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* ABSTRACT .

-

cl, . Rootkprofiles of 'V Boreal M1xedw--“( : -st stands were ‘

examined in an attempt‘to 1mprove,r‘ ' of northerh

’

‘forest ecosystems., These stands[ A ‘"*ﬁ}tlve

";i!'ce551onal sequences based on dnfferences'1n vegetatlonf
‘ b
lcomp051t1on and substrate characterlstzcs 8 Jack‘P1ne

oo

| .(PanS ‘banks iana Lamb ) 2 Aspen ‘(Popu?us tr'emulo;des .
Mlchx.)r and a Black Spruce (P)cea maPlana (Mlll ) BSP, )
'"Serles. The ‘Jack’ Plne and fxrst Aspen Serles occurred onu
well—dralpzd aeolxan sand deposzts with Eutrlc Brunzsolrc :
sozls, the Blacg Spruce Serles occup1ed poorly dralned |

»organlc f1lled 1nter durial de re551ons the second Aspen
Series occurred on clay loam m ralnal dep051ts w1th Gray.

'Luvisolicisoilsl ;Stand ages ranged from 19 to 177 yearsr

Roots were ccncentrated lnntne\upperéz‘dm;kf the
‘rootang zone'ln all stands. Den@dties ranged fromr1jf000 to'
30,000/m? of vertlcal 5011 surf;Ze..*Many of these rootsaf
b\\\\\Were\chated wlthzn the lltter layers of the soil .and .
L _decreased~1n number w1th 1ncreas1ng depth at an exponentlalf
rate¢W“This near- surface locatlon appears to prov1de the ‘
most favorable comblnatlon of 5011 temperature nutrlents,;

}and m01sture for many vascular plants "Rooting depth-was

greatest in sandy~501l,and shallOWest on organic sojils.

Some deep-rooted species, such as. balsam fir (Abies balsamea .
RN \ ) . . .

(L.) Mill.), aspen, and'jackfpine,'éerekable to tap deep -

R



.+ and Pyrola asamfol:a Mlchx. had- the Wldest range of‘ g

]

ground water, ; o

1982 plant water potentlals in the var1ous forest
stands decreased durlng late May and June from thelr sprzng
\'dhrgh Wlth 1ncreased prec1p1taﬁ1on in Juiy plant and sorl,
’ ~f

water potentxals bedame less negatlve.( Shallow~rooted

ferlcaceous and/or evergreen spec1es such as VaCClnlum spp

'potentlal durlng Summer, whereas deep rooted spec1esys
Alnus crispa (Alt ) ‘Putsh. had the narrowest range of\galuest
white'sprute chéa glauca (Moench) Voss) was an exception..

v

Desprte its shallow rootlng, it had plant water potentlals
51m11a;~:o.A1nuS. A correiatlon of plant and 5011 water."
potentlals 1nd1cated that most boreal plants depend upon
moisture from near the ground surface. The varlatlon in

rooting depths among species is thought to represent a nlche

partztlonlng mechanism.

An analysis ot root'density"and'soil ﬁutrients
indicated that'rOOt densitfles were most strongly correlated.
with the distribution of phosphorus. ‘This suggests that
phosphorus may be a 11m1t1ng factor ‘to blologlcal
product;v1ty‘1n the study area. Organic matter,;amﬁonium,
‘nitrate,‘sulfur} and soil-water-holding(capacity were
sidnificantly correlated (P<0.01)Lwrth each other but only:

: . i ) . ’ »
with root densgity in seral aspen communities.
N » 3
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.‘u\" o 4})0 * . i . ) .
‘Successxonal thanges occur,below as well as

. . . . v ' * ot .
-Iabove ground.. For example,vxncreased white - spruce content

LI v

.L1n aspen and jaGk pxne stands results 1n~changxng lltter

.-;comp051taon, mlcroclxmatlc cond1tLons,~root*pos1t1on, and

K . IS

moss cover. The deve10pment of a moss cover 1s thought to :
.:fﬂplay 2 sxgn1f1caht role 1n the sbccess1onal process by

,'1restr1ct1ng the flow of - nutrlents and water to the roots of.

"V,seral specxes. The preemptlve growth of whlte spruce roots

Jinto’ the moss layer and above aspen roots further reduces

' )

the flow of nutrlents downward to seral species. . Such

>

nutrment deprlvataon promotes the senescence of the seral

. -

"'_speC1es whlle fosterlng the growth of cllmax specxes. Thls

moss bulldup may also represent a mechan1sm for regulatlng

T«

‘;and stab111z1ng the 1nternal cycllng of nutrlents in boreal
forest ecosystems. L ff' o

-

L Ln-addition .to the Helow*grOUnd niche partitioning‘of
',Seral and cllmax spec1es,’separatlons occur amongst

"co- ex1st1ng cllmax spec1es'(e g.,~wh1te spruce and balsam

2

flg)'_- Voo '..v'_ . . ‘ . - et "

»
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CHAPTER I

.- -‘“VINTRODUCTI'ON o

A

Northern Alberta 1s predomlnantly a forested landscape_ﬁf*
.whlch can be d1v1ded 1nto several ecologlcally dlstlnct k
- unlts.v The largest un1t 1s the Boreal Mlxedwood Ecoreglon:',
(Strong and Leggat 1981) Wthh composes 40% of the land
',area in the prov1nce : Boreal M1xedwood vegetatlon extends A
“from the eastern edge of Brxtlsh Columbla to the
5nsouthwestern corner of Manltobay however, the greatesf arealh

extent occurs in Alberta (Rowe'19?2).

| Published accounts of‘research on-the‘yegetationd

e ecology of thlS area are 11m1ted desplte 1ts vast s1ze.::'ﬁ*-"

wark by Halllday and Brown (1943) Moss | (1953a~b 1955) and.

t [Rowe (1956) were the most comprehen51ve studles avallable

-

-hprloero the 1960 5. -Durlng the last-decade,-aS‘a response‘k'
to resource development act1v1t1es, research 1nterests have--~
1ncreased in the Boreal Mlxedwood area.ﬁ ThlS work has been}‘

: prlmarlly concentrated 1n the agrlcultural frlnge (e'g;,i

vyAlberta Energy and Natural Resource ecologlcal 1nventor1es)l

» tar sands (Str1nger>1976 Peterson and Lewlnsohn 1977 Hardy' N

rand Associates 1978; and Peace Athabasca Delta areas:v |

(Dlrschl Dabbs'and Gentle-1972) : Unfortunately, much of

.thls ecologlcal work has an 1nventory or1entat1on.;



e

3rtrad1tlonal plant and SQll sampllng technlq es.in

'these data 1nterpretat10ns are made regardlng

'relat1onsh1p between plants and thelr below g ound . 'f:d o

‘substrate and blologlcal response,'i,e; vert1Cal varlatlons

'edaph1c factors plants are respondlng If the g’strlbutlon

" o , - - L Sl
V3ecosystems will- be tenuous.. . . . , P N

where, in the so1l boreal plant communltles obtaln m01sture

‘and. nutrlents via roots.4 Also,,lt is not known whether<~»” "nfr“'dﬁ

weand Grler (1982) compared the above-- and below ground

"f‘vegetation eCology usually employs‘a,narietyfof |

‘-comblnatlon w1th synthetlc methods such as o‘dlnatlon..'Fromg

\the B

,env1ronment. Such an approach assumes homoge elty in- . oM

i e

IAV
P

in root dlstrlbutlons and 5011 condltlons are overlooked f ;

It is d1ff1cu1t from thls @pproach to determlne whlch ‘i; aff'
IR B £

T

of* roots was known, a more comprehen51ve 1nterpretat1on of

“plant/edaphlc relatlonshlps could be made Without thls ,d»f‘

s -

“1nformat10n a more complete understandxng of boreal forest

i S

The ex1st1ng l1terature does not 1nd1cate prec1sely

‘,

-4

:;understory plants ut1l1ze the same. or d1fferent 5011
"horlzons as trees, nor have any studles been found wh1ch

‘deal dlrectly Wlth forest communlty rootlng : Hlstorlcally,

\ .
forest root studles have dealt w1th the hablts and patterns "

,of trees (e g.; Cheyney 1929 1932; Bannan 1940L‘LeBarron

1.94‘5 *Horton 1958; Jeffrey 1959 Yeatman 19’55- Eis 1970,

;1974* 1978) . More recent studles have taken a more-

analytlcal approach to these studles.‘ For 1nstance, Keyes'



-product1v1ty, of Pseudotsuga menz:esrl relat1ve to site

u

A
. capablllty, whlle St John (1983) experlmentally tested the

concept’ of "nutrlent troplsm" by root ) Althohgh most

. ‘~ecologlcal root studles have dealt w1th trees, some.. research

;has been dlrected towards understory spec1es (e g., Cheyney
1928; Berndt and Glbbons 1958 Holloway ‘and Zasada 1979;

‘" calmes and Zasada‘1982).* « '. S o

Three hypotheses were developed dur1ng the early stages
- of. thlS research as ba51s for testlng the relatlonsh1p

A i
between plant communlty development and root dlstrlbutlon5°

®

Hypothe51s 1 - The noot d;stnlbutlon pattern of boneal
fopest communltres rs cornelated with seral stage as based

-on stand age.

R . , S A
Hypothesis 2 = Th distnibution and development of* upland -
‘fonest communltles us prlmanlly corﬁelated w;th so:l

‘meISture avallablllty

i\Hypothe51s 3 -Boneal MlxedWOOd understony plants prlmarlly
”extract so:l morstune £ rom the uppen (e. g 60 cm) pont;on

‘of‘the Pootlng‘zone on both-onganlc andrmlnenals soils.

‘IniadditionAtoitesting the statedfhypotheses'rthe-
”'general aim of thlS dlssertatlon is to determlne the' &
'relatlonshlp between root systems and thelr below ground
7env1ronment- and more spec1f1cally to (1) determlne the

-relatlonshlps between plant communlty rootlng depth and
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\

stand age, (11) determine. the general rootlng pattern of

several commop boreal forest tree spec1es under dlfferent

51te conditions’ and the potentlal 1mportance of these
rootlng patterns in communlty development, (111) determine

7 ‘.'” . .
the relatlonshlps between root d15tr1but1on soil moisture, .

_and plant‘water‘potentlals, anﬂ (iv) determlne the
reiationships-betweenjroot-distribution and soii‘nutrients
and other edaphlc conditions. These relationsnios will be

'/1nterpreted for thelr 51gn1f1cance in boreal forest
communlty ecology as well as in succe551on. Furthermore,
the data from this work w1ll be used to. generate new

hypotheses about the role of below-ground components of

vascular plants in boreal ecosystems.

4
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CHAPTER 11

. ROOTING DEPTHS AND SUCCESSIONAL DEVELOPMENT OF SELECTED

; BOREAL FO&FST COMMUNITIES'

ABSTRACT ?

3

: The‘roct density and depth patterns of four boreal

. forest age séquencesbwere aﬁalyzed for.suécessional trends.
Root%ng depths increased with age on sandy'substrates,which
‘supported‘aspen (Populus tremuloides Mﬁchx.) and jack pine
(Pinus banksiana Lémb.) communities. Rooting depth did‘not
- change in an aspen series on -fine-textured substra%es or in
a black spruce (Picea mariana (Mill.) BSP.) series growing
'onVOrganic substrates; Plantlcdmmunities growing. on mineral
soils showed a decrease in near-surface root densities and

understory 'vascular plant cover withvincreasing age.

Maximum rooting was deepest on'saﬁdy substrates and
shallowest bn érganic déposits. Roots in all stands were
cénceﬂtrated'ﬁeérfthevgrOUnd éufface."In most cases 50
pércent of all foots were located‘within i5 émvof the forest
flqdr. Root densities in this zone ranged from 11,600 tb |
30,000-roots.m—2 of verticél surface. Densities;were

approximately 4,300 roots m-* for the overall rooting zone.

'Reproduced by permission of .the National Research Council
of Canada from Canadian Journal of -Forest Research, Volume
13, 1983. pp. 577-588. , :

:[ ] represent additions to the text relative to the
published version. '
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INTRODUCTION \
Syne ologlcal studies are concerned with the
relatlonshlp between plant communities and their
env1ronments. Typically, specxes and edaphic data are
collected _separately during faeld sampling. Edaphic data =

-such as parent material\ drainage, topographic, and 5011
‘characteristics are 1nterpreted_to elucidate plant-edaphic
relationship§; However, the plant-edaphic interface is
seldom examined in natural communities and it is commohly'
assumed that plants respond to the overall conditions‘of the
vsite. If this interface was studied,jplant rooting systems:
would be the logical starting point Because they integr;te

vascular plants into the ‘subterrestrial environment.

Historically, most studies dealing with rooting‘nabits
:and_patterns have been autecologically oriented ie.g.,
Cheyney 1928, 1932; Banpan 1940{ Waog l967; Eis 1970, 1974;
Keyes and Grier 1981} Vogt.ét'al.~1982)} conducted‘in
grassland environments (e.g., Coupland and Johnson 1965;
Weaver 1968), and/or related to agricultural crops (e.qg.,
Gist and Smith 1948). 1In particular,” rooting studies have
been largely neglected in ecological studies of boreal
forest'communities Without rootlng studies, postulated
relatignggigs between ‘plant communlties and their

environments cannot be rigorously. tested.



The objectives of this paper are to (1) deseribe‘the
root distribution patterns of 11 boreal forest stands in
terms of depth‘ahd density, ahd (2) relate rooting depth toé
succesSional development. Future‘reports by‘the authors |
will involve a more detailed‘consideration of rootslahd
their edaphic environment: prefully) thié‘researcﬁ will
stimu;ate'further work on:thg suhterrestrial relationships
_of'boreal ecosystems. |

&
' Herein, "root" is broadly deflned to 1nclude true

morphological roots, rhizomes and other below- ground -
conductlon, support and storage structures. This broad
def1n1t1on was necessary due to the d1ff1culty of separatlng
andkldentlfylng spec1es by thelr.belowegrouﬁa root

structures,

STUDY AREA

Ki o
The study area 1is located in central Alberta
approx1mately 175 km north of Edmonton and 55 km southeast
of Lesser Slave Lake (Figure 1). As mapped by Strong and
Leggat (19é1), thé area occurs within thehBoreal Mixeduood

Ecoregion. 'This climatic region is characterized by a 7

maximum mean monthly temperature of 15.7°C in July and a 7

-

minimum of -18.7°C in January based on the Slave Lake

'meteorologlcal statlon (Anonymous 1982b) Prec1p1tatlon'

/ﬁs\
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dverages 475 mm per year ﬁith peak ruintall in July{ This
boreal climate is classified as Dfc (Subarctxc, |
’mxcrothermal, humid, snow forest) unider the Koeppen climatic
classification system (Critthield i966). La Roi and
Ostafichuk (1984) should be consulted for a more dog:iled

review of macro-climatic conditions in t{he study area.

Moderately well-drained, medium-textured soils of the : .
Boreal Mixedwood climatic regime support forest vegetation
dominated by aspen (Populus tremuloides Michx.), balsam
poplar (P. balsamifera L.), and white spruce (Picea glauca
(Mgench) Voss).’ The abundance of the latter.speciés is

strongly influenced by local fire history and seed

ava1lab111ty Gray Luvisolic soils typically develop
beneath thlS type of boreal vegetat1on ¢ Subme51c sites
support aspen communities with a small jack pine (Piflus
banksiana Lamb.) oomponent ang soils of the Eutric Brunisol
Great Group. Xeric sites are dominated by jaci pine stands.
Soils are sandy and Eutric Brunisols. Poor to very poorly
drained sites are dominated byvblack spruce (Picea mar iana
}(Mill.) BSP.) with scattered larch (Larix laricina (Du Roi)
K. Kock). Such sites occur -in topographic depressions wherg
‘the water table occurs within a few dm of the ground
surface.’ Mogicblack spruce sites have poorly aerated soils
formed from fhe accumi@ation of g:ganic debris'that'is >50

——— e — - - - ——————

“3Vascular plant taxonomy follows Moss (1959).
*Soil taxonomy follows that developed by the Canada Soil
Survey Commlttée (Anonymous 1978).

7
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cm thick. Organlc and leysolic soils predominate under

';h"these condltlons Strong and La R01 (1984) should be

.consulted for a more comprehen51ve des,rlpt n of sorls._

'“The topography 1s gently rolllng throu out the;area{
Stablllzed late glac1al aeollan depos1ts in the form of
_rolllng plalns and- sand dunes domlnate the southern sectort
'of the study area, whlle shallow outwash (20 30 cm) overlles

medlum textured moralnal dep051ts in the northern sector

Post establlshment perturbatlons appear to ‘have been = | o

: min;mal'wlthlnpthe stands un ' -study. rHowever, 1nfluences

‘from~herbiVOres, flre, and human Jctivities are cOmmon in

ety
Y

mthe study area. Flre has 1nfluen”ed both the age structure
'and spec1es comp051tlon of the present vegetatlon. The most

Qrecent flres were durlng the early 1940 S.

‘All except one of the eleven stands selected for-study
~appear ‘to have orlglnated after 51gn1f1cant f1res, Stand 1T
vdeveloped on the edge of a hlghway borrow p1t wh1ch was
strlpped of vegetatlon approx1mately 22 years ago, possibly
.by_bulldozers Examlnatlon of its 5011 proflle suggested
that,disturhance was llmlted to the‘vegetatlon;and surface

litter layers.



- of each-site;

METHODS
The. eleven forest stands selected for study are thought
to represqg; dlfferent developmental stages along four
success1onal sequences (seres) but the relatlonshlp between

vstand age ‘and degree of development may not necessarlly bef

-proportlonal.~ Table 1 summarlzes,selected'character1st1cs,s

Al‘Stands were sampled w1th nested quadrats. Tree‘coverﬂ
%nd comp051t10n were estlmated from a 20x50 m macroplot
‘ Understory vegetatlon w@s estlmated from seven randomly
selected 5x5 m subplots from the 20° ava1lable in each
grldded*macroplot ~The spec1es comp051tlon, cover, and

stratlflcatlon of the understory vegetatlon >0 3 'm in he1ght

was tallled from each subplot. Cover estlmates were madev

‘dyfor spec1es <0 3om in helght 1n a 2x2 m guadrat placed 1n.

the center of ‘each subplot. The vegetatlon data ngen in
‘Table 2 are averages from the seven subplots. All.samples
-were taken during the main grow1ng season, late June through

early August of 1981 or 1982.

A soil pitjwas dug inlthe center of each of the seven
subplots to a minimum depth of .25 m. t Due to*a.high water
' table in Stands»7 and 8, it was necessary to remove 1ntact

sect1ons of 5011 prdflles from the pits rather than attempt

to: work 1n the ‘hole as was done in other stands.‘ Each p1t~'

11
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- washed w1th a low pressure water sprayer._ Thls technlque

frame composed of a’ matrlx of 200 cells, each 2. 5x5 cm.,

[

'was pedologlcally descrlbed and c1a551f1ed  After

xexcavatlon one face of the p1t was smoothed w1th a knlfe and

l

S

‘exposed root ends whlch allowed easier countlng Root

e

count1ng was fac1lltated by the use of a 25x0 2 m- count1ng

/o

ThlS sampllng de51gn is s1m11ar to that descrlbed by Bohm

(1979) except 1nd1v1dual cells were half as’ deep,r

e

‘epermlttlng greater vert1cal deflnltlon. By plac1ng the

countlng matrlx vertlcally agalnst the p1t face, it was

p0551ble to determlne-the number: of,rootsjln ‘each rowjof

/

cellspas the~soil‘profile'was descended:

RESULTS .

Stand”DeScription,‘»'. i SR o .

Four stands (1, 2, 3,4) were recognlzed as members of a

' jack plne succe551onal sequence on sand These stands

lpranged from 40 to 170 years 1n age. The younger stands (1

and 2) were characterlzed by an open canopled jack p1ne

forest and an understory domlnated by. Apctosraphylos

uva-ursi :(L..) Spreng. and Cladlna mlt;s (Sandst ) Hale &

~.Culb, (Table,2).’:Trees»were uneven-aged and had a clumped

————— o ——————— o 2’ o e

sLichen taxonomy follows Blrd (1970) and bryophyte taxonomy

-~ follows Ireland et al. (1980)

S
E
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distributibn.ghTheSehtwo stands were similar ln composition
and wvere notldistﬁnctly different'except in terms of age.
Stand 3 of thlS serles had a more evenly. dlstrlbuted tree
stratum than those. of Stands 1 and 2.> Alnus crispé: (Alt )
- Pursh and Pleunoz:um schr'ebem (Brld.) Mitt. dommated the

»

understory. Stand 4 represents a plant community in the
late (1 e. subclimax) stage of succes51on, w1th-balsam fir
and whlte spruce co- dom1nat1ng the mult1 layered overstory
Mosses constituted 80% of the total understory vegétation
cover,‘vith balsam fir -the main component“of the remaining
20% cover. Based on tree ring counts, this stand appears to-
have‘originated around 1810. During\its'early stages of
development the stand appears to have been co- domlnated by
”-aspenqand jackzp;aef’/However, it is not clear which species
vhad the greater cover becau;e most specimens of the original
stand have long since disappeared. Scattered remnants can
be found of both'species, but jack'pine is more-abundant at
preSent. ThlS may be in part explained by 1ts somewhat
mlonger life expectancy (Harlow and Harrar 1968) and better
health. A comparison of understory flOflSthS suggests that
Stand 4 is at presentlmore closely‘aljgnedeithjthe' ’ .
Aspen/Sand than the Jack Pine series. Stand 4 could
represent a convergent late succe551onal product of .both
serles due to the 51m11ar1t1es of 51te conditions. For

these reasons Stand 4 is con51dered a. member of both the

aspen and pine series on sand.
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_Three stands (10,9,4) composed the aspen successional

sequence on sand. Aspen dominated the, vegetation of Stands

-

9 and 10, and formed closed-canopy forests. These stands
 ranged from 40 to 170 years in age. %ubdominant white
spruce occurred sporad1cally throughout Stand 9, but only in

the tall herb layer (0.1-0.3 m) of the younger aspen stand

(10). ,The understory vegetation was more diverse than that .

found' in the Jack Pine ,series (Table 2). Herbaceous species
were more abundant and shrubs such as Prunus pensylvanica

" L.f., Amelanchier alnifolia Nutt., and Rosa acicularis

\

Lindl., were >1 m tall. 1In the Jack Pine series these'shfubsA

were_awarfed.

"The aspen and pine sequences developed oﬁ
sandy-textu:ed»aeélian deposits (>2 m deep) which overlé§
-beach depésits of a glacial lake (St. Onge 1972). Soils
were Orthic and Eluviated Eutric Brunisols, except in Stand
4, where they graded from Eluviated Eutric Brunisols to /
Brunisolic Gray LuQisols. All six sites were considered

well-drained as defined by the National Sbil'Survey
" Committee (Anonymous 1974).
Aspen communities were._more common on fine-textured

13

; . | ’
substrates than on sand.» Three stands (11,5,6) were found
that represent a successional sequence from closed-canopied

" aspen (stand 11) to aspen with a subdominant white'sprUCe
N . ] . ‘

stratum (Stand 5) to open-canopy whitg'spruce with remnant

19



aspen (Stand 6) These stands ranged in age from 19 to 115
years. Stand 11 had an understory syec1es composition |
dominated by herbs such as Calamagnostls canadensrs (Mlchx )
Beauv., Aralia nudicaul is L., and Rubus pubescens

(Table 2). The understory vegetatlon of Stand 5 was:
less diverse than Stand 11. However, diversity wa5~hlgher
in stand 6 as canopy openings wete created by the toppling"
of deoadent aspen and occasional white spruce. EVergreen‘
vascular speciesnand mosses were much more abundantzin'Stand

6 than in the other two stands.
I

The parent materials of tnese three sites were complex
due to erosion by glacial'meltwaters and\sdbsequent
dep051tlon of sandy loams over the pre ex1st1ng sandy clay
loam‘moralne dep051ts. Numerous cobbles occurred between
the two deposits.  Out§ash deposits averaged approximately
20 cm th1ck on the three 51tes Soil classification and
analy51s were dlfflcult due to the heterogenelty of the .
parent materials. ’Orthlc and Gleyed Gray‘puvlsols were»most

common on these sites. '\

. AN
 Stands -7 and 8 were .black spruce communities that

. ‘ | )
occurred in poorly drained inter-dunal depressions. AS a
result of the impeded drainage, these depressions had
organic accumulations of varying thickness and degree of

decomposition,

%20
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~.Stand 7 was both floristically and topographically
diverse. Blackfspruce was the dominant tree species,

althouoh it seldom exceeded eight metersvin height. Carex

spp ‘and mosses composed the majorlty of the’ understory -

vegetatlon cover. Numerous spec1es w1th low cover:

contributed to the relatively high d1vers1ty of .this stand.
Topographic d1versxty occurred in the form of alternating

hummocks and hollows. The'water table was within 10-30 cm
of the ground suzface in the depressional areas throughout
most of tne year. Soils.were Terric Mesisols_wnich,had an
organic accumulation of aogrox}mately 190 cm. |

Stand 8 was markedly different from 7. The vegetation

N
~

-was appproximately 120 yesrs old and at;a late successional

\\

stage. While~black spruce formed tHehomerstory, Ledum

/

”groenlandlcum Oeder and ‘a carpet of Pleurozium schreberi

AN

domlnated the understory The 50115 associated with thss

51te were classified.as Terric Humlsols and Orth}c Gleysols

' The organlc debris accumulation ranged from 25 to 75 cm.

Water was commonly w1th1n 20 cm of the ground surface. dur1ng

.. most of the year; however, fluctuations in thls water level

-

may be greater than those of Stand 7. Both Stand 7 and 8

had fibric soil surface horizons (10-20 cm) and occurred

above mesic horizons. The mesic horizons of Stand 8 ranged
upto 40 cm, but averaged 20 cm in thickness, whereas they

exceeded 1.5 m in Stand 7. The greater degree ofvorganic

decomposition may be a result of the water level

a
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fluctuations and increased ‘aeration.
Root Depths and Densities

o

The litter/mineral soil interface was used as the datum
for correlating the'pits within eaqh,macroﬁiet. In the
organic soils of Stand 7 and 8 the lower boundary of the
11v1ng green mMOSS layer was the datum. To facilitate the
analysis of root data, correspond1ng rows of root densities.
from subplots were aggregated and averaged to determine mean
root density. per depth 1ncrement (i.e. density per row of
the counting frame). Aggregated root counts were
transformed to base 10 logs:w Tﬁese mean {oot densities were

then statistically correlated and reg:eSsed against

depth(Figurea 2 and 3).

" All stands showed a highly sighificant (p <0.01) .

~ decrease in root denSitthith‘increasing depth. Maxiﬂum‘
rooting depth was found en coarae-textured~sdila;,minimum
rootlng depth was on organlc soils. - Impdrtant,residual
variations occur 1n most of the scatter diagrams presented
in Figures,2 and 3. 1These re51dgals were most prominent in

the upper and lower portions of the soil profiles.

- Approximate&y SQ percent’ofvall’rpots were }otated within

_the upper 7 to 19 cm of the rooting zone (Table 3), VKVerage‘

root densities ranged'from'J1,0001to 30,000 rpots m—"within

Athe upper 10 cm of the rooting zone; ;he‘average overall

[
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. Table 3. Root dens1t1es in 11 borea] forest’ stands of
‘the Hondo Lesser Slave Lake area in central A]berta

- Series Depth to!
v Stand ~ Median

s Root
Density

~(em)a

JACK PINE/SAND®
**4
L 11T
2 12.6°
3 1830
. . 23.5°
 ASPEN/SAND
‘ ‘**
10 s
g 13.8°

4 o3s®

 ASPEN/CLAY LOAM
| . ns “.
T TN
5 - 11.6

6 - ',510.6 -

.U'jNumber of

Roots [in]

Upper 10
~em (m-2)°

. ] . .
- < .
~

il

4,810

. 5,375f

4,964
3,865

¥
:Jqé,32¢°
. 15,228°
. 14,657°

1,0429

o
20,921°

1,0429

ns .

17,971

15,314
14,307

- based on measurements 1n seven p1ts per stand.

"Number of .

Roots per

- Rooting

Zone (m- )

'2'51499\~
‘)"4r135” k.
) ) ‘3;<8,65» o

| fns G
'  4,121/
3, 993_4f”-“
3,807
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Table 3. Concluded. ‘ I
Series - Depth to « Number of Number of.

. Stand Median -~ Roots [in] Roots per

. Root = = - Upper 10 - "Rooting
Density cm (m-2) Zone (m-2)

(cm) SR ‘ - ' ‘

'BLACK . SPRUCE/ORGANIC

ns & : kR K

o

8.1 5,171 8,338
8 79 30,114 T 12,023
\
| ‘. «
.‘\:\;. ‘
/

———--_-—-—‘—--—_—-—-

2 ‘Half-of roqt densrty occurs above%d below depth

1nd1cated as\measured from the top of the rooting e

zone:
b Ana]ys1s of ‘Vari e i cate which series have
significantly d1ff2?§nlfe%%beginepthto median ,
density, etc.) among stands; '=*x' jis P<0.01, "ns"-is
not significant at P<0.05 level.

c.c.e- Stands having same superscript w1th1n each
category are not s1gn1f1cant1y different at the P<0.05

-« level based 'on Duncan’s Mu1t1p1e range test (Steel and.
“.Torr1e 1960 P 107 109) . L

\:

,«&"'
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root den51ty was approx1mately 1/2 to 1/4 that of the -

.

surface _zone. Max1mum root concentratlons occurred 1n the

--LFH horlzons w1th the greatest at the datum, organlc/mlneral

'5011 1nterface in most proflles (Flgures 2 ‘and 3)
‘vDen51t1es ranged from 8, 800 to 25,600 roots m—’ in. the

1nterface area. , ﬁ ' - 3 .

Stand 8- had the highest and Stand 4 had the lowest

surface root den51ty of the four serles. Aspen/Sand stamds

l

had the hlghest overall and. surface root den51t1es oﬁ the-ﬁ

‘ «communrtles on. m1neral 5011 "Young stands had hlgher

o

surface root den51t1es than older stands of the same- serles

with the exceptlon of the- Black Spruce serles, where the

oppos;te trend prevalled.

. - : B j"‘.‘ v
Coarse roots (>5 mm) were. usually restrlcted'the
' upper 10 cm. of the rootlng zone.' Flne roots were more
w1dely dlstrlbuted throughout the rootlng zone, but they too

were more numerous in the upper 10 cm.

The Jack Plne serles showed an 1ncrease in rootlng

: depth w1th 1ncrea51ng stand age ‘Such 1ncrease5-1n'depth
were_ev1dent,from,a decrease in regression line'slope with
*increasing stand ade .Furthermore, ansincrease,in‘depth to

medlan root den51ty prov1ded addltlonal ev1dence for an

1ncrease in rooting depth with increasing age’(Tables 3. and

4).: No major,vertrcal,discontlnuxtles were-evident’within,

the rooting zone (Figures 2a,b,c). 'Samples,phowever, were

o
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Tab]e 4 Cbmpar1son of regression slope angles and
~intercepts 6f the:root density-depth relations of 11
boreal forest stands of the Hondo-Lesser Slave Lake’

" area in central Alberta, using the GT2-method and
- [Student’s] t-test. See also F1gures 2 and 3.

C9 e 0.0044ws

" UACK .. ﬁNE/SAND SERIES

stané 2 3. 4. -
R ',‘ . 0.0082%x" ‘ 4.6.0045f¥  N 0.0099%x
2 LT 00015°  0.0069% -

s - oo

ot

u;£§pEN/SAND“sER;Es-» | N
‘Stand - 9 R

10 C0.0020%x - 0.0084%x ,
o | ,

ASPEN/CLAY| LOAM SERIES
Stand - 5 ¢ 6

a1 0.00040 0.0018 -
S5 - 0.0014 | |

~BLACK SPRUCE/ORGANIC SERIES‘"“

Stand ‘ 8
7 e 11.67**

a GT2 -method [ (Sokal and‘Roh]f 1881) ] used for aspen
‘and jack pine series. ’ o R ’
bo*xx - Significantly d1fferent s]ope ang]es at the
P<O.01 level. .
< The y-intercepts of Stands 2 and 3 are
-s1gn1f1cant1y different af the P<0.01 level based on
t-test. s v :
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more dlspersed around the. regreSSaon l1ne in the lower than
1n the upper portlon of “the root1ng zone. Stand 3 had |
'-‘hlgher root den51t1es throughout the rootlng zone and a o
1greater rootlng depth than Stands 1 or 2. Stand 4 had the
-kdmax1mum rootlng depth but had 10 to 40% lower rootlng :
den51ty w1th1n the upper 40 to 45 cm of the rootlng zone

'.compared w1th the other three stands.:

- Rootlng deﬁth increased w1th age in the aspen/sand

serles, 'However near surface root den51ty decreased w1th

rncreaslngnstand age _ Max1mum root den51ty,-20 921‘roots
m-"iantand_10} occurred at the m1neral/organ1c 1nterface‘

of the soil (Table'3f Robts extended to ‘a maximum depth of
'approx1mately 130 cm An both the aspen and Jack plne serles»

/

i‘on sand (Flgures 2d:e-f) Samples in Stand 10 closelyv_

approxlmate “the. regre551on llne, except 1n the lower

- portlon Stand 9 samples were more asymmetr1cally dlspersed'

v -

i

about the regre551on 11ne than those of Stands 10 or” 4

Aspen Stands 1i;'5,'and 6 on clay'loam.dld not Show_ap
‘btrend of,increasing rOOting depthrwith'age'(Figure Bc;d,é).
Although Stand 6 was approximately 96'yearsholder’thaantand
1, their regre551on lines were almost 1dent1cal (Table 4).

' Stand 6 had a lower overall root den51ty than Stand 11 or 5»
‘but thls dufference was not statlstlcally 51gn1f1cant.

Also,,rootydensity was'higher in the m;ddle portion (40f60j

cm). ofithe soil profile (Figure‘3c) in Stand 11. This_



,dlscontlnulty 1ncludes the lower boundary of the Bt horlzon
and the: upper 20 cm of the C horlzon. The Bt horlzon had a'
'granular structure, whereas the C horlzon was m3551ve.‘ Both
lhorlzons were 51mllar in bulk den51ty and partlcle 51zes.‘lu
' Although near surface root den51ty con51stently decreased‘
"WIFh 1ncrea51ng stand age, the former was not 51gn1f1cantly

‘dlfferent b@tween stands (Table 3) . Max1mum rootlng depth ’ .

\ﬂwas approx1mately 95 cm."

The scatter dlagrams for Stands 7 and 8 dlffer from Lt; i
those of the other ‘'stands (Flgures 2 and 3) : Plants grow1ng
-oon, these sites are more shallow rooted w1th a\dlst1nctlwe
W;lower boundary at 45 and 60 cm, respectlvely | Stands 7 and

8 showed an increase 1n surface and overall root den51ty

LI

'w1th 1ncrea51ng age. Black spruce and to a lesser extent
',‘Ledum gPoenlandlcum were the main plant constltuents o

rootlng zone 1n Stand 8.

"~ DISCUSSION .

Succession

s

Indirect studies of-succession using contemporaneous

..

stands with 51mllar 51te condltlons but dlfferent ages have

’advantages and dlsadvantages compared w1th dlrect long term

‘stud1es in permanent plots (Barbour et al. 1981) .ln'thew

A
-y



~study area, the two most important questions are whether the

stands have the same deVeIopmental history and whether they

..

~have the same site'condit}ons.\

' The flrst questlon is most evident, in the jack pine
serles., Stand 3 appears to.be succes51onally more advanced
than its age. (85 yrs.) would suggest. This advanced state
‘may be related to stand establlshment history . (e g L

/

den51ty, age and‘seed productlon of the stand that preceded
it). A hlSher 1n1t1al seedllng den51ty could have shortened
the tree establlshment stage,'whlch is st111 ongoing: 1n,

~ Stand 1 and 2, and accelerated the rate of succession -

»krelative;to'chronological'stand\age.

The second questlon centers on the possibility that
Stands 7 and 8 do not . belong‘t; the same succe551onal serlesi
"due to dlfferences in hydrologlc reglme. For'example, the
>501ls of Stand 7 are~c1a551fred dlfferently and have a
*deeper.accumulationvof organic materiai than those1of standr‘
8. However, both sites‘arehinfluenced'hy a high water table
and'have~surface suhstrates composed»of fibric to mesic
brganic materials., The-substrates may vary in chemical
vcomposittonJ but thesepdifferences‘likeiy develop as.a
result of species_replacement and adgrading site conditions
during succession. Despite the potential differences in

site condltlons, both stands were rooted within the upper 15

cm of the ground surface, above the water table.
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vFurthermore} Stand 8 may represent a subclimax or climsx

communlty type capable of occupying a variety of wetland

" sites that have been mod1f1ed by hydrarch succession.,

Furtbef research will be required to'eVEIuate'the‘f'

successional status and hydrologic‘regime‘of:Stands 7 and 8,
‘ -

Rooting Systems |

If the four time and yeoetation/substrate series‘do in ®
fact represent sUccessional sequences, chen dynamic chsnges
are evident both‘beioﬁe and above-ground. Autogenic
above ground changes occur as spec1es comp051t1on and
abundance change over time. Such changes éay be reflected
by changes in roOt’density and the growth of roots to
greater depth (Table 4). For example, the Aspen/Sand series
shows a [corresponding]ldecreise inrsurface root density and

S ’ : i : :
understory herb cover (Table and 3). Such understory

decreasés probably result fro% decreasing light ‘intensity
and soil tempefatures durind/the advanced aggrading stage
(Bormann and leens 1979) of succession, when the overstory
.canopy becomes saturated with white spruce and balsam fir.
The increased rooting depth as 1llustrated by the Aspen/Sand,
and Pine series may be theAresult of deep—rooced climax
spec1es replacing more shallow- rooted seral spec1es} ‘This

hypothe51s is reinforced by theoret1cal work of Berendse

(1979), field studies of Typha by Graceland Wetzel (1982),



a

and old field succession studies by théish‘and Bazzaz
(1976, 1982). occurs in tﬁe Hubbard Brook Eiperimenia{
Foreét.' Why'rooting>deptﬁ would increase iith age is open
to debate.ﬁ'GebtropiSm,lhydrotropism, chemo?ropism, resource
partitioniﬁg, increasing resource fequirements, and b
avoidénceﬁbf biotic interaction may be important factors.
fﬁgygyer, further reséarch is reguired to evaluaﬁe,the

relative importance of these factors.

Afthough it is difficult 'to place mﬁch credencé in a
series cémposed of only two samples, an increése in root
density with age was suggesteé by the Blackusﬁruce ;éries.‘
This increase occurred despite the reduction in species
diversity (Table 2) and may have caused it. The'relatively
high species diversity Ofvspand 7 was probably a result of
several factors, but diverse microtopography in the form of
humhocks and depressions,‘opeh trge canopy,‘ahd recent fire
hiétory seem most importaﬁt; These factdfé became less
varied with the development of Stand 8. The above-ground
develépment of the two stands paralleled below-ground
increases in surface and overall root'densities.  The
observed root f@tte;n in Stand 8 is almost exclusively that:

of black spruce as iﬁ is overwhelmingly the dominant

vascular species in the stand.

Not all mineral soil series show an increase in rooting

depth with increasing age. The aspen stands on clay loam:

33
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(11;5,6).reacheéAmaximum rooting depth in less than 20
years. Tﬁis could be related to a restrictedfrooting zone,
created by the fine-téxtured morainal subsoil. It seems
more likely, ho@ever, that maximum rooting depth is attained
at an eafly age because -of rapid regeneration from
established below-ground 'structures that survived the
disturbance (fire). Aspen is well.known for this
édaptatioq.’ Conseqguently, maximum rooting depth appeafs to

remain’relatively stable throughout the series.

However, total root density in the Asben/CIay Loam |
series appears to decreasé with increasing age, probably due
to a -decline 1in near-éﬁr%ace root density (Table 3). This—
decrease may be a'resuif”of‘increased moss and conifer
cover, and decreased aspen and herb cover.A Both of the
latter [plant groups] appear to/have a denser rooting

‘pattern than late-successional vegetation.

-

Mosses maj~contribute to lower surface rooting
densities by reducing nutrient and watervflow.to the mineral
soil, by adversely affecting sQil'micrbclimate, and/orvby
allelochemical inhibition of root growth. An example of
this wés‘evident in Stand 3, a pine/feathermoss forest.
Here, a thick moss carpet (10-15 cm) has de;eloped over a

pre-existing pine root system which probably developed in a

lichen woodland environment similar to those of Stands 1 and

2. The establishment of this moss carpet may have resulted

34
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in the death of shallow piqe,roots,and development of a
second. system of pine roots approximately 20 cm pelow the
first sYsﬁem. The first rodt-sysﬁem has degenerated énd
been replaced by‘thé second,  Mosses could have caused this
phenomenon &y iﬁteqpepting“preciﬁitation-;hus restricting
water avéilability to roots thét occur immediately beneath
the cafpét. Oﬁly heavy.rainfall-(>20 mm based on a
laborato%y,esﬁimate) and/or spf&ng snowmelt would exceed the
Qatérfholding capacity of thelmoéses." Suéh precipitation
events are infrequent in the Boreal Mixedwood Ecdregion
(Anonymous 1978-1982). It is not known whether the obéerved
adjustment of jack biné rooting depth is an isolated case or
anbexample of a widespreéé phénomenon, but the successional
implications are importaﬁt., This importance stems from the:
biological interaction of mosses and trees,’and the
possibility that mosses may infiuence'succeséional trends
and rates. The mechanisms reéponsible for this phenomenon
are not known. Studies of nutrient and water availabiiity,
[mycorrhizal associations,] and pathogens may provide

further insight to this interesting problem.

Trees of late-successional stands with moss carpets

(i.e. Stands 4 and 6) may avoid this problem by developing
. \ ' ‘ o L .
root systems within the moss carpet. In this case,. the moss

_ | .
carpet may act as nutrient reservoir (Weber and Van Cleve

1981) for those.plant species capable of tolerating the

associated drought conditions. Under these conditions white

©
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spruce énd balsam fir could competitively replace_jack pjne
o ' : : o ,

and aspen communities as a result of differential nutrient

availabilify.. Climax species growth would be pfomoted while

'ﬂééral species vigor woﬁldkdecliné due to nutrient

-

deprivation. >

Roots were concentrated near the ground surface in all

11 stands. Eight of the 11 stands héd_sd% of all rooté
within a® 15 cm zone which usually océu;red within 5 cm of
the forest f&oo;. If root biomass were considered; mbre'
than 90 percent of ali root bioméss would prohﬁbly occur
within this near-surface rooting zéne.'.Such root
concentration zones have been observed by othér researchers
(e.g., Adams and Chapman 1941, Preston 1942, Vogt et al.
19815. th roots éccur neér the ground surface even on
xeric sites is not clear, but an orientation tb nutrients
leéched from litter, to water from summer_précipitation, and
to favorable séil témperaturés is hypothesized} Also,‘the
apparent asymmet;ic pattern of -root densities in Figures 2
and 3 may réfiec£ the differential availability of plant
nutrients ahd‘mechaﬁical'constrainté such as soil density.
_The scattered residuals in the lower portion of the diagrams
may be.related to low sampling intensity rather.than root

S
N

distribution variability.



CHAPTER I11
A
ROOT SYSTEM MORPHOLQGY OF COMMON BOREAL FOREST TRBES IN

ALBERTA, CANADA'

ABSTRACT

Twenty- four specimens of 6 boreal tree species were

’3
excavated: 8 Pinus banksiana Lamb., 5 Populus tremlofdes gy
Michx., 4 Picea glauca (Moench) Voss, 3 P:_i,,,cea mar iana :

(Mill.) BSP., 2 Abies balsamcagll..) Mills.; and 2 Larix

L ) ‘ ¥ . '
laricina (Du Rbl)?g; Koch. Asystems were described, and

percent biomass determined £ e - aﬁd below-ground
components for half these sbecimens; Tree ages ranged from'
3 to 120 yeaé&ﬁ"ﬂorizontally spreading lateral roots
dominated the root systems of all spec1es and ocCurred

within 3—15 cm of the ground surface. Nutrlent and moxsture'
absorptlon appear to be the principal functions of leterel
roots. Maximum verticel root growth occurred near the tree
" stump as tap-, heart, sinker, and oblique lateral roots. | .
Verticaﬁ root morphology is ihfluenced by site conditions.
In additibn to prov}dﬁng mechanical support, sinker and
taprbots may'be;important\adaptations for deep'water

- " — - R -

'Reproduced by permission of the National Research Council
of Canada from Canadian Journal of Forest Research, Volume
13, 1983. pp. 1164-1173,

*[ ] represent additions to the text relatlve to the
published version.
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utilization on xeric sites.

Yo

~Our data SUggest'thaﬁfroots may be important‘in boreal-

7

HAsucce551on processes through two relatpd mechanlsmshp(1f

\
nutrlentvand’water deprlvatlon occurs’ hrough preemptlve

_growth of tree roots from cllmax spec1e - over roots/of seral

'spec1es, and through 1nterceptlon by mosses-’/hd (2) niche

l

‘partltlonlng occurs be10w ground between\seral and climax,

andvamong cllmax tree spec1es,.by vertlcai separat;on of

broot SYStems.
' INTRODUCTION

Succe551on from seral to climax communities :in the

Boreal Forest Reglon has been attributed to the,superior

.'competltlve ablllty of cl;max spec1es such as whlte spruce

LGPlcea glauca (Moench) Voss)? and~balsam fir (Ables balsamea

3

(L.) Mills.) (e. g. . Horton 1956 P 24—25' Rowe 1956)

‘However,'the factors respon51ble for the replacement of one

boreal tree spec1es by another have not been well |

'5documented D1fferent1al llfe span, shade*tolerance'and

i

"vnutrlent uptake ab111ty of species as well as biologically

\ B
induced changes of 51te cond1t1ons are often considered.

respon51ble'(Daubenm1re 1968 Barbour et al. 1981) %ﬁ@the

p0551ble mechanlsms of succe551on are to be 1dent1f1ed and

___—__.—_—.____—-_._—

JTaxonomy follows Moss 1959,
@ AT ' .

38



- !)"

L3

el

true of most:boreal tree spec1es

I . C - : b : LA

S

tested much research is requlred A mechan1st1c approach

l(:s
sensu Harper (1977) should prov1de a more satlsfylng

. explanatlon than treatlng succession’ as the result of

@

unspecxfled 1nteract10ns among spec1es : Below ground such -

: mechanlsms could 1nclude, e, g ﬁ 1ncreased nutrment‘

‘absorptlon rates, 1ncreased quantltles of flne roots for

v . I

absorptlon, and varled root1ng depths for more effectlve and

less competltlve resource extractlon.a These latter two

p0551b111t1es will be con51dered 1n thlS paper

Root analy51s may add 51gn1f1cantly to our

understandlng of boreal forest succe551on Ow1ng to the"

labor 1nten51ve nature of thls research the role of plant
roots 1n succe551on has not recelved the attentlon 1t

. \
deserves. The statement "Very . llttle is known of the root

hablbs of forest trees” made by Cheyney in 1932 1s Stlll

o 5 .
e .

5The study area occurs southeast'of”Lesser-Slave Lake in

* central Alberta.‘ The gﬁlmate, smte condltlons, ‘and

vegetatlon have been de%frlbed by La Ro1 and Ostaflchuk

‘ ml(1984)?ana Strong and La Roi (1983a) and are typlcal of the»‘

e
largest‘ecoreglon (Boreal Mlxedwood) of Alberta, wh1ch

covers ca. 40% of the.prov1nce (Strong and Leggat 1981) .

To our knowledge, no prev1ous research in Canada has .
systematlcally compared the root system morphology of

d1fferent boreal tree species within a restr1cted

. A.;;-
i

/5

/




‘ .}because they are the most w1gzspread and abundant trees of .

o

'geographlcal area, except that of Bannan (1940) "1t is

“dlfflcult to compare root system data from trees studled in

z

:wldely separated areas because of potentlal ecotyplc and

site var1at1ons, and Stlll more dlfflcult to 1nfer how root

systems might cqntrlbute to forest sucoe551on Hence, the

';objectlves of th1§ paper are to (1) descrlbe the root

5

"systems (p051t10n 51ze, and blomass dlstrlbutlon) of s1x

}boreal tree spec1es 1n one study area, (2) 1nterpret the

ecolog1cal 51gn1f1cance of these root system patterns, and

(3) suggest some succe551onal 1mp11cat10ns.

‘rMETHomsj

-0

o

: Jack pine (Pinusrbanksiana Lambyi, white spruce, black

spruce (Picea maPIana (Mlll )\BSP ), baisamyfir,vlarch

”(Larlx 7aFICIna (Du R01) K.. Koch), ‘and'aspen (Pdpdld§

‘.age,‘and generalpah“e'ground he:é‘lth0 Severely su

were selected for study on the basis of 51te condltiins,
PP

tFemuIOIdes Mlchx ) were the specres chosen for study

the,Boreal Forest Regldh in: Nprth Amerlca. Ind1v1dual trees

-

s @

essed
2

or def%rmed spec1meﬂs were av01ded An attempt was made to

harvest only 5rees 1n the 35 4@ year age range, but thlS was

“'not always possible. Th;s range of ages was selected,x,1

because of its relative abundance throughout thé2§§udy area.

40



Tree harvesting began by felllng at ground level. The

- above= ground portlon of the tree was separated 1nto leaf, ' ,
‘cllve»branch' fru1t, and bole components.' Dead branches were |
‘discarded; In 11 of the 12 trees the ent;re above-ground

portion vas taken for total, oven-dry biomass determ1nat1on.

H

A 60 year old jack plne Vas the exceptlon' its branch, leaf,

and fruit component wexghts‘ '¥§*§t1mated by sampllng
:«'t;*";ﬁ# )
methods similar to that of Hegyl (3972) All boles were
sampled by.remOV1ng 10'cm dlSkS.at 1 m‘1ntervalsfbeginning.
at the butt,'mDis%s were used to determinevtree age and

estimate bole weight.

~

'The below= grouhd portlon of the tree ‘was classified

1 ‘
‘two components' lateral and vertical root components.

hmass welghts were estlmated for lateral roots by ‘
shmpllng. Lateral roots located for deta1led excavatlon by
removxng lztter and 5011 materlals from around the stump.
‘These roots were then counted their max1mum d1ametersv
measured; and £Wo or three selected at random for detailed
excavationt "All lateral roots whlch exceeded a specified
dlameter (usually 2 cm) were then cut from the stump;
severing occurred where the root exceeded the specified
‘diameter. When lateral roots were abundant or varled
greatly‘in 51ze, or b#h, more than one sample of 2-3 roots
’ waS'taken; each with its own maximum d1ameter (e. 9. 1,42,

and 4 cm). " The stump together w1th unsevered laterals,

“those less-than'thefSpecified diameter, and all of its



o

L .»,f,,‘
ot

vertical roots were then excavated and photographed.

aAn attempt was made to extract ‘all the roots when

‘excavatlng lateral and stump roots; however, the smaller the

root the greater the probablllty of breakage and loss. A

'recovery eff1c1ency of >75% was qualltatlvely est1mated for

roots with a dlameter of <2 mm, whereas, eff1c1ency was at

leaBt 95% for roots >2mm and 100% for >5 mm. Shovelsh hand

trowels, dissecting probes, and forceps were used for

excavation.

The vertlcal root component contained tapl ,§inker

.-“heart and obllquely descendlng ropts' “the lateral component‘

o

‘other 51tes were partlally excavated for comparlson of 1

con51sted only of lateral roots. “After collectlon all roots
were [cleaned of soil,] cllppedmand grouped into flve‘

diameter classes: 0-2, 2-5[ 5- 20, 20-50, and >50 mm, then

dr1ed in a forced a1r oven at: 65° C. ‘Roots wergﬂcon51dere
dry when. water loss d1d not exceed 1% of the total weight
after drying for 12 hours. -

Total lateral root biomass was estimated as the sum of

(1) detached lateral root samples (estimated from root count

and mean blomass per 51ze class), (2) the welght of attached

1ateral stump roots, and (3) the welght of" lateral root

stubs‘attached to the stump.

_‘In addltIOD to the 12 harvested trees, - 12 specimens~on

-

)

‘ad
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/ 0
below- ground components., During all excavations
measurements were taken of root depth and radial Spfead
..i.e. “the max1mum radial dlstance that excavated lateral -
*toots extended from the tree stump; in the special case of
/ ’ . . . .
aspen,ndfclonal species, the mjdpointbof :oots chnecting c _",;
nembersvcf the same clone Qere used to estimate'radial
spread. ‘All't;ees wereqeicavated during the’summer of 1982}
tfees“USgd’er‘bi°mass estimates were‘harveeted in‘August.

G

RESULTS

:/ Tgo‘trees‘were e#cavated fron'a,SS year old black
.sétuce stand‘grOWing on-a Terric Mesisol.soils (Qtand 7).
Tree density (iue. >1 ¢m dbh) averaged 6,000 stems_ha-'
The water table was within 10—30'cm of the ground surface
depending upon'the hUmmocky‘telieﬁ.v A thirdvttee Yas. |
‘partlally excavated from a subcllmax black

spruce/feathermoss_communlty (Stand 8) / In thls stand tree‘

den51ty averaged 10,000 stems ha- and soils vere poorly

1

drained Hum#t Gleysols and Terric Humlsols (Table 5). O

The harvested 405jear old black spruce tree was 4-m

tall (Table 6). Its total dry_biomass was 5.4 kg, 69% of

which occurred above;grQUnd, makilpg its root:shoot ratio of.

0.45 the third highest of the 12 harvested trees. Roots of

3
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the 5-20 mm size class were most abundant in terms of
biomassﬁjbut were few in number. Fine-roots (0-2 mm)‘were
mgst.numeﬁodsﬁaﬁd occurred mainly at the distal portions of

the root branches. Approximately 4%ﬁof the total tree

biomass was fine-roots.

' Most roots occurred 7-10 cﬁ“below the ground sur face,
just above the water'table. Large roots (>20 mﬁ) were most
commonly found in hummocks, while finer roots occurred in
both‘hummdcks:and hollows, ﬁoot spread was 3 m, giving a

root-spread:tree-height ratio of 0.75. Maximum vertical

root depth was only 30 cm and occurred near the tree stump{

but these roots recurved toward the ground surface (Figure

¥

4a). A dead aborted taproot was present.

. The partially‘ek;avatedftree from Stand 7 was
lappﬁoximately 3;5'm in height and 34 years old, while the
~tree from Stand 8 was 11 m tall and 120 years old. Both
vtrees had rootlng depths similar to those of the harvested
_tree. However, their root- spread tree- helght ratios were
,lower, 0.68‘add 0.32, respectively. To summarize, the root
sys;em Qf'bleck spruce consists of several horizontally
spreading)lhear75urface, lateral roots which form a disk,
with few if any functioning vertical roots.

47
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Figure 4. The Vertical and Partial Horizontal Root System of
(A), Black Spruce; (B), Larch; (C), White Spruce;

and D, Aspen.
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Larch

Two larch trees were excavated in Stand,?,xand one of
these was harvested. The harvested tree was 34 9ears"g%d
and 10.3 m tall; the other tree was 38 years old and 16 m
tall. The larch root system was‘similaf to thét.of black
spruce:‘shalloﬁ and epfeading However$ fihe roots were
less abundant and closer to the water table. Maximum
rooelng"depth was approxlmately‘BO cm. Larch had a hlgher
rate of net biomass accumulation and helght growth ‘than did
black spruce growing on the same 51te. Much of this
accumulation was allocated to below-ground stYUctures, larch -
had the highest root:shoot ratio (0.53) of the species
-studied (Table 6. Abeut.15% of its root biomass was in the
>50 mm size class, at least 3X greater than any of tﬁe other . -
:species."The;e_was no evidence of vertical root

development, although an aborted taproot was present on the * .

*harpvested tree (Figure.4b).

White Spruce
- : ;

Two white spruce trees were partially excavatedéﬁnd‘
others were harvested (Table 6) The first harvested %gfe g ?ﬁ
was -35 years old, 10.3 m tall, and grew on aeclian sanéﬂan 3, B g
jack plne/feathermoss communlty (Stand 3). The grounﬁ ; - h “3‘

2P T0 T T L
surface was relatlvely flat on the crest of a sandkédgin- LR




-~

© . from young to old trees, respectively.

portion of the F and H horizons. Fine-roots re

o~

2.2 and 28 m tall, respectively. The second harvested tree
was 43 years old, 10.8 m tall’andamccurred,oneshhllow,lsandy
outwash oebosits which overlie clay loam morainal deposits
"(stand 5). The .soil was ; moderately well-drained Gray
Luyisol (Teble 5). The tree stratum was dominated by aspen
and the understory by Vlbunnum edulé (Michx.) Raf. and -
Aralia nudicaulis L. All white spruce trees were suppressed
by jack pine ‘and aspen during early stages of their growth

based on narrow annual growth rings.

Although the two harvested trees came from very

different sites, they had a similar rooting patterh;and
. N ) :
allocation of biomass. From 4 to 6 horizontally spreading ’

primary lateral roots formed the main components of the root

szetem. These lateral roots were mainly found 1n the lower

-

horizontally oriented, occurred at the distay) ‘portions’of

- each root branch and formed a broad J%sorptive network

*.qwhconcentrated in a band out51de the tree crown. Radial root

- 2

*@pread was approximately 7 m for both trees.

a,Root—spread:tree—height ratios were 1.8, 0.66, 0.64, and 0?3

d

About 30 cm from the stump on the under51de of each
‘main. lateral root. there was a short (50-75 cm) obliquely

descending root branch. Such roots haye been termed "heart"

roots by Wagg (1967) and prohably'have an-anchoring function -

51
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character (Flgure 4c)

)yudglng from thelr stout and dendrltlcally branched

Heart roots appear to enlarge and

o

‘elongate with 1Q‘rea51ng age. For example, these roots were

lacking on ‘the 19 year old tree upto 50 cm long on 35 to 43

year old trees, and upto approx1mate1y 1 m in. length on -a 28

Y

lateral roots were short

rOOtS

Between the heart and flrst major branches of the malnf”

B Such roots may have both absorptlon and anchorlng
)

:?than those on sand.

‘m tall tree, wh1ch was partlally excavated in Stand 4

(.,,

|

’functlons, based on thelr branched pattern and;small

‘ d1ame

f1ne (<5 mm dlameter) obllquely

. Heart’ roots were less well developed on fine- textured 50115

‘wvdescendlng roots, or1g1nat1ng from the 51des of the lateral

2y

ter. These obllque roots penetrated to depths of 40 cm

5and appear to: 1ncrease in: number along the laterals as the

o tree-lncreases in size.

‘were at least partlally excavated ‘and examlned on flne-

.(Stands 5. ‘and 11)

To

°More than 95% ot root blOmass occurred 1n the lateral5

. 'Five aspen trees ranging in age from’WQ.to 79 years

soils

b d

Aspen

(Table 5).

/

- component of the system (Table 6) i:' 3

~

W

and coarse- textured (Stands 9 and 10)

On ah} sites aspen were coﬁnected‘by

i

|

[
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sensu Barnes (1966) in the mlneral so1l near

:"lateralﬂroots
. % he ground surface. Such lateral doots are gyl
durlng the early stages of tree growth, bu"y t?ptlll very
kobv1ous on 79 year old, 24 m trees Zrom Stand 9 Perldermal
scar t1ssues mar ked the p051t10ns of former suckers, or

that formed a much denser stand durlng the early

‘ramets,
deyelOpment,of the clone.
In sharp contrast w1th whlte spruce, the general root

k4 ,&3 i :
/s temﬁmorphology of aspen was dlstlnctly different in’ sand
/
Wlth 1ncrea51ng age on

compared w1th clay loam supstrates.
aspen develops a second root

both substrates, however
system whlch supplements\,he the prlmary lateral. roots that
Day - (1944) also noted the development o

propogaﬁed the clone..

of such secondary root systems.
secondary lateral and 51nker roots

Onfsandy substrate
The secondarj laterals grow - outward from the tree

develop.
and then descend sharpﬁy, w1th few branches except in the
A few

dlstal portlons, to a/maxlmum depth of 2 m (Stand 9)

51nker roots usually 0ccurred 1n the v1c1n1ty of the stump
roots were ‘present on the‘undersldes of some j

"Heart like"
horlzontal lateral roots, just outside'the stump margin;
1 m, were

these roots descended vertrcally to depths of
In addltlon to lateral and heart

<

'and very branched

stout,
roots,. numerous stout and relatlyely short (<75 cm) roots
‘ » L

developed beneath the stumps of some trees (Flgure 4d)
o e R e > :
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On flne textured substrates aspen had sp&eadlng
horlzontal to sllghtly obllque laterals and a sphere of
short stout roots below the stump These roots were
secondary ‘to the pr1mary lateral root”s¥stem respon51ble for

[y e

gvegetatlve reproductlon of the populatlon.

Vertlcallyfdescending roots contribﬁtedbonl§¢a\smafﬁ
percentage (ca. 0. 2%) to the total tree biomass (Table 6)
Based on “the harvested trees, aspen had from 3 to SX more
blomass above—rthan below-ground. . The root systems of \

' European‘aspen kPOpulusctFemUIalL.) descrlbed'by Kostler et

al. (1968) are similar to those of the aspen excavated in

thls study.'

o, Obliquely ascen&ingvtlne;roots grewgfrom the téps and-
sides of.near—gurface‘lateral’roots of aspen" ‘These rootsf
}were abundant, comprlslng 1 to 2% ofﬂahe total aspen blomass c
'(TableJS) ‘most were located Just below the 5011 llttef:(L) -

' ‘ ;h>0rizon\' o : coi ' R - . . ﬂ

o R N

i

'1'f3ecause_noma5pen trees'were found3ln thew4plyear age
range‘on clanloamdsubstrates, it is ditficultato‘diréctly
y fcompare the"iomass allocation ofﬂaspenxin Table 6 with

those of ‘oth r‘species ‘However, the largest biomass

percentages ere agaln in the bole and larger Troot 51ze

‘\\ classes as w1th most other trees.‘ The leaf blomass e

o component was only 10 to 50% of that of other specxes in..a

similar age category.w Aspen had the lowest



_(Altu)‘Pursh and PIeUPozium schreberl (Brld ) Mitt., .

‘depthsv>1,5 m.

‘trees, altHbughlsome'variation-occurred Horizontally ' ":‘;:
}rspreadlng lateral roots were located in the upper 12 cm of 5

;the mineral soil, as noted by Cheyney (1932) Adams and

_from 60 tov95% ofvall roots. V1ewed from agove, 1nd1v1dual fg“ v

55
root- spread tree—helght ratlos of the 51x spec1es (0 26,
12) owlng to 1ts communal root . system.
' N
Jack Pine
‘A total of 8 trees ranging in age from 3 to 83 years
vere excavated®and 5 of these were_harVestedr ~Seven trees

wvere taken from open*canopied jack pine forests (Stands'1

‘and 2) w1th an understory domlnated by APctostaphylos

,uva~UP51 (L.)‘Spreng and Cladina mltzs (Sandst ) Hale & .

Culb ;(Table‘S) " The oldest tree (83 years) was partlally

excavated in Stand 3, whlch was domrnated by a relat1vely

c¥osed- canop1ed jack p1ne tree stratum with an Alnus CPlspa

oy
underStoryf' All trees were grow1ng on Eutric Brunlsol 50115

/

-derlved £rom aeollan sands whlch overlle ‘beach sands at

. " - . . . oA

; B S : o . LN
A consistent root-form was evident among the excavated .

1
v

Chapman (1941) and Kaufman (1945) _ Frdg 4 to 6 primary
lateral roots compr1sed the horlzoqﬁgl portlon of the root

system. The root- spread tree- helght ratlos ranged from 3.48

" in younger to 0.59 in older trees. Lateral roots comprlsed sg17?"



/ =x1)

‘prlmary laterals and their . secondary branches formed
ovately—shaped root networks.

.t"

I }’
Vertical roots comprlsed <3% 'of the total- tree blomass

¢
_of_older pines. 'The percentage was hlgher for younger trees}
‘(Tabieﬂsj Three.distinctfve types -of vertical roots were
found: taproot sinker,wand "herring bone". Large'taproots'
were the prlnclpal vertical roots on all jack plnes (Figure
5a)f and extended to a ma¥imum depth.of 2 m, although 1.3 m,
_yas'more common. Taproots were 51mple structures to. depths
ofv50—90 Ff, afté}é%hlch they branched into several smaller‘~
descendingprooﬁg. Where temporary subsurface moisture zones‘
occurred these latter roots branched egaln and spread
horlzontally this secondary branchinf was ev1dent on the 40
year old tree and occurred at £wo dlfferent levels on the 60

year 0ld’ tree.r Cheyney (1932) observed very similar taproot

'Vbranchihg patterns in ‘jack p1ne under sxmllar site ,h L

Lo oY,

cond1tlons in Ontar1oz ‘ L

P, »

“sifker roots originateyfrom the lower surface of
‘lateral roots‘(?igure 5a) and were more numerous closer to
“therstump.-ﬁThese roots,k<1Q per‘tree,‘were usually 1-4 cm

Cin. diameter? had little tape; and few branches- “Sinker

roots and taproots branched in a 51m11ar manner and extended

H

to 51m11ar depths.

‘"Herring'bone",roots are defined as tapered, vertically

descending'roots yithvshort (%2 cm))kCIQSely.spaced,n

Pl
.
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secondarf branchés'occurrihg in a single plane. Such roots
we less than ‘1 m in,length and only occurred in the stump
area of treeS‘olégg§than 30 years. These roots contrrbuted

E

11ttle ‘to root . blomass, although several were! present
~
}’Thelr function is not known. Fayle (1975) has described

Pinus resinosa Ait. roots of a similar growth-form.
Balsam Fir o ‘ ' .

~Tuo balsam ﬁrrdtrees’were excavated; The first was 33',
years old but only 4.6 m invhéight,.probably'because of |
suppression by taller white sbruce ahdhbaisam‘fir_trees;
Edaphic conditiona were similar to those of the jack pine
and aspen on aandy Sités; Soils in Stand 4 were clasSified
as Brunisolic Gray Luvisols and. Eluv1ated Eutric Brunlsols, "_ <
derlved from well-~ dralned aeolian sand deposits >2 m deep e
(T_ab,.le 5). |

This balsam flr specimen had a taproot, 51q¥er roots,
and obliquely descendihg and horiiontally spraading lateral
vroots (Flgure 5b). The lateral roots'paralleled'the ground
surface in ‘the F and H horlzons whlch cons1sted prlmarlly ofz"
feathermosses %ost flne—roots occurred on “the dlstal»
portlons of the late%al branches. T S A
| %gﬁ e |

Obllque lateral tap— and ‘sinker roots were conflned

0

to the mlneral 5011 Balsam Eif had 5% of 1ts blomass in %fm-

Qﬁm
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vertically oriented roots, a percentage exceeded only by
those' of the 3 and .9 year old jack pines. The taproot was
longer and narrower than that found on the small jack pine
trees. Most obllque roots were more than l m in length
"Méx1mum observed rootlng depth was 1.3 m.

. »-\\ “; . o

03 ' ‘
The second excavated balgam f1r was 48 years old and 8

m in height..  This tree wag grow1ng on glac;al moralne
deposits with site conditions similar to those.described for
wvhite spruce on Stand 5 (Table 5). Lateral roots wvere
_mainly located in>the lower portfon of the FH.horizons,
although some small dlameter roots were noted in- the upper 5
‘cm of thevmlneral so;l. The root- spread tree- helght Tatio
was 0,44, very similar to that calculated for the spec1men
growingnon sand.b Sinker, tap-, and obligue lateral roota"
were conflned to the upper 40 cm of the mineral soil. All
three vertlcal root-types were deformed and deflected to a
horlzontal direction of growth when the soil Bt horizon was
‘contacted o Max1mum vert1cal root length was ca. 1. 3 m.

Roots <2 mm were common on sinkers and oblique lateral roots .

in the mineral soil.



‘ DISCUSSION
/

Biomass values for aspen boles, branches, and leaves in -
the study area fall between those found by Bartos and . -

Johnston (1978) in ;hé western USA ané ﬁhose reportea'byl.
Johnstone and Peterson (1980) in western Canada (Table 7).

. Equations for aspen in the Great Lakes area (Paétor and
Bockheim 1881) over-estiméted biomass for various tree
components. Allometric rgéreséipn equatiens for jack pine

by Hegyi (1972) and Alban and Laidly ‘(1982) under-estimated

biomass for treeé ig;sfand 2, buélthey over- and
under-estimaied_weight§ for trees in Stand 1, respectively

(Table 7). Wéguatidnskfor bole Weights (Singh 1982)

under-estimated thosé,of.whité spruce gndllarch, bu; wvere

close to those measured for balsam fir and black spfuce.

These comparisons indicate that above-ground growth
rates and biomass allocation of trees withinothe stﬁdy area
\éfé‘by no means anomalous or even uhusual, when compared
with other yestefn North ‘American studies. Hence a
root:shoot ratio of 0.25-0.35:1 can be expected for many
western boreal forest treeslin the 35-40 year.age range
growing on mineral soils.: Deviations from this predic?:én'
will o;éur in response to site conditions. Reyes anqgaégér
(1981) have shown that stressed trees will often havé%higher

root:shoot ratios than less stressed trees of'theﬁﬁame

60
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species.

In additien to providing information on root system
morphology, the %_harvested jack pine trees were used to
test the null hypothesis that root:shoot ratios remain
relatively stable with; increasing jack pine age; However,
responses by sinker and tap roots to 501f moisture zones 1n
‘) Stand 2, the source of the two older trees, devale?fed

~ comparison. of all members of the age series. Despite these
n01se problems an increase of below- ground bmomass was
evident w1th increasing tree age. Furthermore; the
proportion of below-ground biomass 1ncreased by 25 to 30%
between g and 23 and between 37 and 57 year,old trees (Table
6). This trend seems to favor rejection of the null |

' hypbthesis [(i.e. the propertion ®f root relative to shoot
increased wit% tree age;?]} In contrast, Sims (1964) and
Eis (1974) found that the root:shoot ratios of very young

jack pines and other conifers normally decreased with -

increasing age.

Horizontal Roots
- “/‘//

All investigated root systems were dominated ih terms .

of blomass by horizontally spreading lateral roots wh1ch

 generally occurred within the upper 15 cm of the soil. Jack

pine and aspen lateral roots were.-confined to mineral soil

horizons whereas black spruce, balsam fir, white spruce, and



-

larch lateral fcot were conceng}ated in the organic soil
horizons, Roots'mEy be concentrated near the gronnd sur face
in mineral soils as a trophic responsc to nutrient and water
suppiy. Fostcr and Morrison!(1976), Weber and Van Cleve
(1981), and many others have shown that re-cycled
macro-nutrients are concentrated in the soil iitter )
horizons.

One of the many effects of fire on upland boréai
forests is reduction or loss of the curface organic horizons
(Austin and BaiSinger 1955;‘Foster,and Morrison 1976).
Nutrient exchange in many post-fire, seral forests must,

" therefore, occur mainly in mineral soil horizons until new
organic horizons develop. Hence it is to beucxpected that
the 1ateral absorption roots of seral aspen ang jack p1ne
'would be concentrated in mlneral soil while those of climax

white spruce and balsam fir are found mainly in the humus

layer. | o,

In poorly drained péatland ecosystems, black spruce and
larch roots may be confined to a near-surface location due

to a high water table and associated oxygen deficit.

Vertical Roots

‘»

In the“study area, long tap-, sinker, and.obliqdelj

descendlng lateral roots seem to be 1mportant adaptatlons by
L
jack pine, balsam fir, and aspen to ut111ze deep water
. ’ _ :

63



sources and, hence, reduce water deficits on xericzsh es;
On mesic sites these ?oots ﬁould be less necessary. This
conclusion is based on comparisons of asben growing on . #
different sites in the study area and aécords with rootiﬁg}3 .
habit studies (Horton 1958) of lodgepole pine (Pinus |

~contorta Loudon var. Jatifolia Engelm.), a species which is

morphologically similar to jack pine.

Heart énd obliquély descending side-lateral roots of
whlte spruce and obllque lateral roots of balsam f1r are
probably important for mechanical support, (i.e. anchorlng)
siéce their horizontal lateral roots grow in surface organic
layefs{ Heart and oblique lateral roots would be less
imporﬁant on fine~ than a coarse-tektureé soil becadsé of
the éreater colresion of séil particles and root-soil
'adhesiqqxin’fine-textured soils.

_ o _ - S

‘Therrelativewdevelopment of these root-ﬁypes probably
depends upon plang'needs, site-ihposed réstrictions, and
geneFic controls. Root devilopment could be inhibited by
high'séil density, poor aeration, and/or high water table as
suggested by Wagg (1967) and Eis (1970). The latter two
factors are probably important.in restricting the root depth
of black:épruce ana larch in organic soils.;>Howevef, soil

density and compaction may)limit root development on well to

moderately-well drained, fine-textured, upland soils.



. Bannan (1940) , Hortdhband Lees (1961) and Schultz
(1969) found rooting patterhs of black spruce and larch

similar to those of trees in this study; they also provided

%

evidence for}increa@Ld vertical root growth on better
[ ¥

drained mineral soils. Schultz (1969) found prom;nept -

taproots on whlte spruce under most site condxtxons”Tn the i
Pl

Gree% Lakes region, Both Wagg (1967) and Schultz (1969)
attributed‘limited'taproot‘development'to‘the effects og
spil texture, structure, excess moisture, and pootraeratioh;
However, these factors do not adequately explain the lihfted
'taproot‘devslqggent of white spruce excavated from sandy
sites in tﬂefstQE?igrea.

3 o

L2 l :
. In general ivertlcal roots were more varied, 1i.e.

-,UpLastle in, iorm than horizonal roots am%ng Specxmen trees.
:Thls varlablllty is prbbably a result of substrate

Uconaltsons.* H1gh 5011 bulk deh51ty impedes vertical root

: . A :
»development«as 1d’the case of balsam f1r,,wh11e xeric soils
§

'»7tend €o bromcte vertlcal root development (e. g., /Epen). of

the 4 r ot system forms re¢ogn1zed by Wagg® {1967), the root
g _

bsystémg of whlte Spruce in the study area would be

veclass;faed as Restrlcted Taproot form, due to the very

¥

‘:llmltedsdevelopment of a taproot.°

R s - -
& o ki . 1 . .
Ve

s
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'A"nlche part1t1on1ng

+

B

~Succession

i Tree root syster may - play an. 1mportant role in -
' determlnlng the dlrectlon and rate of plant succe551on in
boreal foresQ. Thls study has ylelded two p0551ble

mechanlsm5° (1) nutrlent and water deprlvatlon- and (2) N

b

‘C

The flrst mechanlsm 1s well 1llustrated in jack pine

succe551on to wh1te spruce, and 1nvolves the growth ofewhlte

spruce roots above jack plne roots.? Horlzontal roots of'

Jack p1ne normally occur 1n the m1neral 5011 whereas those,"

of whlte spruce grow 1n 5011 lztter and humus., The 5011

proflle is thus\partltloned vertzcally between the two
|

trees, but whlte spruCe had better opportunlty to absorb

L

\

, _hsuperposrtlon.. Hence whlte spruce is favored I R e

D R A T

' Vogt et a] (1981) observed a 51m11ar edaphlc Shlft of“.'”

roots from m;neral to organlc surface horlzons w1th

- ;1ncreaslng stand age, bt thelr work boncerned one spec1es,,

v

Pac1f1c 51lver f1r (Abies amabllls (Dougl ) Forbs)

e e oy &

\ o
A more complex example of nutrlent deprlvatlon may be_w’

seen in aspen succe551on to whlte spruce, whlch 1nvolves‘

synerglstlc changes 1n 5011 m1croenv1ronment m01sture and

-,/

rnutrlents.f As whlte spruce grows beneath the aspen canopy ‘

the quest lltter slowly changes from nutrient rlch

AN b . y : .
g . . . . f . . e
. . ' - N .
: - o

water and re cycled nutrlent than jack plne because of 1ts-:"

66
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dec1duous broad leaf to nutr1ent-poor, evergreen zeedle leaf

’

)
lltter. Increased and year round shade as well as

non smotherlng needle lltter encourage an 1ncrease in
terrestr1al moss cover.‘ As moss cover expands ‘a. vertlcal
partltlonlng of roots occurs,,wlth whlte spruce roots
grow1ng in the moss carpet above the aspen roots. The mossi

carpet 1tself 1ntercepts water and nutrlents, further

o
‘8
.restrlctlng the downward flow to aspen roots. Under tbese %g«o:“ L

#
. A A SR
' condltlons whlte spruce 1s agaln favored Vo

~

K

. I .
The second mechanlsm 1nvolves 1ong term n1che :

>

partltlonlngvbelow ground among cllmax spec1es. Wh1te"
pruce and balsam f;r can co- domlnate late seral and . cllmax
upland forests 1n the Boreal Mlxedwood Ecoreg1on and

t ad301n1ng ecoreglons of Alberta (Achuff and La Roi 1977)

s Both spec1esqhaue Eorrzqntally spreadzng lateral roots whlch _

occupy the same 5011 horizons.xgﬁowever, the tap* and
obllque lateral roots of f1r évtend much deeper than any

'spruce roots on medlum— to coarse- texturgd so1ls.v The‘j e
dlfferlng below ground dlstrlbutlons of spruce and f1r roots._ - ad

may help explarp/how the two; ees can ‘co- exlst on~such

~

ﬁSOllS.w'.

Mueller Domb01i and Slms (1966) and Parrlsh and Hazzaz
(1976) have found ev1dence of similar below ground nlche ;:\’ =

: separatlons in? co ex1st1ng herbaceous pl%nt populatlons.,

o
!

o ' e '»s"
. A . g T :




'.k
r,’.

.v The deeper penetratzon of. ba&aam f1r roots may explaln‘

v

T why the rootlng depths of old growth spruce f1r forests on .
v sangﬁis generally deeper than that of seral aspen or jack

p1ne forests in the study area . (Strong and La R01 1983a)
L '.%’i'x"
However, restrlcted downward growth of balsam f1r roots on

@

ifzne textured 50115 could reduce the compatlblllty of whzte

<

.+ spruce and balsam flr by 1ncreasrng niche overlap orest

1nterpretat1ons in the Pra1r1e Prov1nces by Rowe ( 956, p.
‘r12L¢ support the hypothe51s that balsam f1r is leis
:competltlve than whlte spruce on flne textured sofls (cf.
coarse textured 50119) {t is noteworthy that- SChultz
',(1969) foung whlte spruce to be cons1stentl§ydeep-rooted, i

_even on f1ne textured 50115,_1n the upper Gre-t Lakes
_,reglon, where 5011 m01sture is generally more plent1ful than
"51t is in the Boreal M1xedwood Ecoreglon of Alberta.:pThe’_

B extqusto whlch these geographxcally correlated varlatlg:s

in rootlng behav1or are cllmatlcallf“or genetlcally
. opﬁ/rolled is unknown. .



r'plants of 21 spec1e5 at 4

V. vitis-idaea L., and Pyrole

W

CHAPTER IV = .

SEASONAL PLANT SOIL WATER RELATIONSHIPS IN SELECTED BOREAL.

FOREST COMMUNITIES OF CENTRAL ALBERTA !

ABSTRACT

PR 1

Plant and sorl water potentlals were measured 1n 11

. 7 -

forest stands which were thought to represent four
success1onal sequences. a Jack P1ne (Pinus banksrana Lambs),
’ l BSP ) and two Aspen (Popuius

; 8.
iMeasurements were taken on 72

tremuloides Michx ). Seri'v_,

1ntervals from early Mal to

; late August '1982% Shallo - ooted erlcaceous and/or

eVergreen'spepxes such ‘a’s '-inlum myrt;lloides Mlchx.,

asarrfolia Mlchx. had the SRR

widest range'ofiwater-pOtentia ‘ durlng the,summer,;whereas
. o - o

deep-rooted Alnus crlspa (Alt ) Pursh d'the7narrowe§t‘

:,range of values. M1n1mum mornlng (0700 hrs) water

potentlals ranged to‘—3 1 'MPa. leferentlatlon among

pec1es was greatest durlng perlods of maxlmum water stress.

Aii'species had‘rootSLWithin thevupper 2 dn of the
soil but some species of the Jack P1ne and Aspen/Sand
Serles hgggroots whlch extended to 23 dm depth Mo1sture

was usually more avallable 1n the upper 2 dm and. below 6 dm"v"

-.-_——_—.———__—.——-—_-




..‘ r . ) w‘i"

in the so11 © Theé void of'soil-moisture between 2 and‘6 dm’

was a result of depletlon and l1m1ted downward percolat1on,

of- prec1p1tat10n. “The 11 stands had spec1es whlch dlsplayed

~

51m11ar summer water potentlal patterns,_but the rate and

magnltude bf response were var1able.. Aspen and Jack p1ne

‘stands growxng on sand contalned spec1es whlch d1splayed theyj

. greatest var1at10n in plant water potentlals due to

tshallow rooted plants such as Vaccznlum and‘ﬁynola spec1es.

S

_Obf' ed varlatlons 1n root1ng depths and. patterns of

‘plant wa
tx‘) ’ M ;)qwi e AP

‘that nlche partltlonlng occurs among co- ex1st1ng boreal

'forest spec1es " Since older s%agds seem to havg shorter and

: & :

less severe plant and 501l*m01sture stressrﬁ% appears that

success1on favors plants w1th water congérv1ngwadapta¥%pns

potentyal are thoyght to support the hypothe51s :

.-
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INTRODUCTION 4

!

5011 m01sturg,1s an 1mportant edaphlc factor that

1nfluences the growth and florlstlc comp051t1on of most

»

: terrestr1al plant commun1t1esJ In- the boreal forest 1ts

'1nfluence 1s reflected in cdmmun1t1es that range from

"hygrophytlc Plcea mariana (erll ) BSP. (Black s,c

l_through mesophytlc Populus tremuIOIdes M1chx.,"'

fxerophytlc Prnus baﬂksxana Lamb (Jack Pine) &

5011 molsture cgn ortglnate fri ; ertlgsouxc o .J~'ground'

watér and prec1p1tat10n are ] xfcommon sources. MoSt .
ecologlsts are famlllar Wltr
A

sprlng snowmelt and’ heavy ra:

5arg1ng effects of

on the”avallablllty of
”gsd o1sture. However, these events usually occur fewer
'lthan four t1mes per summer in, the Boreal M1xedwood Ecoreglon
E of Alberta (Anonymous 1978~ 1982a) Th1*ans that
suff1c1ent water must be. stored 1n the s&gl to meet plant

; communlty demands between rechar%as, and water losses must

‘ be regulated by individual plants, or. sewere def1c1ts may

: »occur. - R
. ,..AWQ %33 o ~~~:?g@v

P M01sture 1s not equally abundant throughout the 5011

proflle or growlng season. As a result all specxes may not

“be equally 1nfluenced bY%§01l m01sture,~part4cularly if theyb.

'have dlfferent be!’y ground0n1ches. Most have adaptatlons

e

--'—..._-_———_-__.-—_-—_

,’Vastular plant taxonomy follows Moss (1959)

-y,
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».survival and below ground- resource part1t10n1ng ¢

(TN
O

kfor tolerat:ng, avo1d1ng and compensatlng for water stress'

-

(Larcher 1975; Parker et al. .1982; Strong and La Roi 1983p).

TN
Thelr ab111ty to cope. w1th water stress may in part
., R

-determlne thelr surv1vorsh1p and abundance as forest spec1es

v

and, hence, the1r role in plant successxon.

@

Workﬁby'Strong and La hoi (‘bBBa b) within this study

‘area (See Below) has shown that the majorlty of plant roots

3

occur w1th1n 2 dm of the ground surface - This suggests that‘

Y

_most plants are dependent upon water resogfces at or near.

the forest floor. However ‘some spec1es‘§hch as Popylus

'-tr‘emu%"des, PanS bankszana, and Abfes b&sanga (L ) M111

.jhave veatlcally descendlng tap— and 51nker roots, and

C

obliquely descendlng lateral roots' wh1ch penetrate the 3011

i
12 S 4

to depths of 1 2- mﬁW~Some understory spec1es have si
root systtm adaptatlons or other mechanlsms for obtaxnlng

- 6

5011 water. Such vralts may represent adaptatlons for both»

The,objectlves of this research.were tO“determlne:the

(1) summer pattern of 5011 water potentlals, and {2) summer
, t &

_pattern of plant kater potentlals for 21 1mportant ‘vascular

species in 11 boreal forest stands. ThlS analy51s will
:attempt to 1dent1fy from what sources these plants obtalw

water and the- degree of water depr1vat1on they experlence 1n'

selected forest communltles.

PR A vl . - o . S o
N PN . : . & ' ¥ T 2 ‘%,:3 |
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STUDY' AREA

The Study area was sitbated in.centralsllb§§éa.175 kﬁ

‘.‘north of Edmonton, near'Lesser Slave Lake; éome’of‘its
env1ronmenta1 attrlbutes have been descrlbed by Strong and
La R01 (1983a b) and’ La Ro1 agd Ostaflchuk (1984) The area
possesses many ecologlcal character15t1cs that are typ1cal
of@tﬁﬂ'hofaéd ﬁxﬁedwood Ecoreglon (Strong and Leggat 1981)

B

¢ - in which.'it occurs."

R .68 e &

Eleven study‘élots wer%festablished:(rﬁ%ur:pIOtST((j4)
vere members?ofca‘Jack'Pine/San‘PSeries._ These@plots.were
located in two PInus/APctostaphons/Cladina stands (Stands
40 and 60 years old) - a P:nus/AInus/Pleunoz;um stand (85 T
years old) and a Plcea Ables/Hylocomlum stand (170 years
old). All stands had well dralned sandy textured Eutr1c'

Brunlsollc 50115. The so1ls in Plot 4 graded to and

IR 1ncluded Brun1sol1c Gray Luv1sols.

/ _ 't A ‘Black Spruce/Organ1c Serles (Plots 7 and 8) was

. composed of '@ 55 and 122 year old ‘stands. The younger stand
was florlstlcally d1verse with numerous shrubs and forbs, "
-and Plcea maPlana <6 m in helght. In contrast, the older
stand was a ‘mature P, mar'lana/PIeur"oi,!um commur%ﬁ %rls

§ .
beneath these two stands were Organlcs, although Gleysols

iWIth a th1ck peat layer occurred in fhe older stand;y

£

.73
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"An Aspen/Sand Series was eemposed of Plots 10, 9, and

‘4, Plot 4 represents the potential subtlimax stage of both
| the Aspen and Jack Pine/Sand Series, and will be used as

su;h, Populus domlnated the overstory vegetatlon of Plots

- 10 and 9, and formed closed—canopy forests. These, stands

wefe 40 and 73

:,pears in age, respectlvely. Picea glauca

4

(Moench) Voss'dbcurred in the tall herb layer (0.1%0.3 m) of

<

Plots 10 and Qﬂﬁbut also occugred sporadically in the tree

' canopy layerzﬂ'f“’%%19*~ Herbaceous species were abundant
o mg, @ \% s
«ﬁand shrubs such as Pnunus pensylvanlca L.f., Amelanchier

alnifol ia Nutt ‘Tnd Rosa acicular (% Lindl. were >1 m tall.

] . 5
Soils were wel‘ dralned sandy-textured, aeolian deposits
A SR
, c1a551f1ed as,Eﬁtrlc Brunlsols., .

l»"'\ N

3

. . 0 v

Three pldts (1},5,6)~cemposed an Aspen/ggagﬂloam
Series;_.These pi ts were located on jylay loam‘morainai
deposits overlafn'bgfzo cm of sandy loam oltwash. Plot 11
wé% the youngest stand at 19 years and was domlnated by a 6
m tall Populus overstory Calamagrostls canadens:s

,(Mlcbf.) Beauv and Aralra nudicaul is L. were the dominant
undefetofy Snec1es.' Plots 5 and 6 were later $successional
stagé% of‘this series. Dates of orlgln were 1910 and 1867
respe;tively; The understory vegetatlon in Plot 5 was less

“diVerse thanﬁthoae of either 11 or 6. Diversity was highef

A’in‘Plet'G dne to canopy openings created byvthe topEling of
decadent Populus and occas1onal Picea glauca.ﬂ Populus had

only m1n1mal~cover in Plot 6 whlle Picea was dominant.

A L ) hd

3

. a‘
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Viburnum edule (Michx.) Raf. and .Aralia were common in“bothv

older stands; but evergreen vascular species and mosses were

both more abundant in Plot 6. All stands had moderately
well-drained Gray Luvjsolic soils. ‘ .

, ’
N4 L a1

METHODS

-‘Meteorological stations were located near the N-S
termini of the study area ca. 14 km apart. Each station A%d
a Lambrecht'reCOrding hygrothermograph in a Stevenson screen
at standard height (1.5 m); alprecipitatiOn'gauge- and a
Taylor minimum/maXinnmLair thermometer (Model No. 5458) 0 5
m above- ground (See Below). 1In addition, a set of minimum '

and'maximum temperature‘thermometers (Manufactured to .
Atmospheric Environment Service standards by Zeal, England)
were place in the Stevenson screen to calibrate the i“'

.

thermograph charts.

A Taylor thermometer and oone set of 3 Colemanvblocksv
) o N\ ‘ ‘ : : .
(electrical resistance cells for measuring soil temperature

»and m01sture) vere 1nsta11ed w1th1n each stand. Mo§t

‘1nstruments were located in: either the NE or sw corner of

‘permanent plots,established by La Ror4an§‘Ost1fchuk (1982).‘w

All Taylor thermometers were mounted on wooden stakes'SO,cm‘
| above greynd level-in aluminum shields which faced. north
Coleman blocks (Model MC-310A, measurements with Soil Test

Meter Model MC-300) were buried at 7-10, 30, and .70 cm in -
. 1 .

N
' .

-
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mineral\soiys. In organic soils, -blocks wese placeéd 10 cm
above and, 10 and 65 cm below the surfacgkd?'nollows in
hummocky terrain. _Blocks were installed'by.coring 3
vertical 3 cm holes to within a few cm of ehe required
depth. A block was emQFdded vertically into the soil at the
bottom of each hole, the holes were filled with the
extrected cores, and allowed to settle for one year.

Coleman block re51stance readlngs vere converted to soil
matrlx potentlals (¥m) u51ng a callbrat1on curve whlch
;cqnsxsted of the:logxgm\gg%tted'agalnst the log electr1ca1
res{stenCe'(Figure‘&).’ETHis\eurve was constructed in a
manner~similar to that described by Colman and Hendrix
(1949) which reliéd on the use of ceramic¢ pla

A
system, All electrlcal re51stance values were [ ardized

to 15.5°C.

Precipitation was measured near each plot or pair of
closely spaced plots with 2-liter white chindricai cans
(12.5 cm inside diameter opening) mounted 0.5-1.0 m

- above-ground on posts. ,

*. o s,

Pdant water po;entials (¥t measured'as xylem pressure,
petential) were estimated with a portable Scholander-type
dpressure chembif (PMS_Instrnments‘Company) atveaCh sampling
site. Sevent{;ﬁwd-plants (one sample/species/stand),

con51st1ng of 21 spec1es, were selected for measurement, all

common members of each stand. The spec1es used included
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ELECTRICAL RESISTANCE {OHMS)

scale log,

.,
63 - ' ! !
; |
. b r
. ]
J ]
I
]
. 1
I
-y "
I
i
i
S5 : I
1 l/ n
-1 '1'\3‘3 83 4
- 1 X =5804 .
4 I 822052 o
I /o
i
4 i .
]
I
! -
I -z
: | s
: . : ) I3 g
-ﬂ SR 3 |
- i Lé“u = \
. L g
2 [OR z .
- 9 N ; - ' »
2 = |
3= l l \ |
: i -
4 ! _ D \
¥ T 1 l ’lrv‘ T v LA rr”l L L ] ¥ 17T I‘l"l' ‘\\ LA 2 L3 \\
-2 -1 S ‘ 0 a : ‘l_w] b /
'SOIL MATRIX POTENTIAL (-KPa) -
‘scale log,, - - w .

R &

Figure 6. A Coleman Block Ca]ibfation Curve for Converting

Electrical Resistance to Soil Matrix Potential

in Sandy and Sdndy Loam Textured S0ils.
-Symbols .indicate 95% confidence limits (—=-),

mean (Y),fstandakd;deviation (s), and number’

Qf‘samp1es'(n).' - - i o ;f;
\ ) i




T el : L RV

trees, shrubs, and'semi—woody‘evergreens. Samples were
usually 5-15 em in length, composed of twigs with attached 'la
leaves, excised from the upper portion of each plant,‘and |

taken in a manner similar to the guidelineS'giVen by'b'

Scholander et al. (1965). Sample length was dependent'upon
plant stature.\ An attempt was made to collect "normal" | éa
specimens from near the location of the C_oleman blocks. g
- Trees >6 m in he1ght vere climbed to obtain samples from the |
}upper half of’ the tree crown. ‘When' plants (e.g., PyPoIa

asarifol ia Michx., Cornus canadens:s L., and M:teHa nuda —

L.) were small, a new individual. was selected for ¢t
A ) " N

4 measUrement‘gvery 4 days, whlch resulted in a continuously

enlarglng radlus for sampl1ng due to a locallzed poputation

v ) i
~depletlon._ In most cases the plants vere obtained w1th1n 5
. 9,
m of the de51gnated sampl1ng site.
Nos RS o |

-
v

T

Due to the‘geographical separationJof\stands and the

lafge number of plant samples, it was necessary to develop
dlurnal Pt correttlon curves. Such curves allowed direct
~comparison of spec1es at a standard time (0700 hrs).

Diurnal correctlon curves were constructld from hourly
measurement df ¢t by specxes at each site on cloudless days
in July (Figure 7) By substractlng the initial mornlng

: S
¢ pressure (0700 hrs) from subsequent hourly readlngs,_at

o;?‘*wcor émtlon for 1ncreas1ng && mzth~t1me was p0551ble
Y ,.}*p»* P

t(Aﬁp nde II contalns in1tlal data) thls methodology

5., allowed the estlmatlon of ¥t - for all spec1es at a standard

¥ o \ . Lo - . AT
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':tlme, because 1t was 1mpract1cal to obtaln these!data .
]d1rect1y“¥f~ "‘,f;.{j"' *1‘15_if o f?f -
L R L N SR |

: w u
: radlatlon 1nten51ty due to cloud cover and smoke.‘ These_;g

rad1at1on correctlons were 0 257 0 5 0.75 and 1 for >80
- B0~ 30 30~ 10 <10% cloud cover, respectlvely These )

_correctlons were estlmated from Belfort actlnograph readlngs

"} ~ .\

"dtaken at the Hondo meteorolog1ca1 statlon. Such correctlons

, o R e ey

; :
are approxlmate, based on'the assumptlon that transplratlon--

' "rates 1ncrease w1th 1ncreas1ng radlatlon 1ntens1ty (Sucoff

"1982) Correctlons were made as follows. (Fleld ?t._ (?t

O I L

‘Time Correctlon X Radlatlon Correctlon)) = Estimated ¥t_at -

ey

"0700 hrs Mountaln Standard Tlme (Flgure 7) ”All FigureS“and;
". \ .
statistical analyses were based -on three p01nt mov1ng
“laverages (Splegel 1961) of the estlmated Tt values, whlle

‘reported m1n1ma were based on est1mated wt values

Taylor thermometers, Coleman blocks, prec1p1tatlon*
“gauges, and plant wt were read at 4 day 1ntervals from Ma¥ 6

through August 22, 1982, The plot sampllng order was mixed

contrnuously throughout the summer to av01d systematlc blaS.;

‘Readlngs were taken between 0600 and 1400 hrs MST : Plant.Tt‘>

jreadlngs were dlscontlnued when m1n1mum dally a1r
temperatures fell below —2 2 C.
To determine max imum rootingrdepth,.specimens were

.~ selected for excavation from designated plots near the

In addltLon Tt vaIUes were corrected for varled solarf

e

B



. SRR y _ . .
: sampllng 51tes. ~Shovels, hand trowels, dlssectlng probes,_)r‘

<,

r-and foreeps were used for excavatlon\\\Sketches and notes{*“ o

"
uwere made of root p051t10ns, types, depths, and substrates

LA . ..\-.

5011 water holdlng capac1ty (0.03 MPa mlnus 1. 5 MPa ‘j/
dwater content) for m1neral 5011 horlzons was est1mated w1th
j*porous ceramlc plate mozsture extractor (5011 Test) Intact
15011 samples were c\l\ected in copper rlngs (5 2 cm- I D by
4:;2 5 cm deep) by horlzon, sea\ed 'in plast1c bags, and ft
)_refrlgerated at ca/ 3°C untll q'ady for proce551ng ;Pr1or

‘to proce551ng,'samples ‘were masked on the lower surface w1th

',a flne mesh nylon cloth and soaked in dlStlllEd water for at |

131east 24 hrs.“ After proce551ng samples were drled at 105 C

)for 48 hrs.‘ The water holdlng capac1¢y ' gan1c horlzons

ngas estlmated by soaklng resh sampleé 1n water for 24

,hours, dralnlng, we1gh1ng, drylng,.and rewelghlng T Water"
dcontent was expressed as. percent water by VOIume,'for both
organlc and m1nera1 50115.’ A total of - three samplesaper'

horlzon were used to estlmate water holdlng capac1ty

)

RESULTS

. Temperature .
Vs SUmmer (May through August) a1r temperatures 1n 1982

s

averaged 124 4°C at the two meteorologlcal statlon% based on
dally measurements. Max1mum a1r temperatures (32°C)

\ A) .
| - RO . . ;

\ N , S



‘fg' ‘,-'. :?-, | l;7 - }/rﬁ\;
.~.‘%‘ c. .. . . . . ! . ' ) . 4 - ‘
occurred 1n June, but’ h1ghest mean temperatures (20 4 C) A

occurred 1ﬁ‘Ju1y The freeze free perlod - 2 2° C rather S s

*

than O°C whlch 1s used for frost free perlod) extended from o

-

June 7 to August 23 .e. 77 days § Thls perlod was 27 days !
longer than that measured dur1ng the %ummer of 1981 (La R01

Cana Ostaflchuk 1982) P N

a

Average temperatures at 50 cm above ground ranged from

3 to 2. 8°C hagher than those measured in the Stevenson

o

screens ~In general 'open canopy 51tes had the warmest

_pyg‘frextremes‘yhlle closed canopy conlferous stands such as Plot

.d; 4;'6; and 8 ‘were coolest (Tables 8 and 9)

v

Temperatures jUSt below the ground surface 1n closed
‘stands ranged\}mom 7. to 9 c cooler than air temperatures it
50 ‘cm above grobnd level (Table 9) Thls.temperature. »
dlfference was/less in open stands. Mean summer so1l
temperatures decreased Vlth 1ncrea54ng depth Maxzmum 5011
temperatures occurred in late July to early August ‘Surfaqe

' 5011 horlzons exceeded 0°C by mid- May, deeper horlzons (70

< 65 rand 65 ¢min Plots 4, ‘,‘and 8, respectlvely), however{'dﬂ__‘$ :

“_rd not thaw Uﬂtll late June.- ' b

In general a trend‘odeecreaSing mean summeruair»and.
-+

5011 temperature was ev1dent w1th 1ncrea51ng stand age‘-'“

(Table 9)
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Table 9 Mean Awr ‘and Soil Temperature (°C) for S
~ Summer. (May to August inclusive) of 1982 by Plot in
»the Hondo Lesser Slave Lake Area

LQCathh,_i'Mean A1r g ‘Mean'50i1v.. S50 Plot -/
~or. Plot . | Temperature . Temperature =, - _Age . ‘»3'
- Number ' . 50 cm Above . . by Depth . LS '(Years)
s Ground . (cm) " o _

e I Sb_u"th e ' 145:_?9. o ".:I-", R, - BRI -

CiNorth 14,3 T oL -
~Statiort - T o , T ;

:dack P1ne/Sand Sennes R T ST O AP
o S 40
: o e 60 -
3. 21800 ; R - .83
S ,”; - 1400 5 170

P~
BUTO®
N PN KN )

,Aspen/Sand Ser1es :
10 1508 9.0
g0 1558 - 7.5
4 ;'»'14 0o .. 5.9

M0
o
Ny
©
N
wo

aAspen/Clay 1oam SerIes e - j_fv ' -;1 '~ :
11 e S S I~ R
5 450 7.4 Tiee 5.7 T2
R D Z_.‘ 5.7 5.6 3.8 . to

%10 =10 =60
¢em - .cm . cm

Biack Spruce/Organ1c Serles
7o 14.8 ‘ 5.9
8 .

5 -
143 - 5.6 4, ';-122

a May mean temperature va]ues est1mated from
thermometers within'the. v1c1n1ty of p]ot due to
‘part1a1]y m1ss1ng data : _



~gre¢ip;ga;ion,

) 5 ' ' I

| A ‘ , . _ |
. Total prec1pitatlon averaged 246 fm (s=16 3) durlng the

Yo

'”May to September perlod based on 10 recordyng sztes.. At the'

N ,[
southern meteorologtpal statlon, 63% of thls prec1p1tatLon

'month w1th~only 14 mm *-The‘drstrlbutlon and quantltaes off

_prec1p1tataon recelved at the varlous sampllng plots durlng

:_ithe summer of 1982 are shown in Flgures 8-12 : ApprOX1mate1y lfd

f60% of the total summer prec1p1tatlon fell dur:ng 3 events

'%whlch lasted <7 days.‘ The heav1est raf’

jidur1ng a 24 hourfﬁ

~ffell durlng July and 26% 1n August, June was the dr1est }r . #,‘ o

perlod netted‘41 mm., Frost, dew, and/or ra1n occurred on‘7»‘3"‘""

86% of the days durlng th& summer of 1982 Compared wlth

4,)
30 year prec1p1tatlon normals at Slave Lake (Anonymous

,1982a), the nearest long term- meteorologlcal statlon,

";hprec1p1tat10n or1g1nated from cyclonlc systems and

~Averagef?lant'Wateerotentials.(Wt) o ETI : .

-

ralnfall in the study area and at Slave Lake webe hlgher

than normal (Table 10) However, amounts in June and August-

X,

were almost double the long term average for Slave Lake.‘

Convect10nal prec1p1tat10n was common, but gave only

-“small amounts of sporadlcally dlstrlbuted ralnfall Major :

-

ytdlstrlbuted ralnfall more evenly through the study area

[}
.

' AlliplotSyhad'slmilarvseasonal-¢t patterns,nalthough;'

’1Q7individUal species'deviated from these»general trends,

-

'"fwere lower than normal while July vaers rf the study area :N SN
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Table 10, Symmary of 1982 Summer Precipitation (mm) for
Hondo §.l and Slave Lake Townsite. '

Study Ares Slave Lake Slave Lake

1982 1982 1951-80
May | 13.7 21.8 T 10.8
wne 4.3 10.5 43.9
wuly 154.7 %312 795
August . e3.8 118.0 " 87.6
'Tétal (mm) | 246. 4 281.5 ° ézt.s

.
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. Vaers in early May were high stéadily“detreased until the -

latter ‘half. of June, then 1ncreased sharply after late June

'7n'when prec1p1tatlon 1ncreased (Flgures 8 to 12). ‘The June'

;depre551on was" followed by a weaker dry eplsode in each

JSUbSGQUent month Flgure 8b best 1llustrates the June Pt ’;u.

2kdepre551on, whlle Flgures 8b. and 11b dlsplay d15t1nct1ve

‘.July and August depre551ons.' 2

Plant water potentlals were measured “for. 6 tree

| ehspeczes. Plnus banksrana, Populus tnemulo:des Ables

,~_balsamea Picea glauca, P. mariana and Larzx 7aPICIna (Du

,’R01) K. Koch (Larch) , Thx\iowest %{ values for thesgjtree

°

‘ “spec1es ranged from‘-1 0 to f1 7 MPa w1th all except Pinus

o

;banks:ana (Plots 1 and 2) agd Larlx IaPICIna,,occurrlng in
p'the first half of thﬁs range | Plnus banks:ana and Abies 2
.-balsamea had hlgh sprlng wt values that decreased steadllyiﬁ,"pix
"throughout early summer, 1ncreased 1n early July, but then': | ,_\;-

’fell and remalned depressed durlng July and August v‘Plcea'

'aglauca tended to have lower sprlng wt values than Plnus

. v, d’ .
bankSIana,‘although the1r late summer valueS'were'similar.

~«P1cea manrana and Larix: Iarlczna had 51m11ar ¢t7¢urves;¢n'
llPlot T however, Larlx responded earlxer and more'strongly
to m01sture stress then did P maPlana. *t curves for"

~P maPlana were more varlable on Plot 7 than on Plot 8
V(Flgure 10a b) Populus tPemUIOIdes bt was ‘only moderately
kaffected by the ‘June ary perlod on both the sand and clay
floam sites (Flgures,JTa;jZa). However, Populus on Plot 10

A

v
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had a cycllc ?t curve w1th deeper

ly and August

depre551ons relatlve to other Spe's-i4

in the plot.

'_grnus7cpisaa (Ait ) pursh ‘was sampled in therdaokhpines‘
(Plots 2 andg3) and Aspen/Sand (Plots 10 and 9) Series |
(Flgures Bb 9a, 12). - This spec1es had the narrowest ¥t range B
(OtJ'MPa) and the. hlghest Pt values of the 13 spec1es

'_studlea 1n the Jack P1ne/Sand Serles. In the Aspen/Sandl
Serles 1ts range of Pt values was 1 2 MPa, also amongst the l
jlowest in Plots 10 and 9. Alnus Wt values averaged —O 32 ..

‘and -0.45 MPa for the summer ‘in the Jack P1ne and Aspen
Serles, respect1vely ~‘On1y in Plot 9 (Flgure 12b) d1d Alnus
show a strong response to the June dry perlod that |

characterlzed most plots. ‘3 : | ‘y g--.;'ﬁ
Q- ‘ '

The greatest seasonal fluctuatlons in ¥t were exhlbltedj
V'by erlcaceous and/or evergreen spec1es such as VaCCInlum -
,vrt:s ldaea L., V. myrtlllordes M1chx., Lrnnaea bonealls L.,

‘ ,Pynola asarlfolla Anctostaphylos uva-ursr (L.) Sprengﬁ *,', p ;i'
Cornus_canadens;s, and Mltel]a~nuda.‘.M1n1mum'¥t.value5p o
‘ranged_between —1.51and‘73.1 MPa vith’PyPOIa asarifblia ath*A

‘the lower eXtreme; Y

embers of this group had the’ lowest ¢t values of. the‘
21 taxa under conS1deratlon and. also usually the lowest
values in each plot (Flgure 8a,8b,12b). ;Exceptlons occurred
onAmoist sites ghére ?tﬁvalues'were ameliorated.(e{g.,

Vaccinium myrtilloides and V.-vitis-idaea in Plot 3). -In-



j
;

o and the Vaccxnlum group ‘based on mlnlmum ¥t . values and'curve»

3

/s

thaf. occupled an ecologlcal p051tlon 1ntermed1ate to Alnus

were varxable,

. "l" . ; »‘ ’ )

addltlon, thlS group shOwed a marked depre551on in July and
Augusd although less dramat:c than the June depre551on
per}od wh1ch lasted almost 4 weeks for some spec1es (F1gure

Ba b) R ."“ '.,.:-‘.? R

Rosa ac:cularls Prunus pensylvanica, Vlbunnum edule,

Lonicena lnvolucnata (Rlchards o) Banks, and Rubus pubescens

p051tlon. Some of these spec1es had ¢t pattérns whlch
dlffered from the normal trends of the plot. For example,

¢t values of Rubus pubescens 1ncreased durlng early “June

n_ﬂPlot‘3) and progress1vely decreased in late summer (Plot

[5); M1n1mum ?t values wereh-1 0 to —1 5 MPa and Wt patternsh

-

Rosa aCICuIaPIs had very 51m11ar wt curves on a varlety_;y
vof 51tes, desplte dlfferences in edaphlc and blOth

.condltlons ThlS shrub dlsplayed con51derable morphologlcal_

plast1c1ty,‘1nclud1ng chang1ng proportlons of 1ts above- and
below ground blomass. For example, deep 51nk1ng taproots

and dwarfed shoots were characterlstlc of: Rosa ‘on’ sandy

o 50115 (Plots 1 and 2) ,whlle shoots were well developed and

'

below grOund blomass wa's m1n1mal on clay loam so1ls

Amelanchler alnlfolla showed 51m1lar ShlftS in root: shoot

'ratlos from xeric to me51c»51tes.‘



Ledum gPoenlandlcum Oeder occurred on both plots of the
.Black Spruce/Organlc Serles (Flgures 10a b) Itsﬂwt values_‘w
were generally lower -on Plot 7 and equal to or less negatlve

; :

" than those of P.lvcea.mar'la_na.._ B LS S

‘Rooting Depth -and Mihimum L 34

; Specxes of the 11 plots wene cla551f1ed and graphed on.
the bas £ max1mum observed rootlng depth and m1nimumv
(i. e( most negatlve) morn1ng ?t values Rootlng depths were
)d1v1ded into three categorles (0 20 20 60 ,and >60 cm) as
 were mornlng Pt - values (0 t0j 0 5, O 5 to, 1. 5‘ and >r1 5
MPa)'" The flrst wt d1v151on 1ncluded those spec1es whlch
bﬁarg capable of nocturnally regalnlng or ma1nta1n1ng h1gh Wt
'values desplte env1ronmental cond1t10ns.; In contrast
"spec1es in the thlrd category could not recover overnlght
' from prevroms m01sture def1c1ts and.must tolerate further
water losses ' Spec1es 1n the mlddle category had
‘1ntermed1ate responses. The three depth categorles
'represent dlfferent posrtlons in the 5011 near—surface'
'organac and/or m1neral substrates, mlddle and lower solumy{
Plants can be separated 1nto 9 categor1es based on these two.
'varlables ' Thls approach represents an exten51on of work by
.Waring (1969) who used ¥t as’ an 1nd1cator of m01sture stress

in'communlty rnterpretat;ons,

96
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.'eand 2)

C depressed Wlth Pynola reachlng —3 1 MPa., These and other

f;shallowly rooted plants such as Rubus pubescens,

"npmore stressed on’ the Aspen/Sand 51tes than Jack Plne/Sand

151tes, desplte 1ts deep rootlng .on both g

Flgure 13 graphlcally summarlzes the relatlonship

" between m1n1mum Wt values and rootlng depth%A\Alnus,‘Plnus, -

‘;lRosa, APCtostaphylos, and Ables were the deepest rooted »r
“spec1es 1n the Jack P1ne/Sand Serles., Alnus had the hlghest
’l(l e. least stressed?‘mornlng Wt values and APctostaphylos

" had the lowest ?t values of . the deeply rooted ;pec1es.;_, .
?Plcea g7auca and Vlburnum edule were rooted in. the m1ddlecf

:‘1solum and had m1n1mum mornlng wt values wh1ch fell betWeen'

4]

}-O .75, and -1, 5 MPa.f The lowest *t values 1n the Jack

pP1ne/Sand Serles were observed for a: number of shallowly
'f:rooted erlcaceous and/or evergreen spec1es- PyPola . ‘ »

lasarlfolla, Vaccrnlum myrtzlloz es, and V v:txs-:daea.aimhepd

4lowest values ‘were ;ecorded on open4cagop1ed plots (e g.,_

The Aspen/Sand Serles had more extreme wt val

N than B,
‘fthe Jack P1ne/Sand Serles (Flgure,h3)r_ Pyﬁola asar:id??é\\;\\e

.,COPnus canadenSIs, and V vrtls-ldaea were the most severely

’3V myntlllo:des, and Llnnaea bonealls had vt values in the

5 tb‘—z 2 MPa range. AmelanchleF was rooted to 37 cm in

'Plot 9 and had a mornlng ¢t mlnlmum of ca *2 0 MPa.
'Spec1es 1n the deep-rooted group tended to have wt values

"f51m11ar to those 1n the Jack Plne/Sand Serles.' Alnus was’

R

[
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On the Aspen/Clay loam Serles shallow rooted spec1es

fsuch as Pynola asarlfolia Mltella nuda,~

';Rubus pubescens,‘and Connus Canadensrs had minimum wt values_f‘-'
HV.ywhlch ranged from -1 0 to —2 0 MPa.. P glauca, Abres, |
”fLonrcera invo)ucnata, and Vlournum were roo»ed in the 20 60..

'fcm depth»fange, and had *t mornlng extremes between —1 0 andf"

5

'JT-1.5 MPa., When these spec1es occurred in. both the Sand and

fClay loam Serles, they were usually pos1t10ned close to each

. other 1nJFlgure38, ; y_“jy»" g‘"-‘7 L 'c N ;“”,.

&

Plants of the Black Spruce Ser1es had wt values amongstﬁ

’“ﬂ"those of the Jack P1ne and Aspen Ser1es (F1gure 13). Plcea

’&fmarlana, V. vrtls-ldaea, and Ledum had ¥t extremes

{comparable to those of Plcea glauca. LaPIx had @t values

;comparable to- those of V. myntzllo:des, Cornus canadens:s,ff

,_Llnnaea borealls on the Jack Plne/Sand Serles.f No spec1esu
.iwere found 1n any Serles w1th1n the 0 to -0 5 MPa wt - |

‘-,cat ry at any depth : Rootlng depths vere 11m1ted to the

Hupper 40 and 60 cm of the Black Spruce and Aspen/Clay loam hvf-"

1fSer1es, respect1vely,»due to restr1ct1ons in the 5011.
Soil Matrix Potential (¥m) =

5011 m01sture was usually most abundant below 60 cm and

above 30 cm in m1neral 50115. Thls pattern of m01sture

:»h‘dlstrlbutlon was dlsrupted by the June m01sture def1c1t

whlch reduced ¥m values below‘—1 5 MPa ‘near ground level and

znnaea bonealrs,, ‘

99
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: thlS def1c1t ranged Etom 5~6 weeks for Plot 2 to <2 weeks

mground but was more avallable from June through August.

e

;SOmetimes?at'depth'KFigures 8b. and 9a) ‘ TheAduration»of'

5

for. Plot 4. July prec1p1tatlon partlally recharged so l

”mo1sture, partlcularly 1n the upper 30 cm of the solum. ¢m _
vvalues in the 30 to 60 cm depth range were usually <-1.5 MPa o

, from late May tQ September S L

__‘._A‘ E - N o ">
e . S . . .

e
.

In the Black Spruce/Organic Series,‘ﬁm'values-were
Bl _

'betWeen 0 and —0 1 MPa below the water tabl& level
‘throughout the summer (zero cm depth line in. Flgure 9)

L Plot 7 had a progre551ve momsture decrease 1n the upper 25

A

.cm of the: 5011 proflle untll late June and rema1ned between

=0.5 and -1.5 MPa durlng July and August.~ Mo1sture

,ava1lab111ty in. Plot 8 was low durlng May due to- the frozen

1
ES
N

All;plotshreceived'similar.precipitatiOn?amounts during”
‘the latter halffof«sUmmeri but the effectlve amounts were
'-not”identical , For 1nstance, prec1p1tatloh had l1ttlef

f,effect on’ surface (0-30 cm: depth) ¥m values of Plot 2

' falthough wm values below 60 cm 1ncreased from <-0, 5 to >=0.

MPa whlle ¢m values rema1ned below -1 5 MPa between 30 ang

-~

: 60 cm. On the Aspen/Clay Loam Serues, prec1p1tat1on

r,resulted in the recharglng of the entlre 5011 proflle._ )

5011 water holdlng capac1ty was greatest near the vh

'ground surface and decreased w1th 1ncrea51ng depth from ca

15 to 6%:by volume in the,Jack-Plne and‘Aspen/Sand‘Serles,

100
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'Plant'¢t-Correlations —

EY

~probably as a result of decreas1nd\organ1c matter content.

In contrast, the sandy loam overlay of the Aspen/Clay Loam
Serles had a water holdlng capacity of ca 25%;'whereas the
moralnal dep051ts vere <15%.‘ The thlck moss carpets of
Plot5'3 4, 6 and 8 and organlc lltter of other plots had a
greater capac1ty than &he mlneral 5011 Values for these
substrates ranged from 36-59% for mosses to 27 32% for

dec1duous»leafv11tter.

Moving average'plant @tqvalues were regressed and
correlated against. four mo1sture varlables (3 soil depths

(Tm) and prec1p1tat10n amounts) in an attempt to 1dent1fy

'm01sture sources used by . plants. It is to- be expected that

about 14 of the 288 partlal coeff1c1ents (r) of the multlple
correlat1on in the Table 11 will be»statlstlcally

s1gn1f1cant at the 0 05 probabll1ty level even if the null

'hypothesrs'were-true,gbut in fact 57. coeff1c1ents were
>51gn1f1cant ‘at that level. 'An'additional 20 coeff1c1ents

were 51gn1f1cant at the 0.10 probablllty level.

Approx1mately half of all 51gn1f1cant coeff1c1ents were

vnegatlve. Slxty percent of the 72 multiple correlat1ons

were«51gn1f1cant at P<0.05 level,

Seven spec1es were 51gn1f1cantly and primarily

correlated w1th prec1p1tatlon ‘values: Llnnaea bonealls (Plot

101
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) Mltella nuda (6) Pyrola asapzfolla (3 5, 6), Cdnnds ‘

N fshallow root systems (<20 cm) prlmarlly located in. the
.'surface organlc horlzons of mlneral 50115, exceptlons were

'._PPunUS and Alnus whlch extended ‘roots to 180 cm..‘

o

' In total =10 of the 72 p0551ble wt Wm palrs at 7»10 cm:

jdepth values were 51gn1f3cantly correlated W1th1n th1sff\
7ffgroup were shallow rooted spec1es such as VaCCInlum V
‘ imyntlllordes (Plot 1 2) V. v:tzs—ldaea (4 10) Llnnaea ,
l“bonealys (4 10) Ledum gnoenlandlcqm (7 8), and Plcea‘:'ia
vrhafféﬁalfva) and more deeply rooted spec1es such as Alnus
w‘pcnispa (Plot 3) Prnus banksrana-(3) and Ables balsamea "

’(4);' Most of these spec1es (73%) occurred malnly on sandy

50115' 20% were assoc1ated w1th aspen plots.

[N

- Three spec1es were 51gn1f1cantly correlated Wlth @m

.“yvalues at 30 cm depth Anctostaphylos uva-uns: (Plot 2?;
’*_Rosa ac:culaﬁls (5) and Lonicera lnvolucrata (5). Alnus
:'cnlspa (Plot 9) Arctostaphylos uva—uﬁs: (2) Amelanchier'
vainrfolla (9) Prunus penslvanzca (9) Rosa acrcu?arls (9l
| Plcea glauca (4 9), Pynola asanlfolla (9)' Vacc:nzum'

-vztls—ldaea ( 2,9) and v. myntrllotdes (3)4 and. Llnnaea

borealls (9) were prlmarlly and dlrectly correlated with Wm

vatr70 cm depth However, the last 4. spec1es do not normally

root'below”30_cm.'_Numerous-spec1es had partial correlatlon

:“canadenSIS (5 6) Alnus cnrspa (10) Rubus pubescens (5, )"

’fand and PPunus pensylvanlca (10) These spec1es had mostly

~
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coeff1c1ents whlch were 1nversely related (e 9. PanS'

banks:ana (Plot 1)) to wm values at 70 cm.

- 9 prscussion

ye

The correctlon technlque we used to estlmate plant

water potent1als (wt) at 0700, hrs MST from measurements made

’between 0600 and 1300 hrs MST on the same day (See Methods)
is based on the assumption. that transplratlon rates ‘are
relatlvqiﬁ constant under 51m11ar condltlons throughout the
summer.- It 1s well known that transp1rat1on rates are .

1nfluenced by so1l ¥m (Yang and de Jong 1971) amblent a1r

temperature and hum1d1ty,,w1nd speed and solar radlatlon.&.3

\ B
ulnten51ty (Larcher 1975) More recent work has shown that :

;transplratlon rates also vary w1th leaf age ‘in otherwlse

1dent1cal env1wonments (Korner et al 1979) ; Mean leaf age. -

"per plant certalnly 1ncreases throughout the summer in the
21 spec1es we measured : Some of the measured +Pt values of -
';early summer (e g APCtostaphylos uva UPSI 1n Flgure 8a,
’_Ledum groenlandlcum and Larlx Ianrczna in Flgure 10b) may be
in some cases. associated w1th the flushlng and expan51on of

,new leave5°'or a false xylem pressure potentlal readlng due

to abundant apoplastlc plant water and/or ‘an over-correction

- of ¥t values durlng perxods of abundant 5011 m01sture.
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' ﬂ“contrlbute no- systematlc error to the data | The use of a

It is- llkely that some . of the observed varlatlons 1nﬁ

plant ?t are caused by varlatlons among and w1th1n
’,

1nd1v1dual plants‘(Hellkv1st et al 1974) Thls sampllng .

'problem arises because the same plant sample cou&d not be

\
\

re—measured throughout the‘summer 1 Zobel et al.\(1976 P.

143) have suggestede however ‘that this practlce appears to

\

_ .
:-mov1ng three p01nt average wt for graphlc and 1nterpretatlon

purposes seems to have reduced the p0551bie "noise’ 1mparted
dby measurements t1me and sampllng error to &% acceptable
level, allow1ng comparlson of seasonal ¥t trends of'
individual spec;es and.stands. ‘

'fﬁ— vathe correction technigue can‘beAimproved‘bY
.rmplementlng leaf- age related correctlons, it'may'become

useful for comparat1ve analyses of water use by plant

. communltaes‘subgected to~d1fferent env1ronmental treatmenus.

Boreal forest Stands in central Alberta'are probably
mm01ster than many alplne (Oberbauer and Bllllngs 1981
Ehlerlnger and Mlller 1975) and arctlc tundra communltles
(T1eszen et al 1981), but dr1er than the vet tundra |
communltles of northern Alaska (Stoner and Mlller 1975)(
Furthermore, no boreal spec1es approgched the‘strongly
'negat1ve mornlng water potehtlals (ca. -4.5 MPa) measured
for APtemISIa and APCfOStaphylos spec1es in the chaparralv

‘“_Vegetatlon of southern Callfornla (Poole and Mlller 1975).
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'Our Plnus Ables and Plcea spec1mens were not subjected to

'm01sture def1c1ts as severe as those measured for Ouercus or

CaPya in central M1ssour1 (Parker et al 1982) Zobel et
‘_al (1976) reported m1n1mum Wt values for Ables, ThUJa, and
‘ Tsuga in the Pac1f1c Northwest that are comparable to those

' measured for boreal forest trees in Alberta Summer ¢t

t

m1n1ma for Alnus CPlspa subSpec1es SInuata in northern Idahovf

e

,(Cllne and Campbell 1976) were usually lower (more negatlvelhl

vthan those of A crlspa measured in thls study Understory nl

spec1es such as Comus canadensxs Lmnaea bor-eal rs, and

PyPola asarlfolla had dt m1n1ma 51mllar to those measured by"

other researchers (Warlng 1969 Zobel et al 1976)

e

Whlle the ?t response patterns descr1bed in Results
((F1gures g - 13) are probably un1que to the summer f 1982
they are undoubtedly typlcal of many summers 1n thJF
*The unlqueness stems from the magnltude and spac1ng of
_prec1p1tatlon events.h For-example,,the months of May and
~3une were con51derably drler (30 mm) than normal whereas
July and August recelved ca. 50 mm, more prec1p1tat10n than

would normally beoexpected (Anonymous 1982a b).

- -

Desplte the common v1ew that Plnus Populus, and Plcea,
'tmaPIana commun1t1es occupy dlStlnCt but overlapplng
~pos1tlons along a m01sture gradlent 1n the Bo;eal Forest

~ Region (e. 9. Kabzems et al. 1976, Strong and Leggat 1981)

they had 51m11ar summer Wt patterns ‘in our study area.

Y ’

reglon.'h~'.-:



f’Prnus banks:ana and Populus tnemulo:des stands,grewrng”aﬁ
S sand ‘had the grea¢est fluctuatlons 1n e values. i-f\g;)'f_ff//rg
*t values were hlghest at the beglnnlng of summer. A
.dprogre551ve decllne in wt and ¥m values occurred throughout )
'7May~andzJune., In many cases *m values were lower than -1 5

fMPa by early June._ When early summer m01sture became-lf”"

‘-fdavallable 1n the 20 60 cm depth range of the 5011 1t too»*'

5‘>was depleted by early June,,except in- the Black Spruce

_ISerles.' Water at a comparable depth in the Black Spruce o

'Serles was probably unavallable to the plants due to the

“f_fpauc1ty of roots at thls depth The greatest d1vergence 1n'

Dt values among spec1es occurred durlng 1ate June when
3‘:m01sture avallablllty was lowest. Wt values moderated 1n
.July when prec1p1tat1on 1ncreased However wt pattern_d'::
mdlvergence recurred when prec1p1tat10n and 5011 m01sture“.
1:dec11ned 1n late Uuly and August. -

I | i,__,i%mvft o o o e e
. ALl low'wtfvalues‘may'not‘be a result of low wm _ For. -
~.example,,the early June depre551on of Pyﬁola asarrfolla E
l'KPlot 10) may result from abnormally hlgh solar radlatlon at
ground level whlch is attrlbutable to forest tent : |
’f‘caterplllar (Malacosoma dlsstria an ) defollatlon of the
'*:Populus tnemuloldes canopy ' The Populus tremulo:des trees.k
h~of Plots 9 and 10 were not 51gn1f1cantly affected by

’caterplller._ After Populus produced a second leaf cohort,

o PyPola *t values became con51derably less negatlve Inf'



'.‘contrast the hlgh Wt for Alnus crlspa on Plot 3. may be f"‘”

fattrlbutable to. the partlal (2/3 reductlon) defollatlon of

the spec1es. Such reductlon 1n leaf area would have reduced

flzthe quantlty of water transplred relatlve to a fully leafed

o condltlon, thus 1mprov1ng 1ts water budget.,f

Lo

5011 mo1sture was usually most plent1ful above 20 cm

'f;and below 60 cm throughout the summer of 1982._ However,_hd‘\‘

m01sture below 60 cm was not ava11ab1e to most spec1es,
: epartlcularly those of the Aspen/Clay‘Loam and Black Spruce"

vSerles, due to rootlng depth restr1ct1ons. Surface organ1c

"-fmatter 1s a very effectlve 1nterceptor of and reserv01r for_:

» prec1p1tat10n. Percolatlon losses of 1ntercepted water to
;lower 5011 hor1zons occurred only when the water holdlng
fcapac1ty of the organlc matter was exceeded Prec1p1tat10n

>50 mm would be requ1red to raise *m values 1n the upper 30

em of the 5011 to fleld capac1ty ( 0. 03 MPa) assumlng the::hf

in;tlal $m value 1s -1 5 MPa, runoff d1d not occur;_no

| }1nterceptlon by vegetataon,.and mlneraI”and assoc1ated

organlc (10 cm thlck) horizons had water holdlng capac1t1es
yof 10 and 30% by volume,_respectlvely.e'In general‘ ‘ .
therefore, water percolates through the 5011 proflle of the
| tudled stands durlng summer only after heavy or repeated

"llghtvralns;i Durlng 1982 only 3 events y1elded ralnfall

amounts >30 mm. ThlS may in part explaln why roots are most

'fconcentrated 1n the LFH horlzon or near surface mlneral 5011
: . . o \

: |
s . i
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-hOleOﬂS when organlc layerﬁfarebabsent.?
o . . . ; . . \\'-bll'

T S L "\n

Four broad ecologlpal groups of vascular plants can be'f(

.““recognlzed w1th1n the At boreal forest stands. The flrst

? group is composed of shallow rooted low grow1ng, mostly
:evergreen spec1es wh1ch canltolerate low (< 1 5 MPa) ¥t

' values. Pynola asarlfolla, Vaccrnlum vrtis—vdaea, | )

V., myrtillo:des Llnnaea bonealrs Cornus canadensls,‘and
"_M!teIIa nuda belong to thlS group These spec1es occurred B

on a varlety of substrates and 51tes.?

o

Rubus pubescens may belong to thlS group but is an:

'..except1on ‘in- terms of both ¥t response and morphology ' Thlsl

perenn1a1 herb had mlnlmum wt values equal to or less
RO

-;negat1ve than -1 5 MPa. In addltlon 1ts *t values were notﬂif

“_correlated thh 5011 Wm at 7- 10 cm depth suggestlng that

jJRubus may have better control overwtransplratlon, vascular 3f,"

“conduct1V1ty, or water use efflclency than other

.Tshallow rooted spec1es.‘“’-

PR

R Shaflow rootlng could be an advantage to forest

understory vascular plants ‘ M01sture is usually most

U{avallable 1n the upper 2 dm of the ground surface due to -low

lhreglonal prec1p1tat10n and the relatlvely hlgh water holdlng'

7capac1ty of the 'LFH and Ae horlzons. These comblned factors

7{11m1t downward soil - percolat1on._ However,'shallow~root1ngv~
e Nutrlents are also an 1mportant factor, and will be'
con51dered in subsequent work (Strong and La. R01 1984b)



h}also has disadvantages Firstly,'thenupper»portion‘of the

-'solum has the hlghest density of roots (Strong and La Ro1
-1983a) thus 1nten51ve competltlon for m01sture.;vSecondly;

g.m01sture ava11ab111ty 1s extremely varlable durlng the

‘grow1ng season and d1rectly dependent upon prec1p1tatlon.

jThe‘second ecoiogical group of plants has maximum
root1ng depths to 60 cm with’ minimum ¢t values in the =0.5
‘hto‘-1 5 MPa range.‘ W1th1L ‘this group are Viburnum edule,_
'Rosa acrculanrs, Populus tnemulordes (fine-textured sozls)

':_Prcea glauca Abies balsamea (t111 51tes only) Lonicera

[

'I_rnvoiucnata, Picea marlana, and Ledum groenlandlcum.‘ From

“an edaphlc perspectlve,’deeper rootlng perm1ts exp101tatlon

d,of~water resources from a larger,volume-of 5011 Only when
19s011 m01sture is unavallable near the ground surface, e.g.,
from llght prec1p1tatlon,,d0es deep-rootlng offer an | |
’{advantage other than mechan1ca1 support._ Otherw1se, the

hmost su1table rootlng depth would be below the - zone of

‘extreme m01sture fluctuatlon, but close enough to the ground

“surface to utlllze some near surface water.

It is notable‘that Picea mafiana had Yt minima similar,
to those of spec1es commonly found on me51c upland 51tes.,
;ThlS suggests that P, maPlana is less able to control
transpzratlon losses.than.P..g]auca,«andethus 1s restrlcted

‘_to subhygrlc or’ hygr1c 51tes 1n the Boreal Mlxedwood

Ecoreglon. However, where ‘less severe cllmatlc m01sture

\
\
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vdeficits occur due to lower summer. temperaturesmand/or l\
5’1ncreased prec1p1tatlon (the Boreal Foothllls and- Upland
.Ecoreglons of western Alberta (Strong and Leggat (1981))
P. maPlana can occupy upland 51tes aiba sub- and co domlnant

with P. glauca.

[3

Abfes‘balsameahand P. glauca appear to have‘simllar
below ground niches on the Aspen/Clay loam 51tes.' Alth0ugh
'Ables had somewhat h1gher summer Pt values than P, ‘glauca,
nelther spec1es appears to have a dlstlnctlve advantage
/,below ground In comblnatlon with thelr shade-tolerant
character1st1cs, these two spec1es appear to be evenly
hmatched cllmax trees. Many of the spec1es belonglng to the
second group are components of late succe551onal and

: subcllmax commun1t1es.

Plants 1n the third ecologlcal group have rooting
'depths >60 cm, wt values between -0.5 and ~1.5 MPa, and grow

on deep sand dep051ts. Rosa ac:culanxs Alnus crispa,

Popu]us tnemulo;des, Abies balsamea, and PanS banksiana are
members of thlS group The Pt values of these species were

not con51stently correlated with 5011 ?m data, although>deep

;and/or spreadlng root systems ;epresent adaptat1ons for
\

. surv1val'of xerophytes under stressful_mo;sture conditions.
» The fourth ecological'group is represented by

Arctostaphylos uva-ursi'andpPrunus pensylvanica. These

";species have deep root systems (>60 cm) on sandy soils, yet

’ . r - .



they ékperiencé'¢t values lower than -1.5 MPa.-. Both species
have deep root systems which éppear inadequate in‘meeting .
the water demands of the.transpiring leaves. . The limitedf

number of deep sinker roots relative to the plant's leaf:

area suggests that moisture absorption is primarily from the

upper portion of the soil (<60 cm), where smaller roots are
. , : n 4 ‘
more abundant. The deeper roots may have a survival

function during periods of extreme drought.

' Vertical beldw—ground‘separatidn was' very eVident'among
the plant species investigated. This mechanism of resource
partitioning reduces the degree of root system'éverlap,hthus'
increasing the compatability of coexisting speciés. ‘This

phenomenon is not unlike the classic'eXamples‘dgﬁqribed for

warblers in the northeastern United States (MacArthur 1958)i'

birdé in ﬁropical rain.foreStS‘(DiamOnd,1973), or Ausfralian
‘desert lizards\??ianka 1969). Partitioning among plants
have been_reCognizéd below—gfound in.séveral_nén—forésf.
‘ecosystems. ‘For exémple, Muéllerqumbdis and Siﬁé (i966) -
and Brendse (1981) observéd tﬁe vertical and horizontél'
separatioh of grass roots under artifical growing |
conditions, while\prace and Wetzel (1982) iaentified similar

separations betWeen Typha species'acéordidg to water depth.

Wieland and Bazzaz (1975) found differences in the rooting

depths of codominant oldifield plants, while Parrish and
Bazzaz (1976) recognized'a'higher,degfee of n;Fhe overlap in

old-field communities as compared to prairie vegetation.

~
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Weager,(1968) has also shown that grassland species have:
individualistio rooting patterns and depths. The timing of
blologlcal act1v1t1es, dlfferentlal nutrient demands *
(Parrish and Bazzaz 1982) and phys1ologlcal adaptatlons
(Roberts et al. 1979, Parker ef al. 1982) both above- and

_below-ground -are additional dimensions for niche

Ty

(S0

part1tlon1ng which have been postulated I't seems o
reasonable to expect 51m11ar niche - part1t10n1ng mechanlsms'

among boreal plants which successfully coexist.

Comb1ned with different water absorptlve capabllltles
and controls over transplratlon rates, below- ground niche
separatlon should explain some of the individualistic .
fresponses of var1ous spec1es to varylng moisture supplxes.
Intraspec1f1c var1at1on in ¥t response patterns may be
tattrlbuted to varlatlons in. rooti/é/suhstrate. For example,
'Vaccznlum v1tis—1daea and V. myrtlllo;des grew in m1nera1
substrates in Plnus/APctostaphylos stands, but ° rooted in the
.LFH layer in the PanS/PIeUFOZIum stands. Such

‘1ndlv1duallst1c res nses by plants may partlally expla1n

.the low'éorrespon ence between spec{es and site~conditions
found by Carlton (1982) in Ontarlo jack plne stands. In
addltlon, adaptatlon to substrate conditions through |
dlfferentlal rooting may partlally explain the apparent

tolerance of some species to a wide range of site conditions

(e.g., Vaccinium vitis-idaea occupied sites that ranged from

xeric to hygric) and the overlapping distribution of species
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along moisture gradients (e.g., Whittaker 1975, p. 115).

‘\Subclimax atands (4,6,8) had specieslwt values which
were more synchroniaed (i.e. parallel, harmonioué)nthan -
younger seral stands (Flgures 8b,9b, 10c). Such‘synchfbny |
supports the hypothe51s of Bormann and leens (1979) that
climax ecosystems have better self-regulate@ nutrient (water:
and cation) fiows than seral ecosystems. The development of
a thick moss carpet and/or organic soil surfaee layermmay be -
an important mechanlsm for regulating nutrlent losses in
old-growth stands in. central Alberta."Thls control may be
an adaptive response to the 1ntercept10n of water by the LFH
layer,hm1n1mal evaporation from the ground surface and |
reduced soil temperatures dﬁe to shadjné from a o

| muitifstorieé stands, and the development_éf toots within
the LFH layers. Hdweyer, the lower percehtage.ef‘species in
significant wt-wm’correlations of subclimax. relative to
seral commun1t1es suggests that subcllmax commun1t1es may be
more llmlted by environmental factors other then m01sture \\\

availability[ most probably by nutrients.'

In summary, Succession tends to favor those spec1es
which are tolerant of both severe soil $01sture fluctuatlons

and shading in the boreal forest.



CHAPTER 1V
ROOT DENSITY - SOIL RELATIONSHIPS IN SELECTED BOREAL FORESTS
| OF CENTRAL ALBERTA, CANADA'

4

ABSTRACT

5011 p1ts located in boreal aspen (Populus tPemulofdes
Michx.), jack pine (Pinus banksiana Lamb.), and whlte sprucea
(Picea glauca (Moench) Voss) stands were analyzed by norlzon
for nutrients‘(Ca, Mg, PO,=P, K, Na, SO.-S, NH,-N, NO,-N),
phy51cal properties (horlzon ‘depth; silt, clay, and organic
content' bulk density; water-holding capac1ty) and root
den51t1es. Two aspen and three jack pine stands were
located on aeollan sands with Eutric Brunisolic soils, while
two additional aspen stands occurred on clay loam morainal
deposits witheGray Luvisolic soils. A subclimax white
spruce standvoccurred on both parent materiais.‘ Stand ages
ranged from 19 to 170 years 1n age. This study‘assessed the
relatlonshlps of root locatlon and. density to the

above—mentlonedﬁedaphlc factors. The highest concentration

\
o

of roots was at' the organic/mineral soil interface.

Correlation and Principal Comgonents Analysis (PCA) —
sugggested that root densities are negatively correlatedb

with depth, clay'content, and bulk densigy; and positively

correlated with soil water-holding capacity and extrsactable

‘Submltted to the For. Ecol..Manage. in August 1984.

B
N
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PO, . Insufficent Phosphorus sppears to be an important
growth-limiting factor in the study area. PCA prdinationw4
of edaphic variables consistently revealed a clLster of "
correlated variables composed of organic matter, NH., NO,,

and sometimes:.K content, but none of these was consistehtly“
asséciated with root distributions. Aspen communities

appear to be more dependent upon N and other organically . -~

0

bound nutrients than coniferous stands.

~

INTRODUCTION

In many fsrested regions of the world, edaphic and
disturbance £sctors account for much of the mosaic
patterning of forest communities found under a given
macrocllmate. The importance of edaphic conditions and
resources as factors controlling the distribution .and
product1v1ty of boreal forest ecosystems has become
increasingly ev1dent 1n recent years (Persson 1980; Van
Cleve and Dyrness 1983). Forest site-, habxtat-,'and
ecosystem-type classifications (e.g., Cajsndes 1926} Krajina’
1965; and Franklin and Dyrness 1973?, and forest ordinatioﬁs
(e.g., Whittaker 1956; Bray and Curtis 1957) are examples of
methods developed to elucidate and utilize C “ A
vegetation-edaphic relationships. Despite these efforts,
the relatlonshlps between vegetatlon and edaphic conditions

have only ‘been implied because plant root systems vere not



L. T

B

_an 1ntr1n51c part of- the analyses dThe sorl root- decomposer
: subsystem of edaphlc relatlonshlps is an[exceedlngly complex o
’fpcomponent of ‘forest ecosystems -due to the multltude of
. chem1cal blologlcal and phy51ca1 varlables whlch can -~
‘fﬁlnteract below ground . Our understandlng‘of this subsysteml
”115 further 1mpeded by spatlal as well as by vertlcal |
substrate heterogenelty and d1fferent1al rootlng depths of.
’v1nd1v1dual Spec1es (Strong and Laéh01 1983a b) f If root
gpos1tlons 1nd1cate where essentlal nutrlents are abgorbed
(St. John 1983), then root system analyses are cr1t1cal to.

‘the understandlng and management of plant communlty edaphlc

:'relatlonshlps. ," T - L o e S

The objectlves of thlS paper are to (1) descrlbe
iselected edaphlc characterxStlcs of 9 boreal forest stands,
V(2) 1nterpret the p0551blegecologlcal 51gn1f1cance of thesein

m,characterlstlcs u51ng Pr1nc1pal Components Analysis (PCA)
/and correlatlon, and (3) dentlfy below ground succe551onal'

/

trends assoc1ated with these communltles

3

.
S .

o

STUDY AREA

- The study area is located in the Boreal Mlxedwood
‘“‘vEcoreglon (Strong and Leggat 19871) 55 km southeast of Lesser '
Slave Lake 1n central Alberta The cllmate, site

'.oondltlons, and vegetatlon have been descrlbed by La R01 and



= Ostaflchuk (1984) and Strong and La R01 (1983a b).. Brlefly,;ﬂ

aspen (Populus tPemuIOldes Mlchx.)p jack p1ne (P)nus

'_.banKSIana Lamb ), and whlte spruce (P)cea glauca (Moench)

‘;Voss) (Moss 1959) forests occur. on Eutrlc Brunlsollc

(Anonymous 1978) 50115 developed on well drained aeollanb

. sand dep051ts- ‘while aspen and whlte spruce forests also

}occur on moderately well dra1ned Gray LUVlSOllC 501ls

‘developed on clay r1ch tlll dep051ts The topography 1s

gently rolllng throughout the area.k Aeollan dep051ts in the o

form of roll1ng plalns and sand dunes domlnate the southern L

portlon of the study area, whlle moralnal dep051ts occur 1n

;the northe:n sectorr

¥Q

The nlne plots used 1n thlS study are thought to .

represent three succe551onal sequences (Strong and La R01

1983a) : Jack Plne/Sand Aspen/Sand and Aspen/Clay Loam Q

Series.' The Jack Pine Serles con51sted of four stands two

‘ Plnus/Arctostaphylos/CIadrna (40 and 60 - years old) one

Plnus/Alnus/APal7a/P7eunoz:um (85 years old) ~and one*

'Plgg;rﬂbleS/Hylocomlum (170 years old) stand (Plots -4,

respectlvely)

t

The Aspen/Sand Serles was composed of three stands,

'Plot 8 represents the subcllmax stand of. both the Aspen/Sand

“and Jack Plne/Sand Serles, and was: used as’ such , Aspen :'v

dominated the overstory vegetatlon of two -

‘ Populus/AInus-Prunus/Anal1a (Plots 10 and 9) stands (40'and. -

79 years old respectively) B Whlte spruce occurred in the /_'b

122



o subplots were - chosen at random for detalled sampllng A p1t

0123

- tall herb layer (1=3° dm) of Plot 10;.but was sporadic as-a

subdomlnant 1n Plot 9

| The Aspen/Clay Loam Serles was composed of three"
stands a Populus/CaIamagr'ostls/Ar'aI ia; a Populus Plcea/
vlbumum/Ar"aI:a, _and a chea Populus/V:bur'num/Ar*aHa (19
"72, and 115 years old) stand (Plots 11;,5' and 6

_' reSPECtlvely) _ The feathermosses Pleur*ozlum schr*ebem
’-(Brld ) Mltt 'and Hylocomzum splendens (Hedw ) B.S.G. had
30 cover in Plot 6 ThlS Stand was con51dered to represent
_the’subgelmax.stage of the Aspen/Clay Loam succe551onal

- seguence.

- METHODS

Field Procedures
‘wlthln each stand a 20x50 m plot was subjectlvely
10cated and staked 1nto forty 5x5 m subplots. Seven

0

~ was dug’ in the center of each subplot to >1.25 m, then

After descr1pt1on, one wall of the plt was. . smoothed

w1th ‘a knlfe and . wasﬁE§~F;th~a\low pressure water sprayer to

expose root ends for easier: countlng : Roots on the prepared

‘f',,pedologlcally descrlbed.

p1t wall ‘were enumerated 1n a countlng frame 1 25 m hlgh and

b

0.2 m w1de,‘wh1ch was composed of horlzontal cells, 2. 5x5



s.'cm;f Thls sampllng deslgn was 51mllar to that descrlbed by
bBohm (1979) : By plac1ng the countlng matrix vertlcally
-agalnst the p1t face, it was p0551ble to determlne the
jnumber of roots 1n each cell as’ the 5011 proflle was
h*descended; Roots were separated 1nto f1ve dlameter classes
(<0.075,.0.075- 1, 72 2-5, and >5 mm); however, this .

analy51s relled on the summatlon of the two smaller dlameter

“.classes whlch contalned >95% of the total number of roots.

No attempt was made to separate 1nd1v1dual spec1es. Root'
"den51t1es by hOleOﬂ surface (roots/dm bR were estlmated by

_grouplng rows of,cells.

3

Bulk 5011 samples ot‘known volume were taken from each
'ahorlzon, a1r drled and sealed in - plastlc‘bags.‘ Samples for }ilj
westlmatlng water holdlng capac1ty were collected 1n copper b ‘
‘rlngs (5 2 cm I D. by 2 5 ct deep) by horlzon,' sealed in - " o
~iplast1c bags, and refrlgerated at ca 3°C untll processed ) i

Q\ : K "”3’4;:}; W
*All samples vere collected from late June to early August.

i 4;' ! B ' : :“)
_Laboratory Procedures

]

Three pits’ in each plot were selected for detailed
.analy51s ' Selectlon wi\‘based on: lack of major 5011 proflle

Vanomalles and sufflclent sample to complete all analyses.

,Extractable P in the form of PO, was determ1ned by the
"~ - "medium strength" Bray method “ S 1n the form of SOu was .

jextracted w1th a 0 1M CaClz solutlon P and S

Cw



175

fnconcentratlons‘were mea5ured by colorlmetry (Technlcon IT
"Auto analyzer) Avallable Ca,‘Mg, Na, and K were extracted
::wlth NH-, OAc (pH 7) u51ng ‘a 1 5 ratlo of soxl to solutlon,
‘.whlle Total Exchange Capacmty (TEC) was estlmated w1th a
| 125 ratlo...Catlon concentratlons were determlned by atomlc

‘absorptlon (PYE %ﬁhcam SP1950) o o
5011 pH was determlned by 1mmer51ng 10 g mlneral or Ca ._ﬂ,ll‘ o

5 cm’ organzc 5011 1n 50 ml 0 01M CaClz solutlon.‘A“"‘

]

Measurements were made w1th a Cornlng glass electrode meter </
Texture of the. <2 mm mlneral 5011 fractaon was

,determlned by the plpette method based on. 20 or 40 g'

:ﬁsamples, dependlng upon whether flne— or coarse textured
-respectlvely Samples were: decarbonated w1th HCl and wet

.ox1d1zed with H 02 to remove organlc constltuents.
. e : : o : | SE

_ Percent organlc matter was determlned by the o

',Walkley Black wet oxldatlon method All prev1ously

‘:mentloned 5011 analyses follow procedures descrlbed by

McKeague (1976).

'Awailable water-holdlng capacity for mlneral’SOil
e horlzons was estlmated at —0 01 and —1 5 MPa'uSlng-a ceramic P
’,plates extractor , Prlor to proce551ng the undlsturbed 5011~
samples were masked on the lower surface w1th flne mesh ‘
bnylon cloth and soaked ‘in dlStllled water for +24 - hours
(McKeague 1976)‘ After equlllbratlon at the above water

‘ potentlals, samples were drled at - 105°C for 48 hours.
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1Water holdlng capaclty of organlc horltons was‘estlmated by
soaklng fresh samples 1n water for 24 hours, dralnlng for"ia
I';dca. one hour, welghlng, drylng (105 C) 'and rewelghlng

' ;Capac1t1es was expressed in’ percent by volume.:‘{ v
- :: The quantlty of NHu and NO, (measured as. nltrogen)ri_l.
ﬂdpotentlally m1nerallzed (Smlth et 37 1981) 1n the so1l—

-;durlng summer was estlmated by anaeroblc decomp051tlon.-r'

N

";Thls analy51s was modelled after work by Powers (1980)

'jSamples for 1ncubatlon were taken from the <2 mm fractlon of-

7i..bulk samples (A and B horlzons) :and fresh lltter (LFH)

':‘samples collected 1n late September, 1982,,after leaf fallu

‘Litter sam ’es\were stored in. the dark at 3°C untll

TN

. - v oo

'v‘processl. it

thter samples were.prepared for 1ncubatlon by chopplngf

ﬂ‘lw1th a razor blade aid then were d1v1ded 1nto two ‘

.subsamples._ One subsample (Ca 0. 5 cm ) was welghed and

hsadded to a 16x150 mm test tube w1th 12. 5 ml of water, whlle
‘the~other.was welghed oven dr1ed at 105°C, and’ rewelghed to
_determlne water content.. Three 1ncubated samples weres -
*prepared for each plots. Organlc part1cles were malntalned .~”‘
ln a submerged state w1th a flberglass plug placed just

'below the alr water 1nterface. Five grams of 5011 were used o

vfor m1neral horlzons. Tubes were sealed Wlth rubber

‘istoppers and’ dark 1ncubated for 21 days at 18° C (Plot 4);

“22°C (Plots 1,5,6,9,11), and 28.6°C. (Plot ,2,10). These_f

wtemperatures‘over*a 21 day perlod.represent half thevaweragede.



number of heat un;ts (1 e.-degree days >0°C)favailahleifor;7'
_ decomp051t1on 1n the varlous stands (values ranged from

" oca. 600 An. Plot 4 to 1700 degree days 1n Plot 1) and
horlzohs durlng the summer. Incubatlon temperatures vere :

estlmated by measurlng temperatures at 4 day 1ntervals at 30

cm above— and 10 and 30 . cm below ground 1n each stand from

ey e T

"early*May to'September,l1982. R ﬁﬁjz
After 1ncubat10n samples were . leached w1th 2N KCl to a_~
‘vtotal volume of 50 ml NHn and NO; concentratlons were
measured w1th an auto analyzer._ All nutrlent analy51s‘

results are: reported on a. dry welght ba51s (ug/g)

( .

Multivariatefand StatiStical\Procedures

All soml nutrlent and phy51ca1 propertles were:
converted to elther denszty unlts or percentage values to -
fac111tate Prlnclpal Components Analy51s (PCA) : Only those fd
horlzons hav1ng root den51t1es >0 ‘were 1ncluded' X'.
- correlatlon matrlx rather than the typlcal o |
varlance covar1ance matrlx was used due to mlxed unlts of~
‘measure (Isebrands and Crow 1975) ‘ The 1ntent of PCA was to o
graphlcally portray the 5011 varlables for ea51er
descrlptlon and hypothe51s generatlon ThlS was.
accompllshed by plottlng the e1genvalues of the flrst
O(x-axls) and second.(y- ax1s) components of each 5011
varlable Product moment correlatlon coeff1c1ents between

edaphic varlables and root den51ty (log1o) were then plotted
' B
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"'on the ordlnatlon Both PCA ‘and correlatlon analyses were )
performed w1th Mlchlgan Interactlve Data Analy51s System."‘

51 programs (Fox and Gulre 1976)

"Soil Profile Descriptions

501ls in the Jack Plne/Sand Serles were cla551f1ed as
_Orthlc and Eluv1ated Eutrlc Brunlsols._ The former was more

"common in the tree canopy openlngs of Plots 1 and 2 whereaS--

: '..Eluv1ated so0ils occurred beneath trees.' LFH horlzons had an

}*average thlckness of 2 4 cm. Th1n dlscontlnuous Ah or Aej
horlzons occurred in the uppermost portlon .of Orthlcf
e proflles.v EIUV1ated subgroups had Aej horlzons <6 cm th1ck

]‘Uunderlaln by l and somet1mes 2, brown (10YR 5/3 dry) to :

V'»vpale brown (1OYR 6/3 dry) Bm horlzons wh1ch extended to anrh'

average depth of 39 52, Aand 73 cm 1n Plots 1, 2, and 3
‘3respect1vely CaCO3 enrlched the aeollan parent materlals
(Ck) below 90 ¢cm glVlng a dlstlnctlve 1ncrease in pH -
relatlve to the overlylng horlzons (Table 12) Roots seldom
f(occurred in the LFH, but con51stently exceeded 100/dm2 in 7'

'the zone 1mmedlate below.'

Soils of the Aspen/Sand Series (Plots g and 10) were

n'r;cla551f1ed as Eluv1ated Eutrlc Brunlsols.v The LFH horlzon

was domlnated by dec1duous leaf lltter 1ﬁ varlous stages of
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decomposition with an average thickness of 5.5 cm. Beneath
'the LFH were Aej, Bm1, Bm2 or Btj, and Ck horizons. Ae]
horizons were continuous and averaged 8 cm in thickness.

" The B,horizone were similar to those of the Pine Series,
'eicept the.lower horizons had weak evidence of clay
illuviation in the form of structﬁre development and.
textural changes. The lower portien of the B horizons
'occu{red at approx1matel; 80 cm. Root: denélty was hlghest

in the LFH and declined with depth.

éoils in Plot 4 were classified as Eluvieted Eutric
Brunisols and Brunisolic Gray Luvisols. The LFH layer
averaged 8.3 cm in thiekness and was primarily composed of
Hylocomlum splendens and secondarlly of Picea and Abies
detritus. The profile morphology was 51m11ar to that of the

Aspen/Sandeerles‘and Plot 3, except some pedons had better

developediBt or Bm2 horizons. The degree of Bt development

was the principal distinction between the two subgroups.
The average lower limit of the B horizon occurred at 63 cm.
Root den51ty was hlghest in the surface mlneral horlzons

(Table 12).

Aeolian deposits of both the Jack Pine- ahd*ASpen/Sand

Series had clay + silt contents of <12%. Pine stands had a -

higher silt conteqt than’ the Aspen stands, whereas clay
‘content was 1% higher in the Aspen spils. The h1ghest 511t

+ clay content (18%) in the two series was found in Plot 4.

N

L -
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The water-holding capacity of mineral soil horizons
ranged from 6 to 16% by volume; the higher values were found
invsurface horizons. 'ﬁFH horizons had water-holding
caoacities 2 to 3X greater than'those of mineral soil

;' , .
horizons (Table 12{.

Minimum nitrogen (NH, + NO;) concentratlons were 280,

o

1010, and 330 ug/g (0.02, 0.07, and O. 02 moles/kg soil,
respect:vely) for jack pine, aspen,”’ and spruce-fir stands on

12), §$04-S concentratlons were

sand, respectively (Table
<18"Ag/g (<0.0006 moies/kg throughout the soil profile. K
had maximum values of 3 ug/g (0 01 moles/kg) in the
ASpen/Sand Series and pinimum values of 230 ug/g (0,006
 moles/kg) in the Jack Pine/Sand Series.  PO,-P
concentrations sel' l
SO., and K were most abundant in the LFH horizon. Ca was
bimodally concentrated in the LFH and Ck horlzons, with
values between 2000 and 3000 ug/g (6.05 and 0.07 moles/kg)
_except in the LFH horizons of the Jack_Pine/Sand‘Series,

~ where values averaged 910 ug/g (0.02 moles/kg). Mg content
ranged-from 60 to 130 ug/g (0.002‘to 0.005 moles/ko) in’theb
Jack Plne/Sand Series and from 80 to 380 upg/g.(0.003 to 0.02
moles/kg) in the Aspen/Sand and Spruce fir stands.

' : o
Soils of the Aspen/Clay Loam Series were cla551f1eé as’

Orthic and Gleyed Gray Luv1sols., These soil subgroups were -

~composed of 5 and'sometimes 6‘horizons. The LFH horizons of

Plot 5 and 11 averaged 8.1 cm in thickness and were composed

m exceeded 80 ug/g (0.0b3 moles/kg). N,
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of deciduous leaf and herb litter. On Plot 6 the LFH
horizon was malnly composed of Pleurozium Schneberi and
patches of decmduous 1eaf litter both averdging 12 cm in
',th1ckness An eluv1ated (Ae) horizon with a with a
distinctive gray (10YR 7/1 dry) color and platy structure
occurred below the LFH horizons in all three stands. Below
‘the Ae occurred a transitional horizon (AB) with an average
"thickness of 14.3 cm. Both the Ae ahdeB horizons occurred
in the sandy-textured outwash which overlaid morainal
-materials. Imperfectly drained‘Bt pedons had granuler
structure and mottles, Better drained pedons had a blocky

structured BC horizon. Root densities we} greatest in the °

. ‘4;;
LFH horizons and declined with epth.

pedons in Plot 6 were similar to tho Plot 5 and
11, except for the lack %éfGleyed subgroups and the

consistent occurrence of BC horizons. v -

NH,., NO,, and son were most abundant in the LFH. horlzon
in the Aspen/Clay Loam Ser1es, whereas Na and Mg were most
abundant in lower horlzons (Table 12). < Maximum SO.-S
concentrations were <20 ug/g (<0.001 moles/kg). ‘Ca
concentretiohs exceeded 2000 ug/g in all horizons, except in.
the Ae and AB horizbns where it seldom reached 1000 ug/g
(0.02 moles/kg)" K was similarly distributeq but its
avallablllty was only 10% that of Ca. POn-P occurred
throughout the soil proflle in quant1t1es <40 ug/g (0.001

moles/kg).



: _ o
5011 bulk dén51ty was greatest at depth and rangeqffrOm

';L$1 38 to 1. 67 g/cm3 , Surface mineral hOleORS had. bulk
\1den51t1es <1 4 g/cmJ whereas LFH horlzons were <0, g/cm
' Water holdxng capac1t1es ranged from 8 to 36%: by volume wlth

3 hlghest values in surface horlzons (LFH Ae, and AB) 501l

pH values ranged from 5.6 tg;gxé/,w1th Ae horlzons having

the'lower values. Organlc matter was concentrated at the

lground 5urface and occurred only in the upper 15 cm of the

mlneral SOllﬁlD quantltles >2%.

_i Total exchange capac1ty (TEC) was h1ghly varlable..f nf_!
‘the Sand Serles and the outwash portlon of the LUVlSOllC' ~
"150115 proflle, TEC decreased w1th 1ncreas1ng depth TEC was

f?usually hlghest 1n the till portlons in the Aspen/Clay Loam

‘ Serles

0 - X
/ .-

* “
A

gPCA and Correlatlon of Soil. Varlables

To evaluate p0551ble changes 1n condltlons with

. 1ncrea51ng stand age, plots were grouped into elther seral
U(Plots 1,2,3; 10, 9,"11 5) or subcllmax (Plots 4; 6)

-,categorles. Stand age and succe551onal status as reflected

by* spec1es comp051tlon were the criteria used for grouplng
- , v ' ’

Three general grouplngs of varlables can be detected in

_,seral stands of the Jach\Plne/Sand Serles (Flgure 14A) The
‘flrst group con51sts of three varlables. water hold1ng

‘capac1ty percent 511t and PO“, these varlables were ‘

raL
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e

h(p<o 91

o

p051t;vely cdrrelated (P<0 01) with roots/dm"vPO“ was. most

«
strongly correlated (+0 62) 1 The second group is- composed

"of Ca, percent clay, and depth these varlables were,fr

'negat1vely correlated w1th root den51ty, horlzon depth was

strongly correlated (-0. 84) with root den51ty A thlrd

7group 1ncludes varlables whlch were not- 51gn1f1cantly

correlated w1th root den51ty,,w1th1n this grouplng there | is

a dlstlnctlve cluster of 1ntercorrelated varlables. H 1on,

’ organlc matter, Noa, NHu, sou, and K. content ‘The 1h

negatlvely and p051t1vely correlated varlables occur 1n the

£y

‘upper left and lower rlght quadrants of the ordlnatlon

d1agram, respectlvely, whlle the var1ables uncorrelated w1th

root den51ty occupy an 1ntermed1ate p051tlon.

In seral stands of the Aspen/Sand Ser1es (Flgure 14B)

POy was agaln the varlaple hav1ng the strongest correlatlon

w1th roots/dmz (r=+0;69)‘ Four other varlables, SOu,

.water holdlng capac1ty, ofganlc content and K were strongly s

'-correlated (P<0. 01) w1th root deuﬁlty Th@se varlables '

2

vyformed a dlscrete cluster w1th N03, NHn, Hgdon, and Mg

I

_ content- _H- 1on and Mg content wege moderately correlated

‘;wlthero%t den51ty Horlzon depth and bulk den51ty
had strong negatlve correlatlons w1th root den51ty, whlle '

Ca, Na, clay, and 51lt content vere unCOrrelated

In subcllmax Plot 4, POu and H- 1on content were
( -

'p031t1vely correlated, whlle hor1zon depth and Ca content

~were negatlvely corralated w1th roots/dmz at the P<0 05

L7 o ' o . . s . N
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Figufe114;_ PCA and product moment correlat1on
| | coeff1c1ents (r x 100) of 5011 propeftles by
) succe551qnal grouplng.:A - Seral Jack
Plne/Sand B - Seral Aspen/Sand sé e} -
Subcllmax Wh1te Spruce Flr/Sand D_e Serei
Aspen/Clay Loam; and E,-vSubcl;max Wﬁite.
- Spruce/Clay Loam.h'DeterepreSenﬁrthe_e'
gesf,f77ﬁ/f »~locat10n of 5011 varlables based on‘ ‘
: elgenvalues from the, flrst (x-axls) and
R ';v _,second (y- ax153 eoeponents of the PCA |
| | | Numerlcal values*%epresent 51mple correlatlon
coeff1c1ents i. e.;llog,o root den51ty (o)
g verses NH, NO b, etc;' See Table 13 for
symbol names. Dashed lines enclose‘g-' ,'4~;,  :
.correlation coefflcrents s;gnlflcapt”etythef .
P<O 05 (Flgures c,e) and P<0 01 (?iQUres.H-yff
a,b,d) levels. : ‘iNﬁmbeﬂ of 5011 horlzons
used in each analys;s. EV'= Percent ‘ ;-‘v‘ \\\

yg . -b ~',“3:?j

explalned varligdg bf thé. PCA
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level (Flgure 14C) ' The two- negatlvely co'h‘latedpwariables

: had a. hlgher degree of varlance explanatlon fr?) thandeither‘ R

i of the p051t1vely correlated varlables. ,The. malning'

varlables were- uncorrelated w;th root den51ty,‘among them

“'chere is a d15t1nct1ve\c1uster of pOSlthe coeff1c1ents
rcomposed of organlc matter, NHu, NO3, SO“, K, and |

hwater holdlng capac1ty, these var1ables were all

"51gn1f1cantly correlated w1th each other.

In seral stands of the Aspen/Clay Loam Series 51x’_1

'tharlables had p051t1ve correlatlons (P<O 01) w1th roots/dm"
'1(F1gure 14D) of these, water holdlng capac1ty was locatedwa-'

nearest the root den51ty 1n the ordlnatlon, four varlables:k

: (NHn, SOa, K, organlc matter) were clustered at the opp051te

end of the 1% probablllty grouplng, and Pﬁn’was located

between the-two,locl extremes.,' » «,K(h

Mg, Na, clay, bulk den51ty, and horlzon depth were \

3

f negatlvely correlated w1th roots/dm thelr r’,values range
from 35 (Mg) to 88% (depth) Ca" H 1on, 511t, and NO;I |
“content were not 51gn1f1cantly correlated‘with root density.
In Plot 6 the subcllmax stand of the Aspen/Clay Loam
Serles, POf and water holdlng capac1ty were p051t1vely '
hycorrelated (P<0 05) w1th root den51ty (Figure 14E) . PO, wasf
closer to and more strongly correlated w1th root den51ty

V‘than was water holdlng capacxty Varlables negatlvely

orrelated w1th root den51ty included: Mg, Na, depth clay,

o
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and bulk~densitv, the remalnlng 1ndependent varlables were

,fvuuncorrelated. ’
In:general variables'which'were'negatively;correlatedQf»
w1th root denszty were assoclated w1th the lower portlons of
:the SOll proflle,'whereas p051t1ve coeff1c1ents vere.
.assoc1ated w1th the upper portlons The flrst two, component
o axes of each of the flve PCA ordlnatlons accounted for from
:;64 to 78% of the observed varlance.b The Jack. Plne/Sand
Serles had the lowest proportlon of explalned variance.
Table 13 summarlzes the correlat1on between root den51ty ‘and
'.the varlous edaph1c varlables by plot grouplngs. - Bach of
these varlables was elther uncorrelated or unldlrectlonally
‘correlated WIth root den51ty (e.g., 4 positive and 1
":uncorrelated(case),Aexcept 51lt c;ntent ‘PO, NO;, and
'}'horiion.depth»hadaexclu51vely p051trve, neutral, and
;negatxve correlatlon values, respectlvely H-ion and NH;
content were uncorrelated whlle'water holding capaclty was
'rp051t1vely.correlated in 4 of the S”plantjcommunity_ ,

~ groupings.
.- . s DISCUSSION

In all 9 boreal forest stands, the hlghest
concentratlon of roots was in the lower portlon of the LFH

v'layervor,;mmedlately below (Table'-Z)rr Slmllar results have



been found by other researchers 1n a varlety of forest"~
*.'ecosystems (Klmmlns and Hawkes 1978 pf 269) ‘ Such root

‘ b
dlstrlbutlon patterns are probably adaptlve not

- c01nc1dental 51nce the ma1n source of recyclable nutrlents,'

t;warmest 5011 temperatures, best aeratlon, and many

"cases, the most avallable water and hlghest water holdlng

Y

'Kcapac1t1es occur ]ust below the ground surface.,flnw
‘comblnatlon, these cond1t1ons would promote max1mum lltter
jdecompos1+10n and greatest nutrlent release relatlve to .
"other p051tlons in the 5011 Extractable NHu N, NO3 N,
so“ S, POu h’ nd K all attalned the1r hzghest ' |

'concentrat1ons 1n the near surface 5011 horlzons

v
s

Other 5011 varlables (e g., Ca;>Mg'and claY»content?a'

depth and bulk den51ty) were negatlvely assoc1ated with: rootV

den51t1es.. of these, only clay content and bulk den51ty

could be con51de;ed to have a dlrect, negatlve effect upon B

root development by mechanlcally restr1ct1ng downward root
penetratlon (Table 13) Bulk den51ty 1ncreases w1th |
lncrea51ng depth and an 1ncrease in clay content in the
Aspen/Clay Loam Serles.. Ca in the form of CaCO; occurred at
depth in Jack Plne/Sand and Aspen/Sand stands poéﬁlbly due
to leaching. The higher concentratlon of Mg in the B and c
horizons of the Aspen/Clay Loam Serles is probably related

to the parent materlal mineralology rather than ‘flgenlc

Q
processes..
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:POQ.was the only measured varlable whlch con51stently
‘had a strong pos1t1ve correlatlon w1th root dens1ty (Flgure
14). ThlS close llnkage suggests that the relat1onsh1p

“ between roots and. PO“'content is b1olog1cally 51gn1f1cant
‘Hence, 1t 1s postulated that of the measured edaphlc
varlables, POu'ls the prlmary factor llmmtlng growth whlch iA

may ultlmately llmlt product1v1ty of upland forests 1n the )

o study area.

“y°. Slmllar conclu51ons have heen reached by other .
greSearchers 1n other ecosystems.' For example, Sldle and
Shaw (1983) suspected P def1c1enc1es 1n clearcut westernlr
hemlock S1tka spruce (Tsuga heterophylla (Raf. ) Sarg ) *ﬁ‘
'.Ptcea s:tchens;s (Bong.). Brr.) stands, but thelr hypothe51s
was not tested. Chapln et al. (1983) tested the effect of P
on several Alaskan tree seedllng spec1es and found a . >
positive: correlatlon between P. and dec1duous tree growth
‘response, although fleld fertlllzatlon trials of dec1duous :
forest stands resulted in a response to N rather than P (Vane
'.Cleve et aT 1983‘ In tundra ecosystems of the Canadlanf
ngh Arctlc, Nosko (1984) found P to be more 11m1t1ng to
growth-than N. In thelr rev1ew of C, N, .} and P cycllng,"
‘MCGlll and Cole (1982 p. 283) proposed a conceptual model
in whlch | 1s "the ‘ultimate control on organ1c matter
cycllng and accumulatlon . A summary of nutrlent
Vrequlrements for tree seedllngs (Ballard 1980) 1nd1cates

. that the 501ls of the study area contaln less than half the

(@2
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U
PQn'needed for optimal tree growth; whereas other ions .
_were in sufficient supply. Fertilization trials should be
:conducted in our boreal rorest'stands_to test.the POy
deficiency'hypothesis, . | . o , l D

[}

From an’ ecosystem development (0dum 1969) or
1succe551onal perspect;ve, the locatlon of roots close to the
chlef'source of'recyclable nutrlents-lsvpotentlally
1mportant for ‘three reasons.w First ithe llkelihood of
‘nutrient 1ntercept10n and preemptlon by other spec1es is
reduced. Second, nutr;ent losses-from the ecosystem by .
‘leachlng'could be reduced lf rootsiwere immediately. .

avallable for absorpt1on.v Third, 'the accumulation of

Llorganlc matter w1th 1ncreas1ng stand age could produce an

'efficient mechanlsm for regulat1ng the recycllng of
nutrlents due to the synchron1zat10n of water supply,

: decreased 5011 temperaturdﬁgggéomposer.act1v;t;es, nutrient
releaSe,Tand nutrient absorption bynroots, particularly if
mycorrhizal assodiations'are involved in litter

. . . N
mineralization. :

This'third;pOSSiole‘mechanism,for regulating the f;ow
of nutrients in boreal forest ecosystems resembles that
.propOSed for northern ﬁardwood forests by Bormann‘andeikens
»(1975), thchepOStulatesythat'plant-communities_are
lncreasingly able to regulate their nutrient budgets with
_increasing age. Fahey (1983) drew similar concluslons:in

mhis studies of lodgepole pine (Pinus cohtorta Loudon) stands



ianyoming. However, the LFH layers in the two cited
studies were mainly composed of broad- and needle-leaves,
respectively, while those in late-successional boreal forest

stands are mainly composed of bryophytes.

Age- spec1f1c changes in the florlstlc conp051t/on and
above ground phys1ognomy of boreal forest stands appear to
‘55; assoc1ated with 1mportant changes below ground. This is
well 1llustrated by stands in the Aspen/Sand and Clay Loam
Series where root density -is p051t1vely correlated with
organic content and its assoc1ated variables 1n seral stands

,(F1gures 14B and D) but not in the Jack p1ne or white spruce

stands (Flgures 14C and E) Such changes in the

relatlonshlps of below- ground varlables probably result fromv

the dramatlc .env1ronmental metamorph051s (Daubenm1re,
1968) caUsed by the replacement of aspen bY'white spruce.
ThlS suggests that whlte spruce are either less _
nutrlent demanding or the§ have more eff1c1ent mechanlsms
for nutrlent absorptlon than aspen. Experlmental work by
Parrlsh and Bazzaz (1982) wlth herbaceous plants - along a
~nutr1ent gradlent tends to support the hypothe51s that

,cllmax spec1es are less nutr1ent demandlng than seral

spec1es.

In conclusion, the ordinations and correlations in this
study demonstrate that (1) the upper 25 cm of the 5011
proflle 1s of prlmary 1mportance in upland boreal forests of

- central Alberta, (2) data from deeper 5011 horizons may be
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required only on rapidly drained sites where éeep—rooting
occurs (Table 9) (Sfrong and La Roi 1983b), and (3) analyses
of robt systems of individual plants and communities could
provide information that is important to the understanding
‘of plant communlty edaphic relatlonshlps.,'Attempts to
evaluate such relat1onsh1ps exclusively from data onl

above~ground plant components and 50115 cannot p0551bly

prov1de eqq1valent insight. However, . the latter approach

may be less handicapped if the researcher has some knowledge

of the distributlon,and abundance of roots in the 5011 and -

collects more biologically relevant soils'data%'

_1"4 $
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CHAPTER VI

- INTEGRATION

‘HYPOTHESES _ .
During the early stages of thls research three testable‘
hypotheses were developed to focus attention on’ tﬁe
. relationship between plant community development and root

distribution'pattefns. . : ) , . .

Hypothe51s 1 (The root. dlstr'lbut:on pattern of bor‘eal ,
'for*est commumtxes is related to seral stage as based o‘n
stand age) 15 supported by the results of th1s research,
except on SJQes which had s1gn1f1cant rootlng restrictions
such as a hagh water level or flne -textured substrates
(Chapter 2) 1t was found that rootlng depth increased
with stand age on sandy textured 50115, poss1bly as a result
of iQCreased site exp101tatlon and nlche separatdion. B O
Hypoto;;isl1.may still be proven true onbfine-textured

SR

soils, if homogeneous (e.g., lacustrine deposits) substrates

could be Eksted. Sites with well developed Ae and Bt

horlzons, and/or parent mater1a1 d15cont1nu1t1es such as- . }
»those assoc1ated with the Aspen/Clay Loam Series should bed' é,
av01ded due to their heterogeneous natureband;potentlal 'yE;
differentlal effects on rootipenetrat;on.'d_UnEOrtuna;ely, ’}§5

such homogeneous substrate condltlons may, be difficult to

-

find in the Boreal Mlxedwood Ecoreglon f
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Hypothe51s 2 (The dlstrlbution and development of

upland forest commun1tles is primarily. correlated wlth solll

mo!stupe ava!lablllty) proved only partxally true and
dlffxcult to test based on the approach used in this study.
Black spruce, aspen, and jack pine communities were
fdistributed along a moistur® gradient fromrhygric'to
Semi-xeric'conditions; respectively. However, the
“tdevelopment of these stands was also influenced by
'mlcrocllmate, 51te condltlons, nutrlent avallabllxty,
species tolerance characterlstxcs, and spccessxonal_trends
(Chapters 4 and 5). ‘Soil moisture has:an important rolefin
the development of forest\commqpltles, but it is difficult
to conclude that it was the prlmary control based on the
available data. I1f soil moisture*and'the’other wariables
functloned fhdependently, rather then in an 1ntegrated

holistic manner, it might be poss1ble to 1dent1fy the most

FI I s

~prhmar. y*

1“‘

Rnt:qn of the nootzng zone on both organic and mlneral

on;plant rooting depths and 501l/plant water potential

' correlations (Chapter 4). Exceptions occurredson sandy

:textured soils where plants such as Alnus, Prunus, and Rosa -

were deeply rooted (>1 m). These plants may obtaln a

;significant portion of their water supply from depths below

—

, 60 cm)

SOJIS) appears to be true for most understory plants, based
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,W60 cm, -, but thls requlres addltlonal testlng. ? The rootlng
14

'gdepths of understory plants were less than 1n1t1ally

ant1c1pated and commonly\éoncentrated in the LFH horizons oﬁ *

/\

the 5011 : Most oveu— and understory spec1es _were rooted

e » VoL

"’wlth1na20 cm of the forest floor (Chapter 3). '_,~

£

ROOTING DEPTHS ON A GLOBAL BASIS

in an attempt to evaluate the root1ng patterns of upland

‘bOreal communltles 1n the study area in comparlson to those

‘:of other major ecosystems " Due. to the lack of standa5d1zed'ﬁ

methods of presentxhg root1ng data, it was necessary t@

'fllntepret the results 1n each artlcle to derlve a common

characterlstlc for comparlng varlous ecosyétems., The ‘zone
‘of fine- root (<2 mm) concentrat1on was con51dered the ‘most
mean1ngful because 1t generally represénts the zone of

vnutr1ent and water absorptlon.

L op

Based on the data presented in Table 14 there'appears |

to be a relat1onsh1p between rootlng depth and the type of
ecosystem,'l e., an 1ncrease in root1ng depth occurs w1th
V1ncrea51ng cllmatlc ar: dlty For 1nstance, hlgh ‘
'prec1p1tat10n areas (>1500 mm/year) such as troplcal
rainforests tend to have a very narrow zone (4-10 cm) of

fine-roots. Less hum1d m1d latltude ecosystems have a

A general rev1ew of publlshed 11terature was conducted(

&

_!7
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"fflne root zone approxlmately twlce as thick as troplcaf(
F i

rforests, whlle those of grasslands, xerophyt1c shrubs, and
desert ecosystems are- several tlmes th1cker (Table 14) . |
_These latter ecosystems have the deepest overall Qootlng‘

“~

: depths (e g 8—12 m)., p S - L e

—

A general Shlft in the locatlon of fine- roots occﬂ? A
- along a. gradlent from m01st troplcal mo desert vegetatlon
‘pFlne roots are pr1mar1ly concentrated in the lltter layers

~of troplcal 5011 whlle chaparral and desert plants are B

‘ rooted almost exclu51vely 1n the mlneral 5011.

Intermedlate ecosystems occupy both the lltter and uppermostf

Hmlneral 5011 horlzons.

) . et N . ‘,’ - .
R Boreal forest communltles 1n the Hondo Lesser Slave

_@Lake area occupy a po%ltlon between temperate beech forests-

.:(Meyer and Gottsche 1971) and sem1~xer1c grass%ﬁnd

vegetatlon (Weaver and Albertson 1956) along the cllmatlc

: arldlty gradlent presanted in. Qable 14 ‘ F1ne roots werev s

concentrated w1¢h1n the upper 20 cm of the rootlng zoneo
.whlch was composed of both lltter and m1neral “soil horlzons
'These chara terlstlcs are 51m11ar to those of Whlte
h\Spruce Suba p1ne F1r commun1t1es of Brltlsh Columbla

l(Klmmlns aJd Hawks 1978) and Scots Pine stands of central

|

'_Sweden (Pe sson 1980) desplte the1r wldely separated

geographlc‘l»locatlons.
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Why rootlng depth changes w1th env1ronmental ar1d1ty_lslpn'p “'4

- not entlrely clear, but 1t may be a response to llmltlng’v |

factors 1mposed elther dlrectly or 1nd1rectly by cllmatlc
‘icondltions.' For example, moist ralnforest vegetaagon is

fobv1ously less limited by s01l m01sture ava11ab111ty than.byf
Cfnutr1ents © st John (1983) suggests that these .

kshallow rooted ecosystems are orlented towards the“"

:absorptlon of nutrlents from rapldly decompos1ng forest

>11tter$3 Rapld decomp051tlon occurs when 5011 temperatures

vare hlgh and 5011 m01sture is plentlful - On. the other;[

hand chaparral and desert vegetatlon are dlrectly llmlted.h

‘by the ava11ab111ty of 5011 m01sture which .results from 10Wa

‘1_wannual prec1p1tatlon and high potentlal evapotransplratlon‘r B

rates Many desert plants have very deep root systems for
i_extractlng m01sture from deep w1th1n the so1l ln
contrast other desert plants have broad shallow root
sSystems composed of very fine roots for collectlng m01sture~'
°.‘when prec1p1tat10n is llmlted Mig- latltude forests have'
rootlng depths intermediate to.these:extremes.' | | ’ E
-QUplahd.borealhforests areyprobahly shallowcrootedidue;".#.— : f?L

to;three factors: soil moisture, nutrient limitations,’andk
B sofl temperatures. - Such 11m1tat10ns may be - QEKEQ%ODSG to

the dlstrlbutlon of molsture and nutrlengs w;thln the 5011
xand the1r 1nterdependence in the lltter decomp051tlon

process. . Soil m01sture avallablllty may 1tself prom@ﬁe

shallow—rootlng; - For example, Weaver and Albertson (1956)

e



/ A - i

:observed a ca.,SO% reductlon 1n rootlng depths of grasslands

”,1n North Amerlofn Great Plains at the end of the 1930 s

fAfdrought Theln observatlons suggest that shallow rootlng

-

”fwas an advantage when reduced prec1p1tatlon resulted 1n less_
: N 3\ R
downward percolatpon of 5011 m01sture.;f A 51m11ar 51tuatlon.

occurs 1n boreal forests when 5011 l1ttet retalns

v

fprec1p1tat10n due to 1ts\h1gh water holdlng capac1ty and

: X
11m1ts downward percolatlon. 8011 temperatures may

contrlbute to shallow rooti g%by promotlng max1mum nutrlent:

‘
turnover near the ground sqriace where temperatures are most

&

‘ favorable." Ultlmately, these condltlons are a response to

" the Cllmatlc reglme of the area. 'J'H’*' - .
! - . [ s - . . .
o

L SUCCESSIONAL TRENDS IN THE BOREAL FOREST -
Root systems and rh1zomes appear to play an 1mportant

orole in plant communlxy succe551on : Eor example,‘thel
G

.. Te- establlshment of a forest stand followlng natural

dusturbance (e.qg. flre) can result from the regeneratlon of
kjmany vascular plants from below- ground plant components |
(Rowe 1979) ApprOXﬁmately 80% of the commonly occurring
plants in the study plots possessed rhlzomes, whlle others
rare able to regenerate from a root stock (e g. Alnus) As
a. result the new stand 1s strongly 1nfluenced by the
‘reserv01r of below ground plant organs from the prev1ous o

fstand. This is analogous to the concept of ar"seed bank"

5
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| quensu-Harper (1977).”

Generally, roots appear to play an actlve role in
llsucce551on.vv Rootlng depth slowly 1ncreases w1th 1ncrea51ng
:hstand age on 51tes lacklng s:gn1f1cant restrlctzons to
'frootlng depth Roots are prlmarlly located in the upper ‘
';portlon of the mlneral SOll durlng early succe551on' |
"however, the bu11dup of lltter tends to promote the 1nvas1on =

of roots 1nto the LFH layers. Durlng the mld to late. o

vstages of succe551on, whlte spruce and/or balsam f1r treeS‘
v 1nvade, slowly changlng the m1crocllmat1c and other . 7

‘condltlons of the stand . Evergreen conlfers increase the':if
ldegree of shadlng Whlch in turn promotes the development of
' shade tolerant spec1es, suppresses ‘shade- 1ntolerant spec1es,

: lowers the temperature, and changes the nutrlent cycllng
reglme of the stand | These changes can result in a ;'}‘4

‘ reductlon in near- surface rootlng den51ty due to a reduct1on‘

‘1n vascular plant dlver51ty In addltlon, some plants ‘

‘experlence a change in their above- and below ground blomass hf

‘rat1os, i.e the pfoportlon of below ground blomass
1ncreases relatlve to the above ground shoot Such plants.7'
:develop deformed and much stockler below ground systems than~

. ¥

those commonly observed in younger stands.-.

~ The development of a moss carpet 1ncreases ‘the

A;interceptlon of water and nutrlents, thus restr1ct1ng thelr

’avallablllty to roots w1th1n or 1mmed1ately be}ow the .

Hy




%tarpet. v Under such condltlons seral spec1es may sufferl]
L &rom nutrlent deprlvatlon 1f they are’ unable to relocate

- :
- N
e’ w

”%;tb@ar root: systems. : Nutr deprlvatlon may also occur as’
’V Ja _resule of a change in. the QUallty of 11tter, e. g., )
3replacement of aspen by whlte spruce and balsam f1r lltter.f
gAs a result of these changes, plants such as aspen must'
'surv1ve on & reduced nutrlent budget whlch results 1n3
decadence and reduced v1gor of the spec1es : The reduced

'v1gor of aspen further promotes the development of wh1te

spruce.

Feathermoss;Carpets also‘appear:to_be-a"meChanism-for
regulatlng nutr1ent cycling. Such regulation,deuelops-in_'
;response to the synchronlzatlon of the water supply, _

decomposer act1v1ty, nutrlent release, and nutr1ent

kabsorptlon by roots, partlcularly if mycorrhlzal

*

| assoc1atlons are 1nvolved 1n the transfer of nutrlents to.
plants. RedUCed 5011 temperatures may also contrlbute‘to;
4tthe accumulatlon of organlc matter and regulatlon of - ,?
.nutrlent release by slow1ng decomp051tlon. '_A'moss carpet'
may also efflclently 11m1t the loss. of nutrlents from an
vecosystem by 1ntercept1ng throughfall nutrlents and
:prec1p1tatlon, whlle llmlﬁhng their flow to the underly1ng~‘{‘~“
v501l horlzons. Late sueces51onal plagﬁs respond £o the-
vdevelopment of a moss carpet and the apgg%ulatlon ofJorganlc

. matter by developlng an exten51ve netwq;k of flne roots»‘
- A 3

i

w1th1n and/or 1mmed1ately below thls zone. v,:




e .'g'.'u >,>/“' o o ase
, {?3 n._ng,y" "i_ ‘ N ‘ o
Nutrlent deprlvatlon of seral spec1es may also be
?experlenced as a result of preempt1ve growth and nxche,
' part1t1on1ng by cllmax trees. These mechanlsms of

successlon ‘may develop through the growth of cl1max tree

roots above those oﬁ‘seral spec1es. . As a result the cl1max‘
. ) ‘k g\\ .

spec1es are able to 1ntercept nutrlents and m01sture wh1ch
‘would otherw1se have been used by serai spec1es._- Nlche

.

o partltxonlng can occur below ground between cllmax spec1es. .
- R S ‘ o



CHAPTER VII

CONCLUSIONS

'

Several conclu51ons and hypotheses can be drawn from
the work descrlbed in thlS dlssertatlon relative to the
‘below -ground ecology of Boreal Mlxedwood plant commun1t1e&
‘However much more research w111 ‘be requ1red to determine
-thelr reglonal and global valldlty, i,e.'whether they

'represent ba51c pr1nc1ples and trends or’ only locally

verified phenomene..' Thesevmajor4f1nd1ngs may be summarized

as follows:

1. Rodts are concentrated,in4thehupper Z'dm,of‘the_soil'and

rdot,densities-decreaSe.expdnentialiy‘with‘increasing
“depth. .- (p. 25)'

2. Rooting depth increases with increasing stand age on
- sites lacking significant rooting restrictions. On

other sites a maximum depth is reached and maintained

earlier.- (p. 27-30)

3. Picea maPiahé commun?ties growing-cn~pdoriy to”very
' poorly dralned 501ls have shallow rootlng depths _
'“relatlve to Populus tnemulordes and Pinus banKSIana
‘stands. Sandy SQllS had the deepest rooting depths.

(p. 23)
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Plants growing on xeric sites commonly have deep
penet:!tlng tap- and sinker roots which extend to .
depths >1 m (e.g., Populus tremuloides, Pinus
banksiana, Amelanchief'f'alnifol ia,rRosa acicular'i's,
_Ar'ctostéphylos uva-ur'sz, Alnus cmspa) probably 'as a
>morphologlcal adaptation for obta;nlng 5011 moisture

~from deep within the soil. (p. 2%;3 102-106)

. e N :
5. Horizontal roots dominate the below-ground biomass of

coniferous trees. (p. 45-46)
. T !

6. A root:shoot ratio of 0.25-0.35:1 can be expected for

most upland trees in the'35—40'year age fange.
A ‘ T | ' wa

(p. 60)

- 7. Seral trees appear to have soot systems which .are
morphologlcally more. plast1q‘than those of cllmax
Atrees.. (p. 65)

8. Variation in rooting aepths rep:esehfs é'niche separation

~mechanism ég dimension; h (p.e66—67).

f9. Precipitatien infrequently percolates throsgh'the‘seil of
Boreal Mlxedwood c0mmun1t1es due. to the “high
water- holdlng capac1ty of the LFH and near- surface
m1nera1 5011 horizons, and the small annual number‘(ca.
<4) of heavy ralnfall (>20 mm) and spring snowmeltb
'events whlch are suff1c1ent to recharge the ent1re soil'

profile. = (p. 35, 112)
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)

10. Soil moisture on upland sites was more available to

12.

_late-summer m01sture:def1c1t which characterlzes :

plants.rooted near the ground sur face relatlve to’

ﬂm01sture supplles occurrlng between 20 60 cm durlng the

summer of 1982. ' This is thought to be the prevalllng
trend for Boreal Mixedwood communities, rather than a

unique case. ~ (p. 111)

11, An early summer {May to mid-June) soil moTsture deficit

'may be more cr1t1cal to plant surv1val and seed

product1on in central Alberta than the more common

southern portions of the province. (p. 86-91)

Shallow-rooted plants, particularly ericaceous ‘and/or

evergreen species (e.g., Vaccinium vitis-idaea,
V. myrtilloides, Pyrola asarifolia), have more widely

-«fIUctUating plant water potehtiaisj(@t)pthan more

- deeply rooted species.. - (p. 113)

13. Summer plant water‘potentlal patterns of different‘tree

14.

spec1es were more 51m11ar than site dlfferences might

| suggest ‘ Thls 1s in. part a response to below ground

adaptatlons for obtalnlng molsture on: xerlc 51tes and

s very shallow rootlng on hygrlc 51tes where excess‘

m01sture.occurs. (p. 86-91, 98)

The root dlstrlbutlon pattern of seral. Populus

tPemUIOIdes commun1t1es are more strongly correlated



with soil nutrients in the LFH layer of the soil than

. 'subclimax’P'céa-Abies stands. (p. 144-145)

15, Phosphorus appears to be an important limiting factor to
plant communlty development on upland sites within the
y .
Hondo-Lesser Slave Lake study area. (p. 141)

'16 Niche separation occurs belew ground between co-éxisting
seral and cllmax trees as well as among climax trees.
Such separatlons are a result of dlfferent rooting
depths. For example, jack pine (a seral species) has
its’maiﬁ lateral roots in mineral soil, whereaé white
spruce and balsam ﬁ&r'(a climax species) dévelop their
laterai‘roo;s in'thé LFH £orizon; These different
rooting depths represeﬁt a phys4e§l separation of root
systems. In addition, balsam fir hés déeﬁ penetrating

vobliqde lateral and tap-roots which further reduce the.
niche overlap between itsélf'and white sp{uce, assuming
tﬂese roots’prOVide an abSOrptiVe as well as é support
function. ‘;(p;v66+66) |

. 1‘ g o

17. fl-‘he»growth of climax tree (Abies balsamea, Picea glauca)
roots above those 6f séral species may cause resource
preemption and competiti?é'exclusionL ahd may be a
successional mechanism.."cdupied synergistically with
chaﬁges‘in microclimate and. soil littér composition,
the root behavior of cllmax species may promote thelr

{g;owth at the expense of sera} species. (p. 34@85)
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19.

20.

- 21,

22,

Feathermoss carpets: appear to be 1mportant 1nterceptors

.

of nutrients and water. (p. 34 35) .
: ° : -?~~

Populus tPemUIOIdes seems to be more susceptlhle to
nutrient depr1vatlon by feathermoss carpete f£han Plnus
banksiana which tends to be e_more"ollgotroph1c species

thanAPopuius; (p. 66-68)

Abies balsamea and Picea g7aUCa-have root systems which

"are morphologically more s1m11ar to eaéh other on clay

»

loam than on sandy soils where n1che oderlap between

these‘spec1es is mlnlmal. (p 68,,115).

;Succession appearSvto’reduce the lendth .and severity of

”plant water deficits and increase the synchromization

» of summer plant water potentia; petterns. (p. 118)

B
Sample size estlmates indicate that 30-40, 40?200' and
>200 root den51ty samples (one sample/horlzon/p1ts)
_would be requ1red to obtain surface (LFH “A), B, ‘and - C
horizon root dens1t1es w1th1n 15% of the true
;populatlon mean at the P<95% level, respectlvely (Husch
1963 P. 358) These estimates were based on root
den51ty values (n=7) which were samllar to those used

in Tablee12, (p. 129)



® . o «
. 1 " This study has demonstrated that the relat;onshxps

_msboreak plants and thexr edapﬁ&p env1ronmem's are no

less complex than those recognxzed in above—grdund studxes.
Although root systems may not wrove to be the ultlmate key

to an understandlng of‘ﬁlant communzty development and

species co- existence questlons, they do appear to play a ! “iﬁi

\

more significant rolehth;n was prev1ously thought. In

gddit1on, root @tudles of plant communities may. prov1de a 6}

new perspectxve on old ecolog1ca1 questaons. It is now
difficult to conceive of a def1n1t1ve study of plant/edaphlc

-relatlonshlps w1thout deta1;ed attent;on to root systems.
Root system studles tnusttepresent from a descr1pt1ve as
well as experlmental pebeéctfve, a reserv01r of : relat1vely
untapped res:arch poss;balltles. |
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R were used 1n Chapter I1. The Plot xh3§~”1'“
i ,*ﬁ ? $‘}t i " s ‘ o - ‘
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Plot Number

'Subplot Number<

Rowiof Countzng Frame

-Column of Counting ¥rame { :
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- a7 ~——Root Size Class *
1 2 3 4 - 5 . o,

2ct78. - - 10 -11. 2 o .o—Root Fregquencies

Root Size Classes : .

<0.075 mm

g
[

B - 0.075 - 1.0 mm -

o ~"1.0 -rZ/b mm

D --2.0 - 5.0mm - R,
_ o . .

= '>5.0 mm
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APPENDIX II

PLANT WATER POTENTIAL DATA AND CORRECTIONS

. Appendlx II contaln plant water potent1al data as gﬁ"

measured with a Scholander Pressure Bomb and assocxated

D

corrections, The following is a summary of each column'
found invthe Appendix. B .
Column Descr1pt1on - ‘ ’ *

Date Date of Sampllng

N

., Time Mountaln Standard Time

- A Cloud Cond1t1ons o ,_E A
| VAT
. Cg Clear (<10% cloud cover). ?W .
o’ﬂ B
W™
PC - Partlally Cloudy (10-30% cloud dg;erkj
H - Haze (10 30% cloud cover) '
:) ! &
'CL - Cloudy (t 30-80% cloud cover)"i B I

O or F - Overdg%t or. Foggy (>80% cloud cover)

B ‘Raw gcholander PreSsure Bomb Read1ngs (—MPa)

.C Diurnal élant Water Potential Correctlon ',=;l

D ,Correction for'Cloud,Cover : | ,i (' ;
C = 1.0, PC or H = 0.75, CL = 0.50, O or F = 0.25 .§§

E C g,p o d o o

F - Estimated Plﬁnt Water Potentialztat 0700 hrs (B - E)

S S
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, APPENDIX II Continued.
ate lime A ¢ D E 3
ornus canadens:s - Plot 3 . -
May 14 1300 C -10.0 8.7 1.0 8.7 -1.3
'May- 18 0935 C -9.0 5:#1 1.0 5.1 -3.8
May 22 1220 PC ~-14.0 8.5 0.75 6.4 -7.6
May 26 0715 C -2.5 0.5 1.0 0.5 -2.0
May 30 1035 C -22.0 6.9 1.0 6.9 «15.1
June 3 0915 C -6.0 4.7 1.0 4.7 -1.3
June 7° 1225 c +-17.0 8.6 1.0 8.6 -8:4 "
June 11 0940 C "-11.0 5.6 1.0 5.6 -5.4
June. 15 1130 C -12.5 8.1 1.0 8.1 -4.4
June 19 1030 C -14.0 6.9 1.0 6.9 -7.1
. June 23 0805 S -8.0 0.0 0.75 0.0 -8.0
«June 27 1015 CL -14.5 6.4 0.5 3.2 -11.3
July 1 0940 0] -2.5 5.6 0.25 1.4 -1.1
July 5 1045 - O - -4.5 -7. 0.25 1.8 -2.7
July 93 O;AO g -4555 2.5 1.0 g.g -4.0
July 1 0945 - C« -13. .6 1.0 . .9
July 17 1105 C -8.5 7.7 1.0 /777*///53.8
July 21 0850 O -6.0 3.7.  0.25 0.9 -5.1
July 25 0820 H -3.0 2.6 0.75 1.9 -1.1
July 29 0915 C -8.0 4.7 1.0 4.7 -4.3
Aug 2 0925 0 -2.0 5.1 0.25 1.3 -0.7
Aug 6 0840 .CL . -10.5 5.6 0.5 2.8 -7.7
Aug 10 0905 Q  -7.5 4.2 0.25° 1.1 -6.4
Aug. .14~ 0915™¢0 -5.0 4.7  0.25 1.2 -3.8
Aug 18 0910 4*C -5.0 4.7 1.0 4.7 , -0.3
Aug 22 0815, CcL --3.5 2.6 “0.5. 1.3 2.2
“Cornus canadens:s - Plot 4 T .
May 14 1140 C 6.5 8.2 1.0 8.2 +1.7 .
May 18 0825 © C . -8.0 3.1 1.0 “ 3.1 -4.9
May 22 . 1055 = C , -19.5 7.7 1.0 7.7 -11.
May 26 *1045 CL.. .-5.0 7.3 0.5 - 3.6 -1.4
May 30 0940 C -16.5 5.6 1.0 5.6 -10.
June 3 1040 C -18.0 7.3 1.0 7.3 11,
~June ™~ 0730 C -11.0 1.0 1.0 1.0 -10.
~June 11 1020 C. -8.0 6.9 1.0 . 6.9 -1.1
June 15 0845 C -11.5. 5.8 1.0 5.6 -5.9
June 0830 - S -8.5  .3.1 . 0.75 2.3 -6.2
June 0825 - PC -8.0 " 3.1 0.75 - 2.3 -5.7
June 0830- CL -6.5 - 3.1 . 0.5 1.6 -4.9
July 0855 0 -3.5 4.2 0.25 & 1.1 -2.4
July 0920 0 -1.5 4.7 0.25 1.2 -0.3
July 0815 « C -4.5 - 2.6 1.0 2.6 -1.9
L duly 0715 C -7.5 . 0.5 1.0 0.5 -7.0
July 0720 F ~10.0- 0.5 0.75 . 0.4 -9.6
July ! 1030 0. -8.0 6.9 0.25 . 1.7 -6.3
;du]y *0900  H -4.5 -4, 0.75% 3.2 -1.3
: 0800 C- -4.0 2.0 1.0 2.0 -2.0
_ e ‘ :
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