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The first tr.oro years of an "[RÐ,4.-project to deternine whethor

it is possible -bo nanage blueberries on a coílmeroial ssale in

lÍanitoba, as u¡derialcen in the l4aribime ProvilLoes, revealed that

the llniting factors are frost, cornpeting vegetation and drought.

tftanagonen-b in open fields, wnich is the usual practice ín

eastern Car:ada seerns to have disadvantages hero; tharefore this

investiga'bion ruas designed to de'bermine the importanoe of shade, aË

a near.6 of mini:nizing the effects of d.rough-b, on a blueberry poPu-

lation when it emerges af'ber fire-pruning"

Five plots (f5m by O.Jn) were used. They were eonparable in

nnmber of blueberry shooì;s, abuitdasce and. conrposition of conpeting

vegetaLion, soil, moistr¡re and shad.e" They wero bulned in early

spring and., imraediately af'ber this, shad.e was provided artifieally

by wooden screens gi.ring the follo,ri-:rg ranges O/,, 2Y", 5O%' 7r!/"

and 100% shad.eu

ÂBSTL{CT
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two years after fíre-prunioS to produce the first cropo This

For the lowbush bluoberr"y (Tacciniunr angustifoliurn) it

tigation ïúas concerned with those vegetative or trfirÊt-SeasoäÎt

characters, which had. in other e4periments been found to be posi-

tively correlatad.'¡ith Yie1d.

Quadrats with low d.ensity of blueberry shoots before the

burn shol¡ed. a higher rate of increase in shoot number than those

lvhich vuers already densely populated., regardless of shad.e" The

tine of emergence of shoots afbor ihe fire and. bhe tfune of apical

takes

inves-
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abortion vrere noì; inÍIuenced by shad.e" Early diebaclc resul-bed. in

branching (often frost-ind.uced.), late dieback in cossation of growbh'

the final shoot size increased. with inc;'easing shad.e; bhe percen-bage

of branched. shoots, ihe nufi.ber of branshes per branshed. shoob and.

the inerease in shoot density shov¡ed a negative eorrolation'

The resul'bs are in conì;rasi to those obtained ín idew B:'rins'ríck,

a¡cl can be e4plained by the different climate"
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From Lj6J to LJ6Ç the }fanitoba Gover¡¡nent has partícípated j¡

an Bå.gricuLtural Rehabilitation a¡d. Development Acttr (4. R. Ð. A. )

projeot to stud.y the feasibility of nanagi.::g the native blueberry

(Vace:¡iuP ¡¡e$gs-bïþ1:iuL.Ait,) on a coÍrneroia-I seale, Sinoe this

crop is of considerable economíc ioportance in the trlaritine provinces

of Ca¡ada and. in the north east United. States, there is a substantiaL

body of information on. nanagemont practices from these areaso

When this project was starbed., esseatially the sane field

praetlces were applLed as in Eastern Canad.a since the same species

was involved, .A.fter two years lt had booo¡re clear that the limiting

faetors were frost damage" oompeting vegetation and. drought. \Iery

little can be done about late frostn but the effects of burnÍng end

herbíaid.es on competing vegetation are presentLy under investigation,

as aro tho lrryortanoe of irrigation and. shad.e 6¡1 mi¡i:mizing the off-

ects of drought.

In comparing open stand.s of blueberies with those under for-

ost cover several d.ifferenoes wore observed., Plants growing under

shad.e were oftea taller, showed. Iess frost d.amago, had. larger borries

ar:.d appeared more vigorous. A consid.erable proportion of the young

shoots that emerged after fire-pruniag dried up and died. at the

height of the surmer when fully exposed to the surn' Tho competi-ng

vegetation that fotlowed a burr. was moro abund.ant ia the openg this

was particularly the case with bearberry, fíreweed. and. soveral grass

specios"

TNÎRODUCTTOTÍ
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Thís invostiga.ticn ís a c,ua.ntitative assessment of the

resporises of bLueberry shoots ernerging after fire-pn^ning to var¡;'ing

d.egrees of shade,

To apprecia-te the experirneatal. d-esign it j.s 
'"eoessary to

bri"efl¡z reviei,v the sequence cf :'esponses in T" qggg:t€llirro after

fire-prun5-ng" This blueberry is a 1or,; shrub, grouing to a height of

30 cm in l,'lanitoba. The aerial shoots are eoirneoted b)' subterranean

rhizcmes. Fire:pruni::g rernovas the old, relatively unprcductive,

aerieL shootso and su.bsequentl¡r ToES, more produ.oti-ve, shooì:s emerge

from buds on ihe sturups of the prur:.ed shoo-bs a^nd from bucls on the

rhizomes, Vegetative gro-r,"th occu¡'s in the fírst seasono Äbortion

of the apical merisien st.ops elongation of the shcotn lfron this tine

on frr.riting buds are initiated in the axils of lea.ves closo to the

apex of the shoot, while vegeta'bive bud.s develop far-bher do't'rn.. The

folloting seâ.son the fruiting buds give rise -bo spikes of flowers

and the vegeta.tive buds develop inr;c bra¡ches" These branch.es

aga.in initie.te frriiting buds near iheir apex and vegeta-bive buds

-boward" their base after apieal dieback hs-s oeourred." Thís sequence

of bra,nching and. dieba.ck is cc¡ntinued season after seasorr a¡rd tho

much-bra¡r.ched. appea:"e.Ëce of an old. shoot is gradual Iy restor"ed"

(Barker et al" 19ól+)"

The appearar.ce of a shoot for three seasons af^ber pruníng ís

shovnr ín Figure 1" tlhilo a si:rgle shoot (Fig" 2"1) is rnost frequentLy

encor:ntered at the end of the first groruing sea-son, Fig" 2 shos;s other

iy¡res',,;hich are formd, If dieback occì.¡Js oarly in the seasori the

shoot inâ¡r ¡*sr:ne growih afr;er a- short pause by elonga-bion of a



single axi-I1ary ¡ue (2), or by dovelopment of several- branches (J) 
"

In very rare cases branching lvas found prior to the abortion of the

lsprirnar¡rr? shoct (l¡)'

It rryill be realized no.ru" that at least .bv¡o seasonsr investiga-

tions are r.ecessar¡r te fully assoss the response of blu.eberry shoots

to shaC.e. This project deals ì¡jith vegetative aspects, rvhile it is

planned. to coniinue during the su¡nrer lÇ(ß to in¡estigate the sexua.l

reprod.uctive charaster s"



Figure 1" Reprod.uotion
fi¡s-pruning.

OLD SIpoT

Õf Vaccjr..ium angustfolir¡m after

Black tÍps indicate
largo and swollen;
the infloreecences

h

Fi.gure 2" \rpes of one-Íear-old shoots"

aborted ap,ices; fruitÍ-ag bud.s are
vegetative bud.s narrsrrl and poiated,;
are spikosu

ßMW
For orçlaaation see toxtu (Page 2)



Thís i.nves';igation h -d -bi¡¡o facets; the effecb of shade, and

ti're conseTr-1.errces oÍ -rur:rj::.g on \racciriurn a:rgus'iifoliugrn

ålgÈ=r Eas'cern Canada" anrj,the north east<;rri U" S" A" have been'bhe

cetrt::es of blueber"ry research" In these aï'eas 1o-'rbusir bLuoberries

('rr:_ anSus_cifol.iu¡r *,i V*"*i4r*-srjg4l?¡d*q) are grorû1 in open

fields and i;herefore litble uork has been done on the effects of

shad.e u

/ , ^ -^ \Ì{al-I '\L953) showed bhat the she-d"e casb i:y cornpe-bing r¡eger,ra-

-bj-on had. a. d-e{;rime:rtal effec.t i:n blueberry pla:ris. The size of the

shoor;s, the dia¡neier cf the stens anc'Lthe nunber of flo..'¿er buds pe:'

s'rioot dec:lea.sed ia Ðrororbion 'bo inc:'easiir; sha.cle, rrhich Ìre crcvj-ded-

arbifically by screens. !-u-r'¡ltornore, I{alI and Lu.cL'¡Ei-g (IgA) u.si-¡g

f -^.-^ \ ^-bjrrce 1igÌ:i inbei:s:i'bies (5000, J000 arC, 2þC0 foo'b caldl=) fowrd theu

bhe numbei' of ifor.¿er brr.Cs r,;as r-edr'.ced si-;nifi,lairtr'-y by sha.de.

Cl-ra¡-d1e:: a;:.d- i,-a,sorL (191+ó) fowrd 'bh¿-'c ;norc thzu: 30;í of r'u.l1 sr"t:li3ht

lra,s rec,r-rireð, +.rer¡ year for" large yielcls, r'rhile Keirder o.r:,ì. 3rigÌr'ir,'¡sl1

f1^//\ ' a^.n-^¡r "..ùerr slrnl i -hL i'r-i:onsiì:-¡ :¡'n^ irê,1 ìrflé.{ hli /lì-l., r:ñ xtt','^\r>¿\JJ ùtr4UVLÀ Ui¿aw !4g¿;o¡: s r-ruv:rù-'-uJ rr49 r çUllvliu UJ I V/o uw ¿V/o

with sirade cloth" flouer buci for*,nation ¿ind vegetative gro...wir in high-

bus.,r blneberries lyere groe.tly reduced-, During 'bhe fol-l-oiling season

nany of ihe ber;'ies oïÌ bhes- bu-shos droppecl '¡reaabu.r;1)r o" failecl to

develop norrna-lly. rili:en the ncrmal 1i¡ht i--nbensity r,vas reduced by ca*

5úi', th.e effeci;s r',rere not so pi'onounced bub r',¡ere still qr-rÍ-ie obvious,

These r"esul'bs enphasized che irnportance of good oruning practices to

ad.mit maxi¡u:n light to all parts c-f bÌre busl:"

L I TIIPJIT-| r'?"j] RII'¡ TE'|,'¡
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Even though these authors seemed to agree that tho open

habitat is the besi from the economic point of viow" thore are other

i.:rvestigations which restrict th.is general conclusionn

Tdhon stuèyÍag the floristie changes fol.lowi.:ag the cutting and

burning of a woodlot for b3.ueberry productiono Hal1 (19rÐ oonsid.ered

it Íurportant that the oha^nge i¡. habitat of Taeeiniun argu.s_tåfoliun

æd V" nUqtilloideg from the forest to the open should be gradue.l anå

slo,vo Ee stated.s EÎhis study shows that on this site oleaa-eutti¡rg

of forest trees when foll.oisèd in one year by buruing faiLed to give

a good. stand. of blueberrieso No blueberry seed.ling nado ,itb app-

eare.rlceo Afber growing in heavy shad.on maoy of the snrall blueberry

plants will be killed by a subsequent fíren If" however, the burn-

5-:rg is delayed several years r.urtil vigorous plents devolop, groator

Buccess will probably be obtained." If there are woak bl.ueberry

pla-nts in the ground cover, the forest trees should be seleo'clvely

aut until onough light enters to eneouraþe vigorous plant develop-

ment before the plants are subjected to further treatmont" l&rere

areas havo been thinnod. by pulpwood. eutti:rg, vigorous plants have

been found in the woods, These plants when given a favourable en-

vironnent will act as conters from whieh new rhizomes will sproad,

TBren it is desired to enlarge a producing fleld by cleari.:eg land

fronn adjoioing wood"land,n blueberry grovüere at lower EiIl (N, B,)

have fo¡¡nd. it best to cut a narrow s'brip, t¡¡o or throo feet rvido,

eaoh yoar. This proood.ure stimulates the sproad of existing plaats

ratherbha¡r the growbh of seedliragsoB

Moore and Ïak (ipd+) deaLt with the effect of rooting medirmo
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shad.Srlgn t¡rpe of cutting, and. oold storage of cuttj¡.gs on the pro-

pagatioa of highbush blueborry varietios. Thoy found that shade

was not noeessary for suocessful propagation in BelèwiLlen Maryland.'

They mentioned., however, that propagation of blueberries without

shado has sometimos been unsuceessful Ín l.4iohigan and eonclud.ed -bhat

the neoessity of shading need,s to be d.e-bermi¡rod for regions of d,if-

ferent cli:natic oond.iti-qns"

Snith (tg6Z) mad.e an ecological stud.y in Alber-i;a" Vaec:ini:gn

nWTillo_ilþs_ ÌÍiolrr anct V." vitls-íd.aea _L. lrar. qr:lngq Lodd. preferrod

Iori light intensitiesi horvever, a minímum requirement of light for

normal growbh and development was i¡disated. Vae_.c_inir¡:n qqqtillgijles

had a wid.er adaptabiltty in this respect" S¡nith (tç62) e4plained.

the d.isagreement of his results with those of Hall (fg¡g), who worked

in Neirc Brr.¡ns$¡ick" on the basis of cli^netio d.ifferencesô Eok and.

Childers (tg6ó) stateô; nAlthough good. light ís essential for rnaxi.-

mrm grcwbh and fruit prod.uctioo, it is nob neoessary for actual

ripeni-ng and oolour development of the berry.E! Hiad.le, Shutak efrd

Christopher (t957) for.md. that berries pioked. while rmripo turned

blue in coruplete darknesse They also covered some blueberry clus-

tero on bushes with light-tight aluminr:m foil a¡od formd thaì; the

berrios ripened. norraally with no harrn to the flavouru

Sre-Pri:nÍ:agc Pruning by firo i.:rfluences both the vegetation and

the soil a¡rd, these effects witl be d.j.scussed. separatelyo

thore is general agreement that hrning is the choapest and

most effective method of pruning a bLueberry fioId. For example"

Barker et aI. (fg6h) stated. that rfrryhere ti:e field.s are mønaged.,
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either through private ovmersb.ip or or. Long term governmerlt leases,

løwbush blueberríes are heavily fire-pruned to keep the shoots

vi.gorous a^:ad. proilucti.ve, a proesd.ure that also exorLs some eontrol

over inseots and. weed.s.F

Ðow (1955) læotoe sMost blueborry groïrers bur"n their fields

overy two or three yoars. This is the only praotieal method. that

has beon found to date for pruning lorubush blueberríes" Period.is

burning also aids i.:e controlling certain insoots and d'íseas€s.$g

In their oonolusion Eaton antl HaII (fgóf) indicated.c mstrong

new shoo-b6 are needed eaoh year to ensure eontlnued production"

these oen only be obbaiaed by severe prr:ning" The use of fire is

accepted as the æimFlest mothod. of pruaing out the old stems.R Others

who supporb this víew aro HaLL (1977) a Burning is ossontially a

prwring proc€ssc 01d, hÍgh!.y-branched. bushes have fewer flower buds

and. they must be replaced by single shooÌ;s that are more prod.uctivo.ffi

arrd. Kinsnan (lgfùa s" u . blueberries are produced. on vigorous

ens-year old shoots, so blueborry plants must be regularly prr.med to

prod.uce maximum yield., Burning has proved to be the most econonnical

method of pruning.w

ïn considoring the effects of fire on the corn¡reting vegotation,

the Manitoba Gove¡¡n¡nent Blueborry reporü (t966) stateda BThere was

a deoroase i¡. cover of bearberry (ArotostapWlos ufa-urd) uy 55/" e;n:a

a d.ecrease of grasses by IL{" tttø first season. after the fire-pn:aing

oolçared to pre-buro cond.itionson Bearberry and grasses are the n¿i;a

corrpetitors in south eastorn I{anitoba. Paul (196ó) statede çrBlueberry

sta¡.ds in all forest reserves are most affested. by the number of



beerberry- plants present' .ê^ strong negative correlation reourted

from the analysis of the associatíon between blueberries and bear-

t¡erriesu Sandiland.e and hgassiz Forest Reserves were surveyed

approxíma.tely ono month laier than the Bel-air Forest Rsserveu and.

there is a suggestion from ihe results that grass species begin to

cornpete r''Jith blueberries later in the süErrriorute

Burningu horvever, has d.isadvantages" Dor¡,¡ (tç6n) stated.e

ROn the other hand., bu.rning has some disad.vantages in that it pre-

vents an increase of organic matter in the soil and results in

the loss of all nitrogerr fro¡r the bur:red. plants. Tho fire hazard

in burning also is a serious meÊace to ad.joining fiolds and

v¡ood.lands"r0 Ea-ton and Hall (fg6f ) wrotea lsBurning may destroy

the organic layer and. lor,'er the moisture-holding capacity of the

soj.l, It is ìmporta$t to burn the entire area without leavi:rg any

u8íslend.s*u, since olci plan-bs provide refuge for many insects and.

fr.mgus pe sts"eî

Bur:ring is irirportant becarr.se it changes the physical and.

chemieaJ" woperties of the soil . -A grea.i deal oÍ' r¡¡ork has been

d.o¡re on this subject; this revier,,¡ vrill be restricted to soil t;,-¡les

similar to bhat encou:ntered. in this investigation, The severí-by of

changes introdu.ced depend to a la.rge e:tent on the tomperature of

the fireu and it can weLf be for this reasorr that there af,o colt-

trasting records i:r the literature on afmos-b every characteristic

in ¡estigated.

Terqgeratr.ires of up to BSOo F in forest fires have been ro*

ported by lloffinan (fgaL), which resulted, in the coniplete destruetion

9
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of all soÍI organic matter, Fire aLso effects the temperaiure of

the soil for some time after its occLrrrenceo This ís parbialtry the

result of removing the insulating; vegetationi more signifícantlyu it

is the result of increased light absorption -ny the blackened. sur-

face a¡rd by the presence of charsoal in the soil. (Boyce (tg¿]),

lsaa.c (tgzg) o rsa.ac (tglo) u Lutz (tçî+), md rry-on (rgha) 
"

The role of fire in increasing erosion and surface rurt.offu

and j-n changíng soil moisture eha.ra.cteristics has been ínvestigated.

by many authors" ïn general- there is agreement that a fire in

v¡ooded. areas inoreasos erosion. Bel1 (18S9), Preble (fgOe), I(olok

(tglt) u Lutz (tgr+) u Trimble ano. lri.pp (tyl+g), Buch. (1951) " No

i¡.crease j-n erosion rras reported bye Veihneyer and" Johnson (19L1+),

Adarnsu E+uing and i{uberty (19J+7)o md Bisrvell e.nd. Schulz (LgrT),

T'¿-hether a burn increo.ses the fertility of the soil depends

largely on the severity of r;he fire and subsequen-b ercsion a:rd

leaching. Tfl:en the topography is level a.b least a temporary im-

provement is e;çec-bed, Since ash is rich in alkaline minerals, its

leaching into the ground rvith the rain r,vater will d.ecrease the

aoid.ity of the soÍl soluti.on, This i:rcrease of the pll and the

ad.dition of minerals '¡uill increase bhe fertility, The follor,¡ing

workers support thís statements Al's;ay (1928), Barnette and Hester

(fç¡O), Isaac and Hopkins (tgll), Uggla (tgl+g)o Ferrell and olson (tg5Z)"

IIowever, no significant cha.nge in soil aeidiiy after a burn ?râs repor-

ted. by Lu.tz (JgJl¡) u neaaf e (19tro) , Bearcl and. Da.rby (tgrJ.) 
"

The duraiion and ier.4rerature of the burn 'r'¡ill determine to

what exbent soil organic matter is destroyeC.. Closel¡' ínterrelated
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with the organic matter is the scil nitrogesie and any change in

the former v¡iIl effecb the la.tter. I{itrogen does nob ah-rays follow

th.e sane trend, sinee an increase of nutrients in the soil through

the ash. increases i;he micro-oia.l activity i-nclu.ding thaf of nitrogen-

fixing bacreria" ResuLts are therefore only compa.rable if the

sa"mples are iaken inmed.iately after the burn" this is olLe reason

for corrtroversial reports in the literaiure as to nitrogen cha-ngesn

¿1" loss of soil organic na.tter ui-bh burnirg was sholr::. by Osborn,(L911) t

Fcnn;ells and. Stephensoïr (lgrt), Ðonahue (tgLZ), and Trimble and Tripp

(lg)+g). l,Jo ross of soil organic matter was reported by rüicht (fçhg) 
'

Beard and Darby (tg5t), and Bruce (1951) 
"

å. docrease in nitrogerr. ltas revealed by the investígations of

Ba::aette and. IÏester (Igio), osborri (tglt)" Lutz (tglÌ+)u and Trimble

and. Tripp (i9l-r9), while the v,rork of i{e¡rw-a.rd. and Earnette (fgrh),

Garren (lç)+l), Tryon (igÀg), and Lwrt (rglf ) u i-nclicated an increase

in nitrogen"

A fevr of the more importanrt ca-bions (Ça', r, ll, 1'k) v¡rl"l be

briefly discussocln

Tho ohange in calcium conten-¡' is closel-y correlabed with soil

acidiry. Ar:. increase rJtas :Îound. by tsarnet'!:e and þsiei: (tgiA) t

Po,;re}ls and S'bepirenson (lglil " Isaac and. ilopkins (t917) " and Garren

QgLÕ). On the obher hand u Seauer ar.d ûlark (tgtZ) showeC a clesrease

in availablo salcium" An increaso in phosphorus 1va-s ind.icatecL by

LtÌcz (Lgtl+) u Lunt (t95t'¡, and Uggla (fglg) " l{o significani cÌre.ir.ge

in soil phosphorus afber a burn was reported by Fov¡ells a;rd Stephensoir

(tglÐ, Lr.ri;z (tgl)ù, and. Isaac and äopkins (1917) u Ar. increaso of
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Ðota-ssii¡rß l¡ras reveel-eri i-n tlre pu.blícatíons of Tsaa-c ancl tiopkins (t917),

Kivekus (Igtg), Lutz (1955), and Uggla (195e), IIo increase in soil

potassiurn afber a l:ur*n--presuna.bly Ì.lecause of sr;bseq';ent leaching--.ass

/r ^-, 1 \ /.^--\
sjLo'vrn Dy l'Inn \L9tq o *lusI-:r.f] allo Þa1s1n3er \L9r?), menxr-clLefl aJl

increase of availabJ.e magnessiuin foLlol^iing a fores'b fire"

Ter;r lf¡¡}e '¡voi'l,c has beerr done on minor: elernan-bs, Ahlgren and

åhLs:"en (196o),



a) Loaation

Iho stud.y area r¡as loeated. in the S.gassiz Forest Reserve in the

south east corrrer of Manitoba, approxirnately 60 ka east of WinnÍpeg.

the exact location was Ç60 west, !0o aorth, tolmship 11, range lOu

sections 28 arrð,2). It falls j:oto the south easternll,ako Terrace'?

area of the physiographic subd.ivision t8¡ûanitoba Lowland!r (Tgeiro

LgÉf;.) ¡ ând. into the ml,ac d.u Bonnetff map shoot of the l\{anitoba soil

survey (Snitrr and EhrLidnu l)6f).

b) Geology and. Physiography

The bed.rook for:oations of southern lda¡ritoba with respect to

-bheir surface contact are sho's,lß in Fig" J, The western part of the

area is r.¡ld.erlaj.n by limestone" d.olostone and minor quantities of

shale and evaporite of the Red River For¡nation and the eastern part

by ea.:adstone and some shale of the tr[innipeg Forrnation of the Ord.ovi-

cian Period.. Theso sedimentary rocks plus acidio intrusive rocks

from the Preea¡irbian Shield have all eontributed to the glaciaL

d.rift d.eposited. here.

the sou.th eastern El,ake Ïerra.cew (rig" h) lies bebween the

flat laeustrine plain of the Red. River valley a¡rd. the Precambia¡

ShieLd.. It is part of the Lake Agassiz basinn The teryain is a

complex of Landforms that have resulted from the depositíon of

glacial tiLl, glaoio-fluvial outwash, the scouri^ng of the higher sites

by wave action, d,epoei.tion of lacustrino sedimonts a¡rd the pondÍng

ar.d swa"rrping of d.epositional sÍtes. A surface nantle of unconsolid.ated.

SETÎTNG OF THE ÁRE.A.
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materiial covei's -Lhe bed.rock forrns.tíon -bhrouEh most of the areao

The se t¡econs ol id.a'Led material- s--drift, glac io-fluviaf outivash arrd

la.custriue se<J.iments-:consiitu¡e the parent r¿aterial- fro¡r'r"nich the

scils have d.evelo]rerJ-" S:ni';ir eb alu (l-gérl) 
"

the irrvestiga-i;ion area has e.n a1'bi-'br-ld.e of ca. !00 feet and

lies closeì;o the divide ì:e-br¡reen tlne BrokenheaC Riyer and the';1¡ianipeg

River basins, The principal relief and draina"ge featu-res are shol'rrr

in .{'igu::e þ. The Broicenhead Ri.¡er drains most of 'che Ägassiz Forosb

Reserve, floøing fron bhe srlåxrpy l-ov'¡lands of the sou.;h easterrr

Lake Tei'r'¿?.ce into Lake lïinnipes. The unper por'-biorr of i;he river

and a tribubary, liazel Creel:" meander Lhrough poorly-defined '¡a.lleys

and overflc-rr¡ iheir be.nks frequentl"y. In iis loç¡er re3ion ùhe ri-¡er

fLo.¡¡s in and is confined to a- cha^nnel- a"veraging more than 72 rleters

in depth, Smith et; al " (tgt"l) 
"

\^c) Þo1r

Tire soil of the stu-dy area has developed. on a grourlC rnorainen

-+" srrr'Î¡it:e La.ver of 40 ho aO cm o'f'coe.rse snnd o'r.¿dês intn irmicr¡.l.' ¿ _-_ D- _ --- - ¿t-

ltboulder til 1r?, rn the îîLac d.u Bonnetrt soil map, the e.rea falls

into i;he Carrick-Sg, Labre soil group, (pig. ó) ch¿iracte::ized ì:y

ürey ï,ooded and i)"e3o rh;.ric 31eyso1 soils on v¡ater-worked st,rongly

calcareous glacial iill. T{oweverr profile a.r.o.lys-ì-s (lig, J, Table I'i)

shor,¡ it'co be a Gleyed Pocìzol (S'UolUe,19'36). Accordlng "'o Srnith

(f968) bhis soil is cÌi.arac¡e::istic of the Lone-sand-'"iintergreea

soil group" S¡nith e-b aI . (1967) d.eseribed it as follovus; îeThe Loire-

sand series corlsists of i;irp.:rfec,,Ly-dra.in.ed. ü1eyed. Podzol soils developed



Figure l. Topogra.phy of Lac du Bonnet n{.reao
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Figure 6, SoiI Groups of tho Lac du Bonnet A,rea
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on si-Líoeous sand.y outwash, They are assoeia-ted v¡ith numerous

moraines that extend from the ha"uúet of Contour in the south,

through Milner Rid.ge in the central section to Victoria Beach i¡i

the north of the area mapped" The topography is generally level

to irregular a.nd very gently sloping, Surface drainage is sLor¡q and

internaL drai:eage is imped.ed by a high water tabl-e.

The Lonesand soil profile has a light BreS¡ iron-stai¡red¡

strongS.y aoid Aeg horizon and a loose to very friable, brorn, strongly

aoid., iron-stained. B horizon with a weak coneentration of iron a¿d

organic matter, the C horizon is acid. to a d.epth of about Lm to 1"2m

l{'here traees of lime sarbonate are encountêfed..Î¡

d) Native Yegetation

Agassiz

@Borea1

Using Rorvess (1959) classífj-oation of Canad.ian Forests, the

Forest Reserve is i¡ the th[anitoba Lowlandtr section of the

ForesiB region--B t5 (rig" B),

The prevailing vegetation on the flat, poorly-draíned sites

oonsists of patches of bLack spruce (Píoea nariana) n with interven-

i-ng graso and sedge swaxq)so TYell-drained sites usually have a tree

cover of white spruce (Ficea gLg,l:ca), aspen (Popqlgltrgt"lgt4gF),

e.nd, balsanr poplar fg"p"t"f t"1t".*tf""gl ¡ sonetimes nixed with balsa.u'

fir (Abrsllels"*ea) and v¡hite birch (BeTula papLritera).

well-drai¡.ed. sitesu like the study area, supporL jack pine

ban4siana)

(IIImus a¡nerifana) " green "sir 
(fry@ " },{anitoba

rnaple (Acer negundo varu

, Otb.er species present looally in this section are elm

occidentalis) "

ínterius), and eastern white ceêar (Thqis

Very

(IÞ""



Fígure B. Native Vegetation of the Lae du Bonnet Aroa.

2l

Blaclc circle irdj.cabes sLir,-ì;r ìrr.a."

LnGF;l,lD

w.7.7V,771 Jack Pine
NN\\ Spruc e, BaLsam Ft r, Cedar
WTf:';n IIixed Softwood and Hardaood
llilmn m Harciwood ( Uainlg As pen)
fØ? l Treed Ì'luskeg - Iularshland

Fores t Reç.1'i.or¿s ..

L,L2 Ro,ínq Ríuer Section of Great [,akes .-St. Lawrenee Forest Reg'[.on
8,14 Lower EngL is/¿ ,eíuer ,Sect ion of Boreal
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e) ClÍmate

In relation to worlcl-wid.e eonditio¡rs ihe Agassiz Forest Reserve

is-rvithin ths Dfb clinatic region'oy Köppen (tgl6). The cLimate is

t5çica11y rrcontinen-balte, being a great distanoe from tho ocea¡s and.

their mod.erating effect. Surmer temperatures are higher, wintorbem-

peratures are lower, and. the an¡.ual 'bemperature range is much greater

than the vuorld. avere.ge for this latitudo'

rhere is a d.efinito sr¡amer maximum of preoipitation, approxi-

rnaiely 70% îÐ,Lltng as rain durlng bhe period of ApríI to October and

about 1Or,Á as snow d.uring the winter months. The mean monthly wi.:ator

tomporature is below QoC, while the mean suÌnner terperature is above

lOoC. Transition from rryinter is abrupt, occurring norrnally in April,

and'bhe change from sumrner to winter is usually in Ootobor. Temper-

ebures are particularly variable during ihe spring, fa}1 and win-ber

seasoïts rvhen the area is affected by frequent frontal disturbances

beì;ween cold traonbinenbal polartt air frcm the north and warm dry

ttnarine polarrr air fron tha south" fn winter frontal actir¡itir is

gonorally more complex and. i.:etensive. (V[eir, 19¿.o).

Referfing specifically to the Agassiz Forest Reserve, the

average frosi;-free period, ranges between 11I and 12/ d.ays, v¿hile

the aru:ua} precipitation is slightly below iL em (20 inches). Most

of the precipitation, both in sutnmer and. winber, is frontal in

origin accompanyi.ng numerous succossions of slow-inoving cyclonic

storms or areas of 1ow Pressuree

Ta1¡lo I compares the mor.e irrporbant eeo-olimatS.c para:neters

of X[anitoba¡a Blue'oerry areas with those from eastern Canad'a' The

22
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a) Seleobion and Subsequen.b Prepara.tion of tho plots

An area in -che Á"gassiz .'rores-b Rsserve had. been prepared. for
burniag in the spring I)6J anð. n'as used. as the site of this inves-

tlgation 
"

ft was decided 'bo use ! ploi;s Jo.J cm (1 root) wide and. LJ.J

m (50 feet) long to take into acoount clonal varíation. Trevett

(tg6z), Barker et al, (1961+), The compebing vege-bation on ilrese plots

r¡as of comparable abundance and cornposition (Talle vr) " Furì:he:.

points taken ínto consideration ¡¡rere uniform topography, comparable

soí1s, a simí]ar water-ï,abre depth and. the absence of decaying.bree

tr'¿nlcs or s'Ûumos, whioh v¡ould have provid.od a more fertiLe subst;r.ate

for brfueberry shoots grol.ri"ng close by, rt was further assured. tha-b

the light cond.itions riÍere uniform bofor"e the trees were cutu so that

the clones to be exposed to varying d.egree of shade had had a sÍm1lsr

hisiory.

The plo'bs 
''rere divided into fifty 95o cn? (l rootZ¡ quadrabs,

rvhich v¡ere numbered. I to l0o going from uest i;o eaËt. All- plo-bs

contained botween 55o ar'd 6lo lt-uelerry shooj;s and. all had. a density

rallge fron I shoot per )Jo "to2 
to Jo shoots per ÇJo cm2 in their

quadrabs" 0f the l0 quadrats lc.¡¡er6 selected for" a detaiLed s-budy

from eaeh plot. Seleetion rvas rnade vrith regard to a desirerL range of

densities, since several blu-ebez'ry characters have been clescribed

as d.ensiì;j¡-d.ependent, Treve-bt Q9&). Tabre rr lists the selecied.

quadrats in each plot rii-tir iheir densities and locatioiru Low-

d.onsity quadrats rvere d.uplicaied as a precarrtion agains'b sampllng

]'1ÍETH0Ð,5 LND ÌvI¡\TERIÁLS
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loss" the total number of shoots selectecl. for detailed stud]. iq'as

I22 per plo-b" This r¡ras consj-deréC an ad.equate sample size (Paul,

personal coronr¡nte,atíon), siil.ce a fur-bher increase in shoot nunber of

(tr4 to BO% was e4pecte<i. af'ber the burn" To relocatethe plots e-fter

the fire, bounda.ri.es r';ere marked lr¡ith afuninu¡n stakes. The bh,'.ebetr)'

shoo'bs ,,:ere 'bhen fire-pruned ¡''lith a prcpar.e burner mounied on a trac-

tor. The ground rernpera'i;ure l,Eas t25oç to 2þ0oü, sufficie¡nt 'bo prurne

the blu.eberr¡r s¡6.ts, but not to destroy the organio surface horizon

of the soiln

Ä5'Lerbhe trurn the plots 1¡/er€ re-osta-blished b¡r soslecting

the aluminum stalces vcj-th strS:ig. Individu.al quadrats were marked v¡ith

wood.en sta.kes, Shad-e r,vas then pror,'ided over these plots a.rti-ficalJ"y

throu-gh 'çvood.on screens" The slats of ihe screens and the spaces

between 'bheril a1'cerne'-tec1 in such a -!ray as io give the re:rge in shade

iniensities shol'm in Table ïIT"

TABLB ]TT

Plat }iwnbers anCr 'Iroatrients

vl 
^f 

hÌ^¡ lvg :9ve

1

¿

7

I

6

Trea.'b¡rent

07å sha-de (open conditions)

^ --;Zlio shade

n ^^4jQ/o snaa.e

é --i/)þ snade

1002" shad.e

Ila of

The individ-u.al

these T,rere used

units of the screelLs wor.e 12C by 120 crno and

for each ploi. The orj-enbation of the plots



was east-westi a uooden frÐ.nrel';orlc (5 x lO cr:. timber) supoorteC bhe

screens at a height of' JO cn above the grouoC on the south side rising

to 80 cxl on bhe north side" (fig. 9).

This d.esign had bhe follolvin¡ ad-"rarhagesr (") T¡e desired.

alterna-bion of tighb and shade 1'ias eaperi.enced orrer most of the day"

(¡) The screens ïrere high enor"rgh'co allo.rv measureme¡rts to be taken

und.er thers uriihourt renoving 'uhem" (") Free air movement--i.mportant

for renrperatr-rre a.nd hr.uirj-d.ity exchange--Has possible, ana (a) The

narrorn and inclined screens did not greatly interfere lvith precÍ-

pitaiion; however, they vere v¡ide enou.gh, cotça.red to i;he rn¡idth of

the plots, to prevent anreedge-effectrs (Odun, l9r9) on the latter.

To prevent bhe translocation of 'wa.ter and. nutrients into a,nd

out of the plots through the blueberry rhizornos¡ a 20 cn deep cr-it

r¿s-s ¡irade around. each plot ab a distance oi'ó0 cm frorn'che bowrd.aries,

llre average depth of rhizo¡les was folurd. ì:o be 6 crr., deter.¡rined from

20 rarrdonly selected" plarrts. (talte IV). The cornplete sequence of

events fromthe appearance of ',;he si'be before the br-r.rn to the erected.

sereens is shov,':r in bho photographs in tr'ig. 10" À cornparaiive side

view of bhe differenb sha.d.e percen-bage screens is given in Fi3" Ç,

b) furalysis of Blueberry Characters

Ä11 10 quaC'rats in each. .olot were investiga-bed twice each

week i¡- Jrme and July and once each r,'ueek du.ring the reniainder of

the season" For easiL ilu.ad.rat a ma.p i'¡e-s na.de anct enLerging shoots'r¡Jere

plotted and nr.¡mbered" Time of emergence, size, tine of aFical abor-

tion, frost dania.ge and. amormt of branching rvere record.ed in a Table

accompanying each map. (Table ''l). Tagging had been used- j-n
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Figure 10" Preparation of the Plots

Appearanoe of Plots Before the Burn
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FÍgure 1O Continued

Bur"ning of the Plots

Âppearance of tho Plo-us Afber the Burn
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Figure 10 Continued.

Supporting Framework for Screens

Appearance ot 1fl" Shad.e Scroen (left) , 50%
ar'.ð, 2f/" Shad,e Seresns (right),
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ilfanitoba" in previous years, but this seomod, to have a harnful effect

on sensitive yor:ng shoots" Tags also may affect or even prevent the

emergence of nev¡ shoots d.irectly under them bocause of their rveight

an<l the eLimination of light, and 'i;his would. j:rtrocluco eryorsô

Since the seleeiion of quadrats was not rand.om, at the end of

the grouing season all l0 quadra-ts j¡r eaoh plot were investigated for

mrmber of emerged shoots" final síze of shoots and. amount of bra¡ch-

ing" No significa¡rt difference was for:nd botween those results a¡rd.

those from the 10 ffiselectod.F guadrats. It ea¡e therefore be assumed

that the sa4g1e sizo was represontative,

To be able to compare the responss of Vaceinir¡m angustifolium

to shade in l.4anitoba with results obtained by Eall (1958) and HalL

a¡od. Ludwig (f96f), who worked with the same specios and. ¿ simifa¡

experÍaental d.esign in Nev¡ Bn:nswiok, fifty blueberry shoots wero

seleated. randomly i¡ each pIot, and. the shoot sizeu stem diameter

at the soil surfaco, average leaf sj.ze and. i-nternodal length were

d.etermi:red, Leaf size was estimated. by removing the loaf from the

shoob and corirparing it on a diagrarl wibh 10 ffigrades$ o-C preûobernri:recI

leaf sizos, d.rerirn from a previous collection. Fig" 11 gives the

grades and the corresponding areas in r¡n2, which were used. in the

subsequent a"nalysis"

3, conputer was used io assist in the statistical analysis of

the data. EverX' nr.¡mbered. shoot had. been allotted. a card, onto

which all imForta¡rt characters had. been punched, thís is a perrrum-

ent record to which data fron the srl:m.er 1p6B and subsequeni iglfor-

mation can be ad.ded..
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c)

It should be emphasized at tliis sta6e, that ihe plots r,rrere

laid. out foy o. d-etailed- analysis of t/accinirm anrgustifoliu¡r in an

Treatmerit of the Competing Vegetation

a.'tea- t¡'here coripetin5 vegetabion i:¡a.s of lil:tle impor-tance" The

results obtai-nod. will therefore no'u 3ive a represeni:ative pictrire of

the corutetiticri problem in i-a.nitobals blueberr¿v areas€

The conpeting vegeta-tion was analyzed three tirnesa (a) before

the -A,prl1 burn; (¡) after the 'burn at i;he end of juneg and (c) at

tire end. of årrgr.rsu, The fír:s"L. assess¡uent was pa.r.t of tl:e nethod for

e st atrl i shi.ng the pl- ot s "

A sr,inroary of the pre-bu.rri invesiigabion is reproducecl in

Ta.ble Yf " 0n1¡r s,¡s6¿)¡ sFeciese evergreens and inosses could be

j-d.enrified uith any clegree of accu.racy at this earfy date. Cover

anC frequ.ency values $lere determinedr for each cluadra.i i.:r ea.ch plo'b,

å nodifico-tion of Bra.r:¡r-Bla.:eguetts (tçiZ) cover valu,es was applied..

Thi< ìc -i.'an ;- Table VII" Th,e June analysis uas ms.de to deter*

n''ine the spring competitors or tkre pioneer species, vr?rich emerge

first a.fter a forest fj.re. The,A"ugust analy'sis r{as done-bo cheolc

v¡hether there lvas any change in composítion of ühe conçeting vege-

tation as fhe season adve,noecl"

Jrtter'rpts were made i:o oorrelate compe'ì:ing vegetaticn nith

shade and vsith blueberry performanco" ;\n i¡rdex of conpe-bition

¡r¡as wor!:ed- out b¡r multiplying -i;he freo_uencj¡ by the average cover

value fer each si:ecies, r'rhich ll'ere subsoquentl¡' ra--bed a.s to-bheir

inr¡lortance as compet itors,

t7
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ð) Treatmeat of tho Soil

Soil sa.:npLes rsore obtaÍ¡¡ed. frou B sitosg J lron a comparablo

r¡rburned. area surror¡nd.irrg the invosl;ÍgatÍon p1ots, and. I compoeite

sam¡r1ee from the I burned plots, all selocted. at rend.om. At each

site a saurple was coLlocted from eaoh horizon (L=H, Å.eju Bmgje B-C,

CAj)" (Snith, 1967), Soil pits were d.ug in the unb¡:rned. aroa, whiLe

euger eore6 were used. i^n the plots to avoid. und.ue d.isturba¡.eo, The

oomposite samples for eaolr. plot eonsisted of mixbures of ] randmly

seleeted. core sa.n¡lleso

ndochanical and. ohen^ioal analyses were rmd,erbaken in the Ðe-

partnent of SoiL $eience, University of l,fianitoba. The soil tex'¡ure

was determåned through the sed.ineatation tecbniquo (pÍpette analysie)

outll¡red. by Kilmer and. Aloxeraer (191+9). },[ethods used by Bunas (J992)

and. Beatsn (tg5Ð were eryloyed. to d.eter¡n-i-ne water iufiltratiæ. r¿tesu

A steel eylind,er, 20 om high, with a eross sootional area of L25 cr.?

n¡as driven 10 cm iato the nineral soil. A pieco of wire soroon,

fitted. to the insideo was put on the ground to provont disturl¡anoe

of the soil which vuould i:rtrod.uee an error ia tir,s ta.lring, when

sater $as pourod. j¡ato tho cylinder" The ti¡re required for 10O0 n1

of water to pass j¡rto tho soil was measured to the nearest sec.

Tbenty replications wore dme in both burrred. and. uobunred areas in

a rasrdom I¡g^rLTIer o

U'si:eg the æthod.s outlined. by Atlrinsoal, Giles, Macl,ea¡r a¿d.

lliright (1958), tho foIlowÍreg chemieal properties of the soil 'were

d.otermined,e pE, cond.uoiivity i¡. mhos per em, peroont caloium

carbonate equivalent, percant orgaaic matter" peroent total nitrogen,

,9



sodiuiî bioarbonate extractable phosphorus in pprr, cation exchange

capacity irl meq. oer lCO g., and the e;.-changeable ca-bioris (Ca" lig,

l. \K, i'ia.) in mequ per 100 g.

e) Deterzrination of ¡u1is:i6-Climatic Factors Llnder. the Screens

A series of mea-snrenents on light (d.r-rration and. intensi-ty),

teroperaiu-re and moistu-re rrvere rnade to find out to vrhat exter:i the

conditions under -i;he screens differed from those in the oÞofiø

1) Hgþ!-r The east-west orientation and the inclinabion of the

screons to bhe south inflt:.enced the dura.tion of light and shade

received uncler them by the plots " They caused a relacively rapid

al-'bernacion of light and sha.d.e in the mornints arrd eveningso since

at these j;ines the sr.ur?s path orossed the screerrs, while at mid-cìay

light and shade alternated slorvly' llt this time bhe sunts path

more or less para.Iled the dirootion of -bhe plots.

The exe.et lengths of tine during v¿hich a point came into light

and. renrained in it, bofore becoming shaded. againo r,ras measrr.red at

regi"rlar intervals over the entire day to the nearest rninute, this

wa.s done for tho JJ/" shade screens and the !O!á shad.e screensu and

irrterpolated for tine 2J/" shade screen, two instruments were usect

to measure the actual li.qht intensity reeeived. und.er the screens,

The læsi:On lllumj:ration Meter (moaet JJ6) proved very usefï.I,

sj.nce its meast:"ring or sensitive area correspond.s closely to ihe

area sovered by a blueberuy shoot (ca" IJ cmz)u in its first

groving season after fire-pruning" Since only one instru¡rent l¡¡as

available, aeasurenents were rnad.e when light conclition-s rrere constant

ho



h]

for a period of time, su.fficÍently long to take several read.i:rgs.

und.er the screens both the greatest light intensity on the irh:n-
inated stríps and the lowest light intensity in tho shaded strips
were measured," A weighted. mean intensity was then conputed. by

considering bobh the intenslty and. the duration of eacho Thís

proced.ure rrras ropeated. for eaoh plot and. served. werl for couqrari-

8013.s o

tight intensity was always measured by putting the instru-

mentte measuri$g panel flat om the ground v¡ith the sensitivo soIls

pointing vertically uprarard. Measuring dírectly agaÍnst the sun was

not accurate, since oa a bright d.ay this light intensity would.

exoeed the sensitive range of the i:rstrurnont. Three measurements

were taken in a short sgquence, oilo at the grouad. in the open, the

second und.er the scroen on a shaded strlp and the last under the

screen on a'n illtminated. strip" Shade r¡¡as defined as red.uction j:r

lÍ.ght intensity and cornputed. by subtracting the v,reighted. mean light
intensity und.er the soreens from that measured. in üre open"

The secoad instn¡:neni used for lighû¡easurements was the

pyrheliometer of the Belfort Instrumont Corrps¡'t" Cæpared to the

tr{feston Light Meter this instn:ment was;not as usefur since the

sensitive blaok and light metal prates are ro¿.ny times larger than

tlre area covered by a blueberry shoot, å.rso, in the Jo/" shade

plob, they exbended. over two light and. one dark strip. The values

measured were therefore Lverageso lwo p¡rrhelionetore were used..

They vrere first checked. for doviation by set-bing thom up under the

same light condition, One was then left ia the open at an elevati,on
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cf 10 crn above-i;he ground, the o-bherv,ras set u,o undera sc-¡"een a'b

the sane el-evation. Jl L0 cn heighb r¡'¡as chosen to prevent the

c'¡oÄ.i- -, .ì- ¡'l 1-ãr..õ nf -a+a.i-of 
.i n.., ;\ftef a if¡.,O-d,a-, r:rn .ihc instrrr_v \/õv vv_ v 4 vj: c 4 v yr v_ua.Ì ¡ wl ut19 Jf lÐ u¿ v.

nien-Ls r.rere moved to the next plo'b u¡ûil al 1 plots had been investi-

ga-ieo" /t Polar Planirne';er (Íu.ghes-0wens .i,jodel 2g}l-2) ï.Ias used to

cornpr:to the o.res.s under-bhe lines oÍ"che cha.rts recordÊd br'the

instrumenbs, Ägain, shade ','ia.s sonsidered as redu.c'bion of' tçopenl?

1i3h-b int,ensities and expressed as a percentage,

2) lergega'9gle; The e:cbent to rvhich -bhe i;ençer"abures r.mder the

screens differed frorn i,hose in 'the oÐen 1\ras investiga'bed. using a

Tele-thermonoter (VSf iioael lr2 SC)" This lvas connected 'bo a 12

line sr¡itch box, which a1 lolved ihe simultaneoris recor-ding of u.p to

12 bhernistors. To obta a conplete rrprofilele of 'bemper.a.tures in

the open and under the screens, thermistors n'ere established at

follorvin¿ levels; (a) one ab a height of 12C cm. This is the

elevaiion at r,¡hicÌr tempera-tures a.re u.sua1ly record.ed. by v,'eather"

br.r:'ea.r-rs ¿',nc. since l;h''ì s ça.s above Lhe screens cnf.¡ one i;herinisLcr

lras required.. Pairs were the: seb up at (¡) JO cm, (") l cmu (a)

at the sol!/air in'Serphasr;, (u) I cn below ihe ground, and (f) aO cn

'belorv the grormd" Ternpara";u.res '!"/el:'l rneasu.recl. simultaneou,sly over

tir.e entire l-ay at inte¡'.vals Ce'r:e::¡¡.ined. by'che fre,luency oil alber-

o.abions of light aad sirad.eo Ïn o'cher ,rords, ai-r a-i'ceiaot was 'rnado

to r¡reasrLi:e rËexbreue6'ì!. For insta¡ce, tire bein¡rer"a'bure of a spo'b

TJas neasu.red ryl:ish l'L¡'-a beer in'che lighb for bhe n¡.:rinu¡n lengtìr

of l,in-re, just beÍore it iïas coïere'j. -cy shad.e, 01'¡ at the other

o^¡lpana rha l-an¡graut.¡.re .whel it ha"d bee¡r in.bhe shad.,e for. t?re naXinUnr9 walv
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length of tíne. this ¡rethod nas repeated for all plots over a period.

of se-¡eral days" A iernperature of 12oc at 120 cm height was ilren

serected io conçare the trends under the different screonsu This

tempera.ture had been rneasured on ] pl-ots and was interpolated for

the ren*-itring 2 plots. For conpara-tirre purposes, a r,,,reighted meen

ternperature wa-s oonputed, taking into a.ccount 'bhe values obtained on

the light and on the derk strips and the d.ura-tion of sach und.er the

screon in cpestion"

t) tfg$I"""r Atiempts were made 'bo cornpare the moisture relaiion-

ships on the plots, and to find out, v"hether and to what oxLent the

screens interferod with precipitation. lwo method.s were employed.

Firstly, the rain ',{as measured in "bhe open a:rd ucc,er the screens by

using large fumels oÍ 20 cni diameter d.irected in'bo l0OO ml bottles

¡shich oontained 20 rû1 paraffÍ:r oil bo preven-b evaporation of the

collocted wateru unfortuna_tely onl;, J runs of meastrremen-bs could.

be made using 6 fu:urels at a time, i:hen,che a-roa 1,tas closed off

besause of forest fire dange, prohihiting the coirlnletion of record.-

ing the deta on -Lhis study.

The second. nethod. used- was the indireci: determination of

available soil moisture rryitli a Bou.you-cos lúoisture ìieter" (l'iodet Bil-zB) 
"

G¡1psum bfocks yi'ere buried in the soil at depths of 2, B, 1ó and ]O cm.

Records r.¡ere made throughout 'bhe suanrer" These moisture blocks

proved- son",e'v'rhat unreliable 1n this coarse-texbured soilo but served.

s¡eLJ for corparaiive purPoseso the instrument was calibrated in

bhe laborai;ory using ihe same t¡çe of soil . In the sec-r,ion or.:.



Ll+

resu.lts and discussion tables rryith moisture meter readings are

reproduced to shov+ the effeets of i;he screens on tho available soil

moisture afber a period of drought.



RESUTTS A}TÐ DTSCUSSTOiS

âi Anal¡rsis of Blueberry Characters.

Enlgrgence and Apical*Dieþggi<.e All plots were burned. on April 28

and the i'irst shoots emerged on June J. Fifty peroent of all shoots

energed ciu,ring tho foLlor¡¡i¡S 2 weeks, while tho remaj:rd.er ¡;ere

spread over the rest of tho gror,ving seasonô Apical abortíon v¡as

deteotsd first on Junê 18 and. by JuIy th tTa¿ oecurred ln,O% of all

primar¡r shoots" Both emorgence and dieback shswod. a normal distri-

butÍ.on, if fncst-ind.uced dieback vlas not consÍd.ored (Fig' 12). If

June IJ and July lJa ære taken as tho average d.atos of emergenee aad'

dieback then the tjme of elongation of the prinary shoot r¡qas about

one month, No differenoe was observed. between the shoots und.er

various pereentages of shade in thís respeot" Shoots that emerged

early dbd bs"ck earlyg in shoots whish emergod late, apieal abortion

oocurred, late"

Ilowevor, early dioback did not necessarily rosult in cessa-

tion of growtho If it occurred bofore June JOu t'nen 75% of tho

aborted shoots doveloped several branches, whíle the remainder re-

sumed. growth throu-gh elongation of a. single axillary bud' If

diebaok oocurred. later thau July 28, then 75% ot the aborted shoots

oeased growth" Between these two dates abortion was folLowed more

than haLf of the tíne by further grorirth of a single axiLlary bud.¡

the proportion of bre.nehed shoots deoreased., v'ñiIe the proportion

of shoots with no further grovl.bh increased as tho season adva¡ced

(nig. t1). This f igure lneludes frost-i-nduced dí-eback, which

caused. tho second.ar¡r peak around Jr¡ne 26. the fact that apioal
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abortion spread over the entiro seasoll sr,rpports the conclusÍ on of

Barker and ColIin (L96Ð that it is no-b sontroll-ed photoperioC"ically.

Th-is trend. has praetical implications" If it r,rere possÍble to

artifloially induce aborti-on early in the season, the proporbion

of bra¡.ched. shoots could have been increased"

Shoote__Per Unit,Si_gg.s the increase in nr.¡mber of shoots per unit

area over pre-bu.rn d.ensity was highest in the open and docreased

progressively as the shade became more intense" The open ploi

showed. an increase of 9J"f over ihe pre-brrrn d.ensity, r+'hi1e th,e 75%

shade plot showed an increase of only fJ/". For all practical pur-

poses tine lJ/" shade plot rnrill be taken as the limit, tOO% shacle has

never been observed in a natural- blueberry stand a¡rd has thorefore

no signif icarrce (f ig, f¿+) " The j-ncrease in number of shoots is

a.Iso influ.enced. by the density of the qu.adrat before the burn (pig.

L5) " Qua.dra.ts of a Lorr pre-burn density increased at a much fasier

rate than those v,¡hich already had a high densi'by'oeforethe burn.

The relationship is logarithmic" A quadrat containing 1 to I

shoots per ÇlJA **2 1t foot2) increased its densíty by f75%c a

quadrer r,ïhich a.lready ine.d. JJ to J+O shoots per )JO "*2 irr"ruased by

- - -../or:l-y t>þo

The pra.ctical irnporianoe of this trencì is that the wpa.tchi-

nessr? .¡,¡hích is observed- in a naturaL sta:rd (lrevett , I9&g Barker

ei al , L96L+) woul-d grad-ua.lly gir,-e rise io a more uniform and cor¡.tin-

,-ìous population af'ber repeated burning"
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Final-s-hoot size qe4_Groi'Éh -1ìate_s; The final shoot size increased

as i;he amors:,t of shad.e increased, There is a posi-bi-¡e correla-.i;ion

up to t}ne 75% shad.e level" follov,'ed by a sh.arp d.rop to'riayð" the Looil

shad.e Level" I{ol';6r¡err as already mentioned , !ca% shad-e is not

found in a natural siamd and need not be considerecl" The average

shoot size in ï]ne JJl" shad.e plot rras r2.) cn compa-red to 11"0 cm in

ihe open prot" (äig' t6)" Tal-ter shoots have following tr¡o ad.van-

tages, (1) they have more bre¡ches, and (a) tney have nore fruiting

buds than shorter shoots. Trevett (19a2), This trend. is iru co¡rbra-st

to the findings of Eall (195s) and supporbs in pa,rt the conclusion

of S¡nith (L9&).

The growth rates of the shoots in the open and in tne JJ"l

shad.e plots are shovy:n ín. Figure lJ. The larger finaf size in the

shade -r,vas d.ue to ivro factorsr (1) a steeper gradient or faster

gror,ith rate, ana (2) a slighily longer gror.;i.ng seasorl€ T1r.e average

time of energence r¡;as ¡he sameo ligr"rre ]J includ-es the elon;abion

oÍ' branches" the final shoot size is posi'l,ively cor:related. to the

iíme of emergence (nig. tB). This suoports the find.ings of Ee.ton

and ï'ihi-r,e {fqóO) of -bhe economj-c imporbanco of a:r early burn" Lastl¡',

the density of the quadra-t in which a shoot grevr influencod its

fínal size" This has alread,r' been sta.ted by Trevett (lç62) " Figure

1! shov;s the negative cor"rela-bion" Shoots groviing irr quadra.ts r¡¡ith

d.ensities I to J shoots per ÇJO cm2 e.ttained an arrerage height of

1l crn, rvhile 'bhose gror,'ring in d.ensely popu,lated quad.rat s (15 to lp)

averaged. 12 cm. Eigher densities 1¡Iere normally not encourrtered.

]i&:en they did occuru it was the result of er<ceptionally favorable
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scil conditionso Under ihose condition the si:oots llret'e also 'i;e"Ller

tha,n ox,reobed. a¡rd. did not fol 1o'¡ the ¿r.bo-,'el;rer.l.d. These pLots are

shov¡r as sol-id rfo'bs in Figure 1.]; they are based on singlo observa*

tions and rvere not consideretl rihen d.ral';i.rrg '5¡" regression lineu

g¡'Æ¡þg"¡ Forty per cent of the shoots ir the open ira.d branches

comuarerl'bo only I8i4 oî the sl:.oots und.er ffl s'naô,e. TÌre nega'uive

correlation is linear. (fig. 2O) , å. sie:iificani prc;oolcio:r of the

branching was frost-inrj-uced. ¿i heavy fr"cst on June 26 dainaged 27ß of

all the shoots in bhe opene r¿hich had s-t tho i;ime einergad." 17il in the

^-¿ ^ -,-l 
. -^nlZJi:L útade plot and "fi/" in Llne 50.% shade ¡rlot. 1lo clarnago i'¡as observed

i-n ¡he rernai-ning two plots" !'ros-b damage never i'esufbed in death of

rL^ ^1.'^^i L"L L5"/" oí' 'bhe affe,:ted shooUs rLeveloped bra-r:chosu Thus,UiIÞ ù:IUl/V9 UUU \))/J vr Ujlg Al- MUV(I ùt¿t/Vv;Þ rf,gV9¿r/_

v¡ithoub frost lnflu,ence i;he differellces i:r per..:enta"ge oÍ branched

shoo'cs bei-r'¡een the open andthe shad.ed habi-taL r.r¡oul.,1 have beo-rr less

prorroì¡¡1Qeçlo fio-b only ..',ras tire percecba-ge of brancired shoots ìzi-gher

i--l-Ls nnar l-'..tr aLSO]OhO nUmbe¡ nf''nrønnhcc n.=.¡ bfanglfed. ShOOt WaSu Lv Jf

{reater (fig. 2t)" The average nwrber of brancires per branched

shoot in i;he open Ì¡ra6 J.?- cornpo-r'ed to 2.J+',r*'rCer Jji( s'ta.de. Branched.

shoots have more fruiting buds (Trevebt, 1962) thus these ,r,¿o char-

a-c-beristics putthe open habitab in l;his respect i;iio an adva.ntage-

ous posi'i;i-on fro¡n -'ohe corn¡rercial poin'ü of vie'iç"

Coinpariso¡. of Res.coïlses in l{anitooa and .t'iero,¡ Brlxrsrvick¡ Tne alnost op-

posite trends in certain charaoters of vqc_cin-ij:+ jgggs!,iig1_ir\'r_ "lhen

erposed to v:r.rying de3rees of shade in iiianitoba and j:r i'[elv Br';nswick is

shown in Figure 22, Ab¡ention shou.ld be dj-recierl io'brends rather i;han
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'bo absolute anou:l'bs, since it ';¡es not oossj-bl-e to repea-u the

e:çeriments of -la.lL (igf) and lia,I} a.nd Ludrvig (f9óf ) in every d.eta.'ì1"

Ihis cont::as-b cai: oir.ly be ea;Iained 'uirrougÌ: bhe j-nfl-uencr: of the

rnore ccn-bineir-Ua1 climate of iíani'Loba, a ocirolirsion a.lready ob'bained

by ßnith Q9rc2) "

b) Analysis of the ton¡reiing \regetabj-on

Frer¿uencÍ-es and Cover Valuess 6lnoe there r,'Jas Tlo slgnlflcant

,fifference i,r composi-tion or abu¡ada.nce o-f -bhe nain corirpetitors

betwc:en bhe differenb sltade-p€rceübage plo.bs, 'Iable r/IIf is in

esseÍ.ce a sLrruneLry. Ii lists bhe total frequencies and cover valuos

of the 10 quadrats in each plo'b, analyzed on Jr.tre 5O ("9) arrd.

/¡\Jlugus'ü ,U \"'l.J o

S"Jiå, Popul-ul, Alana P berijlifrgs Pe¡tasi_be fu i:riel3np.Jru¡le

i:1]oo_J]r-r¡l-: and LeCu_r-1 weT'e found i:r orily one or bwo of bhe plcts,

a:rd. -bheir frec,ue:rcies 1'iorj alr,rays less than 1C;"" 1'tley i';eÌ"e bhere-

fore of libtle iraportanco as competitors"

In. general ct¡mpetjtion became more in'i;enss as the seasoa

adva¡rcedn Only a ferv i-nportant spri-ng species, 1',[g}jll!þ_eon¡t,

Egilobium, .ånera. is atrd .þ[$3l shorved a significanÌ: reduc'Liorr in

oover valu.es betiveen Jun,: and Àugust" This rrs.s lnor:e than conpensated.

for by a- gr.ea-b increase particularly of Coi"nu* Ðie.rvillau Ifqgl:ig
and ,i?u!9þe{tt" Tho mosi lmporiant cornpc'bitoro Ín the snring rrere

t',,iaian'UtrrgYIn-, tornus, Dj-ervil_1a., Epilog_i:.19, þå_gl, .Anemoqe, and

Fragaria. These rve:'e ear'ly fire-fol-lowers and often appeared beforo

-s.--the firs'b blu.eberry si:oocs enei'ged. In *\ugust the rank of i:irportance

ïüas: CorEgs, }þ¡g!!þ, :'íaianthomqm, GaultheLi_1, Fra$?r:ia, C"g^U,
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and EpllgÞilm, The same maín species were involved bub

and. Frgltle had becsme more important"

Correlation r,vitir Blueberry Perfo4m¡¡eoe_: No ccrreLatiorL 'was found

betv¡een blueberry densÍty or vigor and. abundance or composition of

assooiated vegeta-bion, It was surprising to find that shad.e had no

i..ofluence on i;he latter; howover, the perfornance of individ.ual

plants was not cheoked." as had. been d.one with blueberry shoots.

It was possible that enough daylight oane onto the plobs from the

sides so that all plants could survive, even though they may not

naturally be found in deop shad.e (". g. Epilobiu*, Þ!385, Grass

sp"). 0f the plants encountered." Popg-Ius, Pterldi@ and. Conrus were

aLso Listed as important leweedæ species i.:a bluebomy field.s in

eestorn Canad.a" (Barker et al. 19ól+)"

Gaulthoria

because

tation.

Èìll

It should be born in nind, that these plots were ostablished

of blueborry density and. no-b vvith regard to competing voge-

uva-t:rsi)o the nain conpetitor in Manitobats blueberry areas (Paul,

f9&) was not present"

This is obvior,rs from the fact that bearberry (Arstos@gryleg

c) Analysis of the Soil

A brief profile d.escripbion is given in the section on wsetting

of the areart. lable IX lists the chemioal properti.es of the horizons

and. the changes caused. by i;he bur:ring" From the standpoint of agrí-

culturo the soiL is poor in nutrionts except for the surface L-E

horizon. It should. be remembered. though" that nuirieat deficÍeaoy

is a relative term. Blueberries d.o very rvell on this type of solL
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labLe IX - The Effect of Burning on Somo of the Chemical
ProPer'cies of the SoiI (Con-brd)
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Tablo IX - The Effoot of Burning on Sone of the Chemícal
Properties of the Soil (Conttd.)
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and it has i:een described by Trovett Q96e) and Eck and. Childers

(1g66) as being the tyoical soil for this plant"

Effggbs of Burninge No drastic alterations have occurred through

buraing. In general, changes are carrsed by J factors: (t) Í¡rben-

sity and duration of tho fire; the hotter a burn and the longer it

acts, the more organie natter will be destroyed" (t) the aïrount

of eombustible fuel present on the soil; this wiLl influence the

intensity and duration of the fire and also the anoun-b of ash

d.eposited on the ground.. (c') Ëhe time between the burn and. tho

sarn¡gLing for analysis and the soather conditions prevailing duríng

this bime. Dry and. v'rindy 'ureather uilI remove a great proportion of

the ash bei'ore it becomes íncorpora{,ed into the soil, and the

deoper horizons vgill shov¡ little change. liïet weather stabílizeè

the ash and l¡¡ashes it inio the soil with the rain water. The

observed changes r¡vill be g,reater, Too long a period botr,veen burn-

ing and sampling rryill show a redu,ced. effect" since m5-crobes, plant

roots and. lee.ching remove ¡rinerals and. add H+ ions, a:rd the general

trend is 'bo re-egtablish the forrler condítions,

In this stud.y a moderate tempera.ture had. been applied for

the sole purpose of pruning 'bhe old. blueberry shoots" The soil

was not effeci;ed a¡ud. liitle ash had. been add.ed.. The v¡eather had

been dry betv;een burning and sampling tho soil. Any obser.-'abl"o

changes, thereforee lrere restrj"cted 'bo the 6r:.rface L-E horizon;

changes in the others'n'ore du.e to natural r¡ariations, as can be

seen from the ranges given for each property investigated"

6z
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The si:r"face hori-zon shows a slight increase in pII, concluc''bivity,

i'Te P, tobal minoraf s and. cai;ion eæohange canacit;ro However, onl;r j3

the case of Ca and P r¡as the increase significa.:rt a'b ilrc J/( leve1o

-4. le.r"ger sample size r¡¡oul-d have beerr necessrìr'y io deteet ciranges in

the other" properLies, The 'brends observed a.re suppoi-bed by the 1it-

erature, -årr increase in cabio:rs sr.r.pÞIied. by the ash is general}y

accepteri." ;r.luay (192S), Barnette and. Ifesters (tglO) u rsaac and.

llopkins (tgfl), and Uggla (t'il':,S). The acccmpanying increase in pÌ{

and. condu-ctivity is reporbed. bythe sa::le ar-l'b-l:o¡.su Å.s'bo l'l and P the

opinions vary. Luì;z (L91li 
" Osborn (LglL), Garren (tg)+1), Lunt (tg1'l)"

Oi"gonic matter canno-b incre¡rse by burnin3. Tirese daba., again,

reflecttoo snall- a sample size, The resuLl: of th.a mechanical anal*

yeis are incorporated in tire profiLe desc;.ip'bion given before"

These analyses plus lvidih and colours of the h.orizons make'Lhis soil

a t?Gleyed Podzolç?, S'bobbe (t966) .

IntilE:abigi-3 Tlr.e average infiltration ra'Les for 1000 ml wa-ber per

LZJ cn.Z area'riJere 2 minutes anð.2 seconcls, for r.¡nbu.rne.J. scils, and 2

minutes a:nd" JB seconds for burned. ones" Greul: varia'bion -*¡as observod

in both, so 'i;hat the co¡nputed d.iffel'eiirces in means lrere ll.ot signifi-

cantu Scctter' (fçól+), who r'¡orked. r¡ith a sirnilar soil, also did. not

find diffo::ences ín infilbrabion ra'bes caused by fores-b fireso

ft ean be concluded 'bhat impro.¡ed blueberry pel.formance

after the burnlras not due to an improved soil fertility. Changes

i:e tlre soil 'n'ere restrieted to the surfaee horizon v¡hil-e the bulk of

the blu.eberry rco''ü sys-bem'was located a-b d.eeper levels" Ilå11 (I9r7),



d) S-.nalysis of ihe Microof irnate Under ihe Screens

lgllt The duration of light r.¡nder the scz'eens relati've to the time

of day is sho'¡r¡n in Figure 2j. It can also be used to compu-';e the

du.ration of shacLe by apnlyia.3 follouing convorsion factors: for the

2Jfi st.að"e screen ("t/Ð, for tine JO'[{, shade scree]r (" 1), arrd for-i;he

--n/ 
/ 

-\lr;o sna.a.e screen \x ))"
The screens j-nfluenced the lighi raceived by the plots for a

daily neriod of about 12 hours" Considering iune 50% scr.een, the

alternation of ligh'b and sharle took place at B minute intervals at

08"00 hr" and. incr,eased in a logarith¡ric manner to a maximuiri inte-r"-

vaL of t hour and l¡8 ¡ninubes at 1I¡.,00 hr, this 'ruas followed by a

si:uilar reducbíon in albernation time in the afi;ernoon" The gonoral

seguonoe vras the sa''ne for tine 2J/'[, and ]J'it" shad.e plo'bs, onl¡r the

magnitude differed. (fig" Z1).

Any plant v,¡hich came ínto a light strip at I2.OO hr" renained

in i'b îor a relatively long period" (-u-'ig, e3), Since midday is also

the tiroe of marinurn insolationrthe environment of this pla::t i.vil-l bo

markedly different frorn that of a plant, v,rhich is shad.ed. at this time"

The change in inclination of the sun is noi rapid enough to compensa.te

for. ti:is tesi,rip effecttl , therefore the scr.eens were changed ab

rveekly intervals, giving light r,¡here'bhere had been shad.e at the

same ti-:ne the previous weelc.

TabLe -t lists a compar"ison of the three methods emplo)¡ed to

determine shad.e" A. desired gradient was obtained" On€ reason rvby

no closer corresponCence l,¡as achieyed.e '!ras 'chat both instrwnents

also responded to rrda.y liihtrf ¡',yhile the screens were nsde ro

611



i¡e-berfere wiih sunshine only, For Ínstance,

under which no direot sun light was received,

shade for the Tfeston llght moter and.9L% for

indicating the influence of ffiind.ireot lightffi

CO}IP.åR]SOI'I OF TIIFJE },MTEODS FOR DETER]JIIT{II{G IESITADEN

Soroen

Weston Light Meter

Pyrheliometer

6f

the lOOi',j shad.e soreen,

showed values of 96-/"

the p¡nrheliometer,

or d.aylight"

*This une4peoted. high value was o'otained., bocause the space between
the slats ín the 2fl"-shade-scre€n exeeed.ed. the dimeagions of the
P1æheliometer" In order not to record. nop*rr* cond.itions the i^nstru-
ment had to be placed u¡d.er one of the slats of the ssreene whioh
covored. one-third of the instru¡rontts motal pla-i;es. This shade vafue
would therefore more closoly represent a JJf,-sinade-sorêet1ø

The maxi-mr:m and. rainim.¡m light intensiti'es measured und.sr the

soreens are reproduoed. io rig, Ih. AlI values ï{ere converted. to %

of total light (open cond.itions). The computed average light inten-

sities take into aceou::t maximum a¡ed minimum as well as the duration

of each, using T'Ieston light meter values. ño only did the d.uration

of light and shade (Fig" 2J) result i.:a a lowerÍ:rg of the vreighted

meen light intensity when passi:rg fro¡i the open to tine IOU/" shade

pIot, but also the light roceived. on the tlilh.minated. s-bripsrr became

Less intense and the shade i:n the dark strips becane more severei

both resu.Ited..: in lowering the mean light i.:e'üensity"

TABLE X

o%

o%

o%

25%

26%

WE

5Ar"

L$f"

7rF"

o27o

6g/"

too/"

e6%

9L/;



Figura 2J" Duration of Light and Shad.e Under the Screens
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Terrperaturql Figuro 2l shows a a<xrparíson of the temperaiure changos

introd.uced. by the screens. -libighted mean temperabures rüero usod,

which took inbo accoun-b maxiirum and minimum values and. durations"

The rlj-fferencçs we¡:e nos.h na,rkerJ at the groirnrl L?veI, trei.ng 2þoC

bet.,ryesn the open and. -bhe lO0 shad.e plo'u. The sequences of

temperabure changes at the ground l¡tas as follows; r¡'lhen a particu-

far spot came into li¡;ht more radiation v¡as recei.vod than emibted,

its tenrporature gradually roso. and reaohed. the highest valuo just

before tiris spot came into shade aga.in. The fonger the insolaLion

oould ac-b, as at nidday" the grea-ber was the temperature increaseu

0n the other hand, r¡hen in the shade, more radiation was emi'bted-

than reoeived" and. the 'bempe:"ature dropped. to reach its lowest

value shortly before this spot passed into light again. The

maximu¡n aud minimum temperatures vuhich could. be obtained. rn¡ere -bhose

prevailllg in the open a.nd under lO07á shade. These were never

reashed und.e¡' trre 2J/à, 5O"/' and. Jfl' shade screons because of the

constant alterna'bion of light and shade (nig" el+) " This relai;ion-

sirip between light arrd temperature is lveII ktow, this oxpcrimont

serrod. only to establish the quantities involved, Fig. 26 shor,vs

the coirelation.

I{oisture: It was only possible to do J sets of precipitation

me&suretnents using large funnels. The averago valuos ob'bained vuere

fl, nf in the open, compared, þo 1î+ rnl r:nder tine 50ft shado screen

elrrð. 226 mI under 'lj il stnad.ø.

.{vailable soil moisture measurements with gypsum blooks were



Figure 21. corrparison of Average Ternperatures under the
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mad.e over the en];ire sea.sonø These blosks 1'¡ere rro-b 'coo reLia'cle i¡l

ì;he coarse-textu.red, soil " The force wi-th vuhich -l.rater. is held. in a

scil is inversely propori;ional 'bo the ;:o::e size, Yonq and

.iìb.r'ken'bín (t966), I-b is the::efore rea.sonable to assume tha-L the

gypslm blocks held lvater r¡rith greater force¡ or longer than the

coarser-textured soil surround.ing 'bhem, thus indicating Lco higir a

vlater conberrt du.ring dryin6o On the cther hand, oncç tþsy r¡üero dj:ye

l'vater enterod-bhen:rLore slouly'bhan it percorated tnrough the sandn

becau.se Lhe -¡elocity of l'vater flor,r ì;hrough a soil is proportior:.al

to-i;he square of ihe rad.ius oí bhe soil pores, Yong and -t;ìíarkentin

(tç56) u l.rnd-er these conditions the blocks .¡¡ould indicate too Low a

value r.¡ntíl equilibri-urn r,ra,s esta.blished, Ilowever, the errors intro-

duced by-b.nis method ¡¡ere tire same for each plo'b, beoansethe sane

soil was invoL.¡ed and coinparisons could still be rnade. Tabl-e XI

¿irres moisture neter rea.dings for ihree dates afte:" a dro-"rght period

to shou the i:rends obse'¡r¡ed lu:der ihe differeiri soreeiLso

the data reveal that nore mois'bu.re was availabl-e foy. a longæ

period of time as ihe amount of sha.d.e 
-increased , lhis trend inCica'bes

bhat the ssreens did. nob decrease ihe avaiLabl_e soil moisì,ure"

Enou,gh water mus'û hatr"e co:ne to che plobs ih::ou3ir ;he spaces i'.the

screens, from the open north a¡.d sou-ch sides anc through horizontal

movemont r,vithin -bhe soil" Ihe screens rnight even have irnproved the

rslatet'balancet? of tite,clots by decreasing ths temperature at the

soil su.rfa"ce and bhu.s evapotranspiration rate,
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significan'bly be1"'r,reen 'uhe plots, i-i; is reaso¡iable 'bo a.ssr:me tha-b a.ny

change in blueberr';i' perfomau.ce .r.¡as du.e bo the direct or" indir.ec.i:

infl-u.ence of shade" The r:ost i-rnporta.nt indirec'b effect of shade r¡.ras

the decrea.se in telçelature, r,l¡þfs¡ is tu.rn lov¿ered. the evapo-brans-

piration and thus i.rnpro.red. the t?via-Ler economyt? rurderhhe soreens"

V"."qig¡u+ gggplliå*+u$ e:'Jribiied. a great tolera"nce range

rvith regard.'bo shade. It grew well under open condiLious, as r..'eL1

a-s und.er co:r"¡clete shade" rr'ihen l1ght in-Ler:si-ty v,¡as reduced, typical
??sh.ade characterstî (larger. leaves, longer inLernod"es and tjrinner

stems) beca¡ne more pronormced-, but typical tts¡rrnptomstl of ebiolal;ion

(loss of chlorophyl 13 rlr..:atly' elonga'i;ed. inbernod.es, spinclLy gro..,,'th

and iruneturee uJle;{pandecl J-eaves) r.rere no-i; encolurberecL.

0í' tiie chara-cbers investigated, erì.ergence and- apíca1 abortion

d.id. not shcrv any correla-bion with shad.eo On all plots, shcots began

Èn a*¡*,.a r'ì,,-a r,"ggt,s a.fter fi¡ç-nnrr",i--., nìá'r-î-k occurred_ four neells@ yJ9 r/qv

af'ber elll.ergence, Usr.'.aì-ly, early dieback resul'ced in branchinq ari.d.

Ia-te dieb¿,.ck ín cessa.tion of ih.e see-sot ls sroû'bh. j\t inter-meCiate

tirires grc.,d;h"r,¡as ofi:en resumod ihrou.gh elongation of a single bra:rch,

f able üII gives a sr.rnill?.Ì'y oi' bhose characters (conputer

resnlts), lvlrich have been sh.ov;n to be positively correlated ui.th

yield"

*{s 1;i:e soil and competi-ng vegetation did rr.ot vary

SL5ü',[ÀRY



Plot

S 
-rll,ü,LÀ3.Y 

0 ij' .tC O]{OI,iIC3,LLY Il','F ORT.ti\Tf C IIÊ,tulCT ERS

oÍ ßna¿e

ZJIL Shtade

SoTi slna"ae

- -..-t ^.{r7b >naö.e

IcCI% Shâde

t+þ lnsrea.se fn
Shoot i'(umber
û¡l-â* Rìì--^i-,æ
'*r ":l_:::::*:tõ

m iñf rr 1_Tf
l-¡lÐ!ù -¿rl-L

99" 10,90

Significantly differeni: frorn preeeding va.Lue at C.O5 leveL /
a'b o.Ol leveL//

T'¡o opposin¡¡, i;rends r,',rere observed " Shoot size v¡,as positiveLy

correlatecl rvith shadeu while branching and incroase in shoot n.r.¡rrber

after fire-prr::rinE shouled a ne¿abive correlation, Iros'b dar:ra.ge also

sh.or,,red a negative correlatior:., In 'bhe aper, 2J/, of tire shoots rir'ere

effected; I7lå of the shoots un<i.er 2f7í sb,ade¡ and J/, tncler 507í shade.

i'io d.arrage was observed uïr.cl-er JJIå and IOO|'{ sirade" Bre.nching was

observed. irt 65it, of the effected- shoots. It can therefore be assurned.

-bha'u r¡¡ithout the influenee of frost the differences observed be-bvreen

the plobs nâ,r not heve been significarLt"

Änother assun4ltion -bhat can be raads is ihai: uith r"epeateC"

burning the density of a blueberr.v stand proceed-s to'iryards a naiiÍ-nuf,Tr,

rdnich is bhe carrying capaci-ty of i;he si'be. i;'ii'len this is reached, it

is doubtfl"rl -v,ihether shade r,¡ouLC, ha.¡e any effect" The fina"l shooi

size increa-ses v'rj-th increasing shad.e; here the dat¡a obtained are i-n

favour of the tîs]'radeft habi'r;a-b.

9rl;

87%/

lJ7"fe

Shoot Size Bra¡rehed
in cn Sh.oots

Final

,ti"/l ro,so/y'

11"20

L2"2a//

¡¡ an | /)-2 øvvft

--r% of iio. of Branches

)Y"e

)[ "u

fi "5//
re.o//

6.9//

Cn Bre;nched
Shoots

1.ll+

¿ øÌJ Ii

2"7,

2,17/

2,aq



7t

l,fost of i:he trerrds observed. are in cor:.trast +'ith those fou¡.d

i¡r iievr Br,-r¡.sv¿j-clc arrd can be ermlained b./ bhe differeni clirnatic condi*

'biorrs cf bhese trvo regicrrs. (faote I3 Fig " 22) " ',.hile shade is

considered detrimantal for bfrr.eberrr¡ orodu.ction in the ,riaritime

Fnovinces, i.t appears i;h¿rt in l,,aniioba. it is essentia] for n:.axirnurn

-ænr.¡l-'a n{. I-l-, i .. -.}ant ,
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Ssientific nanes of pLa"nts referred. to in the iexb (after Scoggano

t9r7) "

I" Âbies balsasrea (L") 1úi11"

2. Acer negundo var" ínterj-us (nritt.) Sarg.

1" Alnus crispa. (Ait") Pursh'

l+" Anemone quinquefotria L' var' interior Ferno

5, Apoc¡mum asrdrosa.emifolirm L.

6" Arotostaphylos uva-ursi (t") Spreng"

-1, Astor ciliolatus Ljndle'

B, Betula papyrifera ivlarsho

9" Cornus canad.ensis L"

10, Diervilla lonicera I"ü11'

11, Epilobium a^ngustifolium L"

L2" Iìquiseturn arvonse Lô

lj" Gaultheria Procuimbens Lu

th. Fragaria virgÍniaaa. Duchesne,

lr' Fraxi¡rus pennsylvanica l'fiarshø var" austijri Ferr'"

!6. Lathyrus japonicus'Filld" var' glaber' (Ser") Fornu

u. Lin_naea borealis L" vâx! n a^¡nerioana (Forbes) nend'

18" Lod.'.:m groenlandicr¡n Oeder"

!9. Lyoopod.ium comPlanatum Lo

20. Maianthemum oanadense Dest"

2!" tlelaiqlyrr:cn Ii¡.eare Dosr"

22" Petasites pahaaius (¡'it') Qtay

AFPENDIX



21. Picea glauca. (l'{oench) Voss

2\. Pj.coa mariana (ìti1l.) BSP'

25. Pi:rus banksiana Lamb'

26. Populus balsanifora L"

27 " Populus trer¿uloid.os il'lichxn

28. Pterid.iurn aquilinun (L.) Kulun

29" Pyrola secu.:oda L'

10. Rosa acieularis Lindl.

|L" Salix humilis Marsh.

12, Thuja occid.e:rtaLis L.

tj . Ulinus americana L.

,I+" ¡"Iaccj-1ium angustifolium Ait 
"

tr, Vaccj-niun rnyrbilloides ldichx"

76. Vaccinium vitis-idaea L" varo

var " latiuscult¡-rt

BJ+

(Desr.) tnderwu

ninus Lodd"


