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ABSTRACT 

nf a oeatland black spruce (Picea 
? h.mPo"t-rio to EeraU.tion and TSTTTl sTr.^ni^ no? h.mPot-rio to EeraU.tion and 

mariana [Ktil.l B.S;.?.) »^ * constraints posed by location and 
drainage is described. _ f*CTt*h!- hi.h variability in natural growth 
numbers of existing drainage dY^ hi ^ Creatmencs, and 

individual trees. 

Result, of analysis of ^l^^J^iJS^ 
differences (P =0.01) among ^^""^jj^ ̂ J^est resulted in 
for all response variables examined ^fv ̂ 1 treatments for most 
tm significant.^"."nc.*, ™-v^t». ̂ h response data 
response variables ^^^ creed bog wi.h SI50 <3 m) indicated 
for the poorest s e ^ J ag resulc o£ fertilization and 
significant effects on tt« &«^ ^ n3s var con_ 

drainage, «d of ««« 1 ^^^ ̂ ^ (overTnaEure ,Uck spruce 

^. Enrich 10 ~H, however, only the effects of f ertiliza.icn on DBH 
and/or volume'growth were statistically s.gniticant. 

* 
ning r^.W11"!^ ess woo i. comparison with the control over 
growth ie, I-6m/haLeS response observed was from the 

growth responses. 



RESUME 

"»: 
hauteur ^^ ̂ u 

vol.™ das peupUmenC3 Bt des arbres 

«/ 
La 

"= ^ = 3 nafaieres, ie ta TmI ■ i- -__-

olus de 

able Can DeupLetnen: surranne d'eplnette noir= done i'is'-n /^T- -

:ol3j ecaient scacistiquement aignificatifs. 

Dans l'ensfflablfi, de iegers :ravaux d'acUircie ec ua 
phospnore se.Le.er.c cc reduic la croissanc,: acres cia, .S. 

1.5 

de pocassium), 4 ra.on da 112 kg/ha, oui a do.ne Us ^ llTnl 
cac = i accroissaraenc de volume a ete de 7 m3/h* r- 1 

significatifs sur U croissance. 
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INTRODUCTION 

rvi11 1 B S P.) is the most impor 
Black spruce (Pvaea maHma IMIH. ] ^"^ m3 3Canding volume 

paper industry in Ontario (Anon. 1969) 

50. of cne bU* sprnce in 

other European countries (He.kuramen 1957, 1961 IS pg^ 

1967, 1968; fy-^f9°919V972 1976 ivanov 1974; Oo^achev 1976; 

Braekke 1977 SoidU ""■ J , inen and Sepoala 1965; Keltikanjas 
Heikurainen and Kuusela 1962, rfeikurainen LiWarsiaea and Paiaven 
and Se?PM 1968; Ha^ura.nen and Oun 1970 d.«u ... "^^ 

efforts in relation to specific 

forest drainage 

i 

structures. 

?|7t 'payandeL973a,b; Richardson et al. 1976; Richardson 1981; Alban 
93 ' Alban and Watt 1981). With few exceptions, these researchers pro 

vide' onlv a physical description of ,heir experiments and UmlUd cas.al 
observations on growth improvement resulting irom drainage. 



''Sri 
sh:S HS =,::..: ;. S 
periment (Payandeh 1973b) ind cad th, C Z"17313 °f this ax~ 
to coinage] increased by 2 0Z-3.« a"a resuTt F 5"" * ^ fdue 
on the site quality. U °f drainage, depending 

Richardson eC al. (1976) and Richardson (1981) described a 

Annual height increment on the drained area „/coneia„«ljMS 
on the undrained area. Average annual height increment for 

^rr^ TJZf 3TX T^ ̂ ̂  ̂ K°Ch) °" Che draped a were 7.5 cm and 13.0 cm in comparison with 3.1 cm and 4.2 cm resoec-
xvely, on the undrained area. Fertilization on drained .45 t 

about an even greater increase in growth than did draining alone A 
nual height increments following fertilization were two to° three ti^es 
as great on fertilized as on unfertilized sites. 

Alban and Watt (1931) described the results of a fertilization 
experiment on a peatland black spruce stand in northern MinnLo a 

, ,_ . u, management of northern Ontario peat land black sarufp hv 
developing and refining methods of predicting individual tree and stand 
voW and value growth as influenced by drainage and fertilization! 



MATERIALS AND METHODS 

ess = sss^s 2 ins aporox. 30 m. Figure 1 illustrates plot arrangement and fertilizer 
g lied to plots in blocks IV and V; Figure 2 shows permanent 
t afertilization plot combined. A f"tilization plot «»-
of a .04 ha circular plot centred on a growth plot with a busier 

ne of about 1 m wide around it. The nine blocks were located n three 

III ^^^^*?T 
ne of about 1 m wid 
ep-ate locations. Blocks I II and XIII were ^^^^*? 

shio the site of the Abitibi swamp drainage experiment established 
S3 (see Payandeh 1973a for details). At the time of fertiliza ion 

i ld b lified as black spruce-alder 
1973a for details) 

treatment in 1970 this site could be classified as black spruce-alder 
according to Jeglum's (1975) site class ifnation. It contained semi-
SanSble manure stands of pure black spruce about 110 T"»«*» 
with an average SI50 of 5 m or site class 3 «wr«in» ■» ««"**» 
(1974) site classes. Blocks IV, V, VI and VII were located in St. John 
and Hanna townships alongside a highway drainage ditch dug in mid 
1940s This site could be classified as treed bog according to Jeglum s 
(1975) gite classification, and contained very stagnant unmerchantable 
black spruce averaging about 95 years of age Average SI50 for this 
area was about 3 m, which is well below site class 3 according to 
Plcnski'a (1974) site classes. Slocks XI and XII were located 1"J^itch 
Township, the site of a drainage experiment established in 1962 (see 
Stanek 1963 for details). At the time of the fertilization experiment, 
this site could be classified as black spruce-alder according to 

Jeglum's (1975) site classification. Existing stands m this area were 

considered overmature: they averaged about 113 years_ of age and had a 
SI50 of 4 m, which is below that of Plonski's (1974) site class 3. 

Within all blocks each row of three plots was randomly selected 

and subjected to fertilization treatment. Fertilizers were hand broad 
cast in each plot as uniformly as possible at various Levels (level 
refers to fertilizer, not element). Treatments applied to blocs IV and 
V were replicated twice since these two blocks each contained 24 plots 

(in eight rows of three plots each). In other blocks containing rour 

rows of plots, each row was subjected to a separate treatment without 
replication. Fertilization plots were established in raid-June over a 

3-year period, starting in 1970. 
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Control Thinning Thinning Con?rol 

Lines 1 and 5—AN 84 kg/ha, TS? 84 kg/ha, KC 42 kg/ha 

Lines 2 and 6~AN 112 kg/ha, TSP 112 kg/ha, KC 66 kg/ha 

Lines 3 and 7—AH 163 kg/ha, TSP 163 kg/ha, KG 84 kg/ha 

Lines 4 and 8--AN 224 kg/ha, TSP 224 kg/ha, KC 112 kg/ha 

Figure 1. 
Plot arrangement and fertilization treatments apolied to 
plots within Blocks IV and V, located in St. John and 
Hanna townships south of Cochrane, Ontario. 
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X aluminum stake - plot centre 

O ferti 1 i zsd tree only 

fertilized "in" tree within ?GF 

fertilized "in" tree with additional measurement 

9 "in" tree with measured azimuth and distance to plot centre 

□ peat sample 

Fertilization plot radius 3 m (.02 ha) + buffer 9 in 

-i.ur- 2 Combination of permanent growth and fertilization plot: 
S Growth and yield of peatland black spruce m northern Ontario. 



On each plot, all trees with DBH >1.5 cm were marked and ta22ed 
at breast height. Species, DBH and height were measured and recorded 
tor all trees. Tree diameters were measured to the nearest 0.025 cm 
with a diameter tape. Trees taller than 10 m were measured with a SDie-
gal Reloskop and others were measured with sectional tree height measur 
ing poles to the nearest 30 cm. In addition, detailed individual tree 
data such as tree age, crown class, crown condition, distance to the 
ditch, distance to the nearest tree, etc., were recorded for three or 
four dominant and codominant trees as part of the permanent growth plot 
located at the centre of each fertilization plot (see Fig. 2). Peat and 

foliage^ samples were collected from each plot and chemically analyzed 
betore fertilization and annually thereafter. 

™ u ,7STevenCy-l:wo of che fertilized plots which were located in blocks 
IV, V, VI and VII were remaasured two and five years after treatment 
All other plots were remeasured five years after treatment. During the 
five-year remeasurement about 60 dominant and codominant trees located 
at various distances from the drainage ditches were felled and sectioned 

for detailed analysis of individual tree growth response to drainage and 
fertilization. All data were collected and measurements were tak^n in 
English units, but these were converted to SI units during preliminary 
analysis. Calculation of total and merchantable tree volumes was based 
on standard tree volume equations (Honer 1967). All growth remeasure-
ments were based on surviving trees only. 

ANALYSIS AND RESULTS 

Owing to constraints imposed on this study by the number and 
location of existing experimental and/or highway drainage ditches 
heterogeneity of stands involved, small sample size, and the number of 

treatments applied, a replicated and experimentally efficient design was 
not possible. Therefore, much of the variation in results can not be 
partitioned or delineated. Nevertheless, the data were analyzed to pro 
vide as much insight as possible. 

Two- and five-year measurements were taken, and annual stand 
growth variables were calculated (Table Al). Five-year annual growth 

Analysis of peat and foliage samples is given elsewhere (Payandeh B 
and Haavisto, V.F. Nutrient status of poorly drained peatland black 
spruce in northern Ontario. Manuscript in preparation). 

Analysis of sectional tree data is given elsewhere (Payandeh 3 
Growth response of peatland black spruce trees to drainage and fertil 
ization. Manuscript in preparation). 



tion treatment. 

and volume growth over th.■'«.-,.« £*££„£ varied fro- 3 to 33. 
tion treatments. The number ot plots per ^ rison. 

Figures Al-AA. 

Five-year growtn response data were 

variance, which indicated hlghly «,-

above. 

i" in St. ohn and 

three 

townships, 

l 

ffects within each experimental area. 

height, BA and 

entioned 

areas and to 

eliminate the source of variability 

analyzed on the basis of growth responses of the 

plot within blocks IV, V, XI and XII. 

experimental areas 

Table 4 provides the 
analysis of variance on tree 

- tJ2H£ S interaction (with the exception u 

growth) ^ 
s 

l.me 

i 



Table 1. 

Block 

No. 

II 

XIII 

in Edwards Township, the site of the 
drainage experiment. 

Average 

Treatment 

Control 

TSP224 

AN112, TSP112, KC112 
TSP112, KC112 

Control 

TSP112 

AN112, TSP112, KCH2 

TSPI12, KC112 

Control 

TSP224 

AN112, TSP112, KC112 

TSPI12, KC112 

Control 

TSP112 

AN112, TSP112, KC112 

TSP112, KC112 

DBH 

growth 

(cm) 

0.503 

0.635 

0.568 

0.558 

0.463 

0.687 

0.717 

0.572 

0.903 

0.838 

0.793 

0.810 

0.623 

0.720 

0.629 

0.647 

Basal area 

growth 

(tn2/ha) 

2.30 

2.32 

2.49 

2.31 

1.32 

1.74 

2.12 

1.69 

1.61 

1.73 

1.3S 

1.53 

1.74 

1.93 

2.00 

1.84 

Merchantable 
volume growth 

Cm3/ha) 

10.87 

7.56 

14.42 

17.30 

12.84 

11.26 

17.78 

15.79 

14.96 

15.44 

11.18 

12.66 

12.89 

11.42 

14.46 

15.25 



IV 

Table 2. Summary 

Xolte7T:i^Jolnln2T^ townships, the sil. 
drainage ditch south of Cochrane, Ontario. 

V 

Average 

IV and V 

Control 

Thinning 

AN112, TSPL12, KC66 

AN224, TSP224, KC112 

Control 

Thinning 

AN84, TSP34, KC42 

AN168, TSP168, KC84 

Control 

Thinning 

0.432 

0.610 

0.621 

0.477 

0.456 

1.15 

0.89 

1,53 

1.68 

1 .34 

1.20 

Table 3 

Block 

No. 

XI 

XII 

Average 

XI and 

XII 

Summarv cf five-year periodic growth response ° 
fertilizer treatments in blocks 

Cochrane District, the 
black spruce to 

located in Leitch Township, 

experimental drainage system. 

XI 

Treatment 

Control 

TSP224 

0112, TSP112, 

U112, TSP112, 

KC112 

KC168 

Control 

TSP224 

TSP112, KC112 

UU2, TSP112, KC112 

Control 

TSP224 

U112, TSPli: 

DBH 

growth 

(cm) 

0, 

0. 

0 

0 

0 

0 

0 

782 

750 

847 

.880 

.605 

.585 

.795 

KC112 

1.075 

0.693 

0.667 

0.961 

Basal ar 

growth 

1.73 

1.99 

2.15 

2.35 

1.20 

1.46 

1.56 

2.55 

1.47 

1.73 

2.35 

; ite of an 

Merchantable 

volume growth 

(m3/ha) 

7.98 

9.17 

14.57 

14.97 

1.52 

1.98 

3.10 

8.43 

4.75 

5.58 

11.50 



Table 4. Summary of analysis of variance of individual tree growth 

response to fertilization and drainage Eor three response 
variables in blocks IV, V, XI and XIIa. 

in 

Source of 

variation D. F. Response variable 

Treatment 11 

Fertilisation 3 

Drainage 2 

Interaction 6 

Treatment 11 

Fertilization 3 

Drainage 

Interact ion 6 

Treatment 11 

Fertilization 3 

Drainage 2 

Interact ion 6 

Annual diameter growth 

Annua 1 height growth 

Annual volume growth 

F—Ratio 

IV XI 

5.31** 

0.85 

21.74** 

2.06 

2.20* 

1-40 

7.07** 

0.98 

8.73** 

4.85** 

36.89** 

1.29 

2.21* 

4.38** 2.83* 

10,61** 2.04 

5.84** 1.96 

4.48** 

1.12 

10.53** 

10.47** 

11.44** 

10.27** 

0.74 

0.42 

0.72 

0.91 

^Analysis based on the 12 largest trees per pLot in each treatment 
* and ** indicate significance at 51 and IX levels, respectively 

XII 

1.98 

5.05** 

0.47 

0.77 

0.69 

1.19 

0.65 

0.46 

2.10* 0.69 

5.43** 1.19 

0.69 a.65 

0.91 0.46 

o 
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fertilization on diameter and volume 

^^^o/W iZr EacC«s, ^ or U CO.-
bination, were statistically significant. 

SUMMARY AND DISCUSSION 

The results of this study are significantly affected fay the « 

the 
results are in general agreement with those from 

results of the present study may be summarized as 

follows: 

,) Table A2 and figures A1-A4 indicate that growth response to 

Severa- of the treatments was less than that of the overall control for 
the en ire experiment. However, Table A3 indicates that most of the ob 
served differences were not statistically significant and might be due 
served di,rer j CTrowth characteristics between experimental 

real bloctY 0°/witnin stands. Nevertheless, Table 2 indicates that 
areas ^°<*^_ ̂ ;_,no -n block5 IV and V had a depressing effect on 

i 
In cro- cover and consequently reduction U the rate of 
and evapotranspiration. 

b) Tables A2 and A3 and figures A1-A4 also indicate that the 
four levels of phosphorus fertilizers applied had depressive effects on 
.rowth in most cases. Here agaia, some oE the observed differences 
could be due to variability in natural growth characteristics between 

experimental areas and stands within blocks. 
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atari,M ™ 11 T • "KS^V COntainin§ ""a §^e the best and Che 
statistically most significant growth response over the control for most 
response variables examined. All other treatment combinations resulted 
in modest but statistically nonsignificant response. 

,, , .d) Anfly^S f* individual tree growth response to fertilization 
and drainage (Table 4) indicates that only in the case of block V 

t iJl^ f aCCilliifi to iJtill^H f aClSCicallVi8Ilificant effeCCS °" S««th response to fertilization, drainage and/or their interaction for the three 
response variables examined. In the case of bLock IV, the effects of 
drainage on growth_response were also statistically significant, but the 
effects of fertilization and of the interaction of fertilization and 
drainage were nonsignificant. For blocks XI and XII, however, no sig 
nificant effects due to drainage or the interaction of drainage and fer 
tilization were detected. 

H- a fJt !?"! < §r°WCh resP°nse o£ «»<*« peatland black spruce 
stands (treed bogs) to fertilization, drainage and minor thinning was 
highly variable, as were the stand characteristics examined in this 
study In view of the slow-growing nature of the stands, such responses 
varied rrom very good to poor. The best growth response to fertilizer 
treatment was obtained from U TSP KC at the rate of 112 kg/ha of each 
fertilizer. This treatment resulted in about 7 m3/ha of extTa WQod 

comparison with the control over the five-year period. On the other 

hand, the application of TSP alone resulted in a growth reduction of 
about 15 m /ha. Minor thinning also had a depressive effect on growth 
i.e. about 1.6 m-Vha of volume loss in comparison with the control dur 
ing the five-year period. For the main experiment, four of the treat 
ments applied resulted in a reduction in volume growth. These consisted 
of application of TS? at the rates of 112, 336 and 4A8 kg/ha and minor 
tnmning. 

The depressive effects of phosphorus fertilizer on the ^rowth of 
spruce stands have been reported elsewhere. Morrison and Foster (1979)" 

for example, reported such depressive effects in two out of 12 treatment 
combinations applied to a 65-year-old upland black spruce stand and also 
in eight out Of 12 treatment combinations applied to spruce-fir stands 
located at Black Sturgeon Lake, Ontario. Application of 100 kg/ha of P 
fertilizer caused the loss of about 4 m3/ha in total volume growth for 
the black spruce stand. In the case of the spruce-fir stand, the reduc 
tion m total volume growth ranged from 1 to 15 m3/ha over the five-year 
period. Weetman et al. (1976, 1978, 1979) have also reported actual 
growth suppression as the result of applying NP fertilizer in four out 
ot IS treatment combinations involving upland black spruce stands within 
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agreement with Chose of Che studies mentioned 

CONCLUSIONS AND RECOMMENDATIONS 

Owing to 
constraints imposed on this study, no def 

£5 
be made on the basis of this study: 

a) Minor thinning of mature peatland black spruce stands may 
have a depressive effect on the growth or residual stands 
following treatments, perhaps because of the reduction in 
crown cover and the rate of photosynthesis and evapotrans 

piration. 

b) Application of P-fertilizer alone, especially at a high rate, 
raay also have a depressive effect on the natural growth of 
peatland black spruce stands, perhaps because it increases 

the acidity of the soil. 

a) Moderate application of NPK fertilizer may have a ^^ 
and significant effect on the growth of mature peatland black 

spruce stands. 

d) Despite several sources of variation, the results of this 
study indicate, in part at least, than drainage has a pos 
itive and significant effect on the growth of individual 
trees and stands of peatland black spruce. Depending on 
site stand characteristics and fertilization treatments 

there may also be a significant growth response as a result 
of the interaction between fertilizer treatment and drainage. 

Numerous drainage and/or fertilization experiments in swamps 
conducted in Finland, S«eden, Russia and other European countries have 

proven that such treatments can improve growth and yield of peatland 
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foreae stands significantly. The large-scale application of such treat 
ments aas also proven both practical and economical unde- the socio-
economic conditions of Finland and Russia. Consequently, Urge ar=as 

of swampy rorests are being drained and/or fertilized annually in both 
countries. 

In the case of Canadian peatland forests in general and black 
spruce stands m northern Ontario in particular, no concrete recommenda 
tions can be made with respect to the magnitude of growth and yield 
improvement as a result of drainage and/or fertilization, mainly because 

of a lack or sufficient information. Only a few amaU-scaU forest 
drainage and/or fertilizacion experiments have been conducted in Canada 
do date. Unless a series of long-cerm, well designed, and well reo-
licatea experiments is carried out to determine the effects oF 3.JCh 
treatments on growth and yield of peatland black spruce, no definite 
recommendation can be made with respect to the practicality and economic 

feasibility of such stand improvements under Canadian economic condi 
tions^ Nevertheless, it is perhaps safe to say that, unless economic 
conditions Ln general and the wood supply situation in particular chan-
dramatically in the near future, the application of such siivicuiturai 
treatments to peatland black spruce stands may not be economically iust-
ified. J 
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Table Al. Statistical summary of annual growth o£ peatland black spruce 

cuoa and five yearsb following fertilizacion. 

Coafif. of 

Growth characteristic Min. Max. Range Mean Std. Dev. var. (%J 

Av. DBH growth (cm) 30.07 0.27 0.20 0.11 0.03 29.67 
'00.05 0.28 0.23 0.12 0.04 33.79 

Tocal 3A growth U2/ha) a0.01 0.36 0.35 0.17 0.13 76.47 
bo.02 0.42 0.40 0.22 0.14 53.64 

Merchantable voi growth a0.00 4.56 4.56 1.25 1,16 90.16 

(m3/ha) b0.00 5.71 5.71 1.32 1.29 9 7.73 

a7vo~year annual growth based on remeasuramend of 72 plots. 

b~ive-year annual growth based on rstneasursment of 132 plots. 
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D3H 

Ceo) 

l-iaigric focal basal ar:a Merchanc ab LS ral. 

KC42 

AIT224, TSF224, (3) 

RCU2 

(4) 

(5) 

(6) 

(7! 

(3) 

(91 

KC34 

TSFU2 

T3P224 

TS2336 

4H112, T3P112, U0> 

SCU2 

TSP112, ECill (11) 

BH2, T3PH2, (12) 

SC112 

ai ii, sat lit i U3) 
KClfiS 

.122 

.122 

.099 

.131 

.107 

.0B3 

.133 

.127 

.192 

.176 

.129 

.115 

.107 

.098 

.094 

.149 

.155 

.156 

.407 

.307 

.336 

.256 

.333 

.231 

,162 

.399 

.355 

.470 

1.193 

0.511 

1.702 

0.952 

0.653 

0.15a 

0.424 

1.513 

0.009 

0.006 

2.392 

2.442 

2.300 

2.993 

.322 

Winning by eWWVtng 10-151 oc in and juppr-ssed '•*«■ 



Table A3. Summary of Tukay's Cast on ?ea:Land black sprues response Ho 

fertilisation Creacmencs far various response variables 

Connecting arrows indicate chat the largest treatment mean is signif 
icantly (at Che 5% level) greater than other treatment means not in 
cluded within the same connecting arrows. 
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