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ABSTRACT 

A 375-ha area of black spruce (Picea mariana [Mill.] B.S.P.) forest on pealland in northeastern 

Ontario was drained with 87 km of ditches in 1984 and portions were fertilized from 1985 to 1987. Five 

years after drainage, trees had significantly greater diameter growth if fertilized and drained than they 

did without treatment. Fertilization alone was better than drainage alone. A drainage response was 

found in trees located close to a ditch. Responses for both drainage and fertilization were larger for 

OG11 and OG14 sites than for OGS and OG12 sites. Mortality and damage were not higher in drained 

than in control treatments, except for trees very close to the ditches. The results to date indicate thai 

5 years is too short a period for a drainage response to be completed for black spruce in this site and 

geographical area. 

RESUME 

Dans le nord-est de I'Ontario, 375 ha d'une foret d'epinette noire {Picaa mariana [Mill.] B.S.P.) 

dans une tourbiereont ete draines par 87 km de fosses en 1984, et certaines zones ont ete fertilisees 

entre 1985 et 1987. Cinq ans apres le drainage, I'accraissement du diametre des arbres eta'it beau-

coup plus grand dans les zones fertilisees et drainees que dans celles qui ne I'etaient pas. La 

fertilisation seule etait plus efficace que le drainage seul. Une reponse au drainage a ete constatee 

dans les arbres pres des fosses. Les reponses au drainage et a la fertilisation etaient plus grandes 

dans les sites OG11 et OG14 que dans les sites OG8 et OG12. La mortalite el les dommages dans les 

parcalles drainees ne depassaient pas ceux des zones temoins, sauf pour les arbres situes tres pres 

des fosses. Jusqu'a maintenant, les resultats rsvelent qu'une periode de cinq ans n'est pas assez 

longue pour que la reponse au drainage soil etablie chez les epinettes noires de la region. 
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n
d
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S
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.
 T
h
e
r
e
 is a well-established 

literature base on different types of peatlands and the 

potential for i
m
p
r
o
v
e
d
 forest g

r
o
w
t
h
 as a result of drain 

a
g
e
 <c.g., Bftrjesson 1927; M

a
l
m
s
t
r
f
l
m
 
1928; Karlberg 

1
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y
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v
c
h
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n
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1
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c
i
k
u
r
a
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c
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1
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,
 

1966; Seppala 1969; Hanell 1984). It has b
e
e
n
 well d

o
c
 

u
m
e
n
t
e
d
 that forest growth c

a
n
 be increased strikingly 

b
y
 draining in certain types of peatland: g

r
o
w
i
n
g
 condi 

tions i
m
p
r
o
v
e
 w
h
e
n
 excess water is r

e
m
o
v
e
d
,
 the soil is 

better aerated a
n
d
 nutrients are m

a
d
e
 available. 

In N
o
r
t
h
 A
m
e
r
i
c
a
,
 the history of drainage on forest 

land is y
o
u
n
g
e
r
 and, naturally, ihe n

u
m
b
e
r
 of reported 

experiments o
n
 forest drainage arc fewer. Avcrell 

and 

M
c
G
r
e
w
 
(
1
9
2
9
)
 classified p

e
a
t
l
a
n
d
 
sites in M

i
n
n
e
s
o
t
a
 

o
n
 
the basis o

f
 tree 

g
r
o
w
t
h
 b
e
f
o
r
e
 
drainage, a

n
d
 
d
e
 

scribed the post-drainage increase in forest production 

15 years after drainage for black spruce (Picea m
a
r
i
a
n
a
 

[Mill.] 
B.S.P.), 

tamarack (Larix taricina 
[
D
u
 Roi] 

K. 

K
o
c
h
)
 and eastern white cedar (Thuja occidentalis L.). 

O
t
h
e
r
 drainage e

x
p
e
r
i
m
e
n
t
s
 
in 

the 
U
n
i
t
e
d
 
states 

h
a
v
e
 

been reported f
r
o
m
 W
i
s
c
o
n
s
i
n
 (
Z
o
n
 a
n
d
 Averell 

1929) 

a
n
d
 
M
i
c
h
i
g
a
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(
L
e
B
a
r
r
o
n
 
a
n
d
 Netzel 

1942, 
Satlcrland 

a
n
d
 G
r
a
h
a
m
 1
9
5
7
)
.
 

I
n
f
o
r
ma
t
io
n
 o
n
 forest drainage in C

a
n
a
d
a
 deals pri 

marily 
w
it
h
 the effects of drainage o

n
 stands close to 

roads or railways, w
h
e
r
e
 d
n
c
h
e
s
 w
e
r
e
 d
u
g
 in order to re 

m
o
v
e
 
w
a
te
r
 f
r
o
m
 
the constructions rather than 

to i
m
 

p
r
o
v
e
 forest growth. P

a
i
v
a
n
e
n
 a
n
d
 W
e
l
l
s
 (1978) reported 

o
n
 s
o
m
e
 drainage trials in N

e
w
f
o
u
n
d
l
a
n
d
 in w

h
i
c
h
 iree 

g
r
o
w
t
h
 responses w

e
r
e
 m
o
s
t
l
y
 poor. H

o
w
e
v
e
r
,
 they nol-

iced that 15 years after construction, the height growth 

of trees 50 to 7
0
 m
 from ditches w

a
s
 affected positivcly. 

In Q
u
e
b
e
c
,
 b
e
t
w
e
e
n
 15,000 a

n
d
 2
0
,
0
0
0
 h
a
 h
a
v
e
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e
e
n
 

drained to i
m
p
r
o
v
e
 forest production, predominantly in 

clearcut areas o
n
 private w

o
o
d
l
o
l
s
 (Trottier 1991). W

h
e
n
 

m
e
a
s
u
r
i
n
g
 the g

r
o
w
t
h
 o
f
 t
a
m
a
r
a
c
k
 at different distances 

f
r
o
m
 
d
i
t
c
h
e
s
,
 
T
r
o
t
t
i
e
r
 
(
1
9
8
6
)
 
f
o
u
n
d
 
that 

t
h
e
 
p
o
s
t
-

drainage rate of w
o
o
d
 production 

of tamarack 
within 

1
0
 
m
 
o
f
 a
 ditch w

a
s
 m
o
r
e
 t
h
a
n
 
five t

i
m
e
s
 
the pre-

drainagc rate. G
r
o
w
t
h
 o
f
 trees further f

r
o
m
 a ditch w

a
s
 

m
u
c
h
 less, a

l
t
h
o
u
g
h
 the v

o
l
u
m
e
 p
r
o
d
u
c
t
i
o
n
 w
a
s
 greater 

t
ha

n
 that o

f
 trees o

n
 u
n
d
r
a
i
n
e
d
 plots. 

T
h
e
 m
o
s
t
 important p

u
l
p
w
o
o
d
 species in Ontario is 

b
l
a
c
k
 s
p
r
u
c
e
,
 a
n
d
 5
0
%
 o
f
 t
h
e
 f
o
r
e
s
t
e
d
 b
l
a
c
k
 s
p
r
u
c
e
 a
r
e
a
 

is o
n
 pealland (Ketcheson a

n
d
 J
e
g
l
u
m
 1972). B

e
c
a
u
s
e
 of 

its 
desirable pulping qualities, black 

spruce m
a
k
e
s
 u
p
 

m
o
r
e
 than 6

0
%
 of the r

o
u
n
d
w
o
o
d
 utilized b

y
 ihc pulp 

a
n
d
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a
p
e
r
 industry 

in O
n
t
a
r
i
o
 
(
A
n
o
n
.
 
1969). 

S
o
m
e
 

experiments with drainage of forested 
pcatland h

a
v
e
 

b
e
e
n
 
carried 

out in Ontario. T
h
e
 first forest drainage 

experiment in C
a
n
a
d
a
 w
a
s
 established in 1

9
2
9
 north of 

Iroquois 
Falls 

(
P
a
y
a
n
d
e
h
 
1973). 

A
l
t
h
o
u
g
h
 
the e

x
p
e
r
 

imental d
e
s
i
g
n
 w
a
s
 poor, P

a
y
a
n
d
e
h
 
s
h
o
w
e
d
 that re 

sponse to drainage w
a
s
 m
o
r
e
 p
r
o
n
o
u
n
c
e
d
 for individual 

irecs than for stands a
n
d
 that the response w

a
s
 greater for 

y
o
u
n
g
e
r
 trees with larger c

r
o
w
n
s
 g
r
o
w
i
n
g
 o
n
 better sites. 

A
n
o
t
h
e
r
 drainage experiment in the s

a
m
e
 region in 

northern Ontario w
a
s
 reported b

y
 Stanek (1968). Five 

years after drainage, both diameter a
n
d
 height gr

owth 

h
a
d
 i
n
c
r
e
a
s
e
d
 
five-fold 

in 
11 

y
o
u
n
g
 saplings. Y

o
u
n
g
e
r
 

trees a
n
d
 seedlings r

e
s
p
o
n
d
e
d
 best to drainage, w

h
e
r
e
a
s
 

o
l
d
e
r
 trees w

i
t
h
 short, n

a
r
r
o
w
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r
o
w
n
s
 s
h
o
w
e
d
 n
o
 posi 

tive r
e
s
p
o
n
s
e
 a
n
d
 s
o
m
e
 e
v
e
n
 died. 

A
s
 m
e
n
t
i
o
n
e
d
 earlier, m

a
n
y
 of the reported experi 

m
e
n
t
s
 o
n
 
forest drainage 

in 
C
a
n
a
d
a
 h
a
d
 poor experi 

mental designs, as they w
e
r
e
 not originally set u

p
 for the 

purpose of studying forest growth. Recently, a n
u
m
b
e
r
 

of better-designed 
forest 

drainage experiments 
h
a
v
e
 

been established 
in C

a
n
a
d
a
 (Hitlman 

1987). O
n
e
 of 

these is the W
a
l
l
y
 C
r
e
e
k
 A
r
e
a
 Forest D

r
a
i
n
a
g
e
 Project, a 

cooperative project initiated by the Ontario Ministry of 

N
a
t
u
r
a
l
 
R
e
s
o
u
r
c
e
s
 
(
O
M
N
R
)
 
a
n
d
 
F
o
r
e
s
t
r
y
 
C
a
n
a
d
a
,
 

Ontario R
e
g
i
o
n
 (
F
C
O
R
)
 (Haavisto 1984, R

o
s
e
n
 1986). 

T
h
e
 p
u
r
p
o
s
e
 o
f
 the p

r
e
s
e
n
t
 report is to p

r
o
v
i
d
e
 a
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r
e
 

l
i
m
i
n
a
r
y
 analysis o

f
 the g

r
o
w
t
h
 r
e
s
p
o
n
s
e
 o
f
 b
l
a
c
k
 s
p
r
u
c
e
 

in the W
a
l
l
y
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r
e
e
k
 A
r
e
a
 5 years after drainage a

n
d
 fertil 

ization. 

M
A
T
E
R
I
A
L
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N
D
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E
T
H
O
D
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T
h
e
 S
t
u
d
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A
r
e
a
 

T
h
e
 e
x
p
e
r
i
m
e
n
t
a
l
 a
r
e
a
 (
4
9
°
0
3
'
N
,
 
8
0
°
4
0
'
W
)
 
is 

located along a provincial highway about 30 k
m
 east of 

Cochrane, Ontario, in the Northern Clay Section of the 

B
o
r
e
a
l
 F
o
r
e
s
i
 R
e
g
i
o
n
 
(
R
o
w
e
 
1
9
7
2
)
 
of northeastern 

Ontario. T
h
e
 experimental area has a total land base of 

1,099 ha, of w
h
i
c
h
 9
4
1
 ha is classified as lowland black 

s
p
r
u
c
e
 forest (

R
o
s
e
n
 
1
9
8
6
)
.
 

T
h
e
 area's climate (see A

p
p
e
n
d
i
x
 
1) 

is very favor 

able for p
e
a
l
 a
c
c
u
m
u
l
a
t
i
o
n
,
 w
i
t
h
 a m

e
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n
 a
n
n
u
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e
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ture of 0
.
6
°
C
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-
1
7
°
C
 in January a

n
d
 +
1
7
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C
 in July) a

n
d
 

an annual precipitation of a
b
o
u
t
 8
8
0
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m
.
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h
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n
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season 
length 

(
m
e
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temperatures a

b
o
v
e
 5°C)
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160 

d
a
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0
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f
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p
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3.7 m in the semi-treed open spruce fen and bog areas. 

Peat depths are less than I m in approximately 50% of 

the area, between 1 and 2 m in about 25% of the area, 

and greater than 2 m in the remaining 25% of the area. 

The organic components of the soils are all underlain by 

varvcd heavy ciays and silly clays of varying colors. 

The major tree species in the area is black spruce, 

with minor constituents of white spruce (Picea glauca 

[Moench] Voss), tamarack, balsam fir (Abies baisamea 

[L.] Mill.), poplar (Poputus tremidoides Michx. and 

P. balsamifera L.) and white birch (Betula papyrifera 

Marsh.). The area was classified and mapped in accor 

dance with the Forest Ecosystem Classification (FEC) 

(Jones et al. 1983) in 1984, the summer before drainage, 

by Arnup (1985). The main FEC Operational Groups 

(OGs) found in the area were OGS, OG11, OG12 and 

OG14; OG8 is a mineral-soil type, whereas OG11 to 

OG34 occur on organic soils (i.e., soils with an organic 
layer thicker than 40 cm). 

Pan of the forest was harvested in about 1930 by 

ground cutters using horses to skid trees to the roadside. 

This method left much advanced growth, including sap 

lings and small trees, and the area regenerated naturally 

to a fully slocked forest. As a result, the present forest is 

uneven-aged. Some trees were present at the time of the 

harvest and are therefore more than 60 years old, and 

others originated after the cutting and are younger. As 

well, the structure of the horse-logged forest is one of 

irregular sizes and heights, ranging from large canopy 

trees to smaller saplings and seedlings in the undcrstory. 

Other parts of the area that had not been cut have much 

older trees (Jeglum 1991). The ages of 150 trees (> 5 cm) 

cut in 1985 varied between 40 and 280 years. 

The Drainage Area 

In the early 1970s, some preliminary work done by 

FCOR at Wally Creek provided a contour survey for part 

of the area (Silc 1973). With the use of this survey, the 

FEC map, aerial photos and additional field reconnais 

sance, the drainage was planned and implemented by a 

Finnish drainage expert. Ilka Koivisto, according to 

strict Finnish drainage standards (Haavisto 1984). 

Two Finnish Lilnnen S-10 digging machines and 

their two operators were brought to Ontario (Harkflnen 

1986). A total of 375 ha of the study area, of which 306 

ha were in the mid-rotation black spruce forest, was 

drained in the fall of 1984. The remaining 69 ha are 

located in a cutover area that has been planted. The 

drainage system consists of 87 km of open ditches 

(Fig. 1). The standard lateral ditches are mostly 90 cm 

deep and 1.4 m wide, but some are shallower (about 

70 cm) where the peals are shallow and close to mineral-

soil uplands. The collector ditches are deeper and wider 

to handle the water feeding in from numerous lateral 

ditches. They ranged in width from 1.4 to 2.0 m, and in 

depth from 0.9 to 1.5 m, depending on the volume of 
water to be handled. 

As a result of drainage, the mean depth to water in 

creased in all OGs, ranging from 1 to 48 cm, with the 

largest change in OG14 (Berry and Jeglum 1988). It was 
also found that within each OG, the mean depth to water 

decreased with increasing distance from a ditch and that 

for a given distance from a ditch, the water table became 

higher with increased spacing between ditches. 

The drained forest area consisted primarily of OG11 

sites, with some OG 12; here, ditch spacings were mainly 

40 to 45 m. Wider ditch spacings of 55 to 60 m were used 

in a predominantly upland block consisting mostly of 

OGS sites with some OG5 and OG 11 sites. Narrow spac 

ings (20 to 25 m) were used on OG 14 sites. For OG11 
sites, the most common type, a range of ditch spacings 

from about 20 to 75 m were installed (Fig. 1) (Berry and 

Jeglum 1988). 

Experimental Design and Measurements 

With the objective of studying the growth response 

of black spruce to drainage and fertilization, 28 growth 

plots were established in 1985. There are four drained 

and two undrained (control) plots in each of the four 

OGs (OG8. OG11, OG12 and OG14). Four additional 

plots, three at different ditch spacings (20,60 and 75 m) 

and one control plot in a stand of large, even-sized trees 

with a park-like, open undcrstory, probably not horse-

logged (11-S), were also laid out (Fig. 1). Subsequent 

reclassification revealed that not all the plots had been 

correctly classified by OG and therefore the different 

OGs are not evenly represented (Appendix 2). 

Each of the 28 plots consists of eight smaller sub 

plots with a size of about 400 m2 each, reaching from 

one ditch to the next, in order to cover the variation in the 

effect of drainage from the edge of the ditch to the mid 

point between ditches. This means that if the spacing 

between ditches was 40 m, the width of each subplot was 

10 m (Fig. 2). One of the eight subplots was a ■'perma 

nent growth plot" (PGP), two subplots were intended for 

destructive sampling (D1-D2) and the remaining five 

were to be fertilized (F1-F5). In the present report, the 

acronym PGP has been used to refer to one of the eight 

subplots depicted in Figure 2 even though "permanent 

growth plot" is also used generally to refer to the whole 

For. Can. Inf. Rep. O-X-417 
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°* Figure 7. 77tf drainage system and the distribution of ditches in ike drainage area, with all permanent growth plots marked, in the Wally Creek area. 



40 m 

Ditch 

10 m 

Figure 2. The design of a typical permanent growth plot and the distribution of 

subplots within it (Dl, D2 = destructive sampling; PGP = permanent growth 
plot; F1-F5 = different fertilization treatments). 

group of eight subplots. Fl plots were fertilized in 1985, 

F2 plots in 1986 and F3 plots in 1987 with a solid 

150-100-100 kg/ha NPK fertilizer; F4 and F5 plots 

were never fertilized. 

There arc 56 subplots, in which the trees have been 

mapped with X-Y coordinates in order lo identify trees 

at different distances from the ditches and to help locate 

the trees in future studies of competition effects. Nine 

plots were never assessed for tree dimensions; hence, the 

sample for this study consists of 47 subplols (Appendix 

2). Of these, 35 arc drained (D), 12 not drained (ND), 20 

fertilized (F) and 27 not fertilized (NF), giving the fol 

lowing combinations: 16 D/F, 19 D/NF, 4 ND/F and 8 

ND/NF. The 47 subplols cover approximately 1.7 ha. 

Average stocking was 2,300 trees/ha {trees > 5 cm 

DBH), and ranged from 4,000 trees/ha in the most dense 

OG8 subplot to 200 trccs/ha in one of the OG14 sub 

plots. There were 3,996 trees in the 47 subplols, mostly 

black spruce (95%) with some balsam fir (3%) and tam 

arack (2%). 

For all trees > 5.0 cm DBH (outside bark) in 1985, a 

permanent numbering system was eslablished. All trees 

were assessed for mortality and damage in 1985 and 

1989, and four categories were used: dead, broken, lean 

ing and blown-down trees. 

Diameters for all trees in each PGP and in some of the 

fertilized (Fl) plots were measured at 1.4-m height 

(ostensibly breast height) with a steel diameter tape in 

October 1985 and March 1990. Diameter was always re 

corded at the level of the numbering lag after removing 

ihe rough outer layerof bark, and the error was estimated 

tobeil mm (McLaren 1991). 

Height was measured on all trees oniy in PGPs (not 

in fertilized plots) in October 1985 and March 1990. In 

1985, height from the ground surface was measured with 

a telescoping fiberglass height pole; in 1990, when the 

ground was covered with snow, height was measured 

from the number tag to the top 

and then 1.4 m was added to 

account for the distance from 

the tag (ostensibly, breast 

height) to the ground. The ac 

curacy of these height mea 

surements is questionable and 

the error in height was esti 

mated to be ±0.30 m (McLaren 

1991). All measurements were 

taken by OMNR staff from 

Cochrane and different person 

nel were involved each time. 

Analysis of Data 

The growth response variables studied were dia 

meter and height increment. Volume increments were 

estimated from diameter and height increments. The 

rales of mortality of and damage to black spruce after 

drainage were also calculated. 

Analyses were carried out only on surviving un 

damaged black spruce trees other than those with 

obvious measurement errors. For certain measurements 

of diameter and height for which negative growth 

increments were obtained, rules were set lo exclude 

these unrealistic values (see below). For each subplot, 

mean diameter and height increments were calculated as 

follows: 

n. Diameter 1989 - Diameter 1985 

4 

Where: DI is the mean annual diameter increment (mm) 

over 4 years. If the 4-year difference between the 1989 

and 1985 diameters was<-0.1cmor>l.l cm, the datum 

was not used because it was assumed to be unrealistic. 

The 0.1-cm limit was chosen because this was the esti 

mated error in diameter measurement. Height increment 

was calculated similarly: 

Height 1989-Height 1985 

4 

Where: HI is the mean annual height increment (m) over 

4 years. If a4-yeardifference between the 1989 and 1985 
heights was <-0.3 m or >1.3 m then it was not used in 

subsequent calculations because it was assumed to be 

unrealistic. These limits were chosen because the esti 

mated height measurement error was ± 0.3 m. 

In the present study, only trees surviving to the lasl 

measurement in 1989 and those meeting the above 

criteria were included in the volume estimates, de 

scribed in the next section. Hence, there was no attempt 

HI = 
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to account for loss of volume as a result of blowdown 

and mortality. 

Volume per Tree and per Unit Area 

In order to calculate volume and volume growth, two 

different volume functions were used. One is a standard 

volume equation (Honer et al. 1983) for black spruce: 

51 D2(l -0.04365 B2f 
V = 

C\ 
0.3048 C2 

H 

Where: V = total tree volume inside bark (m3), D = DBH 

outside bark (cm), II = total height (m), and the species-

specific parameters for black spruce areBl = 0.004389, 

52 = 0.164, a m 1.588 and Cl = 333.364. 

The second volume equation refers to merchantable 

volume (Honer et al. 1983) and is as follows: 

MV = V(RI+R2X1 + R3X32) 

Where: MV = merchantable volume (m3), V = total tree 

volume under bark (m3),andfll =0.9526,fl2 = -0.1027, 

and R3 = -0.8199 for black spruce. The other parameter 

in the equation, X3, is defined as follows: 

X3 = 
r-

(1-0.04365 

Where: T = top diameter (7 cm), D = DBH (cm), B2 = 

0.164,,S=stumpheight(0.15m),andtf=total height (m). 

Volumes per hectare and per plot were calculated as 

follows: 

VT ■ N A BS V 

Where: VI'= volume (m3/ha) of black spruce,A'=number 

of Irees per plot, A = 10,000 m2/ha divided by plot area 

(m2), BS = proportion of black spruce in thcplot (%), and 

V = mean volume per tree (m3) in a given plot. 

Volumes of each of 122 trees destructively sampled 

in 1985 were calculated as the sum of their sectional vol 

umes (i.e., Smalian's formula was used). The volume 

calculated with Honer's standard volume function was 

found to underestimate the actual (Smalian) volume by 

6% on average for black spruce on this particular site: 

L (Smalian's formula) 

Where: At = area of each section's top, Ab = area of each 

section's bottom, and L = length of each section. 

Distance to Ditch 

In order to study if growth response varied at dif 

ferent distances from the ditch, each subplot was divided 

into four distance classes, depending on distance to ditch 

(<3 m, 3-6 m, 6-12 m and >12 m). For each distance 

class and subplot, mean growth increments were cal 

culated. 

Tree Size 

To determine whether trees respond differently to 

drainage and fertilization depending on their size, three 

size classes based on either diameter or height were 

made in each subplot. The size classes were < 8 cm, 8-11 

cm, and >11 cm for DBH and <7.5 m, 7.5-10 m 

and > 10 m for height. 

Mortality and Damage 

The categories chosen for mortality and damage 

were dead, broken, leaning and blown-down trees. 

These categories were treated exclusively: for example, 

if a broken tree was also dead, it was only classified as 

dead. Broken, leaning and blown-down trees were all 

alive at the time of the assessment. 

Statistical Analysis 

Analysis of variance was performed using the 

General Linear Model (GLM) procedure of Lhe Statis 

tical Analysis System (Anon. 1985), which was used to 

test if differences in means were significant. According 

to the design of the experiment, analyses were made on 

plot means rather than on single trees. 

RESULTS 

Diameter Growth 

Mean DBH in 1985 and 1989, mean annual diameter 

increment between 1985 and 1989, and relative diameter 

increment ([Diameter 1989 - Diameter 1985]/Diameter 

1985) are shown in Figures 3-6 and Tables 1-3. 

Mean diameter in 1985 for trees >5 cm in DBH was 

about 10 cm in ail OGs except for OG14, for which the 

mean diameter was 6.41 cm (Fig. 3, Table 1). In OG14 

there were no trees larger than 15 cm in diameter and 

80% of the trees had a DBH of < 9 cm. Trees were more 

evenly distributed in the other threeOGs, and the highest 

proportion of large (>15 cm DBH) trees was found in 

OG12(Fig.3). 

Five growing seasons after drainage and fertiliza 

tion, the best mean annual diameter increment in all OGs 

was found with trees in D/F areas (Fig. 4, Table 1). The 

mean annual diameter increment on D/F sites was sig 

nificantly greater than the diameter increments on both 
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Figure 3. Diameter distribution in 1985 for different 

Operational Groups (OGs). Mean diameter in the 

different OGs is also indicated. 

D/NF and ND/NF sites. The diameter increment in D/F 

areas was also higher, but not significantly, than the in 

crement in ND/F areas. Fertilization without drainage 

(ND/F) produced a higher diameter increment than 

drainage alone. Trees on D/F sites grew an average of 

0.5 mm/year more than trees on ND/NF sites, and the 

difference was significant. With no fertilization, the 

diameter growth was only 0.13 mm/year greater in 

drained than in undrained areas (Fig. 4, Table 1). 

The relative diameter increment for trees in D/F 

areas was 5.4% over4 years compared with 2.8% in ND/ 

NF areas (Table 1). 
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Figure 4. Mean annual diameter increment from 1985 to 

1989 for different treatments. Means within different 

OGs followed by different letters differ significantly at 

the p = 0.05 level 

Diameter growth response for OG11 showed the 

same pattern as for all OGs (Fig. 4, Table 1). Trees in 

D/F plots in OG 11 had 68% higher diameter increment 

than those in ND/NF plots. Drainage without fertil 

ization (D/NF) gave a 20% higher diameter increment 

than ND/NF in OG11. For the other OGs, the D/F plots 

consistently showed the best diameter growth (Fig. 4, 

Table 1). The relative diameter increment was greater in 

drained than in undrained areas in all OGs except OG8 

(Table 1). The highest relative diameter increment 

(7.4%) was found in D/F plots in OG14. 

Table 1. Mean diameters in 1985 and 1989, mean annual 

diameter increment between 1989 and 1985 and relative 

diameter increment (over 4 years) based on the means 

from 47 plots. Means marked with different letters (capi 

tal letters compare treatments and lower-case letters 

compare OGs) are significantly different at the p = 0.05 

level. 
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Since no diameters were measured in the ND/F areas 

in OG8, OG12 and OG14, no comparisons could be 

made for the effect of fertilization in these OGs. 

Influence of distance to ditch 

For all OGs, trees growing within 3 m of a dilch had 

a higher mean diameter increment than trees further 

from ditches (Fig. 5, Table 2). Within 3 m, diameter in 

crement in plots with drainage alone was equal to that 

for drainage plus fertilization. Where fertilizer was 

added, trees showed no decline in diameter increment 

further away from the ditch; by contrast, without fertiliz 

er there was a significant drop in diameter growth in 

trees 3 to 6 m from the dilch, and about the same for 

classes at greater distances from the ditch (Table 2). 

Drained sites without fertilization (D/NF) produced 

better diameter growth within 3 m of a ditch than 

occurred on ND/F sites. Trees on drained sites had, at all 

distances from a dilch, better diameter growth than trees 

on undrained sites (Fig. 5, Tabie 2). 

The same pattern, with greater diameter increment 

close to a ditch in nonfertilized areas, was true for all 

OGs except OG14 (Table 2). In fcnilized areas in each 

OG. there was no greater diameter gTowth close to a 

ditch, with the exception of OG14. 

3-6 

DIE Till CE TO DUCK (m) 

Figure 5. Mean annual diameter increment (mm) from 

1985 to 1989 for trees in four distance classes from a 

ditch for drained fD), fertilized (F) and not fertilized 

(NF) areas, with all OGs combined. Diameter 

increments in undrained (ND) areas are shown as 

controls. 

Table 2. Mean annual diameter increments (DI) between 1985 and 1989 for trees in 

tances from a ditch and for undrained controls. Means marked with different leucrs 

are significantly different at the p = 0.05 level. (Significance tests were carried out 

among different distances from a ditch rather than for undrained, control plots.) 

drained plots at four different dis-

(capital letters compare distances) 

for differences in diameter growth 

Treatment 

andOG 

Undraincd 

control 

Drained, distance from ditch (m) 

<3 3-6 6-12 

OGS 

FerL 

No fert. 

OGI1 

FerL 

No fcrt. 

OG12 

Fert. 

No fen. 

OGI4 

Fert. 

No fert. 

Mi OGs 

Fert. 

No fert. 

12 0.76 28 1.19A 33 1.04 AB 34 0.97 AB 33 0.94 B 
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influence of tree size 

The medium-sized trees (based on eilher DBH or 

height) had a greater diameter increment than cither 

smalleror larger trees (Fig. 6, Table 3). The difference in 

diameter growth between trees in different size classes 

was similar in all treatments, which means that middle-

sized trees had about 0.1 mm better annual diameter 

growth regardless of the treatment (Table 3). Differences 

in diameter growth for different size classes were, how 

ever, not significant. 

Height Growth 

Since height was not measured in fertilized areas, 

comparisons can only be made for D/NF and ND/NF 

plots. Mean heights in 1985 and 1989, mean annual 

height increments (1985-1989) and mean relative 

height increments (1985-1989) arc shown in Figures 7 

and 8 and Tables 4-6. 

Mean height in 1985 was significantly lower in 

OG14 areas (5.02 m) than in the other OGs, where the 

mean height was between 8 and 9 m (Fig. 7, Table 4). In 

all OGs, the majority of trees were shorter than 9 m — 

58% in OG8, 63% in OG11, 60% in OG12 and 98% in 

OG14(Fig.7). 

The mean annual height increment in drained areas 

was higher than in undrained areas, but the differences 

were not significant (Fig. 8, Table 4). The relative height 

growth was 7% over4 years in drained areas and 5.9% in 

undrained areas. 

Mean heights and mean annual height increments in 

1985 and 1989 were significantly lower in OG14 areas 

than in all other OGs (Table 4). The relative height incre 

ment, however, was highest in OG14 and the best rela 

tive height growth of all was found in drained plois of 

OG14. 

Comparisons of height growth for drained and 

undrained areas within an OG showed no significant 

differences. However, there were greater height incre 

ments in drained areas in OG11 and OG 14 than in com 

parable undrained areas. The relative height increments 

were higher for drained plots in all OGs except OG8 

(Table 4). 

O/F D;NF ND/F 

TREATMENT 

Figure 6. Mean annual diameter increment (mm) for 

trees of three size classes (based on DBH) in different 

treatments, over all OGs. 

OG11 OQ1! 

OPERATIONAL GROJP 

Figure 7. Height distribution in 1985 for different 

Operational Groups (OGs). 

Table 3. Mean annual diameter increment (DI) from 1985 to 1989 for trees of different size classes (based on DDH 

and height); 133 subplots (N) were used for DBH and 72 for height. (No differences were significant at the p = 0.05 
level.) 
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Figure 8. Mean annual height increment (m)from 1985 

to 1989 for trees in drained and undrained areas in 

different Operational Groups (OGs). Fertilized plots 

were not included. 

Table 4. Mean heights in 1985 and 1989, mean annual 

height increments between 1989 and 1985 and relative 

height increments (over 4 years) based on means from 

27 plots (N). Means marked with different letters (cap 

ital letters compare treatments and lower-case letters 

compare OGs) are significantly different at the p = 0.05 

level. 

Influence of distance to ditch and tree slzo 

The mean annual height increment was highest for 

trees > 12 m from ditches for all OGs together (Table 5). 

The differences in height growth at different distances 

from a ditch were, however, smalt and not significant. 

For all OGs combined, height increments were higher at 

all distances from a ditch in drained than in undrained 

areas. OG11 showed a pattern of height increments simi 

lar to that of all OGs combined (Table 5). However, there 

were no significant differences among the different dis 

tance-to-ditch classes for any of the OGs. 

Height growth was best among the largest trees in 

size classes based on either DBH or height (Table 6). 

Large trees had a greater height increment than medium-

sized ones, which in Him grew belter than small trees. 

This was the case for both drained and undrained areas, 

but no differences were significant. 

Volume 

Since the volume functions were based on both 

diameter and height and no heights were measured in 

fertilized areas, volume was only calculated for drained 

and undrained plots. Volumes and volume increments 

per tree and per hectare arc shown in Figures 9-11 and 

Tables 7-9. 

The largest average trees in 1985 were in OG 12 and 

OGS; trees averaged somewhat smaller in OG11, and 

were considerably smaller in OG14. The merchantable 

volume was about 75% of total volume in the average 

tree in OGS and OG 12 areas and 60% in OG 11, whereas 

there was no merchantable volume at all in OG 14 areas 

(Fig. 9, Table 7). 

Vol. (fl 

Figure 9. Mean volume and mercliantable volume per 

tree (dm3) and mean volume per hectare (m3) in four 

different Operational Groups (OGs) in fall 1985. No 

fertilized plots are included. 
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Tablc5. Mean annual height increments (HI) from 1985 to 1989 fortrees in drained plots atfourdifferentdistancesfroma 

ditch and for undrained controls. (No differences were significant at the p = 0.05 level.) 

Undrained Drained, distance from ditch (m) 

Table 6. Mean annual height increments (HI) from 1985 to 1989 for trees in different size classes (based on DBH and 

height). There were 77 subplots (N) for DBH and 74 for height, and only on non-fertilized areas. (No differences were 

significant at the p = 0.05 level.) 

The highest volume per hectare (only black spruce) 

was found in OG8 areas; this was about 10 m3 more than 

in OG11 and OG12 areas and 11 times more than tlic 

volume in OG14 areas. In OG14, however, the percent 

age of black spruce was only 50%, much lower than in 

other OGs (Fig. 9, Table 8). 

The mean annual volume increment per tree (VI) 

between 1985 and 1989 was slightly but not signifi 

cantly higher in drained than in undrained areas; how 

ever, the difference in relative volume increment was 

greater (Fig. 10, Table 7). 

In each OG except OG12, the volume incrcmentper 

tree was higher in drained than in undrained plots (Fig. 

10, Table 7). However, the actual volume increment per 

tree, irrespective of treatment, was significantly lower in 

OG14 plots than in odicr OGs; in contrast, the relative 

increment was similar for all OGs (Table 7). 

The actual volume increment per tree is always larger 

in large trees and therefore relative increment is a more 

informative value. In each OG except OG8, the relative 

volume increment per tree was higher in drained areas 

(Fig. 10, Table 7). The differences in volume increment 

between drained and undrained areas were small in OG8 

and OG12, but both actual and relative volume incre 

ments per tree were higher in the drained areas in OG 11 

and OG14; however, the latter differences were not sig 

nificant. Trees in OG14 plots had twice tlic relative 

volume increment in drained than in undrained plots. 

11 

OG 11 OG 12 

OPERATIONAL CROUP 

Figure ]0. Mean annual volume increment per tree 

(dm3) and relative volume increment per tree (%) 
between 1985 and 1989 for drained and undrained areas 

in four different Operational Groups (OGs). No 

fertilized plots are included. 

For all OGs together, the standing volume per 

hectare in 1985 was higher in undrained than in drained 

plots but the average annual volume and relative incre 

ments per hectare were higher in drained areas (Fig. 11, 

Table 8). The differences were, however, not significant. 

Both standing volume per hectare and annual volume in 

crement were significantly lower in OG14 because of 

the smaller trees and lower tree density compared with 

other OGs. 
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Undrained areas had higher standing volumes than 

drained areas in all OGs except OG8 (Table 8). The 

actual volume increment per hectare was higher in 

drained plots in OG8 and OG11, but lower in OG12 and 

OG14. The relative volume increment, on the other 

hand, was higher in drained areas in all OGs except 

OG8. The relative volume increment in drained plots 

was 25% higher in OG11 and almost doubled in OG14 

(Fig. 11, Table 8). 

The largest mean volume increment per tree was 

found in trees within 3 m of a ditch (Table 9). The rela 

tive volume increment was also highest close to a ditch 

and higher at all distances from a ditch than in the un 

drained control. No differences were significant. 

By dividing the sample into size classes by height, it 

was found that small trees (<7.5 m) had higher mean 

volume increments and relative volume increments 

closer to aditch than furtheraway. For medium-sized and 

large trees, no differences were found among distances 

from a ditch. Medium-sized trees had the same relative 

growth in undrained plots as in drained plots, whereas 

large trees had greater relative growth in the drained 

plots (Table 9). Again, no differences were significant. 

I! 
3 ■ 

Rel. vol. Incr./ha 

P Drained 

B Not di&inad 

OGB OG 11 OG 12 

OPEFlATIOfJAL GROUP 

Figure 13. Mean annual volume increment per hectare 

(m3) and relative volume increment per hectare (%) 

between 1985 and 1989 for drained and undrained 

areas in four different Operational Groups (OGs). No 

fertilized plots are included. 

Mortality and Damage 

The total proportion of dead and damaged (blown-

down, broken and leaning) trees was about 10% in 

both drained and undrained areas. The lowest proportion 

Table 7. Mean volumes and mean merchantable volumes per tree in 1985 and 1989, mean annual volume increments 

per tree from 1985 to 1989, and relative volume increments (ovcr4 years) for 19 drained and 8 undrained areas (no 

fertilized plots). Means with different letters (capital letters compare treatments and lower-case letters compare OGs) 

are significantly different at (he p = 0.05 level. 
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Table 8. Mean volumes per hectare in 1985 and 1989, 

mean volume increments per hectare from 1985 to 1989, 

and relative volume increments per hectare. Means are 

based on 19 drained and 8 undrained plots (no fertilized 

plots) in four Operational Groups (OGs). Means with 

different letters (capital letters compare treatments and 

lower-case letters compare OGs) are significantiy differ 

ent at the p = 0.05 level. 

Vol. 

Treatment No. of 

Rel. vol. 

incr. 

of dead or damaged trees was found in ND/F areas, fol 

lowed by D/F areas (Table 10). Drained but not fertilized 

plots had the highest proportion of dead and damaged 

trees (12.9%). 

The difference in the proportions of dead and dam 

aged trees between drained and undrained areas was 

very small. There were slightly, but not significantly, 

higher percentages of leaning and dead trees in the 

drained areas. Non-fertilized areas had higher pro 

portions of dead, broken and leaning trees, whereas 

fertilized areas had slightly higher percentages of 

blown-down trees (Table 10). 

Trees close to the ditches sustained the most damage, 

and dead or damaged trees were particularly common 

within 3 m of the ditch (Fig. 12, Table 11). Furlhcraway 

from the ditch and in undrained plots, llic proportion of 

damaged trees was lower and there was very little di ffcr-

ence in the frequency of different types of damage. 

The higher proportion of damage within 3 m of 

ditches was more pronounced in fertilized than in non-

fertiiized areas. In non-fertilized plots and undrained 

areas there were about the same proportions of damaged 

trees at all distances from ditches. 

Small trees sustained more damage than cither 

medium or large trees (Fig. 13, Table 12). Breakage and 

leaning were especially common for small trees, where 

as large size classes had the highest proportion of dead 

trees. 

NO .3 a-e 

DISTANCE TO DITCH (rl 

Figure 12. Frequency of different classes of damaged 

trees at different distances from a ditch in spring 1990. 

Undrained plots are indicated by ND (not drained). 

Table 9. Mean volumes per tree in 1985 and 1989 for four 

different distances from a ditch and an undrained control, 

mean annual volume increments per tree, and mean rela 

tive volume increments from 1985 to 1989 for three 

height classes at different distances from a ditch. (No 

differences were significant at the p = 0.05 level.) 

Tree size 

class 

Mean volumes and 

volume increments (dm3/irce) 

Undrained Distance from diich (m) 

control <3 3-6 6-12 >12 

All sizes 

Volume 1985 36 38 34 34 30 

Volume 1989 39 43 37 38 34 

Volume increment 0.85 1.14 0.87 1.03 0.94 

Rel. vol. incr. <%) 3.3 3.9 3.5 3.5 3.7 

Height <7.5 m 

Volume incremeni 0.42 0.53 0.52 0.47 0.49 

Rel. vol. incr. (%) 3.9 5.2 4.5 3.9 4.7 

Height from 7.5 to 10 m 

Volume increment 1.00 1.08 1.01 1.11 1.23 

Rel. vol. incr. (%) 3.3 3.3 3.1 3.9 3.3 

Height >10m 

Volume increment 1.78 2.08 1.59 1.87 1.82 

Rel. vol. incr. (%) 1.9 2.5 2.1 2.6 2.6 
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Table 10. Numbers and proportions of damaged (blown-down, broken and leaning) and dead trees in plots with differ 

ent treatments assessed in spring 1990. 

46 3.8 

17 1.4 

7 0.6 

18 1.5 

1,1 I 92.7 

Chisquarc (4 treatments, df = 12) = 77.0 

P(0.05,df=12)=21.0 

Drained 

No. % 

Dead 

Blown-down 

Broken 

Leaning 

No damage 

81 

10 

43 

57 

1,288 

5.5 

0.7 

2.9 

3.9 

87.1 

12 

7 

0 

0 

400 

2.8 

1.7 

0.0 

0.0 

95.5 

Undrained 

No. 

Fertilized 

No. 

34 

6 

24 

21 

645 

4.7 

0.8 

3.2 

2.9 

88.4 

Not fertilized 

No. 9 

Dead 

Blown-down 

Broken 

Leaning 

No damage 

127 

27 

50 

75 

2,412 

4.7 

1.0 

1.9 

2.8 

89.6 

46 

13 

24 

21 

1,045 

4.0 

1.1 

2.1 

1.8 

91.0 

58 

24 

7 

18 

1,524 

3.6 

1.5 

0.4 

1.1 

93.4 

115 

16 

67 

78 

1,933 

5.2 

0.7 

3.1 

3.5 

87.5 

Chisquare (2 treatments, df = 4) = 

P(0.05,df = 4) = 9.5 

4.4 = 69.5 

Table 11. Numbers and proportions of dead and damaged (blown-down, broken and leaning) trees in plots with different 

treatments and at different distances from a ditch, assessed in spring 1990. 
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Figure 13. Frequency of different types of damaged trees 

according to she class (based on height: small, <7,5m; 

medium, 7.5 -10 m; large, > 10 m). 

DISCUSSION 

Five years after treatment is too short a period for 

observing a growth response lo drainage. In a drained 

area, lowering of the water table aerates the soil, accel 

erates decomposition and gradually makes nutrients 

available. It lakes some years for the trees to adjust their 

root systems and lake advantage of the improved condi 

tions. Furthermore, different species of trees take differ 

ent amounts of lime to adjust and respond to the new 

conditions. It has been noted in Finland that Norway 

spruce (Picea abies [L.] Karst.) usually needs 6 to 7 

years to adjust and stabilize its growth after drainage, 

whereas Scots pine (Pinus syhestris L.) does the same 

in only 3 to 4 years (Seppala 1969). 

The time to adjust to drainage also varies with site 

quality. On poor sites similar to the Wally Creek area, 

some Nordic studies have reported that the trees may 

take several years to adjust fully to the new growing con 

ditions {Hanell 1984). The drainage response may just 

stan to show after 5 years, but may then increase and 

persist for 25 to 30 years depending on the quality of the 

ditches and the nutrient quality of the soil. 

In contrast with drainage, fertilization provides 

nutrients instantly, and hence growth response is usually 

much faster. The response to fertilization would prob 

ably reach a maximum within 5 years of treatment and 

then start to fade; it would not last longer than 10 to 15 

years depending on the type of fertilizer used and the 

amount of leaching of the added nutrients. 

Response to Fertilization 

The diameier growth in this sludy is similar to that in 

a study by Payandch (1982), who found that black 

spruce responded to fertilization after 5 years, especially 

if nitrogen (N) was added. Fertilizing with phosphorus 

(P) alone, however, could have a depressive effect on 

growth. In the present experiment, NPK fertilizer was 

used and the mean annual diameier increments in fertil 

ized (D/F and ND/F) areas were 25 to 80% greater than 

in nonfertilized (D/NF and ND/NF) areas. This is an in 

dication that fertilization alone gave a greater short-term 

growth response than drainage for these sites. 

In the present study, fertilization had a significant 

effect on diameter growth in OG11 and OG12 areas. In 

the other OGs, the same response occurred but was non 

significant, partly as a result of Ihe smaller number of 

measured plots. 

The diameter growth response to fertilization was 

not larger at any specific distance from a ditch, another 

indication that fertilization has so far had a greater im 

pact on the growth response than drainage. The medium-

sized trees responded besi to fertilization, independent 

of where they were located. 

The increased diameter growth in fertilized areas in 

dicates that there was a nutrient shortage on all studied 

sites, from OGS to OG14. Since only one type of fertili-

Table 12. Numbers and proporiions of dead and damaged (blown-down, broken or leaning) trees of different sizes, 

based on boih diameter and heighi. (No fertilized plots are included in the table for heighi.) 
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zcr (NPK) was used in this study, it is not possible to state 

whether some nutrients were more deficient than others. 

Unfortunately, no heights were measured in fertil 

ized plots. Since the volume functions are based on both 

diameter and height, no comparisons of either height or 

volume increments in response to fertilization have been 

made, since heights were not measured in the fertilized 

plots and their inclusion is required in the volume func 

tions used. 

Response to Drainage 

The results indicated that there is a growth response 

of diameter, height and volume to drainage, but the only 

significant response was for diameter increment in 

relation to distance (i.e., within 3 m of the ditch). The 

diameter increment for trees closer than 3 m to the ditch 

was 43 to 52% greater then for trees further away from 

the ditch. Otherrcsults indicated a drainage effect but no 

other differences in increments between drained and un-

drained areas were significant Both diameter and height 

increments were about 20% higher in drained areas than 

in undrained ones for OG11 and OG14 areas, whereas no 

clear differences were found in OG8 and OG12 areas. It 

could be that OG12 and OG8 sites were not as con 

strained by high water tables as are OG11 and OG14, 

The water-table studies in the Wally Creek area (Berry 

and Jcglum 1988} have shown that OG 12 and OG8 sites 

have deeper water tables than OG 11 and OG 14 sites. 

The mean annual volume increment per tree for all 

OGs combined was 14% higher in drained than in 

undrained areas. The highest volume increments, both 

actual and relative, were found on OG 11 and OG14 sites. 

The stocking and standing volume per hectare varied 

considerably among different plots and OGs and were 8 

to 10 limes higher on OGS, OG11 and OG 12 sites than 

on OG14 sites. The low volume per hectare on OG14 

sites was a result of the small trees, low density and 

lower proportion of black spruce. The actual volume in 

crement per hectare was higher in many undrained plots, 

which also had higher densities of trees. However, the 

relative volume increment was higher in drained areas, 

especially on OG 14 sites. None of the volume increment 

increases in response to drainage were significantly 

higher than for the undrained controls. 

Although diameter increments were significantly 

higher closest to a ditch, this was not the case for height 

increments. These were greatest at the farthest (> 12 m) 

distance from a ditch, though the differences were small 

and not significant. A reasonable explanation for this is 

errors in height measurement, which could have been 

difficult to perform in a closed, dense stand between 

ditches. One would expect the highest height increments 

closest to the ditches, as for diameter increment, since 

there is a significant lowering of the water table closest to 

ditches in response to drainage (Berry and Jeglum 1988). 

The highest volume increments per tree were found 

closest to ditches, though there were differences in 

response as a result of tree sizes. Small trees had the best 

volume growth closest to the ditch. The largest diameter 

increments were found in medium-sized trees, whereas 

the largest trees had the best height increment. It is rea 

sonable to expect middle-sized trees to have the best 

growth response, as this has been shown in other studies 

(e.g., Stanek 1968, Payandeh 1973). Age is one variable 

that would be of interest because of its possible effect on 

the response of individual trees, but no age information 

was collected in the present study. Age and crown size 

were, however, correlated with diameter increment in a 

companion study (Sundstrom and Jcglum 1992). 

Comparisons of growth responses showed that the 

OG14 site type was significantly different from the other 

OGs. Diameter, height and volume and their respective 

increments were all significantly lower on OG14 sites, 

although the relative increments in response to drainage 

and fertilization were highest. Because the density of 

trees in these stands was very low, and because they had 

no merchantable volume at all, it is felt that these sites 

will be of little value for any drainage or fertilization 

operations. However, it must be noted that there was an 

excellent growth response of tamarack and black spruce 

in the "rich" OG 14 type, which had some of the plant in 

dicators of a rich fen. Personal observations of the range 

of variation of OG14, from ombrotrophic treed bog to 

rich fen, suggest there is undoubtedly a large variation in 

the potential growth response to drainage. 

The response to drainage after 5 years was not sig 

nificant, although there were some indications of a 

drainage response. The average difference in annual 

diameter increment between drained and undrained sites 

was only about 0.!3 mm. However, the study only re 

ported growth on a stand level, and considering the wide 

variation in OGs, age, size and vitality for these trees, a 

short-term response on a stand level may be hard to 

detect. Both Stanek (1968) and Payandeh (1973) were 

unable to show a drainage response on a stand level, 

even diough they demonstrated very good responses to 

drainage by individual trees (Payandeh) or very young 

saplings (Stanek). A more careful investigation of indi 

vidual trees could demonstrate how the size, age and 

vigor of irees influence the response to drainage. 
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ization and, to some degree, drainage have improved 

forest growth in the Wally Creek area. A reliable stem 

analysis sample from the sample plots in another 5 years 

will give a better idea of growth before and after drain 

age. 

There were some problems encountered during this 

study that may be of interest to the reader as well as to 

people who are planning to set up similar projects. 

When analyzing the daia collected for this study, it 

was discovered that the measurements contained many 

and large errors, especially in the height measurements. 

In some plots, the frequency of apparently negative 

height increments was as high as 25 to 30%, which gives 

us less confidence in the reliability of the data. It was 

subsequently discovered thai heights had been measured 

widi different techniques at different limes. 

Another problem that arose during the analysis was 

that not all measurements were taken in all plots, which 

complicated tiic analysis and weakened the results to a 

great extent. 

A third problem was that the measurements were 

taken by different people each year. The assessors were 

not given the same instructions, and the instructions they 

did receive were not very precise, which created large 

variations in the data that cannot be accounted for 

adequately in the analyses. These problems, taken 

together, made the results and the conclusions much 

weaker than they could have been. 

To ensure that these problems are corrected, the 

following four recommendations are made: 

1. Simple and well-defined instructions should be set 

up for how the measurements are to be taken. 

2. The same techniques should be used at each assess 

ment, and supervised carefully by an experienced 

technician. 

3. All plots should be measured in the same assess 

ment, and during a period of inactive growth, so as 

not to span different growing periods. 

4. More effort should be made to improve the man 

agement and supervision necessary to achieve a 

high-quality, reliable body of data. 

When investing a lot of money and resources in a 

well-designed project such as ihc Wally Creek study, 

assessments and measurements must be carried out with 

more care and precision. Since this experiment is the 

first and so far only one in Ontario that was set up for 

studying drainage and forest growth improvement, it 

should be given higher priority and managed better. This 

investment in research should be treated as any other 

investment. The research should yield a high-quality, 

reliable product that definiiely answers a question and 

provides the basis for making decisions or making 

further analyses. 
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Appendix 2a: Daia from all measured subplois in the 28 growth plots: heights and diameters. 



Appendix 2b: Data from all measured subplots in the 28 growth plots: volumes. 
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