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ABSTRACT . "~ ¢

The annual tree r1ng growth of b]acktspruce was |
stud1ed in relat1on to, climate and drainage .in some natural o
and dra1ned peatlands in Alberta. ‘ The maJor-f1nd1ngs on: .
Tthe tree growth climate relat1onsh1p are as, follows: ',inr
naturatl peat]ands, the tree r1ng 1nd1ce§'were pos1t1ve1y
.correlated with the dune to- August total prec1p1tat1on of
the current’ year'and at 1 and 2 year{]ags,-but negat1ve1y
,reTated to June to August maximum temperature'of the
current_year and at j and 2 year lags; the relationship
_between~tree'ringvindicesvand minimuh'temoeratures'was
linear and pos1t1ve for the current year minimum-
temperature but for the 1 and 2 year lags, the tree r1ng
'“1ndtcesl1ncreased and then decreased with increasing
temperature.v | | | | ‘ \ ; |

- In a.second project,‘a’new procdedure was deve]oped

For'assessing‘the'effects of drainage'on tree ring growth.
1t uses both the predra1nage growth of the’ drained site and

the postdra1nage growth on an adJacent undra1ned s1te as

contro]s in est1mat1on of the tree r1ng growth response

‘*‘,ﬁollowlng_dra1nage; This a]lowed the‘ca1cu]at1on of the

net reSponse of tree ring'growth onvatyear]y basis_to'

'peatland dra1nage | t . _ . | ."_ »
Results from six peatlands wh1ch were drained 21

"years prev1ously showed For the f1rst 3 to 6 years oy |

followvng dra1nage, thentree rin growth did not increase .’

4avv’
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' S »
in response to drainage.” A?ter thet.'the amount of net

incnease'in tree ring growth increased linean" hnfi].

' reach1ng a max1mum va]ue between 13 to 18 years after

»dra1nage : The maximum net 1ncreases ranged from 76 to 766”1'

of the growth wh1ch the trees wou]d have attq1hed if the

udra1ned s1teq were not dra1ned The net 1ncreases
'fluctuated'near the maximum.value thereafter. The'year to
~ year f}uctuation_jn tree ring index on the drained site,

“abpeared to correspohd»to_the year to year fluctuation in

the natural site.
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Tabie I11.5 Postdrainage changes in tree Fing index in
relation to the tree age and Bfte_index at the time'of-

drainage, and depth to water table™ after dréipage.

DRAINED CONTROL DEPTHT
DEPTH .DEPTH = DIFF. |

No. AGE _(cm) _hem) (cm) S.I. IP 1A IR .MAX; YM
i 33 87.9" 30.8* 57.0.8.0 4 4.70 0.69.7.66 17
2 41 61.5 - 42.8 1 7 7.0 6 2.02 0.27 4.80 18“
3 43 810 53.4° 33.6 8.5 5 2.01: 0.31 4.93 18
4 45 450 27.6 17.4 8.2 5 1.01 0.16 2.86 19
5 49 59.1 - 38.2 20.9 9.1 6 0.46 0.06 0.76 13
6§ 107 69.0  45.1 _ 23.9 2.8 3 097 0.132.82 19
.

The values of depth to water;tablehare the-avbrages of

seven méasurements taken on June 11, 23, ddﬂy‘7[féo and .
y ' . : :

August 4, 13 and 26, 1987. . S

* _DEPfH DIFF. = DRAINED DEPTH - CONTROL DEPTH:
AR . , : -

~Note: = AGE = tree age at the time of draining: }S.I. z

ifitial site index (tree height in meters at th7 age of 501

calculated from the‘tﬁée héight and'age of "the uUndrained

‘site; %P = the 1éngth of jnitia1 reSpOhse'périOd;‘IAv=‘

araind

average of the changeS‘in‘tree ring index after drainage;

_ _ _ |
IR = increase of tree ring index per year in the
maximum increase of tree ring

index after drainage: YM years from the time of drainége

. N £ i .“.' R
to the tine of maximum increase.

- | v:%r '
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IITN 1 Tree r1ng increment at 30cm he1ght of a b\acK
spruce from an undra1ned peatland Age was determined
at 30cm height. " o . M ‘
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I11.2 Tree ring increment at 30cm height of blacK ,
spruce from a drained peatland. Arrow indicates the
time of dra1n1ng Age was determlned at 30cm height.
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i ‘
[11.3+ Tree ring 1ncrement of the same tree as in

Fig. 111.2 with trend line (—-—=) for the period from
peak growth to dra1nage and its extrapo]at10@ [eme==)
into the postdra1nage per1od The equation o¥ the
trend line is: In(l) = 1.5019 - 0.0539%AGE, where [ =

tree ring increment; AGE = tree age, r2z0. 839.‘n=23.
Ir _ ’ .- i :
Z
=
3]
9 ;
oJ P
= i
_ =z N
. = W
w -
w ,
. ‘ - 80
K v TREE AGE
111;4 Tree ring 1nd1ces of blackK spruce- from Site 1
(—) and its control site" (—-—) for both predrainage
and postdra1nage per iods. . ,
e . . : |
5he :
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TREE RING
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‘Fig.

/

II11.5 Differences in tree ring indices of black

‘The time

of drainage is indicated by a time value of 0: the
tree ages at the time of draining are 33, 41, 43, 45,

49 and 107 for the s

top to bottom.
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spruce between drained and undrained sites before and
after drainage from six Alberta peatignds.

ix sites listed sequentially from
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Fig. 111.6 Water flow from log-harvested (T,) and control
(C,) watersheds. The subscripts 1, 2 and p indicates
pretreatment, posttreatment, and predicted

‘posttreatment water flow respectively.. The vertical
line indicates the time of log harvesting. ,

" WATER FLOW

TIME

- “r

. . : > . - ‘ q ) .

" Fig. I11.7 Tree ring increment of fertilized/drained

(Tg/Tp) and control (C) sites... The subscripts

1, 2. and p indicates pretreatment, pdsttreatment and

¢ predicted respectively. The vertical line indicates
~the time of treatment. _ 4 , '£§” ,

1

TF2/ Toz2 . .

INGREMENT

TREE AGE
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Water relations are generally one of the most

- important factors in the relatiohship between cliimate and

tree r1ng growth (Fritts 1976 Kramer et al. 1979\' Even
though peatlands are genera]]y considered to have an excess
amount of water, the data suggest that black spruce is
‘probably under watervstress in years with low summer
precipitation and,high dayt1me temperature. BlacK spruce
typically has a shallow root system (Strong and LaRoi 1983)‘
and the root resistance to water is high (Van Zinderen
‘Bakker 1974}ﬁﬁ In years with low precipi ption and high day
time. tempera:ture, vtthe,shal_]ow root Syste"may not ‘be able
to replenish the inoreased water loss caused by high
trahspiration rates under‘warm condjtions( rThis may result.
1%n stomata c]osure'and decreased carbon assimi1atioh. In

addition, under warm cohditions,orespiratioh at high rates.

. consumes more carbohydrates. Therefore, trees attain less -

growth ih dry years with'higher daytime temperatUre than in
retatively wet and cool years. However, if the summer d
precipitation,is too»high; the whole root systems will be
flooded and probably die back.v}Roots,might lose their’
‘ability to'abSOrbhwater after a period of flooding while
tcpnspiration;from»the needleS'might be still continuing.
This might also cause severe water stress ahd even needle -~
oast.,resulting*in.decreases in tree growth for the current |
year and fo]]ow1ng years. | |

Low prec1p1tat1on and high daytime temperature are

S N o

¥
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accompan1ed by 1ow n1ghtt1me temperature (Table II. 5) Low
m1n)mum air. temperature and presumably cool substrate are
detrimental to tree growth (Runn1ng and Reid 1880; v
Ltopushisky and Kaufmann 1984) But more 1mportant1y, 1ow*
n1ghtt1me are generally assoc1ated w1th summer frosts
which severely‘lnh1b1ts net carbon assimilation (Van
Z1nderen Bakker 1974) | |

Dra1nage 1mproves substrate cond1t1ons and 1ncreases
size of root systems (L1effers and Rothwell 1987).
Concomitantly, the daily temperature f]uctuat1on range also
‘increaSes after*dra1nage, i.e. after drainage daily max1mum
temperatures inorease'but minimum temperatures'deorease
(Pessi 1958). Thus in drained peatlands, tree growth might
be also Timited by water stress and-Summer frost in dry
years with higp maximum temperature and low minimum
temperature.. t’ P

In the study of tree ring growth on_natural
peatlands, relative high growing season precipitation and
‘presumably a;high'uater table produced the best tree
growth. In confrast, preVious studies as well as
information‘from chapter 3 have shown that drainage
increases tree growth. These seémingly contradictory
results can probab]y be explained as follows: During the
course of natura] water table fluctuat1on in natura]
peatlands, the water table drop is temporary and does not

‘result in sustained improvement in the substrate conditions

68
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(Mannerkoski 1985) or root system. Generally, a direct"
conseguence of the water tabﬁe drop and associated high
dayt1me temperature is probab]y water stress to. trees. In
fcontrast, the permanent lower1ng 1n»water table after
o drainage can conswderably improwe the aeration and nutrient
| status 1q/the substrate (Lahde 1966 cited by Mannerkosk1
(1885) ), and provide favorable cond1t1ons for tree root
. growth. However, the rate of ohange 1s genera]ly slow. It
takes the trees 3 to 6 years'tor the'trees‘tovreact‘to
drainage and 13 tol19 year to.reaoh a stabte growing -
condition. | | | |
The.experiment on peatland drainage in_this study was
'uncontro]ted, the results are therefore preliminary. The
technigues developed in this study for evaluating drainage
'effects on tree ring growth however, can be applied to
var1ous stud1es where treatment efoZts on tree growth need .
vto be assessed |
The worK and 1nvest1gat1on in th1s thes1s st1ﬁbdated
other research quest1ons re]ated to the tree- growth 1n
drained and natural peat]ands : | \
1) What are the patterns of - water relations, stomatal
apertureg photosynthes1s rates, and leaf temperature7
.2) How are the water relations, stomatal behav1our
and photosynthetic output OF_peatland'trees affected by
temperature{ light, ambient and.soilvaisture.conditions?

3) What is the relafﬁonship between photosynthesis .



rate and water relations?

3

4) Under what ambient and soil conditioﬁs are
peatland trees under water sfress? |

5) Do the 1eaf stomata_rgspbnd in a simi\ar way‘fo
environmental fluctuationsﬁ%ﬁidrained ahdAnatural

peatlands?

6) Aré there any majof'changes’in tree physio1ogy '

after peatland drainage which make the trees irm drained

site grow faster?

7)’Whét are the best predictors for postdrainage

performanbé of peatlaﬁd trees?

» .
2‘( a

o
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DENDROCHRONOLOGY AND DENDROECOLOGY
Dendrochronology'is the study Of_annua1~growth"of

tree rings (Fritts.1976). According\to Fegitts (t976). the‘
sciencebofldendrpchronology'was initiated by A.E. Dobglass
in 1904. ’His goalywas to examine the relationship betweeh
sunspot.actiVity and Eﬁimate varjation, espec1a11y
-prec1p1tat1on variation, on the earth. He ¢hought that the
sunspot act1v1ty 1nf1uenced the climate of the earth and
c11mate affected tree r1ng growth therefore sunspots might.
beacorr lated to tree r1ng growth He c\brelated tree ring
growthégata to sunspot records and was able to extend the
sunspot’ records back 1nto the past by tree r1ng data

(Fritts 1976) Doug]ass estab11shed ther1mportant
gprocedures of dendrochronology :

At 1ts,earlynstage,_dendr;:hronology was'mainly;used
to extend climate record into the past.' Later |
bdehdrochron01ogists. such as H.C. Fritts;-eXtended the
‘scope of dendrochronology and rep]aced some of Douglass s
early quant1tat1ve methods by modern statistical . : d
procedures., As tree ring analys1s has been appl1ed to'more
and more disciplines, dehdrochrono]ogy'has been divided
into many‘subfﬁelds, such as dendroclimatology.
dendrohydrology, dendrogeomorphology,.and dendroecoTogy'
(Frftts’19761.'hDendroecology is.the application of
dendrochrono]og1ca] techniquesuihdecologica1 studies

"he pr1nc1p1e of ]1m1t1ng factors. states that a

!’ -



biologtcal.proceSS,'such as tree growth, cannotvprOCeed'
faster than is a110wed by the Factor mos't 11miting‘to the
proceSS (Fritts 1976).’ According to this princtple,
"dendroecology can be: used wherever one or more ‘
>env1ronmental factors become cr1t1ca1]y 11m1t1ng pers1st
'suff1c1ent1y long and act over a wide geograph1c area to
cause tree ring widths or other features to vary s1m11ar1y
:1n many trees (Fritts 1976). Most app11cat1ons af
dendroeco]ogy.'however.‘have been on dry land forests, |
'-espeCia]]y-extremely arid’sites. It‘has rarely:beeniused_
on wetland trees. Many.stud1es (MannerKosK1 t985’ Liefters
and Rothwe]T 1987b) showed that in peat]ands, water tab]e'
is a cr1t1cal 11m1t1ng factor to tree growth -Water.table‘
1s 1nf1uenced by c]1mate and other’ factors. This indicates
‘that dendroecology canvprobably be app11edﬂto trees from .
peatlands; - . o o
TREE GROWTH ON NATURAL AND DRAINED PEATLANDS
'F’at is an organic soil which ‘has developed as att
‘*consequence of 1ncomp1ete dgqompos1t1on of wetland
vegetat1on under.h1gh'mo1s}ure‘and deftc1ent,ogygen
conditions.(Paivanen 1984); Areas with accumulated peat
greater than-AQcm can be defined as'peatland (Zoltai and
Pol]ett 1983) ‘ There are about 422 m1l]1on hectares of
peatland 1n the world (K1v1nen and Pakar1nen 1981) &Jhe:

- total area of peat]ands in Canada is nearly 118 m111¥on

hectares, eleven percent of wh1ch is d1str1buted in
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Alberta; this is about twenty percent of. Alberta s total
'1andfarea (Tatnocai 1984 Pdivanen 1985) Ihere is a
.paucity'of informat1pn on tree_growth.and_produetton on;
,naturalfpeattands. _Compared with-upland sites, however.
the tree growth rates in natural peatlands are generally
1ow (Payandeh 1973; Mak1talo 1985) . 'the vast area of
A]berta peatlands and the success of dra1nage pPOJeCtS>tn

Scand1nav1an countr1es suggest a great potent1c’ for wood

' product1on from Alberta- peat]ands

In peatlands, water tab]e»1s,considered as to be an

important factor'thh in affecting tree growth and in

. control]ing the‘physical cOnditions of the substrate “In

natural peat]ands, h1gh water tab1e causes low substrate‘
temperature poor. aeratlon and lack of oxygen in the soil,
-and 1nadequate available nutr1ent supply (Paygndeh 1973
Makitalo 1985 MannerKosK1 1985) Theselfactors,affect

root ing patterns._ Trees which have- taproots may'have.'

" dominantly lateral roots when the water tabte is high

~ [Heikurainen 1971). High water table alsc limits the

growth of roats, the‘number of short roQts, theiaverage'and
.maxihum.extensipn of the roets doanard in the substrate,'
and’ the presence of mycorrh1zae (Paav1la1nen 1966 Boggie‘
]972, Lieffers and Rothwe]l 1986 and 1987b). In wet

peat1ands, tree'rpots.only grow on ~JhummockKs , while on dry o

s1tes they can penetrate 60cm 1nto the peat substrate

(L1effers and Rothwe]l 1987b} .



Water table in peatlands fll[tuategffrequent1y~
(Dai et al. 1972; Mannerkosk1 11985) . In.termS'ofﬁthe

: phys1o]ogy of trees, the fluctuat1on of water tab]es is

“"more 1mportant than the average depth to water table

(Mannerkosk1 1985) Stud1es by MannerKosK1 (1985
demonstrated that the vert10a1 reach of tree roots 1n'g
‘peatland .depends more on the upper 11m1ts of water tabte
;fluctuat1on than the average 1eve1 When water table
f]uctuat , tree roots were closer to the peat surface thanh‘
when’ the water tab]e was- held at a 1eve] equa] to the mean
'llevel for the f]uctuat1ng site. |
L High water tab]e in peatlands a]so 11m1ts the above |
ground growth of trees L1effers and Rothwel] (1987b)

indicated. that the tree size of black spruce (P1cea mariana

(M111 ) B.S.P. t and,iamarack (Lar1x 1ar1c1ana (Du Roi) K. o
. S

Koch.) was pasitively correlated w1th the depth to water

ntable-¢ Bogg1e et al. .(1976) found that the stem volume,

tree he1ght and fol1age area of P1nus conterta (Loud )

»'Doug] were pos1t1ve1y related to the depth to water tab1e :
| fhe adverse effects of high water table and its

fluctuat1on vary with seasons and tree age Generat1y,

h1gh water tab1e is more detr1menta1 late in.the grpwing

season (Pelkonen 1975; Pa1vanen 1984) . Roots of oader

trees must occupy a 1arger voLume of so11 for'nutrient

| collection and anchorang the tree The optimum depth to .

water t%hle;,therefore. becomes deeper'as the tree become"



‘larger (Mueller-Dombois’ 1964) .

»

The temperature regimes in peatlands also affect tree
growth *and phenology. Low substrate.temperatures in.

natura]‘peatlands']tmit_root size, roottng depth'and top :

grOWth‘tnib1ack spruce and tamarack (Lieffers’and Rothwell

.1987a and 1987b | ‘Lﬁeffers and Rothwell (1987a) also found

that because dra1nage 1ncreased the surface substrate

temperature; bud'flush»ofrterm1nal leaders and,both male

|

‘and female cones was ear11er in drained areas.

Wh11e c]1mate affects the accumu]at1on of the- peat
(Paiyanen 1984) and the physical cond1t1ons of the

subStratey it also direct]y affects tree growth and

'prOduction (Fritts 1976' dosza et al 1984)vv However>

there is a lack of Know]edge on the re]at1onsh1p between

.cl1mate and<tree growth on‘natural peatlands.

~The tree growth on natural peat lands, howeQer. can be

considerably improved by drainage tHeiKuraﬁnen and Kuusela

J

' 1962; Stanek 1968 and 1977: Boggie 1972; Boggie et al.

1976 Payandeh 1873; Richardson 1981: Wang et al. 1985:
:Trott1er/1986) Peatland dra1nage for forestry ‘purpose has
been prabtiCedwextensnvely_1n Finland, France._Germany, |
Scandinévia and U.S.S.R. (Payandeh 1973) . Sometsmatt sea]e
beatland drainage experiments<haVe also been condUcted-in

Canada (H111man 1987)

Dra1nage lowers water table and 1mproves the phy51cal

Acond1t1ons of the substrate and the air layer near the peat -

/
i

I8
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surface, The improveﬁent of tree'growth in response to'
these changes are well documented Lieffers.and Rothwe11
(1987b) observed that the f1ne root b1omass and the ma x imum
irootlng depth all increased after the peat]and was |
dra1ned The 1ncreased root growth 1mproves the tree’ s
_capac1ty for water and m1nera1 uptaKe “Two to fwve fold
1ncreases in tree he1ght and D.B. H growth fo]low1ng
vpeat]and dra1nage were reported (Stanek 1368, Payandeh
1973 Ruchardson 1981 Wang et al 19857 . Stanek (1977)
demonstrated that dra1nage 1ncreased the s1te 1ndex (tree
_hetght at>100»years of age) for black spruce by»4 to 6
metresurespectively’tor,ten-marsh and bog pites; Trottier'
(1986) reported'that grainage increased-the'wood production. -
trate by more than four folds. The total increases in tree
growth wh1ch were caused by dra1nage,_however were not |
,d1str1buted evenly_over the entire postdralnage period.
_ fLieffers and Rothwell (1987a) also suggested that fo]]owwng
”dra1nage there might be an 1n1t1a1 response per1od when
trees grow slower than normal -Studles from F1n1and
'(Seppa1a 1969) d1d not report a slowing in growth but
- .indicated that tree growth did notllncrease for the first
' few years"after drainage. The patterns of increases
follow1ng drainage -are still unclear
Var)ous methods (He1kura1nen and Kuusela 1962 v

Heikurainen 1964§,Stanek_1968 and 1977 Payandeh 1973 1975.‘

and 1982: Wang et aT}:1985) have been used terva]uate the



_drainage effects‘on tree grdwth,where drainage.oocurred.
half way through the 11fe of the trees. However: there are
some prob]emsAassociatedFWith—these’nethods. ‘In additien,

none ogntnese metnodsdare capabte of'determining theu
patterns of net response in tree growth- fo]]ow1ng dra1nage
An a]ternat1ve method for est1mat1ng the patterns of net
rresponse in tree growth fo]lowwng peattand dra1nage needs
to be developed

OBJECTIVES Y o ‘

" The objecttves»of'thisfstUdy wére:_ 1. to determine
the re[ationShipretween the annoa1'tree-ring grthhqu;
peatland black spruoe and precipitation'and-air,_ |
temperature; 2; toldevelop'a_new method forievaanting.thei
patternspof net response,in‘tree ring growth to peatiand_:

_ drainage;‘B. to describe the.pattern‘of growth response of

black spruce following drainage.
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1I. THE ANNUAL TREE RING GROWTH OF BLACK SPRUCE
~IN RELATION TO PRECIPITATION AND AIR TEMPERATURE
IN SOME ALBERTA PEATLANDS'
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d’;related to c11mate (Fr1tts 1976 dozSa et a] 1984) bu

Annua] r1ngs of trees 1n upland areas have often\izjn 1 ft

'there is l1tt1e 1nformat1on on the 1mpact of yearly

var1at1on 1n climate on growth of trees in wetland areas

- In natura] peat]ands, tree growth is dependent on the depthjﬂ3'§”“

of. water tab]e (Bogg1e and M11]er 1976 Mannerkosk1 1985
»;L1effers'and Rothwe]T 1987b) r Genera]Ty, root growth of
peat]and trees is restr1cted by high wafer tab]e (Bogg1e
t1972 Bogg1e and Miller. 1976 L1effers and Rothwel] 1987b).'w

but black spruce (P1cea mariana (M11]r) B.S;P,) and

1tamaracK (Lar1x 1ar1c1na (Du/;o1) Kp.Koch.)‘wi11 increaee
root]ng depth and fJne root b1omas§ when‘the Watervtah?e~t5'
1owered (Lieffers and Rothwell 1987b) The above ground
tree growth 1s also pos1t1ve1y related to the depth to
- water table (Bogg1e et al. -1976 L1effers and Rothwe11

1987b) . | TS R )

; The.depth to water}table tn'peat1ands islregUWated"byf

many factors but probab]y prec1p1tat1on and temperature

are the most 1mportant 1n.the control of seasonal~and ':Q]

year]y'Variat1ons (Mannerkoskin‘TQBS):' increases in:water “,hla

‘table follow heavy rainfalisltbai-et'al 1972; Munroli984r"” g

="IF h1gh water table depresses the growth of peatland trees.:-v

vthen years w1th much greater than average prec1p1tat1on
?,shou]d also have reduced growth rates. Temperature

regulates water table by its influence on
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evapotranspirattonitMannerKosKi 1885), but it also
directlyvaffects tree grthh (Van Cleve et al: 1983; Tryoﬁ'.
and Chapln 1983) and phenology (L1effers and Rothwe]l |
1987a).. Van Z1nderen Bakker (1974) observed a reduct1on in
net carbon aSSTm11at1on of b1acK spruce at leaf temperature
greater than  150¢C and Tow light intensities.

) |
., The obJect1ves of th1s study are to examine the

‘relat1opsh1p between»the annual ring growth of btlack spruee
from natural peatlands and yearly var1at1on in
prec1p1tat1on and- air- temperature
MATERIALS AND ME THODS
The'study sites were 1ocated-1n a-]arge undisturbed
- treed fen 11 Km east nor theast of S]ave LaKe (55026 N;
774034 W i Forests in this area cons1st of b]acK spruce

with- scattered.tamaraCK.-'Understor1es are domlnated by

Ledum qroehlandicum Oeder Rubus chamaemorus L.]and

§phaqnum maqel]an1cum Br1d Two sites, 1 Km apart' were

'selected- "Fifteen dom1nant codom1nant black spruce were
cutvfrpm each site’ 1n_the_spr1ng of 1987, ‘before the
{%nitiatioh"of diameter growth.A THe sample trees.were
approx1mate1y 87 years old Three cross sections were
taken froA-the bole of each tree at the ' tree base, and at
>‘30'and 130 cm hejght. - The sections were air dried and f
}sanded by a belt sander. The ring width of all the
‘sections were measured on‘a_computerized'tree-ring

measuring device (Clydeuahd Titus 19871. Four radiﬁ along
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the~1gngest-and fhe shortést.diamefers_were.heaéured fdr
each"sécfion. Ring W1dth data were plotted against treé'ﬁ
age.’»Croésdating (matching'tree,fing?Width variationé"
»among trees) was conducted to idenfif; false‘5nd/or missing
rings (Frittsl1976). Cross-dating was done by .compar.ing
graphs of tree ring width versus age, among radii within
séctions,'thén.aﬁong sections withih‘trées.-am;pg treésvof
4the same sife, and lastly between tHe two s{tes kFig.
~I1.1). Miésihg and/or False rings”were conffrmed'5y7
FCaref01 éxamination of the diécs; Correction was made for
‘m{ssing/faiéé rings.” The tree-ring series of_different
radfﬁ wére averaged to get the,méan tree-r%hg series_of
‘that se¢tion. The mean-sensitivity (Ms) of each séctibh is

calculated using the féT]Qwing formula,

,1 I Xpaq-Xel
Ms = — Z‘lt1 tl»,
~ n-1 - (Xt+1+xt)/2
where: Xi.q and X; are the widths of two neigh ng
rings; t =1, 2, ..., n-1; and n is total nu ber‘oF
rings. " | . o )
_ ;.

and is interpretéd that the']afger-Ms is, the better thé'
trée'rihg data can reflect climate fluctuation (Fritts
'1996). In this study, the discs at 30 cm he{ght had the
_largest‘avehage mean-sensitivity value and fewér miésing or
fa]sé rings.than'fhe base sections. So the tree ring data

ffrom‘discs‘at 30 cm height were used for climafettree-

grbwth ana]ysés. In order-to. remove the‘effects’of tree
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age on tree ring width, the tree ring width data were .
vmode11ed‘by a'negative exponential fpnctﬁon’eachbobserVed .ﬁ
rihg increment was'divided by the eorrespohdihg value from
.‘the regr;ss1on equat1on to g1ve tree r1ng indices (Fr1tts
1976) . Because the climate data were avai “able on]y back
to 1925 on]y the tree r1ng d ta for the 1ast 62 years of -
N growth (when ring ‘width decre sed with tree age) wehe usedV‘
‘One way ana]ys1s of var1ance showed no significant

. d1fference among tree. r1ng index ser1es of d1fferent trees,.
| from the same site, therefore, they were averaged to obta1n
the site chronolog1es of each site (Fr1tts 1976) for
further ana]ys1s.. The chrono]og1es for the two s1tes were
‘htghlyAcornetated (r = 0.82). |

The temperature and pheeipitationfdatg froth]éve
Lake Af, poﬁt were obtained frdm‘the Monthly Record
(Env1ronment Canada) for the per1ods of 1925-1962 and 1970-
1986, respectively. Prec1p1tat1on var1ab1es used for the
éna]ysis were: totd] prec1p1tat1on of pregrowing season
(previods September to current.May), and’grbwihg_seéson
(duhe to August)hdf the current year and at Tags df one d
two. years. Temperature variables used were: grdwing'season'
,(duhe to August) mean, maximum, minimum temperatures of
curreht yeah, and at one and two-year lags..

Linear and. quadratic polynomial begressions_wére used
to determine the’relattdnship between_thettree ring index

and each'of the climate variables. The possiblie
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intercorrelations among. the climate'vaniables‘were
evaluated using thelcorhelatiOh matrix of c]imatie
variabTesvand principal components analysis of the

'correlatiGn matrix (Dixoh et al. 1985)f
- o © RESULTS
Tree ring growth and pbecipitation'
Thettree ring index was positively correlated to
_ 'growing.Season~brecipjtation df the current year (Figi
\x’ iI.Qa) and at one (Fig. I1.2b) and two-year lags (Figt
'<II.20)5for both sites. The cgrrelation was‘the strengest
atgr‘the brecﬁpitatton”at one year lag. Most of the
precipitation ddta were within the range of 71 to 325 mm,
w1th except1ons of years w1th 410 and 424 7mm These o
points appeared to be outl1ers and were eliminated from the
regression analys1s The two data po1nts that were.
-e]iminated were generally below the regress1on lines: this
suggests that there was probably reductwon in growth in
years w1th very h1gh summer prec1p1tat1on and in the
fo]low1ng twg years. , |

There was .no significant re]at10nsh1p between,

pregrowing season precipitation and tree ring 1ndex.

Tree ring grbwth”and air’temperature

For beth sitesb'tnee rihgwindex was not correlated
wjth average growing-seaseh'temperature\(Fig..11.3). but.
wachOrretatedkwith maximum and minimum temperatures

7
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(Figs. II. 4 and 11.5; . Tables f1.2 and 11.3). 'The max imum
temperature of the current year and at one and two year
- lags were all negat1ve1y correlated with tree ring index.
(Fig. '11.4 and Table I1.2). .Tree ring growth decreased |
’11near1y as maximum temperature increased. ‘There'was |
little var1ab1]1ty in slopes and intercepts of regression -
}11nes between the two 51tes and among the . current year, and’
one and two year lags The max i mum temperatures'of the
current year and at one year lag were more strong]y
correlated with tree ring index thahﬂthat at two-years lag.
" The tree r1ng 1ndex was posttJvely correlated with the
. mintmumbtemperature of the current year‘(th. II.5a, Tab]e
11.3). -However the regression for eite 2 Was.not
151gn1f1cant at the 0.05 level. The relat1onsh1p between d
tree r1ng 1ndex and m1n1mum temperature at one and two year
31ags were model]ed by a.quadrat1c po]ynom1a1,(Tab1e LI.3)1.
As minimum temperature at one year lag increased, tree ring
index-tnCreased at tirst -thentleve1ed off,and.began‘to
decline at about 8 5 0¢c for both sites. The're]ationships‘-~
’between tree ring index and minimum temperature at two year‘
lag was dtfferent for the two sites (Fig. I11.5c). For site
t; tree r1ng 1ndex 1ncreased wnth minimum temperature over'
thevtemperature range studted; Tree rtng index 1n 51te_2.
‘however, 3increasedfat first and began to decline after the
: temperature exceeded 8. 4 OC ' For both sitee, the minimum"

" temperatures at and 2 year: 1ags were more strongly
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correlated with tree ring index .than that of the current

yearw(Table’11.3).

IhtePCOrreiatjpns among c]imatic Varjables.

Principal compenents‘enalySis of tﬁe correlation:
matrix of the weether data (Table I1.4) yielded three
factors with eigenvalues’ greater thah'one (?able‘II.S).
The first faetor indicated that meximuh,swmmer femperatures
" of the current year and one year. lag summer tempereturee
was negatively related to summer'pﬁeeipitation %or‘the; |
eubrent year. and one year lag. The second faetorfindicated
thaf minimumﬂtemperature and summerwbrecipitation were
positively intercorrelated. The curreht year precipitation
andbcurrent year.maximum tehpegeture, however, wehe

relatively 1ndependent of their tWO year lags.
, w

DISCUSSfBV

Most studies of tree growth qn peatlands 1nd1cate
that growth is 11m1ted by h1gh water table (Bogg1e 1972;
_Bogg1e and M1l]er 1976, das1en1uk and -Johnson 1982; ‘ |
: Mannerkosk1 1985 Lieffers and Rothwell 1987bﬂ. Data from
this etudy, however,.indicated that tree growth was
gneatesf in years with relatively high summer
precipitation: these presumably are yeafs with high water
table. In natural peatlehds. the Verticél reach of tree

‘roots depends more on the usual seasonal maximum than the
n . . .



_ »
average water level (Mannerkoski 1985). Therefore. roots

are usually restr1cted to pos1t1ons above the usua] upper
11mlt of water ‘table fluctuat1on (Bogg1e and Miller 1976)
Black spruce in natural peatlands have shallow and
spread1nglroots_(5trong and LaRoi 1983) and roots are
usually confined to hummock bositions3(L1effers,and,
Rothwell 1987b)' Average productivtty in'peatTands is low
for various reasons 1nclud1ng the fact that tree roots
occupy a small volume of substrate In re]at1ve1y wet
years, water table. may stay c]ose to the surface (Munro
1984) and near these roots for most. of- the time; roots
have QOOd Opportuh1t1es‘to absorb water and.m1neralsl in
dry‘years, the'water tabie is_much 1ower and trees may be
under‘water stress;ﬁ{écholander*pressure bomb readings of
black spruce twigs from a peatland during a’hot-dry perioo
were less than -2300 KPa'(Dang, Lieffers, Rothwell and
.Maodonald, uhpublished)rv It is also interesting, however ,
"that in the two years with very high summer precipitation -
‘(>400mm) tree r1ng growth. was reduced in the current year
(Fig. 11.2a) and for' the next two years (Figs. 11 %b and
I1.2¢c). One can soeculate that heavy rainfalls in those
years-caused root dieback. Thus the shat1ow roots“of'these:v
trees may be‘retatively'inefreotive at water uotaKe_in dry.

years but are stressed or Killed by high,water‘1evels in

', very wet years

There is little 1nformat1on in the 11terature o
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~suggest that high air-temperature_limits the productivity'
in bpreat forestrecbsystems. ‘Indeed. the reverse is |
uSuatly‘the case (see Van C]eve‘et al. 1983; Mannerkoski.
»'i985). Van Zinderen Bakker (19745.7hbwever.-obServed a
'reductton in net carbon assimi]atton-of-peatland bTaeK

spruce at leaf temperature greater than 150¢ but all of his
’readings were taken at low lightbintensities. |
Neverthe]ess, a mean'maximum tempenature‘ofv23°C_tFig.‘
'1144)'shoutdbnot‘have directly 1inited"the tree‘grbwth in
boreal forests even though many days would nave had a
hjgher maxihum temperature. The fact that treeoring index
decreased with increasing makimum température (Fig. 11.4)
.prbbably relates to increasedvrespiratibn rate and water
stress under warm and dry conditions | |

‘In contrast to the relatlonsh1p between tree growth

responses and max1mum temperatures, there was generally an
)ncrease in tree;growtn assoc1ated.with'higher minimumﬁ
‘vtemperatUres Low‘nighttime airltemperatures. and
ppresumabty cool substrate may be d1rect1y detr1mental to
growth because of a reduction in b1ochem1ca1 activity and _
water uptake (Running and Reid 1980, Lopush1sKy and
Kaufmann 1984 ) . vAIsb Since low summer.precipitations were
assocxated with low minimum temperatures (Table II 4 and '
I1.5), it is possible that the significant relat1onsh1p
between minimbm_temperature,and §r0wth is another o

expression of water stress. The most likely reason for
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slow growth 1n years with 1ow minimum temperatures,
‘however probably relates to summer frosts. Mean minimum
temperatures in peatlands ranged from 3.2 to 7. 4OC lower
than at adJacent upland weather stat1ons and summer frosts
were observed’ in peat]ands every month in the growing
season (Rothwel] and Lieffers 1988). Low minimum
temperatures (1nc]ud1ng frost) during summer months'
"generally have a .negative 1mpact upon conifer growth (Van
Zinderen Bakker 1974, Cannell and Smith 1984) .-
| The lag effects of the climate on tree ring growth
“may have -been partially;caused by the autocorrelaQion of
.tree growth itself. The needles of black spruce are formed
in the bud the prev1ous year and rema1n on the trees for
fseveral years. The climate of a given year influences the
needle‘formation and‘growth, and‘oonsequently affects
photosynthesis and carbon accumulation in foT]owing'years.
Indeed: the,preceding year's climate was the most strongly
related to tree ring growth (tahles I1.1, 11.2 and I1.3).
In dry 1and forests, the preVious year's rainfal] was as
1mportant to tree r1ng growth as- current year ra1nfa1]

(Tryon and True 1958; Zahner and Stage 1966)
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Table I1.1. Regression analysis of tree ring index (1) in

re]ation'to'precipitatioh in the growﬁng seaSon (P .

Time Lag Site 1 . __Site 2
(xeér) 30— aq__ v r2_ n_ _ag. aq_ r _n_

0 .0.70  0.0014 0.18xx 53 0.73 0.0013 0.15%= 53
f  0.67 0.0015 0.23*+ 51 0.72 0.0013 0.17%* 51
2 0.68  0.0014 "0.20%x 43 0.79 0.0011 0.10% 49

Note: The model is I = ag + aqP.
* = p <¢0.05; *x = p < 0.01.

| Table'II.Z.‘Regression analysis of tree ring'index (1) in

relation to maximum temperature (Ty) in the growing season.

Time Lag Site . Site

lyear) _ag_ _aj__ _r?2 _n _gg; _aq_ _R?_ n
0 2.45 -0.071 0.22%% 50 2.64 -0.080 0.25%% .50
1 2.65 -0.081 0.29*4‘ 50 2.61 -0.077 0.25%x 50
2 2.36 -0.067 0.18%x 49 2.55 -0.075 0.21%* _49

Note: The model is I = ag + a;Tp.

*% = p < 0.01
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Table 11.3. Regression ahalysiS\Qi;ﬁ;ee\ring index (1) in
relaﬁioh to minimum temperatdre‘(Tn) in the‘grbwing season.

!

-

Time ____ Site 1 R | Site 2
lgg:_go; ay_ _ap_ r% n  _ag_ _a;. _ay__r? n_
0 0.410.07 ----- 0.14%* 50 0.67 0.04 ---- 0.05 50

{ -2.77 0.86 -0.049 0.30%* 50 -3.45 1.07 -0.063 0.21%* 50

' -0,21 0.20 -0.007 0.25%* 49 -2.54 0.84 -0.050 0.14* 49
: the:’For time lag 0 the model was I = ag ¥ a{T,: For time
lags 1 andu2 the m@de] was 1 = ao'+a1T6 + aoT 2;

« = p<0.05; #*p =< 0.01. i

Tabie 11.4 Corﬁelation ﬁatrix of climaiig,variables.
Tm(0) To(0) K1) Th(1) Tp(2) T4(2) PO} P(1) P(2)

T.00) 1.00 o | o

Thcof -0.07 1.00 |

Tl 1) 0.68 -0.26 1.00

T,(1) -0.14 0.55°-0.02 1.00

T(2) 0.32 -0.31 -0.38 -0.47 1.00 |

T,(2) -0.39 0.38 -0.29 0.38 -0.12  1.00 |

P(0O) -0.40 0.43 =0.27 0.39 -0.17 0.29 1.00

P(1) -0333110;26 0.44 0.36 -0.22 0.33 0.35 1.00

T

P(2) -0.32 -0.07.-0.23 0.16 -0.42 0.39 0.00 0.23 1.00

Note: T, = maximum temperature, Tp = minimum temperature
P = precipitation, each for.thé current year (0) and at one

(1) and two year (2) lags.



T

Table 11.5. Principal combohents’analysis,of'climatic
variables. | ‘
Variable® Factor 1 Factor 2; Factor 3
Tpl0) 0.856 -0.020 - . -0.224
. Th(0) 0.107 . 0.845 0,014 -
EREEY ©.0.855 -0.044 -0.158
T (1) 10.056  0.829  0.360 . .+ .
Tm(2) 0:160 -0.319 -0.701
Tal2) 0. 387 ~0.410 0.324
pio) -0.483 . 0.610  -0.193
Pl -0.533 . 0.370 0.148
P(2) ¥ -0.221 - -0.107  -0.860
Eigenvalue 3.401 v1.4é6 4427 |
) S
=

+

variables

Indicates grdwing season. (June to August) climatic

Ty = maximum temperature, T, = minimum temperature

P = precipitation, each fon_fhe current year (0) and at one

n

-

(1) and two year (2) lags. N o “

.
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Fig. I1.1. Cross-dating among threc randomly selected trees
within sites and between a) site | and b) site 2. -
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I1.2. Tree ring index of black spruce in relation to
June to August precipitation.of a) the current year,
and.la?s of b) one year, 4nd c) two years for. Site .1

l@:=— ) and site 2 (o:=—-=). Note: the data points
beyond 325mm precipitation were not used in .the

analysis. , :
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- Fig.

11.3.

mean grow1ng season (dJune to August) air temperature.
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Fig.

Site 1 (ei—) and site 2 (o:=—"~).

30
I11.4, Tree*ring‘index of black spruce in relation to
maximum temperature (June to August) of a) the current
year and at lags of b) one year -and c¢) two years for
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Fig.

11.5. Tree ring .index of black spruce in relat1om to
minimum air temperature (June to August) of al the
current year and at lags of b) one year and c) fwo

‘.

years for Site 1 (o,———){ahd'site 2 (o,f?4).
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8 e - INTRODUCTION |

Alberta has nearly. 13 million ha of peatlands: this
i's about 20 percent‘of the total land area of the province.
(Tarhocai 1984;‘P5tv5nen 1985). Such vast areas of
peetlenos have a great ootential for forestry. Howeverf h
,_tﬁée growth in netural peatlahds is slow and'producttvity
is generally low because of high water table. cold |
substrate, poorzaeration, and, inadequate avaiiab]e nutrienf
suppTy-(Payandeh:1973"Lietfers end Rothwe]lt1987b) Trees
‘1n most A]berta peat]ands rare]y reach merchantable s1ze
(L1effers and Rothwel1 1986)
| ‘The tree growth in peatlands; however .can be
improved by drainege L1eﬁfers and Rothwe]l (1987b5
obserVed that the f1ne root: b1omass and the maximum rooting -

depth of black spruce (Picea mariana (Mill1.) B.S,P;)_and

’tamarackv(Larix ]aricina (Du Roi) K.iKoch ) increased after

‘drainage. The 1mproved root system in turn increases above .
ground growth Large. 1ncreases in diameter ~and he1ght
growth after dra1nage5were reported (He1kura1nen and.
Klusela 1962; Stanek 1968 and 1377; Payandeh 1973;
Richardson 1981; Wang et al. '1985; Trottier 1986). The
total increases in treedgrowth,’howevert were not

} distributedfevehiy'over the entire postdrainage period,u
Lieffers and Rothwell (1987a) indicated that following
‘drajnage.therevmight be a reSponse period'when trees grow

more slowly -than normal. - Studies from‘Ftnlano (Seppdld

. -
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1969t did not report a slowing tn growth butjindicated that
htree'growth,did.not increase during the-first few years
after drainage. No quant1tat1ve studies have been
‘conducted on the patterns of annua] growth response
follow1ng drainage.

Three me thods have been used to evaluate the

‘ dra1nage effects on tree growth where drainage occurred

half-way through the life of the trees. 1. ‘Some workers
(HeiKkurainen and Kuusela 1962, Heikurainen 1964; Stanek
1968;_Payandeh 1973 and 1375; Wang et,a1,11985)'dirECt1y
compared thevaverage tree growth'of.predrainagetandg
fpostdra1nage 2. StaneK'(1977) estimated the drainage
effects by the s1te 1ndex dlfference between the drained
~site and an adJacent undra1ned s1te 3. Payandeh (1982)
‘compared the average postdra1nage tree growth of dra1ned :
peatlands to adjacent undrained sites. However, there are
| drawbacKs-with these-methods. |

1. Generally, tree ring increment varies as the trees
age, tncreasing'at‘juvenile stage and later decreasing.
fhe first methOd,'a sinple comparison of ring growth before
drainage and-after.drainage,”does not take this intrinsic
trend'ﬁnto‘account. Theldrainage,effects onvtree’growth
estimated from this method are,.fherefore, inconc]usive.

2. Forgthe second.method, the total height observed
after_drainage on a drained‘stte.is the‘combination‘of two

parts: the height which was_added before drainage and the
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height added after dra1nage Because drainagg changes the
site qua11ty, the two parts fo]]ow d1fferent growth curves
even though there might be a transtt1on between them. If
‘drajnage improves site quality, then the site index ot the
drainedvsiter whichvjs determined from the postdrainage
'vtree height, will Bé lower than the true site-index of the

vcurrent‘site..thus StaneK’s method underestimates the
drainage effects. ‘_"- ‘ B , s
3. The th1rd method requires that the dra1ned and
~control s1tes are in homogeneous cond1t1ons and trees in
.the dra1ned and control s1tes are at the same age and same
development stage in terms on the p051t1on in growth age .-
curve. In practice, however,rthese requirements'are rare}y
metﬂ In addition‘ none of the'abOVe'three‘methods are
capable of determ1n1ng the patterns of response in tr%e
growth following drainage. An a]ternatlve method for
estimatimgéthe patterns of net response in'tree growth
following peat]and drainage needsvto be deVeToped.

The objectives of this study were: 1. to develop a.
new procedurevfor eva]uating.the pattern‘of response of
annual tree ring'growth following drainage; 2. to deSCribe
the pattern of tree ring growth response of b]ack spruce

'follow1ng peatland drainage.



MATERIALS AND METHODS
Study sites and data col1ect1on -
The ‘study area is:located east of S]ave Lake, .
- Alberta, a]ong the prov1nc1a1 highway #2. The highway was :
ibu1]t in 1966,.across a treed fen (Lieffers and Rothwell |
1987b) . 'The:road bed ahd assoéiatéd ditches interbupt
local shai]ow ground Wafer.flow; rgsulting in lower water
table dbwnélope; Upslope of the road, watér levels near
the ditch were a]éo.iowered, but on the same side and.
farther away from the ditoh the watér table was not
influenced by the road building. This situation provided a
natur31 dra%nage:expebiment for this study. Stahek‘(i977),'
Payandeh’(19825 Wang et al. ’(1535) and.Lieffers anu |
RbthWéil (1987b) used s1m1lar s1tuat1ons to study the
'effects of dra1nage on tree growth. ' .

The forests in this area are domingted by black

spruce (Picea mariana (Mill.) B.S.P.) with scattered

tamarack (Larix laricina (Du Roi) K. Koch.). Undérstory is

dominatéd by Ledum qfoéhlandicumeeder 'Rubus'chamaemorus

L., Sphagnum magellanicum Br1d and S. warnstorf11 Russ. ©On

the dra1ned s1te,_P]euroz1um schreber1 (Br1d.) Mitt and

AHxlocommum.splendens. (HedeJ:B.S.G. are more abundant.
Six drained peatland sites were_sejected.v_They were
located at 55010'N 114016 30"w, 55010’ 45°N 114020" w, -
55010" 15°N 114017'w, 55011 N 114020 30w, 55009’ 25"
1i4013'3o"w, and 55007/ 25"N 11401o'no?w’reSpectiye1y.”
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Black spruce trees on these ranged from 54 to 128 years
old..,Downslope of the highway, plots were laid out at 5m
"afrom the.road right-of—way;.“Plots ups lope ofrthe road, 70 .
“to 100m from the cleared right-of-way"Were chosen as
control sttes Each site (both dra1ned and undrained) had
- two rep]1cate p]ots wh1ch were 10m apart and paral]el to
the h1ghway. AT the_s1tes (both drained and undra1ned)
were distributed‘in simi]ar landforms and-appeared to have
simiiar species oomposition. 'The trees in the dratned'
sites had’about the same-average'age‘as‘those in the
‘corresponding undrained sites. The uniformity of those
sites prior t0»the‘road'constructton were eonfirmed-by-
‘exam1n1ng 1965 aerial photographs of this area.

In dune 1987, a Scm diameter perforated p1ast1c pipe
was 1nsta11ed in the centre of - each of the plots (both )
dra1ned and undra1ned) The depth to water table in the‘,ff
pipes was measured b1week1y from June :11 to August 26&*
1987. In m1d-September of ‘the same.year, ten dominantF
codom1nant black spruce were selected from each plot (both

dra1ned and undra1ned sites). Cross-sections at the tree

'pbase and 30cm height” pos1tlon were cut from each tree for

‘age and tree r1ng 1ncrement measurement respect1ve]y Tree
he1ghts were also recorded for calcu]at1ng site index. The
discs were air dried andvsandedvby a belt sander. The ~
annual ‘tree.rtng increments atbfour radii along the

longest and the shortest diameters of each disc were
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measured on a computerized:measurihg deVioe (Clyde'and
- Titus 1987). Cross~dating was conducted among.trees_ahd
vamong s1tes (see methods in chapter 2).
Analysis

Estihation of tree ring index_for_drained.sites,

As shown by comoarihg;the gehera] forms of tree_
ring increment from the undrained site (Fig. II1I1.1) and.
drained site (Fig.:III.Q), the.ring growth in the drained
- site inoreased following drainage. In order‘to estjmate
"this change; one first needs to‘estimate the usual curve of
tree rihg growth in the_drained site for the postdrainage
period, Which_the tree‘growth would follow if the peatland
‘were not drained. The procedures are as”FoTlows A
_negative exponentta] tunctton Was Ftt'by regression
procedures to the observed tree ring 1ncrement data from
the drained s1te for the per1od from the growth peaK to the
‘time of drainage (Fig. I111.3). All the regress1on'
coefficients were s1gn1f1cant at O 05 level and most at’
0.01 1evel (Table I11.1) and" on]y a smal] number of -
equat1ons had a problem with non- norma11ty of res1duals
tTab]e I11.2). Each observed tree r1ng-1ncrement,‘both v
: predra1nage and post: dra1nage was then d1v1ded by the
correspond1ng growth value obtained. from the regress1on'§
equat1on to give the tree r1ng index (Fr1tts 19761 .

Test for the va11d1ty of extrapolation

The“test for validity of th1s,techn1que is as
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44t%5116w5' Negattve exponent1a1 funct1ons were also app11ed
&i:to the tree r1ng data from the undra}ned s1te f1rst1y f
i;the per1od “bm the growth peak to the t1me of dra1nage andt“.
f:;secondly from the growth peak to the t1me of sampl1ng
gfﬁThus two equatlons weré generated for the.same tree ’By
sfggd1v1d1ng each observed tree r1ng 1ncrement by the pred1cted?
hdfva1ues from the above two d1fferent equat1ons twovsets'of
V'tree r1ng 1nd1ces were obta1ned for each tree The f1rst
’ﬁfequat1on and the tree r1ng 1nd1ces der1ved from 1t _
';,however est1mated the postdra1nage tree rlng growth by
‘:”d;extrapolat1on of the equat1on s1m11ar to the procedures for“
';fthe dra1ned s1te Pa1red t test (Tab}e III 33 showed that
j}/v~_for the postdra1nage per1od the mean of the d1fferences
:between pa1rs of tree r1ng 1nd1ces were not significantly
d1fferent from zero at 0. 05 Tevel for most of the trees and’
at 0.01 1eve1 for a]] of the trees. Where s1gn1f1cant. t
values were bositive fbr some'trees but negative for
others,‘suggesting the teohhigue was unbiased. This
b1nd1cated that the extrapo\at1on technique was reasonably
good for pred1ct1ng the postdra1nage tree r1ng 1ncrements

"For the dra1ned si

o

S Est1mat1on of tree ring response to dra1nage
* qngg§§ D1fference in the means of tree r1ng indices between
et AT ALEN TR

”“}§§%§ﬁra1ned and corresponding undra1ned s1tes for the
: *,;.\.4
wﬁfostdra1nage period was exam1ned by ana]ys1s of varlance
-
The tree ring indices for all of the trees at the same site
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were then~averaged (separately for drained and undrained
sttes)‘year by year, getting the average tree ring index
sertes for eaoh_sﬁte. Tree ring indjces“of:the dratned
dSite generally had a similar pattern of f]uctuatton for
both predra1nage and postdra1nage per1ods, suggest1ng the
tree ring growth of the drained and undra1ned s1tes
responded s1m11ar1y to env1ronmenta1 fluctuat1ons for both
predra1nage and postdrainage periods. The average tree
r1ng index serTes of . the undra1ned site was, "therefore, |
'sdbtracted from that of .the corresponding drained.site year
- by year and ditferences’for the postdrainage period were
used as estimato:s of.net response of tree ring growth to -
drainage. The net-response vald;s were p]otted ggainst the
time elapsed (in years) after drainage. B ‘“ | |
Variab]es'for growth response and sﬁte'qua1ity
_ The period 1mmed1ate]y following drainage, f% which

'the net responses were around’zero 'was defined as the
initial response per1od. The average slope from the pointﬁ
'of minimum net response to‘that ofvthe ma X imum net response
was definedAas increase rate. "The-]ength of the initial’
response period, increase rate, maximum net responses and
the time from the year of dra1n1ng to the year of max1mum
net responseuwere compared to the tree age and site index
at the’time'of‘drainage and thefdiffenence in average-
postdrainage water table between jhe drained site and
corrgsponding undrained site. The initial site index was

&
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estimated by fhe‘sife index of ;he undrained site and |
Ca]colated by theyfollowihg ?ormu]a (Alberta For. SerQ.
1985) : " | |

SI = 9.9531 + 0. 4751*HT - 0.6659%1n2 (STAGE .

6. 0486*HT/STAGE - 0. OOZBS*STAGE*]n(STAGE)“ .

Where SI' = Site index, total height at 50 years at

breast he1ght HT = Average height of dominant-

codominant trees weightedvby*basal érea:‘ STAGE = Age

at the tree base; ]n>; Natural logarithm. |

o 'A RESULTS

The,tree‘ring indices of ‘the drained ahd~pndra1ned
sites generally had similar péfterns of year to year
fluctuations for both'predrainagezend postdrainage periods
(Fig.'iII.4).t This suggests that the ‘drained and undrained
Sitee generaily had ‘similar relationships with | )
environmental f]uctuat1ons for the postdra1nage per1od as
well as the predra1nage per1od However, the average tree
ring indices from all of the-drajned sites were
significantly greater than thoseﬁofbfhe’corresponding
’ undra1ned s1tes fgr the postdra1nage period (Table III 41,
But the het increases -were not d1str1buted evenly over the
21 yeare.after dra1nage (Fig. 111.5). In the first few
years after'orainage the averagé'difference in tree ring
;ndex between drained s1te and undrained site was be]ow

zero for some of the sites but above zero for others (Fig.

111.5). However, compared w1th_the~v@1ue5’1n the



.tine (Fig. I1I.5). 'The fncrease'rates varied fro-

. A s
g , | | '
predrainage period.4the deviations fro zero in this period
were generally small. 'This indicated that in the initial
response period tnettree ring growth was not affected by
drainage; The length of initial-response period varied
from 3 to 6\years (Figf II1.4). After this period, |
however, the net increaSe values¥1ncreased 11near;(iW1th

% to

'69% per year. The net increase reached max1mum between'13

'»to 19 years after dra1nage The max imum va]ues of net

1ncreases ranged from 76% to 766% The'net‘re1ative

increases fluctuated at values near the maximum there

after - ' . | _
The dafﬁ\also appeared to indicate that the amount

of. water table drop after draknagexhad a positive impact on ¥

- the reseogge of tree ring‘growth_to;drainage,»buf the

initia)-tree age and site index had negative effects»(Table

I11.5). . However, there were not? sufficient data for any
conc]usions to be drawn‘regafding tnese aspects,in the

current study.

v
R

B ' 7DISCUSSION

5
Methodo]ogy for Est1mat1on of Postdra1nage Response

W
The negatlve exponent1a1 funct1on is an important

component in most of the commonly used mode 1s descr1b1ng

'tree ring or d15meter 1ncrement (Fr1tts 1976) . It

adequately d95cr1bes the trend of tree3:1ng g-owth after

rJ :
G T P
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"the growth peak.in ‘the juveni]e phase. This i§., however:;

6‘.-.,

»

the first time that the net effects of peat]and drainage on.
the tree r1ng growth were est1mated us1ng |

J dendrochrono1og1cal techn1ques These methods a]low the

determ1nat1on of the net response of tree growth to'
peat]and dra1nage on a yearly bas1s, wh1ch is genera]ly

freé of intrinsic trend of tree growth and o &@f

¢
macroeﬁv1ronmenta1 effects These methods can also be used
in other s1tuat1ons where net treatment effects on tree 'w‘

C.ring growth'ane eSIred (e;g._est1mat1ng air pollution
effects on.tree growth) B | o | |
Jhe methods used in- th1s paper use’ both the tree r1ng‘
growth in a cohtro] site and the predra1nage growth of ther{

‘

dra1nedfs1te as;controls_for postdra1nage tree growth of

. . . -
» . . . . b

'the:drained site AThey have no strict requirements on i

L s1te qua11ty or tree age on contro] s1tes They only
requ1re that the drained and contro] s1tes are 1n the same
“ general area. The output from these ﬂethods 1s net

-

relative increase and comparable between d1fferent regions
and s1tes w1th d1fferent nn1t1al s1te qua11ty and/or
d1fferent tree ages. These‘methods therefore log1ca1lyr
should be more accurateiand pract1cal than traditional
procedures. The, precision of these method' however.
depends on the 1ength oﬁ the per1od the tree r1ng

~increments of which are used for develop1ng the regress1on

equation. If this period is too short; the.regressaon line .

voo—= §
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cAu]d deviate conéiderably frhm.the true growth’trehd and
resu]t in unre11ab1e pred1ct1ons for postdra1nage tree
growth | ) )
,.Compar1son of the techn1que deve1oped in this thesis for
a353551ng peat land dra1nage effect on- tree growth with
',technlques used in watershed and fent111zat1on exper iments

1. ObJect1ves are- s1m11ar ,
ca. In watershed exper1ment it is to test whether
_1ogjhérvestingAincreases water f]ow.'
b. In fertilization experiment, it is to test
’ Whétheb fertilizers jncreasé tree growth. -, ‘
| | c. In'thié.thesis; the objective is to examine
thé paftern.of tree rihg’growth résbonse to peaf]and
drainage. | | |
‘2. Summary of technigles. |
a.’The>phOCedures for éstimatﬁng.the effect of
ng-harvestjng on daily water ilow Consist'of_four(stéps
(Goode11 1951-and 1958+ also see Fig. II1.6):
| ' 1. Take hatio 9? the daily water flow from
whatershéd A.(Iog-harvested) to thét from watershed B
(control} for pretreatmght period:
Rw = Twt / Cyr _
I1. Model the relationship between R, and’
the nUmbeh ofhdayS'(t) from spring rige:
| wlt) = a+ bt

[11. Pred1ct the posttreatment water flow
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s &kq. ’ b. The.pﬁocedures for estimating ferti]ization
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of watershed A from the  corresponding value of ‘watershed B

(Cw2) and Rylth): ‘ '
Twp = Cup * Rylth
~IV.. Calculate treatment effect:
Ew = Tw2 = Twp

observed poSttreatment water flow from

where Tw2

waterghed A.

effect on tree growth cons1st of ‘three steps (Sa]onlus et

al. 1982; i@anard and Majid: 1985; also see Fig. 111, 7).

I. Take ratio of. posttreatment per10d1c

. growth to pretreatment growth for the control site:

Re = Crp / Cr |
II. Predict posttreatment periodic growth

of the fertilized site from its an’paetreatment growth
(TE1)'and Rp: | |

TFp = Tt * Re

- 1I1. Calculate fert1l1zat1on effect

EF = Tr2 = Trp .

where Tg, =_ebserved posttreatment growth of the fertilized

site.

'fﬁ#' c. The procedures for estimating drainage effect

I
3 R

on tfk# ring growth consist of five steps (see Fig. I11.7):

5 : ' v :
1. Fit growth curve Ty for the predrainage

tree ring increments of the drained site and extrapoTate it

for the postdrainage period.

g

5
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I1I. Calculate tree rjng’index for the

.,draﬁned site:

§ IDh? obeerved / Tp

1117 F1t growth curve Cp to the tree r1ng

increments of the. contrgﬁ site for the whole per1od

Iv. Calculate tree ring. 1gadx for  the
E . . “’;,p .
control site: ‘ v
»IciéyOBeerved / Cp
V. Estimatieanet yearly effect of drainage:

.l

9 :
4 g . E = I[j' - IC

. 3. Important similaritiee and differences

The above three techniqUes are similar in thét

~they all use both pretreatment.tree-growth/water-f1ow of

treated site and of control site to assess tréatment

effects. The technique for estiméting 1og-harvesttng.

‘effect on water'f1ow’ahd that for estimating‘draihageh

effect on tree r1ng growth are 1dent1ca1 in that both of

‘them can produce a response pattern.” However, the above

three techniques apply to different situations and work

under d1fferent assumpt1ons

The techn1que for watershed exper1ment applies to

~cyclic events, where the re]at1onsh1p ‘between Rw'and t. can

be determined in one or more cycles. In addition, the

~ response of water'FTowttoblogjharVeéting is ‘immediate,

which is in contrast to the graduate response of tree

growth to fertilization/drainage.
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‘The technique for fertilization studies works under
the assomptions'that trees in the experimental and control
siteg,most have the same age and the growth curQes for the
, twoteites_must_be paraliel to each other. If the
assumptions are not met, results from thyé/nethod can be
m1slead1ng.__1n pract1ce%@kowever the second assumpt1on is
rarely,mef. In addition, this method can not est?mate
response pattern. |

In contrast .the'technique devé]oped in -this thesis
can be app11ed to any s1tuatlons where the total, average
nand/or response patterns are de51red It has:no
 _assumpt1ons on the tree age or para11e11 ' of.growth_corves
wh1ch .are required by the ‘methosl in- fer:ggﬁzation. '-T'
According to'definitionh(Fritts‘T976);‘tree'rtng indices
" have a mean of 1 if there is no treatment effect.
Thenéfore, the tree ring indices themselves are good
~estimates of treatment @‘ect 1f ‘there are no other factors
affeot1ng the tree ring growth trend. Th1s means that in
_some situations this method can give reasonablyfgoodr |
estinates_ot treatment effects without using control_sitet
However, the function of control site iin this method is to
etiminate the effects of other factors (includinovclimatic ‘
Ftuctuations) on tree growth, to giye estination of net-
response. . Therefore,'contro1 sites are recommended

. p .
whenever possible.
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Tree Growth after Dra1nage

While the re1at1onsh1p between climate and tree r1ng

growth of black spruce on natural peatlands has been

stud1ed (See chapter 2) there 'is little. information on the

relationship between climate and tree r1ng growth of b]ack

.spruce on dra1ned peatlands In natuzal peat]ands, tree

r1ng growth ~black spruce is positively. related to summer
prec1p1tat1on agd m1nﬂﬁbm,temperatg!?, but negat1ve1y

L) Y J R ¢
re]ated to sunher ma?ﬁmu‘”_.

Q,UPp jSee results in

& N . R
chapter 2}1 Frgm the reasonably good

ring_indtces between dra1ned and-undraf:a- peatlands (F1g

_III!@), it appears that the above relat1onsh1ps between

tree growth_ and cl1ma§g¢may st111 hold for black spruce in

drained peatlands This 1nd1cates that black spruce, both

on dra1ned and undra1ned peatlands, probably exper1ences

-

s1m11ar env1ronmenta1 stresses ° )

Even though the dra1nage 1mproves substrate aerat1on
and speeds decompos1t1on of organic matter (Lahde 1966 ’
c1ted by’ Mannerkosk1 (1985)), the change in growth rates in
response to these improved conditions is not immediate.

The root system (L1effers and Rothwell 1987b) and leaf area
of black spruce in natural peat]ands is small In early
stages after dra1nage the’ amount of photosynthet1c products

necessary for extending the root system and leaf area is

‘probably also low. Therefore immediatély fo]1owing'

drainage, no or little increase in tree ring growth is
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possible as the'trees are probably allocating resources to
develop root systems and leaf area. ‘Indeedv the net chénge
© of tree ring 1ndex during the f1rst 3 to 6 years after
dra1nage was around zero for all the s1tes.1n th1s study
(Fig. III.5). -This result is in good agreement with K ‘@
F1nn1sh stud1es (Seppa]a 1969) The 13 to 18 years fc"the
trees‘tb reach a sStable condition.after drainage probably -

relates to the same faetors of gradual development of rootsA
. andAleaf area. It may'also'relate to the gradual increase QQ
in ayai]ab]e nutrjents and improvement in substrate
‘conditions. - It is-diffieult to isolate the sources of the
&;nereased tree ring growth. fhe fmprovemeht iﬁ»treerroot 3 ~
‘systems, leaf area and substrate conditions are themselves"

1nterre1ated
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Table I11.1 Test for significgnce'of regression equations
' for the drained site using.data from the time of peak

-

growth to the time of drainage.

N '
Tree P D Tree r__ n _Tree _r n

— ¥

J—y

1.1-2% -0.456% 19 1.2-3 -0.647%x 18  1.2-2° -0.739*x 19

1-5  -0.874%* 30

—

,2-5 -0.902%% 22 1.2-9 -0.942%* 21
1-6  -0.683%* 22
.2-8 -0.512% 21

[2-4 -0.692%* 20 2.2-7 -0.600%* 21

.1=4 -0.818** 15 L1-7  -0.719%% 20

. 1-9  -0.725%* 20. 3.2-3 -0-905%* 23 2-7 -0.751%% 22
1-7 -0.512%° 20

.2-8 -0.615%* 19

oW W N

LS

.1-6 -0.536* 19 .1-8  -0.718xx 22
6 .1-1 -0.836%% 52
2-7  -0.623%* 31
1=5  -0.796*x 80

2-5 -0.452% 26

.2-6 -0.812%* 20
. 1-2 -0.722*%* 31 5.2-1 -0.627+% 60

.2-9  -0.627*x 40 6.1-2, -0.437%* 26 -

O G O s B W NN
o ®»® O ;O B~ W W NN

o o o &

.2-1 - -0.437** 43 .2-4 -0.653** 65

Note: r = correld{ion coefficiént; n = number of'daté
points used in deve]oping the regression equation;

x = P <M 05; *x = P < 0.01,

* Th%'three numbers are site, replicate,hgmbeﬁ within’sité,
and tree’number within site, respectivelyf’ The trees
listed in this table;wére]seiected randéﬁﬁy'from all the

samples, five tree from each site.. =
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" Table Ik{;@’ Test for the normality of regression residuals

from equations from the drained site, using‘data from the

time @f peak growth to the time of drainage.

o .o s B W NN

Tree No. - x2 Tree No.  ’ X2 i Tree Nd: . X2 ¢
1.1-2* 4295 ns  1.2-3  0.769'ns 1.2-2,  2.773.ns
1.2-5 3.347 ns 1.2-9 . 1.596 ns 2.1-5 " }5f528 ns
-6 8.095 % 2.2-4  3.001'ns 2.2-8 . 1.451 ns
2-8 © 2.072ns 3.1-4 1.148'ns 3.1-7  2.784 ns
-9 10.682 * 3.2-3  6.174 ns 3.2-7  3.489 ns
-6 3.301 ns  4.1-8 8.637 = 4.1-7  1.334 ns
.2-6 .- 3.379 ns- 4.2-8 1.079 ns 5.1-1  4.483 ns
1-2 4.383 ns  8.2-1 2.810 ns 5.2-7 5.877 ns
29 2.810 ns  6.1-2 1.534 As 6.1-5  6.024 ns
2~ 1 2.209ns  6.2-4  2.227 ns_ 6.2-5 _ 5.646 ns
Note: X2 = "CHA Square test statisfic; ns = not

s1gn1f1cant at 0. 05 level; * = p < 0. 05 thé degree of

’freedom is 3 for a]] the X2 tests.

* See'Tab]e 1 for explanation of tree codes:

R ’ ¢
af’9 - ' g
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Jfable I11.3. Paired t-test for differences between ..
postdraihage tree riﬁg indices from uhdrainéd,sités
obtained by differth methods (see methods)n
Tree'No. t value Tree NO._ t.value Tree Nou t value
q.1-27 ;-1;21 ns  1.1-3 0.76 ns  1.2-2  1.27 ns

. 1.2-5 -1.39 ns  1.2-9 -2.17 = 2.1-5  <1.14 ns

2.1-6 0.12 ns 2.2-4 .-0.39 ns  2.2-7  0.14 ns

2.2-8 -1,63 ns 3.1-4 -1;55‘ns 3.1-7 31!14 ns

3.1-9 -0.23%s  3:2-3  -1.32 ns  3.2-7  -1.27 ns
4.1-6 -1.40 ns  4.1-8 0.33 ns  4.1-9° -0.25 ns

- 4.2-6 -Q-84 ns "4.2-8 1;90 ns 5.1-1 -1.39 ns

’ 5.1-2 :-1}69 ns  5.2-1  0.81 ns 5277 0.30 ns

5.2-9 0.81ns 6.1-2 ,_ -0.10ns  6.1-5 °-0.18 ns
6.2-1 . -2.12 % 6.2-4 . -1.53ns  6.2-5 2,62 »

;.Ihe degﬁee of freedom fof all the tests 15220:

hs =;nq} significant at 0.05 level; * :fp < 0.05. |

* See Table 1 for explanation of.tree codes.

©
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Table 1I1.4. Analysis of variance for difference in the
means of postdrainage’tree'ring,1ndices between drained- and

undrained sites.

Site No. =~ SS.%. df.t.fl SS.e df.eA F rétio
1 132.67 t{ 14.90 . 3 '8.90 wx '
2 32.58 1 - 0.81 35 40.22 v
3 36.44 - | . 1,92 32 189,02 o
4 9.23 1. 207 36 C 4dp
5 088 © 1 020 3% 4.5«
6 32.58 1 0.94 34 34,76 »x

Note: SS.t. and df.t. areAsum of sguares and degree of
freedom'respeétively for treatment: SS.e. and df.e{ are
the sum of squares -and degree of freedom respectively for

the error term; * = P <. 0s05; =**x = P < 0.01,

*
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