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Root Growth ol Eucalyptus paucillora Sieber ex Sprengel ssp.
pauciflora on Mount Stirling, Southeastern Australia

Abstract
Tlis prcscnr nudy {as undcrtaken in ordef to l-u|rher undef\lrnd the fole of root ph}siolo!,"' of subalpiic Etahprt\ pak ifota
Sicbcr cr Sprcngcls\p.t'.x( d/,r? in relllion n) belowground rempefatufe ln Victoriu. Australid. Rool growth o1t. p.rr. i/rf.r wr!
cranin.d lor  - l  I  rnolr rhs ( l )ccember 1992-June 1995) in. r  matLrfe srand r t  nele\r t iorol  15:15n\ai thr \oulhcr l !  aspcclon \ { t
Sl i r l ing.  Shool  srr  ! lh $as rnoni lorcd i iom Apr i l  l99. l ioJunel99S. l i \ |asfoundthrt foolgro\ i thcommencedinthespinga(soi l
remper.rtures < 1.5"C. undcr 550 mrr ol sno$. i1t lcast one month before the on,iet of shoot gfo\rth rnd conti red at leun one
nnmth lonser rhlln shoor growrh duing thc autu n. A one rnonth period of root dofnr.Lncy occurfed in August. The \ersonal
\ af irLtim in root nu mbers of l]' I.rll( ill.,! appcared !o bc related m ai n l) to soi l temperature and to rL lesser extent to $il $ ater
contenr. \loreolcr. lhcrc Nppc.rrcd (o bc so e periodicitt in mot gfo$Ih r\hich \|as indepeDdent ofthe external environnent oD
trll Srirling.

Introduction

Soil temperature is ol paramount importance in
dctcrrl ining when tree roots are able to grow
(Romberger 1963). Root grorvth of many conif-
crous and deciduous seedlings and trees usually
corrmences and ceases at soil tcntpcraLures be-
Lween 2 and,l 'C (Haris 1926. Ross 1932. Wardle
1968. Hilt(rr 1971|]). Horvever. root clongation has
been rccorded at OoC soil temperatures tbr seed-
lings of Cr.rn a illtuoensit (Wangenh.) K. Koch
gro*,n in acontrollcd cnvironnent(Woodroof and
Woodroof 1934). Also,',r ' inter root gro*th has
been documcntcd in At'er satclururn (Marsh.)
(Morou' 1 9.19) and at a so iJ tenrpcraturc of 0.5 oC

unclcr 2000 mm ofsnow in Alir:s analllis (Dougl.)
Forbes (Keyes 1982). A soil temperature of 35"C
is evidently the upper l inrit for root growth in nost
tcmpcrale tree species (Lyr and Hoffmann 1967,
Bowen l99 l ) .

Thcophrastus of Lesbos (372 28.1 BC) *as
evidently the first to repo( that root growth bc-
gan bctbrc thc onset of shoot grorvth (Denglel
1927.). Duhamel du Morceau (1758) was llrst to
note that root growth continued at'ter autumn lcal-
fall. Numcrous studies have conoborated these
earl)' observation s (e.g. Coff I 1198, Woodroof and
Woodroof 193,1. Bhar et al. 1970, Kuhns et al.
l9E5). A variety of tree spccies havc been shorvlt
to have two main periods ofroot growth: one during
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the spring and the other during thc autumn (c.g.
Rcsa 1878. Kinman 1932, Riechet al. 1980,Teskey
and Hinckley 1981. Dell ardWallace 1983). There
are. holever. some exceptions to this gcncral
pattem. Fbr example, root growth ofAlaskan taiga
trees hrd only onc short growing period prior Lo
the soil freeTing in autumn (Tryon and Chapin
1983). and seedlings of Larir rlecirlla Mill. ex
hibited olly one surge of root grorvth during the
limjted growing season in the European Alps
(Tranquil l ini 1979).

The summer depression between verDal and
ilutumnal root growth has bcen conclatcd with
moistule stress (Rogers J939. Morrov l9'19,
Lcshcm I 965. Yaroslavtsev and Kuznetsov 1982).
Meritt (1968.) worked with sftessed and unstressed
seedlings of Pinus rcsinosa Ait. in a controlled
cnvironmcnt and observcd the bimodal (spdng/
autumn) patteru first identitred by Resa (1878).
Shc  sugec : ted  th r t  e rcn  though en ! r ronmcn l  iu
tluences root gro$'th intensity and timing, that
the basic pattem of root growth was the expres
sion of an jdentil lable endogenous rhythm'. By
contrrst, Rombergcr (1963 p.77) bclicvcd thrt
''there is no reason for supposing that root growth
fbllows rn endogenous cycle, nor is there any strong
evidence suggesting it."Yet. individual roots have
been shown k) exhibit 'endogenous seasonal
rhythms' (seeWilcox 1962, Johnson-Flanaganand
Orens  1985) .

The , 'h je i t i re  l i  th i .  reser r .  h  1 ;1 .  1 r '  g r in  . r
better understanding of root physiology of Crica-
llyttus ltttuc ifl ora Steber ex Sprengel ssp.Traacrl/ora



in Victoria, Australia. This study: l.) examined
the relationship between soil temperaturc and soil
lnoisture on monthly and seasoDal root numbers
ol mature E. parraiflor? ssp.17.1r.flor? trees, and
2) compared thc pcriod of onset and cessation ol
shool growth with that of root growth.

Materials and Methods

The Study Area

Mt Stirl ing in $e Victoian Alps, southcaslen'l
Austlalia (37'07'S, l;16'.18'E) has an elevation
of 1747 m ancl is classified as a steep alpinc-sub-
rlpinc mour'rtain (Costin 1957). Thc climate is
charactedzed b-"- warrn. dry sut'nmers ald cold.
uc t  r r i r r le r r .  fhu  mr ln  rn lx in tu t t t  i r i r  Iempcr l -
lure of January is l9oC: thc nean maximum of
June is -1'C. Temperature extrenres ol -12oC to
- l l  C  hurc  been re ' , , rL luJ  Jnd f ro . l \  cJn , ' ( \ ' l t r  in
r r r r )  r r r , ' r r l h , A n u n  l a q l ) .  A n n u i ' l  p r c c i f i l : r l i o n
ranges tiom l600 to 2000 mm )'rr with a winter
marimun 0f200 mm monlh I and a surruler rrrrnl-
mum of 100 mn month | (Anon. I 992). Prccipi '
tation falls as sno$'t 'rom lwo prevail ing weather
systcms: the west to northwest f'alls are heavier
and more frequcnt and typically occur as bliz-
zards and produce mostly drier sno*. The south
ro  \ou lh \ \e \ l  lu l l . ,  r rn  th .  o ther  hand.  i l re  r r .u ( i -
ated nith l ightcr rvinds and srow which is typi-
cally wet and heavy.

The study site on Mt Stirl ing rvas located at
l5:15 m. The duration ofcontinuous ground cover
snow during the study (1992 1995) rvas ahvays
greatcr than one month per annum (Tablc l) so
this site $,as thus classitied as subalpine (Costin

et al. 19 52) . E . paut'ifktra ssp . pau cill o ra w ts the
climatic clinla\ species and existed as a pure stand
at this site. The age of thc trces as measured by
incrcment core Ianged tiom 99- to I ll2-)ears old.
The stand at the study site had a mean height of9
m trnd a stand density of rbout 235 stens ha I. It
would be classified as a low open forest by Specht

TABLE L Dur.rlio. ofconli'ruous sno$ cover rt l5.l5 nt on
\{r  SI i r l ing.  Victor i r . ,A.ustra l i r .

Dur.rtron

(1970) .  Thc  unders to ry  was compr ised o f
OxllLtbiunt alpestre F. Mtell., Pros|unthera
cuneata Bcnth. and a Poo sp. The soil rvas an
alpinc unilbnn humus (Northcote 1979) with a
dark loamy. sandy A horizon, 350 nrm deep hav-
ing a bulk density (within the top 75 mrn) of0.67
g cm r. There were no sharp boundaries between
thc successive horizons and one grldulll-v mcrgcd
with the next (cf. Costin et al. 1952). Numcrous
mounlain earthworm (Meg./.!.ole-r sp.) cast fl11cd
tunncls were evident throughout the A horizon.
and active ,4/r,.grrscoler were observed during thc
winter. Flotrters in the A hodzon ofundgcomposccl
granitic rock accountcd for a coarse liagment
content of about l5% ol soil volume. The pH of
the soil (upper 100 mm) *as 4.1 in $atcr (nix
ture ,1: I ). The C horizon was noted by its l ighler
color and lack of earthworm activity. The parent
matedal of Mt Stirl ing \lrs ol graniLic origin. A
thcrmoh)'grograph and a soil thermograph at 50
and 200 mm were kept on site ir a Stevenson's
screen and maintained lbr the duration ofthe 3l-
nonth study. Environmental and physical con
straiDts prevented continuous weather readings
for July and August of cach winter. The rainfall
data were taken at an clcvation of 1707 m from
the Mt Buller weather station. which was about 6
km southwest of the Mt Stirl ing site .

Methods

A squar-e plot (20 x 20 n) was delineated in No-
vember 1992. Thc ploL had a slope of 20' with a
southerly aspcct. Seasonal loot numbers fiom
December 1992 to June 1995 ofE 2aucrflorrr wele
assessed liom eight cores (70 mm diamctcr x 200
mm long) collected landomly each month at the
sit9. There wcrc abundant roots. with nany root
intercepts of E. 1r.,r. rf lora at all sampling points.
Eucrllpt long roots can be rcadily distinguished
by their cpidermis, root hairs. and shape of the
root cap lrom Lhc roots ofunderstory species (cf.
Chilvers 1972). Active rooL growth was detennined
under a stereo microscope (x75.) by cxamining
carefully E. puucifloru root tips fiom cach soil
core. Root apices of 1",2"d, and 3'd ordcrs wcrc
considered to be grou'ing and only countcd i1 thcy
rvere white and abundantly supplied with root hairs
(cl. Richardson 1958, Chilvers and Pryor 1965).
Brown roots wcre assuned to be dormant and/or
uldergoing secondary clevelopment and wele not
couDted. There $'rs no evidcncc ofroot herbivory
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during the study period. Ectomycorrhizal roots
(as described by Chilvers and Pryor ( 1965)) wcre
observed each month but not considered in this
study. After each core was thoroughly examined
the gravimctric soil water content was then de-
termined. The only available access to the sile
Jur inu  the  u  in te r .nou lc l l  In , 'n lh .  $u \  \  i r  c ros .
country skis and winter measuremcnts included
snow depths and snow densities as well as thc
nonitoring of root numbers. h addition, one ski
trip was made to the site on I August 199:l in
between thc rcgular sarnpling inten'als. A hrnd
held digital thermometer was used at l0 min in-
tcrvals between 0500 and 0600 h and lrt30 and
l-530 h 10 obtain nrean soil tenperatures at 50
mrn d(p th  uhcn thc  u . r ther . l i r l i on  \ \as  inoper -
able. These time periods were used bccause they
represented the ninimum and maximum occur
rences of soil temperrtures during Septembcr k)
June when the weather station was operational.

The live belorv ground biornass ofE ptwctflora
scparated fiollr uldelstory roots was quantilied
fiom l0 corcs (70 mm diameter x 200 mm long)
taken in the spdng in October 199:1 and again iD
1995. E. pttutiJlora roots were divided into two
diameterclasses of<l mm and 1- 5 mm. and their
nasses were obtained alier oven drying at 50'C
ti)r 72 h. The roots were thcn ignited jn a muffle
furnace at 550'C 1br 9 h to deteminc the rnass of
nineral matter (rcsidual rsh) in the sample. Rc-
sults are presented as ash-lrec.

Twclve E paucit'loru saplings or trees rang-
ing in height f iom I to 7 m were selected fron
the site in March 199.1 and shoot growth was
measuled until Junc of 1995. Shoot growth (length
and width of buds and leaves and stem gifih at
dbh) was measured similarly to thal dcscribed by
Ashton (1975) rvith vernier calipers (accunte to
0.1 mnr). At least three shoots were ncasured per
sapling or tree and activc growth rl'as considered
to commcnce when the f-lr.St leaf emergcd tiom
the terminal bud. Throughout the shoot measure-
ment period only 2 of the 36 buds measured ex
perienccd some herbivory. In those cases mea-
surements were taken from the primary axillary
bud (sce Cremer 1972 for tenninology).

A step wisc nlult iple regression was used kr
examine empirical relationships bctween growth
and some enviton nre ntal factots tor E. paur:iJlora
(see Costin 1965, Slatver and Morrow 1977). Thc
same nrethod was employed in the this study us
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ing the software of StatViev V4.0 to examine
relations between and among root growth and
environmental factors. Root numbers were con-
sidered as the dependent variable and soil tem-
perature and soil \\"ate[ content as independenl
variables. The equation was of the form:

Ro = b, (T,) + b,(eg) + b.

Where:

Ro = the number of uninfected white rd)ts

T. = the soil temperature ar 50 mm in'C

0* = glavimetric \\,ater contcnt (wt/wt)

The statistical signiticance was deternined at
P < 0 . 0 5 .

Results

The monthly root numbers. maximum and mini-
mum soll temperatures at a depth of50 mm depth,
and the gravi metric water content over a 3l month
perlod ale presented in Figure 1. ln general, r'oot
growth of t. paucilTora tbllowed the seasonal
p  Ic rn , ,1  \u i l  te lnpemturc .  inc re l . ing  in to .um-
mer and decreasing into \\, inter (Figure I B). When
all of the months of the years were considered.
stepwise regression showed that temperalure con-
tibuted largely but soil water content relatively
little to the variation in root numbers (Table 2).
However. during thc months of low soil $,ater
(Decembcr through March) soil water content did
contribute signillcantly and more so than soil tem-
peraturc (Table 2). Temperatures did not decline
belou 0.5'C at 50 nrm depth dudng any sam-
pling occasions (Figure lB). Some root growth
of E. putrt:ifktra occurred at soil temperatures <
3'C under snow cover (Table 3) in early winter
in threc conseoutive years (Figure lA). A period
ofroot dormancy ofabout I month was observed
during thc winter (August) of 1994 (Figure 1A
and data not sho\,n for I August). In Septcmber
1993 spring root growth commenced when soil
temperaturc at50 mm depth reached 3.5'C whereas
in September l994 it occurred when the soil tcm-
peraturc was I .5'C under 550 mm of snow (Fig-
ure  lB) .

There u'as a considerable drop in root num-
bers during three consecutive January's (mid-sunr
mer) tbllo*ed by a rapid increase in February
root growth (cxcept in 1995) (Figurc 1). Soil tem
perature and watcr content in Janua.ry 1993 and
1994 did not appear to br: limiting tbr root growth
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T,A.BLE 2.  Resul ts of  mul t ip lc rcgrcssion.rDulvse\  ofmd numbers as a luncdN of  soi l temperxture and gra\ inetr ic  soi l  mois
tufe contenr for I lime periods surnntcr (Dec MaO. othef monrhs. and all no hs. T. = Soil lempcratLrc ("C) rt
5onn: 0s = Gr! \ imetr ic  soi l  n lo isture content  (wt /$1).

Occi]sion Intcrccpt P value

Dec-N1.1.

0thcr l\4onlh\

F l r iuc

Cocl i .

F value
Cocl i .

)4
1 .36

233
3 .21

36
4-t 8.E2

5
300..10

-11 .50

- 2 6 . 1 1

0..1I

0..13

A11l \ ' lonrh\ F \a luc
aloeft

7
lt5.t .1

109
: . 88 18 .86

TABLE 3 The frLnge ol snoq depths and \io\a densitr at
15,15 n on Mt Stifling. Victona. AusLmlitr lioln
199: to 1995. Vr lue\  in pxrenthelcs arc +SE.

1 . 0

S.rl1lplirS Date
( o a ) ! )

Sno$ Depth Sno$ Densi t )
( n )  ( g  c , n ' )

o.2

E
q,

3
(,

a,t)

ct

g

E

z

1 Sept l99l
13 June 199i
2l ,A.ug 199.1
ll S!'pl | 99.1
.1June 1995

1.0  2 .10
0.30 0.35
0..r5 0.55
0.,10-0.10
0.08 0.10

0.,11(0.{11)
0.20(0.01)
0.,{1(0.02)
0..15(0.0t)
0 .18 (0 .01  )

0.5

0.25

0(Figures lB & C). An cxamination of the dura
tion of shoot aDd root growth of E. pouciJlora
revealcd scvcral salient features (Figure 2). Root
grorvth ofE. Tr4ircllord on Mt Stirl ing contilued
lbr at lcast I month atter-shoot gro$th had stopped
in April 199,1 and resumed at least I month be
fore shoot clongation in November 199,1. The root
grou'ing season extended I month beyond that of
shoot -qro$'th in 1995. h addition. as shoot growth
peaked in January of 1995 root nunbers werc
markedly deplessed. and a sccond maxrmunr tn
root -qrowth coincided with slowing autumn shoot
growth (Figure 2).

The mean belorv ground biomass of E.
pautiflora h:.le roots (<5 mm dianeter) in the top
200 nm of the soil in Octobcr. 199;1. was 8.3 t
ha ' (11.3 SE). Tn October. 1995. it was slightly
higher al 8.9 t ha' (11.1 SE) but not significantly
so. The mineral contamination of roots on each
occasion was < 57..

Discussion

Thc scasonal variabilitv in root numbers of t
putrtif lora was rclatcd primitri ly to soil tempera
ture aod secondadly to soil \\atcr content. New
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1994 1995

Sampling dates

Figure 2.  Shoot growlh (A) and foot  numhers (Bl  of  l i .

/di( d.)r.r on Nll Stirling, Vict(nia. Australi.r. Ver
ticai hars indicalc I SE of each mean: n=E iol r(x)ts
rnd n=l6forshools. Enorbrrs afe not dror\n lvhcn
smrLller rhan the symbols.
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root numbers (at both 50 and 200 mm depths)
were low at low soil temperatures at the begin-
ning and cnd of rvinler and increased u'ith soil
temperature. The occasional reduction in root
numbcrs during summer when soil temperatures
were still high rnay have been relatcd Lo low soil
water contents in somc but not all instances (Fig
ure I , Ttrblc 2). For example. the reductlon ot root
gro\\,th in January 1995 could have bccn caused
b)' low soil moisture content fromDecenber 199'1
to January 1995 experienced at thc sitc (Figure
I C). However, the secoDd peak in root gro$'th in
Malch l995 took place at a iowcr soil water coD
tent and a lower soil tcmperature than in January
1995 (Figure lC). Seasonal root production ofE
mergileta Donn ex Sm. within thc top 50 mm
*rs characterized by flushes of long- and short-
roots in early surnmer (Dcccmber) and later au
tumn (May/June) atld after Iight surnmer rains (<5
mm). It was concluded that both root initiation
and clongation were markedly periodic (Dell and
Wallace 1983). Dell and Wltl lace (19113) postu-
Iated that periods of root inactivily were a result
of scasonal drought conditions in the Western
Australian summer. and low soil tempenturcs and/
or hormonal levels during late winter (August).
The seasonal pattcrn of root numbers of E.
pauciJktru was similar to that of E. rnqrginata
althongh the mid-summer drop in E. paucifktnt
too t  numher .  $ . r \  .h  r  I c r  : rnd  no t  r lw l l  .  :1 . .oq i
atcd witlr low soil moisture. E. puucillora ssp.

Ttttucifloru trod E. nargirnta are geographically
and altitudinally dissimilar yet it is interesting that
both species displayed similar seasonal pattems
oI root growth.

Athigh elevations in the Southern New Zealand
Alps Notholagus solanclri rar. cliJJorrioides (Hook.
f.) Ptxrle and P (utortd Dongl. also shoued a
similar bimodal seasonal pattern of ru)t glowth
(Benccke el al. 1978). Spring root gr-ou'th com-
rnerced as the soil temperaturc approached the
l0'C soil isothemr. and autumn root growth rates
declined rvhen the soil tenperature dropped bc-
Iow l0'C (Benecke et al. 1978). tn additioD.
Benccke et al. ( 1978) recorded a drop in root pro-
duction due to a mid-summer moisturc stress. By
c()ntrast, Alri.rJ anabilis tn the Cascade Moun-
tains of Washingk)n Statc, exhibited several peaks
in root growth that were non-synchronous with
soil tenperature during the year Root produc-
tion increascd sharply 2 weeks before the soil
tcmperature rvarned in the spring and declined

much slower than the soil temperatures through
the autumn and thc winter (Keyes 1982). In the
present study there was a rcduction in root Dun
bers in January 1995 without any colresponding
reduction in shoot growth rates. If there was sig-
nificant water stress at this time. then a rcduction
in shoot growth would have been cxpccted as well.
The fact that no shoot growth reduction was ob-
served is consistclt with the view that thefe is
some internal periodicity in rool growth which is
independent ofthe external envift)nment (cf. Ti.skey
and Hinckley l98l), but this assunres that root
hcrbivory can be excluded.

The duration of shoot growlh Ltf E. pauciflora
on Mt Stirl in-q lasted approxinately 7 months
which is consjstent with other subalpinc studics
of this species (Slatyer and Morrow 1977) and
less thaD the 7 to 9.5 months of shoot growth re-
ported for lower elevation montane t. regnurts F.
Muell. (Ashton 1956, 1975). Growth of roots i l ' l
the spring prior to shoot elongation is wcll docu-
mented for nany Northem Hemisphere trees (Lyr
ard Hoffmann 1967) and was tbund in this study
for E. pauciflora,wtth E. regrans (Ashton 1956),
andlor E. tnurgindto by Dell and Wallace ( 1983),
who, horvever. found root ploduction in spring
preceded shool production by several montis ard
that root production is summer was grcatly rc-
JuecJ  b1  u  r le r . l les r .  Asr in r i la t<  par t i t ion ing .  u .
suggested fbr other species by Kcycs (1982), may
account for the increase in shoot gro$'th and the
decrease in mid-sumrner root numbcrs of E.
paut ifl ont. However, othel complex interactions
between hormones. soil moisture and competiDg
vegetation may also have caused this rcduction.
Winter root growth under a snow covcr was ob-
served on Mt Stirl ing and has also been recorded
in NonhAmedcaforA. sacry'ranon (Mouou' 19,19),
Prunu.s salicine Lindl. buddcd on P cerasifera
Ehrh. (Bhar et al. 1970), and A. unrabilit (Ke:-es
19132). Perhaps onc outconre ofcontinued (slow)
root growth into ulexploited soi]s in the winter
is the establishment of a rrxrt-framework with a
potential to produce new meristems upon renewed
spdng foot growth. Moreover, the early spring
resumption of tree root growth at lorv soil tem-
pemtures, in some cases under a snow covet could
providc a competitive advaDtage ovel undentory
root gro$'th, and may also compensate fi)r a mid-
summer reduction in root production.

The bil i ty to renew spring root growlh under
a sno\r cover does not appear to have been
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conttncd to roots of N. solandrivar. cliJJbrtioides.
In this specics the initiation of root -srowth was
delayed by 2 to 3 wceks in September 1965 be-
causc of a remaining snow cover q'hich main-
talDed thc soil temperature near 0'C (Benecke et
al. 1978). Ncvenheless. sone root growth ofN.
soltmdri var. cliJJbnl.)i./cr was recorded b)' these
workers in June rnd mid July 1964 (presumably
not under snow cover but not statcd) and they
concluded that thesc root systems were capable
olphvsiological activity for 9 months or more of
the year. This was also found with roots of E.
lt1Lrcif lora on Mt Stirl ing.

Kcyes ( 1 982) lbund that root init iation of un-
derslory vegetation occurrcd 2 to 3 weeks earlier
lD the spring-time thaD that of A. amebilis. No
white loots oI understo]J species on Mt Stirl ing
were observed in Septcmber 1994 under a snow
co\er with soil temperaturcs of 1.5'C (data not
shown).

The causes of pcriodicity in loot growth and
the conelated gro\\, th ol roots and shoots arc linkcd
to carbohydrates and source-sink relationships,
water rclations. and hormonal factors (Borchefi
J99l). Current photosynthate is required l irr root
eJongatiol lstarch mobilization may explain root
gr i ,$ lh .  uh  ch  i .  rcqur rcJ  lu r  b r rd  ( \p : ln . ion  rn
the earl)' spring, but current carbohydrates arc
required lbr root elongation (Wilson and Bachelard
1975.  Webb 1976.  van c len  Dr iessche 1987,
Vapaavuori et al. 1992)1. Sincc root grou,th is
r . .oc ia led  u  i lh  th r r  o l  the  .hoot .  thc rc  i :  r  . , ' re -
Jating influence of ollc on the other (Kramer and
Kozlou'ski 1979). Water stress may provide the
best explanation of correiated growth (Kramer
i 983). Shoot growth may be regulated bv roo!
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l imiting supply of wtter (Sands and Mulligan
1990). Likewise, shoot growth influences root
growth by providing a source of carbon and en-
ergy (Sands and Mulligan 1990). Root growrh
preccdes shoot growth in the spring. and thc hor-
monal influcnces fiom the shoot (auxin) are re-
quired lbr shoot grt)wth and root influences (cy
tokinins) also play a rolc (Pilet l99l ). Fudhermore.
hydraulic conductivity also incrcases in the spring
and improved water relations may assist spring
growth (Teskcy et al. 1984).

ln conclusion. thc seisonal variability in root
numbers of mature subalpine E. palr:ifloru sap-
Iings and trces appeared to be rclated more to soil
temperature and lcss to soil water content. Fur
themlore. evideoce is prescnted which suggcsted
that root pedodicity in E. p1uLifloranay also be
endogenous and can occur independently of thc
cxternal env1Ionment.
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