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ABSTRACT

An open, nutrient poor peatland near Quebec City was drained in
1969, Part of the area was used for an experiment with N, P, K fertilizers.
A split-split plot design wes used., Black spruce, jack pine and lodgepole
pine seedlings were spot fertilized. Seversl plots randomly selected in a
black spruce residual stand were fertilized with N, P, K and Cus TIn this

report the area, statisticel design and methods are described,



INTRODUCTION

In peatland forestry, conversion of water-logged peatlends into
producing forests gensrally consists of three phases: (1) lowering the high
water table by drainage, (2) reforesting with & suitsble species, znd (3)
fertilizing newly established and residusl trees.

The purpose of this study is to determine the effects of fertiliza-
tion on growth of srtificially regenercted and residual trees on dreined
peatland. Berg (1952), Zehetmayer (1954), Malmstrom et a1.(1956),
Thurmann-lfoe (1962), Huikari (1942), Heilkurainen (196L) and lieshechok (1968)
reviewed and conducted experiments notably in Scotland and the Scandinavian
countries, end indicated ~onsiderasble improvement of forest tree produc-
tivity on fertilized pestlands. This experiment wes designed as a pilot
project for similar studies in this country, becsuse vast areas of peat-
wastelands, which exist across Cansda, could turn under sound manggement

into g formidable forest resource of the future.

LOCATIONM AlD DESCRIPTION OF THE AREA
A 2Z0-acre peztland in the Donnacona Block of the Valcsrtier Camp
military rescrve situated 15 miles northwest of Quebec City was selected for
anelioration work (Fig, 1)s The peatlsnd rests on a terrace of the Jacques
Cartier River, The underlying soil consists of stretified stands and gravels
over gleyed clay. This sequence is characteristic of the Champlain Sea
deposits (Dresser snd Denis, 19l)).

An snmual temperature of 38.7°F, precipitation of L9,0 inches and
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P.E.T. of 20, inches (51.8 cm) (Fréchette, 1965) were recorded at the
nearby Valcertier Forest Experimental Station,

The study area is in Repion Lha, Laurentian Section (Rowe, 1959).
The forests on well=drzined uplands are composed of northern deciduous
species, in the velleys of mixed or pure coniferous stands, &nd on pezt-
lands meinly of black spruce.

The vegetetion of the experimentel arez indicates oligotrophic
(nutrient poor) conditions (Huikari, 19523 Heikursinen, 196lL). The

associations belongz to two types mainly, the Sphearno chamaedaphnetum

calyculatae (Grendtner, 1960; Gauthier, 1967) end the Sphagno piceetum

marianae (Grandtner, 1960; Gauthier, 1967).

The orgenic soil consists almost entirely of barely decomposed &nd
semnidecomposed plant residue of mosses, sedges, and dwarf shrubs. The
content of wood erratics is smell, Carex-sphagnum and forest-sphagnum peat
occur frequently (lukkala;1929). The pest was 3 to 7 ft deep, &lthough in
some places it wes 1l ft deep.

The peat has developed on top of & podzol with a strongly iron-
cemented illuvisl horizon which is nearly impermesble to weter (Rzy, 1958),
Both the cemented layer and the clay stratum aided paludification by
impeding drainage. This was remedied by draining (Stanek, 1970) in
February 1969. After drzinzge the water table fluctuated 8 to 20 in and
occasionally it fell below 20 ine. The highest levels were measured in the
spring and after razinfalls, the lowest during the late summer end periods
of drought, The chemicel znelyses of the soil's top 24 in are showm in

Table T, Then they are compared with those of llslmstrom (1956) the P content
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of the soil is low, N and K are mediocre and the pH of 3.0 is relatively low,
However, the nutrient contents of the folizpe shown in Teble II are higher
than those given by Tamm (1956) as deficiency levels, and are within

Ingestad's (1962) renges for moderste deficiency.

OBJECTIVES OF THE STUDY

This study contains three psrts, each with a special objective,
The short-term experiment A (0 to 5 years) is aimed szt determining the
effects of rock phosphate, superphosphate, urez and potash upon survival,
height growth, and chemiczl content of folisge and seedlings of black

spruce (bS) (Picea marizna (11ill.) B.S.P.), jack pine (JP) (Pinus banksiana

Lamb,), and lodgepole pine (1P) (Pinus contorta Dougl.).

The long~term experiment B (5 to 15 years) ains at testing the
same response variables as in A, Iive years after the first fertilization,
one~hslf of the short~%erm Study A will sgein receive dosages of the same
fertilizers.

Study C is concerned with the effects of rock phosphate ot two
lcvels and of superphosphate, urea, potash, and copper sulphate upon the
height growth, diameter growth zt breast height (dbh), ¢nd chemical content
of foliage of young, neturslly established black spruce.

The following could be inferred: (1) interactions of rock phosphate
with urea and potassium sulphate; (2) effects of P in the forms of rock
phosphate and superphosphate on growth of artificially regenerated trees;

(3) value of N, P, K znd Cu fertilizers in pestlend amelioration;
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(L) correlation of the chemical contents of foliage,growth responses, and
fertilizer application; (5) recommendations for application of N, P, K, and Cu
fertilizers in peatlands of similar ecological makeup; (6) growth of
container-grown seedlings in comparison to that of mursery-grown stock; and
(7) response to second fertilizer application 5 years after beginning of

experiment.

METHODS
Chemical Analyses

The total nutrient content of foliage was determined on the current
year's needles collected from the upper third of the crowns during dormancy.
The total nutrient content of peat was determined from sample columns 24 in
deep and 2 in square.

Chemical analyses of the soil and foliage samples, which had been
oven dried at 10800 for 2l hr, were made in the Soils Laboratory of
MacDonald College of McGill University: pH was determined in O,1 N/CaCl;
total N, P, K, Ca, Mg, Cu, Fe, Mn, and K were determined after sulphuric
peroxide digestion; C was determined by using the Walkley-Black procedure;
and percent ash was determined on loss by ignition at hOOOC for 8 hr,
Planting Stock and Planting

The seed used in container-planting originated froms

(1) jP, collected 1966 in Labrieville, Saguenay County, Quebec,
latitude 49° 18 min, longitude 69° 35 min, altitude 500 ft, germination
capacity determined June 1968 was 91%.

(2) 1P collected 196li, Aleza Lake, Prince George, B.C., latitude
Sho, altitude 2,000 ft, Most of the seeds germinated, however, very slowly

in comparison to jP.
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(3) bS, collected 1967 at Nicsuba, Quebec, latitude 49° 15 min,
longitude 73° 50 min, Germination capacity in 1969 wes very high.

The 2-2 jP nursery stock of local provenience was obtained from
the Valcartier Station nursery. The bS 2-2 nursery stock was supplied from
the Ontario Department of Lands end Forests' nursery at Thunder Bay,
Presumsbly the seed originated in Site Region No., 5 (Hills, 1952).

A1l seeds were prepared for germination in Petri dishes on January
16, 1969. Immediately after germination, the seeds were placed into
styrene bullets (Walters, 1968) filled with a rooting medium of Vermiculite
and peat moss, The plants were kept in & hydroponic culture with mineral
nutrients in low concentretion (Ingestad, 1967), Plenting commenced at
the end of May and wss finished on June 11, All bullets were planted with
the planting gun described by Welters (1961),

Nursery stock of 2-2 bS and jP was planted in simple slits made by
spades and the soil around the trees was pressed firmly into place. The
numbers of trees in the experimentsl design are showm in Table ITII, In
total 2,662 trees in plastic bullets and 9,695 trees grown in the nurse
were planted, |
Fertilizer Treatments

The zpproximate composition and price of the fertilizers are shown
in Table IV, The cost of fertilizers and the dosages applied per tree and
per acre in Studies A and B are shown in Teble V and the treatments numbers
in Teble VI, The dnsages and costs of Study C are shown in Table "II.
Fertilizers were applied by hand with measuring cups and spoons, In Studies

A and B 2ll fertilizers were placed around the seedlings 3 in from the stem,
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In Study C the granular fertilizers were placed 1 ft from the stem, The
copper sulphate was spreyed ss a watery solution, In Study A the applicztion
of fertilizers started on June 12,and wss completed on June 19, In Study C
fertilization was carried out between July 9 and 11, 1969,
Experimental Design

In Studies A and B the experimentsl unit is made up of 25 observa=-
tional units, each consisting of one tree, Within each experimental unit
5 to 10 trees were planted for future chemiczl analyses, and around each
experimentel unit there was a buffer zone two trees deep (Fige 2), made up
of 2-2 jP end bS. Seven treatments in four replicstions were given to five
kinds of trees used in the experimentsl units (Table VI), This required
140 experinentsl units arranged in s split-split-plot design (Fig. 3). In
Study B, the same fertilizers as in Siudy A will be zpplied 5 vears hence
(in 197L) to one~half of A, whilst the other hslf will serve as control,
The experiment will follow the design of a split split-split plot.

In Study C an observational and an experimentsl unit consist of
one tree., Seven plots 100 by 100 ft were chosen in a natursl, young
but vreven-aged black spruce stand with uniform ecological conditions,
Suppressed, malformed, end disezsed trees were removed, the remaining trees
were pruned to & height of 5 ft, All trees were numbered and their height
and dbh measured, The ages of several trees were counted at ground level,
The dete are shown in the Appendix. There are seven plots in Study C with

each plot receiving one treatment (Teble VII).
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Response Variables to be lezsured

The adequate number of trees to be measured per experimental unit
is a question pertinent to zll three studies, A sample of 10 observstionzsl
units per experimentsal unit is considered sctisfactory beczuse it is
assumed that the coefficient of variation will be small, The height of
trees will be measured each year st the end of the growing season, when
the survival will be determined., The dsta should be recorded on LO by 80
sheets obtainable from the Biometrics Section in Ottazws where the dsts will

elso be analysed,
DISCUSSION OF POST=-PLANTING OBSERVATIONS

Jack pine seedlings in bullets were planted ss esrly as lay 26,
However, in that part of the peatland, late frost occurred on licy 29;and
almost all of the planted seedlings suffered severe demage to shoots or
had been killed, The remainder of the jack pine materisl in bullets,
planted after June 7, was preserved from frost damage, The jack pine 2-2
nursery stock which wasplanted on lizy 27 and 28swas exposed to the same
frost conditions, but suffered no frost damage bececuse it was still dormant;
In evaluating the results this fact should be given consideration, The
danaged seedlings are loceted in Block I, jack pine, treatwent 8, 9, 10,
12, 13, and 1L (planted liay 26),

The severe damage caused by frost indicstes the necessity of either
hardening=of f the planting stock or deleying planting until the danger of

late frost is negligible,
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Using a Bombardier liuskeg Carrier and a tandem rear-deck, four-wheel
trailer feciliteted site clearing and bransportation of men and materizls,
The rentzl rate was {7 per hour, without opersztor, end 20 hours were re=-
quireds The rentel cost was more then made up by savings resulting from
faster trensportation of the labourers snd flexibility of the operations,

The responses of the seedlings to fertilization were evident during
the inspection of the experimental ares in late fzll of 1969, The heszlthy
appearance of meny seedlings fertilized with P and N in contrasst to that
of plants in control plots was rather striking.

Changes in vegetation were observed in plzces where fertilizers
were epplied. Sphagnum suffered undetermined damage from applicztion of
ground mineral phosphate, Rather strikingly evident were burns on
vegetation caused by superphosphate znd "triple" superphosphate.

The trees contained in bullets becsme well established in the
wet medium of undecomposed, undisturbed peat. Almost g1l roots grew through
the slots in the plastic cartouche (bullet), The oun=-planting of the
bullets was fast and easy and the bullets were pushed firmly into the pezt,
However, several tree~tops were broken by the mechanism, possibly through
the fault of the inexperienced operstors. The roots which stuck out of
the bulletswere pruned by hend before "loading" the gun. The effects on
the seedlings will be the same as those of root pruning in the nursery
described by Sutton (1969), ilany of the 2-2 bS trees showed desiccated
terminel shoots at the time of planting; this occurred possibly during the
extended period of cold storzge in besles and boxes, There is also & distinet

possibility that the provenience of the bS nursery trees was not suitsble
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for peatland reforestation, beczuse during the growing season of 1969 many of
the seedlings were in a state of "check", i.e., did not wilt or die but did
not grow either,

Jack pines (2-2) generally became well esteblished, though the
plants were too large for easy planting and the roots were more prone to
danage by desiceation during the intervel between lifting and planting,
Functional losses of parts of the root system were perhaps the cause of
"needle drop" of 1l but l-year-old needles. This was observed on many
of the jP, but in spite of this the l~year-old jack pines showed the re-
latively largest height increment of 211 species planted.

In the year preceding the establishment of the experiment, snow-
mobiles csused considerable damage to planted and residual young trees,

Many terminal shoots were broken sbove the snow, Because of this, the area

was well marked with signs to avoid damage to the experimental trees,
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Teble I. Analysed chemiczl properties of oven dry organic soils from the upper 2l inches

Percent

Associstion Site pH(1N KC1) I P K c c/N Ash
Sphagno chamaedapknetun Pl 3.1 0,70 +0L5 »20 5147 7h 2.8
calyculatae, without

Tree cover Pl 2.9 1,35 OU5 .05 1.2 31 2.0
Sphagno Piceetum - L8 2.8 1,30 .0l5 0l 55.0 2 1.L
marianze ledetosum, ,

e P2 2.8 1.15 060,10 5642 L9 2,1

P3 3.1 0,70 050 «20 16.8 67 6.8




Table II, Chemicsl znalyscs of owen dry foliex tisouc

G of black spruce

% ppm %

Associztion Site N P K Ca Mg Zn Cu Fe Mn Ash
Sphagno chamsedsphnetum 5 .96 100 .60 5,06  ,122 5 9 250 1875 2,0
celyaulatae l .96 .18 60 5.06 .101 15 8 300 980 2,0
Sphagno piceetum L8 .90 097 .65 5.06  ,203 25 3 200 1100 2,0
marianae ledetosum

P3 97 .090 «65 5.06  ,104 5 8 250 900 2,0

50 1.60  ,100 .63 3.38  .135 5 8 25 1300 1.8

25 .90  L095 60 5.06  ,152 5 3 250 1050 1,8

b7 1.20 «130 R SeTh »105 1,0 5 200 1550 1.7

2l .85  ,100 55 5.7  .118 15 21 300 9k0 1.9




Teble III. The number of trees used in the experimentzl design
— . Specles . .

sB jP P
Type of Experi- Spares Pxperi- Spares Experi- " Speres
planting mentsl Buffer for nentel Buffer for mentsl Buffer for
stock unit Z0one znalysis unit zone  analysis unit zZone enmalysis
Plastic 700 - 93 700 - 2Ll 700 - 225
bullet
Nursery 700 3136 175 700  L70L 280 - - -

stock 2-=2
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Teble IV, Approximate composition ame price of fertilizerssy ue:d in the experiment in per cent

Total Total Soluble Totzl  Total Tolsl Toval 1968 >
Code  Fertilizer Formula N P205 -0 Ca0 1Mg0 S Cu Pric§/tcn~/
@
{P) 1ineral rock CaB(POh)Q - 20-30 - 28--1;2 - - = ;5,00
phosphate
(N)  Urea CO(1H,)2 LS - - - - - - 103,00
(x) Potassium K,SO - - 1,852 0-2.5 - 16-19 - 92,00
2°°L
sulphate
Cu) Copper CuSO) .5H,0  — - = = = 13 26 8505
( pp (R
sulphete
(iia) Air-dried - 2 2 Trace 245 0.5 0.2 - 10.00g/
sewage sludge
(PB)Q/ Supe rphosphate - - 115-50 - 17-20 0,5 1.0 - 100,00

"double"

T e

Besed on Jacob znd Uexkull (1963)

Canade § per short ton (2000 1b (907.19 kg)) F.0.B.
Equivalent to Triple Superphosphate

Cost for loading, transportztion and unloading

Cost per kg lsborastory grade A.C.S. specification



Tzble V. Dosages anc costs of individual fertilizers applied in Studies A snd B

Amount per tree Cost in § per
Code  Fertilizer Measure grams 0z, 1b/acre acre 100 trees
(P)  Minersl rock phosphate 1/2 cup  169.8 6.0 375 8.10 0.80
(P,) Iliinersl rock phosphate 1 cup  339.6 12,0 750 16,80 1.60
(P3) Superphosphate "doublel/ 1/3 cup 76.1 2.7 166 8,30 0.80
() Urea 1 tep. 1.1 0.5 32 1,60 0.15
() Potassium sulphate 1 tbsp. 28.3 10 63 5.7C 0«55

(0) Control - - - - - -

l/ "Double" superphosphate is sold frequently ss triple superphosphate, The zmounts of PZOS applied
&s P3 are equivelent to those applied as P.



Table VI, Treatments in Studies & and Bl/

Plestic Pullets 2=2 Nursery Stock

Code sB P 1P sB jP
(0) 1 8 15 22 29
(P) 2 9 16 23 30
(NP) P 10 17 2l 31
(KP) L 11 18 25 32
(NPK) 5 12 19 26 33
(Pp) 6 13 20 27 3L
(P3) 7 1 21 28 35

l/ Code explained in Teble V; distribution of trestments shown in
figure 3.



Table VII.

Fertilizer treatments of Study C--dosages applied and costs of chemicals

Amounts in oz

of fertilizer per tree

Applied to Cost 8

Code plots # ) (P) (x) (Cu) (Ma) 100 trees
(0) 69 - - - - - -

(P) L8 - 12,00 - - - 1,60

(1p) L9 2,60 12,00 - - - 2411

(XP) 50 - 12,00 3420 - - 2452
(NPK) 51 2,60 12,00 320 - - 3433
(NPKCu) 70 2460 12,00 3.20 0,07 - )63

(Ma) 52 - - - - 18,00 0.02
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PLOT 1,8

Tree deb.h, Height Crovm
no, Species in 't class
3 L L1 10,0 D
N bS 2.9 17.0 cD
7 bS 3.2 18,0 CD
9 bS 3,0 18,0 D
11 bS 1.0 8.0 S
12 bS 1:1 10,0 o))
13 bS 3.7 20,0 CD
15 bS 247 17.0 cD
19 bS 3.1 20,0 D
20 bS 248 16,0 cD
21 bS 2.5 1645 D
2l bS 3l 18,0 D
26 bS 1.l 11.0 CD
27 bS 0.5 6.0 I
28 bS 1.0 10,0 I
29 tL L7 28,0 D
30 bS 3.1 2hs5 D
33 bS 242 12,5 cD
36 bS 2yl 13,0 CD
Il bS held 2540 D
L3 bS 2.0 15,0 #4))
Ly bS 1.L 10,0 D
L5 tL 0.5 640 D
L6 bS 3.7 21,0 D
L7 71 0.6 7.0 CD
50 bS 1.6 12,0 S
51 bS 2.5 15.0 CD
53 bS 1.7 11,0 CD
Sk bS 0«5 740 T
56 bS 3¢5 21,0 cD
57 bS 2.7 15.5 CD
58 bS 045 1.0 i
59 bS Bl 15,0 I
60 bS 3.8 23,0 D
61 bS 1.7 12,0 D
62 bS 0.6 7.0 D
63 tL 248 17,0 D
6l bS 1.6 13,0 CD
67 bS 3.3 19,0 D
71 bS 045 640 I
72 bS 0,5 645 S
73 bS Ba1 15,0 CD



PLOT 18 (Continued)

e — S T——— 1 — 7

Tree debehe Height Crown
no, Species in ft class
78 bs 1.8 13,0 cD
83 bS 0.7 Te5 cD
8l bS 0.7 8,0 CD
85 bS 2.1 12,0 cD
90 bS 1.5 1,0 :
93 bS 3.2 18.0 cD
98 bS 1.3 8,0 S

100 bS 1.7 12,0 I

567 bS 0.5 6.0 I

568 bS 0e6 6,0 T

570 bS 1.5 11,0 48

571 bS 007 7.5 CD

573 bS 0.6 740 I
7l bS 0.6 740 I

£75 bS Ne? 11,0 CD

576 bS 1.0 9.5 ;s

579 bS 162 11.0 cD

583 bS 1.7 13,0 CD

589 bS 2,0 1.0 I

591 bS 303 18,0 D

5ok bS 1.8 13,0 CD

599 bS 2.8 15,0 CD

600 bS 32 1760 )

598 bS 2.1 13,0 CD

686 bS 3.2 23,0 D

688 bS 2.1 13,0 CD

689 bS 1.0 Te5 I

699 bS 1ad 845 I

€91, bS 0.6 645 I

692 bS 0.8 8,0 I

€5 bS 0,5 6,0 I

695 bS 1.0 9,0 I

697 bS 1.5 11.5 cD

800 bS 1.5 11.0 cD

302 bS 1eT 12.0 cD

315 bS b2 24,0 D

32 bS Lt 11.0 cD

335 bS 1.0 10,0 I

338 bS 1.7 10,5 I
0 bS 1.0 7.0 S

341 bS 1,5 10,0 I

3l bS .1 10,0 I

348 bS 2.0 12,0 CD



PLOT L8 (Continued)

Tree debehe Height Crown
no, Species in 't class
350 bS 2.6 1,0 cD
352 bS el ITal D
353 bS 1.6 10,8 cD
357 bS 2.1 146 CD
359 bS 1.3 9.3 I
362 bS Le22 19.6 D
36l bS 3.3 16,5 CD
365 bS i % 16,8 cD
699 bS 1.0 840 I
745 bS 2.1 15,0 cD
748 bS 2.6 16,0 cD
751 bS 2,3 16,0 CD
752 bS 1,5 12,0 S
754 wB 005 6,0 D
755 tL 1.5 12,0 D
757 bS 0.5 7.0 S
759 bS 045 760 S
750 bS 145 11,0 I
762 bS el 16,0 CD
761, bS 1.7 12,0 I
765 bS 1.0 75 CD
766 bS 1.4 11,0 I
768 bS 1.1 90 cD
773 bS 2,0 12,0 I
776 bS 2.1 15,0 cD
781 bS ol 14,0 S
785 bS 34 20,0 cD
786 bS 0.6 840 I
790 bS 2l 15,5 CD
791 bS 1.8 11,0 S
9L bS 0o7 7.0 S
7917 bS Lol 1.5 CD
798 bS Ta2 11,0 8
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PLOT L9 (Continued)

Tree debehe Height Crown
no, Species in ft class
184 bS 8,7 Ts0 cD
186 bS 0.l 660 CD
187 bS 1.0 8,0 I
191 bS 148 12,0 5
193 bS Ouli 5.0 S
19l bS 0s5 740 1
196 bS 0.7 9,0 S
198 bS 0.6 740 cD
199 bS 2.7 17.0 cD
200 1, 363 20,0 cD
203 bS 1.8 10,0 CD
207 bS 1.h 10,0 CD
209 bS 1.6 11,0 CD
210 bS Ol 640 D
211 bS 242 16,0 D
212 bS 0. 5,0 cD
213 bS O.L 5.0 CD
21l bS . ™ 21,0 D
216 bS 3,0 17.0 €D
217 bS 2.0 13,0 cD
219 bS 2.8 19,0 D
221 bS 1.0 840 cD
225 bS 2.0 12,0 cD
230 bS 2.9 170 D
233 bS 0.6 70 S
23l bS 0.6 7.0 I
238 bS 0.8 7.0 S
239 bS 0.8 7.0 I
21 bS lisO 23,0 D
2L bS 005 640 cD
2L3 tL 0.6 640 D
2L5 bS i<l 8.0 I
251 bS 1.85 16,0 CD
253 bS 090 860 INT,
255 bS 1.7 12,8 CD
259 bS 50 5650 INT,.
260 bS L5 Se60 INT,
262 bS 1,70 15.5 CD
267 bS 1.00 8430 INT.
269 bS 1.90 13,0 CD
270 bS 1.L8 10,0 cD
271 bS 3.25 1947 D
273 bS .60 TsT INT.
27L bS 2495 17.5 CD



PLOT L9 (Continued)

e

Tree debeh, Height Crown
no, Species in 't class
275 bS 0,80 643 INT,
277 bS y P 12,8 cD
279 bS 3,05 21,0 D
280 bS 2,80 18,6 cD
285 bS 2,30 15 CD
287 bS 15 B3 INT,
290 bS 2.0 12,5 INT,
292 bS 1,68 12.5 cD
29L tL Le3 21.6 D
297 bS »70 7410 INT,
300 bS 1.20 9,80 INT,
303 bS 1.25 .l INT,
307 bS 1.80 15,5 CD
309 bS 2.0 16,0 cD
312 bS 1.0 9,0 INT,
31 bS 1,05 9,0 INT,
315 bS &0 640 INT,
318 bS 1.28 10,5 INT,
321 bS oL0 5¢5 INT,
323 bS 1,10 9els INT.
32l bS 2.20 a3 cD
325 bs 1.6 12,0 CD
327 bS 2.3l 16,0 CD
331 bS 2.0 16.5 CD
333 bs «70 740 INT,
335 bS 3,10 18.6 D
340 bS 1.95 15.0 CD
342 bS 2,10 16,0 CD
343 bS 2,80 19,8 cD
345 bS 2435 16,5 CD
3L9 bS 1,90 16,0 CD
352 bS 1,92 11,8 CD
357 bS 1.60 11.3 CD
359 bS 90 Te5 INT,
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PLOT 50 (Continued)

Tree debehe Height Crown
no, Species in ft class
8L9 bS Py 10.0 :
857 bS 1.5 10,0 CD
859 tL 2.1 16,0 D
860 bS 1.6 12,5 CD
861 bS 1,2 11.0 cD
862 tL 18 13,0 D
866 bS 1.8 10,5 cD

11214 bS 27 17.0 D
871 bS 0.6 7.0 CD
874 bS 0,6 70 I
875 bS 0.5 640 I
876 bS 1.s3 70 CD
877 bS 1a3 9,0 T
880 bS 2.5 14,0 cD
881 bS 2.9 17,0 9))
883 bS 2.8 1545 1
88l bS 3.5 21,0 cD
885 bS 3.6 23,0 ()
886 bS 045 665 I
889 bS 0.5 6,0 S
896 bS 0.5 6.0 S
897 bS 1e2 12,0 cD
900 bS 249 18,0 D
691 bS Lol 940 cD
693 bS 1.0 9,0 D
697 bS 2.6 17.0 CD
698 bS 1.3 11,0 S

20 bS 1,2 11,0 I
21 bS 2.1 15,0 CD
2L bS 0.k 5s0 S
26 bS 1,0 11,0 S
27 bS 005 7.0 S
51 bS el 21,0 CD
67 bS 2,0 13.0 1
561 bsS 3.8 22,0 D
56l bS 068 840 ch
566 wB By | 10,0 cD
98 bS 1ol S
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PLOT 51 (Continued

Tree debehe Height Crowm
no, Species in hiy class
787 bS 246 22,0 CD
791 bS 1.2 9.0 Z
794 bS 240 18.0 I
800 bS 15,0 S
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PLOT 52 (Continued)

Tree d.b.h, Height Crowm
no, Species in 't class
L7 sB 3,35 Le8 I &
L8 sB 3.82 21.5 CD
h9 sB 9095 389)4 D
50 sB 1.145 10,0 I
51 sB 2.32 16.9 cD
52 sB 765 1 ] CD
53 SB 3.0 19,85 CD
5L sB 2.1 13,6 I
55 sB 2.1l 15.7 cD
56 sB 1,80 11,2 T
57 sB 2.72 172 CD
58 sB 2035 1.601 CD
59 sB 1.1L 8eli I
60 sB 245 14,2 CD
61 sB 2,8 18,0 cD
62 sB .82 8,0 ¥
63 sB 1.18 10,0 3
on sB 1,1 Bas6 I
65 sB 119 5e2 I
66 sB 1.83 12,1 cD
67 sB .llo Soll- &
68 sB 1.3 10,6 I
69 SB 2492 19.0 CDh
70 sB 065 509 I
71 sB 110 Ged &
72 Larix e 568 I
73 sB «75 Te5 ;5
Th sB 231 13.5 cD
75 sB 1,40 8.5 X
76 sB .50 560 I
77 sB .8[1. 758 I
78 sB 1.7 1257 CD
79 sB -85 749 ;¥
80 sB 2.0 13.25 CD
81 sB «50 La6 I
82 sB -63 509 I
83 sB 2655 16,7 CD
8l sB 1.68 13.4 CD
85 sB 2.1l 15.8 CD
86 Larix QSO 609 I
87 sB La35 10,9 CD
88 sB 6670 275 D
89 SB B 12,9 CD
90 sB .70 640 I



PLOT 52 (Continued)

B

Tree d.behos Height Crown
no, Species in ft class
91 sB A5 5.0 I
92 sB 096 8.5 I
93 sB +67 6,6 I
9&- sB 055 603 i
95 sB el 17,5 )
96 sB 3.13 20,2 CD
97 Larix 346 224 CD
99 sB .10 603 i
100 sB 2.3 21,2 cD
101 SB .70 665 I
102 sB 3.38 21,5 CD
103 sB Rite L6 T
105 sB +50 6,0 I
106 sB 70 7.0 T
107 sB .60 5.0 T
108 sB 57 Tab I
109 sB 2,0l 13,3 CD
110 sB 2.18 1.0 CD
111 sB 1:1 9.0 T
112 sB 2,28 13,6 CD
113 sB 2,19 1641 )
11l sB L0 Beb I
115 Larix 30 De5 I
116 sB 1,09 842 T
117 sB 2,62 16,8 CD
119 sB 1.6 12,8 cD
120 sB 2,35 20,0 CD
121 sB s30 Be2 I
122 sB 986 708 I
123 sB 035 L5 T
12, sB 3,13 22,8 CD
125 sB 030 5.6 I
126 sB o110 50 I
127 sB L.8 32,3 D
128 sB 020 500 I
129 sB 15 N I
130 Larix »10 L5 I
131 Larix .15 Gab ns
132 sB .15 L’-oé I
133 Abies I 743 3
13L sB $03 8e3 I
135 sB «50 Sl I



PLOT 52 (Continued)

Tree debehe Height Crown
no, Species in hiy class
136 sB 10 | I
137 sB «52 6e7 ;1
138 sB L0 563 3
139 sB 2,80 10,8 D
140 sB 647 31,1 D
1Ll sB o110 5e7 I
142 sB 030 5,0 I
13 sB 2.1l 1.6 CD
1Ll sB 1.78 11,6 CD
145 sB 175 11.6 CD
1.6 Larix 2.76 18,2 cD
17 sB .20 Lie5 i
1.8 sB 1.25 8,6 I
149 sB .60 7,0 I
150 sB L0 Sely I
151 sB .60 6.7 i
152 sB 30 he3 I
153 Larix .10 566 I
1Sh sB «10 ho? I
1151 bS 1.2 9,0 T
455 bS LaT 16,0 T
14,56 bS 1,0 9,0 CD
L57 bS 545 31.0 D
1158 bS 2,0 1.0 I
L61 bS 1.1 940 I
L67 bS 1,0 10,0 CD
1169 bS 1.3 2.5 CD
L72 bS 1«3 11,0 cD
L76 bS 1,8 12,0 CD
L77 bS 5e2 32,0 D
1,33 bS Le3 10,0 CD
L86 bS 0,5 6,0 CD
1,87 tL 1140 22,0 D
1,90 bS 1,0 840 I
L91 bS 0.5 6,0 D
1192 bS 1.2 9,0 cD
193 A Lol 10,5 cD
1,96 bS 2l 14.0 I
197 bS 1.6 13,0 cD
500 bS 0,5 640 1
866 &L 0.7 10.5 D
867 bS 0.5 Te5 cD
868 bS 0,6 To0 CD
869 bS 0.7 70 CD



PLOT 52 (Continued)

Tree dsbahs Height Crowm
no, Species in 't class
8714 bS Lo7 30,0 D
872 bS 0,5 740 CD
876 bS 3.1 2040 CD
877 bS 2.8 17,0 CD
883 bS 0,5 840 I
885 bS 1L 11.0 I
889 bS 3,2 23,0 CD
893 bS 1.2 11,0 S
895 bS 2,0 17.0 I
898 bS 0.6 7.0 CD
899 bS 0.5 6,0 cD
900 bS 1.5 11.0 CD
186 bS 1.8 13,0 CD
187 bS Teki 12,0 CD
188 bS 2.8 19,0 D
189 bS 0.7 8,0 g
191 bS 2.3 20,0 D
196 bS 3.0 - | CD
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PLOT 69 (Continued)

-

Tree debohe Height Crown
noe Species in ft class
L5 tL 04110 6e1 CD
L6 L 0.L5 L6 cD
L7 L 045k Te7 CD
48 bS 1,20 9,0 ch
L9 bsS 0458 o7 cD
50 tL 2430 1.8 cD
51 bS 0,55 6,0 cD
52 bS 0470 T2 cD
53 bS 1.90 12,8 cD
5L tL 0.Li5 5¢9 T
55 bS 134 942 cD
56 bS 1,00 866 cD
57 tL 0430 Celi T
58 bS 0,85 8oLt CD
59 tL 1,05 9.8 CD
&0 bS 0,60 66 CD
61 bS 1.35 9,0 cD
62 bS 2.0l 12,8 cD
63 bS 1,04 92 I
6l bS 1,18 el cD
65 bS 1.48 10,1 CD
66 bS 1.2 98 ()
67 bS 11,00 22,0 D
68 bS 1.10 8.6 CD
69 bS 0,96 Tl CD
70 bS 11,08 20,0 cD
71 bS 1,50 9ol cD
72 bS 0.5 5e2 I
73 bS 1,50 9eT Ch
74 bS 0475 Tl CD
5 bS 1,20 847 cD
76 bS 0,80 6ol I
4 bS 0450 lle6 ;
78 bS 1.38 9.8 CD
79 bS 1,60 11,8 cD
80 bS 1.80 12,3 cD
81 bS 1.65 11.9 o))
82 bS 2,00 12,9 cD
83 bS 1.90 11.8 cD
8l bS 1.55 9.1 cD
85 bS 2430 13,7 cD
86 bS 1,80 12,5 cD
87 bS 3.L5 19,7 CD
88 bS 0470 648 I



PLOT 69 (Continued)

Tree d-b . h.
Nno, Species in
89 bS 1,05
90 bS 5eLi5
91 bS 0692
92 tL 0,75
93 tL 0465
ol bS 0,30
95 L 04li5
96 L 0630
97 A 0,60
98 17 0430
99 1 0475
100 bS 0,98
101 bS 0.3
102 bS )1.90
103 bS 0,80
10l bS 0,51
105 tL 0.70
106 tL 0,3L
107 tL 0.ly
108 i 0455
109 tL 0,,0
110 tL 1.85
111 tL 0455
112 0. 1,30
113 bS 1.65
11 bS 0.31
115 bS 1sb
116 bS 049k
117 tL 0,40
118 bS 1+30
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TREES MEASURED FOR AGES

Species Height Diameter Ages
bS 224 3.l 58
bS 549 0,6 27
bS 11.0 1.h L3
bS 10,0 1.l L5
bS 10.5 1.2 L7
bS 18,0 3.0 60
bS 22,0 3.3 58
bS 32, 5.0 66
bS 9,0 1.1 Lk
bS 945 1.8 L7
bS 11,0 1.9 51
bS 2302 3.5 51
bS 12,k 1.8 60
bS 12.5 1.7 38
bS 740 0.7 28
bS 11.3 1.6 35
bS 19,0 2.8 62



PLOT 70

Tree dsbshe Height Crown
no, Species in ft class
1 bS 0.7 646 I
2 bS 3.36 22,0 CD
3 bS 0.6 5.9 I
L bS 1.18 11,2 cD
5 bS 0.82 Ts3 CD
6 bS 0,68 7.0 I
7 bS 1.0 9.8 CD
8 bS 3.10 19,1 CD
9 bS 0490 942 I
10 bS 0.72 8.2 I
11 i 0.95 10,2 CD
12 bS 1.19 10,3 cD
13 bS 3,00 18.4 )
1 bS 3432 21.2 cD
15 bS 1,75 12,6 CD
16 bS .90 1L.3 CD
17 bS 11498 31.0 D
18 bS 1.65 11,9 CD
19 bS 0,90 848 :
20 bS 0.89 748 i 5
21 bS 1.32 10,1 cD
22 bS 1423 11.0 cD
23 bS 1.38 10.8 cD
2L bS 0.66 6.9 i
25 bS 2,20 18:2 CD
26 bS 1158 22.3 D
27 bS 1,00 745 T
28 bS 0695 862 :
29 bS 1.55 12,2 CD
30 bS 1,01 8.8 I
31 bS 11430 2643 D
32 bS 1.36 99 X
g bS Loli7 233 CD
3L bS 2.65 1645 CD
an bS 1.24 95 I
36 bS 0.35 5.0 I
37 L 0470 87 CD
38 bS 0.25 Le5 I
39 bS 0426 560 I
L0 bs 1.81 152 CD
Il bS 1,22 9.6 CD
)12 bS 2,15 17.6 cD
L3 bS 0,37 Bsl I

Ly bS 1.00 868 CD
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PLOT 70 (Continued)

Tree deb.he Height Crowmn
no, - Species in £t class
89 bS 3.47 21,8 CD
90 bS 2,60 15,9 CD
91 bS 3089 22,9 D
92 bS 2459 1.9 CD
93 bS 2,29 3.2 cD
9l bS 1,60 11,3 CD
95 bS 0455 Te5 I
96 bS 0,80 7.5 I
97 bS 0,50 64l I
98 bS 2457 15,6 cD
99 bS 2487 19,1 cD
100 bF 0,40 L9 cD
101 % 0435 646 CD
102 i 0,50 6.7 cD
103 bS L 39 25,0 D
10l bS 0630 Selt I
105 bS 0.75 6.8 CD
106 bS 3436 20,9 cD
107 5 0.25 5.0 T
108 bS 1.80 10.2 cD
109 bS 2.50 14,3 CD
110 bS 1.80 13,5 CD
111 bS 1.69 12.1 CD
112 bS 1.20 Balt CD
113 bS 3.11 20,0 CD
11, bS 1,90 1249 CD
115 bS 04,50 509 I

116 -

117 bS 5,0 21,0 D
118 bS 2427 15.3 CD
119 bS 2476 17.0 ch
120 bS 3,56 18,5 cD
121 bS 0.62 . I
122 bF 0,440 De2 I
123 bS 1,10 8.6 cD
12l bS 0010 67 I
125 bS 3440 221 CD
126 bS 2.3, 14.8 CD
127 bS 5,08 23.9 D
128 bS 26,10 15,5 cD
129 bS 0,70 Ts0 CD



PLOT 70 (Continued)

Tree debehe Height Crown
no, Species in ft class
130 bS 0435 Del I
131 tL 0,140 5,0 I
132 bS 2.1k 2.7 cD
133 bS 2490 15,8 cD
13l bS 2,95 20,0 CD
135 bS 1.50 12,0 CD
136 bS 2,00 15.1 cD
137 bS 1.55 12,2 cD
138 bS 0.45 7.0 I
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Figure 1. Locstion of the fertilization erperiments,
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Figure 2, Experimental unit of Study A and Study B,
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Figure 3.

Arrangement of experimental units of Studies A and B,
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