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REPORT ON FERTILIZATION OF DENSE JUVENILE WESTERN HEMLOCK

BY

Y. (JIM) LEE·!.!

Introduction

A cooperative trial on dense western hemlock (Tsuga heterophylla

(Raf.) Sarg.) was initiated in 1967 at 4 study sites on Vancouver Island.

An internal report published in January 1970 (Lee, 1970) named the cooper-

ators and presented a description of the study areas, the theoretical basis

of the experiment, and preliminary findings. This report describes addi-

tional analysis of data and subsequent findings made after the 1970 data

became available.

Objective

The objective of the study was to test the use of urea fertilizer

for stimulation of the growth of dominant and codominant trees as a means

of speeding up natural thinning.

Results to Date

Basal area growth

Average basal area increments for various treatments by crown

class are shown in Table 1. They were analyzed by the procedures mentioned

in Lee (1970). The average basal area growth for each crown class and

treatment was expressed as multiples of the average basal area growth for
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intermediate and suppressed trees on the untreated coutrol plots. This

enables comparison of basal area growth by crown class, fertilizer treat

ment and location effects. For example, in Table 2, for the Jeune Landing

plots, one year after treatment with 400 lb. of N per acre, the growth

for dominant and codominant trees was 1.9 (3.2 minus 1.3) times greater

than that of the intermediate and suppressed trees, and 1.2 (3.2 minus 2.0)

greater than that of the untreated control for the same crown class.

On the basis of average basal area growth over the 3-year period,

from 1967 to 1970, growth of intermediate and suppressed trees was, as

expected, greater in the younger stands (Jeune Landing and Port Renfrew)

than that in the older stands (Woss Camp and Quadra Island). As stands

grow older, dominant and codominant trees increase their suppression of

intermediate and suppressed trees, resulting in reduced growth in the

latter, regardless of fertilizer treatment.

The pattern of treatment effects was not uniform. Response to

the 200 lb. treatment was less than that to the 100 lb. treatment at Port

Renfrew. At Jeune Landing and Port Renfrew, the 400 lb. treatment gave

the highest response in each of the 3 years, from 1968 to 1970 (Tables 1

and 2).

Among the 4 study sites and on the basis of basal area growth of

dominants and codominants as compared to intermediate and suppressed trees,

the response to various fertilizer treatments was most effective at the

Port Renfrew study site, followed in decreasing order of effectiveness by

Quadra Island, Woss Camp and Jeune Landing (Table 2).

Height Growth

For the 3-year period, from 1968 to 1970, the rate of height
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growth was dependent upon the age of the stand. On the average, basic

height growth for the hemlock stands was 5.7 feet for the l2-year olds,

4.8 feet for the l4-year olds, 2.2 feet for the l6-year olds and 2.1

feet for the 29-year olds.

The rates of height growth for dominant and codominant trees

were much higher than those for the intermediate and suppressed trees

(Table 3). However, the fertilizer effect on height growth was limited.

Changes in dbh distribution

The 1967 dbh distributions of the total number of trees were

compared with the 1970 dbh distributions of the same trees. Figures 1

to 4 show the percentage distributions of various dbh classes for the

3-year period. In some cases, the patterns of diameter distribution

appeared to change in response to fertilizer treatment, which resulted in

greater percentages of trees appearing in the higher dbh classes. The

histograms show that this changed pattern is noticeable at higher rates

of fertilization (Quadra Island). However, the overall trend with

respect to fertilizer effects was not strong.

Dbh class advancement for sample trees

Twenty-five sample trees per plot were selected in 1967, tagged

and measured to the nearest 1/20 inch. Re-measurements were made in 1968,

1969 and 1970. The advance of each tree from one inch dbh class into the

next was noted, and the percentage distributions of these advances from

year to year were calculated (Table 4).

With the exception of Quadra Island, the highest rate of fer

tilization (400 lb. for Jeune Landing and Port Renfrew, 200 lb. for Woss
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Camp) at each re-measurement appeared consistently to result in the greatest

percentages of dbh class advancements. Advances were, in some cases, of the

order of 2 inch diameter classes. At lower rates of fertilizer application,

the percentages of dbh class advancement were relatively unchanged from

year to year.

Mortality

During the first 3 years after plot establishment, mortality

ranged from a negative 100 (ingrowth) to a positive 4900 trees per acre

for live trees above 4.5 feet in height. For all live trees per acre,

mortality ranged from a negative 750 to a positive 4900 trees. The number

of dead trees for the 3-year period varied from plot to plot, depending

upon the original number of live trees in 1967. In general, the greater

the number of live trees in 1967, the greater the mortality during the

study period.

Based on the number of live trees in 1967, the largest percentage

of dead trees was associated with treatments of 200 and 400 lb. except for

the Woss Camp study area, which showed the reverse trend (Table 4).

The treatment effect was not consistent for 0, 50 and 100 lb.

This may be due more to great variation in the number of trees per acre than

to fertilizer treatment.

From field observations over the 3-year period, small understory

hemlock trees appeared to be surviving well even under severe suppression.

Discussion arid Recommendations

The 3-year data in this study indicate that the treatment effect

of 400 lb. of N per acre was greatest for the Port Renfrew installation,
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in terms of basal area growth, advancement in inch dbh class and mortality.

The response was less effective in the remaining 3 installations. It

remains to be seen whether this effect will be greater over a 5- to 10-year

period. The effect of treatments with less than 200 lb. of N was not con

sistent in most cases.

The highest rate of 400 lb. of N does not appear sufficient for

dominant and codominant trees to gain full potential growth or to exert

full potential suppression on the intermediate and suppressed trees.

The work is not conclusive. To bring it to a conclusion, a trial

with treatments at 0, 400, 800, 1200, 1600 and 2000 lb. of N per acre should

be carried out to supplement the present study. The higher rates might

.prove to be toxic to smaller understory hemlock trees but, at the same

time, they might benefit growth of larger dominant and codominant trees.

The following items should be incorporated in .the design of the

suggested trial:

Study areas: 1 installation on Vancouver Island.

Size of plot including buffer zone (radius 16.6 ft) •••• l/SO acre.

Size of measurement plot (radius 7.45 ft) ••• 1/2S0 acre.

Number of trees per plot: 36 (all plot trees to be tagged and

measured).

Number of plots: 18.

Application in late winter or spring, depending on snow conditions.
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Table 1. Average basal area growth for treatments of 0, 50, 100, 200 and 400 1bs. of N per acre

Years Jeune Landing Port Renfrew Woss Camp Quadra Island
since lb. of N I C I C I C I C

treatment per acre & D & D & D & D
S & S & S & S &

D D D D

0 0.003 0.006 0.002 0.009 0.002 0.007 0.001 0.004
50 0.002 0.007 0.002 0.009 - 0.006 0.001 0.003

1 year. 100 0.003 0.009 0.003 0.009 0.003 0.009 0.002 0.004
200 0.003 0.007 0.003 0.009 0.002 0.008 0.001 0.006
400 0.004 0.010 0.003 0.013 0.001 0.004

0 0.005 0.012 0.004 0.017 0.003 0.010 0.001 0.006 -..J

50 0.004 0.012 0.003 0.018 - 0.010 0.002 0.008
2 years 100 0.005 0.018 0.005 0.018 0.004 0.011 0.002 0.007

200 0.004 0.014 0.006 0.016 0.003 0.010 0.002 0.010
400 0.007 0.019 0.006 0.026 0.002 0.009

0 0.008 0.018 0.006 0.028 0.005 0.019 0.003 0.011
50 0.008 0.020 0.005 0.028 - 0.014 0.003 0.012

3 years 100 0.008 0.026 0.007 0.035 0.007 0.020 0.002 0.012
200 0.008 0.026 0.010 0.028 0.004 0.019 0.002 0.018
400 0.013 0.032 0.009 0.041 0.004 0.017

D: dominant trees.
CD: codominant trees.
I: intermediate trees.
s: suppressed trees.



Table 2. Average basal area growth for treatments of 0, 50, 100, 200 and 400 lb. of N per acre expressed
as multiples of the average basal area growth for intermediate and suppressed trees on the
untreated control plots.



Table 3. Average height growth for treatments of O. 50. 100. 200 and 400 lb. of N per acre

Years Jeune Landing Port Renfrew
since lb. of N I C I C

treatment per acre & D & D
S & S &

D D

5.7 6.8 4.8 7.7
4.6 6.8 3.8 8.6
5.7 8.0 4.8 8.6
5.7 6.8 5.3 8.2
5.7 6.8 5.8 8.2

o
50

3 years 100
200
400

Stand age
in 1968.
years

D: dominant trees
CD: codominant trees
I: intermediate trees
S: suppressed trees

12 14

Woss Camp Quadra Island
I C I C
& D & D
S & S &

D D

2.2 4.8 2.1 3.6
4.4 2.5 3.8

4.0 5.5 2.5 4.0
2.2 4.8 3.4 4.0

5.5 5.0

I

\0

I

16 29



Table 4. Advance in diameter classes of sample trees over a 3~ear period

Number of Jeune Landing Port Renfrew Woss Camp Quadra Island
diameter lb.
classes of N 0 1 2 0 1 2 0 1 2 0 1 2
advanced per acre

Percentage

End of 1
year (1968) 0 80.0 20.0 65.3 34.7 90.7 9.3 100.0

50 78.7 21.3 72.0 28.0 87.8 12.2 100.0
100 77 .3 22.7 70.3 29.7 85.3 14.7 95.0 5.0
200 76.8 23.2 77 .0 23.0 80.0 20.0 80.9 19.1 I-'

400 62.7 37.3 65.3 34.7 100.0
0

I

End of 2
year (1969) 0 78.0 22.0 53.3 46.7 86.7 13.3 100.0

50 69.3 30.7 57.4 41.3 1.3 77 .0 23.0 95.8 4.2
100 61.3 38.7 51.4 48.6 73.0 27.0 90.0 10.0
200 59.4 40.6 59.4 40.6 70.7 29.3 71.4 28.6
400 42.7 57.3 44.0 56.0 100.0

End of 3
year (1970) 0 46.7 53.3 40.0 57.3 2.7 57.3 42.7 83.3 16.7

50 42.7 56.0 1.3 42.7 56.0 1.3 66.2 33.8 83.3 16.7
100 38.7 56.0 5.3 37.8 54.1 8.1 57.3 42.7 70.0 30.0
200 33.3 63.8 2.9 41.9 52.7 5.4 50.7 49.3 47.6 52.4
400 19.0 73.0 8.0 28.0 62.7 9.3 54.5 45.5



Table 5. Mortality over a 3-year period

Rate of N Jeune Landing Port Renfrew Woss Camp Quadra Island
fertilization No. of % of No. of % of No. of % of No. of % of

lb/acre dead trees initial II dead trees initial II dead trees initial II dead trees initial II
per acre of live per acre of live per acre of live per acre of live

trees trees trees trees

For All Live Trees Above DBR

0 1766 12.8% 1700 26.8% 1933 20.1% 2800 42.4%
50 483 3.4% 1800 28.1% 3600 24.3% 4300 48.9%

100 1517 12.6% 300 6.1% 0 O.or. 2150 26.8%
200 2816 15.9% 3633 37.0% -100 -4.4% 3300 43.4% l-'

l-'
400 1883 14.9% 3183 43.8% 4900 48.0%

For All Live Trees

0 3466 21. 8% 2933 37.5% 3050 24.3% 2800 42.4%
50 -750 -4.7% 3900 45.2% 3366 20.6% 4300 48.9%

100 2500 18.8% 2516 32.8% 350 4.4% 2150 26.8%
200 3983 20.7% 6766 50.8% -667 -7.2% 3300 43.4%
400 2733 19.2% 4633 52.8% 4900 48.0%
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Fig. 1. Changes in dbh distribution for Jeune Landing data.



c::J 1967 TALLY

_ 1970 TALLY

80

70

60

(f)

w
w 50a::
f-

lL.
a
0
z 40
...J
«
f-a
f-

lL. 30
a
~0

20

10

DBH CLASS I 2 3 4 5 6 7 8 9

LB. OF N/ACRE 0

12345678

50

123 4 5 6 7 8

100

12345678

200

12345678

400

Fig. 2. Changes in dbh distribution for Port Renfrew data.
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Fig. 4. Changes in dbh distribution for Quadra Island data.




