
Plant' s-x-Blocks 9 5721.40 635. 711 10.40 9,63 **
Error 63 3844.90 61. 0302

Total 159 163362.0 1027.43
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Source of
Variation d.f. Sum of Squares Mean Squares

F Fc Sign.

Ratio d.f. Level

Table 13. Needle Length ANOVA.

Provenances 7 6. 898788 0.985541 7.57 7,63 **

Plantations 9 66.697118 7.410791 29.59 9,10 **

Blocks/Plant's 10 2.504655 0.250466 1.92 10,70

Prov' s-x-Plant' s 63 11.448502 0.181722 1.40 63,70

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 9.116905 0.130242 1.05 70,640

Error 640 79. 474327 0.124179

Total 799 176.14053

Table 14. Needle WeightANOVA.

Provenances 7 0.169194 0.024171 68.60 7,63 **

Plantations 9 0.775373 0.086153 35.47 9,10 **

Blocks/Plant's 10 0.024289 0.002429 1.33 10,70

Prov' s-x-Plant' S 63 0.107455 0.001706 0.93 63,70

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 0.127990 0.001828 1.22 70,640

Error 640 0.956820 0.00150

Total 799 2.161117

Table 15. Lateral Length ANOVA.

Proveriances 7 2612.5350 373.21929 4.36 7,63 **

Plantations 9 99052. 130 11005.792 75.69 9,10

Blocks/Plant's 10 1454.125 145. 41250 1.70 10,70

Prov' s-x-Plant' s 63 9159. 8900 145. 39508 1.70 63,70 *

Prov' s-x-Plant' s--

x-Blocks (Pooled
Error) 70 5991. 675 85. 595 36 2.02 70,640 **

Error 640 27141.5995 42. 40875

Total 799 145411.95
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Variation

Table 16. Needles per Lateral ANOVA.

d.f. Sum of Squares
F Fc Sign.

Mean Squares Ratio d.f. Level
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Provenances 7 388654.03 55522. 005 11.95 7,63 **

Plantations 9 2827545.1 314171.67 27.85 9,10 **

Blocks/Plant's 10 112807.18 11280.718 2.43 10,70 *

Pray' s-x-Plant' S 63 445972.68 7078. 9315 1.52 63,70 *

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 325328.92 4647 . 556 1.58 70,640 **

Error 640 1877124.9 2933.008

Total 799 5977432.7

Table 17. Needles per cm of Lateral ANOVA.

Provenances 7 192.10618 27.44374 3.81 7,63 **

Plantations 9 4185. 2225 465.02473 30.58 9,10 **

Blocks/Plant's 10 152. 08060 15.208060 2.11 10,70 *

Prov' s-x-Plant' s 63 680. 91431 10.808164 1.50 63,70
Prov' s-x--Plant' s-

x--Blocks (Pooled
Error) 70 504.5390 7.20770 1.24 70,640

Error 640 3713. 0048 5.80157

Total 799 9599.9873

Table 18. Buds per Lateral ANOVA.

Provenances 7 125. 52209 17.931727 1.29 7,63

Plantations 9 10566. 240 1174.0267 53.81 9,10 **

Blocks/Plant's 10 218.16400 21.816400 1.57 10,70

Prov' s-x--Plant' s 63 1077.0073 17.095334 1.23 63,70

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 973.15688 13. 90224 70,640 *

Error 640 5789. 96947 9.04680

Total 799 18750. 330
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Source of
Variation d.f. Sum of Squares Mean Squares

P Fc
Ratio d.f.

Sign.

Level

Table 19. Buds per cm of Lateral ANOVA.

Provenances 7 0.146381 0.020912 2.92 7,63 **
Plantations 9 3. 192664 0.354740 25.59 9,10 **
Blocks/Plant' s 10 0.138611 0.013861 1.93 10,70
Prov' s-x-Plant' s 63 0. 47 9366 0.007609 1.06 63,70
Prov' s-x--Plant' s

x-Blocks (Pooled
Error) 70 0.501500 0.007164 0.96 70,640

Error 640 4. 773355 0.007458

Total 799 9.231877

Table 20. Total Height 1970, ANOVA.

Provenances 7 119310.9 170455.84 6.15 7,63 **

Plantations 9 22859301.0 2539922.3 88.86 9,10 **
Blocks/Plant's 10 285839.33 28583.933 1.03 10,70
Provt s-x-Plant' S 63 1893694.4 30058.658 1.08 63,70
Prov' s-x-Plant' s

x-Blocks (Pooled
Error) 70 1941681.26 27738.304 2.01 70,640 **

Error 640 8853695.59 13833.899

Total 799 37027403.6
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Variation d.f.

Sum of
Squares

Mean
Squares
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Fc
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Sign.
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Table 21. mg N per 100 Needles ANOVA.

Provenances 7 3. 407435 0.486776 6.25 7,63 **
Plantations 9 46. 217 356 5.135262 31.02 9,10 **

Blocks/Plant's 10 1.655225 0.165523 2.13 10,70 *

Prov' s-x-Plant' s 63 5.006671 0.079471 1.02 63,70
Prov' s-x-Plant' s

x-Blocks (Pooled
Error)

70
5.452020 0.077886 1.27 70,640

Error 640 39.121920 0.061128

Total 799 100.401310

Table 22. tug P per 100 Needles ANOVA.

Provenance s 7 0.056975 0.008139 1.40 7,63 **

Plantations 9 0. 707 766 0.078641 5.94 9,10 *

Blocks/Plantt s 10 0.132440 0. 013244 2.28 10,70
Prov' s-x--Plant' S 63 0.315655 0.005010 0.86 63,70 **

Prov' s-x-Plant' s

x-Blocks (Pooled
Error) 70 0.406279 0.005804 1.67 70,640

Error 640 2.22083 0.003472

Total 799 3.83945

Table 23. tug K per 100 Needles ANOVA.

Provenances 7 0.545787 0. 077 970 2.75 7,63 *

Plantations 9 8. 433748 0.937083 12.66 9,10 **

Blocks/Plant's 10 0.740424 0.074042 2.61 10,70 **

Prov' s-x-Plant' S 63 1.470633 0.023343 0.82 63,70
Prov' s-x-Plant' S

x-Blocks (Pooled
Error) 70 1.985480 0.028364 1.69 70,640 **

Error 640 10.730240 0.016766

Total 799 23.906378
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Source of
Variation d.f.

Sum of
Squares

Mean
Squares

P

Ratio
Fc

d.f.

Sign.

Level

Table 24. mg Ca per 100 Needles ANOVA.

Provenances 7 0.087216 0.012459 10.45 7,63 **

Plantations 9 3. 3065 28 0.356281 21.10 9,10 **

Blocks/Plant's 10 0.168817 0.016882 14.16 10,70 **

Prov' s-x-Plant' s 63 0.323040 0.005128 4.30 63,70 **

Prov' s-x--Plant' s

x-Blocks (Pooled
Error) 70 0.083440 0.001192 0.52 70,640 **

Error 640 1.464960 0.002289

Total 799 5.433855

Table 25. tug Mg per 100 Needles ANOVA.

Provenance s 7 0.015621 0.002232 6.71 7,63 **

Plantations 9 0.220164 0.024463 25.16 9,10 **

Blocks/Plant' s 10 0. 009724 0.000972 2.92 10,70 **

Prov' s-x-Plant' s 63 0.040918 0.000649 1.95 63,70 **

Prov' s-x-Plant' s

x-Blocks (Pooled
Error) 70 0.023310 0.000333 0.91 70,640
Error 640 0.233600 0.000365

Total 799 0. 543369
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Source of
Variation d.f.

Sum of
Squares

Mean
Squares

F

Ratio
Fc

d.f.

Sign.
Level

Table 26. mg N per cm of Lateral ANOVA.

Provenances 7 0.016618 0.002374 6.29 7,63 **

Plantations 9 0.089286 0.009921 8.18 9,10 **

Blocks/Plant's 10 0.012126 0.001213 3.21 10,70 **

Prov's-x--Plant's 63 0.028716 0.000456 1.21 63,70

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 0.026390 0.000377 1.15 70,640

Error 640 0.210560 0.000329

Total 799 0. 383469

Table 27. mg P per cm of Lateral ANOVA.

Provenances 7 0.000444 0.000015 1.73 7,63

Plantations 9 0.006624 0.000736 9.67 9,10 **

Blocks/Plant's 10 0.000761 0.000076 2.07 10,70 *

Prov's-x-Plant's 63 0.001553 0.000025 0.67 63,70

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 0.002568 0.000037 1.83 70,640 **

Error 640 0.012820 0.000020

Total 799 0.024776

Table 28. mg K per cm of Lateral ANOVA.

Provenances 7 0.001695 0.000242 1.31 7,63

Plantations 9 0.029322 0.003258 2.87 9,10

Blocks/Plant's 10 0.011369 0.001137 6.14 10,70 **

Prov's-x-Plant's 63 0.007407 0.000118 0.63 63,70

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 0.012950 0.000185 70,640

Error 640 0.075712 0.000118

Total 799 0.138464
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Variation d.f.

Sum of
Squares

Mean
Squares

F

Ratio
Fc

d.f.

Sign.
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Table 29. mg Ca per cm of Lateral ANOVA.

Provenances 7 0.00554 0.000079 3.42 7,63 **

Plantations 9 0.012237 0.001360 9.57 9,10 **

Blocks/Plant's 10 0.001421 0.000142 6.13 10,70 **

Prov's-x-PlantTs 63 0.002405 0.000038 1.65 63,70 *

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 0.016226 0.000023 1.00 70,640

Error 640 0.014835 0.000023

Total 799 0.033075

Table 30. mg Mg per cm of Lateral ANOVA.

Provenances 7 0.00067 0.000010 3.13 7,63 **

Plantations 9 0.000735 0.000082 6.36 9,10 **

Blocks/Plant's 10 0.000128 0.000013 4.22 10,70 **

Prov's-x-Plant's 63 0.000246 0.000004 1.28 63,70
Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 0.000214 0.000003 0.95
Error 640 0.002056 0.000003

Total 799 0.003444
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Source of
Variation d.f.

Sum of
Squares

Mean
Squares

F

Ratio
Pc
d.f.

Sign.

Level

Table 31. mg N per Lateral Shoot ANOVA.

Provenances 7 8956520 1279503 1.24 7,63
Plantations 9 11237778200 124864240 36.38 9,10 **

Blocks/Plant's 10 34324415 3432442 3.34 10,70 **

Prov' s-x-Plant' s 63 116714030 1852604 1.80 63,70 **

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 7200356 1028622 1.47 70,640 **

Error 640 446405831 697509

Total 799 1802182500

Table 32. mg P per Lateral Shoot ANOVA.

Provenances 7 1388859 198408 4.32 7,63 **

Plantations 9 10448892 1160988 5.96 9,10 **

Blocks/Plant's 10 1949489 194949 4.24 10,70 **

Prov' s-x-Plant' s 63 4805854 76283 1.66 63,70 *

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 3216464 45949 1.47 70,640 **

Error 640 20054848 31335

Total 799 41864409

Table 33. mg K per Lateral Shoot AN0VA.

Provenances 7 5189613 741373 1.89 7,63
Plantations 9 20044798 22271998 14.38 9,10 **

Blocks/Plantt s 10 15491111 1549111 3.94 10,70 **

Prov' s-x-Plant' s 63 28469755 451901 1.15 63,70
Prov' s-x-Plant' s-.

x-Blocks (Pooled
Error) 70 27504798 392926 1.75 70,640 **

Error 640 143608976 224389

Total 799 420712230
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Source of
Variation d.f.

Sum of
Squares

Mean
Squares

F

Ratio
Fc

d.f.

Sign.

Level

Table 34. mg Ca per Lateral Shoot ANOVA.

Provenances 7 1418212 202602 5.58 7,63 **

Plantations 9 71396596 7932955 18.10 9,10 **

Blocks/Plantts 10 4382967 438297 12.07 10,70 **

Prov's-x-Plant's 63 6732945 106872 2.94 63,70 **

Prov' s-x-Plant' s-

x-Blocks (Pooled
Error) 70 2542143 35316 1.08 70,640
Error 640 21586562 33729

Total 799 108059430

Table 35. mg Mg per Lateral Shoot ANOVA.

Provenances 7 149769 21396 5.41 7,63 **

Plantations 9 6715408 746156 21.59 9,10 **

Blocks/Plant's 10 345559 34556 8.74 10,70 **

ProvTs-x-Plant's 63 873663 13868 3.51 63,70 **

Prov' s-x-Piant' s-

x-Blocks (Pooled
Error) 70 276660 3952 0.85 70,640

Error 640 2968156 4638

Total 799 11329216
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Table 36. Seasonal Variation in P, K, Ca, Mg, Mn and Zn Concentrations (Percent Dry Weight).

Nutrient

Sampling Date

Plantation Seed Source
Foliage Year

April 7 April 21 May S May 19 May 24 June 2 June 16 JunO 30

1971 1971 1971 1971 1971 1972
July 14

1971 1972
July 28
1971 1972

Aug.

1971

10 Aug.
1972 1971

25
1972

Sept.
1971

3

1972
Sept.

1971
22

1972
1971 1971 1971

Stump Farm Nimpklsh .158 .158 .180 .171 .144 .157 .150 .135 .167 .135 .133 .144 .147 .147 .136 .152 .146 .155

Shelton .107 .115 .116 .100 .091 .097 .087 .077 .076 .072 .093 .090 .086 .068 .093 .076 .100 .077

Mcdford .144 .131 .154 .123 .091 .090 .094 .111 .092 .118 .102 .116 .093 .115 .091 .111 .092 .105

MacDonald Nmpkish .116 .116 .120 .123 .105 .091 .100 .082 .100 .089 .110 .082 .128 .105 .099 .086 .091 .087

Forest Shelton .124 .142 .141 .148 .129 .152 .148 .096 .174 .102 .151 .106 .152 .123 .143 .128 .147 .108

Nedord .134 .144 .143 .139 .128 .113 .111 .105 .135 .108 .136 .140 .151 .119 .137 .111 .119 .111

Molalla Nltiipkish .112 .104 .092 .102 .107 .091 .115 .104 .133 .103 .112 .101 .118 .104 .116 .102

Shelton .090 .087 .083 .090 .090 .097 .107 .104 .102 .094 .100 .094 .102 .090 .083 .083

Lledford .096 .092 .096 .098 .111 .089 .139 .116 .141 .L06 .142 .105 .113 .101 .138 .112

K Stump Farm Nlmpkish .513 .450 .542 .527 .537 .523 .562 .512 .679 .499 .627 .672 .741 .737 .704 .774 .798 .907

Shelton .432 .370 .445 .392 .395 .327 .493 .266 .544 .282 .496 .375 .439 .375 .451 .453 .458 .386

Medford .448 .415 .500 .472 .447 .440 .533 .499 .604 .666 .672 .743 .716 .861 .713 .716 .830 .800

MacDonald Nfmpkish .378 .370 .396 .315 .326 .323 .311 .282 .363 .287 .410 .398 .458 .415 .397 .407 .401 .423

Forest Shelton .344 .319 .362 .448 .382 .319 .418 .314 .472 .401 .423 .433 .394 .462 .372 .449 .451 .469

Medford .441 .373 .434 .430 .359 .413 .354 .417 .393 .358 .416 .575 .444 .474 .433 .540 .479 .548

Molalla Nimpkish .380 .335 .318 .300 .207 .273 .242 .323 .271 .303 .301 .351 .310 .431 .314 ,416

Shelton .219 .217 .228 .204 .203 .169 .201 .217 .166 .228 .198 .269 .256 .311 .238 .297

Medford .219 .314 .275 .258 .261 .332 .350 .361 .280 .323 .332 .399 .307 .381 .330 .401

Ca Stump Farm Nimpkish .559 .584 .650 .767 .733 .808 .691 .176 .805 .239 .790 .235 .878 .313 .745 .320 .694 .371

Shelton .233 .276 .309 .365 .367 .371 .419 .110 .349 .108 .345 .158 .310 .121 .297 .136 .349 .146

Nedford .330 .386 .471 .502 .441 .517 .552 .111 .506 .165 .533 .194 .512 .208 .468 .235 .483 .226

MacDonald Nimpklsh .264 .282 .292 .356 .36 .330 .337 .137 .374 .117 .426 .159 .347 .182 .305 .119 .311 .124

Forest Shelton .194 .234 .234 .266 .237 .285 .271 .112 .319 .101 .373 .137 .275 .156 .258 .131 .258 .120

Mediord .265 .267 .308 .341 .293 .291 .311 .155 .336 .132 .387 .1.68 .435 .165 .275 .139 .319 .135

Molalla Niapklsh .200 .195 .211 .261 .233 .058 .252 .057 .252 .106 .205 .092 .220 .091 .226 .097

SheLton .146 .153 .164 .211 .205 .053 .143 .062 .178 .101.. 172 .080 .180 .078 .16.3 .088

Medford .154 .216 .172 .218 .227 .054 .248 .058 .252 .050 .170 .073 .183 .075 .207 .089
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Nutrient Plantation Seed Source
Foliage Year

Sampling Date

April 7 April 21 May 5 May 19 May 24 June 2 June 16
1971 1971 1971 1971 1971 1971

June 30
1971 1972

July 14
1971 1972

July 28
1971 1972

Aug.
1971

10
1972

Aug.

1971

25

1972

Sept. 8
1971 1972

Sept.
1971

22

19721971

Mg Stump Farm Nimpkish .159 .153 .165 .172 .149 .139 .136 .067 .161 .083 .147 .092 .133 .112 .123 .120 .146 .138

Shelton .079 .113 .082 .088 .076 .063 .066 .046 .060 .046 .067 .061 .061 .051 .061 .059 .081 .067

Nediord .106 .106 .110 .094 .105 .103 .104 .024 .090 .054 .097 .066 .093 .078 .091 .084 .108 .085

MacDonald Niapkish .100 .077 .084 .096 .083 .075 .082 .068 .071 .048 .083 .052 .075 .053 .067 .052 .078 .058

Forest Shelton .076 .079 .074 .079 .067 .070 .063 .043 .075 .042 .076 .048 .069 .051 .070 .054 .069 .057

Medford .108 .091 .107 .107 .089 .080 .083 .052 .080 .054 .096 .064 .104 .064 .080 .065 .100 .067

Molalla Nimpkish .056 .058 .053 .053 .055 .032 .052 .036 .049 .053 .048 .038 .050 .039 .051 .042

Shelton .040 .040 .041 .038 .035 .026 .038 .029 .038 .030 .031 .030 .040 .031 .035 .034

Medford .058 .059 .055 .055 .064 .033 .077 .037 .065 .033 .051 .035 .056 .036 .065 .041

Mn Stump Farm Nimpkish .089 .086 .102 .122 .076 .145 .126 .021 .160 .029 .143 .030 .148 .035 .112 .048 .143 .062

Shelton .032 .03(1 .037 .051 .049 .047 .060 .012 .053 .013 .058 .020 .046 .016 .048 .018 .064 .024

Medford .027 .027 .053 .051 .054 .078 .090 .013 .068 .017 .067 .020 .064 .026 .071 .028 .078 .032

MacDonald Nlmpkish .015 .013 .015 .018 .019 .015 .018 .005 .018 .006 .018 .006 .018 .007 .015 .006 .016 .006

Forest Shelton .011 .012 .012 .016 .012 .016 .014 .005 .018 .005 .016 .006 .015 .008 .015 .007 .015 .007

Medford .016 .017 .020 .024 .021 .019 .019 .007 .022 .008 .024 .008 .024 .009 .015 .009 .022 .008

Molalla Niapkish .036 .038 .061 .066 .049 .011 .046 .014 .043 .013 .039 .017 .060 .016 .054 .018

Shelton .024 .025 .025 .028 .025 .006 .024 .007 .028 .009 .032 .009 .040 .010 .035 .013

Medford .032 .033 .048 .058 .044 .010 .056 .012 .046 .013 .040 .014 .049 .014 .070 .018

Zn Stump Farm Nimpkish .027 .013 .025 .028 .016 .025 .017 .016 .014 .011 .01.3 .013 .004 .016 .007 .007 .036 .011

Shelton .009 .011 .010 .009 .010 .005 .008 .009 .008 .005 .006 .003 .002 .005 .004 .003 .005 .005

Medford .010 .008 .014 .016 .012 .013 .013 .013 .006 .007 .006 .006 .00 .007 .003 .005 .017 .007

MacDonald Nimpkish .009 .007 .011 .013 .014 .011 .005 .008 .009 .007 .001 .001 .002 .001 .006 .004 .012 .005

Forest Shelton .012 .013 .013 .009 .012 .012 .007 .007 .012 .011 .001 .005 .009 .005 .011 .006 .009 .008

Medford .012 .015 .021 .022 .027 .015 .010 .008 .018 .014 .003 .001 .007 .002 .010 .012 .009 .011

Molalla Nimpkish .014 .020 .020 .016 .024 .011 .002 .002 .007 .006 .022 .011 .014 .006

Shelton .010 .009 .011 .006 .012 .011 .002 .001 .005 .009 .008 .015 .005 .004

Medford .013 .015 .014 .011 .016 .015 .004 .001 .001 .008 .008 .009 .010 .009 .005
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Figure 13. Seasonal variation in foliar Mn.
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Table Farm Seasonal N Concentration Summary Statistics.37. Stump
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Date
Foliage

2
Provenance Year X S s SE C of Var.

Dec. 31, 1969 Nimpkish 1969 1.67 .00583 .0764 .0341 4.57

Shelton 1969 1.56 01845 .1358 .0607 8.71

Medford 1969 1.54 02043 .1429 .0639 9.28

June 10, 1971 Nimpki sh 1970 1.50 01862 .1365 .0610 9.10

Shelton 1970 1.31 01263 .1124 .0503 8.58

Medford 1970 1.30 .02318 .1523 .0681 11.71

July 10, 1971 Nimpki sh 1970 1.36 .01103 .1050 .0470 7.72

Shelton 1970 1.28 .02585 .1608 .0719 12.56

Medford 1970 1.29 02608 .1615 .0722 12.52

Nimpki sh 1971 1. 27 .0242 .1556 .0696 12.25

Shelton 1971 1.29 .06082 .2466 .1103 19.12

Medford 1971 1.15 01943 .1394 .0623 12.12

Sept. 15, 1971 Nimpkish 1970 1.37 .00573 .0757 .0339 5.53

Shelton 1970 1.31 .00232 .0482 .0215 3.68

Medford 1970 1.39 .03972 .1993 .0891 14.34

Nimpkish 1971 1.42 .01272 .1128 .0504 7.94

Shelton 1971 1.50 .0214 .1461 .0654 9.74

Medford 1971 1.35 .00368 .0607 .0271 4.49

April 7, 1972 Nimpkish 1971 1.26 00275 .0524 .0235 4.16

Shelton 1971 1.34 01552 .1246 .0557 9.30

Medford 1971 1.36 .02428 .1558 .0697 11.46

April 21, 1972 Nimpkish 1971 1.17 .00392 .0626 .0280 5.35

Shelton 1971 1.26 .01675 .1294 .0579 10.27

Med ford 1971 1.25 .01150 .1072 .0480 8.58

May 5, 1972 N impkish 1971 1.19 00310 .0557 .0249 4.68

Shelton 1971 1.29 00417 .0646 .0289 5.01

Medford 1971 1.29 0202 .1420 .0635 11.01

May 19, 1972 Nimpkish 1971 1.30 00213 .0462 .0206 3.55

Shelton 1971 1.35 01783 .1335 .0597 9.89

Medford 1971 1.38 .0246 .1568 .0701 11.36

June 2, 1972 Nimpki sh 1971 1.33 00497 .0755 .0315 3.50

Shelton 1971 1.38 02872 .1695 .0758 12.28

Medford 1971 1.39 .00452 .0672 .0301 4.84

June 16, 1972 Nimpkish 1971 1.36 00423 .0650 .0291 4.78

Shelton 1971 1.27 01007 .1004 .0449 7.90

Med ford 1971 1.34 .00122 .0349 .0156 2.61
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Date Provenance
Foliage
Year X

2
S s SE C of Var.

June 30, 1972 Nimpkish 1971 1.28 .00883 .0940 .0420 7.34

Shelton 1971 1.34 .01413 .1189 .0532 8.87

Medford 1971 1.32 .00385 .0621 .0278 4.70

Nimpkish 1972 1.34 .03972 .1993 .0891 14.87

Shelton 1972 1.35 .02691 .1641 .0734 12.15

Medford 1972 1.25 .00670 .0819 .0366 6.55

July 14, 1972 Nimpkish 1971 1.27 .00603 .0777 .0347 6.11

Shelton 1971 1.32 .01145 .1070 .0479 8.11

Medford 1971 1.29 .00490 .0700 .0313 5.43

Nimpkish 1972 1.52 .04507 .2123 .0949 13.97

Shelton 1972 1.50 .01897 .1377 .0616 9.18

Medford 1972 1.40 .01658 .1288 .0576 9.20

July 28, 1972 Nimpkish 1971 1.25 .00095 .0308 .0138 2.47

Shelton 1971 1.27 .00522 .0723 .0323 5.69

Medford 1971 1.25 .00628 .0793 .0354 6.34

Nimpkish 1972 1.54 .02522 .1588 .0710 10.31

Shelton 1972 1.48 .00987 .0994 .0444 6.71

Nedford 1972 1.42 .01835 .1355 .0606 9.54

August 10, 1972 Nimpkish 1971 1.28 .00145 .0381 .0170 2.98

Shelton 1971 1.27 .00903 .0950 .0425 7.48

Medford 1971 1.27 .00123 .0341 .0157 2.76

Nimpkish 1972 1.53 .02827 .1681 .0752 10.99

Shelton 1972 1.47 .01505 .1227 .0549 8.35

Medford 1972 1.41 .0112 .1057 .0473 7.50

August 25, 1972 Nimpkish 1971 1.24 .00275 .0524 .0235 4.23

Shelton 1971 1.23 .00557 .0746 .0334 6.07

Medford 1971 1.25 .00498 .0706 .0316 5.65

Ninipkish 1972 1.48 .01860 .1364 .0610 9.22

Shelton 1972 1.43 .0111 .1055 .0472 7.37

Medford 1972 1.38 .0143 .1195 .0534 8.66

Sept. 8, 1972 Nimpkish 1971 1.22 .00307 .0554 .0248 4.54

Shelton 1971 1.20 .00517 .0719 .0322 5.99

Medford 1971 1.21 .00243 .0493 .0221 4.07

Nimpkish 1972 1.45 .01348 .1161 .0519 8.01

Shelton 1972 1.40 .01287 .1135 .0507 8.10

Nedford 1972 1.35 .01532 .1238 .0554 9.17
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Date Provenance
Foliage
Year X s SE C of Var.

Oct. 21, 1969 Nimpkish 1969 1.34 01547 .1244 .0556 9.28

Shelton 1969 1.30 .00652 .0808 .0361 6.21

Medford 1969 1.33 .01902 .1379 .0617 10.37

June 11, 1971 Nimpki sh 1970 1.32 .00793 .0891 .0398 6.75

Shelton 1970 1.24 .01867 .1366 .0611 11.02

Medford 1970 1.19 .00863 .0929 .0416 7.81

July 11, 1971 N impkish 1970 1.20 .00602 .0776 .0347 6.47

Shelton 1970 1.13 .01423 .1193 .0534 10.56

Medford 1970 1.11 .0067 7 .0823 .0368 7.41

Niinpkish 1971 1.06 01390 .1179 .0527 11.12

Shelton 1971 1. 04 00445 .0667 .0298 6.41

Medford 1971 1.07 01668 .1292 .0578 12.07

Sept. 20, 1971 Nimpkish 1970 1.35 .00608 .0780 .0349 5.78

Shelton 1970 1.23 .01697 .1303 .0583 10.59

Medford
Niinpkish

1970,

1971
1.29
1.33

02007
00377

.1417 .0634 10.98

.0614 .0275 4.62

Shelton 1971 1.26 01943 .1394 .0623 11.06

Medford 1971 1.29 06367 .2523 .1129 19.56

April 7, 1972 Nimpkish 1971 1.30 .00925 .0962 '.0434 7.40

Shelton 1971 1. 24 .01635 .1279 .0572 10.31

Med ford 1971 1.37 .03567 .1889 .0845 13.79

April 21, 1972 N impkish 1971 1.24 01157 .1076 .0481 8.68

Shelton 1971 1.14 01837 .1355 .0606 11.89

Medford 1971 1.30 .02333 .1527 .0683 11.75

May 5, 1972 Nimpki sh 1971 1.26 .01717 .1310 .0586 10.40

Shelton 1971 1.12 .02307 .1519 .0679 13.56

Medford 1971 1.26 02013 .1419 .0635 11.26

May 19, 1972 Nimpkish 1971 1.28 01270 .1127 .0504 8.80

Shelton 1971 1.20 .01372 .1171 .0524 9.76

Medford 1971 1.28 01447 .1203 .0538 9.40

June 2, 1972 Nimpkish 1971 1.35 02800 .1673 .0748 12.40

Shelton 1971 1.29 01397 .1182 .0529 9.16

Medford 1971 1.21 .00813 .0902 .0403 7.45

June 16, 1972 Nimpkish 1971 1.30 01768 .1330 .0595 10.23

Shelton 1971 1.27 .01188 .1090 .0488 8.58

Nedford 1971 1.22 .00823 .0907 .0406 7.44
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Date Provenance
Foliage
Lear S s SE C of Var.

June 30, 1972 Nimpkish 1971 1.30 .01258 .1122 .0502 8.63

Shelton 1971 1.26 .01297 .1139 .0509 9.04

Medford 1971 1.19 .00897 .0947 .0424 7.96

Nimpkish 1972 1.10 .00713 .0844 .0378 7.68

Shelton 1972 1.18 .03257 .1805 .0807 15.29

Medford 1972 1.04 .00922 .0960 .0429 9.23

July 14, 1972 Nimpkish 1971 1.29 .00578 .0760 .0340 5.89

Shelton 1971 1.26 .02108 .1452 .0649 11.52

Medford 1971 1.27 .00492 .0701 .0314 5.52

Nitnpkish 1972 1.24 .01493 .1222 .0547 9.85

Shelton 1972 1.25 .02243 .1498 .0670 11.98

Medford 1972 1.14 .03352 .1831 .0819 16.06

July 28, 1972 Niinpkish 1971 1.35 .00697 .0835 .0373 6.18

Shelton 1971 1.30 .01425 .1194 .0534 9.18

Medford 1971 1.30 .00577 .0760 .0340 5.84

Nimpkish 1972 1.34 .01553 .1246 .0557 9.30

Shelton 1972 1.34 .01183 .1098 .0486 8.12

Medford 1972 1.25 .01392 .1180 .0528 9.44

August 10, 1972 Nitnpkish 1971 1.36 .00592 .0769 .0344 5.66

Shelton 1971 1.29 .00787 .0887 .0397 6.88

Medford 1971 1.28 .00513 .0716 .0320 5.60

Nimpkish 1972 1.31 .00998 .0999 .0447 7.63

Shelton 1972 1.32 .00517 .0719 .0322 5.45

Medford 1972 1.27 .02183 .1478 .0661 11.63

August 25, 1972 Nimpkish 1971 1.32 .00368 .0607 .0271 4.60

Shelton 1971 1.28 .01697 .1303 .0583 10.18

Medford 1971 1.25 .00467 .0683 .0306 5.47

Nimpkish 1972 1.26 .00437 .0661 .0296 5.25

Shelton 1972 1.30 .00985 .0993 .0444 7.63

Medford 1972 1.20 .01640 .1281 .0573 10.67

Sept. 8, 1972 Nimpkish 1971 1.29 .00695 .0834 .0373 6.46

Shelton 1971 1.23 .01143 .1069 .0478 8.69

Medford 1971 1.21 .00403 .0635 .0284 5.25

Nirnpkish 1972 1.25 .00357 .0598 .0267 4.78

Shelton 1972 1.30 .00608 .0780 .0349 6.00

Medford 1972 1.16 .02067 .1438 .0643 12.39
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Date
Foliage

2
Provenance Year X S s SE C of Var.

Sept. 23, 1969 Nimpkish 1969 1.32 .01027 .1013 .0453 7.68

Shelton 1969 1.20 .06483 .2546 .1138 21.22

Medford 1969 1.08 .03102 .1761 .0788 16.31

June 15, 1971 Nimpkish 1970 .97 .00423 .0650 .0291 6.71

Shelton 1970 1.03 .01253 .1119 .0501 10.86

Medford 1970 .87 .00258 .0508 .0227 5.83

August 3, 1971 Nimpkish 1971 1.26 .01877 .1370 .0613 10.87

Shelton 1971 1.26 .04003 .2001 .0895 15.88

Medford 1971 1.13 .02410 .1551 .0694 13.73

Nimpkish 1970 1.16 .00940 .0969 .0434 8.36

Shelton 1970 1.12 .00280 .1674 .0749 14.95

Medford 1970 .99 .00187 .0432 .0193 4.37

Sept. 7, 1971 Nimpkish 1971 1.24 .01132 .1064 .0476 8.58

Shelton 1971 1.16 .00475 .0689 .0308 5.94

Medford 1971 1.15 .03073 .1753 .0784 15.24

Nimpkish 1970 1.14 .01235 .1111 .0497 9.75

Shelton 1970 1.07 .02173 .1474 .0659 13.78

Medford 1970 1.00 .00523 .0723 .0323 7.23

May 24, 1972 Nimpkish 1971 1.05 .00527 .0726 .0325 6.91

Shelton 1971 1.12 .0114 .1066 .0477 9.52

Medford 1971 1.00 .00317 .0563 .0252 5.63

June 2, 1972 Nimpkish 1971 .99 .00992 .0996 .0445 10.06

Shelton 1971 1.07 .00867 .0931 .0416 8.70

Medford 1971 .93 .00298 .0546 .0244 5.87

June 16, 1972 Nimpkish 1971 1.02 .01012 .1006 .0450 9.87

Shelton 1971 1.05 .00758 .0871 .0389 8.29

Medford 1971 .94 .00577 .0760 .0340 8.08

June 30, 1972 Nimpkish 1971 1.08 .01523 .1234 .0552 11.43

Shelton 1971 1.04 .00502 .0708 .0317 6.82

Medford 1971 .92 .00538 .0733 .0328 7.97

July 14, 1972 Nimpkish 1971 1.12 .01083 .1041 .0465 9.29

Shelton 1971 1.09 .00573 .1757 .0339 6.94

Medford 1971 .97 .00387 .0622 .0278 6.41

Nimpkish 1972 1.22 .01057 .1028 .0460 8.43

Shelton 1972 1.19 .00668 .0817 .0366 6.87

Medford 1972 1.03 .00342 .0585 .0262 5.68
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Date Provenance
Foliage
Year X

2
S s SE C of Var.

July 28, 1972 Niinpkish 1971 1.10 .0210 .1447 .0647 13.16

Shelton 1971 1.14 .0071 .0843 .0377 7.40

Medford 1971 .99 .0040 .0634 .0284 6.40

Nimpkish 1972 1.07 .00607 .0779 .0348 7.28

Shelton 1972 1.15 .01300 .1140 .0509 9.91

Medford 1972 .99 .01727 .1314 .0588 13.27

August 10, 1972 Nimpkish 1971 1.18 .0229 .1512 .0676 12.82

Shelton 1971 1.19 .00997 .0999 .0447 8.39

Medford 1971 1.03 .00275 .0524 .0235 5.09

Nimpkish 1972 1.22 .00703 .0838 .0375 6.87

Shelton 1972 1.25 .01585 .1259 .0563 10.07

Nedford 1972 1.09 .0151 .1230 .0550 11.28

August 25, 1972 Nimpkish 1971 1.12 .01790 .1338 .0598 11.95

Shelton 1971 1.10 .01023 .1011 .0452 9.19

Medford 1971 1.01 .00567 .0753 .0337 7.46

Nimpkish 1972 1.12 .00387 .0622 .0278 5.55

Shelton 1972 1.11 .01610 .1269 .0567 11.43

Medford 1972 1.00 .01637 .1279 .0572 1.79

Sept. 8, 1972 Nimpkish 1971 1.18 .01625 .1275 .0570 10.80

Shelton 1971 1.19 .01168 .1081 .0483 9.08

Medford 1971 1.08 .00515 .0718 .0320 6.64

Nimpkish 1972 1.23 .-00557 .0746 .0334 6.07

Shelton 1972 1.22 .01830 .1353 .0605 11.09

Nedford 1972 1.09 .01715 .1102 .0493 10.11

Sept. 22, 1972 Nimpkish 1971 1.21 .02740 .1655 .0740 13.68

Shelton 1971 1.15 .00227 .0476 .0213 4.14

Medford 1971 1.07 .00538 .0733 .0328 6.86

Nimpkish 1972 1.25 .00857 .0926 .0414 7.41

Shelton 1972 1.18 .02722 .1650 .0738 13.98

Medford 1972 1.17 .01583 .1258 .0563 10.57


