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Abstract. The coarse-root dynamics of ramets of Populus
tremuloides (aspen) were investigated with respect to persist-
ence of the original root connections (roots of parent trees
from which the ramets originated), the time of establishment
of new roots a the base of the stem and the fate of the
communal root system after death of individual trees. Parts of
theroot systemsof three declining stands of aspen rametswere
hydraulically excavated. From each stand, sections of all
structural rootswere collected at the base of liveand dead trees
and were analysed using dendrochronology techniques. Par-
ent roots were identified in the root system of every tree. The
trees initiated new structural roots shortly after suckering.
Live roots were often connected to the stump of dead and
decayed trees. Grafting was common, especially at or near the
stumps. Death of trees along the parent roots over timedid not
seem to favour the entry of significant decay, nor promote
breakage of the original root connections. Instead of becom-
ing independent of the parent root system the ramets incorpo-
rated the parent roots into their own root systems, remaining
interconnected.

Keywords: Aspen; Clone; Cross-dating; Root age structure;
Root connection; Root excavation; Root graft; Tree root.

Nomenclature: Moss (1983).

Introduction

Regeneration of Populus tremuloides occurs mostly
from root suckering following logging or natural distur-
bance. Disruption of apica dominance (Farmer 1962)
and increased soil temperature, created by removal of the
forest canopy, stimulate the production of suckerson the
shallow lateral roots of killed or removed trees: parent
roots. A parent root may connect several suckers.

Root connections between trees can influence stand
dynamicsfor several reasons; 1. They allow the exchange
of assimilatesand growth substancesbetween trees (Stone
1974). 2. Roots and the accumulated resources of dead
trees may be used by living trees (Eis 1972). 3. Diseases
may betransmitted fromtreeto treethrough roots (Epstein
1978).

The persistence over time of the original root con-
nections, as well as the extent of clonal integration
among mature aspen trees, however, remains obscure.
It was suggested that death of the parent tree and
suckers along the parent roots, favours the entry and
spread of decay into parental roots, causing the break-
age of root connections between remaining suckers
(Sandberg 1951; Maini 1960; Barnes 1966). It was
thus assumed that suckers are independent early after
stand establishment, since young aspen stands usually
undergo heavy self-thinning (Brown & DeByle 1989).
Parent roots, however, have been observed in 40
(DeByle 1964) and 79-yr old trees of sucker-origin
from now-defunct parent trees (Strong & LaRoi 1983),
suggesting that root connectionswith parent roots could
remain alive throughout the life of the suckers. Given
these inconsistencies further comprehensive studies of
root systems in mature Populus tremuloides stands are
needed to determineif large and old Popul ustremul oides
clones, as noted by Kemperman & Barnes (1976), could
remain functionally interconnected.

Duetoitsclonal structure, the study of the commu-
nal root system of Populus tremuloides requires exca-
vations of areaslarge enough to include several ramets
of aclone. Treering analysis and dendrochronol ogical
reconstruction of the stem and root system can be used
to examine the persistence of parent roots and thetime
of initiation of new roots at the base of the sucker asit
develops into a tree. Consequently, construction of
root age structures was used to verify the nature of the
roots (parent or new) composing the root system of
mature Populus tremuloides stands displaying some
decline and, at the same time, determination of the
time of new root production. Examination of the roots
during an episode of stand decline (death of large
trees) allows determination of both the persistence of
root connections with old age and how stem mortality
affectstheroot system of thisclonal species. Thetime
of stand decline/break-up is difficult to consistently
estimate but can occur any time after the normal rota-
tion age of Populustremuloides(ca. 45-60yr) (Peterson
& Peterson 1992).
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To our knowledge, this study isthefirst large-scale
study using cross-dating techniques to study root dy-
namicsof mature/post mature Popul ustremul oidestrees.
Previous root studies of mature Populus tremuloides
were based on single-tree (Sandberg 1951; Maini 1965;
Gifford 1966) or partia excavations (Strong & LaRoi
1983; Shepperd & Smith 1993). Some studies used injec-
tions of dyes, phytocides or radioactive tracers into the
root system (DeByle 1964; Gifford 1966; Tew et al.
1969; Shepperd 1993) but these methods gave inconsist-
ent resultsdepending onthetracer used, distance between
trees and trand ocation efficiency of the trees at the time
of the study (Bormann & Graham 1959; DeByle 1964,
Tew et al. 1969).

M ethods

Sudy area

Three study sites were located in north central Al-
berta, Canada, near the localities of Devon (53° 23' N,
113° 45' W), Lodgepole (53° 04' N, 115° 20' W) and Lac
La Biche (55° 00" N, 111° 40' W). They have, respec-
tively, been classified in the Aspen Parkland, Lower
Boreal-Cordilleran and Mid Boreal Mixed-wood
ecoregionsof Alberta(Strong & Leggat 1992). The study
sites were chosen in different ecoregions of Alberta, to
avoid observing localized or site-specific patterns.

Thethree ecoregions receive similar annual precipi-
tation, with amean value of 424 mm. Mean summer and
winter temperaturesare 14.4°C and—8.7 °C for Devon,
12.8°C and — 7.8 °C for Lodgepole and 13.5°C and —
13.2°C for Lac LaBiche (Strong & Leggat 1992). The
general areas are undulating terrain, with mean eleva
tionsof 682 mas.l. at Devon, 924 mas.l. at Lodgepole
and 583 m asl. at Lac La Biche. Soil types are a
Podzolic sandy loam at Devon (Bowser et a. 1962), a
silty clay Orthic Gray Luvisol at Lodgepole (Knapik et
al. 1981) and aloamy sand Degraded Dystric Brunisol
at Lac LaBiche (Kocaoglu & Brunelle 1975).

In addition to the ecoregion, criteria for site selec-
tion were pure aspen of natural sucker origin after a
stand-replacing disturbance (no surviving parent tree),
>50yr old, andin decline, i.e. with some standing dead
dominant stems and little recent suckering. The sites
also needed to have a nearby water source and agentle
slope, to alow for hydraulic excavation. Presence of
charcoal and even-aged structure of the stands sug-
gested fire origin for all three stands, in 1945 for the
Devon and Lodgepole sites and 1920 for the Lac La
Bichesite. Thethree study sites had similar understorey
species composition, mainly Alnus crispa, Rosa aci-
cularis and Calamagrostis canadensis.

Sampling

Root systems were exposed hydraulically in the
summer of 1997 using a high-pressure water spray from
aWAJAX™ forest fire pump. Excavation depth in the
mineral horizons varied from ca. 30 cm to 60 cm. One
areawas excavated at each location. The excavated area
included most of the root system of at least three live
and three dead trees and was ca. 30 m? a each of the
three sites. Stem and root maps of the excavated areas
were produced. Due to a shortage of water, only the
surfacerootsof theLac LaBichesitewerecollected and
analysed. The data collected from this site were not
discarded altogether, since the extent of the excavation
was sufficient to indicate similar root dynamics be-
tween this site and the others.

Since it was important to accurately age the trees
cross sectional disks of stems were collected at breast
height and at ground level for every treeincluded in the
excavation, to avoid locally missing growth rings. The
use of more than one cross-sectional disk per tree com-
bined with cross-dating between trees of a same site,
lessens the risk of underestimating age due to locally
missing rings (Schweingruber 1989). Cross sections
from each coarse root (diameter > 2 cm) were sawn
adjacent to the stump. Dead roots were distinguished
from live roots by colour; bright yellowish-white for
live roots versus brown for dead roots.

Dendrochronological analysis

The cross sections were dried and sanded with a 350
grade grit paper. The visibility of very small growth
rings was improved by cutting the surface with asharp
razor blade and filling thewood cellswith white chalk.
Ring width was measured with a Parker Instruments
micrometer, with a precision of 1 um. Roots com-
monly have eccentric radial growth, and locally miss-
ing growth rings are more frequent in the areas having
least radial growth (Fayle 1968; Krause & Eckstein
1993). Therefore, ring number and width were meas-
ured only on the longest radius from the primary tissue
of theroot. Growth ring patternswere compared (cross-
dated) visualy (Swetnam et al. 1985), then verified
and corrected with the program COFECHA (Holmes
1983).

The presence of missing/false rings in the stem
cross-sections (breast height and ground level) was
first verified by cross-dating all stems from the same
site. Intraditional dendrochronological studiesa‘mas-
ter chronology’ would then be constructed, whichisa
graphical representation of the annual ring width over
the years, calculated from dated trees of a same loca-
tion (Schweingruber 1989). This master chronology
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can then be utilized to compare with undated material
from the same climatic region, in order to corroborate
age of theundated material and to locate missing rings.
In this study, however, the preliminary visual cross-
dating, aided with the verification program COFECHA
(Holmes 1983), showed that root radial growth was
less related to the site master chronology than to the
radial growth pattern of its own corresponding stem.
Consequently, to facilitate determination of root age,
the root cross sections were cross-dated with their
corresponding and corrected stem chronology. Since
parent roots are older than trees of sucker origin, the
ring width pattern of the older portion of these roots
could not be compared with stem chronologies and the
presence of missing rings in these older portions was
verified by cross-dating parent roots with other parent
roots from the same site.

Differencein root size of the parent and new roots
from each tree was statistically tested with paired t
tests. Differencesin the proportion of dead rootsin the
parent and new roots cohorts were tested with 2
analyses.

Results

A total of 112, 88 and 51 roots were cross-dated for
Devon, Lodgepole and Lac La Biche, respectively.
The coarse roots arising from the tree stumps in these
Populus tremuloides stands were composed of two
distinct cohorts of roots (Fig. 1); roots older than the
trees (parent roots), and roots younger than the trees
(new roots). At Devon and Lodgepole, there were
nearly equal numbers of parent and new roots (Fig. 1).
ThelLacLaBichesitedifferedinthat it was 25 yr older
and a second suckering event occurred in 1972. Inter-
estingly, the coarse-root system of this second cohort
of trees was exclusively parent roots (roots older than
1972; Fig. 1).

Production of new roots at the base of developing
suckers at Devon started immediately after stand ini-
tiation, while it appeared to be delayed by about 5 yr
after the period of suckering at the Lodgepolesite (Fig.
1). Parent roots at Lodgepole had larger diameters at
the time of suckering than at the Devon site (Table 1;
p < 0.001). Near the tree stumps, where the roots were
collected, therewasno differencein the mean diameter
of parent and new roots at the time of the excavation at
any of the three sites (Table 1; p > 0.10). However,
parent roots tapered little and maintained a similar
diameter throughout their length while new roots usu-
aly tapered down and were highly branched. The
oldest live roots dated from 1925 at Devon, 1926 at
Lodgepole and 1915 at Lac La Biche. There was a
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Fig. 1. Age structures of roots at point of connection to the
trees (former suckers). The arrows indicate the year of the
suckering events.

trend of a higher proportion of dead new roots than
parent roots at both the Devon (p = 0.086) and
Lodgepole (p = 0.052) sites.

A notable variability in root radial growth was
observed; 26 missing ringswere identified in the roots
at Devon, 57 at Lodgepole and 69 at Lac Labiche site.
At Devon, Lodgepole and Lac Labiche, at least one
growth ring was missing in 7%, 39% and 53 % of the
analysed roots while 5%, 16 % and 35 % missed more
than one growth ring, respectively.

At the Devon and L odgepole sites, parent rootswere
foundintheroot systemsof al trees (Fig. 2). Because of
theincomplete excavation at Lac LaBichesite only root
maps for Devon and Lodgepole are reported. Only one
treewas not connected to at least one other tree within the
excavated area. Root graftswereidentified at 17 locations
at the Devon site and six at Lodgepole (Fig. 2). Virtualy

Table 1. Mean root diameter (cm) of the excavated aspen
coarse roots (standard deviations are given in parentheses).

Devon Lodgepole  Lac LaBiche
Parent root at the 0.41 (0.34) 0.87 (0.40) 0.24 (0.71)
time of suckering
Parent root at the 5.74 (0.46) 6.53(0.77) 5.85 (1.04)
time of excavation
New root at the 5.75(0.39) 7.29 (0.53) 5.20 (0.74)

time of excavation
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Fig. 2. Stem and root maps of the excavated areas at the
Lodgepole and Devon sites (with approximate scale). The
roots were drawn in their entire length only if connected to
other trees or roots within the excavated area.

all root grafts were located directly underneath or
within 30 cm from the stumps. Living roots were com-
monly observed on trees that had been dead for several
years before the excavation. These roots were con-
nected to the roots of live trees by grafting of the new
roots, or by the original root connection (parent root).
For smaller trees that died some decades ago even if
stumps had compl etely rotted away often making ahole
in the parent root, the root connections were usually
maintained by a band of healthy root tissue passing
under and across the decayed area. The rot from dead
treesrarely spread far into the parent root system. Dead
trees that could still be aged died between 1977 and
1995 at Devon, 1975 and 1994 at Lodgepole and be-
tween 1980 and 1995 at Lac LaBiche.

Discussion

Dendrochronological analysis of the root systems
showed that nearly half of the coarse roots sampled
were parent roots (Figs. 1 and 2). There were no surviv-
ing parent treesin the studied sites, which indicates that
the parent roots remained an integral part of the root
system of the stands, even after the trees had matured
and developed roots of their own. These results showed
that turnover of Populus tremuloides coarse roots (re-
placement of parent roots by new roots) did not occur
during the life of the stands. This contrasts with results
from Shepperd & Smith (1993) for Populustremuloides
in western United States. There, large diameter roots
wererare and had numerous wounds caused by burrow-
ing rodents (W.D. Shepperd 1999, pers. comm.), which
could increase mortality. In our study, despite their
older age and large diameters, the parent roots were
healthy and there were approximately equal numbers of
dead parent roots and new roots (Fig. 1). Nonetheless,
we speculate that old parent roots similar to those ob-
served in thisstudy would probably not survive after the
next stand disturbance since suckering typically occurs
on roots less than 2 cm diameter (Table 1; Schier &
Campbell 1978; Shepperd & Smith 1993; DesRochers
& Lieffers 2001), and there was no evidence of parent
roots surviving without being supported by alive tree.

The fact that parent roots had large diametersin this
study (Table 1) indicates significant growth of the par-
ent root after the time of suckering, which contrastswith
reports by Maini (1960) and Sandberg (1951), who
observed negligible radial growth of the parent roots
after suckering. Brown (1935) explained that high ini-
tial sucker density can produce parent roots of larger
diameter, because when two suckersarisein close prox-
imity on the same parent root, roots are enlarged in both
acropetal and basipetal directions.

The trees were also connected by many root grafts
(Fig. 2). Thegraftswere usually located near or directly
on the stumps, despite the frequent intertwining of the
roots elsewhere. Grafting could befacilitated by friction
of the bark between roots near the stumps caused by
wind swaying of the stems (LaRue 1934; Cook &
Welch 1957). The sandy soil, and its possible greater
abrasiveness, at the Devon site could explain the greater
number of grafts there compared to the clay soil at the
Lodgepole site. Others, however, have questioned the
hypothesis that friction leads to greater grafting
(Kozlowski & Cooley 1961; Graham & Bormann 1966)
because it could also prevent root fusion by disrupting
the delicate processes involved in the establishment of
vascular continuity.

Grafting in Populustremul oideswasrarely observed
in previous studies (Maini 1965; Barnes 1966). Grafts
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could possibly have been missed ssimply because the
stump itself was not excavated or because there is less
grafting in younger stands, as observed for Dacryodes
excelsa trees (Basnet et al. 1993). Moreover, grafts
could have been missed because they were mistaken for
original root connections. Although root grafts can eas-
ily be distinguished from original root connections if
they occur away from the stump, age determination of
theroot is necessary to positively distinguish between a
parent root (original root connection) and grafted new
roots.

We cannot guarantee that grafting occurred only
between trees of the same clone, sincewe did not verify
that the excavated area contained only one genotype.
However, since most trees were also connected through
original root connections (parent roots), they must be
part of the same clone. The trees for which an original
root connection was not directly observed in the exca
vated area(Fig. 2) could, potentially, belong to different
clones. Grafting is possibly a mechanism which aids
maintenance of functional root connectionsin very old
clones.

The five year delay in production of new roots at
Lodgepole(Fig. 1) could berelated to clonal differences
between the two stands (Schier 1982) or because this
stand originated from bigger roots than at Devon (Ta-
ble 1). One could argue that initiation of new rootswas
not needed immediately after suckering at Lodgepole
as the roots were large enough for water and nutrient
requirements as well as structural support of the suck-
ers. Also, since the respiration demands of these larger
parent roots had to be supported by the suckers, we
speculate that less energy remained for the immediate
production of new structural roots.

Our dataindicatethat death of aPopulustremuloides
stem does not necessarily mean that its root system will
die. The ability of the treesto ‘capture’ part of the root
system of adead neighbour also provides evidence that
the root connections and grafts were functional. Con-
nections to living trees often kept the root system of
dead trees alive (Fig. 2). This was aso observed in
Populus grandidentata Michx. (DeByle 1964). Mainte-
nance of root connections and formation of root grafts
throughout the lives of aspen trees can have a major
impact on stand dynamics. As stems die during stand
development, the remaining trees of the clone have
access to their roots. Acquiring roots left by dead trees
can have a positive effect on growth of aresidual tree,
because it inherits a functioning and established root
system, giving access to an increased resource area.
However, the respiration needs of such newly acquired
roots also have to be supplied. Therefore, capturing
rootsfrom adead tree via parent roots or root grafts will
have a positiveimpact on growth only if the respiration

costs of that root biomass is balanced by increased
photosynthetic capacity (Eis1972). Giventhelargesize
of roots left by dead trees, large amounts of photo-
synthates would be needed to maintain respiration, pos-
sibly causing a strain on connected residual trees and
further decline of the stands. At the sites examined
aspen trees rarely became independent and, with the
formation of root grafts, the level of interdependence
between trees may even increase with time. Because
even roots belonging to dead trees were till aive and
healthy, decline of the studied standswas not dueto root
dieback. Thisis aso in accordance with Lavertu et a.
(1994), who demonstrated that a few remaining aspen
treesin overmature stands could maintai n enough healthy
roots to support vegetative regeneration after complete
removal of the overstorey. Trandocation of substances
between trees through parent roots and grafts probably
have arolein stand dynamics, and should be accounted
for in the management of aspen stands.
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