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Abstract

.
W

A study was conducted in the aspen parkland of central Alberta to determlne the g

bo effect of season and frequency of mowing on non- structural carbohydrate (NSC)

N&,\ reserves and regeneratlon of wester’n snowberry Eight treatment combinations were |

designed lncludlng all possnble combinations of smgle double and trlple mownng May 8,
June 24 and August 13, 1981. o -
The -seasonal low in NSC in the root crowh came later than was prevnously
- suspected and was assocuated wuth the stage of 2/3 shoot elongatlon Sprlng cuttlng
| caused a greater and more prolonged depletnon of NSC reserves than was apparent in the
. control In splte\of thns recharge of root crown NSC reserves began six weeks after
resproutlng commenced when new suckers had produced 11 Ieaf pairs. Root recharge

was complete when flowers opened on new suckers nine weeks after sproutlng was flrst

P

‘o

observed.

NSC reserves and etnolated growth.(EG) were: compared as- measures of
‘resproutlng potentlal NSC reserves decllned as frequency of cuttlng increased and as
'cuttmg dates became progressuvely |ater. Autumn EG reserves showed progressive

o reductlons with lncreased frequency of .cutting. However only the smgle August cut i
showed a reductlon in EG due to the season of cutting. EG reserves were
' dlsproportlonately reduced compared to the reduction in NSC after late cuttmg The
._slgnlflcant reductlon in EG reserves wnth late cuttmg was attrlbuted to the: effect of frost-
tin Jury to buds released after the sungle late sumrneF*cut Once the late released sprouts
were frost ln;ured a hlgher energy cost may have been lncurred in releasmg buds of

lower developmental status o ' - _

~In 1982, aerial blomass of western snowberry was proportlonal to the welght of -

L stem materlal that regrew, after mowmg in 1981. The plants lnltlated growth in the sprmgv

. of 1982 from stems that had regrown in 198'1; or from the stump |n those treatments .
where no regrowth was produced after mowmg Though forage productnon was trebled

in the trlple mowed stands and the vigour of western snowberry was reduced to_20% of

, l
)

o



.,

the control, it w;s.clear that short term gains would soon be 18st to shrub regeneration in

the foreseeable future

Wlnter injury of vegetatlve buds that were reieased Iate in the season was an

- important finding for two. reasons. Fnrst it may be possuble to reduce the regeneratlve '

potential of western snowberry by depletung the supply of vegetative buds with

iate— summer cuttmg Secondly late summer cuttmg may favour the productnon of short :

. shoots whnch tend to render woody plants more susceptlble to phenoxy herblcndes

+To control western snowberry, shrub stands should first be pre-stressed

preferably by Iate-—summer mowmg or by sprlng burning if site condltlons Ilmut mechamcal

. means Secondary treatment wuth 2, 4—D ester .should then be timed wnth phenologlcal

stages that coincide with recharge of root reserves. In this study the recharge of root
r@erves was defined by the interval in which suckers produced after mowmg possessed

M Ieaf palrs and up to the tirme of flowerlng
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‘ 1. Introductlon :
Symphor/carpos oc::/denta/ is H\ook commonly known as western snowberry is
an erect decnduous shrub, common to the Northern Great Plauns of North Amerlca Due to
lts strong rhlzomatous nature western snowberry typlcally assumes a clonal growth habit.

in the aspen parkland western snowberry spreads into natnve grasslands (Pelton 1953)

_;_creatlng a barrler to_grazmg and;educmg forage productlon Western snowberry is ..

partlcularly unpalatable to cattle although sheep and goats find |t somewhat more .

. acceptable Past research has estabhshed that western snowberry is a dlfflCUlt shrub to
" control on native rangeland ' ' N , ‘

lf snowberry regeneratlon could be controlled the. potentlal for lncreased forage N
_ productuon would be’ quite high, because western snowberry tends to clalm the most '
productlve range sites (Wheeler 1976l In most stands exnstlng forage plants will be

| 'present and able to respond to release from shrub competltlon (Pelton 1953) Slngle and
multiple control treatments (spray burn ‘mow, graze) have produced varlable but generally -

short hved control

-1 1 Experlmental Objectlves

The potentlal to resprout in woody plants is prlmarlly due tor

a - suostrate in the. form of nonstructural carbohydrate (NSC) to supply the

requnrements of growth (Smlth 1969) and :

_ b vegetatlve buds whlch may dn‘ferentxate |nto new shoots (Schler 19786).

In western snowberry a rhnzomatous growth habit 1ndlcates a supply of NSC and
. vegetatlve buds and is a ma jOI’ factor accountlng for the substantlal regeneratlve potentlal ‘ -
: . of this shrub L | |

Smlth (1969) stated that carbohydrate reserves are strongly related to

regeneratlve potentlal The trad:tlonal approach to brush fiontrol has been to deplete NSC ‘

I3

.3‘ ’
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- reserves (Launc'hbaugh and Owensby 1978) by varyung the season and frequency of
defollatuon Accordlng to thus approach the fll’St step would be to define seasonal trends
in root reserves, and the second would be to deflne the regrowth interval requnred for the

. plant to. recover |ts root reserves after top removal Cuttmg dUrung the seasonal Iow and
then repeatedly as new growth further reduces reserves, could sugnlfucantly reduce NSC

' In more.| recen_t_tl,mes,_vegetatlve buds have been considered as a component of

regeneratlve potentlal lShler 1976) Wlth the advent of phenoxy herbucudes researchers 4

o have investigated the potentlal to "knll underground reservonrs" of buds (Garrlson 1972) n

. ""addmon to herbuoades strategncally tmed defoluatlon may also reduce regrowth potentnal
by enhancmg winter damage to vegetatnve buds FltzGeraId (1982) concluded that the

a2l control of aspen regrowth wuth Iate versus early season grazmg may have :

- uited’ from wmter in Jury to vegetatuve buds He hypotheslzed that late grazlng may have ._" -

mterfered wuth dormancy mductlon and prevented adequate winter hardenlng <

leen that the regeneratlve potentlal of western snowberry resvdes wuth the root

\ system the goal of the present study was to devise a pre-treatment strategy des:gned to -

”‘maxlmlze physrologlcal stress on the underground organs of the shrub Slnce 2 4 D ester

- wull produce an excellent top. kl” wuth tlmely apphcatlon (Frlesen et al. 1965) the

- 'pre-treatment(s) would be almed at reducvng the regeneratlve potentlal of roots prlor toa.

’ herbncnde treatment E _' : R 9 "

.“.

Slnce a physnologlcal study was belng undertaken in an uncontrolled envnronment
_ 'the monltorlng of selected envnronmental parameters was necessary S o o 3 g

The pruncnpal ob)ectlves of thls study were as follows

L To:determine: - V

v a. - the annual NSC reserve_ cycle of western snowberry, and

b, the 'eff'ect_'of spring mowing on the seasonal reserve cycle.

o



2. To determine the effect éi‘ season and frequency of mowing:

4
.

a on phenology, fall sprouting reserves and stand regeneration, o

b. . on shrub and herbage production.

3 To determine the effect of mowing onsoil temperature and' soil moisture.
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The only detailed taxonomic and life= hlstory study of western snowber;y (S

-

occ'/denta//s) was made by Pelton (1953). Western snowberry als° r‘eferred to as

buckbrush wolfberry,_badgerbrush and. chlcken WIHOW,_IS a member of the. famlly

)

S
, Caprl foliaceae. Leaves are opposlte and ovate rangung from 3 to 5 cm in length. The

densely clustered white or pmk flowers Wthh are born on the tips of current shoots are
.8
_ distingtiished from others of the genus by a companulate corolla wnth slnghtly exserted
rather than mcluded style and stamens. The fruit conslsts of a yellomsh whlte berry— like

drupe which i is produced in the Iate summer

-‘2 2 Reproductlve Physuology

A hlghly developed rhlzomatous root system accounts for the clonal growth habut

-of western snowberry (Pelton 1953) in western snowberry outward colomzatlon occurs -

B - by rhizomes, which are true subterranean stems (Pelton 1953 Bold 1967) In time, a

smgle plant W|Il |n|t|ate ther outward spread of consecutlve rmgs of new plants. Clonal

_ dlameter can range from 1'to 200 m. Although overgrazmg may hasten the expansgon o
process snowberry is able to invade dense vngorous grassland and eventually suppress
the‘ competmg sod lPelton 1953). v | »

Although genetlcally |dent|cal stems wuthln a clone are mltxally xnterconnected by

rhnzomes the degree of mteractnon that oceurs is unclear Pelton (1953) stated that new .-

plants may be reproductlvely mature for several years before functlonal connectzons Wlth

parent plants are severed Pelton (1953) suggested that in time, the phyS|caI connectlons B

!
would decay Young plants are thought to be essentially mdependent of the parent plarit .~

s by the end of the flrst growmg season when 3 separatc root system has developed.

'lllard (1972) demonstrated that apphcatlon of silvex! tc a smgle plant in palrs of
125(2,4,5 trlchlorophenoxy) proplomc acid; at one time a commonly used brush controi
herblcxde ' :



mterconnected plants (Symphor/carpos orbiculatus Moench), did not produce herblcndal
injury in the untreated members. Like Pelton (1953), Wlllard concluded that translocatlon
between clonal mdlvnduals was'probably not sugnlflcant after the flrst year of '
establushment S - L

Accdrdlng to Engle (1978), two lmportant consequences of the rhnzomatous habit

are- persxstence of the ornglnal genetlostockand multzphcatuc)n of new. plants under | _ —
‘condltnons that may be too’ severe for seedllng establlshment In the case of western

. k snowberry vegetatlve buds ansung from rhlzomes and root crowns also enable the shrub
to resprout vngorously after defol:atlon or decapltatlon In the. excavatlon of a 10 year old
clone of western snowberry Pelton l 1953) determined that the linear ratno of erect main
stems to rhlzomes was 1:4.4. Such a ratlo emphasizes the preponderance of below
‘ground relative to above ground stem tlssue » ”

" Although the success rate for new plants estabhshlng from seed is qulte Iow,. the . .
dlspersal and propagatlon of snowberry over | long dlstances hkely occurs ‘through |
transport of seed by birds, mammals or water (Pelton 1953 Wheeler 1976) Each
berry hke frunt lri{che fruntlng cluster is composed of two seed—llke nutlets. Seed
'durablllty tests showed varlable but adequate survuval of snowberry nutlets passmg

" through the dlgestlve tracts of wnld and domestlc fowl (Pelton 1953)
Frult clusters do not abscnse in autumn and tend to remain attached to the plant for
at Ieast one winter before dropplng to the ground A perlod of, two years may be
required to break double dormancy Germmatngn wull not proceed untnl endocarp '
breakdown and afterrlpenlng are complete Pelton (1953) reported a feeble establlshment
| vof snowberry from seec\wnh only three of the twenty sntes surveyed showmg viable . . ‘
- _ seedlmg establlshment Damplng off. fungl and drought were identified as the mayor o

causes of mortallty The ma;orlty of v:able seedlmgs estabhshed on dlsturbed

\mLcro sntes such as the burrows of small mammals



23 Distribution and Ecolog‘"yb '

In Canada, western snowberry occurs from the Great Lakes to the interior of .
British Colurnbla {Fig. 1) and extends well into the Northwest Terrltorles (Pelton 1953). S. |
occzdenta/ isis the most abundant specues in the Northern Great Plains, and is replaced by

S -albus (L) Blake to the north and east of its range (Jones . 1940).

: Western snowberry_may_occur in.a wide varlety of commumtles and vegemtlon;;_;
| types, ranging from the shrub layer of deciduous forest to ‘open prairie (Pelton 1953) “ o
._Sonl moisture appears to be the prmcnpal envnronmental factor affectung its dustnbutlon
(Wheeler 1976) although a w1de tolerance with respect to s0|l texture, pH, organic matter .
and fertility has been reported (Peiton 195?). In hlS lnvestugatlon, Pelton (185_3) noted that ..
s‘nowberry“ did not occur'on saline o‘r'alkaline sites: Wroe (1971) has described a |
‘shrub=grass association in the southern parkland of Alberta, with snowberry canopy
’ cover ranging from dense to sparse MaJor assocuateod specnes mcluded Festuca scabre//a
Torr Stipa. spartea Trin. var. curtiseta Hltch and Rosa wood'sii Llndl Wroe contended "7';";
that shrub canopy closure related to clone age with oldest clones havmg the densest |
: 'cover Western snowberry contrlbuted 45 of the total annual productlon W|th a canopy
cover of 42% Annual yield of snowberry ranged from 718 to. 1626 kg/ha Of the eight.
.‘ plant communltles descrlbed by Wroe (1971) the dlstrlbutlon of- snowberry was the’ least
predlctable , ' - _ '
~ +In the.central portlon of the asﬂen parkland Wheeler (1976) characterlzed western

snowberry stands as closed or open the former havmg anear- contlnuous canopy, the _

: .‘ 'Iatter belng sxmllar to the dense stand in'Wroe's study ‘Wheeler (1976) reported shrub

E standlng crop values for western snowberry of 4 1 Oto 3850 kg/ha, dependlng on stand
| type lee Pelton (1953) and unllke Wroe (197 1, Wheeler (1976) concluded that soil B
-‘moasture was. the prmcnpal factor affectmg dlstrlbutlon of western snowberry leen the .
bdrler more open nature of the southern parkland study sxte evaluatlon of snow drlft
patterns lStoeckeIer and Dortlgnac 194‘!) and the mcxdence of rodent burrowmg (Pelton

1953) mlght have helped explam the |rregular dnstrlbutlon of western snowberry reported

L L. c . ~



n snowberry in -Canada. (adapfcedl from" Pelton 1953).

wester
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' .‘:Fig. 1. Distribution'



by Wroe(197l)

Many authors have speculated that the occurence of western snowberry as an
ecotonal shrub, between grassland and woodland may promote forest successuon lBlrd
1930 1961 Pelton 1953; Scheffler 1976; Wheeler 1976). Higher soil temperatures in’
the shrub relatlve to the woodlangi, along wnth soil moisture. levels comparable to the
woodland- (Scheffler—l 976} woul —hkely provide- condltlons conduc:ve to- sucker_lnlt\lat(
in aspen poplar (Schler 1976). Although acceptance of such a hypothesns is tempting,
further study is requ1red to clearly estabhsh such a role for western snowberry inthe .

ecology of’ the aspen parkland. .

‘2.4 The Problem of Western Snowberry Encroachment '

~ With the short time requurement for: establlshment and a tendency to occupy the
most productlve range sntes western snowberry presents a sugmflcant problem in the :
management of rangeland (Pelton 1953 McCarty 1967) Although hlstorlcal accounts are -
I Ilmlted Wroe( 197 1) has descrlbed as. ocmdenta//s Hook Festuca scabre//a Torr
assocnatlon whlch occupled 8.3% of an. ungrazed southern parkland sute Range lnventory .'
estlmates’ IP the aspen parkland lndlcate that the aerlal extent of’ western snowberry
shrubland on grazed rangeland may be as hlgh as 25% in the southerh parkland and up to
40% in the northern fringe. ' = | R |

The accounts of early settlers’ lndlcate that the aerlal coverage of western

snowberry has lncreased durlng thlslcentury as has that of other woody specnes (Balley
‘and Wroe 1974) The suppressnon of pralrne flres present versus: hlstorlcal grazmg
patterns and cllmatlc cycles are factors that may explaln the present day prommence of
: western snowberry |n the parkland and praxrle (Nelson and England 197 1) Anderson and
Balley (1980) noted a decllne |n western snowbenry cover where annual burnlng was
practlsed suggestlng that the mcudence of wild flres may. fngure most prommently in

—__-__._—_—____—..._—.—

? Richardson, C.J., Range Management Unlt Pubhc Lands DIVISIOI"\ Alberta Energy and "
.Natural Resources. Personal QOmmunucatlon 1882, © o
- 3Sharp, R., former employee at Buffalo Natlonal Park Walnwrlght Alberta Personalg :
Commumcatlon 1982 : : SR
‘. : »



explalnmg the change in western snowberry cover.
| . Like other parkland shrubs (Balley 1970) western snowberry encroachment
reduces the carrylng capaclty of the range for domestlc llvestock With suffuclent canopy
cover western snowblerry will suppress desnrable specnes thus reducmg forage
productlon Even wnth an open canopy type the shrub presents a physncal barrler to
——domestlc grazers Wroe-(-1»9.7..l.)‘reported a- 50% reductlon in forage‘productlon_ln _the
southern parkland while Wheeler ( 1976) estlmated reductuons of between 20 and 83%, ‘ |
dependlng on the degree of shrub canopy: closure In Mlnnesota Poa praten.s'/s l_ was one
of the most perslstent specnes under a heaVy overstory of western snowberry Anderson
and Banley (1979) reported a predommance of shade toleran’t sedges in dense stands of
‘ » western snowberry in the aspen parkland ; - S | '
Most accounts in the llterature descrlbe the problems related to western A
’ snowberry when it occurs asa grassland or shrubland specues (Pelton 1853, McCarty
1967 Wroe 1971 Wheeler 1976) However where present as an understory shrub ln
aspen woodland the regeneratlon of western snowberry has plagued attempts to convert
such forest to :mproved pasture (Ba:ley 1972, FltzGerald 1982) Even where aspen I '
: - regrowth has been vxrtually ellmmated snowberry has regenerated V|gorously and
o replaced aspen as the dommant stand component (FltzGerald 1982) ‘ )
2 5 Control of Western Snowberry

A varlety of methods have been tested foLcontrol of western snowberry

251Herb|cldes o | . L B | o
N Frlesen et a/ (1965) have recommended that for control of western snowberry
~an applucatlon of 2 2 kg/ha of 2 4 D ester be. apphed as soon as: Ieaves are fully 4 |
- expanded Tlmmg of follar spray appllcatuons is lmportant as herbucnde penetratlon lnto '
the Ieaves xs thought to declme soon after leaf expansuon |s complete Hot and dry -

' weather condmons at the tlme of appllcatlon usually result in poor control Best results
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o

",'are achueved wuth ground equ:pment where topography permlts s:nce a hlgher spray

ivolume |s possuble Stands up to 05 m tall should receuve 115 Ifha, while those exceedmg =

thls helght should receive twnce thls volume

o Varlable results have been reported with 2, 4- D. The aster formulatlon is supertor -

"'_to the amine, with top | kills ranglng from 46. to 100% and control persustmg from 1 to 4

T ﬁyears lBowes s 19686, Corns and Gupta 1966, Skoglund and-Coupland 1966 Ballev 1967

«

McCarty 1967 Swutzer and Wroe 1980).: The effect of 2, 4- Don woody plants is -
generally hmlted to the above ground portnon lEllasson and Hallmen 1873l Foluar apphed
2.4~ Dis Ilkely transferred |n|t|ally by the’ phloem but may easuly cross over to the xylem |
stream and be transported acropetally ln western snowbewlr'ry once aplcal domlnance is
broken by herblmde in Jury to the shoot apex new spcouts may ar|se from old stems root’ :
crowns or- rhlzomes Repeated sprayung is therefore requured to reduce regrowth ‘ \
potentlal - o _ _ '

Herb:cudes have been least effectlve when western snowberry\occurs as an. k "

understory shrub m aspen woodland For example Balley (1 967) applled 2, 4 D ester at

a5 kg/ha and achleved a flrst year kl|| ‘of: only 60% The followmg year the reductlon in

shrub canopy was no Ionger ewdent The low degree of top kxll llkely resulted from the
mterceptlon of much ‘of the applled herbncude by the overstory canopy
) Where pure stands of western snowberry have been treated wnth plcloram‘ only

mmor stand reductlons have* been achleved wuth rates up to 4 5 kg/ha requnred to provude s

K ‘Z A control for a hmlted number of years (Bowes 1966 Frlesen 1966 Adamson 1967l

: thh soal coll0|ds especlally orgamc matter (Grover 1972) lf sonl actrvuty lS ln fact

R '4—amlno 3 5, 6 trlchloroplcolxnlc acnd

Swrtzer and Wroe (1980) reported excellent control of western snowberry aspen rose -

artd wnllow ln contamment spraylng of poplar bluffs {i.e e. to prevent further expans:on of S

: woodland grovesl wuth 0. 5 kg/ha of plcloram and 2 kg/ha of 2,4-D ester Thls e

comblnatlon of herblcxdes gave 2 to 3 years of control whlle the stralght 2 4- D ester .l R

treatment showed no v:slble reductlon 2 years after treatment Plcloram tends to bmd
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lmportant in the mode of actlon of this herbncnde soul type may ke an |mportant factor

explaunlng the varuatlon in kill reported.

Fohar sprays of DPX—T6376-—2 l’ at0.12to 1. O kg/ha (Standlsh and Blackshaw

..1981, Bowes 1982) and HOE 39866¢ at 1 75 to 3 5 kg/ha (Mclver et al. 1981 Bowes °

18982) have glven excellent one season control on western snowberry, although in jury to

native grasses may be excessive lBowes 1982) Roller drum apphcatlons of glyphosate7

'durlng late summer also show pro’mlse (Frlesen and O Sulivan 1979). ‘
Wnth a mow—spray (2,4-D ester) comblnatlon Corns and Cole (1973) achieved one

of the best levetls of control reported in the literature. In thelr study the regrowth of

western snowberry that arose after mowmg on June 10 was sprayed on July 29. .

- [®]

Al\ough the lnltla| kill and increase in forage productlon was impressive, resproutmg was |
- well underway by the third season after treatment ‘

Id
R

.2523urn|ng | T o o M \ e
Western snowberr, '8 hughly adapted to peruodlc burning (Pelton 1953) Anderson _

'and Bauley (1979) reported that three months after a sprlng burn, western snowberry had

' re-—estabhshed a canopy cover equnvalent ‘to that of unburned stands lmtlally, stem densnty‘

in the burned stands mcreased by. 3 to 5 times compared to the unburned; but then

'decllned in the second and third years after treatment Although a slngle spring burn

: altered stand structure by producmg more and smaller stems snowberry quuckly regamed

dommance over the shade tolerant sedges and forbs-that were present Vo L

Annual burnmg of western snowberry shrubland had ar more pronounced effect on

’ the shrub (Anderson and Balley 1980) On rangeland burned annually in early sprmg for 25

o years snowberry cover decllned from 31% in the unburned to 2% in the’ burned. -

o However frequency remained unchanged at 52% . - Lo R "
i ‘

, 5Methy|2 [[[[(4 Methoxy 6- Methyl-—l 356~ trnazun 2 yl)
o amlno]carbonyl]amuno]sulfonyl]benzoate '

‘Hoechst Canada lnc. . - , k :

7N lphosphonomethyl) glycme



Other members of the gsenu‘s appear less adapted to fire. Aldous (l934l and

Launchbaugh and Owensby {1978) have reported that S. orbicul atus Moench could be

\

elumlnated with annual late sprlng burmng carrled out 2to 3 years in succession, un the tall.
) . Lo
‘'grass prairie of Kansas. ~ °

2 5.3 Grazmg and: Mowung

FutzGerald (1982) found that a single spr:ng burn of aspen forest followed by
heavy grazing by c:attle elther early or late in the season, produced two very dlfferent
plant communltles Regrowth followmg sprlng grazmg was predommantly of aspen
suckers and herbage in the lat@ grazing treatment western snowberry-and herbage h
formed the ma jOl" blomass components Early season defollatlon should resuit |n the |
greatest level of control probably because sprmg tends to be the time when plant NSC
reserves are depleted lLaunchbaugh and Owensb)g 1978) Contrary to thls FltzGeraId
found that the late- season grazmg treatment dramatlcally reduced aspen poplar as a stand o
component It was postulated that late gnazmg mterrupted the normal mductlon of |
dormancy and frost’ hardenmg in aspen and, hence left overwmtermg organs lie. root
crowns and roots) vulnerable to frost damage Substantnal aspen control after a sungle
sprlng burn and late grazing, is 5|gn|f|cant consuderlng the masslve volume of llterature
documentmg the regeneratlve potentlal of aspen (Berry and Stlell 1978 Perala 1979

i

Schler 1981) . ' KA

_ Mlght late season defollatlon haVe value in the ‘control of snowberry7 Western .
| s‘nowberr increased under late grazlng nn FltzGerald s study, but snowberry was- only i p
llghtly defollated by the graznng cattle Because of the low palatabxllty of snowberry to v '
cattle complete defollatlon was not possible through grazmg even though preference for .
: the shrub lncreased in the late summer If removal of all leaf areais requxred to cause

_ wmter injury (Fuchlgaml etal. 197 l) snowberry may have retalned suffuc:ent follage fora .

the normal lnductlon of dormancy to oceur. S ' L g e
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” ‘Accounts of the effect of mechanical defoliatlon on western sn.owb'erry are
sketchy Pelton (1853) found that in anesota season of defohatlon and soil mo:sture
reglme mfluenced the regeneratlon of the shrub Worklng with llmlted plant numbers on
dry and moist sites, resproutmg un late summer occurred onIy if decapltatlon took place
prnor to n%rmal bud dormancy ‘The degree of stand regeneratlon during the followmg

season. dlffered wnth mousturefeglme and season of cuttlng ‘[he greatest.ce,ductlon was -

' assocnated wnth an early August cut where soil molsture condltlons were characterlzed as

: dry Slmnlarly Corns and Cole (1973) reported that a July 29 mowung gave the greatest =
| initial reduction in plant numbers when compared with a June 10 smgle cut-or cuttmg on
both dates\ Although treatment effect was short= Ilved w:th Iate cuttmg plant numbers the .

‘ season after cuttmg, were- reduced by 50%

i~

' &
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2.6 Factors,Affecting Regeneration of Woody _Species‘ .

A variety of factors influence spr0uting_ and regeneration following defoliation.

7
7/

' .2 6. 1 Vegetatlve Buds '

Upon release from aplcal domlnance new shoots w:ll elongate from vegetatlve

buds Vegetatlve buds differ in thelr mode of orlgln developmental status and abundance
‘lTablell ' _ , .. . _ |

: Vpgetatlve buds may be categorlzed as elther axlllary ‘adventitious based on:

thelr mo/de of orlgm (Kramer and Kozlowskl 1979) The former bud type develops in

axnllary posmons initially wuth subtendlng leaves but in mature plants they may range in
posntlon from the stump base to the upper branches Axnllary buds orlgmate from .

_ ‘ merlstematlc tlssues havmg preformed vascular connectlons (Garrlson 1952 Kozlowskl
197 1a) Axullary buds may persnst fo?’the life of the woody plant (KOZ|OWSkI 197 la) n-

contrast adventltlous buds develop on roots from merlste"ns that arise durmg root

growtn after the formatlon of the phellogen or cork cambnum They are further

o .dlstlngunshed from axnllary buds by the lack of a preformed vascular connectlon to the plth _

. _' (MacDaniels 1953, Esau 1965 Schler 1976) R " . ¢ -

: AIl vegetatlve buds start off as prlmordla Wthh may range in size from

mlCFOSCOplC to that of a small protuberance l to 2 mmin dlameter A more advanced

o ~developmental state is referred to. by Schler‘(1973a) as a suppressed bud (Table 1) ln:.“ '

L tnls state buds are clearly vusnble and have bud scales Adventltxous buds wull have

- acquured vascular connectlons by thlS po:nt G:ven the necessary stlmull suppressed buds '
quI elongate into shoots SR _‘ BRI ‘b , .

In. aspen poplar defollatlon stlmulates the development of prlmordna 10 the .

: suppressed bud state lSchler 1973a) For woody plants in general most reports lndlcate l
that follownng severe defollatlon or decapltatlon axlllary buds located at the stump base

,are the fll"St to release and elongate lnto new shoots (Stone and Stone 1943 lVchanleIs

1953) Wlth repeated defollatlon each subsequent wave of sprouts wxll tend to arlse



Table 1. ‘Definitions describing types _of vegetative buds in woody plants.

~-Bua Type Definitio‘ri.' o — " "Refarence
1.Axillar"y“>\ Describes buds arising from .. Garrison 197 1-

meristematic tissues which have - .~ Kozlowski 187 1a "
preformed vascular connections. . SR -

They are usually firstvisible-in-the
. leaf axils of juvenile plants-but in
- older plants may be found from the_
stump base to the stem apex ‘

S 2. Adventitiousii Describes buds ariSing fromthe  MacDaniels 1953
C - phellogen or cork cambium of roots. = - - Esau.1965
-and sometimes-stems of woody ~ . Schier 1876

" plants. .Adventitious buds do not
- have preformed vascular connections
o and must develop these before they '
‘can elongate into shoots

3. Suppressed Describes buds which-are suffuc1ently » -Schier 1981 = -
S " advanced, anatomically, to elongate. - - - - - X
into shoots, but are heidina -

quiescent state, hkely by hormonal

: -|nh|b|t|on S
- 4. Currently - Buds which may dlfferentlate from.. -+  Schier 1981

_ initiated | pre—existing prifhordia and then . 4
EEE elongate intd new shoots, during the..

season of disturbance to the parent
Elant Though there may be other '

.- *buds present which are ‘

-~ developmentally more advanced, =~ ', .

- currently initiated.buds may prowde .

- the major source of new shoots )
' after a dusturbance




‘l‘.

“

from currently lnltlated" buds. These are "axlllary” buds which dlfferentlate in close

proxlmlty to. the bases of shoots whlch were released after the |n|t|al defohatlon (Schler
1973a) The supply of axnllary buds wnll be temporarnly depleted after the |n|t|al cut but
sprouts released wnth Subsequent cuts will arise’ from currently mntnated axullary buds ‘. :

(Schler 1981). In this way, an- ample supply. of vegetatlve buds, of advanced

__developmental. status. _remann m:eserve_Axlllar_y_and currently mma_ted laxﬂlaryl buds

} provude the pruncnpal source of new- shoots and adventltnous buds release only in -

con junctlon W|th abnormal envnronmental stlmun or after in ;ury or depletlon of the prlmary

supply (Kramer and Kozlowsk| 1879) , \
: S
‘The tendency for axlllary buds to release prlor to adventmous ones seems clearly

. related 6 thenr more advanced developmental status (Sandberg,l 951 Schler\l 9733)

Ownng to the lack of direct vascular connectlons adventmous buds may not respond to
hormonal stlmull or obtain, growth substances as readlly as ax:llary buds Furthermore a
greater supply of carbohydrate may be requlred for thelr release as.new shoots Thorpe

.and Murashlge (1970; observed a heavy accumulatlon of starch in assoc»atlon wnth snoot

)

' prlmordla dlfferentlatmg in tobacco callus culture They concluded that th-s starch .

. accumulatlon was mdncatnve of the hlgh energy cost of the process Slnce adventmous o

buds must underao more developmental changes to reach the "5uppressed" bud state a.

h;gher energy expendlture would be expected S RO 'v

2 6 2 Hormonal Control R - | R

_ ' Phllhps (1975) dlscussed several current theorles explalnmg aplcal domlnance and
the releasesof vegetatlve buds followmg removal of the shoot apex A,hormonal balance '
theory, _whlch stresses, the mteractlon of auxin and cytoklnm is currently favoured ' |

Auxlns produced in the aplcal merrstem are sub Ject to basrpetal transport whlch is

reqmred to, offset a contmuous process of auxm lnactlvatlon (Ellasson 1971a 1972) ThIS ; f‘

constant downward supply mhlblts the m:txatlon and elOngatlon of shoots (Ellasson 1961

Farmer 1962) Top removal will cut off the downward flow: of auxm thus reducnng

o woo.
L
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‘ lnhlbltory concentratlons of the hormone in crown and root reglons and thus releasnng
suppressed shoot prlmordla (Schler 1976) _ _ _ '
' Cytokmlns are produced in actlvely growmg root tips. and are transported upward ‘
“in the xylem stream (Forsyth and Van Staden 1981) Actlng mdependently of auxlns ‘. '
. cytoklnms stlmulate both the lnltlatlon of prlmordla and the release of suppressed buds B
——;(Peterson—1975)—Wlth top- removal,_the concentratlon of cytokmlns temporarlly mcreases_“y'__
o in the roots’ due to. the elimination of upward translocatlon THe increase in cytokmln " ‘
' relatuve to auxm facllltates bud release (Schler 1979) 4 "
o Auxms may in fact malntaln aplcal domnnance by promotmg the' degradatnon of
cytokmlns (Schier 198 1) Consequently, cytoklnms may only exert thelr stlmulatlve role -
| when the au;un to cytoklnln ratio decllnes beyond a certain level RS N
.' Other hormonal factors may mfluence bud mutnatlon or emergence subsequent to
defollatlon For example absc:sxc acnd (ABA) a dormancy promotlng hormone may 8 ) A\
prevent bud release if defohatuon takes place after the onset of dormancy Thns response o
may relate to the accumulatlon of ABA in vegetatuve buds because of. aldeclme in the )
Iate season translocatlon and metabolnsm of the hormone (Phlllups and Hoffman 1979)
| Dorfflmg (1964 1966) demonstrated the mhlbutlon of bud outgrowth in decapltated
seedlmgs of Acer pseudop/atanus L. and P/sum sat/ vum L w;th appllcat|on of lnhlbltor
extracts of the same spemes "The eventual release of Acer saccharum Marsh buds would .
not occur untll endogenous Ievels of cytokmln mcreased to counter the lnhlbltory levels of L
| ABA (T aylor and Dumbroff 1974) In Acer pseudop/atanus L bud emergence from
_ dormancy may have been related to mcreases in endogenous glbberelllc ac:d levels (Phllllpsﬂ- Co
“'andHoffman 1979) .. o ‘ 8 . | .b | o .‘
. Asxde from the hormonal factors that control bud release shoot outgrowth may be. :
: ‘. regulated by seasonal varlatlon :n growth promoters and mhtbltors Seasonal varlatlon m |
endogenous levels of auxin, cytoklnln and abscrsnc acidin woody plants has been g

" docdrnented (Hatcher 1959 Luckwill and Whyte 1968 Seeley and Powell 1981) Thls

seasonal varlatnon may partlally explam the "eplsodlc character of growth lDoorenbos b
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1953) Tlnklnn and Schwabe (1970) found that defollatlon at progressnvely later dates in |

’ the growmg season resulted in a reduced growth response at each subsequent date

2. 6. 3 Carbohydrate Reserves _
Much of the research relating’ to regeneratlon followmg defohatlon has emphasuzed-

“the role of}reserve supphes of nonstructural carbohydrates or NSC (Berg and Plumb

1972) Gompounds such as glucose fructose fructosans, dextrms and starch are
moblllzable and can be mampulated to fuel plant growth and development (Smlth 1969)
Garrlson (197 1) pomted out that each genus has its own seasonal reserve curve as,

, determlned by the mteractuon between the genetic make up of each plant specnes a/wd the

umque envuronment in Wthh it resides. "A predlctgﬁle annual cycle in NSC reserve evels ’

\results from the balance between resplratlon new leaf and twug productlon and fruit
B formatlon which reduce reserve levels and photosynthetuc actlwty wh(ch replemshes
: these reserves (Berg and Plumb 1972l ' _
“ Sproutlng woody plants depend on NSC for vegetatlve regeneratlon after top
' ‘.‘.'removal Schuer and Zasada (1973) found that resultant stem dens:ty and aenal bnomass in
:V"aspen clones were correlated wnth NSC levels at the tlme of cuttnng They further EA ; ‘,
_ concl.uded that aspen depended on NSC untul new shoots broke the surface and o
: “ establlshed new Ieaf area, in Popu/us de/tO/des Marsh (Larsen ‘and Ducksen 1973) and
| _Ma/us spp (Hansen 1971) dependence on reserve NSC persusted to the 8and 5 leaf
"stages respectlvely Although dependence on reserves may decllne faxrly soon after
: ‘-"'emergence replemshment of- root reserves may not take place untll qunte late in. the
- . :_season (Kozlowskl and KeIIEr 1966) - o S o
) ’_ The total pool of carboyhydrate reserves avallable for regrowth depends on the _‘,_'\,‘
- ftlmmg of cuttung or defollatlon relatlve to the annual NSC reserve cycle (Butterly et a/ |
1959 Jones and Laude 1960) The seasonal low in NSC for most shrubs occurs ln sprmg

' towards the end of leaf flush and agaln durung flowerlng and fruut productlon (Jones and’

Laude 1960) Th:s pattern has been conflrmed for Symphor/carpos oreoph//us Gray and -’ V_ v
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S. vaccmmdes Rydb (Donart 1969 Wlllard and McKell 1978) and is expected to be similar
in S ocr:/denta//s Hook." lPeIton 1983). ' L o
Tlmmg of defollatlon wﬂhnfluence the length of growmg season avallable for the
productlon of new growth and the replenlshment of NSC reserves. Donart and Cook
(1970) chpped 90% of the shoots from the prevuous ‘season on S. vacc:nO/des Rydb. and

determined that lost reserves were recovered when' 20% of the regrowth had_ been

produced In hortlcultural crops Iate—season prunmg fertlllzatlor} or excessuve lrrlgatlon
r

. (>.;
may lnduce late season growth reducmg food reserves and leavmg llttle tlme for ¢

replemshment of resarves (Berg and Plumb 1972). _ _ _

_ Schier (1976) pomted out that there are fmlte |lmltS to the frequency of defollatlon

that sproutlng woqdy plants can wnthstand Repeated burnlng mowung, grazmg or -
7

herbucnde appllcatlon wnll deplete carbohydrate reserves and reduce the potentlal for

‘, vegetatlve regeneratlon Berry and Sttel (1978) determlned that aspen regrowth

progress:vely declined wuth harvest rotatlons of less than once every ten years They

o attrlbuted the reductlon in regrowth potentlal to! belng starved of adequate teedback

from photosynthesnzmg tops Sl)’ defollatlons of Symphor/carpos oreoph//us Gray, ovar

two years resulted in NSC depletlon and plant mortallty by the second season (George and B
\ Lo

McKelI 1978a) ngh stem mbrtahty durlng the dormant penod was attrlbuted to Iow levels -

i

ofNSC e N

2 6 4 Wmter Hardmess

Season of defollatlon may affect the lnductlon of dormancy in temperate woody

plants Fuchlgaml et a/ (197 1) demonstrated that defohatlon of Cornus stoloni fera :

.

Mlchx durmg short day COﬂdlthnS, llmlted the: level of frost hardmess that could develop

When compared to untreated plants tlssue m Jury in defohated plants was observed in the

—5 to -1 O°C range They hypothesszed that tlmely defollatlon ln the treated plants may

have lnterrupted the translocatlon of a hardmess promotmg factor(s) produced in the .

Ieayes under short days B
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Carbohydrate reserves also affect the development of wnnter hardmess (Levntt
1980, Slmlnowtch 198l) NSC acts as a cryoprotectant, and, as an _energy source for
j : membr;a;t/e protoplasm augmentatlon and for varnous metabollc processes umque to the
‘development of wunter hardlness (Slmlnowtch 1981) Reductnon of fall NSC levels by
- defollatlon gnrdllng or dlsease have all been reported to Ilmut the development of wmter

hardlness (Slmlnovutch 198 1), Even lf the reduction is msufflcnent to kill the plant, subletha_l‘

wunter stress may reduce y|elds in subsequent growmg seasons (McKenzie and McLean
1980m T ,-,.~.' o
. As was the case for late season recharge of NSC hortlcultural practlce has
: acknowledged for at least lOO years the potentlal for Iate season prunlng to cause _
winter injury Roe 1881, Auchter and,l(‘napp 1929). R R
-2.6.5 Envlronmentaﬂl.Factors DU o , e i
- Variation in chmatlc factors may also affect the release of vegetatuve buds lSchser
' 1976) Baxley and Wroe (1974l report ed greater aspen sucker establlshment wuth higher
alr temperatures one- and two years prlor to establlshment They found precnpltatlon two
‘years prlor to be negatlvely correlated H:gh a_r_nmg_m mmp_ggamngs or low §_Q|_l mg;_s_tur_e -
: .levels that reduce aplcal growth may explaln the release of vegetatlve buds Such .
condltlons ‘may result in reduced auxin productlon and hence baSIpetal flow of the
,'hormone A change in ) the ratlo of auxin to cytoklnln would result allowung the lnutlatlon .
’ _4 and/or release of vegetatlve buds "; ‘ L l- -. e O
_ The preCIse role of S_Qtl t_gmgef_aty_e in the release of vegetatlve buds m an '
"-;Eundlsturbed envnronment remalns controversnal H:gher son temperatures may enhance
" the degradatlon of auxin (Schler 1976) However Steneker (1974) has reported that the _
) 'reductIOn in auxin relatlve to cytoklnm may be msufﬁcnent to break aplcal domlnance '
- Nonetheless where dusturbance occurs hlgher soil. temperatures have been assocnated b_

w:th a greater sproutlng response (Schler 1976 Schler and Campbell 1978)
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N

Envuronmental condntlons affectlng the rate and duratlon of regrowth may also

affect the actual level to Wthh NSC. reserves are reduced Wenger (1 953) demonstrated S

that depletlo‘n of NSC followmg cutting of L/qU/damb\ar styracif /ua was proportlonal to
new growth produced Envuronmental condmons WhICh favour vegetatlve growth ‘

especnally available soul monsture and fertility, quI also. favour NSC depletlon (Berg and

Plumb- 1922\ —t - ) =
Drought condltlons followmg the onset of regeneratlon may llmlt replenlshment of -
NSC reserves (Wlllard 1972). However dl ought at the time of defollatlon may lmpose an -

’ enforced dormancy such that both regrowth and. NSC draw-down may be delayed unt|I

2.6.6 Clonal and Slte Varlatnon
Factors such as genotype clonal hlstory clonal age and snte varlatlon may account
for dlfferences in regeneratlve response Peiton. (1953) determmed that in western o

snowberry, clone dxameter mcreased wnth age. and ste'n helght mcreased with'soil

i j moistur /e level l-le noted other clonal dlfferences in Ieaf shape and stem densnty but could-.

: only speculate as to the source of thls varnatlon Schuer ( 19‘76) reported clonal varlatlon in.-
aspen sucker mltlatlon and development in. response to. defohatlon leferences in the
qlonal factors l;sted above may contrlbute to varlatlon ln the developmental status of

vegetatlve buds, and thus the regeneratlve potentlal of mdmdual clones Although

genotype llkely contrlbutes to dlfferences in regeneratlve response most dnfferences N

have been related to nongenotyprc factors (Schler 198 1) For example aspen clones wuth' :
a hlstory of fire, grazmg or mechanlcal dlsturbance may have a greater regenerat:ve o

potentlal than undlsturbed clones (Schler 1873 On sntes where aspen ls shallow—-rooted
- regeneratlve potentlal may be reduced where f|re may damage vegetatlve buds on root

: crowns and rhlzomes (Schler and Campbell 1978)

=
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.3 Methods ahdl\/}laterials
3.1 Experimental Sites,

3.1.1 Beaverhlll Lake

The: prmcnpal fueld study area was Iocated ona grazmg Iease admmlstered by the :

Alberta PUbllC Lands Dwusuon of the Department of Energy and Natural Resources Thls

site is |n central Alberta (Flg 2) near the south— eastern shore of Beaverhull Lake (elevatlon ~

670 meters approxumate latltude 53 23 N Wonders (1969) has Jescrlbed the clnmate of

' the area as "dry subhumld" lmplymg cold wxnters and mlld dry summers, Annual

prempltatnon averages 576 mm, of whnch 64% falls durlng the grownng season' The frost.'

: , 'free growmg perlod generally ranges from lOO to 120 days m thns portlon of central

. Alberta with the flrst klllmg frost usually occurrlng durmg the first: two weeks of
'September R e IR | T '

So:ls on the experl-nental site were developed on stratlfled lacustrlne materlals
:overlylng glac:al till. Sonls are nnte:mednate in. development between those of purely
""Iacustrme or tlll plam orugln Ehlert (198 1) and Howntt (1981) have mapped these sonls as

i thm gleyed black chernozems Core samplmg carrrled out by the author revealed a thm

4 layer of fme tlzxtured sand overlylng lacustrlne clay Abundant orange and biue mottles in '

the C horlzon conflrmed the varlable and generally |mperfect draxnage COhdlthl’lS

B vassocsated with the proﬁle classuﬁcatlon reported above Slte productl\hty would be

.' _expected to be hlgh glven the ample monsture supply of the subson comblned thh the
‘ chernozemlc propertles of the surface hOFlZOl“l R ' A '

Western snowberry cover occupled 60- 70% of the experlmental area ln the
mterspersed grassland domlnant spemes mcluded Poa praten.svs L, Agropyron -

; 'subsecundum (Lmk )Hltch A trachycau/um (Llnk )Hutch Ach///ea mlliefo//uml.and

Gr/nde/ ia squarrosa (Pursh: )Dunal ‘Within' shrub stands understory specnes compos:tlon ;

" 1Data abstracted from the Tof:eld North weather statlon Iocated 22 km northwest of the;,- el

| .',expenmental site, for 1974 1980

22 -
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3, 1 2 Frog Lake

Vwas very snmple Poa pratenS/s was most abundant wnth mlnor components mcludmg

_Ga/ /um borea/e L C/rsmm arvense (L. )Scop and l.actuca pu/che/ /a (Pursh)DC.

D

S 2T

A secondary study Slte was located on crown land |n east central Alberta near

Frog Lake lSE 23, Twp 55 Rge 3 W 4am; Fug 2) Although general chmatlc condmons are

' ;comparable batween the two—snes m questnon (Wonders—lQGS) the Frog LLake- sute was—_—

Co7 characterlzed by much drner srte condutnons Whereas gleyed black chernozems

= : predomlnated at the Beaverhlll Lake snte at Frog Lake orthlc black chernozems were ;. R

e :3 2 1 Beaverhlll Lake - Maln Study

; ldeveloped on ablatlon morame wuth rolhng to "knob and kettle topography The ,' s

_"experlmental sxte was on the mndslope of an east facnng rldge

' j'_3-.2'__Experi_mental Demgn ‘andv"‘l"rea't.ments o

.ot

) Pelton (1953) and Wlllarc l1972) defmed a smgle Q_la_nt umt wuthln a snowberry

""".clone as an enlarged rhlzome sectlon w1th a dnstmct cluster of stems and lncludlng the '; o
E ummedlate roots Wlthln a snowberry clone xnterplant translocatlon was cons:dered S
| ';unllkely but thelr results were mconclusnve in thls regard To ellmunate any possnble
B ‘.problems that could arlse where more than one mowmg treatment mught be applled w:thln

: the conflnes of a snowberry colony lnledual clones were selected as the' experlmental _':,; ; -
L Plot unlts .v = - » ' ' ‘

v A 4 ha snte (an 3) was fenced and a populat|on of treatment clones was |dentlf|ed‘

: durmg August 1980 The Beaverhlll Lake locatnon was selected because 50 to 60

o dlstmqulshable clones of western snowberry were present on Ievel terraln All clones .

T were vusually rated for canopy densrty, hesght and dlameter Selectlon of clones for the

".-:'treatment populatlon favoured those of dense canopy (90 100% coverl helght of O 7‘to -

1 m and dnameter ranglng from 15 to 25;m Because there were no obV|0us cruena for o

Ve
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subdivision of treatrnent clones into blockKs, a completely randomized design was
employed | ‘ “

Elght mowmg treatments, consnstlng ofa control plus all possible comblnatlons of -
smgle double and triple cuts.on three dates were applied (T able 2). Cuttlng dates were |

e

selected to coincide with morphologically distinct phenologlcal events:-

a Spring — leaf emergence’
\ . .

b.  Summer - flower bud swelling, and

- ¢ Late summer - fruit swellmg
In 1981 treatment dates were May 8, June: 24 and August 13. hereafter referred to as
sprmg summer and late—summer ‘The sprlng and summer dates were tlmed to comcnde
with expected Iows in the NSC cycle and the Iate summer date with the onset of.
| dorman'*y Four repllcates of each of the elght treatments were ranoO)/,allocated to 32
clones from the pre selected populatlon ,: . :
Clone mowmg was accomphshed in two stages mltlally with a gyro mower?, and-
later with a lawn mower. Stem stubble helght averaged 10 to 15 cm after the gyro
“mowing, with a few plant tops remalnlng only pal’tlally severed The second cut thh the
lawn mower left an even stump hexght (5 to7 cm) and msured that all tops were cleanly
severed. Afte%geach mowung ten perm%(nent sampllng statnons were randomly located in .

each clone and marked by a wo%den stake These pomts were used to make perlodlc

measurements of sprout growth and development ‘ )), -
. 3.2.2 Beaverhlll Lake: Dormancy Response o e
) .a . v e A

' The Iate summer cuttlng date was expected to connc:de with the onset of
dormancy To provude addltlonal mformatlon on the tlmlng of dormancy and the dormancy

respons; ‘to defollatlon two additional clones (Flg 3) were surveyed into a sequence of

———— e e e o oy e s e e i i e e o

Vo N A

~



Table 2: Season and frequency of mowing by treatment as applled in 1981 at Beaverhill
Lake :

Treatments ‘ Spring'  Summer® . Late Summ‘ert‘
o May 8. + June2d August 13
A 'Control‘ (Unmowedl \.-
B X | -
c X
D ; X
E X -

I O T

) 1May 8 to June 24 = 47 days .

- 2June 24 to August 13 =50 days - :

3August 13 to. Ieaf senesence = 20 days Yy

 five strips (2 x 10 ml and were marked with wooden stakes Randomly selected strlps e
were then mowed at seven daly mtervals commenc:ng August 7, 1981 ln 1982 the *

procedure was repeated on prev;ously unmowed extensnons of the same strlps for the

same dates. o

323 Frog Lake ~ Pilot Study

_ A rectangular‘ seétlon of a snowberry clone was fenced in the Sprlng of 1979

© . priorto the commencement of the present study The fenced area was subdlwded mto ’
g three plots each 5 X 5 m in size. One plotwas mowed on July < 29 1979 a second on

Apl’ll 27 1982 and the third. remamed asa control The mowed plots were cut to a 5 cm - B

stubble wnth a lawn mower Root connections were severed between the three plots W|th o '.

- aprofile spade.

]
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,n S .: o . .
3.3 Environmental Measurements

X

3.3 Qally AII‘ Temperature and Preclpltatlon ) : ’
‘ A standard weather station was establlshed and malntalned at the Beaverhill Lake
'_site for the duratlon of the'study. A thermograph (Kahlsnco;EI'CaJon, Calif.), housed ina
——.—St'even’s:on‘s‘c'reen—re‘co‘r'ded‘am’bient‘temperature—continuously*Daily—maklmum"and;'
| mmlmum temperatures were abstracted from the drum trace for each recording perlod "
Each monthly data set was then standardlzed wuth maxnmum and minimum thermometer |
readmgs to correct for error in machlne calibration. » . _ '
| A Universal recordlng rain gauge (Beifort, Baltlmorel momtored the dally
occurrence and approxumate amount (mm)‘of precupltatlon Total monthly accumulatlons
measured with a Type B rain gauge (Belfort Baltlmore) were. used to standardlze the dally
mcrements Weather records from the statlon on the experlmental site were compared
wrth those of the. Tofleld North statlon Monthly means for air temperature and
prec1p1tatlon values were. thhln 5 to lO Yo of those for the Tofleld North statlon
v . : )

3.3.2'Summer Soil Temperature and Soil Moisture

33211981f'if' . "'.Ju_f\ 1.T1 o :
‘ In 1981 soil temperature was recorded at 4. to 10 day mtervals from March
E _. -24 to August 15 Temperature was monltored at 5 and 10- cm depths in
: v _mterspersed grassland §hrub smgle mowed shrub and double mowed shrub cover
" vtypes Temperature was measured ‘with & 15 cm sonl probe type thermometer 10 Son |
SR o | temperature was consnstently measured in the early afternoon betweert 12 noon and ~
- 2 pm. Four cover types were sequentlally sampled (at two depths) for a total of flve'. :
. 'b;readmgs per type Temperature readmgs were ad Justed because of thermometer \
: -error. The necessary correctlon factor was derlved by water bath callbratlon -
‘ Gravumetrlc determmatlon of sorl moisture was made on flve dates in 1981 4
(Aprxl 27 June 1 1, July 16 August 12 and September 12) On each date 15 sample

"’Reotemp model J= 210 Flsher SClentlflC Edmonton
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'cores'of the surface vl 5 cm were collecte‘d in e.ach'ofjthe 32 control and treatment )
clones and waere then~bulked together on a. clonal basls Moust soil samples were.
B sealed in alr—tnght bags and returned to the Iaboratory Samples of moist s0|l were
| welghed drled at 100°C untll a stable welght was reached, and then rewelghed Soil |

moisture was expressed ona percent dry welght basus

.: 3 2 2 1982 ‘ _ _
R Durmg the second fleld season thermlstorsn were mserted beneath shrub
, and late—mowed cover types (2 thermlstors under each type) Weekly readmgs R
' were made with’ a Tele—Thermometeru by sequentlally connectrng each t)wermxstor
Jack Readmgs could be made at all stations wuthm a 10 to* 15 mlnute perlod thus o
: reducmg samplmg error caused by varlable cloud cover and wnnd speed -
Soil moisture levels were momtored under shrub and fall mowed shrub ccver "'. T
. types wnth a n§ ‘
slight var latlon in slte relief (Flg 3) At each of the two sntes sampllng tubes were
-located in palrs one ina shrub typs the other ln a ’ate mowed shrub t'eatment A
Sample holes were. augered and tublng was seated to a depth of 70 cm, on May l ‘
' 1982. Samphng dep‘hs were set for 10 to 25, 30 to 45 and 50 to 65 cm usmg
o blocks attached to the neutron probe cable Smce solar radlatlon may mfluence
” 'surface readlngs the flrst samplmg Ievel was at. the 10 to 25 cm depth Weekly
readmgs were made in the four sampllng tubes in con )unctlon WIth other plot .
measurements Three standard curves one for each horlzon were developed for
. °_each of the two sample sites by pIottmg graV|metr|c values w:th probe ratids. Auger '.
-samples from Whlch the gravnmetrlc values were determlned were gathered on. |

o

~ June 28, July 26 and August 26~

1ISerles 400 probe YS Instruments Yellow Sprlngs Ohio. .
~* “Model 425C with +: 1°C precision, Y.S. ‘Instruments, Yellow’ Sprlngs Ohlo A
O ’3Hydrogen Probe, Model. 503 Campbell PECIfIC Nuclear Pacheco, Calif. -

3
.

tron probe 13 Two sampllng statnons were selected they spanned the o



30

-3.3.3 Wlnter Soul Temperature and Snow Depth
Durung the winter. of 1981 82, a contlnuously recordlng weather statlon“
monltored SOI| temperature at 5 cm under shrub and late— mowed shrub cover types The i

o pIots to be momtored were ad jacent to one another with thelr lntersectlon lymg parallel to

© the prevalhng wmd A thermustor was lnserted into each cover type and the recorder was', e

~housed in an insulated box . |

L Snow depth over each thermlstor was measured from callbrated stakes placed on
,s:te in Iate November Dlsturbance was ellmlnated W|thln a 3 to 4 m radius of the sampllng
L points. - e o '

.

- 3.3.4 Slte Varlatlon Among Snowberry Clones
.

Although there were no obvuous sute dlfferences between snowberry clones
. measurements of depth of sand and dlstance to, wetland cover t;pes (sedge and w:llow)
were made to help account for any varlatlon among clones wuth respect to treatment
R effect Two auger holes we'e excava ed in each clone and the depth of sand was ‘
-recorded Distance to wetland cover was estlmated from Fig. 3, ‘Clone Iocatlons were

« plotted from aznmuth and dlstance measurements were made progress:vely from a

tiepoint (i.e. N E corner of the fenced slte) to each clone centre
3.4 Nonstructural Carbohydrate and Sprouting Reserve Studies

3.4.1Field S_a,rnplin‘g. -

' /3 4 l 1 Seasonal Varuatron in Nonstructural Carbohydrate e »
Nonstructural carbohydrate levels were determmed for control and. smgle '

sprlng mowed treatments on 12 dates in 1981 from Aprll 15 to October 16 The n

e "‘_sampllng mterval averaged 10 days in. the sprlng and early summer and 15 days l. .

:towards autumn On each sampllng date two plants were randomly chosen from ..

-the four clones of each treatment A cylmder of sOIl 30 cmin dlameter and 30 cm :b -

- -____.___...___.___—,___

- ”CR21 Mlcrologger Campbell Scnentlflc Ltd Logan Utah -



. deep, was excavated around each plant. Old stem root crown, |af'ge roots (>3 rnm,
dlameter ) and small roots (<3 mm) were collected from the control clones, whlle
~only the root grown was sampled in sprlng mowed clones ‘

Plants of lntermedlate age were selected, WIth clone centres and edges belng' .

‘av01ded Samples were separated by tlssue type and placed on dry ice within 15 tor

' 30 mmutes of excavatnon returned to the laboratory and stored in a -1 0°C freezer

“until further processmg could be carrled out ' ST DR

: 34. 1. 2 Effect of Treatment on Fall Sproutmg Reserves o
_ Us:ng the samphng procedures outlmed above root crown sa ples were
. -Vcollected from all control and treatment clong&on two dates On Aprll 15 1981
“ prnor to any vusnble sugns of growth two ro;t*&growns were collected from each of.
Athe 32 clones and were\ stored for NSC determlnatnon On October 27 1981 three
root crowns were collected from each’ clone for NSC and etlolated growth (EG)
, jdetermlnatlon Etuolated\ growth was employed asa measure of regrowth potentlal
based on tne dry welght of shoots grown out |r~ the dark from root crowns of -
~ western snowberry Proxlmal and dlstal portlons of each‘ root crown sample were

, jchpped off{ and transferred to cold storage mlddle sectnons were tagged placed on- L

molst vermncullte and returned to the laboratory

i\ - 3.4, 2 Carbohydrate analys1s o N o
’. 7 Total nonstructural carbohydrates (NSC) were extracted from snowberry tlssues
:Ausmg the enzyme dugestlon technlque outllned by Smxth ( 1969) The frozen fleld samples
| "'Awere freeze drled until a constant welght was reached” Thrs procedure requnred 3 to. 4 . :
' ..idays in the drner The freeze drled samples were crushed mto small pueces Wlth care S

e belng taken to remove dlscolored tlssues mdlcatlve of m Jury or stem mortahty Tlssues

L were ground ina they mlll to pass a 40 mesh screen ~After thorough mlxmg of the total

'ground volume a25g subsample was placed ina. tlghtly sealed 10 ml vnal The small—root R

‘fraction (<3 mm dnameterl was not analysed due to excessuve varlatlon in sample color and I

___.____..__..______.____

-15Freeze drler - ertls model 50 SRC Gardlner N. Y U S A



’quantlty Analysns of the sprmg samphng of all clones and the seasonal NSC samples was |
A".carrled out by | Cantest Laboratorles of Vancouver B C. Samples from the October "
collectlon were processed by the author - ' '

From a sample of 350 mg of ground tlssue dlsaccharldes and starch were |

| hydrolysed with Q. 5 alpha amylase“ solutlon for 48. hours at pH 4. 45 and 38°C..

~ Fructosan breakdown was insured by 0.1 N sulfurlc acid. The Schaeffer Somogy| )
‘copper 1odometr|c tltratlon method as outlnned by Smlth (1969) was used to assay for /
" .reducmg sugars o . L o

Prior.to the NSC analysls carrned out by the author the pH and temperature

:'recommendatnons of Slgma Chemlcal Co and Smnth (1969) were compared for thenr
. 'effect on. yleld of reducung sugars” Two pH and temperature reglmes were tested witl
- ‘three samples of each of three tlssue lots. The onIy sngmflcant effect on yield of red’/ cmg, ‘
sugars was due to pH The pH of 4 45 recomrnended by Smltl‘ (1969) gave a sngmflcantly
hlgher yield, whlle temperature showed no sngnlflcant effect“ The more ac:d pH level was

-thoucht to enl"ance the hydrolys:s process In both the. analysus by Cantest Ltd.. and that

- carned out. by the author the condmons of Smlth (1969) were employed Flnal NSC

"_ : analysns results were expressed ona percent dry welght basxs

'3 4. 3 Etlolated Growth Determmatlon BRI
: Immedlately followmg field sampllng root crowns were prepared for expressnon
) of ntlolated growth (EG) in the dark chamber follownng the procedure outlmed by ”

B F:tzGerald (1982) After fresl’F\Neughts were determmed the samples were soaked for _ -

B ?flve mlnutes in a fungnc:de solutlon” to reduce pathogen actlvuy Cut ends were sealed . e :

oy w1th molten paraffln Treated crowns were placed ina dark growth chamber 3

i .Temperatures of 25/15°C were malntanned for a 16/8 hour day/mcht cycle W|th constant

| relatlve humldlty set at 70% Trays were watered every 1 to 2 days and a green safehght

————_-—_—-—_—_——-l-———

g ~1‘Enzyme Commision Number 32.1. 1 1 4-—alpha D- Glucanohydrolase produced by

- "SIGMA Chemical Co., St Louis, Mo. 5
. V"The Sigma bottle labe! specified a specnflc enzyme actnvnty at pH 6. 9 and 22°C whlle
:.Smith {1969) des»gnated a pH of 4.45 and temperature of 38°C : :
 MAnalysis of variance &f results in. Appendlx 1 A :
' 1”2 2% methyl mercury dlcyandlamlde s



. ,’ B . . N
was uséd durlng chamber unspectuon and waterlng to prevent the development of
| chlorophyll Sprouts were harvested every 4 weeks oven—drled and welghed EG was
expressed as mg/crown ' R ‘

o e e~

: 3.5Regeneratiqnlstudieﬁsi N . “ EEERE c

By

3.5 Phenological Obse"rva,tions" A

'351 1Control Clones - o ' - o o

'Shrub growth and development were assessed -at four to ten day lntervals in

1981 and at seven day mtervals in 1982 The onset and duratlon of Ieaf emergence -

" 'shoot elongatlon flower bud development flowermg and frult formatlon were
~ . monitored:: General bbservatuons were made from each clone asa whole for aIl
| _parameters except shoot elongatlon >

Shoot elongatnon was monltored by repeated measurement of tag ad Iants

of brass snare wnre AII current shoots on each branch were measured o’ each

Ce samplmg date untsl shoot elongatlon ceased

Rhlzome extensnon was observed durmg blmonthly excavatlons made for the S

R Y

: "carbohydrate studles

'3512MowedCIones 5’_‘,‘”. SR S el
o ln addmon to the phenologncal stages lnsted above sucker emergence and

elongatlon were monltored in regeneratlng clones Duratlon of sucker emergence

. was determlned by ocular estlmatgpn of sucker abundance rated on a.four pomt scale '

-(nll few frequent abundant) When the abundant class was reached sucker

emergmg suckers.. -~

' 'emergence was Judged complete Thls was’ verlfled by close lnspectlon for newly i
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Duration of sucker elongatlon was: estlmated by measurlng two shoots near

i each of the ten samplmg statnons On each sampling date the length of the Iongest
and shortest shoots was recorded Thns technlque was used since repeated '_ '
measurement of suckers tagged at the begmnmg»of the regrowth flush wot;lz not

account for elongatlon of those suckers that emerged later on 'l'has procedure was

o season shoots were counted accordmg to thelr posmon of orlgm on the root crown

. also followed in - 1982

- 35.1.3 Cond:tlon of Root Crown Buds -

Root crown bud condltlon was rated on root crowns excavated from clones S

L

of the mam study on October. 27, 1981 and the strip mowed plots on November 7

' 11981 and November 14 1982 The ground was frozen to a depth of 10to 20 cm.
by the autumn sampllng dates Sods wnth encased snowberry crowns were chopped
from the frozen ground thawed in the Iaboratory and washed free of sod and soul

On the autumh samphng dates, observatnons were made wnth respect to
‘a :-. presence o_r‘.absence‘ of elongating buds,’
: b .degree"_o_f elongatio.n "into shoots,_ and
c site of bud origin', axillary_buds' on old stumps or basalbuds on Arso;,f

- crowns _

Root crowns were excavated from the mowung stu& onMay 4 1982 when the ]

\' ground was’ sufflcnently frost free to permlt fleld samplmg Prevnous and/or current

!

; '_laxxllary or basal) Any evndence of necrosus or desnccatlon on current sprouts was aIso

T H
S
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. 3.5.2 Direct‘Estimat'ion of Biomass; A}nnual.Yi.eId and Stand Structure‘
3 5 2.1 Backgrouhd

Treatment.effect on stand regeneratlon was evaluated in 1982 usnng the

follownng parameters

a annual yleld of snowberry composed of new wood shoots foluage and

fruut -
b, .ann‘ual .yield ot snowbﬂerry‘_ fruit alone, ' ‘f S
c “.a.nnual ’yield of herbage,
d i p_l_anti.de‘nsity‘, a'nd.. -

e : stem’ densnty ‘

.Other stand parameter’s were quantlfued for lnterpretlve purposes mcludlng root mass
- stem and root crown age : ' o » S )
| In studies with herbaceous pla%ts responses are often based on current season
. v' yleld of aerual bnomass (Buwan and Trllca 1977 Slnton 1980) in woody plants stands tend
g to be ;nore varlable and current season yleld includés not only shoots leaves and fI'UIt but
. -‘_new wood as well The ma jor problem is that new wood is tled up with old. wood from

‘ the prevnous season(s) Slmple measurement of. standmg crop is approprlate to descrlbe
i the reSultmg stand but not the annual yield. | R ". j
| The total dry matter yleld of current season aer|a| blomass of western snowberry
|n 1982 (the flrst season followmg treatment) was estlmated by subtractlng standlng crop ~ " -
3 of woody matenal sampled the fall of - 1981 from total standmg crop- of snowberry |
'harvested in mld August 1982 Only four of the elght treatments had overwmtermg

L woody mater:al In August of 1981 10 plots (0. 25m2) were randomly Iocated in each

L clone and marked wuth wooden stakes ln clone’s th_athad overwmtermg stem .maternal,



each random quadrat was paired with an additional plot, 1‘ toZm ,d‘istant |n a clone_-location‘
of similar stem height and density. ‘When the fi'rst ploth_arvest was‘made.‘in_ Septemberof
1981, 10 quadrats per clone were clipped by 'selecting one from each pair, altern'a'tely (-
) random and then 1. paxred) soasto balance out any blasmg effect assoc:ated with the_ o

P

.panrlng process

. 35.2.2 Plot Harvest — 1981 _ 5
Ten quadrats in each snowberry clone havmg regrowth (treatments A B C
‘and E), were clupped between September 1to 4, 1981 ln control clones western
0 snowberry grasses and forbs were Cllpped and bagged separately Samples were )
- ,. oven drled to a constant welght at 100°C >?nowberry samples were sorted to. old
-- stems and new shoots with leaves and frunt combuned AII shrub and herbage ‘

) samples were welghed dlrectly from the oven and tabulated as gm/m2

* 35.2.3 Plot Harvest - 1982 _ ‘ _
The final plot harvest occurred between August 16 to 23,. 1982 In each |
: control and treatment clone, the 10 remalnlng quadrats (O 25m?) were sampled Total
plant numbers were’ determmed pnor to chppmg Old or new stems tended to oceur.
2 in clusters on root crowns Any stem or cluster of’ stems havmg 5 cm of basal
"separatlon from other stems was counted as.a plant based on the observatlon that -
' ___stems orngmatmg from the same root crown rarely showed such spacnng As
o snowberry stems were clnpped the numbers Vof old. llve and dead stems and current
| live and dead sprouts were tallled A 5 mm thlck sectlon was cut from all llve stems-'j
= of control clones for age estlmatlon Grasses and forbs were then cllpped and all '

" shrub and herbage components were bagged After aIl Inve aenal buomass was o
harvested snowberry root materlal was excavated from a vertlcal pro jectlon of the o
.'0 25 m? quadrat F:ve samples were taken per clone All roots greater than 2 mm in
dlameter were separated from the soll to a depth of 60 cm. Root samples were:-

s

‘spread out on flne mesh screen and washed free of soil and sod A 5 mm sectlon

_' was cut from each dlstlngmshable root crown for: age estlmatlon

36?"' N
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All samples were then oven drled and welghed as in 1981 Snowberry
- 'samples from control clones were sorted lnto old stems new stems Ieaves and
' [~

V fruit Samples from treatment clones were sorted lnto two components namely

' .frult and all other fractlons :

Root crown and stem sectxons were stamed w:th a dllute solutlon of

lactlc-—proplonlc orcenn stam browth rlngs were then counted usmg a dlssectlng
m:croscope Drought and competltlon are ma ;or causes of lnterrupted camblal
: growth (Kramer and Kozlowskn 1979) Smce snowberry clones at the mam study sute .

A were growung |n full sunllght wuth mesnc to hydrlc SOI| monsture condltlons false i

.,'_rnngs were. assumed not to be a problem durmg age estlmatlon

| The same overall procedure (1982 harvest) was carrledéom on the Fro ) Lak : 3
'plots Because of the small plot sxze five frames (O 25 m’) were randomly sampled ;

_|n each of the three treatments Estxmatlon of annual yleld dnd not lnclude new wood e

,and was based strlctly on new shoots fohage and fruut A "‘.: ‘ T

3 6 Stat:stncal Analysxs - Orthogonal Compansons o ,
- By arranging smgle double and trlple cuts on all possxble combmatlons of the three; i
dates a pr/or/ or orthogonal comparusons could be. employed as the prlnclpal statlstlcal »
procedure for testlng t5eatment effect (Steel and Torrle 1980) Slnce clones were
dlstlnct mdlvnduals wrthln each treatment the experlmental model was nested wnth

. experlmental error partmoned between '
= TREATMENT
s cowswenmemeas L
’ ° ecror w.th.a CLOl\lES : A‘

Planned comparlsons were employed to test treatment effect on shrub sproutmg -

reserves shrub and herbage yleld and shrub stand structure Shrub yleld is used below as
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an eAXar:npléd’in iisfing th’e,é’pecifiéa‘pr/‘ari_.qUestith?pqsed.ﬂ: e T BTN I

K ..'_Dqés season of c:"utting affect shrub yield? ' .

2. Do 'shrub yield riedUcti;';ris:,differ with varied season(s) of sjngle_énd.double”bu‘ttin‘g? 5

..\b

3. Does frequency of ¢urfing aflf‘eqtlshru'b yield?
4 Are Tadaed'r'e'gdction_s;*‘in shrub _Yiel.d:gjéi'iv'edfrom specific single versus double 'ahdf

o "»:'d.o_ubl‘ej-velrisub_s tnpljcu\mng “se'qdl_encesk? ol

Pl SR




" 4. Results and Discussion

44;1‘Ehv_ironmenta’l Cpndltions. . '. SRS R e o

- 411 Results

.4, l 1 1 Air Temperature and Precnpltatlon - . - ‘ N - |
, In 1981 temperatures |n late wmter and early sprmg were hlgher than T | \
K average (Table 3 and 4) with the last sprmg frost recorded on May 6 {Fig: 4) Monthly | :
temperature means were near average for the balance of the season. The flrst |
o autumn frost was recorded on September 3 (Fig. 4) Precuputatlon was below
average |n 1981 w&h growmg season precupntatlon totallng 248 mm (T able 8).

RS .Monthly ac0umulat|ons were 30 to- 50%. below average for all months except July in_

: whlch rannfall was 50% above average Dally accumulatlons of ramfall are plotted in

”Flg4 IR \
Cllmatlc condmons durmg the second season of the study were substantlally o

0 N - -
NN e L B ST

dlfferent from the. flrst The wmter of 1981 82 was extremely cold (Table 4 and
' ;,Flg 8a) The Iowest temperature of the wmter was —46°C on January 2, 1982 Very
.,'v‘cold condmons persusted well into. the sprlng The last frost was recorded on May

| 29 (Flg 5) Monthly temperature means were near average however for June July ‘

PRSI R0 JCRELSW, A
. . .

h “ and August Although overall growmg season precnpltatnon was shghtly below ,'

_.'average (3 1 5 mm) over 50% of the' total fell in July (163 mm) Danly accumulatlons

S i T el 4t

' .-’pondlng evndent untll the end of the second week of the’ month




Table 3. Mean monthly temperatures (°C) at Beaverhull Lake m 1981 1982 and
1974- 80 average. -

Month 198 - 1982 ', ‘1974-80: - . .

January . . "‘__,-—4.1 . =243 ...‘_13‘4 P

Febraary =66 l—_f‘s.o. =T
' Marchil - : 2. ) ’-v1.0.0.»' A —49*
"-"April , P 43 : —12 S 46 ;
e 123 1a0 4 .
['I“J(le“ St ez 1ee . 183 T e
CAugust . 174 130 5'1'4.0 ‘. | |

73

5 .
" September . - 114 1. = .. ]O".S
) October ., .23~ " - - 57

November =22 = X AR ‘
December =122 = - _.-115

~

T, -

e

ot lDa’ta from the. Alberta Energy and Natural Resources’ statlon on'site. - T -
- IData frém the Tofield North Stat;on Atmospherlc Env:ronment Servrce " \
Envnronment Canada & , _ , =



Table 4. Mean monthly
1981, 1982 and the 19

; ‘ m and minimum temperatdres {°C) at Beaverhill Lake in'
478U average. N o

iR

Month _ 1esp . 1esn o 1974-80°
o MAX.  MIN. MAX . MN MAX  MIN
Sy 7 =89~ ~190  -287  -87  -ig1
CFebruary <14 =118 -120 240 = -63 158
. March 54 50  -38 -162 -1 . -98
April I 107 21 .. 68 a2 102 . —9

[N

May . 1e6 .53 . 147 9 .. 163%; a5

Jue. 1898 a8 216 . 64 : 201/ . 82 -
Jy 224 ¢ 91 221 -1 22008 106

August . 288 - 93 . 188 - 72 - 1895 - 85
September  195- . 34 . -- --". 180 - 51
" Octdber. v 85 -3  _--  -— 108 &

- November 34 | -78 R T - 14 - -76

4 P 2

‘December  -67 =182  , -= , -- -84 . -146

" 1Data from the Alberta Energy and ﬁai’ufél Resources station, on site.
- *Data from the Tofield North Station, Atmospherjc Environment Service *
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. * Table 5. Monthly precnputatlon (mm) at Beaverhlll Lake in 1981 1982 and the ’
1974~ 80 average ‘ L

.0

Monthj' S+ cliesm 1982y 1974-80:

January - 20 ..o 230 o el

February 10~ —= :
March . 8 . 18 .. 25
-,_April,.~"-‘,‘ 19 s 20
(_"__May e 24 - _..60;“
Cwe .7 s 78 o 88

"f'.-,f.v'August' .' :' ) 33 - 31 4

T lData from the Alta Energy and Natural Resources statuon on snt&

" lectober = T - S

Ne\vember o 3 T I SUN B F EE T P
S ;_December EDn. 3 oL 42 i

e

S Total, . ., . 8220 o =t 876

k Growing® Season < <. 229 o 311 - 349 *

-+ 1Data from the Tofield North Station, Atmospheric Environment Service : R *C:* o

- : 3Growmg ‘season was considered as April to August. - O -
‘.‘Total for. 1982 nﬁssmg as statlon was shut down on August 28 1982 Vo
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4.1, l 2 Effect of Mowung on Soil Temperature

Sonl temperature values for both growmg seasons of the study are plotted in _b
"\
Flgs 6 and. 7 Only values from the 5 cm depth are shown for 1981 because data ,

from the. 10 cm depth showed szmllar trends Maxnmum soul temperature in the

grassland was consnstently hngher than under shrub ln 1981 leferences on

lndtwdual sampllng dates ranged from 1 to 6°C wuth the largest dlfferences bemg

“evndent in Aprll and May Soul temperatures under. sprmg mowed shrub were -
' ‘ mtermed:ate between values recorded under gr S or shrub cover. Hngher
. temperatures ln the sprmg—mowed shrub were not detected untll three weeks after
N sprmg mownng and ranged from 1 to 4°C above those under shrub The hlghest sou
. temperature values for the season were measured in the sprlng summer cut wnth |

values as hlgh as 20°C and rangmg from 1 to 5°C hlgher than under shrub

ln 1982 maxlmum temperature readmgs were monutored under shrub cover

wa‘nd late summer mowed shrub only The 1 to 3°C dufferences in sonl temperature

; between cover types were comparable to those measured i 1981 Drfferences .

.Lp

_ were not evndent untll late May after the flnal sprmg frost The maxumum SOll ‘
e ‘temperature values measured in 1982 were 3 to 4°C Iower than those recorded i j, o

'1981

in the wnnter of 1981 82 minimum soul temperatures on the mowed s:te

> were consustentl&wer than under shrub cover (Flg 80) Sonl temperature under
' "»“:f’both cover types“ décluned steadlly until January 3 and dlffered by 1 to 3°C On thls
- .date, the lowest values for the wmter were recorded as - l 3 5°C under shrub and .
= 14.5°C under mowed shrub After thns date soil temperature under the shrub rose _ <
'sharply to —5°C thh llttle fluctuatlon evudent for the remamder of the wmter Under ', o
the mowed shrub so:l temperature fluctuated repeatedly wuth temperatures ranglng |

' . ."from 1 to 7°C colder than under the unmowed shrub
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» , A treatment effect on snow accumulation has obvnous lmpllcatlons for wmter’
‘ s0|l temperature (Flg 8b). Very httle precuputatlon fell i m December 1981 (Flg Ba)
st snow that fell tended to drlft lnto shrub stands AIthough substantlal amounts B
of s.now Lin January and February snow accumulatlon on the mowed shrub sates

" was: delayed until March Retention of snow on mowed sltes after mld March was

- control or mowed shrub stands

B llkely due to crustmg mltlated by brief thaws Not only was snow. accumulatlon
| ”delayed on the mowed shrub but melt-out came 1to 2 weeks earller than in the |

"»‘unmowedshrub ,' ST ST
4 1. 1 3 Effect of Mownng on  Soil Monsture : ,‘ SR : \
» When soul monsture data gathered in 1981 werg: analysed DATE and : "
L .TREATMENT effects were S|gmf|cant (Appendnx 2= Bl However when the overall
| means for treatments were tested there were no s:gmflcant dlfferences {T able 6)
- The overall mean for grassland sonl mmsture was sugmflcantly less than 4 of the 8 -
) ,treatment means ‘ ‘ R B L.' L R
ln the sprlng of 1981 on the flrst samplmg date SOl| mousture averaged 47% :
: by welght overall (E’lg 9) Soﬂ molsture levels under control and mowed snowberry o
;remamed above 25% untll well after the ma Jor perlod of growth Sonl moasture was |
o ‘.; Iowest under grassland cover droppmg to below 20% one month sooner than under . o

-

' ln 1982 so:l mOlsture was momtored in control and late—summer cut shrub

RN

S .Problems arose in samplmg the deepest horlzon in two of the sample tubes (| e

"crlmped plpe) and consequently horlzon three was omltted' from the data matrlx’ ‘
: f. - There were sngnlflcant effects due to TREATMENT HORIZON and DATE (Appendlx
2 C) Tne cverall reductlon in soil mousture was’ sngnlflcant in the upper horlzon (4%) S
but not in the lower (O 7%, Table 7) " ‘ '
. The son morsture means for TREATMENTxDATE are presented in Flg 1 ,O‘ N
A L iAlthough early season prec:pltatnon was below average sonl mousture Ievels durmg

o thls perlod were adequate to support growth Because of heavy ramfall m July
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Table 6, Effect of treatmenton mean soil. monsture (% by wt, 0 to 15 cm depth) sampled
Jf-on ﬁve dates'in 1981 - S .

Tfaét,;,g'm’,j o %SoulMOIsturel o
AL .. ool 291ab L
-8 ! sp“r‘ingi_ T 47t2ab.,.
C summer . f '30-1a
D L ,Sun'.\rner" oo ‘27430
€ sprsum T 28.0ab
R ~ ‘ﬁ sum-LSum. 3138 -
G _""Spr -L.Sum.” | , '. - ,30-.?3:;_‘
Ho - | :Spr—Sum—LSum.‘, | 295a
l >. _Grassland . "24 8b
o CosEr s n I

U lMeans followed by the same Ietter are not sngmfncantly d.rferent (Student Newman r(euls .
'« test, p<0.05). : . R : '
: lRefers to the standard error of the means.

meanvsoil moisture values ranged above 25%
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" Table 7. Effect of treatment on soil moisture (% by wt), at two depths and overall means! of

readings made on 12 date's.inl 1982.

“Treatment : qui’zq‘nl\’, ' Horizon2* . . -, ‘Mt;an‘-
 shrb . 260a | 256a 258
- Mowed shrubs - -  220b 249a - 2356
SE o o8 k o.e/g/j 02 .

IMeans withif'colurans followed by the sa
p<0.05). . = SRS
- ?Readings made at the 10 to 25 cm.depth’
.. ‘Readings made at the 30 to 45 cm depth-"*
™ *4Mean soil moisture with both horizons ¢ompingd,

" *Monitored in clones that were mowed:in:1981.-*
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e.l.Z-Discuss'io'n B R S RPN oo |
Fll'St year cllmatlc condltlous can be summarlzed as normal for temperature and

below average for sprlng precrpltatlon Sonl molsture appeared to, be in adequate supply It 3
: throughout the growvng season Durmg the second year Sprlng temperatures were below |

"average, the season was delayed by 3 weeks and mldseason precspntatlon was extremely

:-‘hrgh Flrst year growung condmons were average whlle those of the second year would

o be- expected to favour vegetatlve growth slnce molst and cool condltlons tend to delay

flowermg (Kramer and Kozlowskl 1979).

Sail temperature may@fluence woody sprout emergence (Schler 1976) Results :

B reported here show that soll temperature mcreased as the. season progressed regardless

_of cover type and that\ temperatures were hlgher under mowed snowberry than under
shrub Therefore the tlmmg of sprout emergence in relatlon to these season and

V treatment related effects may lnfluence stem dens:ty m regeneratlng stands o »

. In- wmter hardlness studles ‘the severlty of wnnter condltlons is related to the -
amplltude fluctuatlon and duratlon of Iow temperatures (Levntt 1980) If a partlcular
treatment would have reduced winter hardmess ln western snowberry, the wnnter of

“‘.:ﬁ 1981- =82 should have been an excellent one to cause wmtemn Jury Snowbeery mowed |n v
_ late-—summer was sub Jected to greater extremes greater fluctuatnons and Ionger duratlon '
of cold temperatures than waS\the unmowed shrub In effect, mownng altered the wnnter . o

L {envrronment and made condmons more severe.’ '. o ERETE R

. ', Mowrng durlng the flrst year had no obvuous effect on sotl mousture It also seems j S

: hkely that sonl mo:sture was not a factor llmltlng growth in elther year of the study 1 N

" 1982 the overall reductlon in soul mmsture between mowed and controleover types lnkely

,Y 'related to Iesser snow accumulatlon ln the former “The lower sonl moxsture levels in the
. grassland durmg the summer of 1981 may also have reflected the lnfluence of shrub ‘

/

'ﬁ cover on snow accumulatlon R

T .o .',.' - ' . S - : .
R . Tl L W .
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4.2 Phenology -

. :‘421Results

Phenologlcal observatlons were recorded ona. clonal basxs (Flg 1 1) There was a

: varlatuon between clones of ‘one to seven days in the onset and duratnon of phenologucal

52

o [

L.

'»I’Aevents The, summarles presented in Flg s 12 13 and 14 were derlved by averagmg the
observatlons from the four clones in each treatment and employed the graphlcal approach

of Larcher (1980)

/421 1 Phenology of Control Clones | e a . .
n control clones the onset and duratnon of vegetatlve events dlffered
between 1981 and 1982 whlle the tlmlng of reproductlve events was. nearly
;flldentlcal The date of spnng leaf bud emergence dlffered by two weeks between :
‘ :'years commencmg on Apl‘ll 14 i 1981 and May 2 in 1982 ln 1981 shoot
v elongatlon began durmg the flrst week of May and perslsted for 6 weeks l_n

B '4 »contrast shoot elongatlon began one: week Iater and contmued for. 8 5 weeks m

v

' - 1982 Although flower bud development commenced earller m 1981 tl%\g onset of -
- flowermg and fru:t swellnng dld not dnffer between years Anthesis commenced on o

- June 26 in both years wnth frunt swellnng apparent three weeks later. The flrst sngn EER

o '.:of newly produced rhlzomes (fleshy and whlte) was in mld June of 1981 and

. .'_rhlzome extenslon appeared complete by August Leaf senescence and abscxssxon

-were gradual and commenced in early September Many clones retalned thelr Ieaves

Kentucky bluegrass the dommant grass specles wrthun the control clones \\

o _exhlblted an etlolated appearance Leaf blades were Iong l30 to 50 cm) and pale

v f‘-v.greer; m color Few plants produced seed heads

vee o

L ; though curledénd dlscolored well lnto early wunter : SR - ,".,
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~ Fig_.11. Major..phenological stages of western. snowberry: (A) bud release, 3
~ . leaf emergente: and -leader’ elongation (B) flowering - (C) fruit formation (D) - . &
- mature. plant in fruit- () juvenile plant sprouting from a rhizome. ‘ [

- A . ey,

e g



s

)

. R > < . \
' : 5 - L . . M .
' oL L
] s .
> N i )
' . T . . . . r ., -
: 'SBUC|D |Jouod Ul Z8EL tPue | gL~ Buunp Asiegmous
. w.)‘\. - : . i . - ) . .
. +
P g .
_ L
1SeAIREH |JO1d "
— 7
N LT g
. - \J- v..,. .ﬂ.‘hu
. ™ ’ .
. polisd '$q0 . - . . T R
: : [ 40 puz .- ¢ - - X S S - )
y . 40P 3 PR N o ..uopwBuoyy Jo04s . :
T ool R . o T
" . . .t A - R - . )
‘ . — — - ’ e — v
. bBupemoyg . - = *A8Q png iemoijd- *
X 2 . O .u. , ST ’ L .,. )
R ——— LT .
S uopewIOd ynsg B :
P ..“.“‘.uv.u e ’
L 4 b .
R N N “ - i R ‘.
. ..h .

Y

.
-
o



Ceh
“

4212PhenologyofRegeneratmgCIones " " .' .

Phenology of the control and regeneratmg snowberry clones is summarlzed

by treatmeht for the year of mowing (Flg 13) and for one season after treatment L

(Flg 414) ln general mowmg treatments altered tl'\le onset and duratuon of vegetatlve :

‘ obse}éged in- sun? ,/and double cut treatmeg owed |n sprmg or early summer

]
b 1.4

o M rweeks af:e:*buttlng on the first date

e i ’y “-_ B Y " u”i . . .
,seuo ones *cut agaln on the seoaﬁd{da e. 2l sprout emergenceunterva? R

'»

. t'>Fhere were no above ground sngns of 1,,' - _' R

R resproutlngefter od&7ﬁg on the thlriL%late :

The smgle sprlng cut fé) wwsethe only mowmg treatment in nch snowberry

s not only resprouted but ro@ered and produced frult. Mlnorytfl'\/wer ud swelllng

was det’l cted ln the sprmg sumr}ner double cut. (E) Although fruit swelllng was ’
observed w;t the smgle sprlng mow only about 20% of these frurt rlpened

lOcto’ﬁer the remalnlng berry prumord:a appeared shrwelled and frost damaged /

e

v ke ', '- Regardless of the season or frequeﬁncy of | mowung, sprouts from clones

3‘1"
. CEN

: 'defohated prlor to the late summer cut rebranched d produce’/‘ secondary shoots ; '4

- ~_from July 22.t0 28 ln control clones a slngle flush of shbots was qbserved By L

s . o

S ' the falllof 1981 treatments B C and E had regalned varyln.g amounts of woody

\ oAt .
arlell & . . . X .0._' < o

standrng croP ' ‘ LTI NP S

Sy
Q.;-'

& 0 cut treatments - o
. . . v ‘ L g .\‘v:‘ . A

- ,

Durmg the flrst post cuttmg mterval in each mowmg treatment there was a
- % -

. prolonged delay ln ullermg ,of Kentucky bluegrae‘;‘relatlve to western snowberry

-, Lo sprnng and summer cuts snowberry sprouts were emergnng before the fll"St new
‘bluegrass tlllers wer‘e ev1dent T PR R ST v
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On May 2 1982 growth resumed in all treatments The duratlon of sprout

L emergence i’ the summer—late summer lF) and sprmg late summer (G) cuts was flve o
: __'weeks thlS belng similar to the emergence mtgrval in the sprlng of 1981 Sprout

- m:tnatlon was prolonged by an addmonal one week in the trlple cut (H) and by two

weeks in the smgle late. summer cut D). As compared to conttol clones, shoot alne

RYEE

commenced growth from ground level ln the sprlng of 1982

‘ stump appeared ln;ured by frost and were 5 to 10 mm long The most. strlklng

'. " andsm the lnltlal stages of?af emergen B,

3 '_symptoms prxmarlly

elongatlon was delayed by three weeks in those mowmg treatments wnth

‘ overwuntermg stem materlal (B C. E) and fuve weeks for those regenerated from

ground Ievel (D F, G H) Snowberry clones whnch resumed growth from "

Flower bud emergence, flowermg and berry formatlon we;e notably delayed

-

o ) in all mowmg treatments Flowermg was partlcularly delayed in those treatments that N ;

h

%

¢ '-',42 1. 3 Condltlon of Root Crown Buds S A | '-:".7 Co L Ee *

There were treatment related dlfferences ln vegetatlve bud release It was

’foundl durmg excavatlon of root crowns on October 27 1981 that shoots ar*rsmg
"from axnllary buds had emergeﬁbove the SOll surface ln all late cut treatments -

'(D F, G?l) These expanded buds emerged lmmedlately below the cut surface of the :; e .

A
¢

o treatment effect though was observed on root crowns from the single . . .' e

el
0o

late summer cut D) A consprcuous flush of late season sprouts was apparent (Flg. 5

-

o 15al Not only dld buds emerge at the collar of the old stump but also from basal

_sltes as far down as the regnon of stém root crown’ mterface These late released L

2 e

L ,‘.sprouts were swolleQand whlte rangnng |rf length from 1 to 5r cm At the tlme of

"-vexcavatlon only the.se"ggrout's that had broken the sonl surface Were green tlpped ::“;" : el

.! r.’ B

; agpeared necrotnc (Flg 16 ab and c) : AN
Approxumately 30% of»the released bu'_ & eﬁﬁblte‘d deS|ccatlon or. frost leUl’y YL .' ' B

pse sprguts arlsmg aloﬂg}jhe sturhp i tﬁe surface 0] to 5 cm.‘ o 5

'q\\




.

v COLOUREb PICTURES;(. 2]
RS { ages. en couleur ' .

an 15 Snowberry root crown: samples shownng bud release (a cut Aug 6 +
) and bud swellmg (b cut Aug 20) e . .

.16, Snowberry buds released WIth Iate cuttmg Frost mjury mcreased wnth.'_ R
the degree of" bud burst : :
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No vusnble sngns of bud release were observed in any of the other treatments (A B, C,.

" and Eg

The condltlon of root crown buds in the strlp mowmg plots that were cut at - "

" ‘-'-weekly lntervals in August was snmllar to that observed in the snngle late cut

" - treatment - However bud release dlmlnlshed with progressuvely Iater cuttmg dates

- (T able 8) Bud condltlon was |dent|cal in the August 6 and 13 cuts to that descrlbed

already for the s:ngle Iate season cut Stump sprouts were not apparent on root

_/

' crowns from strlps mowed on the subsequent cuttlng dates In the August 20 cut,

n

' , 'buds on root crowns were swollen and spheroudal but not elongated (Flg 15b)
' :‘Vegetatnve buds’ remalned covered by scales on samples excavated from the August o

27. and September 3 cuts

ln the sprln@‘bf 1982 the bud condlton of root crowns was sﬁhllar to that

B ‘,;fw;.i.;.;‘v_‘ : observed the prevuous autumn An attempt was made to count the frost in Jured (Flg

- 16 b and o and s\urvnvun ‘ "(Elg“&s a) sprouts Thls proce

"'n jured buds were, xh fact;' observed but owmg to rag’nle natuf‘e could not be
Sty : vy
s ‘satlsfactorlly counted Desnccated buds tended to snap off durlng the separatlon of’_ ; ‘

s
T w

e i N

sod’ from root crowns SRR .‘ A j -

Iy L Slnce bud J;nortaluty co'uld not be satlsfactorlly assessed an alternate _

N -approach was taken to quantufy the possmle lnfluence of the treatment effect on.
vegetatlve buds ln the smgle late summer cut new shoots appeared to orlglnate
"predomlnantly frombasal posmons When shoots pre oduced currently or in: the "
' " ‘._'.prevuous season were counted accordmg to thelr slte of orlgln the smgle late cut
":;;,"had the hlghest prOpor{itlon ansmg from basal posmons (Table 9 Appendnx 2 D)
[ ‘.';'predomlnance okt basal sprouts was mterpreted to reflect the vuew that frost |n Jury
= ..' _' of axtllary buds necessutated the productlon of new sprouts from buds on the root * "”"‘x .
L ‘crown and not the stump T R v‘ B T
» Wlth sprlng or: summer cuttlng new sprouts arose from axlllary buds on the

upper stump “in multlpl cut treatments sprout ‘ arlslng subsequent to the flrst cut
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'Table é. %Surnmary of’ fall bud condltlon on root crowns excavated from strlp mowed

plots orﬁ'bét’ober 27, 1981

A
ot

. 'Mowing Date - de C'ohditiOn o B o Bud Length(cm) % Injury " s

"'August 8 . bud release evident

- ~=on stump collar’ 05 1 100% .

———=stump collar " S 30% -
I TLNTE to stump base - . SR e
T e
- August 13 _"Vbud release evudent B T T
... .+ *onstumpcollar -~ .+ ex05-1 - - - 100%
o mstump collar - oo o 30%
o v i tostumpbase L. IR D
. August20° % bud swellingonly - e T ‘
Lot e amStump collaryh o oL 0102 nil
e 2. tostumpbase . .0 .« S
A0 =budé white and spherncal ST

>

. Algust 27 - no: release' or'ewell,ing'-, S

., ~budsremain .. . . <OAN o oemil L

o scale covered 4}_, I~
Soel e e
.+ September 3- '~ ' no release or swellmg
R ,,,—buds remain =
PR scale covered

R — a

Cay . AN "

Gel <0 il

o= g —— " by

" Table 8.~ F:ve'gcenta*ge‘ of post treatrﬁehtrshoot_s"by site of origin, on'May . 2,.1882 .

: Treatment o Stump1 o Root Crown3

.~ ‘Summer .~ . - 7 64 "; S " 37b
.. L.Summer -8 | Ao .. B9,
R ‘Spr—Sum S SR ” B IR & ch.
SooSume~-LSum. o e 780 T 22bc. -1
o Spr-LSum.- - . .85 - . 1Bbc.ot T
. y'.Spr—Sum—LSum o 88t o o 12be s
" SE o S T e e T

- Spring - L 94 . T BT e e

' llMeans followed by the same letter are not sngmflcantly dlfferent lStudent Newman-—Keuls

test p<O0. 05)

- ishoots . ar:smg from axullary buds
_‘shoots arvsmg from: basal buds

-



g tended to orlglnate from currently mutnated buds produced at or near the base of. the :
first sprouts But w1th the smgle late summer cut shoots’ arose from dnstlnctly .
rmore basal pos:tlons Currently lnltlated buds formed at the base of shoots released .

| w:th sprlng or summer mltlal cuts These currently mntnated buds prowded the major

“bud supply for subsequent sprouts when second or third cuts were applled In the -

£~

'4.2.2'.'Discussi_on T

B usmgle late -summer cut frost in Jured a portlon of the buds that had been released

> , Currently lnrtlated buds did not form at the base of these in jured sprouts Therefore ’

+ new sprouts onglnated from dormant buds of dlstmctly more basal sites- of orlgln
' Sequentlal cuttlng in the strlp mowmg plots was repeated in 1982 » _
' Observatuons in the sprlng of 1982 lndlcated that sprout in Jury was related to the

degree of emergence lmtlally it §eemed Ioglcal to move cuttmg dates forward into

late July to enhance sprout emergence and hence vulnerablllty However snnce the T

o 1982 growmg season dlffered consnderably from 1 981 the same da‘tes were
. employed in the event that seasonal varlatlon produced a dlfferent effect '
Vegetatlve buds on samples excavated from the strlp mowed plots showed the A

) , ‘same date related gradlent in bud release as portrayed for 1981 ln Table 8

P Most terfﬁrate shrubs have a mlmmum chllhng requnrement necessary to break

l wmter bud dormancy These requurernents may be met after weeks or months of

: exposure to cold temperatures after whgch qunescence is sald to be envrronmentally

o lmposed lKozlowskn 197 1a) Bud break-and shoot outgrowth may then proceed wnth

' observed however untll mean dally temperature reached 5 to 10°C

- i ~E$9 seil and air. temperatures (Lavender 1980) in- both years bud break commenced

E &lthm 4. to 5 days of frost leavmg the soul surface Marked shoot elongatlon was not S

"0.

Ly

£ ‘—; Shoot outgrowth is normally lnmlted by lnternal factors (Lavender 1980)

o

: Anatomlcal stem unlts may be completely preformed in overw:nterlng buds (Lanner 197 ‘I)._"v e

Mature snowberry plants appear to ha\ie a "flxed” rather than "free" shoot growth pattern f

ibecause only a snngle flush of new shoots was observed ln control clones The extended -

.

o

& DA S



. dura'tion"of‘-shoot elongatlon in l§82 seemed'to relate to cool spring co'nditions and -

| . extremely hlgh mid-season preclpltatlon thus favourlng vegetatlve growth ngher .

snowberry ylelds in control clones durlng 1982 correspond to these dlfferences in
c\hmate and, phenology. - . L ’ o '
Although flbwer bud |n|tlat|on dlffered sllghtly between years flowermg in both

BRI ETE R Y -

e

o roots The elongatlon of rhizomes Iate in the season may relate to the seasonal decllne |n ‘

‘ years commenced less than one week after the longest day (June 22). Pelton (1953}

T to long days A reduction in daylength below the maxnmum for the Iatltude in questnon '

‘ halted rurther flowermg and normal vegetatvve growth o e :

U seasonal trend of mcreaslng SOII temperature The hlghest growung season temperatures

reported a strong photoperlod related flowerlng response in snowberry plants exposed

Posslble reasons for the late— summer elongatlon of rhlzomes observed here are

. unclear wrth Ilttle mformatlon bemg avanlable in the lltereture Smce rhxzomes are true

. subterranean stems itis unltkely that%ey are mduced to grow by the same stimuli as

', auxm (and hence release from apncal dommancel and/or an lncrease in NSC to fuel growth

. as smk demands decllne in other reguons A possnble explanatlon may be tled to the

o

in. the surface 5 cm corresponded w:th the ma;or perlod of rhuzome extensnon Th% ‘
destructxon of auxln may be enhanced wnth a h:gher sou temperature reglme (Schler 1976)
. Mownng of western snowberry removed the apzcal dommance exerted by stems

P
on ‘the vegetatlve buds. Two substantlal waves of sprouts _fﬁollowed smgle and double cuts
e

T ‘amade in sprlng and early scmmer Smce SOII monsture Ievels remamed aboVe 20%, the

' fallurevof late mowed: clones to regenerate was not the result of drought-enforced

T fldormancy Furthermore the fmal cut was tnmed to be well nnto the perlod assocuated w1th

o dormancy mductlon (McKenzle and McLean 1980a) The lack of regeneratlon after this )

'::date may be in part lmked to growth mhlbltors produced by the plant under the mfluence

- to mhlbltor(s) is responsuble especnally in hght of the condltlon of fall buds

v
=

Cy s

- of short days It is, however more hkely that the relatlve balanceﬁf growth promoter(sl .

g permlttlng the release of rh:zome aplces from aplcal dommance e o R ’,;

IR

-



’ mownng and therefore |t"s‘e‘ems unlukely‘that lnhlbltor productlon is" solelyresponsnble for

~ Late r'eleased sprouts‘wet‘r’e produced in the single.late c_:ut alone. Schier (1979) 4_ -

r‘epo’rted a similar end-of~season bud'condition in aspen plants“Wriere stem decap'itation S

,occurred for the flrst tlme durmg the induction of dormancy Bud release was. not evudent

in other treatments where additional cuts were applled prlor to the mid— - August mowmg

In thns study the multlple cut treatments ‘had more Juvenlle follage at the tlme of the fmal

_the lack of bud release In Acer pseudop/atanus L photoperlodlc perceptlon is strongest o

BRRE in mature Ieaves (Waremg 1956 Phnllups et al. 1980) f mhubutor productnon was solely o

responsnble the greatest mhxbltlon in sprout release would llkely have' occurred imthe

sungle late cut, this treatment havmg the oldest\leaves at. the tlme of mowmg leferences

in cytoksnln productlonfmay account for the contrast. - Defollatlon reduces root growth

’ (Kramer and Kozlowskl 1%‘9‘ Ellasson 1971b) and therefore cytokmln productlon |s apt to - '-“7_

‘ ,be reduced also A Iower stimulus for vegetat:ve bud release would appear to be the

- consequence The marked bud release in the snngle Iate cut would srmnlarly be expected

: _'-sunce normal root growth would have oicurred up to the tume of defollatlon and .

"jendogenous cytoklnm levels would be expected to be hlgher than m those treatments

1

f.

; defohated on earher dates o E B R SR N ’% ,',‘- B L

The Juvemle stage of regeneratlng snowberry dlsplayed a cons»etent "free" growth
Py t"’l . e : ﬂ\yq. )

pattern wuth mldseason rebranchlgg of prumary sprouts observed in all snowberry clones

Kramer andKozIowskl (1979) noted that if the root to shoot ratlo ls changed' by

-._."‘defollatlon compensatory growth wxll ~result to restore th "'characterlstlc balance The

i dlfference in rebranchlng dates betweekn years may have been mfernced by the effect of

) between-—year varlatlon m preclpltatlon on endogenous cytoknnm Ievels Browmng (1973)

-
[T

) R

'1[ reported an lncrease m cytoklnln Ievels |n Coffea arab/ca L m response to lrrlgatlon or B

?ralnfall In both years of the study, the weeK prlor to rebranchmg was characteruzed by

R "hlgh ramfall Ievels (Flgs 4 and 5)

Floral mductudn |n temperate shl”ubs such as snowberry |s related to hlgh rates of

o _-_photosynthesus Iong days and adequate Ievels of nutrltlon (Kozlowskl 197 1b) ln control

clones these essentlal requlrements were obvuously met smce flowerlng commenced on f

o




“'the same date m both years w:th fruut formlng shortly thereafter In 1981 the snngle e

RS

T

spring cut (B) was the only treatment in Wthh snowberry was able to regenerate

sufflmently to produce frurt. Even so, heavy demands for carbohydrate for vegetatlve

' ‘regeneratlon may account for the: fact that, relatwe to the control only about 20% of the_. C

flower buds that reached anthesns produced mature frunt Leaf area was clearly a orltlcal

”factor since fru:t productlog in; 1982 appeared to be proportlonal to the amount of stem
' regeneratlon Ieft to overwmter Loglcally those plants whlch had a greater standlng crop'

. of stem materlal ln the spnng, would also establlsh a larger Ieaf area in sprlng and be able o R

o to produce more NSC

Itis unllkely though that the abortnon of the frurt crop was snmply the result of smk o

competltlon for‘carbohydrate As mentloned in prevuous paragraphs hormone Ievels may
- 'have been altered by mowmg Wlthout normal hormonal stlmuh frunt flllmg would not

" occur (Kramer and K62lowsk| 1979)

DN

- The |mpI|cat|ons of treatment effect on phenology wull be dlscussed further in

. subsequent sectlons '
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4.3 SaaSonal Variation-in Nons_tructural‘C_'arbohydratel and;‘rSprouting Reserves

4‘.3.1 Results .

"g4311Stat|st1calAnalysns o

The experlmental model and analysus of varlance for each of the seasonal

NSC -and sproutmg reserve studles are presented in Appendlx 2 F G H, and L
Vv Where the seasonal trend nn NSC for control and sprlng mowed clones was :
. portrayed statnstlcally sngmflcant d:fferences between dates were lnterpreted

g v:sually from the plotted confldence nntervals 20 Dltjerences between dates are

. y sngmflcant if confldence lntervals do not overlap

j'.g“"fprocedure (S’teel and Torrne 1980) An APL Orthogonal Comparsaonn package was o
é’t vélues The error mean stquare of "CLONES wuthln TREATMENT' 3

o USed,,.to.‘d'e

,formed the

Where the e

“ g NSC and EG was evaluated data were analysed by the method of least squares“ The‘ X

a pr/or/ queStvons (outlmed in Chapter 3)vwere tested wsth an. orthogonal contrast o

ey : 'ld error term for testmg the sums of squar‘es derlved for each
Tl .'f"?’:”-"ﬂ. '

o fcomparason R

"3

’ 4 3 1 2 Effect of Season on Nonstructural Carbohydrate |n Control Clones
o George and McKell (1978al falled to detect a sngmflcant reductlon m root e
- 'crown NSC levels in Symphor/carpos oreoph//us Gray durmg the f:rst season of

" defohatlon treatment They found that assessment of NSC 1n other plant fractlons

ct‘of season and freCluency of defollatlon on ftljevels of Voo

' vi:_‘,‘fwas requnred to detect seasonal changes and treatment effects Therefore th|s L

o vf’_ﬁEffects due to PLANT COMPONENT DATE and COMPONENTxDATE lnteractuon were

"fvjfsrgnlflcant (Appendlx 2 F) The seasonal varlatlon ln root crown NSC is. portrayed ln =

. RN "

-,

- The 95% confndence mtervals are calculated as. 2xS E Xto (to—2365 for p<0 05 7 d f)

- “.22WL Smtllne Unnversuty of Alberta Dept of Computlng Scnence S e \ NN

" A Mellenbacher DESMAT and LSQANOVA, Dept. of. Animal Science, Univ. of Alta." ,,, .

g ‘,A'study mcluded sampllng of Iarge root and stem fractlons in addxtlon to root crowns



==~‘.";F|g

| 67..
es0 o
, \3 L
AN ";_ L N
’ »v" B ",,‘ -| N . L]
. S 4. 3'e
20,004 Y
Y]
. - 'i‘
. W
o .
. v [ R e . ‘ ) B - ,." ‘N "\
0l ST | ‘ :
ApriOM

ay10 Jund Juig Augs Sap‘7 Det7 Nov6 SRR
SAMPLING DATES ln 1981

. . ; : Rel
.

r N ’. . . Y - ‘A.A“. ,," c
Fsg R 7 Seasonal varlatnon in root crown NSC (%) in - control clones of westarn
snowberry durlng 1981 wnth a 95% confldence mterval

N
. R :
.t

R Apr10May10 Jun9 Jul9 Au98 Sep7 Oct7 Ncwe
'SAMPLING DATES in 1981 -
18 Seasonal varlatnon in- NSC é%

o snoWberry control clones in: 1981

in. three plant components of western L

PR N _ ’«‘.'/
. i LR o . A
N, e . . .
2 B .
. . N . .
. . [ -
b B wur Loy 5
¢ s
%
» ‘. . < .
' .



>-.a" .
1

oy . e, - . \ . . .
AIn dontrol clones the penod of- maxlmum drawdown ln root crown NSC

T "

—down in NSC Ievels

°

commenced about May 15 The seasonal Iow Wthh was sagnlflcantly Iess than the

l;\“.

' col'responded wrth the stage of 2/ 3 shoot elongatlon Dr

|n|tlal sprlng level was reached by May 28 The Iow perSlsted for lD days, apd was
&,‘ <G
followed l5’y aJapnd recharge that peaked around July 16 2 3 weeks after flowermg

kS

"y had commenced Duratlon of the ~perlog o recharge ln root crowns was

.

i
<. ¢ was eyldent Erom late Augusttt,o mld October

e

; 1: .
A app@p‘x:mately 40 days A further dlp lrl NSC levets was observed durlng the onset

N
D »

tw of fru:t s%ell‘ng After this,. reserVe le\éels we“re qunckly replenrshed towards an

auturqn high, which were s:gnlfncantly h:gher than in sprlng A further gradual decllne
: “‘ - .‘ . R

— u

@ ' Seasonal varlatlon of NSC m.stem Iarge root and roét crowh fractlons are

: .Q‘ plotted in Flg 18. The correlatlon between seasonal NSC va‘lhes in root crowns .
Ny J

versus large rootsjwas sngnl lcanﬂy posltlve (r 0 56 p<0 05) whlle that between :

W root crowns and stems was sngmfncantly negatlve (r--—O 684 p<0'b5) Charages in

XY

stem NSC levels tended to be opposnte to those in other fractlons As growth and;

developmefiﬂ’progressed NSC depletlon in the large root and root cr%wn fractlons '

AL

. " (]
ol g
EASRIE I,

e

t" 4'?' .

S G,
N was courg’tered by NSC rech@ge lrl,(the stem fractlon and vnce versa, Stem NSC “ G

. .’ .
remanned Vlrtually unchanged after the, onset ot fru:t fllllng Root crown and large,

o R *3"
g eusharp lncrease ln

root c:;,own Nﬁ{: followmg fruut swellmg was contrastw by slow v grad&al recogery

in the large rootfractlon A N I W

perlod of frunt development (Iate August to mld Octob’ .

4 3 'l 3 Effec* of Sprmg Mowung on Seasonal NSC Levels R K o

2

't."

ﬁ F) A smgle sprlng rhowrng durlng the tlme of Ieaf expansnon produce’d al- e

4

< et

' slgnlflcant overall treatment effect on seasonal reserve Ievels The sugnlflcance of""'»."

* DATE and DATExTREATMENT lntera‘ctlon is o‘f key Rnportance The D‘ATE effect&

. .‘ ‘

+

.6 - root fractlons dlffered s@nlflcantly |r; ‘their- respeotlv' »NSC patterns after t"he rrJaJor o

s e

ST = * When the data companng the effect of sprlng mowmg on the’seasonal NSC S

cycle were analysed alI terms m the experlmental model were sngnlflcant (Appendlx* .

e

G

e lmplles that NSC levels varled s:gnlflcantly over the season 7(ga_r‘dl—ess of treatment,.»—_ '
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U g _ ..
# The DATExTRbATMENT lnteractlon lndlcates that seaso‘nal P tterns in the respectlve

R
o treatments were distirictly- different The seasonal NSC means for the 12 sampllng
:‘-',‘_ T R LW .

“ dates are @otted in Fig." 18, Subsequent to spnng@@omng rapl‘d draw down |n NSC o

“n.

& , f Was accompamed by a vn&'ous ﬁush of su&ter regrowth The.mean seasonal low e

a‘)total of J*‘St over 6 weeks At the of

e

‘.l . tnme of rechargé‘ whlch took plél:.’e QC“ " ree week perlod snowberry sprouts e
L had rea@"hﬂed an aﬁer'? l}elght of‘40“‘cm wsft l 1 Ieaf palrs By autumn, NSC Ievels in -
g sprung mowed clones had beemrecharged to sprlng Ievels The dlfferences in the ; 4"‘4&
| seasonal NSC patterns of contro prJng mowed clones are compared in Flg ZT) '

R ':. + v . s'
Se control lcomparlson(C) 1, 2 and 3) Dufferences b@tween s hgle cuts o
L e ; KIS

3 s;gnlflcant (C,4 ,‘ioband 6) ln the smgle cuts a season effect was appa?*ent in the trtand

.towards lowe)atﬁumn NSC le’vels wuth progress:vely later cuttln;g dates l?-'lg 2 1) . o

i o »
- - Vg . B

L ,5* Ihe season effect de.{lved in smgle cuts was also obwous in t;he_col‘nparlson
: v ke i ‘z‘ ¥ ;

IoWer NSC le\?éls tl‘lanth,e ﬂgrmg:ﬁsummer 0ut: lhe average redu%%l, ; ‘:; n _j
: . )\. : . -8, % e

NS o " ; - Slgnlflcant added effects were derlved from sprmg or_ summer m:tnal cuts N
wuth a late summer follgév up (C 13 14 15 and 16) Tnple cuttlng produced S e oh

“>

BN sngmflcant addltlonal NSC reductlons regardless of the season of the double cuts (C l"v

T N
. 17 18 and 19) In short NSC were reduced wuth progresslvely Iater and mcre!sed

. ..frequency of Quttlng " -/. L SR ‘

In the etlolatlon studMﬁWsure of reg?owth potentlal was based on the

R A
N -eutgrowth of s‘prouts grown |n the dark from excnsed snowberry root crown,s A's 4”."‘
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in. rOOt cran NSC (%) between S
spring mowed ‘clones. . Differences’ for..the same- dates between
treatments are sugnlfucant where lndlcated by dlfferent letters

owed clones
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(( ffect of . season “and - frequency~. of. mowing -on’ etnolated growth (mg/cr) .
\fr : steru\ snowberry rqot 'crowns excavated October 27 1981 A
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A

S . e . . . Co . N .
e ¢ . . . . ,,
At . e '

b N Ma 1or dlfferences lr}}he two reserve measures should be pomted out though The

o ﬂ
: substantlal reductlon wuth late cuttlng versus none wrth sprlng or summer cuttlng

: \ -
R lndlcated an "all or—nongl ‘;ype of response (Fug 22 and Table lO) 4~' R :
T Y . SO

S Whereas seas?n of cuttlng ‘was |mportant beyond the s:ngle cut treatments in

. NSC reserves, thgre were no sugmf:cant dlfferenc (T able 10) in EG betweep the

. ‘, three double cut comblnatlons (C. 8 9 and 10)

5 «. lncreased frequency of cuttmg prodt:ced sngmflcant addltlonal réductlons m .
e
e TN
Lo and 12) Although the lncreased frequency of cuttmg produced added re&uctlons in o
. - T. o . ) ~1 .
. yleld the progressnve trend wnth Iate cuttmg was notrappa?'ent (Flg 2%% «The effect
’ . ' of late season cuttmg was |dent|f|ed b e snngle late summer c&?aﬂone' ?t. q ) ;V: ‘ é\l
' : ',: : * T *m-,
Cenin the NSC status of western snowberry were thdent in all

jrlanalyzed And further the seascnal lovy (:orrespond'e _ thh the stage of 2’73 shoot i
: e.ongatlon rather than teaf flush Much can be surrmsed from the cornparlson of season‘ {

N : At
'_‘NSC patterns in. dlfferent plant components (Kramer and KozloWskn 1979) In partlcular g '

'-.jdurectlon of flow may be lnfer‘red and ma Jor snnks ldentlfled as storage sntes ad jacent to
) ,zones of carbohydrate utnllzatnon tend to show changes in’ NSC before those more dlstant
5 lteppeared that most demand for carbon was ln aerlal plant parts untll after frwt

s ,swellmg Both of t‘ne anal phases of drawdown |n the root zo‘he were countered by

o~

,mcreases in stem concentratlons Furthermore these apparent phases of carbon
Sy SRR ;
.movement from the roots to tf}e stem corresponded wuth maJor developmental stages

P




el . e . CEN D ' . B R ' B i
. T : . R 4‘, o

Root growth was not Specrflcally momtored However the contrast of slow '

\

recharge in the Iarge root fractlon wrth rapld |n1tlal recharge and then Slow depletlon |n the :

.f :_'§'root crown may be lndnrect evudence.of Iate season root growth August and September

may be the ma jOl‘ d‘eruod d‘f rodt growth in m%nyftemperate woody plants (Taylor and -
C R :Du@roff 1975 Phllllps et al., 1980l Although it has not been verlfled at thls latltude ln o
.Alberta Engle (l.1 9;8) reported a Iate“season dec?‘ ine-in- rpot reserves in gambel oak"nn .

o | Colorado and attrlbuted lt to late season root g%ro'wth % L -

*lt

W, A
e e
3 ‘“Jr”g» . s? .

The early August . - le in root crown NSC mugﬁt alsgl be related to rhlzome _@

o growth slnce tta?se structures arise dlrectly from the. storage organ in questlon A low
T A o 8" B

S g 'L:-x"
PR ‘grad§ demand sgems more lik smce E commensural?ely large 'ncl'emenf n "llzfme "
S :‘ v ) -, i.n . « 1‘ \a “‘f& ., r" v ..‘ﬁ) & N v
length Was not ewdent durmg - sec d drawc,lownlperlo d TR
‘ ) ] ] _01’.

W «'d\

: ‘ appeare 4o Be:alt ¢
_ ctlvuths, @amejy frmt produdhon and

.

: YR favo&aof.vegetltw%émwth Ihls Maymave occurredc O
of adequate ph%tosyn :h“ i

N .Af’g .

the sprlng mowed clones the sharp dlp ln NSC reser es. observed durmg early Augu gwp

o e
bolino ,?

Hu’\

'@;v ; control clor\es was absent. fl'he fact that frult productlon was dramatlcally reiuced |n the

4/_

w"’ sprmg mé%d clones supports thé qontentlon that the early August dip in'the NSC cycle

of control clones is related to frunt oroddctlon Ahormonal lmbal?fﬁce hkely resulted wuth . _'
o sprlng mowung If cytokmm productlon was reduced a reductlon |n fruut flllmg would be

L \
* one pos§|ble result (Kramer and Kozlowskl 1979) ThlS would further lmply that fruut—smk

3 | demand would be reduced and can%ohydrate would have been left |n the roots The net ‘ ;_’
. - i R
' result was th re establlshment of sprlng NSC reserve levels when 40% of the orlgnnal

ey
stand helght had been regamed about nlne weeks after sucker m:tnat:on commenced

'-I-A

’.-':-_/‘." :'-' ,‘:



Most shrub defollatlon studles have treatments almed at the sxmulatlon of

o, browslng These treatments tend toremove sucaa‘ small proportuon of Ieaf and stem

4 materlal that NSC reserve Ievels at the end of the growmg season may rematn unaffected

‘v\,

, dpféllatlon on autumn NSC Ievels is consustent wuth the flndmgs of Donart and Cook "q

o~

o ( 1970) Treatment effect measured here as fall NSC reserves quI depend on the tlme

Py TP

’ fall NSC Adequate tlme (n e > 60 days) and mousture weré'avallable‘to produce newf_!_

- 14,3,,:)., y

s fgrowth and thgto r'eplemsh root crown reserves Whﬂ“ﬁf‘ogressuvely later cuttmg S

;sngn:flcant reductlons in autumn NSC reserves were detected The summer cut alsb had

o reserves between thetsprmg-summer dé%‘ble cut and the other three multlple cuttlng

. ’whert,reserves would be expedted to be -at, or near the
'_;-l'freductlon in NSC in the lateﬂ-summer cut, may refl N

'of sprouts late in the season

. ’adequate time, for replenlshment but not as muoh as the sprlng cut Thp late summer cut
. A

o ‘was tlmed durlng the ma;or phase of late season rechan;g‘e durlng dormancyslnductlon FEE

-
-

;, ' The nmportance of Jate Reason recharge may account fo the dlfferences in fall

v
. ’_F;:u' .

treatments Recovery was apparent in the former wh:le in the latter reserves were

f/.

depleted to ,varymg degrees A reduced growth ﬂush af}er the June 24 cut relatlve to

-um"-

2 growth response would promote greater storage of current Q@h ;OSYF%?;?B and hence

";“fhat whnch followed the May 8 cut rmght in. fact”oe a response to day Iength:-"_f A reduced

-

the duratlon of drawdovvh was od the" r 'er of slx to seven weeké then snowberry plants

N U L

in the summer late summer and trlple—mowed treatments would have just been ehterlng

Al ."\

the r’écharge phase when the last cuttmg.occurred Slmllarly, the rankmg of the

sprung—late summer?ut’mtermeduate to the other double cuts may Be relafed the fact that

......




" there were an additional 50 days available for recharge than in the summer—late summer
NSC and EG are common measures of reserve potentlal and tend to be oorre‘tated

L #

. ;, : NSC isa chemucal measure whlle etlolated growth is arl ocganlc Jndex A number of .

-

" researchers“ regard EG asa mol'e reahstlc measure of sproutlng reserves than NSC -

(Klebasadel 197 1). As a concrete measure of tlssue expressnon .EG@ ac,count for

s
ms - w Of thgthrece smgle cut treatments the late—summe‘ G

T

2

possuble dlfferences ln hormone levels and the developmer\tal status &f buds ln addltlon to '
‘ NSC reserves In se_veral studles revuewed by Menke (&973) accountlng for the status of \‘
: vegetatlve buds wzs |mportant in the assessment of regrowth potentlal leen equal NSC
levels outgrowth was durectly related to the number of lntact tnllers of Paspa/um _‘ = 4
d//atatum Pour ,S?mllarly regrowth from Agropyron repens L‘. was a functlon of NSC and
the number q,; mtact dormant buds " '

ut sugmflcantly reduced EG by

é“. .

' 2 an '&m@urg dlspropvoctlonal to the reductlon in, NSC When compared to the- summer cut

x‘;lafe §u‘mmer%uﬁmg reduced NSC by 5% of the total (1% NSC) How%ver EG was re%uced

o ",.‘“fby 50%‘b -kate-osummer cuttlng as compared to the summer cut This dlscrepa cy may be
by 50% byt R B

a',-related to bud condntlon,, Fr0st or desuccatlon in Jury kllled a s:zeable proportion of Iate

) :released sprouts _’I’lt thenefpre seems reasonable to conclude that late out clones dld not

B have the same supply of‘suppressed buds from whnch to produce new sprouts Thus dark
k i’_ ;grown'spr:puts would be produced from buds of lower developmental status p0551bly of
) adventmous orlgln Based on the Ilterature relwewed earller (Tho ; gtand Mucashlge 1970)
a hlgher energy gost may have been mcurred ln |n|t|at|ng sprbuts froeﬁ‘buds of lower

'-developmentalfstatus _The net: result was the outgrowth of only half the sprouts produced ‘

_:leau&ents from roughly tFle same amount of stored J\/SC

’:Differences,i bud condmon between treatments mfght have contrubuted further‘to :

»detall to provude any meanlngful msnghts « '; s "s, X
___________________ __‘n; S e : LI . (.‘ TR
ZJMcKenzue JS personal communlcatlon 1982 Canada Agr:culture Beaverlodge
Alberta ) Lo » RO ORI

“ T -
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- The ortl'ngnal compar:son procedure used in‘the prewous sectlon was R

employed in testmg treatment effect on varlous stand parameters derlved from

i estlmates made in mmd August 1982 Orthogonal comparlsons were made for total

annual yleld and frult yleld of Western snowberry, herbage yleld stem and plant
densnty of. snowberry Grass and forb fractlons were c&nblned and analysed as' v

total herbage yleld smce forbs acoounted for less than 20% of total herbage As in _5:‘ S

- 'f'..--d"

affectmg total annual yneld and stem densxty in 1982 in Ontrol and regeheratlng v f

snowberry clones Slmple or multlvarlate llnear regressxon equatlons were fltted by
the method of least squares Factor mcluslon mto each equatlon was at the p<0 05
level of sngmflcance Independentvanables consndered in the yleld regressuon ;' 4“"' a

mcluded clone means for the follownng factors la) depth to clay, (b) dlstance to B - '

wetland (c) age of the oldest root crown (d) average clone age and re?lmatea'%a

e

wm |s deflned here as an estlmate of the2 welght of stems and shoots measured

g "-'_ remalned the Value of resldual stem—welg was consndered to be zero ln 'th’e s‘tem ,'; (A

m&he auturhn of 19{31 of (e) NSC (f) EG and (g) r"esudual ste‘n weught B_eﬂ_dua[ gem

o

~

f in the. autumn"of the year of tr'eatment. T‘hls was the above grou)d welght of stems _,4_',,'

'x:
from Wthh new growth would reasvgme the followmg spnng Where only stubb‘le

_.-s__-.——_.__._..._.._
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o i’f”’,gv,“\ :
| denslty,regre's's‘

frequency of cuttmg antA(n) estlmated soul temperature at the time of SUCker |mt|atlon

- 1$0Remperature values were extrapolated from Flg 8 and 7 R

S

. "'_r?‘*,.,. \;- Data from the Frog Lake study were analysed wuth a one 'Way analysus of

4.»‘ (e g

' vhrnance followed by\ testnng of treatment means wnth a Student—Newman—Keuls test

N LA
3 : oy

I o ‘ 'v

L R

T
L,.n
A

- “A .1, 2- Effectaf Treatment on-) Western Snowberry Yleld in- 1989 ;

‘ Total annual yleld and fl’Ult yleld of western snowberry responded snmllarly to _{'»; .

- the season and frequency of cuttmg (Flg‘23) The results of orthogo af

.__(;\"

3 COntrast

. ‘gstlng for the two components were ldentlcal though the magnltude of‘slgmfucance "

reductlons relatlve to the control (C 1 2 and 3) Summer and Iate-summér cuts

ylelded srgnlfucantly less than did: the sprmg cut (C Ay 5 and 6) Yleld reducm&a‘ d .. |

‘r"i}

not dlffer sngnlflcantly w&th varled seasons of double cuttlng (G 7 8 and

Tew .

hugher than the summer Iate summer and twnce tha?of the sprlng-late summe '_ »

o When the aversage e_ffect of cuttmg frequency was consvdered smgle énd

3 fruat yneld (C lO and l 1) The average reducthn wnth trlple cuttlng beyond that, .
produced by double cuttmg waslnot sngnlglcant {C 12) Slgmflcant added reﬁuctlons',

0 were produced from an mmal sprmg cut followed ’ summer or late summer S

cuttlng lC 13 and 14) ln short season o‘f cuttu@was lrnportant in the slngle cuts but‘:"
beyond thus frequency was the maln'factor relatmg to further yleld reductlons o
X g L In the fyst stepwuse regressné’h‘ procedure (Table 12) the varlablluty in, EARTRN

] S_tgm ng_; explamed 82% of the varlatlon in total ,annual'shrub yleld wuth

Eﬁ reserves and mean ng_n_e Agg explammg an addmonLl 4, 9% and 1 8% respgctlvely )

*‘Q B_Qsjﬁgal_ m wgugh_t explamed 67 5% of the varlatlon |n fruut yleld no‘bther .

: 'varql“ables wer’e lncluded |n the frunt yleld regressmn Curlously NSC reserves were

4‘{ o .A R . . a . ». B . . . h

e . S ‘ . B o . Tt . P e ot .
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¥-Fig. 23 Components of western snowberry total aena! bu:mass (gm/m’) san@legi from f,
: control and treatment clones in mld-August 1982 ‘ -
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g 24;' Components of total aenal blomass (gm/m’) sampled from control and treatment
.clones of western snawberry in mnd August, 1982. o : R .




: . S ’ A.wv‘.a »S“ov.:v: puw (3 £h P 3. 3 ove * E u_S.a:,,: 21w W133335 usmc:_w; S
i s A . S ‘ (61 Ou €1 .nco:.:asouv :ou snbas -7l L LT S
. % o wc,ﬁu:m. 3&..3. n:n.u.o>,o~n=ov pue; ﬁb:ov n:nh»i..«a .Quu.:uon- woay vo:uov 1914 ‘qRIYs U} SUOTIINPIL pIppE Ay (p Ll
ST . . (21 Puw 1101 Suospiwdwop) ¢ p1oj4- gniiys 33333¥ BuilInd. Jo Kdusnbaiz svoq” A
. - o Lile 3 7 nco:uuneoov. «wcﬁu:u wﬁn_...n...v pur. u~wc w uo navco-qo- vuuu-> ﬁ«) uuu:v n:oﬁ.u:vou Bo« ’
p ‘X....,,u . i Am vca N
. - o £ .dﬁ... R . .
.,« s . S
’ oo -
x - X%
% - o v
- ) T
’ . > ... g
o » . : * . ¥
N x - X *
~ — 2 -
‘ - x T
et . . i) -
- L) e ) >
Y - *x .“k.* 1«...
e . 981y LIt :
< e S .-
; ) > B
. PTPIA "p1214 21023 || ProLA. cuity’ A
28wqady- K139 o:. . K113gmou r.un pamowun’ .
) n.:«Q 113gmoug m_ 9 m<.. w
o x.N_uouuo.-. nuuuu_Eu.:m L :oz u::u.r 933u0) |-
] . - - _ T o N & . E
) NmmL ‘33n8ny JEE uy %oﬂnsnn v uocodu »unon_:o:- :uou.@o»— w:ﬁuuo:owo.—.v:n —.ou...cOOr: Rq1aYy: o o
».:un:o:n j0 ( E\mv ”_u_—u%» uo, w_::oE uo hu:o:s.wuw pue U0SEIE..JO udouuu o:u uo —n: Jaedyoo {¥u ..o:.v.-@.mmuu,uu,aom. .: u_nm.—. ce
‘. : ‘ * B | *a | SR o L . S B
S ] el - A H AT PRV SR SR




R o

_ Table 12 Regressnon analysns of factors affectlng total annual and fruut yleld (g/-;n‘) as L
‘ sampled in comrol and. regeneratlng sr}owberry clones |n mndvAugust 1982 LI

v
; ’ e ‘..j ":» . Ca

"Rgrametnr 'H"A-' - -Regres‘s’lon‘_“.” Change SE.EE Sig of F'r .f;
&‘“ﬁj e .'Coefficients *1"2,"-:7 - in r’ . S

. - -
. o DA N E :

3o

Intercept g | 'bO ”4*27 81 S } 11742 ST
Res. sﬂwé" f.'_{-j”bx b‘ ‘1'3e'.f .82 R P
ﬁtlolated Reserves bzs--;“- 61 | 19 L
cngne Agg% 63 -29 50‘ _14'._{1'4’
|nterce%t : vbO 675‘-’..'.-5' ST 478 e
Res. St Wt | 51 R 237 ﬁézéf o +675 . 92_ o

*-“ P M Dl

£Stendard error. of the estnmata /\ o . f."r".' SR T it
m(p<001 2adf) . wenTh o L T e




not included in either regression equation. Though NSC reserves were significantly |
‘and positively eorrelated with total annual yield (r=0.48), the sim)ple correlations of
resudual stem weight and EG reserves to total annual yield were hlgher atr=0.91 and

r=0.62, respectivaly.: NSC and EG res\erve estimates shared a surprisingly low,

-though~51gmfucanfsxmple‘correlatl’on‘(r=0.‘43).

4.4.1, 3 Effect of Treatment on Herbage Yield in 1982
. Significant increases in herbage yield resulted from mowing (Fig. 24, Table
110 Al single mowing treatments s:gmflcarttly increased forage _productllon over the
control (C 1, 2 and 3). Frequency of. cutting (C 10, 1 1 and 12')- appeared t\o be more
|mportant in lncreasmg herbage yields than was season of cutting (C 4,5, 6, 7, 8, artd
9. All added effects comparisons showed sngmfldant mcreases over single cuts (C

13, 14, 15-and 16), regardless of cutting dates.

4.4.1.4 Effect of Treatment on Stand Structure in 1982
Treatment not oniy altered snowberry and herbage yield, but also changed
shrub stand structure. Plant numbers are difficutt to assess in yvoqdy plants such as
snowberry where r_ﬁot crowns tend to be connected by underground rhizomes. A
mieimum distance;reguirement of 5 cm, measured at soil surface, ‘\./Gas used in
. estimating plant numbers in each quadrat Most snowberry stems arise in clusters ‘
from distinct root crowns. With this sampling app‘ro"ach'single sprouts or crown
clusters would be counted as indiv'idual plants, the intent being to assess the relative
" number of sources of stem growth between treatments and give an indica'tig_n‘ of
overall net change.
A single sprnng cut (C1) and double cuttlrlxg in general (C 11}, significantly
increased plant numbers relative to the control (Table 13) » ‘ ’ .
Season of cutting a]ffected stem densuty in double cut treatments Slgmflcant

increases were derived in double cuts with spring—late summer and sumrr'?er Iate

summer cuts (C 14, 15 and 16).
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Of the nine independent variables tested in the regression analysis, Er_aguengy
- of Cutting was the only variable selected th\at explamed a sngmflcant proportnon of

the varlatlon in stem density (27%, F=11. 3**)

R O

44.15Froglake Stidy -

Western snowberry regrew slowly for the first two years -after the
" late- summer (July g, 1979 cutting. New sprouts were dela‘yed until' August of
1980, whereas sprlmg cutting in’ 1982 was followed by immediate and vigorous .
sprouting PreCipitation records indicate that tr\'ere was 310'mm of snow on the ¢
ground at the end of March 1980 and that growing séason precipitation totalled 270
mm, most of which Yell from late May to August?. Prec:pltatnon was, therefore, not a
factor limiting the regeneratnon ‘of the' Iate-—sumer cut durmg the followmg grownng ‘ )
’season N \ S -
| At the time of plot sampling (August 28, 1982) western snowberry plants in
the late— summer cut exhlblted a dwarfed growth ha\blt (Flg 25a) Incremental growth
oroduced durlng the prewous two growing seasons ranged from 3 to b cm in Iength
After three years growth overall plant helght averaged 15 cm. In contrast suckers
- produced in.the spring of 1982 mowing had achneved\substantnél linear growth E

§

‘(25 30 cm) in a single season(Fig. 25b). P | - _
Comparison of treatment means for an~nual yleld old stem welght standmg
crop and stem densxty of snowberry gave greater defunltlon to:the qualltatlve ‘

- differences observed (Table 14). In three growing se_asons, 20%4 Dof’the shrub
standing crop of the control ;&és regained in the Iate-sumrner mowing treatment;
most of this being produced in the 1982 growmg season. ‘In a slngle growmg

. season, the ‘spring cut regamed 42% of. the shrub standmg crop of the control
Three years after treatment, stem densnty in the late— summer\ cut remalned
sngmflcant!y hlgher than the control and not substantlally dlfferent from the 1882 -
sprmg mow: '

35 Atmospherlc Envrronment Service, |uII|by Lake weather station Iocated 6 km east of. the
study site. . ‘ L

RN
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Fig: 25 A comparlson of ‘sprouting morphologues of snowberry stems from
early (a) and late cut (b) stands : .



’ Table 14. Waestern snowberry stand parameters‘ from plots harvested August 28,

“ 1882 atFrog Lake. g

. Treatments

Control Late~s{uﬁ1mar1979- Spring-1982 S.E.

Annual Yield (g/m#)  203b 70a 1996 21
"Old Stem (g/m3) © - 272b . . 31a = 28
T.8tand Crop g/my  475c ~ 101a » ' 199b 28
% of Control * 00 - .21 a2
 Stems/mi - L0 87 746, ., 1aas . 2f
Herbage (g/my - 100a- - 1486 1526 15

'Means wuthm rows followed by the same Ietter are not. sngnlflcantly dlfferent
(Student~ Newman —Keuls test, p<0. 05) _

a5t
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4.4.2 Discussion
There was abundant regeneratlon of western snowberry after mowing in this
study. Anderson and Bailey (1979) reported a snmllar response followung sprmg burnlng

' However when FltzGeraId (1982) imposed early July grazmg following May burnmg of a

regeneratmg aspen forest regrowth from western snowberry was delayed until the next
spring. F;tzGeraId s results are not directly comparable to the present study!smce 7
‘ defollatlon by grazing was not complete probably due to low shrub palatablllty Therefore
some degree of apical domunance over vegetatlve buds may have been retalned ‘

‘In the current study the growth lnterval appeared to be Ilmnted by the the seasonal
P 'constralnts of sprlng soil temperature and, late summer photoperlod Although ev:dence Lo
s indirect, drought enforced dormancy dld not appear to be a factor llmrtlng growth in
1981and 1982 . P Loe

“In the carbohydrate studles the length of the growrng season avallable after
treatment seemed an-important factor relatmg to recovery of autumn NSC 1 reserves Near _
complete recovery was evrdent in four of the. treatments where recover/y tlme was |

adequate Th!refore |t is not surpnsnng that regressnon analys»s selected resxdual stem

weight as the key factor predlctmg 1982 snowberry yleld The trend towards hlgher

e

e

1982 ylelds wnth greater resudual stem weught lS consustent with’ the fmdmgs of
Humphreys and- Roblnson (1966) for troplcal grasses They found that when resources
“ espec:ally molsture are in adequate supply growth is more dependent upon leaf area than
NSC concentratlon Although leaf: area'was not specrflcally measured the assumptlon

made here is that a greater. stem welght would mean a. greater leaf area. o -

&4

" EG was a better predlctor of 1982 yields than was NSC presumably because/‘E_Ci_, T g
v'may account for the lnteractlon of the developmental status of buds and chem:cal* ;-,;;_,H '
’ reserves in the' regressuon equatlon for total annual yleld of snowberry the varlatlon in,

' resldual stem welght may have accounted inpart, for NSC and EG reserves. When

7 K
resndual stem we:ght was removed from the equatlon EG accounted for 16% more of the ‘
: j~ &

varlatlon in yield than dld NSC.. when EG. was in turn. removed (r2=. 38 for EG F 18 7wk SRS
ri=:22 for NSC, F= 8 77**) it would appear that the value of EG reserves for. predlctlng

o
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_ the yields of other plants may -also apply to western snowberry
The varnatlon mmesndual stem weught was the best predlctor -of total annual shrub
yleld and fruit yleld in, 1982.. As the amount of overwmterlng stem materlal increased, the nl

yneld of annual growth and fruit, mcreased also Yields reported for single cut treatments _

are closely related to thls relatlonshlp At the lower end of the trend ling, trlple cuttlng
produced a predlctable result Asin aspen poplar repeated cutting with subsequenét}

| sproutlng and outgrowth will eventually reduce stand vigour: (Berry and Stiell 1978) likely

| ‘ through the depletion of NSC raserves (T ew 1970 Schler and Zasada 1973) However

when compared the total annual shrub ylelds of double cut treatments are mconsustent

- wuth thus relatlonshlp Annual yields were in fact higher in the treatments that Iacked

overwmterlng stem material (F and G). This apparent dlsagreement may be explamed by
the mteractnon of phenology wrth precnpltatlon patterns durlng the summer of 1982

Owing to the greater stem biomass at Ieafout in the sprlng—summer cut (E), rowermg B

commenced 116 2 weeks earher than in the other two treatments (F and G). Optlmal

h ralnfall‘ln July l163 mml promoted v\egetatlve grcwth in treatments F and G whlle in

treatment E, development advanced beyond the ponnt where further vegetatlve growth

- "_'could occeur. In treatment E developmental prlorltles were Ilkely shufted in favour of frust

productlon and would therefore account for the hlgher fru:t YIeld in E than m F and G

A total of 86. 9% of the varlatlon in 1982 ylelds was explalned by mdependent

e

- »varuables dlr‘ectly related to treatment (i.e., residual stem welght and EG) Variation in yleld -
E explanned by envrronmental factors was neglugrble Posslble physmloglcal reasons for the
dechne in clone yleld with i mcreasmg age are unclear Pelton (1953) failed to detect any

‘ v-symptoms of dechne or senescence in the oldest snowberry clones exammed in hlS study

some were three tlmes older’ than those sampled in this. study

.

ln mowed clones release from aplcal domlnance accounted for the mcrease in

o plant and stem dens:ty Stem denslty lncreased two to three fold These values are Iower

than the post burn mcreases of three to fIVG fold reported by Anderson and Balley (1979)
.. The- mteractlon of sonl temperature and. frequency of cuttlng appears to explam the stem : .;; ;,

densmes recorded in my study In single cut treatments, aplcal domlnance was qu:ckly

k



reestabllshed wnth the most advanced shoots assertlng control over those of lower

deVelopmental status Re cuttlng released vegetatlve buds, once agam from aplcal

~to sofl temperature The mdependent varlable soil temperature was not mcluded in the

g ‘dommance -The sxzeable lncrease m stem dens:ty |n double cut treatrnents may be related ;

; stepwnse regressnon but was llkely confounded wuth frequency smce the sumple

correlatlon of these two varlables was qu1te hlgh (r- 82) When frequency was removed

. from the equatlon temperature ranked fnrst~among the remaunung varlables and accounted

| for 21% of the varlatnon |n stem densnty (F 7 9**) Though post burn soul temperatures
were not spec:flcally momtored by Anderson and Balley (1979) a blackened and exposed
soil surface may have- promoted much hngher soul temperatures durmg sproutmg than were

recorded in thls study. Consequently much hlgher stem: densutues resulted from ; single’

‘sprlng burn as compared to a sprmg mow presumably due to the lnfluence of h| r soil

VN

“ -

temperatures on auxin destructlon (Schler 1d7sl ' _
‘ ' ln ﬁhls study late mowing in multlple cut treatments would have further arrested
h..the re- estabhshment of aplcal domlnance Th:s combmed with the natural trend over the ‘
grownng season towards warmlng of the soll surface and an added lncrease due to
' ‘ground exposure from repeated cuttlng seems to pccount for the hlgher stem densltues
relatlve to other treatments The change in plant densnty is probably related to the same’
factors e L o '\’.'.._ : .
’ ) The apparent decllne in stem and plant densnty in summer and Iate summer smgle
"cuts relatlve to the spring cut seems to contradlct the explanatlon offered above -
However glven that bOth the former treatments produced sprouts durmg the. late season
: frost in jury may have had a thlnnmg effect on the resultmg stand. Though sprout mortallty
-was observed solely in the smgle Iate summer cut, itis possuble that sprouts produced '
_durmg late July in the surmmer cut were also in Jured but went undetected due to thelr

) more advanced developmental status

B ‘ o _. The relevance of the Frog Lake study. wull be dllcussed “in the next chapteh
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* 5. Summary and Manegement implications
‘The principal study site at Beaverhill Lake may be considered somewhat atypical for the -
) aspen parkland A higher soil moisture reglme and heavuer stand type were found here as

- compared to those descrlbed by Wroe (197 1) and Wheeler 1 976) However the srteplh

questron was favoured for a number of reasons. Aslde from the abundance of lndlvudual
snowberry clones from which a unlf-orm treatment populatlon could be selected, soil
moisture the environmental variable most often‘ limiting. regrowth of'woody plants
(Lavender 1980), was not a Ilmltlng factor. Consequently sproutmg behavnor of western
‘snowberry, in relatlon to the treatments mposed could be monltored under’ optlmum field

Fl

conditions, makxng extrapolatlon of physnologlcal flndlngs to env:ronments of greater soil

_molsture stress, a more loglcal approach than v:ce ‘versa.

A number of competltlve adaptatnons of. western snowberry may be surmlsed

.from the sail temperature and sonl monsture condltlons documented in thls study ngher [

soil temperatures and lower soil m0|sture levels in the grassland than in the shrubland may
set up the’ mltlal envuronmental stlmuh for clonal expansnon by rhizomes (Schler 1976)

h Fmdlngs reported here mdlcate that once establlshed western snowberry acts as wind
breaking vegetatlon altermg snow depos:tnon patterns at the expense of ad Jacent
vegetatlon types.r Greater snow pack |m‘proves sonl mons_ture supply thereby-pro_moting g
vigorous growth and buffering against drought lD'aubenmire l974) >Stoeckele"r and

| Dortlgnac (194 1) reported greater shelterbelt longevuty where "snow fence vegetatlon

: trapped snow and lmproved the supply of sonl monsture Furthermore greater snow pack

. serves: ‘to reduce the severlty of winter sonl temperatures From thls lt may be argued that

* late mowing may reduce the competmve advantage of snowberry over other specnes .
: . However in thls study the short term changes resultmg from late mowmg seem of '
' fquestlonable blologlcal slgnlflcance Wlth site types of a more xerlc nature such as at
'Frog Lake the effects of late mowung may be greater | o
' FntzGerald (1982) felt that control of’ aspen by ;epeated defollatlon would be .
Iaborlous and expensuve Aspen root reserves were sufﬂCIent to feed numerous sucker

v"crops He concluded that further lnvestlgatlon of the causes of control wuth August f

R o

s »v,f. 80 L,

o
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grazung was apt to be more rewardlng Under the regime of cutting and envnronmental
condltlons present at the Beaverhill Lake: Slte western snowberry was reduced asa stand
AN
b

component but by no means eliminated. In the unmal stages of the study maxlmuzeg

depletlon of NSC reserves in snowberry seemed a loglcal approach to achlewrag,theﬂ

/, : ‘.,....a

greatest degree of {hyslologucal stress Although the |n|t|al sprlng cuttpg’ data occurred ;

=

9 ot
stand composmon was temporarnly shlfted in \ﬁavour of?\therbage (25 1 3 kg/ha) the’ vngour

and density of snowberry regrowth produced in 1982 would ensure the re-estabhshment s

of shrub dommance in the foreseeable future A snowberry plot located outside of the :
main study area recelved as many as flve mowmg treatments wuthln a 2 year perlod
Though vngor was obvuously r“‘aDCed abundant sproutmg was evident at the end of the
second year ‘ A | -

_ Western snowberry is partlcularly well adapted to sprmg or summer cuttmg
reglmes These results show that by the time an average of eleven leaf palrs ‘have: been
produced recharge of root NSC reserves wull COmmence In 1981 thls was nine weeks_
after sprlng mownng (at the Ieafout stage) and six to’ seven weeks after the ftrst new " l.
sprouts were observed Duratuon of recharge was approxnmately 3 weeks wnth anthesns .,
iR the new sprouts s:gnalung recovery to sprnng NSC reserve Ievels B ' _ '

S A further adaptatnon lies in the manner in Wthh each- subsequent wave of sprouts
was produced ‘After sprlng or summer cuttmg new stems appeared from what Schler B
(198 0. descrlbed in aspen as Currently mutlated buds After the nrst decapltatlon new: . .:
sprOuts orlgmated from axlllary buds closest to the cut surface When second and thlrd
cuts were applled each subsequent wave of sprouts arose from currently mltlated bud’s
just above the base of the prev:ous sprout ln thls way suppres’sed buds located in- '

posltnons subtendmg the fxrst wave sprouts were kept in reserve

.»n"

g1



© The effect of dlfferent season and frequency of mowing, as evaluated from
snowberry yneld mdvcated that productlon of new growth |n 1982 was pnmarlly related to

‘the amount of regrowth produced’ and allowed to overwinter in 1981 A further rankmg -

—of yields, from treatments that. regenerated _from. ground Ievel,_should_.have been

comparable to dlfferences in NSC levels measured in the: fall of 1981. The trlple cut was .
the only mowmg treatment regeneratlng from ground level ln 1982 in Wthh the rankmg
of shrub yleld relatuve to other treatments was comparable to the ranklng of fall NSC”

o reserves Annual yleld’ln the summer-late summer and spnng-—late summer ranked hlgher’
than the sprlng-summer cut_ Thls result was mconsnstent wnth the overall trend of hlgher ﬂ -
1982 shrub yleld wuth more overwmterung stem materlal A posslble explanatlon forathlsf :
may lie i m the mteractlon of phenology wuth precnpltatlon patterns as descrlbed in the last :
chaptey. co '.' R L

' FltzGeraId (1982) felt that Iate grazing may have mterrupted the normal lnductlon of-_‘7 )

dormancy in aspen resultlng in, frost injury and reduced regan’eratuon Late summer .

: cuttmg at Beaverhrll Lake dnd not produce the same dramatlc effect in snowberry The ‘

wmter of 1981 82 was an ldeal one for frost in ;ury |f mowmg had effected a general L

‘ reductlon in the Ievel of tlssue hard:ness Not only were temperatures e:&}treme and the |

wmter of long duratlon but sonl temperature fluctuatlons were greater m mowed stands

Somers (198 1) pomted out that in hlgh arctic shrubs temperature appears to substltute

for daylength in the mductnon of wnnter hardmess Although exposure of hlgh arctlc _

;shrubs in the laboratory to far red llght and short days produced greater cold hardlness

' ‘Somers concluded that m the fleld endogenous factors sensmve to Iow temperatures l+5 _.L e |

‘ to 5°C) were most lmportant in elacxtlng the changes necessary for wmter survnval Even "

;*'.;lf mownng did alter the mltnal stages of dormancy mductlon normally assocrated wnth

y daylength and hght quallty there is good evndence (Somers 1980) that temperature may

, -,.;substltute in promotlon of frost hardiness. . 7 _' A

Bud phenology |n relatlon to the season of cuttlng |s of ltey lmportance in thls S

study lt is pertnnent to note that the productlon of Iate season or "Lammas day shoots '_ .

- has been reported for a number of temperate woody plants (Kozlowskn 197 la) They are
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' lmplles that stomata on prlmordlal Ieaves become actlve at the tlme when normal water

: canes jUSt pnor to the normal growth perlod The presence of frost- damaged buds |n -

Do

93

so named because of thelr tendency to occur around August 1.  These sprouts tend to be

: released during the perlod of transition between strong apucal control over lategal buds to

' the late seaspn period of general bud dormancy In western snowberry the rmd summer o

grcwthpattern of. rhnzomes _tbe tlmnng of rebranchmg lnregeneratlng standsl _and_tbe____, .
gradlent in bud rele,ase wnth progressuvely later. cutting détes appear to correspond to thls
transition phase Furthermore these late shoots may render trees more susceptlble to
frost in ;ury lKramer and Kozlowskl 1979) } ‘ |

Cn grape culture prlmary buds released at basal nodes followmg late summer
prunung are, hlghly susceptlble to deslccatlon or frost injury (Howell ‘and Wolpert 1978).°
In temperate zone vutlculture a flVG stage cIasslflcatlon by Bagglollnl (HoweII and Wolpert
1978) |s routmely used to estlmate prlmary bud vulnerablhty to. frost damage and mcludes
the followmg stages (a) dormant (b) scale crack (c) swell 1 (d) swell 2 and (e) burst Up until

the second stage of’ bud swelllng bud hardmess remams comparatlvely hlgh for such a

sensutlve specnes (: e - 1 5 to —4 5l’C) As')soon as aplcal burst lnutnates though frost

[V

: res:stance |s completelv fost. Yleld reductlons from prnmary bud in Jury may be so extreme

-

that specxal prunmg proceoures are requnred to delay bud release or else remove damaged'

grapes tends to reduce the productnvuty of secondarles '

Severe wmter in Jury to natlve dec:duous specres has also: been linked to bud
phenology Cayford et a/ (1959) reported that in Saskatchewan and Manitoba, durmg the’
wunter of 1957 58 premature bud break was mutnated by warm wunds in Iate wmter

‘.

ln Jury from Aprll frosts was dlrectly proportlonal to the degree of bud burst and

| chlorophyll development Many trees suffered wunter m;ury to a hlgh proportlon of thelr

vegetatlve.buds

-

The actual mode of mjury may in fact be the\result of des;ccatlon rather than .

' mtracellular ice formatlon The progresslon of vegetatlve buds to the bud burst stage

4.

W

relatlons ln the plant have been altered for the wmter (l e suber:zed roots or frozen soul

preventlng water uptake) and desnccatlon therefore results (KozIowsku 197 lal
.. . 3



EIR to bréak the surface remalned v:able ln the late cut a/change in sproutlng morpholog i

of therdormant buds of high developmental status were depleted. because of late cuttmg

Injury of,.prirnary vegetative buds in woody plants can drastically alter the'. -

developmental morphology o.f new growth"(Smith and Olien 198 1% Where severe‘

o

) depletlon of the pool of primary vegetatlve buds has occurred, the subsequent outgrowth Y

of new. ShOOIS_lS delayed often till late- in the_ season,-and.is-characterized. by the :
productlon of adventmous or short shoots {Cayford et a/. 1958, Egeberg 1963 Smlth and.-
. Ollen 1981). New shoots often exhlblt a pecullar stuntad g{owth with bushy and’ prostrate

AN

- morphologles resemblmg arctlc specnes (Smuth and Ollen 1981) S . v A
When the resuits of early and late cutting at the two dxfferent Iocatuons are " .
compared the net Fesult'of treatment appears superflolally qulte dlfferent. However in, R
llght of the limited mvestlgatnon by Pelton (1853), sxmllar treatment effects may ha\/e L o »
: f".occurred The dlfferences betW‘een sntes in subsequent shrub stands may have been»- | |
lnfluenced by cutting date and soil mOlsture reglme At Beaverhlll Lake, mowmg durlng the ’

. flrst two weeks of August resulted in the release of 1ate season Sprouts Wnntec in Jurw a

was evudent in approxlmately 30% of the released buds, most of whlcharose from axnllary
H

positions.’ Bud release dlmlnlshed wuth progress:vely later cuttlng dates E\pds that falled

- /,,.

was reflected in the. S|gn|f|cantly hlgher proportuon of new. sprouts ins 19§2 arlsmg from f‘

.\l

: basal rather than ax:llary posmons In contrast new sprouts ansmg ll"l all other mownng R
treatments were lmtlated from suppressed buds or buds emergmg after sprmg or summer VO

} cuts (termed currently mmated") Furthermore two umportant results descrlbed for the

‘ N
’ P
e

sungle late cut |mply that new shoots developed from buds of lower developmen.tal statusi )

Firstly, EG reserVes were dlsproportlonally Iower than were NSC levels’ and secondly f

sprout mltlatlon was. of prolonged duratlon ThIS was mterpreted to mdlcate that a portlon

-
PR

leadlng to frost in Jury Ahngher energy cost -and longer duratlon of sucker mltlatlon»would

be expected as buds of lower developmental status were actlvated

lnvolved in producnng the dWarfed stand in; the Iate cut versus the mdre v:gorous one in the g: T

f.a MJ“

s early cut leen the basu: response outlined for the late cuton the Beaverhlll 1:ake sxte andi R

K- T ' : h o e ¥
" RN '\‘_‘_ N ‘i . . -~ N " "'v
K. , o . R L e
A . M . FEA .
. - . s, e g e e
A . . . S IO ~ .
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the apparent overriding control of{ daylength on bud dormancy, it seems reasonable to
infer that the July 29; 1879 cutting resulted in a_‘hi‘gher level of, bud injury.‘ (By cutting on
an earlier date, dormant buds released from the stump would have elongated ta a greater
“extent than if cut one or two weeks later. Given the relationship of bud burst to */
desiccation.injury, a greater percentage of in ;ured buds may have resulted If the principal

source of new sprouts was from adventltlous buds, this would further explain the delay in

. regeneratlon, the short shootalncr.ements in each subsequent year and the generally
‘dwarfed plants compared to'the robust ones evident after spring cutting. '

) The extent of bud i |n1ury and the ability of the plant to produce new buds wull be
mfluenced by soil moisture regime. The actual degree of bud anury may be reduced on

" sites where hugh soil moisture Ievels help buffer changes in soul temperature (Howaell ahd
Dennls 1881). Mousture stress durlng bud development may lumut uitimate developmental

| " and outgrowth potential of the new shoot (Zahner 1968) ‘The more favourable soil

‘moisture condltlons on the Beaverhill Lake site may therefore, relate to the lesser effect

,vdue to late cutting. l v l‘ . R

Yield wag not as severely affected by late cuttlng on the moist site as onthe dry

one. Although plant and stem densmes were apparently reduced by frost action, -

- nevertheless, vigorous growth was produced from surviving stump buds and from

meristems: that diff'erentlated in the spring of 1982. Apical dominance in the late cut was,

th\erefore, re;established in short order at Beaverhill Lake. ~§inal stem and plant dens‘ities, |
were not signlficantly different from the control. Curiously. at the'Frog Lake site, stem |
density in the late cut'remained duuble that of the control three years after treatment
Anderson and Bailey (1979) reported a progressxve decline in stem densnty by the third
‘year after sprlng burnmg as certain stems reestabllshed dommance over subordlnate

| stems. At Frog Lake, the Iow y|eld high stem density and dwarfed nature of snowberry

indicated a ‘prolonged competmon between plants, wnthout the clear re-est_abllshment of -

. 'aplcal domlnance | | ] _ ‘ o

A number of parallels may be drawn between the effect of late cuttlng on western.

\snowberry and the response of certam alfalfa cultivars to late summer harvest . McKenzne -

s
i
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' cuttmg durlng August be avoided.

96

and McLean {1980b) have observed a similar late season release of frost susceptible
sprouts in alfalfa with August cutting. As with snowberry, injury is correlated with sprout

emergence and green tip development.?¢ In alfalfa, the late release of sprouts 'implies the

- return to a state of vulnerability to winter injury. Yield and stand reductions may result in

subsequent years. Consequently, McKenzie and McLean (1980a) recommended that

~

Waestern snowberry exhlbrted a strong oenodnc:ty or link to photoperlod in_ its

-

sprouting response. Though climatic conditions differed substantially between years,
sprouting response displayed the same day!ength related decline yvith progressively Iater'
cutt_ing dates. Siminovitch (1981) has reported that herbaceous plants are influenced far
more by environment‘a‘l variation than are woody plants. In aifaifa, high s0il moisture levels,
in autumn, may lead to a simtlar return to a tender vulnerabte state as might late harvest.
However, it seems that in snowberr\{, high soil moisture levels did not delay or enhance -
sproutrelease. — h T -

i is clear that although mowmg may temporarnly reduce snowberry. ynelds and '.
possibly to a much greater extent on drier sites, mowmg by itself is not an effectnve

t

control treatment However these findings point to “the potential to lmprove the . 1‘

" effectiveness of 2,4-D ester apphcaﬂons as follow up treatments in the control of

14

western snowberry. The kllhng of root buds in woody plants with phenoxy herbicides

"depends on downward movement of the herb_icide in the translocation stream (Muzik

1970, Moser 1977), which in turn is influenced by root sink strength (Fick and Sosebee

1981). Many workers have correlated the best kill of basal buds with the major peri'od‘of

‘root recharge (Hyder et a/. 1969, Boo and Petit 1975, Fick and Sosebee 198 1) However,

itis not suffucuent to solely deflne periods of root recharge. Leaf mat\urlty may IImIt

herbncnde penetratlon. Fick and Sosebee (1981) obtalned high levels of root bud kill wuth

- spray apphcatxons to-honey mesquite during the early season root recharge phase During

the late recharge though leaf maturity hmlted herbicide pénetration. The seasonal NSC

___..____.__.____—.—.___

cycle defined for western snowberry |n this study would mdncate that herblcude be applled

#McKenzie, J.S. 1982, Personal communlcatlon Canada Agriculture, Beaverlodge

'Alberta . - ) ~ .
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just past the peak phase of shoot elongatlon in mature snowberry stands. However leaf
maturlty is repeatedly cuted as a factor limiting herbicide penetratlon in this shrub (Friesen |
| et a/. 1965). Good top kills may be obtained by applications during leaf expansion but
most translocatlon is acropetal at this stage By the time basipetal recharge begins, ieaves
become Ieathery and resistant to herbicide.

Top removal, be it by mowing or burning and regardiess of the season, provides

the opportunity of initiating a new wave of regrowth which will depjete root reserves to a

much greater extent than would occur in unmowed stands. This would turther facilitate a
shrub canopy of more vegetative character during the phase of root recharge. These *
physiologicalA responses, have been related to enhanced herbicidal control of red maple
{Upchurch et al. 1969) and honey mesquite Beck et al. 1975). In this study, snowberry
sprouts retained a tender green appearance up to the time of root recharge. Beck et a/
(1975) speculated that a similar vegetative condition in honey mesquite stems may have
’fostered direct herbicide penetration lnto the phloem tissue when root recharge was
underway thus resultmg in ¥a high level ‘of root kil

Furthermore it may be poss:ble to deplete the supply of suppressed buds and alter
shoot morphology with late—summer cutting. Although shoot morphology was not
specifically characterized at the main study site, evidence has been presented that new
. snoots may have been produced from vegetative buds of lower developlment.al status and

possibly of adventitious origin. "At'the ?rog Lake site'where a more dramatic treatment

~ effect was‘documented, regrowth in the_.late cut conformed to the morphology expected -
when shoots are proched.from adventitious buds; namely of a stunted and dwarfed
nature and Iargely lacking flowers and fruit. - - | |

Shoots dlsplaymg a Ilmnted growth potentlal and lacking flower buds or secondary
vegetative buds are termed " ‘short shoots” (Kozlowski 1971a Zimmerman and Brown
1971, Dahl and Hyder 1977) A hngher proportnon of short shoots in regenfratmg
" deciduous species has practical value wuth herbicide follow up treatments (Dahi and Hyder

1977). Greater levels of control with phenoxy herbicides are assocnated with such stands

. . * Q_ - . -
{(Wilson et a/. 1975) since short shoots have a greater tendency to basipetal transport than

. n . [
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_ do long shoots (Dahl and Hyder 1977) Normal long shoots, which may be completély
preformed in the bud Ioglcally dlsplay greater apical sink strength assocnated with thg

“needs of flowerung and rebranching. A greater tendency to acropetal transport is

therefore inherent:. S ' ' , \
The real potential to depleté the supply of suppressed buds thereby forcing new '\
sprouts to arise from adventitious buds, appears to lie in maximizing the release of late

season sprouts. These must be released at sucha time‘ that they will have adequate time

and stamulatnon to elongate and break the soil surface yet not enough to completely Ieaf

out and develop frost hardy apices. Further research is required to more clearly defme
this critical period and at regionally meaningful latitudes. The cuttlng dates employed here .
appeared to define the latter portion of this hypothesized “critical cutting" interval. A

| revie\(v of'_ the literature indicates that ethylene’l’, a plant growth regulator, rnay_have

'potential to enhance the release of sprouts in Iate mowed cl‘o_nes 'o.f western snowberry.

| Morgan et a/. (19695 empioyed ethephOn applications.to'actiuate basalnbuds in seedlings.

of honey mesquite.” In contrast ethephon apphed to mature honey mesquute plants

reduced flower production but had no effect on basal sproutlng (Parsons and Sosebee

* 1974). Excised aspen root sections, soaked in. aqueous solutlons contamlng ethephon at’

100 mg/|, increased bud reiease by 50% of the control and also enhanced sprout

| - elongation (Schier and Campbell 1978) Higher concentrations inhibited the release of

’aspen buds. Further research into the use of such a growth regulator, for the

enhancement of sprout release in western snowberry, may be potentnally rewarding.,

*"Ethylene may be generated from ethephon [(2—chloroethyl phosphomc acid], an
inexpensive and readily available source. , . -



6. Conclusions

Major results and conclusions from th"eg experiments were as follows:

1. In mature western snowberry plants, the first low in NSC reserves durmg the

growung s8ason comcuded ‘with the phenologncal stage of 2/3 shoot elongatlon not

with Ieafout as was prevnously suspected

2. The_ second low in NSC reserves occurred during fruit swelling.

3.  Spring mowing‘causedaa greater'and more prolonged red‘uctlon in NSC reserves than
was evident in the _covntrol; | h
4. Western .snowberry clones, mowed in thé-'spring, were able to replenish NSC
| re._serv'es.in a H‘sin'gle season. » Root recharge commenced when new suckers had .
| eleven leaf plairs. Stem maturation marked‘by a change in color from pale greento
rusty brown was evudent in the latter part cf the recharge phase Root recharge

- . owas complete when flowermg was observed

¥

. . K

5.  The greatest reductions in autumn NSC reserves were obtained with late-summer

cutting. = . o

6. A significant reduction in sprouting rese"rv,es', measured from etiolated growth,
. . . . . LN . o AU

resulted from late~sumrer cutting. This reduction was attributed to a higher energy - o .

B cost incurred.in releasmg vegetatlve buds of lower deVelopmentaI status to replace L

buds which emerged after Iate cuttlng and had been frost m;ured o .

~7. -~ Season of mov\.lng a\\fected sproutlng morphology Sprlng and summer cuttlng

favoured stump sprou\mg while cuttmg in the late—summer promoted sproutlng
_from the root crown. -

- . T
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10.

Sprout release was ‘not'apparent where cutting occurréd beyond mid—August.

moist sites.

T

n

100

Late—summer cutting may result in greater reduction_s in vigour on clry sites than on-

:

Although increases in herbage production "\’_Nere substantial, mowing failed to control

.

12
.q , carbohydrate '

13

14,

15
186,

17

y

| In the season followmg treatment current shrub yield was related to the tlme .

* western snowberry on the Beaverhill Lake site where soil moisture was not limiting. .

avallable/t/or regrowth after cuttlng in 1981 and hence the amount of overwmterlng

better predlctor of post treatment shrub ylelds than was hon— structural

‘

|

.

E

- stem materlal from which new growth could arise.

When two measures of sproutmg reserves were compared etlolated growth was a

Soil temperature increased through the growing season, reaching a maximum in early

August.”

MoWing caused a further 1 to 4°C increase in soil temperature. .

[

B

©

R

[

The greatest mcreases in stem and plant densmes occurred in multlple cut treatments’ -

The ellmunatlon of shrub, cover wnth late mowmg caused a reductlon insnow

\

accumulatlon on mowed sxtes

where Iate-—summer cuttlng was mcluded

Wlnter soil temperatures fluctuated more and were lower for, a longer duratlon m

R

‘o

Iate mowed clones as’ compared to unmowed ones
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Although late mowmg appeared to result ln a more éevere wmter envnronment and

may also account ;or reduced soul molsture Ievels during the season followng

. treatment these envnronmental changes ere’ of questlonable blolo ucg’l sugnlflcance
, M4 g

- . ard N
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v . 7. Recommendations ‘ \

Based on the fmdmgs presented in this thesus and the Ilterature revuewed the
folloWlng recommendatlons are tentatlvely put forward | R

On open shrubland where surface stonmess and topography do not Ilmlt mowmg
'-'j.western snowberry should be mowed between July 15 ‘and August 15 durmg the flrst »
year of treatment New growth produced the followmg sprmg should be sprayed wuth a

— high'r: rate and volume ground appllcatlon of 2 4 D ester.wwhen suckers are between the_l 1

| leaf palr stage and flowerlng in thelr development Apply 1 6 to 2. 2 kg/ha of 2 4-D ester T

. in115to 230 L/ha of water carner

On shrubland whléh may be sub ject to perlodlc drought late mowmg should be -
| carrled out in years when ‘soil mousture is avallable notin drought years If a weak flush of :
: ;sucker regrowth is evudent durlng the sprlng followmg late summer mowung. then defer
: " the herblclde followup treatment until the second grownng season after mowmg ‘
‘ It must be acknowledged that control of western snowberry may be. nelther “: B | &

feaS|ble nor economncal on rargelands Wthh are’ excess:vely stony or, Wthh have rough

- topography Prescrlbed burmng may be a useful pretreatment where snte factors llmlt

h mechanlqgl operatlons Sprlng burnmg sh0uld be followed by a herblc:de apphcatlon tlmed o
' as mentloned in. the flrst prescrnptlon Aerlal rather than ground spray appllcatnon may be a o :

' further trade—off requured because of sute hmltatlons N
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9. Appendices
r's

9.1 Appendix 1 - Stand Characteristics of Control Clones

9.1.1 Results

9.1.1.1 Age Class and Biomass Distribution Between Root Crowns and Stems

Theageclass-distribution‘of‘stemsversusTh‘at‘o’f‘r'oot‘cr'own’s"in‘con'tr‘ol

clones is depicted in Fig. 26. The difference in age class distribution between above
and below grdund components is striking. Few stems were older than 10 years,
whereas root crowns of up to 25 years of age were present Stem age was evenly
dustrlbuted between the 1to 5 and 6 to 10 year age classes, with only 4% of stems
being older than 10 years In root crowns, the 6- 10 year class pr\edommated with
30% of crowns being older than 10 years. Mean stem age was 3.6 years while root
crowns were'twice as old at 7.8 years (Table 15). When the means for sterns and
root crowns were compared root crowns were slgnlflcantly older in all clones.
While there were no significant differences in the age of stems among clones, the
root crowns of clone number 4 were significantly younger than those of the other

)

control clones.
\

The ratio of‘w to root mass calculated for all of the control clones was
1:1.3. e 4 ‘

[
~

8112 Stem Class Distripution ,
Density of live and dead old stems as well as live and deao current sprouts, is
presented in Tab'le 8. On average about one quarter of the above ground ste;ns
were dead, 18% being old stems and 4% being current sprouts while 839% were live

old stems and S% were live current sprouts

i
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Fig .26 Age class distribution of snowberry stems versus root crowns in" -

four contrc! clones (N=240 f_or root crowns and n=332 for stems)
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Table 15. Age! of stems versus root crowns (yr) of western snowberry in control
clones: _

"

Clone 1 B Clo_ne_z " Clone 3" | : tlohe 4 © Mean-
n- - n=81: n=94" : B n=71-. ., . n=86 ., e | |
Stem age . 3.49b" ~3.38b 395 - 390b - 368 -
se . .30 8 23 20 o
n-. E nh=48_ o n=58 = n=67 ~n=67“" N |
Rootcrown ~ 887a . 746ab - 8466  676b 788
CsE. .79 . B9 e 48 44

- 1Means W|th|n rows followed by the same letter are not sugmfucantly different
{student t test, p<0.05). All d|fferences between means wnthun columns were,

significant .
‘Denotes the number of samples from whlch the mean was determnned



114
s

' Table 186. . Densuty of live and dead old stemsl and live and dead current year sprouts -
(no /mi} in control clones in mid~August, 1882

Stem. Class :

-

_ ‘ Live Stems Liv»eSproUts 4 paad Stems. Dead Sprouts.
‘Clone 1~ - 64 7 o2 (I
Cione2 79 100 w02

Clone 356" 99— 203
Clonea 68 8 . . . 28 12

Mean . 66 .. B R A o
CSE 24 8 R A e

o Mean% 6% . . mo . e A

4

. lIncludes all sterns more than one year old.



In 1981 a powdery whlte materlal was observed at the base of current
sprouts partlcularly under dense shrub cover The substance’ was Iater adentlfued as L
a maternal produced by ground mealy bugs (Pseudococcus spp ) " an lnsect with
‘ pnercmg and sucklng mouth parts and that rears lts young in the woolly byproduct
' The seasonal actwuty of the ms‘ects appeared to dlffer between years of the study

. In 1981 the powdery whlte substance was v:slble on sprout bases early in the -

_____season,_pmor to stem llgnn‘lcatlon Black epudermal scarrmq and stem mortallty were,

B

observed in con;unctron wuth the substance ‘However,. in 1982 the whnte matenal

: appeared after the heavy rains. of July after epldermal tISSUB on new sprouts had

changed to the character:stlc rusty brown color The stem scarrmg observed |n RS

& 1981 was not obvuous m the second &eason Unfortunately assessment of current " .'
-sprout mortallty only occurred ln 1982 although sprout mortallty appeared hlgher |n‘ .

: 1981 There are no quantltatlve data avallable to allow between year comparlsons

" _“91 13 Snowberry Grass and Forb Yield. -, DT
R Annual productlon of western snowberry grasses and forbs in control
. f'.clones were co*npared for 1981 and 1982 T able 17) Snowberry yleld of current
, A twngs leaves and frunt was approxnmately doubled in 1982 over that measured m
: ;T--fj._\1981 whlle the yleld of grasses was reduced by almost 3 fold The productlon of

‘orbs was not sugnufrcantly dlfferent between years of the study s ,.' L s ‘ :

9 1.2 Dlscussmn R T TD PE T e i'. - '-u-'-'i‘f'

The adaptatlon of snowberry to defolnatlon lS weII documented (Pelton 1953

o Anderson and Balley 1979 Anderson and Balley 1980) Stems were slgnlﬂcantly younger

L than root crowns lndlcatlng that clones of western snowberry should be aged from root

4{ :crowns and not oId stems Although cattle \lVere observed to make Ilttle use of snowberry

- ’__'clones in areas ad Jacent to the fenced study area occaslonal trampllng may explaln the

v"‘;apparent juvenlllty of stems Pelton (1953) reported that western snowberry stems were

__{resnhent to mechanlcal bendlng by heavy snow and glaze ice. On thls study S|te however

. j“ldentrfled by MY Stelner Alberta Agrlculture

o
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Table 17. Annual dry matter yleld of western snowberry1 grasses and forbs (g/m’) in-
“control clones 3 E , _ ‘

1981 1982 SE.

Grasses B ‘1'50‘5 f \ 52b ”
ke iz 2ea 7

lSnowl:.lerry y;eld mcluded new Ieaders leaves and fruut e ' s
. ?Means within rows followed by the same Ietter are not s:gmflcantly dlfferent

(Student Newman—Keuls test p<0 05)

especually durlng dormancy, stems appeared brlttle and were eas:ly broken Pe}Iton (1953) L

-

’ noted the presence of a fungal llke materual on young snowberry seedllngs and further
ldentlfled lnsects and drought as major éauses of mortallty Results presented here are |
B j' mconclusxve but mealy bugs may contrlbute to sprout mortahty in regeneratmg snowberry
: stands Whatever the causes of old stem and current sprout mortallty a hugh proportlon

of dead stems was ev:dent and new sprouts had emerged to fl" |n the canopy ' ‘

| lt IS possuble that the apparent overturn of stems |s mdlcatlve of a "flre type
| adaptatlon in western snowberry Flre adapted specnes tend to develop specxal '_ \
characterlstlcs whuch prednspose them to combustlon (Mutch 1970 erght and Balley

2

B 1982) One’Such adaptatuon may mclude the tendency to accumulate fuel as the stand

: I:.:ecomes decadent (Glmmgham 1971) The greater juvenlhty of stems versus root crowns

and the hugh percentage of dead stems present may be evndence of such a fuel build up

Banley and Anderson (1980) felt that hlgher fire temperatures |n stands of western o 1

v e snowberry as compared to ad jacent grasslands were related to the densuty of hve and
dead shrub stems As stem dens:ty mcreased so dld fnre temperature Furthermore f|re

' temperatures wnthm western snowberry stands were hughest in the stand centres where A f." -

the denslty of dead stems was greatest

ln Inght of the stem root mass ratlo of ‘l 1 3 defmed here |t would seem that the

Iunear numerlcal ratlo ( 1 44) descrlbed by Pelton (1953) may overemphasnze the
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; ?',relatnonshlp between above and below ground components i_~ ‘ “ T

| Dxfferences in chmatlc condltlons partlcularly precnp:tatnon appear to explam the

‘ s:zeable mcrease in shrub- productlon durung the second year The i mcrease in snowberry SN

e productlon was at the expense of understory grasses Increased mousture levels may
' havemcreased the competltuve advantage that western ‘snowberry naturally po_ssesses. S

o a P v




- 9‘.’2 ‘Appendi x 2.

e A Analysus of the effact ofv dlfferent pH and temperature reglmes on the yleld of reducmg I
- sugars produced by alpha—amylase from freeze drled snowberry tlssue _ .

: Temperature ' ' '

“pHXT -

"~ Tissue
Error:

T 605
©.. 40
w0 Be
50.0mx .

PON = s
DN
OOmooOoN
BuOND -
o
NOLBS

TS

W

"_Total' :

B Analysns of the effect of mowmg on sonl mousture in 1981 mcludmg grassLand\

Date - . ' 4 . 174396{., ' _'4359.9 : 2826** S
Treatment ©. . 8 . 6201 - 7B . L 4Tww .l
B DxTreat o320 7285 2267 - 1.4 0

. Error . ;1350 ,22430:' S 188 T

Total R ]78_ ".2.1028.2 e

C Agalysls of the effect of mowmg on son mousture in 1982 (Shrub versus fall mowed o
shru ) B S , R e
g Treatment~ e I £ O Ky EEE 140 Voo of 182*& .
- Sitg . 1 -2085.1" . .. 2085 1 2707w
1 02 02 - .03
1 .°'386 .. 386 '.-' <08
TxH 1 686 7 .696 G0
- SxH R IR Y- I-X S0 6881 894** ER
“'Date v L 1200 .. 6825 0 .. "B43 . R L
DatexT .12 0 . 0368 T 3T 0 4
. EBrror. - 97 ¢ “754.v 0 e L7700 s
0 Total . v *_-_'103 ¢ -37788 -

- Horlzon

\ -‘ .

' 'D.” Analysis of the effect of mowing on the origin of new khoots; sampled in 1982,

" Treatment - 8 249161 41826 ... 6.85% .
" Error . 88007411867 - 605.6° R
dotal .. 774 . .6610289.



."‘_Error ‘U144 - 7 4387

el

B R T "-_‘ BT

- E. Analysus of the seasonal venatlon of NSC in three plant components, sampled
: from control clones i 1982, L ) o : :

. Plant C_‘,omponent 2 "2314.1 .. 11871 57 4**
.~ Clone. . 03 o e04 L 200
’ PCxC coo 6 L 545 . 91 2.9%
Date -~ -~ . - 11 . 6023 .. B47 - . - C7.8m
- DxO co w22 7297 0 - 332 B WA R
- CxD - o 033, 2295 6.9 C T 2.3%
4.7
3.0

OxCxD - . 66" | 31862" RN

DxT w1 £3080
‘v,*Error L 96, . 1777%

otk 2en e

E.- AnaIyS|s of the effect of date and treatment on the seasonal NSC pattem in C
_ control and spnng mowed snowberry . _ o Lo
Treatment RN IR _'204.9, 2
‘Clone/Tr o B 1342 :
Date o1 -.8802

R

~hNOND
B NOW

L ogoee
121
' : 2.‘8* .
2.3k

CN®NO

(Total - 181 19839", ST

o ’-G Analysus of the effect of mowmg on faII nonstructural carbohydrate reserves of
) snowberry in 1981 . .

Treatment. . 7. 9632,.1 . 13767 294w
. .Clones/Tr. . 24 /- . '3769: . 187: 33wk . .
e Covarlate B -1'5,_ S ..1248 0 1248 266 -
cUBrror e oo B3 2477 0 467 T e

" Total . . .85 - 23182 -

H. Analysrs of the. effect of mowmg on autumn etlolated growth reserves of
.snﬂwberry in 1981 . PR

H)
Lo Ca

 Treatment - . 7 . 4175344 . . 596477 . 7.8 | . S

.. .Clones/Tr. =~ 24 . ~ 3651398 - - ~ 152141 % = -1.8 Lo

- Covariate .> . - 1 . ° 1422233 - '~ 1422233. . 173w o
CEBrror o B9 .. 4850577 .. . ;82213 ok

Total~ .~ .-~ @1 . 16385230 . . 169068



120

I Analysus of the affect of mowmg on a): total annual yleld b) fruut yleld c) stem ;

-densuty and d) plant denslty of snowberry and e) herbage in 1982

P

. [ource -
. ~Treatment .. .-
- Clonas/Tr:

. Error

o Total o

df .
7.
24 .
288
319

P

Lo .88
156295406,
.2360467.3 .
.6965533.9
24955602 0

22327915
. 983528 -
241860

22.0M% '
N B

. Source

© . Treatment -
- Clones/Tr. = .
~ EBrror - '

j"“.T_cﬁ;al L

.- Treatment. .
.. Clones/Tr. .
~EBrror
- Total- -

. Treatment.
. Clones/Tr.,.~
CError .

) ,bTot'aI

o Treatment -
. CIones/Tr i
L Brror L0

" Total ...

24
o319

319." T

24 j:i '
o 02880
319

L2
Co28g

9724863
7641540
9732496 .

}fsss
11441
35192,

Cgaradib
,.'8518085. :
©2223270
7805325 .
sJ8546681.r;v,a:

oRwln L

- 56302.7

57132

5282

e Met
501078

LR

L TA7BE
Co1224

S MSe

13892866 -
318387

33793 ¢

LooMs
' 1216869=.i'
92836 -

27102 -



