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MSc. (A9r) ABSTRACT Plant Science 

The Effect of Cane Management system On Yleld And Selected 
Characteristics Of The Red Raspberry 

Cane 

One of the most important problems of raspberty cultivation 

is the excessive intercane competition that occurs betveen 

floricanes and primocanes, resulting in lov yields and poor cane 

vigour. Six cane management systems, three density reductlon 

treatments, blennial cropplng, alternate side of row cropping and 

chemical control of primocanes were evaluated as to thelr 

influence on yield and cane vigour using the cultivars Festival, 

Latham and Newburgh. The study was carried over three seasons 

from 1984-1986. Reduction of cane density Increased cane yield, 

however· plot yield vas reduced when cane density reached 5 

canes/metre. Cane density'reductlon increased ,fruit welght and 

number, lateral branch number/cane and cane diameteI. Cane 

density was positively related to yield/metIe of IOW and was 

negatlvely related to yield/cahe. Biennlal cropping iricreased 

yield in the first yeaI and increased both cane yield and fruit 

veight of Festival raspberries in 1984 and 1986. Cane height vas 

decreased by biennial cropping. Alternate side of rov cropping 

decreased plot yields and cane height. Chemical control of 

primocanes did not respond dlfferently to the parameters measured 

when compare~ to the control, and this lack of response vas 

thought to be due to the Incomplete control that glufoslnate had 

on early prlmocane growth: 
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,rMSC. (Agr) rJ 'RESUME Phytotectlnie 
'S.~r 

<"'~fets Des M'thodes De R'gle Des Tiges Sur certa.lpes 
Caractér istigues S'lectionnées Et Sur Le Rendement De La Framboise 
Rouge: 

Un d's probHlmes Importants de la culture du fra~pOls~er rouge _ est 

la concurrence excessive des rejets et des cannes se traduisant en 

baisses ~ndement ecde vigueur. Au cours d'une étude 6chelon~ée' 
.p' '_sur trois 1 ans, de 1984 à 1986, six méthodes de régie des tiges, 

, -
'f .~.~.~'!..t:J,'.Ii-,,-•• I.'l 

" trois traitements pour en réduire la densité, une technique de 

r6colte bisannuelle, l'alte~nance des cOtés de r~ngs et le contrOle 

chimique des rejets ont été éval ués quant à leurs effets sur le 

rendement et la vigueur des cultivars Festival, Latham et Newburgh. 

Le réduction de la densité des cannes par mè~re de rang a contribué (,' 

à en améliorer le rendement, par contre celui des parcelles a accusé' 
~ , . 

une bai~se lorsque la den~é a été réduite à cinq cannes au mètre. ,--

,La réduction de la densi~es cannes a contribué à l'augmentation 

du ,poids et du nombre des fruits, du diamètre des cannes et du 
" 

nombre de leur branches latérales. Il existe donc un ra~ort positlf j 

entre la densité des cannes et~le rendement par mètre de rang èt un 

_~_rapport négatif entre la densité et le rendement par canne. Le 

système de récolte bisannuelle a condul t à une augmentatioh du 

~endement au cours de la première année et une augmentation du 

nombre de cannes ainsi que du poids des fruits du cultivar Fes1:ival 

pour les années 1984 et 1986. Cette méthode aussi contribué à une 
o \' .. 

réduction de la hauteur des pousses. L'al ternance ~es cOtés '-de 

ranqs ~ diminué le rendement par parcelle et la hauteu~ des cannes., 

Aucune différence n'a.'té observée entre la répression chimique des 

r-ejets et le contr~le quant à leurs effets sur les paramètres 
-----

\ 

aesurés et il semblerait qu.'un contrOle inadéquat' de la "pousse' 

h4tlve des' drageons par le glufoslnate en soit responsable. 

'il1 
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1. INTRODUCTION 

The commercial culti vation of raspberr les in Quebec is of 

relatively minor importance when compared to the production 

levels of other fruit crops ln the province. For example, ln 1984 

- Quebec produced 11,925 tonnes of' strawberries, whlch represented 

38.7 \ of t~ total strawberry production in canada. By contrast, 

only 814 tonnes of raspberrles were produced in Quebec during 

1984, which represented 5.4 '\ of Canada's total raspberry 

production (Agriculture Ca Rada , 1986). Ironically, the fresh 

market priee of raspberries in Quebec between 1984 and 1986 has 

consistently remained at over two and one half times the priee 

of strawberries (Statistics Canada, 1987). 

Al though Quebec has the second largest production -of 

raspberries in canada, more than 91\ of the 14,991 tonnes 

produced in Canada during 1984 were grown in British Columbia. 

Most of British Columbia 's raspberry erop is machIne harvested 

and much of the harvested fruit ls transformed to juice or 

preserves. The extremely per lshable nature of raapberr les 

precludes the shipment of large amounts of fresh berries from the 

west coast to satisfy the eastern markets. Raspberries are 

particularly sensitive to post harvest fungal·infectlons, and may 

be safely kept for only three days under cold storage conditions 

at OOC and 85-90\, relative humidity (Lutz and Hardenbu~,g, 1968; 

Pepin and MacPherson, 1980). Stdrage Il fe can be extended up to 

seven or eight days using controlled atmosphere stor~ge 

, te 
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(Varseveld and Richardson, 1980). 

lt bas been eoeted tbat tbere 10 consumer 

approxlmately 2,004 tonnes of fresh raspberrles 

demand for 

ln Canada 

(Agr iculture canada, 1986). Despi te these reassur lng statlstlcs 

whlch lndicate a potential need for hlqher production levels, the 

production of raspberrles in Ouebec continues to be small and 

insufficient to satlsfy -rocal demands. A significant market 

potential exists ln Ouebec for increased raspberry production. 

Shoemaker (1978) has s tated ln his book on SIna 11 frui t cul ture 

that an undersupply of raspberries exists in all the eastern 

markets of North Amerlca. 

Yields ln Ouebec have tended to be 10Wi the average yield of 

raspberrles ln an eight year perlod between 1976 and 1984 was 

only 1.25 tonnes ha- 1 (Amyot, 1985). Poor ylelds in Ouebec have 

been attrlbuted to the use of poorly adapted cultivars which are 

sensitive to freezing temperatures and to Inapproprlate cultural. 

practices (Lareau, 1984; Amyot, 1985). Trials conducted at the J 

Agr lcul ture Canada Station de Recherches, st. Jean at 

Frel ighsburg have shown that ylelds of up to 7.6 tonnes ha- 1 can 

be attained uslng the currently available, better ad?pted 

cultIvars on good so11s, and wlth the adoption of proper cane , 

management~practices (Lareau and Brassard, 1980). Childers (1976) 

ind icated that red raspberT.y yie lds in favourable Eastern U. S • 

planting sites may average 3.3-4.2 tonnes ha- 1 . The ~iscrepancy 

that exists between current and potentlal raspoerry yields has 

prompted the Conseil Des Productl'ons V6g6tales Dd1uèbec 

(C.P.V.O.) to accord a high priority ,ratinq to studies relatlng 

2 
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to the training and management of r~spberries (Belzlle, 1983). 

One of the most seriaus prab1ems ln the cultlvatian of 
" ,é 

raspberries ls the excess1ve competitio~ that accurs between the 

frultlnq and vegetative canes, (Waister, Cormack and,;s'heets, 197fï 

Wtight and Waister, 1982a,b)., Inter-cane competition in vigorous 

cU~ivars of raspberries resu1ts ln reduced yields, as resources 

are llocated to the production of large numbers of vegetative 

sh ots rather than to fruit produçtion. In addition, the 

excess ive numbers of shoots that deve~op exper ience competition 

amongst themselves, leadlng to an even further reductlon ln yield 

as a result of poor individual primocane development (Wood, 1960j 

Wood and Anderson, 1962). Cane management practices employed to 

reduce inter-cane competition generally lncreasé crop 

productiYi ty (Crandall, Allmendinger, Chamberl in and Biderbost, 

1974; Waister, Cormack and Sheets, 1977; Crandàll, Chamberlin and 

Garth, 1980). 

Several cane management systems have been developed in 

recent years to balance the number of vegetative and frui ting 
1 

canes that are allowed to develop within the cropping row, with 

the objective of improving ylelds and ~lntaining Increased 

productlvity. Cane management systems operate by elther reduclng 

cane denslty wlthin the cropping row, or by separating the 

vegetative canes' from the fruiting canes in space or in time, 

thereby allowing both cane types to grow wlthout the competitive 

influence of each other. 

The pur pose of the followlng study was to Investlgate a 

range of raspberry management systems, and to determlne thelr 

sultabil1ty for Quebe~ conditions. 

3 
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" The objectives of thls project vere; ~ 

1: 'To test' and evaluate rasp~erry management systems 

under typlcal field condItions in Quebec. 

2: Ta identify and quantIfy 

Inf luence yle ld. 

4 
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2. LI TBRATURB RaVIn 

2.1 A Brlef Description Of The Genus Rubus 

Rubus spp.(Tourn.1L. Pamily Rosaceaei x=7i somatic 

nos.=2-1,28,3'S,42,49,56,63,70,77,84; decL4')ous or evergreen snrubs 
~ -

or subfrutlcose or herbaceous plants;· stems: erect ~trailing, 

mostly.prickly and short-livedi leaves: alternate, simple, 3-

fol.101ate or plnnately compound, stipulate; flowers: perfect, 

white to pink, ln racemes, pan1cles, corymbs or solitary, 

terminal or rarely axillarYi calyx: S-parted, rarely 3-7 parted, 

with persistant lobes; petaIs: 5, sometimes lackingi stamens: 

many; pistils: many,. sometimes few, on a convex torus; styles: 

\ nearly terminal; mature carpels: usually druplets, sometimes dry 

(Westwood, 1978). 

There are more than 400 species malnly ln the colder and 

temperate reglons of the Northern Hemisphere (Westwood, 1978) . 
• 

Hotlculturally important specLes of Rubus are the red raspberry, 

(Rubus ideaus L.), the black raspberry, (Rubus occidentalls L.), 

the, purple raspberry (Rubus neglectus, a red x black raspberry 

hybrid) and the heterogenus specles complex known as blackberries 

(Rubus spp. Subgenus Eubatus ) (Shoemaker, 1978). 

2.2 A Horticultural ~rofile Of The Red Raspberry 

2.2.1 cane CharacterLstlc8 

The red raspberry ls a cane fruit. The canes of the 

raspberry plant are biennLal although the root system can survive 

for many years. The first year cane, the primocane, develops from 

buds inltiated on the roots, or from basal buds that occur .at the 
, 

base' of oider canes. The pr imocane is entirel'y vegetative for 

\ 
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most cultivars of red raspberries, however there' ~re sorne 

cultivars, known. as fall bearing or primocane fruItlnq cultivars, 

~n whlch flower buds are Initiated and deve~op, a1lt fruit matures 

on the primocane (Waldo and Darrow, 1941; ourécky, 1975). The 

~~nd year mature cane, the florlcane, Is where fruIt productIon 

qenerally occurs. Fioricanes do not grow extenslvely; Instead 

lateral branches develop from aXillàry buds, and these are the 

sites where flovers and fruits are produced. 

2.2.2 Fruit Characteristics -
The raspberry frul t ls an aggregate frui t, conslsting of a 

collection of druplets. Each druplet consists of a fleshy exocarp 

and mesocarp, and a hardened endocarp surroundlng the seed 

(Shoemaker, 1978). Fruit development proceeds ln three stages; a 

per iod of rapid growth beglnnlng at full bloom; a per lod of 

reduced qrowth when the endocarp hardens; and finally resumptl~ 

of Lapid growth continuing to maturlty. Most of the fruit growth 

is accounted for by the expansion of carpellary tlssue 

(lhOemaker, 1978). Furthermore, berries grow more in basal than 

in polar diameter, and increase proportionately more in weight 

than in volume. The distinction betveen the berry of a raspberry 

and ~hat of a blackberry ls that with the raspberry, the torus or 

receptacle remains on the plant when the berry is picked, whereas 

in the blackberry, the " torus is removed vi th thi frui t when 

picked (Shoemaker, 1978) . 

. 'V' 
2.2.3 Reglons Of Cultivatlon 

Red raspberries have been commercially grown almost 

exclusively in the northern regions of North AmeriCa, and Europe, 
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and the southeln Ie910ns of New zealand and AU8tlal~a (Weatwood, 

1978). production has been limlted to these colder temperate . 

zones sinee chl11ing la requlred to break dormancy ofaxillary 
, _. 

buds and ln! tlate development of the frul tlng lateral", branches 

(Williams and Hudson, 1956; Vasilakakis, HcCown and Dana, 1980). 

Raspberry production in North America oceu~s Chle~lY ln the 
, 

states of Washington and Oregon, and in the province of. Br 1 tish 
~\ 

Columbia. Smaller production occurs in the northern states and 

the eastern provinces. Although most of the commercial cultivars 

used ln Europe orlglnate from the European Red Raspberry, Rubus 

ideaus L., Most of the older cultivars used ln North America 

contains predomlnately Rubus strigosus L., the North Amerlcan Red 

Rasp~erry in their pedigree to produce sturdier, winterhardy 

canes (Hudson, 1959; Shoemaker, 1978). Newer cul~ivars that have 

been developed in North America displtay more eharacteristics of 

their Rubus idaeus L. heritaqe. 

2.2.4 Training Systems 
1# 

Raspberr ies are grown in e i ther hedgerows or hi Ils . When the 

hedgerow system is used, raspberry suckers are eneouraged to 

develop continuously wi thin the cropplng row, resul ting in a 0 

unlformly dense hedgerow. Hedgerows are maintained at widths of 

between 30.5 and 61 cm. (Shaemaker, 1978). In the hll1 ar "staal" 

system, plants are ma~ntained as separate units within a cropping 

row. In the hill system, the production cycle ls malntained by 

development of replacement canes, and suckers that grow between 

adjacent plants are removed. Plants within a row are separated by 

75 to 90, cm. The hill system (i~ popular in Scotland (Turner, 
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1977; Turner, 1980), whereas hedgerow " training Is 
, 

useO in 

Enqland', some parts of North America, Australla anO New Zealand --where mechanlcal harvestlhg is commonly.-employed (Shoemaker, 

1978) • 

Numerous have compared the productlvity of 

ln the two systems. Under Scottish growlng raspberries 

condi ti1aS l 

the hegerow 

s found that the hill system yielded better than 

system ( Wood, 1960; Wood 

Hedgerows produced more canes but these 

and 

were 

Anderson, 1962). 
;­

of poorer qua11ty 

and hence, indlvldual cane yield decl~d signiflcantly. A iater 

study by Hason (1981) found that hedgerows produced a greater 

number of prlmocanes, Includinq a greater number of weak, splndly 

canes whlch were pruned out. Canes grown ln the hlll system 

produced more\numerous and larger berr les per lateral branch, 

resultrng ln greater ylelds per cane. Yleld per hectare was 

variable; the first three years resulted in a greater yield under 

the hill system but ln the following two years, greater yields 

were produced by the hedge,row system. In Washington state, 

Crandall (1980) found the yleld was greater from hedgerows than 

from the hlll system. He suggested that the greater yleld vas a 

resul t of more evenly. dlstr ibu~ed canes, thereby allowl'ng each 
! 

cane to experience better llght conditions durlng flowering ~nd 

fruitlng. 

2.2.5 L1fe Cycle 

2.2.5.1 Sucker Development 

" The raspberry ls an unusual plant ln that 1t bears woody 
,..,. 

short-llved shoots on a long Ilved perennial root system. Bach 
'" 
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shoot passes thJ:ough a O weIl deflned sequence of seasonal phases 

d • 

durlng its two year -llfe cycle. The natural habit of the red--

raspbeJ:ry 18 to fQrm dense colonies of, shoots whlch origlnate 

from th~ roots or stems of the pare~~_plant. Sorne of these young 

shoots die from overcrowdlnq~but those whlch survive can develop 

lonq-Ilved, sparsely branFhed stools and often become separated 

from the parent plant by the death of the parent root from whlch 

they grew » (Hudson, 1959). 

Raspberry shoots can arise in three ways; as root suckers 
fo 

from root buds on the parent root system; as replacement shoots 

-orlglnatlng from basal buds which are located at( or just below 

the sail level on a second year shoot; and rarely, as la-€~al 

branches from aerlal axl11ary buds on an existlng shoot (Hudson, 

195~). Figure 1 111ustrates shoots in various stages of growth on 

a two year old plant ln fall. 

Wlthln the establishing raspberry colony, root suckers are 

the prlnclple mode of shoot proliferation (Whltney,1978). Sucker , 

development occurs ln two seasonal per lods; from early ,March to 

early May, or from early August through to November (Hudson, 

1954; Williams, 1959a). Suckers ar la ing in each per lod undergo 

------alfferént stages in their morphological development .. Suekers that 
, 

emerge in the fall encount~r shortenlng daylength and decreaslng 

temperatures which Induce dormancy of the terminal apex; suckers 

emerglng in, the sprlng encounter Increaslng daylength and, 

temperatu~e whlch stlmulate active 'growth, of the apex eWilliains, 

1959b). 

Suckers _ emeIglng ln the fall per lod elong,ate rapldly from 

9 
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riguEe 1: A tyO yeaE old Easpberry plant vith shoots in 
varlo~s stages of development. 

Legend 
RB: root buds 

, SS: subterranean sucker 
S: emergent sucker 

PR: primary rosette 
ES: elongatJng shoot 
SR: secondary rosette 
RS: replacement shoot 
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proximal Internodes whlèh carry the apical merlstem to the solI 

·surface. When the mer Istem reaches . the surface, Internode 

elongatlon ce~ses and leaf expansion proceeds, fo;ming a primary 

r:~osette of leaves. 
, ' 

The developme!lt of the pr lmary rosette is 

largely governed by the time of sucker emergence in relation to 

'cllmatic condi tl ons (Hudson, 1959). Ear'ly emerging suckers form 

weIl developed rosettes before· the onset of winter dormancy 

whèreas later emerging suckers produce only a resting bud lying 

- close to 5011 level. The leaves of the prlmary rosette are then 

shed dur Ing winter when the apical mer istem 15 dormant. In the 

-follo~lng sprlng the apical meristem resumes activity. New leaves 

expand and rapid vegetative growth takes place leading to the , 

--

development of a shoot or cane. 

Suckers initiated from root buds ln early spring and emerge 

above sail level at this perlod do not form primary rosettes. 

Instead, these root suckers show a continous development from 

scale leave~ underground to fully expanded leaves above ground, 

following a 

above qround 

contlnous elongatlon . ot Internodes 
1 . 

ln formation of the e1longatlng shoot. 

from below to 

, 

Sucker elongation begins in early spring and continues untll 

late Tutuinn. Cane helqht 18 ,usually determlned by cllmate. l'; 

Englana €anes ~y reach 1.8-2.5 metres in helght, howeyer taller, 

cane~ can be produced' in 'regions such as New Zealand where the 

cU.mate 15 more, favorable to vegetative growth (Hudson, 1959). At 

the same time that sucker elongation occurs, adventitlous roots 

are produced from the underground portion of the cane. 

T,le termination of cane extension ls marked by the 

production.of a secondary rosette of leaves at the termInal apex 
, ~ . 
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ln late autumn (Hudson, 19S9)(F19ure 2). Aa the secondary rosette 
" 

forma, sorne of the axl11ary lJleristems Inltlate flower primordia 
, r 
wlthin the resting lateral buds.? 

~ , 
2.2 _,S. 2 J'lower And Fruit Development 

, 

The timing of tlower initiation appears to be a function of 
,. "-

climate, cultivar, and dlne' vigour: In New York state, several 

cultivars were'found to'have no apparent differentlation in the 

axillary buds' by early October, ~however dlfferentiation had 

occured by early January (Macdaniels, 1922). Dlfferentiation of 

frui t buds occurr'ed by November in Oregon (Waldo, 1933) . In 

Scotland, floral develapment was - found to be initlated by ml(f­

September (Mathers, 1952; Rober~son, 1957). Williams (1959c) 
4 

found that the cultivar Malling Promise inltiated flower buds by 

mid-September whereas the cultivar Lloyd George initlated fl~wer 
, -. 

buds by lat;e August. Pr imordial bud < 'development- differ'ed 

,conslderably between large and small diameter canes in e,arly 

October, the smaller d!ameter canes showing greater early flower 
J 

bud development, but,by ~he tlme of bud break in March'lthere was 

" 11ttle dlfference in bud 'flumber fCrandal1 and Chamberlln, 1972)'. 

Flower ln! tlat!on generally takes place earliest in the 

f Iftl'l t.o te·nth bud bel.ow the terminal apex, after which further 

ini~iation proceeds b~sipetal1y down the eane (Waldo, 19337 Mage, 

1975). Lateral buds that have been Ini tlated are cons idered as 

" dormant' fruit bud~ sinee they nlust undergo a perlod of dormaney 

in order." break (Williams, 1959c). Until f10wer initiation 

occurs, canes are entlrely vegetative and are commonly referred 

to as prlmocanes (Bailey, 1941). • 
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contrast betw~elOng~tlng and ~ dormant shoot, 
cv. Malling Promise. 
A: terminal ~ortion. pf elongating shoot in May. 
B: secondary rosette on shoot Mhlch has ceased ) 

elongating, drawn in late Octob~r. 
Note the short petioles and the large axillary 
buds .. 
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Dormant fruit buds generally require a cole! treatment ,tb '~ 

break dorknancy (W1l11ams~ 1959c). This cold treatment is normally 

satlsfled by wlnter ln cold temperate reglons,' however ln areas 

~ cul ti vation which exper lence mlld temperatures, there may be 

rnsufficient cold to break dormancy, resulting in flower buds 

that pre abnormal or buds that fai1 to flower (Sherman and 

Sharpe, 1971; Barrientos and Rodriguez, 1980). Once the dormancy 

period has been satisfled and t;he temperature 15 high enough for 

growth to begin, the growth of lateral branches occurs,bearing 

both flowers and leaves (Waldo, 1933). Inflorescences produced on 

the lateral branches are Indeterrnlnate and farm a ser le~ of 

pr imary and secondary flower splkes. From the time at which 

in i t iat i on of the fI ower pr imord ia takes place, the mature cane 

15 cornrnonly referred to as a florlcane (Balley, 1941). Figure 3 

illustates the variety of buds that can occur on the floricane 

before the development of lateral branches. 

At approx imate ly the sarne t ime as la tera l branches are 

deve lopi ng fr am the dormant fru i t buds on the f1 or lcane, one or 

more basal buds can become elongated to form a vegetative 

replacement shoot. By the end of the growing season, this 

replacement shoot will develop into a primocane, thus repeating 

the biennial life cycle of the raspberry cane. After fruiting, 

the flor icane d les and is replaced by the replacement pr imocane, 

which continues ta grow on the parent root system, givlng rise to 

the formation of a staal. 

16 
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Figure 3: Bud formation on a mature raspberry cane. 

Legend 
TB: terminal bud 
lB: immature buds 
FB: fruiting buds 

ADB: aerial dormant buds 
BB: basa l buds 

SDB: subterranean dormant buds 
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2.l competItion In The Red Raspberry 

2.3.1 Plant Response Ta competition 
1 r. 

Competltve plant interactions are amonq the Most important 

ecaloglcal phen~mena affectinq natural plant populatlon~and'the ' 

effects of competition on Many plant characters have been 

extenslvely studied '(Harper and Ogden, 1970). In stressful 

environ'.Ilents, t~e way in which a plant partitions Its resources 

can have a great impact on its survival since the quality, 

quantity and timing of allocation of a llmlted amount of 

resources to growth, maintenance, and reproduction will affect 

its fltness (Snell and Burch, 1915). In many plant species, 

restructuring of resource allocation patterns can occur under 

changing environmental conditions whlch allows the specles to 

better survive under these new conditions. 

Plant reproductive capacity can be especially sel'lsitive to 

the effects of competition. Repro~uctive ratios such as seeds per 

capsule, seeds per plant, and capsules per plant May be reduced 

ln humber as plant denslty is increased (Harpez, 1961·). Snell and' 

Burch (1975) studled the effects of increaslng intraspecific 
o 

~competitlon and decreasing nutrient levels on the Euphorblaceae 

Chamae~yce hirta (L.) Mlllsp .. They found that as plant , oensity 

was increased and as nutr ient ava ilabili ty was decreased, the 

total plant' energy. that was allocated to reproductive tissues 
(~ 

decreased proport i ona te ly. Furthermore, root tissues assumed a 

larger proportion of total plant 
),), 

biomass as plant density 

increased. Reproductive effort diminlshed when plant denslty was 

high, suggesting an internaI shift of resource allocation 

patterns in response to increasinylant density. 
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2.3-.'2 Dl'namlcs Of Inter-cane c~~petltlon 

The effect- pf Interspeclfic competition on the growth and 

development of the red raspberry plant has been wldely studled' 
~ 

because of Its relationship to fruit productivity (Brlerly 1934; 

crandall, Allmendinger, Chamberlin and Biderbost, 1974; Lawson 

and Walster, 1972; Waister, Sheets and Cormack, 1977; Wright and 
ri • 

Waister, 1982). The influence of cane competi tian on the frul t 

production of a raspberry plantation can be cons idered as an 

influence of both inter-plant and intra-plant competition; Inter-

pla~t competition occurs vhen raspberry canes are grown in dense 

hedgerows with l1ttle inter-plant spaclngsi intra-plant 

compet i tion occurs between flor icanes and pr imocanes which 

compete vi th each other, via a common root system for water, 

nutr ient and light resources (Waister, Cormack and Sheets, 1977; 

Wr ight and Wa ister , 1982a), effecting a net transfer, of 

assimilates. Wright and Waister (1984) suggested that competition 

for light between the primocane and floricane was the Most 

Ilmiting factor in raspberry p~oductivity. 

In an examlnation of the seasonal partitioning of dry matter 

and non-structural carbohydrates ~lthin a natural stand of 

raspberries, Whitney (1978) suggested that many of the competlng 

demands on the reserve carb~hydrate system are separated 
lit 

compartmentally. He reasoned that the 'drop in the reserve 

carbohydrate 'levels of overwintered pr imocanes stems in ear ly 

spr Ing was attr ibuted to lateral branch and leaf production. As 

the le~ves expanded on the 1ateral branches, the photosynthate 

produced by these leaves initlally replenlshed the stem reserves, 
., 

but when fruit set had occured, photosynthates produced by these 
./ 
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leaves were transferred to the developlng fruit. In contrast, the 

asslml1ates required for the ~e~elopment of a~~ev flush of 

pr Imocanes early ln the spr Inq was dependent on the storage 

reserves vi thln the root system; as pr Imocanes emerged, 

asslml1ates stored in the root reserves were transférred to the 

rapldly growlnq pr Imocane suckers. However once the pr imocane 

growth slowed ln midseason and thelr Ieaf blomass had effectively 
1 

'l~creased, 

replenlsfled 

the 
\ 

photosynthates produced by these leaves 

the root storaqe reserves. Thus, by the end of the 

growlng season, carbohydrate reserves wi thin the J flor icane were 

completely depleted resulting in the senescence~f the florlcane 

whereas the carbohydrate reserves wi thln the pr imocane and root 

system continued to increase until late autumn. 

Whitney believed that the segregated compartmentalization of 

storage reserves wi thln the raspberry plant of fered a temporal 

advantage since it enabled the raspberry plant to respond 

rapidly to favourable growlng conditions during the spring. 

Floricanes leaf out rapldly in the spring, build up a large leaf 

biomass early ln the season and transfer their photosynthates to 

the developlng fruits, after whigh leaf senescence accura leadlng 

eventually ta the death of the floricane. ,However as the 

floricane leaves senesce, the, primocane leaf area index 

increases. Primocanes malntain a high leaf area index'" weIl into 

t~late autumn, provldlng a high level of carbohydrates for the 

stem and the root storage reserves. Therefore, taking' this line 

of reasonlng, the raspberry plant appears to stagger t~e per iod 

durlng the growing season when prlmocane or floricane development 
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predominates, which in turn Ieads to reductlon of competition . 

, \ 

between prlmocanes anSl 'fIorl'canes in the present season and to 

the reqeneratiàn -9f stronger canes in s~bsequent sea,sons. 
\ 

2.3.2.1 Yleld Response To cane Density 

A fundamental relatlonshlp lh raspberry cultivation ls that 

between cane density and fruit production. Generally, Increaslng 

the number of canes contained wlthin a row will increase the row 

yièld. Several studies have fQund that Increaslng cane denslty by 

closer wlthln and between row cane spacings resulted ln increased 

yields (Wood, 'Anderson and Freeman, 1961; ~ght and Cormack, 

1980; Rodrlguez, 1978; Olafsun, 1979). Retention of more 

cropping canes per hill in the hill system resulted in greater 

ylelds (Wood, 1960; Crandall, Allmend i nger, Chamberl in and 
, ~ 

Blderbost, 1974). Though the relationshlp that exis,s between 

cane denslty and yield tends 'to be positive, the relationship 

between cane dens i ty and the yleld components tends to be 

'" negative. Crandall et al (1974) observed that although Increasing 

the number of canes per hill of Washington raspberries from 6 to 

12 resui ted in gr'eater yields, lateral number and frul t number 

per lateral decreased. Slmilarlly, as the number of cropping 

canes per hlll was increased from 6 ,to 12 in Puyallup 

raspberries, fruit number p~r lateral and berry set was reducea. 
/ ~ 

Slmllar results were found by Lott (1931~ ln Colorado, Lawson and 

Walster (1972) and ~Od et al ~l) in Scotland, and Redalen 

(1981) in Norway. Slnce the yield components of raspberries are 

berry ~ize, berry nU~b!r per lateral, lateral nurober per cane, 

and the number of canes per hectare (Crandall, Chamberl1n and 
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81dexbost) 197~), these' observations Infex- that an lncreas,e ln 
1 

cane denslty could result ~n excessive Inter-ca~e competition, 
, . ' 

~ resultlnq in a reduction'of productivlty per cane. Increasinq the 
j 

\ 

J 

, 
number of canes wl th! n a uni t area unt il the cane dens i ty 

D 

suffers from excessive inter-cane campeti tion resul ts in 

decreased yields. Conversely, decreaslng cane denslty in a 

vlqourous plantation could increase yields, even though the 

number of cropping plants has been requced. This phenomenon, 

known as yield compensation, can occur when a reductlon of cane 

density Is offset to sorne degrée by an Increase in yieid per 

cane. ' 

Wood, Anderson and Freeman (1961) notlced that when cane 

numbers were increa~ed by closer within and between row spacings, 

berry number per lateraI decreased. Despite thls effect, closer 

planting distances (1.68 m between rows and 0.61 m within rows) 

gave the highest yields. Waister, Wright and Cormack (1980) found 
\ 

a direct relationship between yield and inter-,row spaclng: In 

the Ir exper Iment, reducing inter-row spacl'ng from, 180 c~ to 90 cm 

Increased yield/ha even though, yleld/m of row declln.ed 

significantly as the alleys were narrowed. Rodriguez (1978) 

observed a linear relationshlp between planting densl tles of 
~ 

30,00'0, 45,000, and 90,000 plants/ha and fruit production/ha. 

Olafsun (1979) found that yield was greatest when canes were not 

thlnned, al though yie.~ per cane and 
1 

substantlally reduced in the unthinned p19ts. 
,/ 

berry weight were 

Decreaslng cane density from the natural cane p~atlon ean 

resul t in larger, more numerous berr ies per cane or greater 

latei:al numbers 'since it allows "the remalninq canes to utillze 
, . 
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more of the available _ resources in most efftclently, Improvlng 

frrit 'production. The id!!al denslty of ~canes per unit area 

de~nds on cultivar v190ur and region of cultivatlon: .Under 

Scottish conditions, Wood (1960) found that the Ideal ca,ne 
, 

densl,ty for Mall,ing Jewel 'was about 8 caneS'" per ~tool, and around 

6 canes per stool for Lloyd George. Mas9n (1981) found that once 

8 canes/m ,of row was reached ln - a plantation of Glen C10va, no 

further Increase ln yield was reali zed when cane numbers were 
\ 

increased. In WashIngton state, Orkney and Martin (1980) 

determined by curvl11near regression that approxlmate1y 14 

canes/m of row was Ideal for the cultlvation of Willamette 

raspberrles, but under Australlan conditions and uslng the 

hedgerow system of a.,ultlvation, Clark (1984) found t'he" Ideal cane 

density for Willamette to be 15-20 canes/m of row. 

The studles of Crandall, Allmendlnger, Chamberlin and 

Biderbost (1974) further clar i f led the relat lonshlp between cane 

denslty and productivlty. They found that reducing the number of 

canes per hill from 12 ta 9 to 6, lncreased laterai numbers, 

frul ts per lateral and frul ts per cane. ~esPl te these lncreases 

in yleld components, yield/ha was reduc~À by cane thlnning. They 

also noted that thlnnlng canes allowed the development of t'hicker 
, ' 

diameter canes which experienced a greater fruit set and produced 

more fruits per lateral than thinner canes. Cul tl vars wl th th! n 

canes can have conslderably Iower yields than those with thick 

,canes, but' this la usually evident only in less favourable 
. 

environments (Dale and Daubeny, 1985) . In favourable 

envlronments, thicker canes may have reduced yields since the~ 
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\ 
tend to produae few lateral branches (Dale, 1986). Thick canes 

\ 

have mote carbohydrate reserves at eaeh dormant bUd, and Crandall 

1 et al (1974) reasoned that the number of f~ower prlmordla that 
\ 

• 
develop and set frut t was dlrectly re'lated to the carbohydrate 

"supply to the bu~'s. A I3lmilar study by, Redalen (1981) found thit 

as cropping cane numbers are Increased, berry number and frul t 

set per oane were signtficantly reduced. 

( 
2.3.2.2 Competition Between Florieanes and Primoeanes 

Brierly (1931) was the first Investigator ta speculate that 

competlt~ existed between primocanes and floricanes in his 

study of the Latham raspberry. He reasoned that the clo~e 

juxtaposition of the two phases of growth resulted in a 

competition for a ~imited amount of resources. Aithough his data 

did not support his supposition, they stlmulated further research 

into the nature of inter-cane competition of the raspberry plant. 

Lawson and Waister (1972) found that removai of suckers 

produced outslde the hill, whether within the crop row or in the 

alleys, lmproved ,Yleld per cane and increased cane he 19ht and -the 

number of canes. Norton (1973) and Sheets (1973) found that 

removal of pr imocanes growlng when the flor icane Iaterais were 

blossomlng and frui t Lng increased yie Ids in the year of 

treatment. In·addition, sueker removal aise stlmulated the growth 

of stronger and more numerous primocanes within the row. Lawson 

and Wi~eman (1979) notlced that removal of alley suekers before 

they r~ached 75 cm in height and just before the harvest perlod 

increased yield the following season, largely due ta the Inerease 

of vigourous canes within the staal. 
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co.petition betveen the frultinq and vegetative can~ va,a 

de.on~trated by groving flor lcanes or pr laocanes ln the absence 

of one another (Waist'er, CorJlack and Sheets, 1977; Wright and 

.alster, 1982 a,b). When flor1eanes vere grown ln the absenee~ 

prImoeanes, fruit yleld inereased as a result of inereased yleld , , 

'per frulting node. "hen primoeanes vere grown wlthout the effects 

of the florieanes, greater numbers of ~rimoeanes developed, 
, 

however the primocanes differed morphoIogicallYi they vere 

shorter beeause of a reduced Internode length. Leaf area vas , 

also redueed ln thls treatment. In the follovlng year yleld 

increased because of greater cane numbers, increased yleld per 

cane, greater berry welght and increased berry number. 

2.4 Cane Manage.ent Syste.s 

2.4.1 Yield I.prove.ent By Selective Prunlng 

One of the most important sources of crop yield improvement 

has been to increase the proportIon of total plant dry weight 

partltioned Into the harvested organs (Gifford and Evans, 1981). 

Hodifying the partitioning of asslmilates among sinks, tIssues or 

organs using or storlng asslmilates, for available photosynthat~s 

suppl1ed or stored by sources i_s the mechanism behind lntraplant 

yield compensation. The strengths of slnks and sources can 

influence the pattern of assimilate partitioning, but depend on 
t. 

the developmental stages of the lnvolved organs (HRIe and Weaver, 

1962). Modification of the assimilate partitloning pattern has 

bèen Ghown in the grape vine (Vitis vinlfera L.) by selective 

organ removal, application of gibberellin, and by shading 

(Quinlan and 'eaver, 1970), and in apple trees (Malus gumila 
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M11l.) by early summer shoot tlp removal whieh incteased fruit 

set (Qulnlan and preston, 1971). A redistr Ibutlon of asvslmi~ates 

has been demonstrated in r~spberry canes by selective removal of 

fruitinq laterals eWaister and Barr i tt, 1980; Braun and Garth, 

1984), which resulted in ot;her s'ections of the cane compensatlng 

fO,r the reduced number of laterals by increasing fruit per 
.1. 

_lateral or fruit size. What ls not clear, however, ls If a 

simllar compensation l;esponse can be invoked by cultural methods 

that separate, either spatially or temporally, floricane and 

pr~acane develapment. 

2.4.2 Blennlal Cropping Sy~tem 

Under the blennlal cropplng system, primocanes and 

florlcanes are sep'arated from each other, thus allowlng them to 

grow in an environment free from the l~fluence of one anqth.er . 

The blennial crapplng system can be set up by removing aIl of the 

fI rst year 1 s growth ear l'y ln the spr Ing. This can be done by 

canes. growing wl thin the' r~ resulting ln the mowlng all 

production of pr Imocanes exclus 1 vely dur Ing the season. Th is 

phase of the blennlal cropplng system 15 refered ta as an "off" 

year since no crop ls produced. In the next year these 

overwintering primocanes become floricanes and produce fruit. The 

frul tlng season! of -the biennlal crapping system ls refered to as 

an "on" year. Generally speaklng, in the "on" ye~r there ls 

likely to be cons,lderable sucker emergence, especlally 50 when 

very vigorous cultivars are used, neccessitating control Qy 

cu1tlvation or by use of. a chemical pruning agent (Lawson and 
'\ 

Wlaster, 1972; Walster, 1980). Thus, by establishment of the 

r .. 
, \ 
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blennlal . cropplng system one develops, a blennlal or al ternate 

year harvest cycle (Sheets, Nelson and Nelson, .1975). ~ 

Wàlster, Cormack and Sh:ets~' (1977)· investlgated ~e 

usefulness of the biennial cropplng system to reduce Interca e 

competltlon,between prlmocanes and florlcanes. They notlced that 

when vigorous cultivars were used,biennial cropping inc:r.eased 

yfelds compared to the conventional annual system of production. 

Norfolk Glant, a vlgorous cultivar, responded much more to the 

biennial cropplng system than the less vigorous cultivar Malling 

Jewel. Yield Increases of 34\ over the °annual croppi'ng system 
J 

were rea1ized when Norfolk Giant was cropped biennially, whereas 

no signiflcant yleld improvement was produced when Malling Jewel 

was cropped biennlally. "" \ 
A fJ,1rther ser ies of exper iments by Waister et al. (1977) 

elucidated the reason for the Increased yleld of Norfolk (Jlant~ 

uslng the biennlal cropping system. In the first season of 

establishment of the biennial cropping system, pr imocanes were 

pruned from the ~loricanes which had developed the previous 

season in a conventional system ( this is referred to as a part-

biennial system- by Waister et al., 1977). Yield per cane 

Increased because of greater ylelds per node. The followlng 

season was an "0 f f" season in wh ich only pr Imocanes deve loped and 

therefore no frui ting occured. In the next season, an "on" j'ear 

where a fully biennial system was ln ope1=atlon wl th flor icanes 

which had developed 

current season, nor 
" 
season, an increase 

system. However the 

,.. 
- " 

) . If 
wi thout the influence of pr Imocanes in the 

the influences of florlcaries ln the previous 

ln yleld was realized compared to the annuai 

hi9~ ylelds were the result of a greater 
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nu.ber of flprlcanes as vell as an Increase ln the yleld per 

cane. Cultivar dlfferences vere notlced; Halling Jevel produced a " . 
greater number of canes but yleld per cane decreased vith the net 

result of no Improvement ln yield. In Norfolk Glant, an Increase 

in yield per cane occured because of increased node numbers 

retalned for cropping, after tipping, even though mean berry 

'velght vas reduced. The blennial cropping system signlflcantly 

reduced cane height of Norfolk Giant by reduclng internode 

length, and this phenomenon explains why cultivars with tall, 

vlgorous canes such as Norfolk Giant responded to biennial 

cropping much more than cultivars with shorter canes such as 

Halling Jevel. 

The effect of the blenn1al cropping system on hedgero,*, gro'*'n 

Falrview raspberrles in Oregon where tlpplng of canes was not 

practiced was a150 examined by Wa15ter et al (1977). Although 

ylelds increased dur ing the three years of the study, the 

difference between biennial cropping and annual cropping did not 

reach tt1e 5\ significance level. The conclusions that Waister et 

al (1977) drew concerning the usefulness of the biennial cropping 

system ln improvlng yleld is that It vas completely dependent 

upon the cultivar selected, the geographic region of production 

and the training system that is used. 

Blennlal cropplng ol raspberr les has been further tested ln 

Sv1tzerla.nd (Terrettaz, 1983), Scotland (Wa1ster and Cormack, 

1981) and Australla (Cla"rk, 1984). Terrettaz tested. tQe blennlal 

cropplng system for two yeats uslng the Engl1sh cul~lvar Hall1ng 
" 
""> Exploit. He found that blennial cropping increased yield per can~ 
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, 
by 55\ and 46\ in each year. Yield/m vas reduced by 23\ ~nd 27\ 

in each year vhen it vas consldered that blennial plots remalned 

unproductlve ln one out ~f every tvo years. In Scotland, blennlal 
\/ 

cropplng vas found to Increase berry velght, but thls occured 

only ln the flrst year of a three year study (Waister and 

Cormack, 1981). Blennlal cropplng produced ·thlnner prlmocanes 

vI th shorter Internodes. In Australla, Clark (1984) found that a 

part-blennlal cropplng system Increased ylelds by 22\ over the 

annual system vIth the cultivar Wll11amette. The follovlng year, 

a 50% Increase ln yleld vas reallzed by the fully blennlal system 

vhen compared to the annual cropping system. The yield increase 

of the part-biennial system vas because of an increase in yield 

per lateral. The yleld increase realized vith the fully blennial 

system vas because of an Increase ln lateral number per cane as 

vell as an increase ln yleld per lateral. Hovever, as the 

plantation reached maturlty and cane vlgour decl1ned, blennlal 

cropplng had a reduced effect on yield, relnforclng the 

suggestIon that yleld Improvement under the biennlal cropplng 

system 16 hlghly dependent apon cane vlgour. 

Wright and Waister (1982a) have suggested that canes 
• 

groving in the biennlal cropplng system are morphologlcally 

distinct from canes developlng under an annual cropplng system . 

Several studles have alluded to thls: For example, although there 

appeared to be more canes ln the biennlal cropping syste"m, the 
• 

canes tended to be shorter and thlnner in several exper Iments 

(Terretta~, 1983; Walster et al, 1977). Wright and Walster 
.-

'Î compared th~ grovth of pflmocanes and florlcanes in an annual and 
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a blennlal cropplng system and found that prlmocanes growlng in 

~he blennlal cropplng system were slgnlflcantly shorter. Bath 

node number and Internode length were reduced. Pr1mocanes grow1ng 

ln an annual system elongated rapldly at the beglnnlng of the 

growlng season compared to pr imocanes in the biennial system. 

However at the end of the season growth rates of the prlmocanes 

withln each cropping system had changed; elongation of the 

pt imocanes in the annual system slowed considerably whereas the 

growth rate of prlmocanes in the blennial' system did nct. It was 

suggested that the morphological d1fferences noticed in 

primocanes grown in the biennial system were primarily the result 

of elimlnating the shading of primocanes by the floricane canopy. 

Canopy shading acts as a selective filter that intensifies light 

" in the far-red region of the light spectrum (Palmer, 1977) and it 

ls probable that far-red light acts through the phytochrome 

system to increase internode length (Smi th, 1975; Holmes and 

Mcartney, 1976). By elimination of primocane 'shading, th'e 

biennial system stimulated growth of primocanes with shorter 

internode lengths and greater leaf areas. Thus, the light climate 

experlenced by the primocanes withln the biennial cropping system 

would likely result in better fruit production of the cane in the 

next year, especially if cane tipping is practiced. 

Improved light cl imate has been suggested by Waister and 

Barr i tt (1980) to account for the compensation in yield when 

raspberry canes have had selected fruiting laterals removed. The ., 

hypotheses that better l1ght conditions Improve cane yield has 

• not, however, been supported by Braun and Garth (1984). They 
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reported that when canes were tralned to grow horlzontally ln 

order to balance the exposure to 11ght of laterafs along the 

lenqth of the cane, yield did not improve, although the length of 

laterals in the horizontally trained canes were the same for the 

,upper and lower cane portlo~s ln contrast ta the control canes 

which had much longer lower laterals. 

2.4.3 Alternate Side Of Row Cropplng 

Alternate side of row cropplng 15 a cane management system 

where flor icanes and pr Imocanes are separated along tha-- raw 

width, thereby allowi ng each cane the opportuni ty ta rece ive 
• 

adequate light and aeration required for normal growth and ta 

reduce the inclèence of cane ~iseases (Lareau, 1987). Alternate 

side of row cropplng can be consldered as a modified form of a 

blennial cropping system, where the row width is divided 50 that 

half the row contains only floricanes whi1e the other haif 

contains only prlmocanes. Thus, canes are separated spatially in 

the alternate side cropping system campared to the temporal 

separation of canes in the biennial system. In successive 

cropping seasons, frui t production flip-flops from one side of 

the row ta the other. 

The success of alternate side of row cropping system has 

been mixed. Use of a divided canopy in thornless blackberry 

produced greater yields and greater primocane growth than plants 

grown in a single canopy (Swartz et al., 1984). The success of 

the divided canopy in this study was probably a result of better 

light conditions that were made avallable ta the prlmocanes. In 

Ouebec, al ternate side of row cropping has proved ta be more 
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productive,' less costly and more aCCeSjible to hand piéking or 

machine harv~stlng than el ther cotventlonal cropplng systems or 

blennlal cropping (Lareau, 1987). In Switzerland, however, an 

al ternate side of row cropplng system did not improve 

productlvlty when cOlllpared to the traditlonal vertical hedgerow 

system (Terrettaz, 1984). 

2.4.4 Control of Primocane Emergence 
1 

2.4.4.1 Hechanlcal Prun~ng 

With the introduction of new and more effective herbicide 

formulations, chemical weed control has replaced the traditional 

weed control method of solI cultlvatlon ln raspberry plantations 

(Lawson and WIseman, 1972). This change in cultlvation practices 

has led to non-dlsturbance of sail around the stool, which allows 

the suckers to proliferate trom an uninterrupted root network in 

the inter-row and between-row spaces (Lawson and Wiseman, 1979). 

Wllliams (1959a) noticed the rapid spread of suckers out of the 

stool region of Malling Jewel raspberry plants. Traditlonal solI 

cultlvation ta control weeds tended to reduce sucker development, 

part 1cular 11y between the rows. Lawson and Wa ister (1972) found 

that allowlng unrestrlcted sucker growth ln the alleys and 
~ 

between the stools produced poorer quallty fruitlng canes vlthln 
~ 

the stool, resultlng ln fewer canes being retained for cropping. 

Sinee cultivation of the soil 15 nov not as frequently practlced, 

removal of extraneous suckers is important for the maintenance 
r 

of quallty fruitlng canes. 

The competitive relationship between suckers growlng ln the 

alleyways and frult~ng canes in a non-cultivated' plantation of 
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HallIng Jevel raspberrles vas closely examined by Lavson and 

-
Wiseman (1979). They alloved alley suckers to grow to different 

helghts before removing them and monitored how sucker removal at 

affected cropping in subsequent years. As sucker 

vas delayed, fever suckers regrev upon removal of the 

flush. If sucker removal vas delayed until just before 

frui t ~est then no sucker reemergence took place. Removal of 

early suckers vhen they reached 25 cm in helght resulted ln 

taller regrovth than 1 f ear ly suckers ... ere removed later. When 

alley suckers vere removed before the tallest sucker had reached 

75 cm (late June), no effect on yield or fruiting cane qual1ty 

vas observed ln the folloving season. However, if sucker removal 

vas delayed until just before harvest (mid July), then a 

slgnificant decrease ln yleld was realized the following season, 

mainly because of the decrease in the number of frultlng canes 

produced per stool. 

Investigation of timing and the frequency of sucker removal 

betveen stoola, on the growth and yleld of frui ting canes vas 

also carried out by Lavson and Wiseman (1983a) on the vigorous 

cul t i var Glen Clova. In addition they examined the difference 

between annual sucker removal and alternate year removal. Annual 

removal of suckers resulte~~ln an average yield Increase of 38~ . --' 
over a five year perlod, though ylelds decreased slgnlflcantly by 

,the tU-t-h--year of the study. The lncrease ln yleld came as a 
~ . 
resul t of greater berry numbers per length of cane, and an 

increaee ln berry velght, the firet factor belng the more 

important of the tvo. Removal of suckers every other year 

malntalned the vlgour of the plantation for a longer per lod of 
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tlme •• Annual removal of suckers, even when done early in the 
.; 

sprlng result~d in poor'yi,elds and poor fruitlng cane development 
, 

aft'r five years of Implementation. Removal of suckers when they , 

r~ached 10~ in height had no effect on the total amount 

frultlng cane length per stool untll the fifth year of the study. 

However, if suckers were removed later than this, the total 

fruiting cane Iength was reduced. Although removal of suckers at 

different stages did not affect the five year cumulative yleld, 

later removal of suckers beyond the 10-20 cm helght decreas,ed 

the number of second flush canes produced and decreased cane 

height the following year, even though it Increased the yield per 

ca5e in the year of removal. 

Co~trol of excessive suckering in vigorous cultivars is a 

common and widespread procedure in the state of Washington. 
•• 

Lawson and Wiseman (1979) speculated that control of suckers 'lias 

a popular practice ln Washington because of a more moderate 

clirnate, a longer growing season and Inherently greater cane 

vigour of cultivars used in Washington which allowedogrowers the 

opportuni ty ta ellminate ear Iy sucker Ing 'IIi thout harmlng cane 

quaii ty ln success ive years. Success ive removal of suckers when 

they reached an average helght of 10-20 cm was done ln a four 

year study in Washington using the vigorous cultivar Willamette 

(Norton, 1974; 1980). Increases in yields were recorded in each 

year, wlth additlonal increments in ~eId in most years when two, 

three and even' four success ive sucker removal operations were 

carried out. Under Scottish growing conditions however, as Iittie ~\ 

as one sucker removal operations when the suckers reach 10-20 cm 
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ln helqht can :Jeopordlse the 10nq term productlvlty of the 

plantation if sucker removal is done every year. Therefore an 

alternate year sucker removal practic~ is recommended for 

Scottish growers (Lawson and Wiseman, 1979). 

2.4.4.2 Chemical Pruninq 

Primocane control in red raspbetry, also referred ta as 

chemical pruninq, cane burninq, pr imocane suppress i on or cane 
1 

vlgour control Is the- practlce of spraylng the basal section of 

erry cane with S chemlcal desslcant, usually dlnoseb (2-

~4,6-dinitrophenol), ln the sprlng when the new 

es are 10-25 cm in height (Norton,1980). 

ls somewhat obscure, but It ls 

have been origlnated by qrowers in British Columbia in 

the early 1960' s. Bu110ck and Shee ts (1968) recommended the use 

of dinoseb ta control excessive basal lateral production ln 

trailing blackberry production in Oregon. The economic advantage 

of using dlnoseb was considerable compared to hand pruning; 

Bullock and Sheets (1968) estimated that treatment of lower 

laterals with dinoseb would cost $ 2.00 per acre compared to the 

15 to 40 hours required to hand trim these lower laterals at that 

time. Grower interest in using dinoseb as a pr Imocane control 

agent prompted research lnto its use. Studies done in Washington 
... 

state' found that paraquat (Gramoxone), Ethephon, SADH and other 

qrowth retardants jwere not as effective as dinoseb, (Norton, 

1980). Screening tr laIs in the late 1970' s ln Scotland found no 

herbicide or dessicant proved ta be as cheap, reliable and saEe 

ta the crap as the dlnoseb spray (Lawsan, 1980). The formula of 4 
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Il ters èllnoseb, .8 litera misclble 011 ln 800 Il ters vater per 

~ctare vas developed and vhen tested on Wll1aaette raspberries, 
c, 

i t vas found that yleld inc:reases averaging 52\ vere possible 

vith no subsequel1t ...loss of cane vigour (Sheets, 1973; Nort"on, 

1974). 

The use of primocane control has become very popula~ in the 
-Pacifie Northvest. In a recent survey, most plantations in 

Northvest Washington vere treated vi th at least one application 

of dinoseb (Norton,1980). Despite its popularity, the widespread 

use of dinoseb has raised some concerne Hughes (1971) varned 

grovers that the practice of pr imocane control is harmful and 
1 

results in thin canes and reduced ètops in successive years 

(Norton,1980). It appears that the practice does reduce vigour on 

previously veakened hills or on young plantings. Crandall (1973) 

found that although primocane control using dInoseb reduced both 

cane height and diameter, potential fruiting laterals vere 

increased due to the reduction in primocane competition. Norton 

(1973) found that the greatest yield response to dinoseb occured 

vith the vigorous cultivars Meeker and Canby. The veakest 

response occured in Matsqui, a cultivar vIth lov vigour. 

Crandall, Chamberlln and Garth (1980) examined the effect of 

multi,ple applications of dinoseb on yield and cane grovth of 

Willamette and Sumner raspberries in a f'Our year study. The 

pr imocanes vere sprayed vhen they reached 18 cm in he ight and 

v~l'e resprayed vhen the second flush re9-C'hed 18 cm. When the 
/' 

vigorous cultivar Willamette was treated, one or two sprays 
, 

increased ylelds by up to 10\ i>ver unsprayed plots. Berry veight 

Increased ln some years vhlle ln other years It remalned 
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/ ~nChan9écf: A single spray application dld' not effect primocane 

grovth, hovever tvô applications reduced cane height and dia.eter 
-

and reduced cane 'numbers' in the last tvo years of the study. The 

increase in yle1d was a resu1t of greater berry numbers, and the 

Increase occured mainly on the middle and lover lateral branches. 

A single application did not affect Sumner, a less vigorous 

cul t 1 var, however two applications greatly reduced yields the 

following year because of reduced cane height and a reduction in 

cane numbers. A chemical ana1ysis of thë canes revealed that tvo 

spray appllcat Ions of dinoseb greatly reduced the carbohydrate 

leyels of the lateral buds. 

Simllar results of applylng dlnoseb as a primocane control 
-agent have been found ln Scotland using the vigorous cultivar 

Glen Clova (Lavson, 1980). Long term exper iments on Glen Clova 

shov that cumulative ylelds on plots treated every year at 10 or 

20 cm in helgh'"t have been 30-40\ above those on conventlona1ly 

managed plots over a four and five year pe~iod. It vas speculated 

that these yield Increases vere due not only to the dIrect 

effects of vlgour control but also to the interaction betveen the 

de1ay ln cane deve10pment and the IncIdence of pests and dlseases 

(Wl1liamson et al., 1919). 

An emerglng problem concernlng the .use of dlnoseb as a 

pr Imocane ~ontro1 agent ls i ts hlgh mammallan toxlc 1 ty. Severe 

restrictions have been p1aced on its hand1ing and application by 

unski11ed persons\.. (Law;)n, 1980) and the use of dinoseb has been 

decllnlng because of the rlsks Invo~ved vith Its use, (Prltts, 

1987). The potentlal safety risks of dinoseb, coupl~d vith i~s 
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suspension has prompted sorne researcber!, to seek an alternative 

cane prunlng agent. One promlslng alternative dessicant that has 

been evaluated for prlmocane control ls Glufosinate (Ammonium [3-

amlno-3-carboxyl-propyll methylphosphinate). Glufosinate (coded 

Hoe 39866, Hoechst Canada Inc.) has been tested by Hoechst 'Inc. 

as a non-selective" post emergence herbicide, wl th special 

applications as a cr op dessicant, particularily for potat?es, 

011seeds and lentl1s (Makowski and Faust, 198~). The main action 

of Glufos inate is generally cons idered to be by contact only, 

however smaii amounts may be translocated ta underground plant 

port ions ln certa in c ircurnstances, g i v Ing longer term effects 

(Gadsby, 1986). In product testlng, 0.75 kg a.i./ha g.J.ufosinate 

"" and 3.5 kg a.1./ha--simazlne ln a tank rnix worked well for weed 
, 

and sucker control ln olchards (Gadsby, 1986). In a comparlson of 

gl ufosinate and dlnoseb, gl ufos 1 na te applled at a . 6 kg a \ i . / ha 

produced slmilar r~sponses in fruit and, cane product~ty, 

although glufoslnate was much slower acting than dinoseb (Lawson 

and Wiseman, 1983b). 

2.5 Summary 
) 

The red raspberry possesses an unusual life cycle in that 

biennial canes are· produced by a perennial root system. Wl thin 

each growing se~~on, 
10 

the first year primocanes emerge 

concurrently with the fruit development of the second year 

florlcanes. Because of the close juxtaposition of the floricanes 

~nd primocanes wlthin the cropping canopy, intercane competition 

can occur for the Iimi ted amounts of resources present. When 

intercane competition is sufficlently great, the productivity of 
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the plantation decllnes. The decllne in pJ:oductlon can De a 

dIrect result of lower productlvlty ot the florlcanes, or It can 

manlfest ltself ln the followlng year because of the poor 

development of primocanes. 

Cane management systems have been developed ln &reas of 

intensive raspberry production in order to' increase yield and 

cane quality. Each cane management system can act in one of three 

dl f ferent manners; opt Imi zatlon of cane dens 1 ty, separat 10n of 

canes ln space, or separation of canes in time. Th\ success of 

any one system 15 dependent on cultivar, climat~ and the 

interactions between these two factors. Therefore' different 

growing regions may require different cane management systems. 

studies to de termine which system is optimal for Quebec are 

necessary ta maximize (production of red raspberries in the 

province. 
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3. MATERIALS AND HBTHODS 
• 3.1 Site Location And Description 

A series of ;leld experlments were carrled out between 1984 

and 1986 ln the experlmental raspberry plantation located in the 

Hortlcultural Research Area of Macdonald College, Quebec (45 0 25' 

North, 73 0 56' West). A sail analysls was performed in 1985 and 

the results are presented in Appendlx 1. The field was found to 

contain adequate levels of Phosphorus, Potassium and Magnesium 

according ta the field recommendations glven for the cultivatlon 

of raspberr les in Quebec 9 i ven by the Conse il Des Product ions 

Végétales Du Québec (C.P.V.O. Agdex 230/20, Petits Fruit: 

Culture. 1985). Therefore fertilizer additions were restricted to 

aBPlication of Nitrogen (see 3.3 Field Maintenance). 

The experlmental fléld, established in 1981, consisted of 20 

hedgerows of raspberries, each hedgerow being 25 m long and 40 cm 

wide. The canes within the hedgerows were supported by a two-wire 

trell is system suspended at 1.5 m above the ground. AIley width 

was maintained at 3 m to allow tractor access. 

Hedgerows were or-.\.:nted in a No.rth-South direction, along a 't 

gent le slope (PlaFe 1). TQe hepgerows were grouped into two 

blocks of ten. Blocks were or iented East-West, perpendicular to 

the slope and to the direction of the rows. The plantation , 
contained three cultivars; Festival, Latham and Newburgh. A 

schematic layout of the expe~imental field including the 

randomlzatlon of treatment plots wl thln' each hedgerow is 

presented in Appendix 2. 
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Platel: Vlew of the exper Imental red raspber"ry fIeld at 
Macdonald College in the Horticul tural Research 
Area. Field was arranged in two blacks, Block 1 in 
the foreground and Block 2 ln the background. 
Hedgerows run perpendlcular to the blocks, in a 
North-South orientation. 

Plate 2: Example of an experimental plot used in the study. 

. 
/ 

Treatment plots were laid out along the hedgerow. 
Each plot was 2.5 metres in length and maintained 
at 40 centirnetres in width. 
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3.2 Stat,lstical Design And Field Layout 

3.2.1 Bxperi.ent No. 1: The "Bffect Of cane HanaCJeaent 8ysteas On 
Yleld And cane Characterlstlcs Of Festival, Lathaa And Nevburgh 
Raspberr les 

\ 
The experi.ent used vas a split-plot design, vhere hedgerovs 

eonstituted the main plot unit, and the six management systeas 

vere randomly arranged as 2.5 m sub plots vI thin each hedgerov 

(Plate 2). A tota 1 of 12 hedgerows vere used, 4 hedgerows of 

~ ~ 
FestIval, 4 hedgerovs of Latham and 4 of Nevburgh. The field vas 

dlvlded Into 2 blocks to account for a North-South gradient, and 

vI th i n each block, 2 hedger ows of each cult i var we re se lected 

based on their uniformity of cane growth along the hedgerov. 

Uslng 2 hedgerows per cultivar per block perlli tted the 

calculatlon of the varlation vlthln block5 ln the statlstlcal 

analys 15. Hedgerows of Fest i va 1 along the fie Id per 1 meter served 

as guard rovs. The fi r stand last 2.5 m sect Ion of each hedgerov 

vas reta1ned as a guard. 

3.2.2 Super i.ent No. 2: The Ef feet Of cane Hanage.ent Systeae On 
Yield Coaponents Of FestIval Raepberr1es 

The fleld setup used in experlment no. 1 vas retained for 

this exper iment, hovever only data from the cult 1 var Fest i val 

~" 
vere eoUeeted sinee Festival proved to be more productive than 

either Latham or Newburgh, vhieh produced infer ior qual1ty canes 

and fruit. The statistical design used vas a randoaized co.plete 

block des Ign vI th four< repl Lca tes. 

3.3 Field Maintenance 

Field maintenance of the plantation vas based on the 

recolIlDendat Ions given by the C.P.V.O. for the protection 

(c.P.V.o., 1982) and the cul t l.vat i on of raspberr les (c.P.V.O., 
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" 1985). Appendi~ 3 summarlzes the application schedule and rates 

for fertllization of canes, pest and veed c(ntrols. In used 

addi't1on to these recommended procedures, a vood chlp mulch 't7as 

spread in the alleys, betveen rows in 1984 and 1985 in order to 

reduce weed infestation and to help conserve solI molsture. 

3.4 cane Hanageaent Treatments 

Several cane management techniques vere used to determlne 

thelr effects on fruit yield and cane development. Three of the 

eight treatments speciflcally Involved reductlon of the cane 

denslty vlthin the glven hedgerov width. The other treatments 

vere cane manipulations vhlch altered the cane canopy but not 

necessar ily cane dens1ty. The f ollow 1 ng are descr 1 pt Ions 0 f the 

~ight treatments used ln thls study: 

) Control: Row width vas maintalned at 40 cm. by moving or by 

(cUl t 1 va t ion in ear ly May. Cane gro't7th w 1 th 1 n the row v Idth was 

le ft untouched. Both prlmocanes and florlcanes within the 40~cm 
\. 

vere alloved to groY and develop freely. 

Treat.ent 1: Annual cropping. Floricanes and primocanes 

reduced to 5 canes per aetre of roy. pr imocane and f lor icane 

density vere maintained by selective pruning vithln the rov 

beginning at bud burst, alloving only the strongest and the Most 

uniformly spaced canes to develop, yet restricting the cane 

densi ty to 5 per' metre of rov. At the set-up of the exper imental 

treatments ln 1984, florlcanes vere pruned to the deslred density 

in early Hay. Primocanes vere pruned to the desired denslty by 

early June, before frui t maturation, and per iod ically pruned 

thereafter when suckers reached 15-20 cm ln helght to control 
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further prlmocane gro~th o~çurrlng throughout the su.mer and 

early fal!. 

Treataent 2: Annual cropplng. Florlcanes and prlaocanes 

reduced to a densi ty of 10 canes per aetre of rov. The method of 

cane th Innlng employed vas the sarne as treatment 1 above, except 

that 10 florlcanes and\10 prlmocanes vere retalned for each metre 

of hedgerow length ln thls treatment. 

Treatment 3: Annual cropplng. Florlcanes and prlaocanes 

reduced to a dens i ty of 15 canes per metre of rov. The method of 

cane thlnnlng ernployed vas the same as treatments land 2 above, 

except that 15 florlcanes and 15 prlmocanes vere retalned for 

each metre of hedgerov length ln thls treatment. 

Treataent 4(a): Blennlal cropplng. "On" years 1984, 1986. 

Durlng the 1984 season, all deve10plng pr Imocanes in 

treatment plot vere removed ln early Hay, leav 1 ng 

thls 

r' only 

florlcanes. As a result of thls manipulation floricanes vete not 

present in the 1985 season, and consequent 1y no frui t deve 1 oped 

durlng the 1985 season. Ho'Wever prlmocanes developeJr ln the 1985 
,.1 

season and became f10r lcanes ln the 1986 season, hence the 

development of an alternate year production cy~le. Additional1y, 

ttle cane denslty of elther the florlcanes ln the 1984 and 1986 

seasons or the prlmocanes ln the 1985 season vas malntalned at 10 

canes per metre of row so"- that thls treatment could be compared 

to the results obtained ln the annual 10 cages per metre 

treatment (Treatment 2). 

Tleataent 4(b): Biennlal cropplng. "Off" year 1984. This 

treatment ls actually the reverse of Treatment 4 (a); thls was 

done 'so that yield measurements could be obtalned ln 1985 when 
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Treataent 4(a) vas ln an "o~f" year. In 1984, aIl floricanes vere 
/ 

removed and only pr Imocanes developed. Therefore 1984 was an 

"off" year and no yield vas obtalned from these plots. Hovever 

the pr Imocanes matured as flor icanes in the 1985 season, and 

fruit production occured. As in Treatment 4(a), both primocane 

and f lor icanes vere ma Inta 1 ned at a dens i ty of 10 canes pe.r 

metre. 

Treataent 5: Alternate aide of row cropping. In early Hay o~ . 

1984, one half of the longitudinal row width (20 cm) was mowed 

dovn, which removed both primocanes and floricanes in this half 

of the rov. On the oppos i te ha lf, pr imocanes were pr uned away, 

a110wlng only florlcanes to grow ln thls area. Any regrowth of 

primocanes was pruned vhen they reached between 15-20 cm ln 

helght. Durlng the course of the season, primocanes developed ln 

the rov half that vas earller mowed, resultlng ln one half of the 

row being flor icanes and the other half belng pr imocanes 

excluslvely. In la te August, after the harvest was completed, the 

half row contalnlng the floricanes was mowed down completely. As 

a result, cropplng occured in 1985 on the opposite side to which 

cropping took place in 1984 and pr imocanes also grew on the 

) alternate side of the row. 

Treatment 6: Che.ical suppression of primocane grovth. 

Primocanes emerging in this t~eatment vere sprayed vith ammonium 

glufos inate (HOE 39866, Hoechest 1 ne. ), applied at the rate of 

0.6 kg a. 1. h -1 a . The application was made with a back pack 

sprayer (Chapin Sprayers) and spraying was di rected towards the 

lover ~0-15 cm portion of the canes to limit the damage caused by 

the spray to the lover lateral branches. Application vas done in 
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early Hay, vhen a~proxl.ately 50\ of the flrst emerglnge 

pr laocanes had reached a he ight of 10-15 cm. The spray vas 

applled untll the solution completely covered the leaf and stem 

surfaces and excess solu~ion drlpped off the foliage. Only one 

application vas made during the season. 

3.5 Data Collection 

3.5.1 Experlment No. 1 

The e ffect of cane management systems on fru 1 t 1 ng and cane 

characteristlcs vhlch have been found to be slgnlficant 

components of yield and cane quallty (Crandall, Chamb~rlln and 

Blderbost, 1974) vere determined: These characterlstlcs vere plot 

yield, yleld per cane, fruit veight, number of fruits per lateral 

branch, cane height, cane basal dlameter, node number per cane, 

and lateral branch number per cane. Except for plot yleld, yield 

per cane, and fruit veight, estimates of the remainlng parameters 

vere based on a sample of 10 canes per exper 1 m,entaI un 1t. In the 

case of the number of frui t per lateral branch, eacR .,cane sample 

vas based on a 6ubsample of 2 laterals taken from each of the 

top, mlddle and lover portions of the cane in order to assess the 

number of fruit per lateral along the full length of the cane. 

Measurements vere taken durlng the harvest period to 

determlne plot yield and mean fruit veight. Harvestlng of fruit 

vas done every second day whenever possible. FruIt weight vas 

determlned by a sample size of tventy berrles at each harvest 

date. Yleld per cane vas derived from plot yields dl~lded by the 

number of flor lcanes ln the plot. The number of fruits per 

lateral bl.anch vas determined just before the first harvest vhen 
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the underr Ipe berrles could be eas 11y and accurately counted. 

cane helght, diameter and mean node number per cane were measured 

ln late fall when the ;>rlmocanes had stopped growlng and had 

begun hardening off. Lateral branches per cane were counted the 

following spring, following bud burst of the lateral nodes. 

Tissue analyses were performed in the 1985 season on mature 

pl imocane leaves. Ni trogen, phosphorus, potass ium, cale 1 um, 

magnesium and chlorophyll concentrations were determined for each 

experlmental plot. Appendix 4 contains the outline of the methods 

used to determine the mineraI and chlorophyll concentrations. The 

mineraI analyses were performed by the Soi1 Science laboratory at 

Macdonald College. Leaf samples' were collected from the mlddle 

of the upper third cane section of one primocane per experimental 

plot. The pr imocanes were taken when harvesting had begun when 

the leaf nutrient concentrations of primocane leaves are thought 

to be relatlvely stable (Hughes et al., 1979; John and Daubeny, 

1972). 

3.5.2 Experiment No. 2 

Yleld components of the cultivar Festival were examined in 

1986 for each management system. Cumulative yield and mean fruit 

we ight were measured over the harvest per lod for each management 

system to determine if yield and frui t sI ze were a f fected at 

different periods in the harvest. 1 n add 1 t i on, 

analyses were performed on cane densl ty and mean plot 

cane density and yleld per cane to determine the Ideal 

regress ion 

yleld, ~nd 
denslty ~ 

which mean plot yie Id and yield per cane would be maximl zed. Data 

used in the regress Ion analyses were tak~n from the cane d.ens 1 ty 
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reductlon treat.enta and the control plots. 

1 

/e3 .,6 Statlstlcal Analys la ~ 
\ 1 

The parameters examlned ln Exper Iment No. 1 and Exper laent 

No. 2 vere analyzed uslng the an
o
alysls of variance procedure 

(Steel and Torrle, 1980). Examples of the an;lysis of variance of 

selected variables ln 1984, 1985 and 1986 ale presented ln 

Appendlx 5. Il thln each dependent var iable tested, s Ign 1 f icant 

sources of variability que ta cultivar, cane management syst~m or 

cultivar*cane management system interaction effects vere further 

subjected to Duncan 1 s Mul t i pIe Range Test to locate d lfferences 

among means. In the cases whele the var 1able exhlb1 ted a 

signlflcant cultivar*cane management system interaction effect, 

the simple effects of cane management system vithin each cultivar 

vere evaluated. 

RegressIon analysls vas used to determine the relatlonship 

between cane denslty and mean plot yleld, and the relatlonshlp 

between cane density and yield per cane. 

, , 
l' 
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4.1 Bxperl.ent Mo. 1: 'he affect' of cane Hanagellent .ystea., On 
Yleld And cane Characterlatlc8 Of l'estival, Latha. And MevburCJh 
Raapberr les. 

4.1.1 Fruit Yleld 

Fruit yleld vas muGtL ,greater ln 1985 than ln 1984 for aIl 

three cultivars tested (Table 1). Yield lncreas~ ln 1985 ln ,the 

cultivars Festival, Latham, and Nevburgh. vere 2~7', 171%, and 

301% respectively. Festival vas signlficantly more productive 

than elther Nevburgh or Latham ln both years, and Nevburgh vas 

slgnificantly more productive than Latham. 

In 1984, yield vas Increased only under the blennlal 

cropplng system (Table 2). The mean plot yleld vas 4.450 kg in 

the blennlal cropping system, compared to a 3.123 kg plot yleld 

ln the control plots, a~d the 2.990 kg yleld obtalned by reduclng 

the cane dens 1 ty to 10 canes/m (Table 2). Reduc ing the cane 

densi ty to 5 canes/m decret:;d yleld vhen compared to the 

control (32 can~s/m). Plot yield vas slgnlflcantly reduced ln the 

alternate side of rov cropping system vhlle yleld in the plots 

,treated vith ammonium glufosinate as a chemlcal pruning agent vas 

not significantly dlfferent from the control. 

In 1985, no cane management treatment had a greater yleld 

compared to the control plots (Table 2). Yleld results obtained 

ln 1985 vere sim1lar to the results obtalned in 1984; both 

reduction of cane density to 5 canes/m and the alternate side of 

rov cropplng system signiflcantly decreased plot yleld, whereas 

che.ical pruning sllghtly Increased yield although the dlfference 

"vas not slgnl ficant. Total yield over the tvo ,years ind icates 
1 

that b1ennlal cropplng had lover ylelds vhen averaged over tvo 
• 
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'able - 1: .,he effect of cultlvar· on the 1984 and 1985 yleld per 
plot. Ixperi.ent No. la 

, 
Var lety,\,~ .ruan Rlgt xl~ld 'kgl2.~ Il Rlatl 

1984 1985 Total 

Festival 4.367 A* 9.490 A 13.851 A 

Nevburqh 2.572 B 7.746 B 10.318 B 

Latham 2.455 B 4.219 C 6.674 C 

* Hean separation vlthin columns by Duncants Hu1tip1e Range Test 
at the 5\ leve 1. 

Table 2: The effect of cane aanaqeaent systeas on the 1984 and 
1985 yleld per plot. Kxperlaent Ho. 1 

Treatl\ent m§iD Rlgt Xliilld n~gL~I~ Il R1Qtl 
1984 1985 Total 

Control 3.123 B* 8.097 AB 11. 220 A 

Alternate Srde 2.384 C 5.078 C 7.462 C 

Che.lcal Prunlng 3.413 B 8.584 A 11.997 A 

• Biennlal 4.450 A 7.597 AB 6.023 0 

,yanes/a 2.272 C 5.907 C 8.179 C 

10 canes/m 2.999 B 7.301 B 10.300 B 

15 canes/il 3.278 B 7.497 B 10.775 B 

* Hean separatIon ~lthln columns by Duncan's Multiple Range Test 
at the 5\ leve!. 

, Total plot'yleld for blennlal cropplnq Is the mean plot yleld 
of "on-year-1984" plot and "on-year-1985" plot. In the "off­
years", plot, yields are O. 
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Bach aanageaent systea dlsplayed a dlsproportlonately hlgh­

yield ln relation to the percentage of cropplng cane$ retalned 

fro. the natural cane population in the control plots (Appendlx , 

6) • In 1984, the control plots had an average of 81 canes. 

ReductIon of cane density to 5, 10, and 15 canes/m had, 

respectively, 16\, 31\ and 47\ of the natural (control) cane 

population. Yet, these same treatments produced, respectlvely, 

73\, 96\ and 105\ of the yleld produced by the control plots. 

Blennlal cropplng had only 31\ of the canes compared to the r.-

control, yet produced 142\ of the plot yleld. Alternate side of 

IOV cropplng and chemical pruning had 47\ and 87\ of the canes, 

respectlvely, yet produced 76\ and 109\ of the yleld. In 1985, 

the natural cane population fell; on average there vere only 59 

canes per plot (Appendix 6). Cane management systems had a 

smaller proportionate effect on yield in 1985 than in 1984. 
\, 

Reducing cane density to 5, 10 and 15 canesYm, vhich represented 

22\, 42\ and 64\ of the natural cane population, produced 73\, 

90\ and 93\ of the yield by control plots. Biennial cropping, 

which had 42\ of the natural cane population, produced ~4\ of the 

ylelc1. Alternate side of rov cropping and chemical pruning had 

55\ and 83\ of the natural cane population, yet produced 63\ and 

106\ of the control y1eld. 

The simple effects of cane management treatment vlth1n each 

cultivar vere determined for yield per cane ln both 1984 and 

1985 since a significant interaction vas found between cultivar 

and cane management system ln the analys1s of variance. Table 3 

presents the effect of cane manage\ent system on yield 'Per cane 
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ln 1984 in the cultivars Festival, Latham and Nevbur~h. Table 4 

presents the effect of cane -management system on yield per cane , ;. 
in 1985 ln the same cultivars. 

In 1984, reduction of cane dens i ty improyed cane 

productivity in aIl three cultivars (Table 3). In Festival, yield 

per cane conslstently and slgnlflcantly increased as cane denslty 

vas decreased from 15 canes/m to 5 canes/m. ThIs trend was also 

notlced ln Latham, however yleld per cane vas not slgnlficantly 

greater than the control when denslty vas decreased to 15 

canes/m. There vas no s Ignl f lcant dl f ference in yle Id per cane 

between 5 canes/m and 10 canes/m ln Latham. In Newburgh, cane 

dens 1 ty reduct 1 on s 19n 1 f lcantly 1 ncreased yle Id per cane though 

ther~ vas no slgnlficant dlfference in yleld per cane betveen 10 

and 15 canes/m. The blennlal cropplng system Increased yleld per 
o 

cane ln ln both FestlvaJ and Newburgh compared to the 10 canes/m 

denslty. In Latham, blennial cropplng Increased yield per cane, 

hovever the difference was not significaotly greater. Yield per 

cane ln either the alternate slde of rov cropping system or the 

chemlcal prun,lng treatment vas not Slgnl,f-.!-eti~tlY greater than the 
, , 

control ln any of the three cultivars tested although the yield 

per cane was conslstently hl~ ln ~th these treatments vhen 

compared to the control. 

Generally speaklng, overall yleld per cane ln 1985 vas 

greater than yleld per cane ln 1984. As vas notlced in ln 1984, 

an inverse relatlonshlp betveen cane densl ty and yield per cane 

vas also evident ln 1985 (Table 4). Furthermore, ln 1985 a 

consistent and signiflcant increase in yield per cane occured in 
> 
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Table 3: The effect of cane -management systems on the y!eld pet 
cane ln 1984. Bxper 1 Ille nt , No. 1 ( 

Treatment 

Control 

Al terna te S ide 

Chemlcal Pruning 

Blennial 

5 canes/m 

10 canes/m 

15 canes/m 

Fest! val 

56.31 dt 

73.07 d 

t7.92 d 

245.97 a 

244. 02 a 

171.37 b 

117.63 c 

Xield Per Cane (g) 

Latham 

36.53 c 

61.56 c 

46.78 c 

122.19 a ~ 

130.94 a ) 

102.39 ab 

68.01 bc 

Newburgh 

25.38 c 

69 .61 be 

34.21 cd 

165.86 a 

149.44 a 

86.18 b 

73.16 b 

* Mean separation wlthin columns by Duncan's Multiple Range Test 
at the 5% level. 

, 
Table 4: The effect of cane management systems on the y1eld per 
cane ln 1985. Experiment No. 1 

1 

Xl~l!:l 2~I; CgD~ 'g) 
(' 

Treatment 
Festival Latham Newburgh 

Control 173.96 d* 105.91 e 130.96 d 

Al ternate S ide 228.30 cd 98.68 e 208.28 c 

Chemlcal Pluning 216.71 cd 134.93 be 177.27 cd 

Biennial 430.57 b 173.17 b 307.95 b 

5 eanes/m 657.31 a 266.81 a 439.15 a 

10 canes/m 383.46 b 185.39 b 307.29 b 

15 canes/m' 265.78 c 106.69 e 219.43 c 

* Mean separat! on wi th!n columns by Duncan' 5 Multiple Range Test 
at: the 5\ level. 
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b_oth' Festival and Newburqh as cane' dens! ty wa!! reauced. In 

Latham, yield per cane was not siqn!flcantly dlfferent between 

the control and the 15 canes/m treatment. In 198?, ,the blennial . 
cropping system did not slgnlflcantly differ in yleld per cane 

compared to the 10 cane/m dens 1 ty. The al ternate s ide of row 

cropping system slgniflcantly increased yleld per cane in 

Newburgh but was not slgnlficantly different from the control ln 

Festival or Latham. :lield per cane in the chemical pruning 

treatment did not differ significantly from the control ln any of 

the three cultivars tested. l 

4.1.2 Mean Fruit Weight 

In 1984 mean fruit weight of berries from the cultivar 

Latham was significantly less than the weight of berries of 

Festival or Newburgh (Table 5). Reducing cane density to 5 and 10 

canes/m significantly increased fruit weight compared ta the 

control (Table 6). There was no s igni f icant d if ference in fru i t 

weight between the berries from the 15 canes/m treatment and the 

berr ies from the control plots. The biel')n ial cropping system 

produced the largest fruits compared to any tr~tment ln 1984 and 
1 

frui t we 19ht was s iqni ficantly greater than frq,m t-h~ )10 canes/m. 

treatment (Table 6). There were no significant differences ln 

fruit weight between berries from the alternate side of row 

cropplng, chemical prunlng or the control plots. 

In 1985 the analysis of variance of mean fruit welght 

demonstrated a slgnlflcant cultivar*treatment interaction, 

therefore the simple effects of cane management system on mean 

frul t we 19ht for" the three cult 1 vars ar~ presented ln ,.able 7. 
\ 
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Table S: The effect of cultivar on the mean frult'~i9ht ln 
1984. Experiment'No. 1 

Cul t 1 var Mean ftJ.11t H~lgbt ( 9 l 
\ 

Festival 2.54 A* 

Newburgh 2.40 A 

Latham 1. 64 B 

.. Mean separa t 10n wi th! n co l umns by Duncan' s Mui t i pIe Range Test 
a t the 5% leve l . 

Table 6: The effect of cane management systems on the mean fruit 
welght in 1984. Experlment No. 1 

Treatment Me9n FtuU; Welght , g) 

Control 2.08 CO* 

Alternate Side 2.10 CD 

Chemical Prunlng 2.03 D 

Biennlal 2.44 A 

5 canes/m 2.27 B 
. -

~ 

! la canes/m 2.28 B 

15 canes/m 2.15 C 

* Mean separation within columns by Ouncan's Multiple Range Test 
at the 5% leve l . <. 
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Reducing cane density to 5 or 10 canes/m slgnlficantly Increas~d 

the mean frui t weight when compared to berr les from the control 

plots in all of the three cult i vars. There was no sign if icant 

di f ference ln frul t 'fie 19ht of berr les from the 5 or 10 canes/m 

treatment ln aIl three cultivars tested. Fruit welght in the 15 

canes/m treatment was not s ign i f icant ly di f ferent from fru i t 

weight ln the control plots of Festival and Latham, however the 
1 

15 canes/m treatment significantly Increased fruit veight in the 

cultivar Newburgh. Fruit veight va~ sign1ficantly increased by 

the biennlal cropplng system compared to the 10 canes/m 

treatment only in the cultivar Nevburgh . Fruit velght vas not 

a f fected by the bienn ia 1 cr oppl ng system in e lther Fes t i va l or 

Latham. Fr u lt ve i ght vas i ncreased by the al ternate s ide of r ov 

cropping system in the cultivar in Nevburgh but thls management 

system had no effect on thls character in either Festival or 

Latham. Fruit weight vas decreased by the chemical pruning 

treatment in the cultivar Festival, however it was not affected 

by this treatment in Latham or Nevburgh. 

4.1.3 Hean Fruit Number Per Lateral &ranch 

In 1985 the analysis of variance of the number of fruit per 

lateral branch produced a significant cultivar*treatment 

interaction, therefore the simple effects of cane management 

system on fruit number per lateral branch for the three cultivars 

tested are presented in Table 8. Reduc 1 ng the cane dens i ty to 5 
f 

canes/m lncreased fruit number per lateral compared to the fruit 

number per lateral in the control plots ln the cultivars Festival 

and Newbur gh . Fruit number per lateral ln the 5 canes/m 
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Table 7: The effect of cane management syste~ on the mean fruit 
welqht ln 1985. Experlment No. 1 

Treatment M~SlD Et:!.Ilt H~lgbt ,g) 
Festival Latham Newburgh 

Control 2.61 b* 2.00 cd 2.67 c 

Alternate Side 2.71 ab 2.02 bcd 2.89 b 

Chemical Prunlng 2.44 e 2.00 cd 2.57 c 
f 

Biennial 2.83 a 2.12 abcd 3.39 a 

5 canes/m 2.84 a 2.17 a 2.97 b 

10 canes/m 2.75 a 2.16 ab 2.97 b 

J15 canes/m 2.59 b 1. 96 d 2.92 b 

* Mean separation wlthin eolurnns by Duncan's Multiple Range Test 
at the 5% level. 

Table 8: The effect of cane manageme·nt systems the rnean frul t 
number per laterai branch ln 1985. Experiment No. l 

Treatment M~5Ul Et!.llt H!.Imb~t e~t: r..gt~:!:s.\ l 
Festival Latham Newburgh -

Control 18.73 b* 10.16 be 15.87 c 

Alternate Side 15.86 c 9.36 c 15.80 c 

Chemical Pruning 15.87 c 11. 54 a 16.68 be 

Biennial 20.18 a 10.38 abc 17.68 ab 

5 canes/m 20.36 a 11.01 ab 18.08 a 

10 canes/m 20.03 a 11.14 ab 16.58 be 

15 canes/m 18.72 b 9.55 c 15.55 c 

* Mean separation within columns by Duncan's Multiple Range Test 
at the 5\ leve 1. 

r~ '\ 
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control plots ln th~lvar ~atham. Fruit number per l~teral in 

the 10 canes/m treatmerJ was greater than the control ln the 
) 

cultivar Festival, but not in Latham or Newburgh. The numbér of 

fruits per lateral was not affected when cane density was reduced 

ta 15 canes/m. The biennial cropping sys~m did not influence the 

number of fruit per lateral in any of the cultivars tested. Fruit 

number was slgnlflcantly decreas~d ln the alternate side of row 

cropping system in the cultivar Festival, however fruit numbers 

in Latham or Newburgh were not affected by this treatment. 

hemlcal prunlng decreased the number of frui ts per lateral in f
/ -# ... 

Ithe cultivar Festival, however fruit number per lateral was 

increased by th i s trea tment 1 n the cu l t i var Latham. Chemi ca l 

pruning had no effect on fruit number per lateral in Newburgn. 

4.1.4 Mean Lateral Branch Number Per Cane 

In 1984, both FestIval and Latham produced more laterai 

branches per floricane than the cultivar Newburgh (Table 9). In 

1985, the cultivar Festival had signiflcantly maré laterai 

branches per cane tl'lan el ther Latham or Newburgh, and Newburgh 

produced fewer lateral branches t~Latham. 
o 

In 1984, reductlon of cane density significantly increased 

branching compared to the control when cane dens i ty was 

maintained at 5 and 10 canes/m (Table 10). Branching in the 15 

canes/m treatment was not slgniflcantly dlfferent than the 

laterai branch production in the control plots. In 1985, only 

extreme cane density reduction ta 5 canes/m significantly 

increased Iaterai number per cane compared to lateral production 
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Table 9: The effect of cultivar on the mean lateral branch number 
per cane in 1984 and 1985. Experlment No. 1 

Cultivar Laia:':Sil ataD~b NQI 2~t Can~ 
1984 1985 

Festival 25.11 A* 27.52 A 

Newburgh 18.18 B J 20.30 C 

Latham 23.30 A 22.37 B 

* Mean separation wlthln columns by Duncan's Multiple Range Test 
at the 5% leve 1 . 

Table 10: The effect of cane management systems on the mean 
lateral branch number per cane in 1984 and 1985. Experiment No. 1 

Treatment Lgtetal Branch No, Pet Cane 
1984 1985 

Control 20.41 CD* 22.50 B 

Al terna te S ide 18.28 0 22.18 B 

Chemical Pruning 22.33 BC 23.87 AB 
, 

Blennial 23.13 AB 23.06 AB 

5 canes/m 25.44 A 25.04 A 

10 canes/m 23.67 AB 23.64 AB 

15 canes/m 22.11 BC 23.08 AB 

* Mean separation within columns by Duncan's Multiple Range Test 
at the 5% level. 
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of canes in the control. In both 198'4 and 1985, the number of 

laterals per cane in the biennial croppinq system ~as the same as 

the number of lateral branches per cane in the 10 canes/m 

ri ~J::::. 
treatment. Ne 1 ther ;1the al ternate slde of rov croPPln~r the 

chemical prunlnq treatment slgnlflcantly affected lateral branch 

productIon in 1984 or 1985 compared ta lateral branch production 

of the control canes. 

4.1.3 Hean primocane Height 

In 1984 the analysls of var lance of mean prlmocane helght 

Indlcated a slgnlflcant cultlvar*cane man~gement treatment 

i nteract Ion, there fore the sl mple e f f.ects of cane management 

system vlth!n each cultivar are presented in Table Il. Reduction 

of cane denslty produced 11ttle change ln prlmocane helght of the 

three cul t 1 vars tested. In Latham, reduc 1 ng the cane densl ty to 

10 canes/m Increased pr Imocane height, hovever a further 

reductlon ln denslty to 5 canes/m produced no slgn1flcant 
.., 

dlffelence ln pllmocane height relatIve t~ the control canes. 

Only ln the cultivar Latham vas mean prlmocane height smaller ln 

the blennlal cropplnq-system compared ta canes ln the 10 canes/m 

treatment. Festlval pr Imocanes vere sl1ghtly shorter than 

pr Imocanes ln the 10 canes/m treatment, hovever thls di fference 

vas not slgnlflcant. The alternate slde of rov cropplng system 

produced shorter pr Imocanes than canes ln the control plot~ ln 

aIl three cultIvars. The chemlcal pruning treatment produced 

slgnl f lcantly shorter pr Imocanes of the cult 1 var Fest 1 va l ,!hen 

compared to the prlmocanes in the control plots. 
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Table 11: The effect of cane manaqement systems on the mean 
prlmocane helqht ln 1984. E~perlment No. 1 

Treatment Hean Cane Helght (cm) 
Festival ,~ Latham . Newburgh 

Control \ 137.15 a* 152.65 b 159.25 'ab 

Alternate Side 117.60 b 127.55 c 130.75 c 

Chernical Prunlng 120.30 b 153.65 b 146.20 b 

Blennial 119.95 b 141. 00 b 160.50 a 
1 

5 canes/m 138.35 a 149/.35 b 157.50 ab 

la canes/m 130.00 ab 168.70 a 157 .45 ab 

15 canes/m 143.10 a 149.60 b 165.60 a 

* Mean separation wlthin columns by Duncan's Multiple Range Test 
at the 5% level. 

63 

,\ 



, l' 

o 

o 

.... ) •• ~~""~'l~"\,"\. - -ft' l'\'" , ... ~. t.l 'f' f~ ';l' ... rf~, 

In 1985 Fest! val pr~duced the shortest pr !mocanes of the 
'..1 

three cultivars tested (Table 12). Reduction of the cane density 
l'W'--

'\ 
13) • heig,pt ( 'Pabl'e did not significantly affect primocane 

However, the biennlal cropping system produced 'slgnificantly 

shorter canes than either the control or the 10 canes/m den~ity. 

Addltionally, 'the alternate side of row cropping system also 

reduced primocane herght in 1985. The chemical pruning treatment 

had no effect on the height of primocanés. 
\ ' ' 

4.1.4 primocane Basal Dlameter 

.... 

In 1981, the basal dlameter of primocanes of Festival and 

Newburgh \<las gr_eater than the basa l dlameter of pr imoc~nes of 

Latham (Table 14). Table 15 Indicates the effect of management 

system on the basal prlmocane diameter in 1984. Reduclng cane . 
dens 1 ty s ignl ficantly increased cane thlckness; the 5..v'tanes/m 

treatment produced canes \<11 th the largest basal dlameter and 

although canes produced in the 10 and 15 canes/m treatments also 

were significantIy thlcker, they were not as stout as canes ln 

the 5 canes/m treatment. Pr imocanes produced under the biennlal 
If 

cropping system were thlnner than pr Imocanes in the la ~ canes/m 

treatment. Primocane ~al diameter ln the alternate side of row 

cropping or the chemical pruning treatment was not signlflcantly 

dlfferent from the prlmocane basal dlameter of the control canes. 

In 1985 the analys 15 of var lance of mean pl imocane basal 

dlameter showed a slgnlficant cuItlvar*cane management treatment 

interaction, therefore the simple, effects of cane managem~nt 
r--

treatment within each 'cultivar are presented in Table ~6. 
, 

Reduction of cane densi ty to 5 canes/m significantly increased 
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Table 12: The effect of cultivar on the mean primocane hei9ht in 
1985. Experime~t No. 1 

Cultivar Mean Cane Helght (cm) 

Festival 132.19 B* 

Newburgh 148.66 A 

Latham 141. 50 A 

* Mean separation within columns by Duncan's Multiple Range Test 
at the 5\ level. 

{ 

Table 13: The effect of cane management systems on the Mean 
primocane height in 1985. Exper iment No. 1 

Treatment M~S\D ~gD~ l:I~lgbt (!;;ml 

Control 145.32 AB* 

Alternate Slde 134.16 C 

Chemical Pruning 137.37 BC 

Biennial 118.03 0 

5 canes/m 150.17 A 

10 canes/m 144.07 AB 

/--\5 canes/m 145.34 AB 

*,'1 Mean separation wlthln columns by Duncan's Multiple Range 'l'est 
at the 5\ level . 
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Table 14: The effect of cult'lvar on the mean basal dl'ameter of 
prlmocanes Ip 1984. Bxperlment No. 1 

'Cultivar Mean Cane Plqmeter <mml 

Festival 10.85 A* 

Newburgh 11.05 A 

Latham 9.80 B 

* Mean separation within columns by Duncan's Multiple Range Test 
a t the 5\ leve 1. 

Table 15: The effect of cane management systems~n the mean basal 
diameter of prlmocanes in 1984. Experiment No. 

Treatment M~~D Qsm~ ~lam~t~t (mm) 

Control 9.75 D* 

Alternate Side 9.28 D 

Chemical Pruning 9.50 D 

Blennial 10.49 G', , 

5 canes/m 12.61 A 

10 canes/m 11.39 B 

15 canes/m 10.93 BC 

* Mean separation within columns by Duncan's Multiple Range Test 
at the 5\ level. 
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the . basal- diameter prlmocanes aIl three cultivars. In 

Newburgh, reducing cane denslty to 10 and 15 canes/m also 

Increased the prlmocane basal diameter compared to the diameter 

of control canes. However, ln Festival or Latham, the 10 and 15 

canes/m treatments did not significantly affect the basal 

dlameter. The biennlal cropping system had no effect on primocane 

diameter in Festival or Newburgh, however in Latham, the biennlal 

cropping system reduced the pr imocane basal diameter. Al ternate 

side of row cropping system and the chemlcal prunlng treatment 

did not affect basal primocane diameter iQ any cultivar. 

4.1.5 Hean Number Of Nodes Per Cane 

Table 17 shows the mean number of nodes per cane in 1984 and 

1985. In 1984, the primocanes of Latham produced a significantly 

greater number of nodes than either Festival or Newburgh. In 

1985, the primocanes of Latham still had significantly more nodes 

per cane than Festival, however the node number was not 

significantly greater than Newburgh. 

Reduclng the cane denslty ta 5 and 10 canes/m significantly 

increased the number of nodes on the mature pr imocanes (Table 

16), whereas reducing the cane denslty to 15 canes/m did not have 

any effect. The blennlal cropping system did not influence node 

numbers per cane relative ta the 10 canes/m treatment. 

S imilar ily, ne i ther the al ternate s ide of row cropping nor the 

chemlcal pruning treatment lnfluenced the number of nodes per ., 
cane ln 1984 or 1965, relative to the control canes. 
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Table 16: The effect of cane management systems on the mean basal 
diameter of primoc~nes in 1985. Experiment No. 1 J 

.Treatment 'tI~gD ~gD~ lagm~tet: (mm) 
Festival Latham Newburgh 

df'. 

Control "- 9.35 c* 8.35 bcd 8.00 b 

Alternate Side 9.55 bc 8.05 cd 8.40 b 
~ 

Ch~mical Pruning 9.00 c 8.18 bcd 8.30 b 

Blennial 10.68 a 7.50 d 10.10 a 

5 canes/m 10.43 ab 10.05 a 10.35 a 

10 canes/m 10.08 abc 9.18 ab 10.00 a 

15 canes/m 9.88 abc 8.68 bcd 9.50 a 

* Hean separation within columns by Duncan's Mul t i,ple Range Test 
at the 5\ leve 1. 
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Table 17: The effect of cultivar on the mean node nQmber per cane 
in 1984 and 1985. Exp~rlment No. l 

Cultivar Ng~~ HlJmb~, e~J:: CaD~ 
1984 1985 

Festival 29.15 B'" 31. 95 B 

Newburgh 29.94 B 33.43 AB 

Latham 36.46 A 35.00 A 

'" Mean separation w!thin columns by Duncan's Mu1t! le Range Test 
at the 5\ level. 

Table 18: The effect of cane management systems on the mean node 
number per cane in 1984 and 1985. Ex~erlment No. 1 

Treatment 

Control 

Alternate Side 

Chemical Pruning 

Biennia1 

5 canes/m 

10 canes/m 

15 canes/m 

Hode Humber Per Cane 
1984 1985 

28.90 CD'" 

26.58 0 , 
2'.20 CD 

34.33 AB 

36.68 A 

35.27 A 

31. 97 BC 

31. 86 B 

32.24 B 

31. 22 B 

34.23 AB 

36.10 A 

35.22 A 

33.37 AB 

~ Mean separation withiri columns by Duncan's Multiple Range Test 
at the 5\ level. 
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4.1.6 Leaf Tissue Analysis 

Of the nutrients analyzed, only calcium and maqneslum shoved 

significant dlfferences between cultivars (Table 19). Both 

Festival and Newburgh had higher leaf concentrations of calcium 

than Lath'm. Festival had rrlqher maqn~slum ~oncentratlons (n Its 

leaves than ei the! Lat~m o~ Nevburg~ 

The leaf tissue concentration ~~f nitrogen, phosphorus, 

potass 1 um, calcium and Magnesium for pr imocanes in each 

management treatment are presented ln TaQle 20. Signlf!cant 

effects due to cane management treatments vere found in the leaf 

concentratlo~~f ni trogen, phosphoru's and magnesium. Although 

the cane management treatments affected ni tro~~m concentration, 

" no cane management treatment was signiflcantly dif~erent from the 

control vith respect to the level of nitrogen ln the leaves. Leaf 
JI" 

phosphorus vas slgniflcantly lover in alternate side of row 

cropplng compared to the control canes. Magnesium concentration 

ln the chemlcal prunlng~treatment was slgnificantly greater than 

in the control. Nei ther biennial cropping nor reducing Cane 

density had any effect on nutr~enj content of primocane feaves. 

The leaf tIssue concentration of total chlorophyll for 

pr1motanes of each cultivar 15 presented in Table 21. Prlmocane 
1>' 

leaves from Fest i val had s Ign1 f icant ly hlgher concentrat ions of 

chlorophyl1 than primocane leaves from elther Latham or Newburgh. 

Although cultivar d1fferences in the concentrations ot leaf 

chlorophyl1 vere noticed, there vere no differences betveen the 
~ , 

cane management treatments tested (Table 2~). 
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Table 19:. Tbe effect of cul ti var on tbe Dutr lent , 
concentration of prlmocane leaves in 1985. Experlment No. 1 

Cultivar 

Festival 

Newburgh 

Latham 

""\ 

Nutrlent Concentration. (m9/g leaf tissue) 
N P K Ca Mg 

34.51 3.00 18.53 15.90 A* 8.29 A 

33.94 2.84 15.67 A 7.10 B 

31.27 3.05 11. 96 B 6.09 B 

* Mean separation wlthln columns Multiple R nge Test 
at the 5% lev 

1 
Table 20: The effect of cane management systems on the nutr lent 
concentration of primocane leaves ln 1985. Experlment No. 1 

Treatment Nutrient Concentration (m9/9 leaf tissue] 
N P K Ca Mg 

Control 33.94 A 19.78 13.97 7.21 B 

Alternate Side 32.21 B B 19.05 14.47 6.80 B 

Chem. Pruning 35.34 A A 18.33 14.48 7.86 A 

Blennlal 32.98 B AB 18. 33 14.53 6.78 B 

5 canes/m 32.86 B 3.03 A 19.55 14.37 7.03 B 

10 canes/m 32.72 B 2 • 9 6 AB 1 7 . 9 7 14.69 7.10 B 

15 canes/m 32.63 B 2.89 AB 19.25 15.07 7.35 B 

* Mea~ separation wlthln columns by Duncan's Multiple Range Test 
at the St level. 
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Table 21: The effect of cultlva~ on the leaf chlorophyll 
concentration ln 1985. Bxperlaent No. 1 

Culti var Total Chlorophyll a+b (mg/9 wet leat tissue) 

Festival 1. 76 A* 

Lathall 1. 51 B 

NevbuJ:gh 1. 57 B 

* Hean separation within columns by Duncan's Multiple Range Test 
at the 5\ leve 1. 

Table 22: The effect of cane .anage.ent systems on the leaf 
chlorophyll concentration ln 1985. Experlaent No. 1 

Treatment Total Chlorophyll a+b '.9/9 vet leaf tissue) 

Control 1. 63 

Alternate S ide 1. 58 

Chem. pruning 1.66 

Blennial 1.68 

5 canes/_ 1.63 

10 canes/m 1.55 

15 canes/a 1.58 
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4.2 Experlment No. 2: The Effect Of cane Management Systems On 
Yield Components Of Festival Raspberrles 

,1 

Table 23 shows ttae plot yield, yield per cane and the cane 

yield components under each cane management system ln 1986 u~ing' 

the cultivar Festival. AlI parameters except lateral branch 

number per cane were af~ected by cane management system. 
1 

Reduction of cane density to 5 canes/m decreased plot yield. 

There was no di f ference in plot yield between 10 canes/m, 15 

canes/m and control plots. Conversely, yield per cane Increased 

as cane dens i ty was reduced; yie Id per cane a t 5 canes /m was 

higher than at 10 canes/m. Yleld per cane at 15 canes/m was not 

greater than at 10 canes/m or the control plots. Fruit number per 

1ateral and mean fruit weight was increased relative ta the 

control when cane denstty was reduced to 5 canes/m. 

Plot yield was increased by the blennlal cropping system 

compared ta the 10 canes/m annual treatment. Moreover, biennlal 

cropping also increased yleld per cane, fruit number per lateral 

and mean fruit welght. 

Plot yield was reduced by the alternate side of row cropplng 

system compared to the control, however yield per cane and mean 

fruit weight were significantly greater. Fruit number per lateral 

was not affected by alternate side of row cropping. 

The chemical pruning treatment showed no effect on yield 

components when compared to the control. 

4.2.1 Cumulative Yield Of Festi~l Over The Harvest Perlod 

Figure 4 shows cumulative yield for each cane management 
, 

system ln 1986. Differences ln the cumulative yields were 
~ 

observed 9 days after the beglnning of harvest, although at t~ls 
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)'Table 23: The effect,of cahe management system on yield components of the cultivar Festival ln 1986. 
;::. Experiment No. 2 

:, Treatment 
:p 

Control 

. Alternate Side 

: Chemlca1 Prunlng 

'. Blennlal 

. 5 canes/m 

10 canes/m 

15 canes/m 

'. Slgnlflcanèe 
:, 1 

Plot Yield 
(g) 

8510.3 AB* 

5690.5 C 

8888.3 AB 

9708.8 A 

5697.3 C 

7328.8 BC 

8262.5 AB 

0.01 

Yield Per Cane 
(g) 

188.05 D 

284.24 BC 

210.03 D 

409.22 A 

438.25 A 

307.85 B 

253.18 BCD 

0.01 

Lateral No. 

18.08 

19.58 

Il.30 

21.58 

20.85 

19.28 

18.88 

n.s. 

Fruit NO./Lateral 

10.70 C 

12.81 ABC 

Il.48 BC 

14.68 A 

13.55 AB 

11.73 BC 

Il.61 BC 

0.05 

• Hean separation within columns by Duncan's Multiple Range Test at the 5\ level. 

J 

o o 
;'.~ - .. 
Ir~:"~ " 

Hean Berry Welght 
.<gl- .. 

2.71 D 

2.96 BC 

2.85 CD 

3.23 A 

3.14 AB 

2.88 CD. 

2.88 CD 

0.01 
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per lo~ no treatmel)t vas better than the control. However, on the 

13th day of the harvest perlod, both the alternate side of row 

cropplng system and the 5 canes/m dens!ty had slgnifi,cantly lower 

cumulative yields compared to the control. The cumulative ylelds 

of the 5 canes/m density treatment and the alternate side of row 

cropping system became progressively more divergent from the 

cumulatl ve yield of the other treatments as the harvest 

continued. At the 9th day of the harvest, the cumulative ylelds 

of the 5 and 10 canes/m densi ties were significantly less than 

the 15 canes/m density. However, at the 15th day of harvest the 

cumulative yleld 'of the 10 canes/m density rosei only the 

dl f ferences between the 15 canes/m dens i ty and the 5 canes/m 

denslty were slgnlficant. 

) 

4.2.2 Fruit Weight Over The Harvest Perlod 

Figures 5 represents the weight of a ten berry sample taken 

at each harvest date for 1 the cane management treatments in 1986. 

~~ , Frul t we 19ht at each harvest was est lmated by the average of two 

subsamples of ten berries. Generally speaklng, fruit increased in 

weight at the beglhnlng of harvest, reaching a peak somewhere ln 

the middle of the harvest per 1 ad, thereafter decl i nI ng in we i ght 

towards the end of harvest. Maximum frui t weight occurred at a 
~ \ 

cane' dens i ty of 5 canes/m, 1 
where, after 7 days of harvest each 

berry weighed almost 4.0 g. 

control at the e-nd of harves 

fruit weight occurred in the 

when each berry we ighed 

approxhnat~1y 2.2 g. 

Reducti on of cane dens i ty tenbed ta 

over mos"t of the harvest perlod, atthou9h 

Increase frui t welght 

most differences were 
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Figure 4: 

Legend 

" The effect of cane management system on the 
cumulative fruit yield of Festival at each 
harvest date in 1986. Experiment No. 2 
Vertical bars represent the lsd range at the 
level for each harvest date where there w~s 
a significant treatment ~ffect. 

5: 5 canes/m 
10: 10 canes/m 
15: 15 canes/m 

8: 81ennial cropplng 
A: Alternate side of row cropplng 

CP: Chemical pruning 

.05 

Control: Control treatment 

Figure 5: The effect of cane management system on the fruit 
weight of Festival at each harvest date in 1986. 
Experiment No. 2 

Legend 

Vertical bars represent the lsd range at the .05 
level for each harvest date where there were 
significant treatment variations. 

5: 5 canes/m 
10: 10 canes/m 
15: 15 canes/m 

8: Biennial cropping 
A: Alternate side of row cropping 

CP: Chemical pruning 
Control: Control treatment 
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not slqnlflcant. However, the 5 canes/m densi ty produced >lar;ger 

fruit than either the 19 or 15 canes/m density at day 20, 22, 24 

of the harvest period. Simllarily, biennial cr,opping increased 

frui t we1ght late in the harvest per lod at days 17, 20 , 22 and 

27. 

Alternate side of row cropping increased fruit weight at the 

end of harvest, and was significantly greater than the fruit 

we ight of the control at day 22. Control of early pr imocanes 

using glufosinate produced increased fruit weight early in the 

harvest period when compared ta the control, after which fruit 

weight declined in essentially the same pattern as the control. 

4.2.3 The Effect Of Cane Density On Plot Yield And Yield Per Cane 
1 , 

" 

Analysis of the yield data in 1986 produced regression lines 

wh ich r e present the r e lat i onsh i p be tween cane de ns i ty and plot 

yield (Figure 6), and the relationship b5!tween cane density and , 
yield per cane (Figure 7). A positive linear relatlonshLp 

existed between cane density and .plot yield. However, a negative 

linear relationship was found between cane density and yield per 

cane. Thus an increase in cane density resulted in a linear 

increase in plot yield and a li.near d'ecrease \n yleld per Cdne. 

, , 

" 
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Flqure 6: The relatlonshlp between cane denslty and yleld 
per metre of hedgerow of Festival in 1986 . 
Experiment No. 2 

Yleld Per Metre = 2149.89 + 70.94X R2 = 0.412 

, 

1 

Figure 7: The relationship between cane density and yield 
per cane of Festival in 1986. Experiment No. 2 

y i e 1 d P e r Ca ne = 4 8 1 • 79 - 15. 81 X 

, ," , 
\ , 
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R2 = 0.740 

,l' 

o 

o 

o 

~ 
i 

1 





, 

o 
_ :' > ._; ~'-!:t I~, ,~l:~ :'~ ,::'f: ... ;. ~.~ :,"1,",/ ,'''~ .~" ~_ ~"~~~.-r,~~r;'1~~r;~iil;,,"-::-;,~ "4~ "'.? ' V,..,.t : ';~'"·:"M~~' fl1':,, __ r 7~~~ 

';.1 
" ,t 

5. DISCUSSION 

5.1 cane Oensity Reduction 

It has frequently been observed that yield per unit area 
, 

decreased as cane numbers are reduced, even though yield per cane 

greatly increased as cane numbers declined (Lott, 1931; Wood et 
/ 

al, 1961; Lawson and Walster, 1972; Crandall et al, 1974; 
.-, 

Redalen, 1981). However, under conditions of extremely high cane 

denslty leading to excessive competition amongst the canes, 

reduction of floricane number has also increased yleld per unit 

area (Orkney and Martin, 1980). In our study, reducing cane 

dens1ty from the natural cane populatIon present ln the control 

plots produced no improvement in plot yields ei ther in 1984 or 

1985. Furthermore, reducing densi ty to 5 canes/m s Ignlflcantly 

decreased plo_t yields in both years. The cumulative plot yields 

of Fest 1 val 1 n 1986 Indicate that reduc i ng cane dens i ty to 10 

canes/m delayed frui t produç;tion unt11 later ln the harvest 

period, whereas at 5 canes/m, fruit production was signiflcantly 

reduced. Though reducing the cane densl ty to 15 and 10 canes/m 

did not affect yield, reducing cane density to 5 canes/m 

slgnlflcantly decreased yield. 

Yleld per unit area ls a function of both Indlvldual cane 

yield and the number of canes per plot. Haintaining the cane 

denslty at 10 canes/m reduced the natural cane population by 69\ 

and 58\ ln 1984 and 1985, respectively, even though plot yields 

decfeased by only 4\ and 10 \ respectively (Appendix 6). At a 

density of 5 canes/m, plot yields vere slgnlficantly decreased, 

but then the cane population vas reduced by 84\ and 78\ in 1984 

and 1985 respectively. 'The reductlon ln cane denslty, whl1e 
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gxeatly reduclnq the numbex of productlve canes per unit area, 

was compensated ~or by an 1ncrease 1,n 1nd 1 vidual cane Yleld. This 

ls especlally true vhen the natural cane density vas hlgh; 

management systems more pronounced effect on the 

proport10nate y1eld in 1984, when the natural cane denslty was 81 

canes per plot or 32 canes/m, than they had ln 1985 vhen thele 

were 59' canes per plot or 24 canes/m (Appendix 6). Yleld 

compensation h~ been shown to occur wlthin Individual raspberry 
1 

canes when yieiding abIllty of the cane ls disturbed by selective 

removal of lateral buds (Waister and Barrltt, 1980; Braun and 

Garth, 1984). 

Perhaps a more,useful measure of the effect of cane density 

on fruit production 15 yleld per cane. As cane density is 

reduced, yield per cane greatly Increased. ThIs , inverse 

relatlonsh1p betveen cane denslty and cane productlvity vas most 

pronounced in Festival, the most productive cultivar, and vas 

';i 
.l 
l~' 

" 

, 
" 

least pronounced in Latham, the least produc(i ve cult 1 var. This &-

observation is not surprls1ng sinc; the response of cultIvars to, 

various cropplng methods often depends on the!r Inherent vigour 

(Norton, 1973; Wâ1ster et al, 1977; L~vson and Wiseman, 1979; 

Dale and Daubeny, 1985). . rI 
The regresslon analys1s of the 1986 yle)d data of Festival 

Indlcates a pos 1 tlve 11near relatlonshi-p between cane denslty and 

plot yleld, 

denslty and 

and a negatl ve 1 inear relationshlp betveen cane 
) , , 

indlv14ual cane yleld. A positive relatlonshlp 

between cane numbers and y1eld p~r unl,t area has been recorded bl' 

a number of 1nvest1gators (Lawson and Walster, 1972; Norton, 

" 
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Martin (1980) found a 1916; st:;:'·, 1933). However,. cirkne~nd 

negative linear correlatIon bet~een yield and the number of canes 

.per;>lot in the!r study, which they attributed to an excessively 
"\ ' 

high cane population. The relationship between cane density and 
~ 

plot yiel,\/~1n our study suggests 'that under Quebec growing 

conditioWand using these cultiva"rs, the natural cane population 
, c 

was not at a point where excessive inter-cane competition occured 

and therefore reduct"i on 0 f cane dens i ty did not i mprove y i A l (~ per 

unit area. Nevertheless, reducing cane denslty resulted in a 

compensatory increase in yield per cane. Extreme cane thinning ta 

5 canes/m, although increasing yield per cane, did not completely 

compensate for th.e lower cane numbers. Although cane density of 

approxlmat.ely 10 canes/m did not dramatically improve yield, it 

15 poss 1ble tha t the inc idence of cane d isease mi gbt be red UCE'd, 

\l" 

damage due to phys i cal abras ion of la terai bral)ches aga i ns t one 

another might be lessened, pruning and harvest lng rnight be 

easier. 

'De creas i n'g ca~e dens i ty increased average beL ry WA i (~!'It and 

, frui t number per la teral branch. The most notable i ncrease in 

)oth 'the berry we1ght aryd the fruit number per latera 1 occured 

}hen densitY)las reduced to less than 10 canes/m. Bath Ff'stival 

and N~wburgh were very respons i ve ~o rec;y 1ng cane dens i ty and 

showed Increased berry we ight!'" and number's~hereas La tharn d id no t 

respond as, str~n_g.lY, }especlallY wiLh r-espect to berry number:. 
(1. 

Studies of cane density in ,other g/owing region~ have found/that 

',~-asJ ca~e, den~i ty 

" ~. fruit num~ pe~ 
',Redalen l 1981). 

~ 

ls reduced, fruit weight (Olafson, 1971), and 
J li 

Iateral tend t;l-'increase" (Crandall 'et al, 1974; 
"-..-)./ '-

" (JV v-" 

.. 8) . • 
, , 11 



helght, ~~ver redu~tion 

dlameter, especlally when 

of cane density 

cane density ,was 
1 

l ncreased- : cane' 

5 canes/m. Cane 

thickness has been found to correlate weIl to cane prodùctivlty 
r . "c> 

in Scotland (Dale and Daubeny 1 1985). Thicker canes have also 
r 

been found to have more reserve carbohydrates, and the' 

development of flower pr imordia and frui t seb depends on these 

reserves (Crandali et alJ 1974). However, thicker canes may have 

a negàti ve effect on lateral branch number becau,se of incréased 
~ ~ 

0 

o 
/' 

internode len9.th (Dale, 1986). Our results do' not' support thisif 

since decreasing the cane density to, 10 canes/m or below tended 
d } 

te increase the number of nodes per cane and the numbcr of 

laterals per cane while primocane height was not affected. 

Crandall et al (1974) also reported i1eased la te~a 1 brA.l1C'hes 

hi l i /was when the number of canes per reduced from 12 ta 6. 
r 

5.1.2 Biennial Cropping 
( 

Only in 1984 and 1986 did blennlal cropping significantly 

improve plot yip.ld. In 1984, when the experiment was in~ticlted, 

the "on year" biennial treatment plots, should actually, by" 

"-definition, be considered as a part-biennial system (dfter 

Waister et al, 1977): In this year, the floric<1nes in the' 
, 

biennlal "on year" plots were cropped without the competing 
'& 

infll..uerrçe ot pr imocan~s throughbut the season, however in the 

pre:i1us season these canes had developed within a 'mix~d canopy 

of pr~mocanes and f lor icanes. WÇi ister et al (19 7~) ,iound ,tha t 
1 ~ ) 

under ~ a part biennial system, yield increases were entirely due 
1 . 

" ,to an

j 
increasA Ln yield per cane, Whre~s in a . "ful";y blennial 

84 
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system, yield Increases were mostly due to an Increased number of 

canes per plot, in addition to an increase in indlvidual cane 

productivity. In this study, the number of canes !;l~t" metre o( row 
'\ 

in the biennial treatment plots were fixea at 10 canes/m, 

therefore yield increases could only be accounted for by an 

increase in yièld !;ler cane. Hence, a signiEi~cant lncrease in plot 

yield was re~lized in 1984 and 1986, but not in 1985. To 

corroborate these observa t ions, individual cane yi e Id '~s 

slgniflcantly greater in the cultivars Festival And Ncwburgh in 

tlle 1984 season, ho\Yever in' 1985 biennial cropping dld not 

signlflcantly increase individua]r cane yield in .=iny of thé three 
\ 

cultIvars tested. In 1986 individual cane yield of Festival was. 

greater under biennial cropping,. resulting III a greatpr plot 

yield. It should be noted that perhaps the fllp-flop ot yleld 

measur~ments over the three year period 1s an artlfact o~ the 
~ 

exper imental des ign i tself: Data from the biennial cropp illg were 

coll e ct e d f r 9 m the 5 a me plo t i'n b 0 th 1 9 8 4 and 19 8 6 wh e r e a :3 ct d ta 

for ........ ,biennial cropping in 1985 were collected tram different 
! 

plot)) . 

studies of biennial cr9Pping have maintained that tht> most 
1 

\. 
important componeQt of incre')sed 

ln the number of cropping /odes 

Wrtght and Waister, 1982bi 

yield per cane Wd3 an intredse 

per cane (Waister et al, 1977; 

1984):' In the part biennial 

system, increases in the yie1d per c e were pr1.Qciply due to 

both !3n Increase in fruit number per lateral and an increa<se in 

fruit s\ze (Lawson and Wiseman, 1975; Wai:3ter et al, 1977; Wright 

and Waister, 1982b). Blt>nnial cropping increased fruit weight in 
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1984 and 1986, . howev~r fruit) welght not signif1cantly' 

Increased in 191(15. Fruit number per 

biennial cropping i'n 
\ 
1985, however. 

fruit number per 1atera1 111 1986. 
\ 

fruit veight vas Increased, hovever 

not recorded ln the 1984 season. 

1ateral was. not affected by 
1 .. 

blennlal cropping Increased 

The 19~4 resu1ts confirm that 

frui t number per later~ l vas 

WrIght and Wals~er (1982a) 

observed that a fu11y blennial cropping treatment increased fruit 

number per node but not fruit size. In 1985, fruit number per 

1ateral vas not sign1flcantly Improved by blennlal cropplng, and 

only the cultivar Nevburgh showed an increase in fruit veight. 

The absence of a~ Increase ln fruit number can explaln the reason 

why no slgnlflcant yleld Increase vas reali'Zed ln 1985: In the 

1986 season, both an Increase ln frui t number per lateral and an 

i ncrease in f ru i t ve 19h,t contr 1 buted to i not-eases 1 n plot yi e Id . 
r 

In 1984, prlmocane helght vas not greatly Influenced by the 

part blennial treatment except ln the cultivar Latham, but ln 

<t. 
1985 prlmocane helght of aIl cultivars vas cODslderably reduced, 

conslsten't vith reports 'that .. ptlmocane height 15 reduced by 

. 'blennlal cropplng because of smailer internode length (Waister et 

al, 1977; Wright and Walster, 1982a) p~lmocane basal dlameter vas 
~ \ 

slgnlficantly smaller ln 1984 and in the cultivar Latham in 198~. 
,r 
Walster et al (1977) and walster and Cormack (1961) reportêd that 

the effects of biennlal cropping on cane character istlcs vas 
, 

highly dependent on vigo.ur. In our study, the cu1t'ivar Latham 

proved to be the least vlgourous cultivir. Desplte the effect of 

blennlal cropplng on pr Imocane grovth, both the node number and 
, 1 1 

the number of lateraI branches produced vera unaffected by 

blennial cropplng. In areas where cane tipp'lng ls practiced, 
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shorter ~ lnternode lengths ef prtmocanes grow1ng under the 

biennia1 cropping s}{stem are adv~ntageous since more nodes are 

retai~d a.fter the tipping 'operation (Waister et al, 1977; Wright 
1 

and Waister, 1982a). However, tipping is·not normafly done in pur 

region ther.efore shorter primocanes do not have the potential to 

imp~ove yield. 

Biennlal cropping did not affect mineraI nutrient levels nor 

the chlorophyll content of primocJne leaf ·ti:3sues. These tlndings 

confirm the view by Waister et al (1980) that the competition 

experienced between floricanes and primocanes does not appeFlr to ,/ 

be the result of competition for mineraI nutrients. However the 

results of the leaf chlorophyll analysis do Inot support' the 

theory that competition between floricanes and primocane:.;- Is 

primarily dependent on the light climate (Wright nnd Wdister, 

1982a; Waister et al, 1984). , 
'., 

5.1 ... 3 Al ternate oS ide Of Row Çropp ing 

Although other studies of alternate side of row cropping in 

Que~ec found this system ta produce as much as the conventlonal .. 
system wi th the added convenience of separating the pr imoranes 

and floricanes (Lareau, 1984; Lareau, 1987), our stllùies indicate 

tha t alternate side of row cropping considerably reduceù plot .. 
1$ ... 

yie Id in 1984, 1985 and 1986. This could bê e~pected silice only , 

one half of the row width contained floricanes.- Even thouqh only 

one half of the heqgerow was productl-vè, the alternate sirie of 
, 

rQw cropping produced 76.4%, 62.7% and 66.9";, of the plol yields 

compared to the control in 1984, 1985 and 1986 rp::,pp.ctively . 

Pritts (19~7) found that alternat~ row, mowiny of Ti~an and 
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Royalty reduced overall ylelds by ,3Q' coapared 

"l 
to' the 

conventlonal system of pruning. Although ylelc:t per cane. ln 1984 
J 

vas marg-l-nally, greater than the yleld per cape of the cont,rol 
• 1 

canes, the dl f ference ln yleld dld not' achleye stastlstlccA 

signlficance. In'1985, thè alternate side of row cropping system 
" " 

increased yield per cane ln the cultivar Nevburgh. In 1986, yield 

per cane of FestIval vas increased by tbe alternate side of rov 

cropplng. 

In both 1985 (Nevburgh), and 1986 (Festival), fruit weight 
~ 

was Increased by using the alternate side of rov cropplng system, 

whlch May h~ve accounted for tr lncreased yield per cane. ThIs 

observation 15 contrary to Pritt's (1967) that berry size vas 
, 

reduce<1 under al ternate row mowi ng. T-R,ls 'apparent contradtct i on 

~ay be expIa i ned by the 

cropplng and alternate row 

differences betveen aiternate side 
( 

\ 

movingi vith alternate side o,f rov 

cropping~ both prlmocanes and florlcanes are separated with!n the 

same row and therefore they are separated spat ially but not 
~ 

exclusively from each other vithin the same hedgerow. In 

alternate row mowlng, every second lOV 15 mowed vhen canes are' 

dormant, .A resulting ln rows of either primocanes or florlcanes. 

Addltionally, the mowlng of hedgerovs stlmulates increased sucker 

production ln the followlng season. Therefore, alternate rov 

moving produced hlgher cane numbers and greater plot ylelds, 
'Y"" 

althoug~ berry size and quallty were reduced (Pritts, 1987). 

, An examination of frui t veight of Festival over the 1986 hët~ 
, ' 

perlod found that berry welght Increased mostly tovards the end 
• 

of the hè;lrvest. Frul t number per lateral wa's reduced in 1985 wi th 
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the cult'ivar Festival us'lng .the alternate side of ,row cropplng 
, , 

system. 

Âlternate side of row cropping slgnlflcantly rejluced 

prlmocane helght in aIl cultivars in 1984 a1nd 1985, however 

primocane dia~eter was not affected by the alternate' side of row 

cropping system. It 15 lnteresting to note that both the biennlal 

cropping system and tl;le alternate side' of row cropping system, .' where primocanes· are separated tem~orally in the flr~t ca~e and 

spatially in the second case, produced primor.anes of r<;>ùuced ( 

height. Wright and' Waister (1982a) explained the, reducli()fI in 

primocane height in? biennial syste~ as duE' to the climindtion 

o f sel e c t ive s ,h a d i n 9 e f f e ct s 0 f the ca n 0 [l y a Cl the de ve l 0 P i tI g. 

primocanes. Shading of the prirnocanes by the plant canopy acts as 

a selective fllter which ,~oncentrates the lighl ln ,the f~r -red 

region of the spectrum (Palmer, 1977), and which probably acts 

through the phytochrome system to incr~ase inlernode Ipngth 
.. 

<Smith, 1975; Holmes ann McCartney, .1976). Since latE'ra1 bud 

number 'and la tera 1 branch number w~re not s ign if i (.'drJ L 1y d f f(~c ted 

by al ternate s ide of row cropping, ft may be as:.,mo(·(1 that 

i nternode length was r ed u~ed in pr i mocanes wi t hi n Uw d l t~·'r na te 

side of row cropping treatment. 

Lea,f tissue analysis showed 'that\ the primocane l~af \issue 

from the alternate 5 ide cropping contained la.wer ,phosphorus 

levels than leaf tissue from the control. Primocanes from the . 
al~ernate side of row cropping system, because they are sp.par~tcd 

from the cropping canes and are .{lot, shaded by them, seemèd to 

m.lture earller resulUng in snorter. C,-ln(~: Smith (11)62) h.15 fOllnd 

that N, P, and K concentrations decrease with age of tissue while 
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\ ca,and,Hq tend to ,increase. Desplte thls dlfference, the"levels 

of PhOPhO~us contalned in the tissues of prlmocanes from the 

alternate side of rov cropping vere withln the acceptable ran<;Je 
J 

of P concentration as reported by the C.V.P.Q .. ,Agdex 230/20 

Petits Fruits: Culture (1985). 

5.1.4 Chemical Pruninq / 
" Control of early primocane, emergence \ using , ammonium 

" glufoslnate as a dess1cating agent' dld ,not Impro~\.._Plot l'leld not 
-

did 1t improve ind1vidual yleld per cane. The Most probable 

reason why glufoslnate produced li ttle response vas that 'the 

spray concentration vas to.o lov'. As a 'result, the early emerg1ng: 

pr Imocanes fere not' completely dessicated, and these veakened 

prlmocanes contlnued to develop. According to Lavson (1980), 

Incomplete desslcatlon results ln the survlval of lnjured and 

disease~pront canes and dlscourages the emergence of a second 
.r . 

healthy flush of canee. Gadsby (1984) noted that hiqher rates o( 

glufosinate could produce faster top kill and lessen the amount 
(:, 

of chemlcal t'ranslocated to the ::çoot system. La'wson 

" () 
(1983) found that fl spray rate of 0.6 kg a. i. /ha of 

applled to emerglng pr Imocanes vas sul table for contro, 

comparàble 
f' 

to that 
\ 

of dlnoseb-ln-oil; hovever lts action vas 

slover. Therefore, lt te possible that hiqher application rates 
, 

'of glufos~nate .ln our s~udy wou Id have provlded a greater 

response to yield ,and fru 1 tlng characte'l' lat les. Gadsby (1986) 

found fhe 'most promisin9\,rate of appl1.cation for the desslcatlon 

of rapeseed, fababean~ and lentlls ~o be 0.15 kg a.l./ha. 

Althg..ugh fruit weight vas not generally affected" bl' the 
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. ~ppll-catlon of 9~Ufos Inat:, ln 1985 frul t ~e 19ht was reduced in 

the cultivar ~estlval. The effect' of glufosinate on fruit numbé:r 

pe-:a: lateral was 1ncons ist~~t; 'lt reduced the nllmbe r of fru i ts per \ 

Il lateral in Festival in 1985 but it increased frui t [lumbers in' 

Latharn. Furthermore, frul t nurnbers per lateral of Festival in 

1986\ were nat affected and in" faet showed a tendency to increase. 

Glufoslnate slgniflcantly reduced pr Imocane he ight ,in 
il (' 

Festival in 1984 although the basal diameter WdS not affected. 

This is understandable sinee the secund flush of primocanes that 

emerge are shorter because they have a shor ter gr owi-ng .:5eas on. 

Chemical primocane suppression using dinoseb-- hJ, .'1l:so been 
( ., 

reported 'ta .reduca primoc;:ane height (Crandall pt d~, 1980; 1 

Lawson, 1980; Norton, 1980; ... Lawson and Wiseman, 1983),' 1l10Ugh 
-

reduction in height occured when two applications ot dinos~. were 

sprayed on less vigorous cultivars. Lawson and Wl:ïeman (1983) 

nQted that spraying one application of' either dlnoseb or 

glufosinate on Glen Clova in Scotland reduced final primocane 

he i ghts but not the n umber of pr imocanes. Both the product i on 0 f .. 
Iateral buds per cane and the nurnber of lateral brancllpg per 

cane were unaffected by sl?rayin_g of glufostn.,ite, therl~~ore 

although primoeane height h~d a tendency to be reducéct espeLlally 

in' Fest i val, i t seems li ke 1y the reduced he i ght wa:.; le 1 ù tp,l to 

shorter int~node length and not due to a reduced ,1;llollnt of nodes 

or lateral branches. 

Calles 'treated with glufosina~e had a signiflcantly bigher 

\ > .. ' 

concentrc.\tion of Mg in the 1eaf tissue. Though the hi~he( .... t'vels 

.of Mg wera statistlcally signlflcant, 
1 

1 t is doubtful that thls 
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of PhYS'1010QlCal(t1gnl f lc~nc~. Level~ o~ M.~, 
sti 11 ,wi thin t~!e acceptable ranlJe ~9r' . 

hlgher le~el of ,Mg ls 

ln the' tissue ,wez:e 
a 

, 
-ras'pber~y Ieaf tissue analys is qiven by Quebec (C.~.V.Q., Agdex 

.~ , 

1985). ~he higher concèntratiéns . 230/20, Petits -Fruits: Culture, 
of . \ . 

of Mg .could be attr ibuted to the leS,\ advanc~d ètate of the 

second flush of' primocanes emerging la ter in ~e growing season. 

High mineral leveis are frequently foutld in i'ir.tivclY' growing 
~ " 

tissues and mineral concentration 15 reduced ilS tissues enlarge 
.... 

and age (Smith, '1962). Wright and Wiaster (1980) found that 

levels of Mg dropped in primocane Ieaves a::; the :lpason 

progressed, Indicating a decline in the leveis of Mg .-i3 the 

primocanes matured . 

. 
6. ,Conclusion 

The object ive' 0 f th is s tudy was to test var i ous manageme nt 

systems under Quebec growing conditions foi their cffect on yield 

compared to the standard practices. The conclusion that Olle can 

draw from this study i5 that cane management systems when 

properly implemented, can de 1 i ver greater yi e Ids or . impr ove the 
/ 

long term yield abLlity, provided that a sufficient number of 

., fruitlng canes are retained for cropping. Our study indicated 

that a cane density of betwel!fl 10-15 canes/m of row wou1d be 

sui table for Quebec gr owing cond i t ions espec ially whe n u ... : d J .:l 

vigorous cultivar. 'Although this cane density die! not gn'cltly 

increasè overa Il yie Id per se 1 i t g.rea t ly i ncreasE'd the 

productivity per cane, and woul,d ~ easier ta manage thar. the 
.. 

higher densities cpmmonly usee]. Certainly the choice of cu:'_tivar 

also inOuences Ithe success of the 0l?eration; vigorous cu"!tiva'rs 
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~UCh'-~~ 'Festival and Newburgh respond mor.e conslstently to cane' 

" management and. have h1gher potent1al y1elds. 

In cons1derlng the alternative management syst~ms, 1t wOu Id .. 
be dlfflcult, If not misleadlng, to wholely recommend one cane \J 

management'system over the other~~ Blennlal croPPing can' greatIy 

'improve yierd in the "on yea~", ~however yield 15 èM:tu~lly reduced 

when examined over a two year periode Additlonally, the long, term 

effect of blennial croppfng on cane qual1 ty needs to be further 

assessed. Th~ main advantage to blennlal clopplng 15 the relative 

ease of cane management and 'harvest. Greater berry size may also 

contr~bute to Its success. HoweveI, the shortening of prlmocanes 

i3 not advantageou3 in Quebec since cane tlpplng ls unnecessary 
, 

in thls region. In fact, most cultivars used in the northeast, 

such as Festival, naturally pro~uce relatively short canes which 

rarely exceed 1.5 m. In our study, the biennial cropplng Syst~ 

was f lxed at 10 canes/m so that a dIrect compar Ison , could Je , ~ 

made to the annual system at a denslty of 10 canes/m. However one 

advantage of blennial cropplng mentioned ln other studles vas the 

increase 

OUI study. 

., 
in pl imocane numbers, whlch 'coulg not be assessed ln 

The alternate side of 
" 

row croppinCJ 
t" 

system reduced , , 

overaii yield since only one half of the row 'was productive ln 

any bne year, however yield decreased by only 24-38\ compared to , 
the control. It may be a f,easible practice since the cropping 

• 
canes are separated from the primocanes, therefore' facilitating 

harvest and cane management. Glufosinate as", pr imoèane c~qtrol 

agent vas not a useful trea-tment and could not Qe recommended 

based on the results of this study. A more thorough study of thls 
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c1'!em1ca l, uslng a range ,of applicat:lo~~'·rates. 15 .necessary to 1 

. "' -' . completelyas-sess its usefulness. 
, t , 

In conclusion, reductlon 1n- cane .. number per l1near metre, by .. 

ço~ narrowing~ cane thinning or ~eparating prlmocanes from 

floricanes (spatially or temporally) 15 a u3eful management 

practice which would impluve fruit Bize, cane yleld· anl1 ctane 

health without reducing yields. Indeed ~kely thÇ1t- by 

manipulating row s~cing, yield per he~tare may be Jignifjcantly 
,/ ,if' 

increased. , 

7. Suggestions For Further Work 

S 1 nce cane de~s i ty reduct i on was found to be s ucceg=. fuI i. n 

increastnC] yield per cane and cane quaHty without ~ redue,;ing . 
overa Il yiela, a p~act i ca 1 method of ach iev lng the des ired cane 

density mi9ht be by row thlnnlng. A grower would then be ~ble to - , . \ 

thin c,a~es to a spec i fic dens i ty by 5 imply narr owi ng 'the row 

width. This ~ethod··of cane· thinning ~n Its extreme form would b~ 

~he linear hedgerow system. • 

One characteristic of the b.l:enni-al crol:Jplng : .. j!l'l-"~(~I\1 thar 
, .1 

needs tu be studied further ls i tg e ffect on PL .. lilocane ..... 
production. In our study, the blennial cropping s'ystem was fixed 

ae'- a de.nsity of ~O canes/m and the:r~fore cane production in a' 

biennial system and it~ ~ffect' on yleld could not be fully 

evaluated. Ammonium Glufosincfte as a chemical. prun ing .).!~e'nt nee<!s 
------

, J t , ~ 

to be· examined at a ser les. of appl icat ion ra tes· h igher t:;d fl' the 
_, 1 

rate used in this stuèiy. Although the results of t.his stuc1y ~ho~ 
" fi , 

\ ~ ~ 1 

.,.11t~le, ~ffecf ~.~e~.Cëlnes were trJated Wi~h gl~foSlnate, .the~e: W.:lS 

a- tendency' for plots treated wi th glufosinate ta -increase ln 

94 
, , 

. .. ~~~--.. ~~~~~~ 'l" _ ~ -', J " 



o 

, 

lf 

<. 

" 

on the p~yiiological 

" primocane and floricane. 

) 

• 

.. 
an~' morphological 

, , . development of both 

• 

.-

'-

\ 

95 

\ 



-, , 

1 

t 

. , 

" 

REFERENCES 

A;gric~l:turë Canada. 
,5tatb;tica1 Tables. 

~, " ~ 

, 0 

1986. Horticulture and " Special 
, 

Crops 

Amyot, Bruno. 1985. L'industrie frultlere au Ouebec. Mlnistere de 
,l'Agriculture, des Pecheries et de l'Alimentation. Quebe~ 

Balley, L.H. 1941 Species Bartorum. The genus Rubus in North 
America l. Gentes Herb. 5: 1-64. 

Barrientos,F.P.; Rodrlguez,J.A. 1980. Transgressive segregation 
for wlnte:r ch i 111ng :regui rement .1 n the red raspberry cult 1 var 
Ma Il i n 9 Exp loi t. Ac t a Ho r t. 11"2: 21- 2 2 . 

Belzile, N. /1983. Les besoins de recherche p'our l'annee 1984-1985 
fournis par les services du Ministere de l' Agr icul ture 1 des 
Pecher ies et de l'Al imentatl on du Quebec. C~.~,AQ, October 1983. 

Braun, J.W.; Garth, J.R.L. 1984. Intracane Yield Compen!3ation in 
the Red Raspberry. J. Amer. Soc. Hort. Sci. 1~9(4): 526-530. 

Brierly, W.G. 1934. Stuàies of the ~esponse ~f the Latham ' 
raspberry to prurilng treatment. Minn. 0 Agr. Exp. stn. Tech. Bull. 
no. 100. 

Bullock, R.M\.; Sheets, W.A. ,1968. Recent developments in small 
·fruits. Proc. Ore. Hort. Soc. 60: 101-105. 

) . , 

Childers,N.F. 
Horticultural 
N.J. 

1976 .. Modern Fruit Science. 7th Edition.' 
Publications, ijutgers University, New Brunswi ck, 

Clark, R.J. 1984. Biennial cropping.l an alternative production 
sy~tèm for red ~aspberries (Rubus idaeus L.). Scientia Hortic. 
24: 315-3:~01 

C.P.V.O. 1982. PetLts' 
230/605. Ministere de 
l'Alimentation. Conseil~ 
Gouvernement du Q,uebec .• 

fruits; guide 
l'Agriculture, 
des productions 

de protect ion. ~ Agdex 
des Peche:t: ies et de 
vegetales du Quebec. 

Q • 

C.P. V.O. 1985. Petits fruits,; culture. Agde,x 230/20. Ministere .de 
l'Agriculture, des pecheries""et de l'Alimentation. Conseil des 
productions vegetales du. Ouebe~ Gouverne~~nt du Quebec. 

1 

Crandall, P.C. 1973. Dinitro cane burriing at Vancouvp.r, Wa. proc. 
West. Wa. Hart, Assoc. 63:149. ) 

96 
o 



o 
Crandall, P.c. 1980. Twenty yeats of red raspberry research in 
sou~hwestern Washington state. Acta Hort. 112: 53-58. 

Crandall, P.C.; Allmendinger, D.F.i Chamberlin, J.O.; Biderbo~t, 
K.D~) 1974. Influence of cane number and diameter, lrriga-tipn, and 
carbohydrat~ reserves on the fruit number of red raspber~es. J.' 
Amer. Soc. Hort. Sei. 99: 524-526. ' 

Crandall, P.C.; Chamberlln, J. D. 1972. Effects of water stress', 
cane size and growth regulators on flor,~l primordia development 

'in red raspberrles. J. Amer. Soc. Hort. Sei. 97: 418-419. 

Crandall, P.C.; C.hamberlin, J.O.; Biderbost, K.A. 1974. Cane 
Characteristics Associated with Berry Number of Red Raspberry. J. 
Amer. Soc. Hort'. Sci. 99(4): 370-372. 

Crandall, P.C.; Chamberlin, J.D.; Garth, J.K.L. 1980. The Effccts 
of Chemical primocane Suppression on Growth, Yield, and 'Chemical 
Composition of Red Raspberries. J. Amer. Soc. Hort. Sei. 105(2): 
194-196,. 

Dale,_A. 19B6. 
cult i vars. Acta 

~ 
Sorne effects of the environment on red raspberry 
Hçrt. 183: 155-161. 

Dale, A.; Daubeny, H.A. 1,985. Genotype:-environment interactions 
involving British and Pacifie Northwest red raspberry cultivars. 
HortSci. 20(1): 68-69. \ 

o 

'. 

~o 

"' 

Gadsby, M.C. 1986. 
Hoechst Canada rnc. 

, 
Review of Hoe 39866 Performance 1979-1982. .. , 

Gtfford, 'R.M.; Evans, L.T. 1981. Photosynthesis, carbon 
'partitioning and yield. Ann. Rev. Plant Physiol. 32:485-509. 

\ 

Hale, C.G.; Weaver" R.J. 1962., The effect of developmel')tal stcrge 
on direction of translocation of photosynthate in Vitis vinifera. 
Hilgardia 33: 89-131. 

Harper, J.L. 1961. Approaches to the study of plant competition. 
Symp. S~c. Exp. Biol. 15: 1-39. 

'Harper, 
pla'hts. 
SeneCio 
" 

J.L.; Ogden, J. 1970. The reproducti~e strategy of higher 
I. The' concept of strategy wi th s\pecial reference to 

yulgar1s L. J. Ecol. 58: 681-698. \ 
, . ~ 

Holmes, M.G.; McCartney, H.A. 1976. Spectral energy distribution 
in the na-tural environment and 1 ts impl ications for phytochrome 
funct ion. In Light and DIant -deyelopment. PrQceed LOg5 qf the 220d,. 
Univérsity of No~tingham Ea~ter School. Butterworths 

Hudson, J.P. 1959. Effects of environment on R!.tQ.~ jdeal.ls L. I~. 
Morphology and development of the raspberry' plant. J. IIortlc. 
Sei. 34: 163-169. (? 

97 

1 f",... 1-

ot\. ' ~ , ~. , " l' .'" " • " \ :-,'.," \ •• :.'.J, ~ . ~ ~ Cr? '(' ~J" n'i'; 'q • .!::... ;;; ~:!:-

o 



b , 
.f 

f 
1· 

( 

... 

Cf 

1 

H~9hes, M.i Chaplin,·M.H.; Dlxon, A.R. 1979. Elemental ~ompostlon 
of" red rraspberry leaves as· a functlon of time of season and 
positJon on cane. HortScl. 14(1): 46-47. 

John, M.K.; Daubeny, H.A. 1972. Influence of genotype, date of 
sampllng and age of plant on leaf chemical composition of red 
raspberries. J. Amer. S'oc. Hort. ScL 97(6): 740-742. 

Lareau, M.J. 1984. Le Framboisier n'est pas neglige. Le Bulletin 
des Ag rie u l te urs Fe v : 3 5 - 3 9 . 

Lareau, M.j. 1987. L'Alterance De Production Grace A Un Nouveau 
Mode De Conduite. L'Horticulteur; April, 1987: 12-14. 

Lareau, M.J.; Brassard, G. '1980. Evaluation de cultivars et de 
pratiques culturales chez le framboisier. Resume des Recherches, 
Station de Recherches, st. Jean Quebec. 

Lawson, H.M. 1980. Recent Research On Cane Vigour Control In 
Sc 0 t la n d. Ac ta Ho r t. 11 2: 1 51 - l 5 6 . 

Lawson, H.M.; Waister, P.D. 1972. The effect of sOlI cultivation 
techniques on the growth and yield·, of the raspberry crop. Weed 
Res. 12: 96-106. 

Lawson, H.M.; Wiseman, J.S. 1979. Effects Of Raspberry Suckers, 
Growing In The Alleys Between Rows, On Cane And Fruit Production 
In A Non-Cultivated Plantation. Hort, Res. 19: 63·74. 

Lawson, H.M.; Wiseman, J.S. 1983a. Techniques for the control of 
cahe vigour in red raspberry in Scotland: effects of tlming and 
fequency of cane removal treatments on growth and ylcld in cv. 
Glen Clova. J. Hort. Sei. 58(2·): 247-260. 

''f 

Lawson, H.M.; Wiseman, J.S. 
For Cane Vigour Conbrol 
la 2 ( s u p pIe me nt): 12 2 - 1 2 3 . 

1983b. Evaluation Of Crop Desiccants 
In Raspberry. Ann. App. Biol. 
'-

Lott, R.V. 1931. Raspberry 
CO Agr. Expt. sta. Bul. 367. 

investigations. 
1 

A preliminary study. 

Lutz, J.H.; Hardenburg, R.E. 1968. The commercial 
fruits, vegetables, and florlst and nursery stocks. 
Handbook No. 66. 94 pp. 

storage of 
USDA A'Jr l c . 

MacDaniels, L.H. 1922. Fruit Bud Formation in 
Pro c. Ame r. Soc. Ho r tic. Sc 1. 1 9: 1 9 4 - 2 0 0 . 

Rubus and Ribes. 

Mage, F. 1975. Dormancy in buds of red raspberry. Srient~fic 

Reports of the Agricultural University of N~rway. 54: No. 85. (\ 

Makowski, E.J.; FauA, E.W. 1984. HOE 39866: ~ New'Non-selective 
Post Emergence Herbicide. Ho,echst Canada Inc. 

98 

" 



o 

~'l;l,- .... - {, 

Hason, D.T. 1981. A Comparison of the Hedgerow and'Stool Systems 
Or Growing The Red Raspberry (Rubus idaeÙs L.) In Relation To 
Cane Disease Incidence And Yield Component compensation. Hort. 
Res. 21: i 49-158. 

Hathers, B.A. 1952. A study of,fruit bud development in Rubus 
Ideaus. J. Hortlc. Sel. 27: 266. 

Hooney, H. 1972. The carbon balance of plants. Annu. Rev. ~col. 
Syst. 3: 315-346. ,<' , 

-' 
Norton, R.A. 1973. Red raspberry can~ control 'research at Mount 
Vernon. Proc. West. Wa. Hort. Assoc. 63: 152-155. • 

Norton, R.A. 1974. Basal cane contrbl of red raspberrles- Four 
years' results. Proceedlngs of the Lover Malnland Hortlcultural 
lmprovement Association 16: 16-18. 

Norton, R.A. 1976. Nutrltlonal status of red raspberrles, ln 
relation to leaf feeding. Proc. West. Wa. Hart. Assoc. p.121-127. 

Norton, R. A. 1980. Red rapberry pr Imocane control researeh and 
praetlce in the Pacifie Northyest. Acta Hort~ 112: 191-193. 

Olafsun, A. 
raspberry. 
58(21): 1-20. 

1979. Factors affecting yield variations 
Meldinger fra Norges Landbrukshogskole. 

in the 

Orkney, D.G.; Martin L.W. 1980. Fruiting Potentlal And Flo..,er 
Truss Charaeterlstlcs Of Select 'Wlllamette' Red Raspberry Canes. 
Acta Hort. 112: 195-203. 

Ourecky, O.K. 1975. Brambles. In Adyances ln Fruit B'Xeedl'1'lg. J. 
Janlck and J.N. Moore ed. purdue University Press, W. Lafayette, 
IndIana. pp. 98-116. 

palmer, J.W. 1977. Llght transmittance by apple leaves and 
canaples. J. Appl. Ecol. 14: 505-513. 

Pepin, H.S.; MacPherson, E.A. 1980. Some Possible Factors 
Affecting Fruit Rot Resistance In Red Raspberry. Acta Hart. 112: 
205-210. 

Pritts, M.P. 1987. Raspberry Pruning Systems Shoy Promise. 
American Fruit Groyer. February, 1987. , 
Ouinlan, J .D.; Preston, A.P. 1971·. The influence of shoot 
competition on fruit retentioh ,ând cropplng of apple' trees. J. 
Hortic. Sei. 46: 525-534. 

Oulnlan, J. D.; Weaver, R. J. 1970. Hodif i,çati ons of patterns of 
~he pho~o3ynthate movement vith!n and betveen sho~te of vitie 
yinifera L. Plant Physiol. 46: 527-530. 

99 
-, 

i , 



o 

c 

'. ./ 
:I;~ •• , 

, 

Redalen, G. 1981.. Influence of GA3, number of 'canes and cane 
height on fruit set and druplet set In,raspberrles. Heldlnger fra 
~orges Ùnf:!brukshogskole.. 60 (105). , 

Robertson, H. 1957. Further investigations of flower bud 
development ln the genus Rubùs. J. Hort}c. Sei. 32: 265. 

Rodrlguez, J.A. 1978. Effects of pruning intensity and population 
denslty. on red raspberry (Rubus Ideaus L.) Abstacts xxth lnt. 
Hort. Congr. Sydney, Austr. abstr 1537. 

Sheets, W.A. 1973. Chèmlcal prunlng of caneberrles ~ith dinoseb 
at Aurora. Proc. West. Wa. Hort. Assac. 63: 150-152. 

Sheets, W.A.; Nelson, T.L.; Nelson, A.G. 1915. Alternate-year 
production ~of Thornless Evergreen blackberrles: technlcal and 
economlc feasablilty. o~egon State University, Bull. 620. 

Sherman, W.B.; Sharpe, R.H. 1971. Breeding Rubus for warm 
c lima tes. Ho r t S cl. 6 ( 2 ): 1 ~ 7 -14 9 • 

Shoemaker, J.S. 1978. Small Fruit Culture. F1fth edition. AV! 
Publlshing Co. Conn. 

Smith, P.F. 1962. Mineral analys1s of plant tissues. Ann. Rev. 
Plant Phys101. 13: 81-108. 

Smith, H. 1975 Phytochrome and photomorphogenesis. HcGraw-Hll1, 
London. 

Snell, T.W.; Burch, D.G. 1975. The ~ffects of density on resource 
partltionlng ln Chamaesyce b1rta (Euphotblaceae). Ecology 56: 
742-746. 

Stat'lstlcs Canada. Fruit and Vegetable Production. August 1987. 
Catalogue 22-003. 

Steel, R,G.D.; Torrie, J.H. 1980. Princlples and procedures 
statistlcsi a biometrlcal approach. McGraw-Hill, New York. 

of .-
Stene, A.E. 1933. Prellminary studies in the fertilization of red 
raspberrles. Proc. Amer. Soc. Hart. Sci. 30: 275-277. 

svartz, H.J.; Gray, S.E.; Douglass, L.W.; Durner, E.i Walsh, '" 
C.S.; Galletta, G.J. 1984. The Effect of a Divlded ca-nopY,\rel1is 
Destgn on Thornles'S B~aekberry. HortSel. 19 (4): 533-535. ' 

Terrettaz, R. 1983. Competition entre la phase vegetative 
(pousses de l'Annee) et la phase productiv~- (cannes fruitieres) 
~u framboisier. Rev. Sui. Vitie. Arborie. H~lc. 15(3): 167-171. 

'l'errettaz, R. 1984. Essai Preliminaire de H~es de Conduite du 
Frambol~~er. Rev. Sul. Vitl~ Arboric. Hortie. 16(3): 129-132. 

) . 
100 r 

\ \ 

" 



-. '.-
~}/ 
li" \ ;;;. 
;t 

o 

o 

, ' 'T, '. r , l::- I~ 

Turner, D.H. 1977. 
Bull. 19: 96. 

Turner, D.H. 
Bull. 54. 

1980. Raspberry prpduction. East Scot. Ag. Coll. 
\ 

'-
Var5eveld, G.W.; Richardson, D.G. 1980. Evaluation Of storage And 
Processing Quality Of Mechanical1y And Hand-Harvested Rubus Spp. 
Fruit. Acta Hart. 112. 265~272. 

Vasilakakis, M.D.; McCown, B.H.; Dana, M.N. 1~80. Law Temperature 
Flowerlng of primocane-fruiting Red Raspberries. HortSci. 15(6): 
750-751. 

Waister, P.O. 1980. Biennial Cropplng Of Raspberrips. Grower. 
August 21: 60. 

Waister, P.D.; Barrltt, B.H. 1980. Compensation In Frult Numbers 
Following Loss Of Lateral Buds In The Red. Raspberry. Hort. Res. 
20: 25-1l. 

~aister, P.D.; Cormack, M.R. 1981. Biennial Raspbertle5 Cropving 
On dnd Off. Grower. February 5: :;:)-35. 

~ 

Waister, P.O.; Cormack, M.R.; Sheets; W.A. 1977. Competition 
between fruiting and vegetative pha~es in the red raspIJerry. J. 
H qr tic. Sei. 5 2: 7 5 - 8 5 . 

Waister, P.D.; wright, C.J.; Cormack, M.R. 1980. ?otpntia: Yield 
In The Red Raspberry As 'InJluenced By Interacl.Lon Bt-'tweell 
Genotype And Cultural Methods. Acta Hortic. 112: 273-281. 

Waldo, G.F. 1933. Fruit Sud Formation in Bramble~. Proe. Amer. 
Soc. Hortlc. SC1. 30: 263-267. 

Waldo, G.F.; Darrow, G.M\ 1941. Breeding autumn-frllit.i.ng 
raspberries under Oregon Gonditions. 
39: 274-278. 

Proc. Am. Soc. Hl)LtlC. Sei. 

1 
Westwooc1, M.N. 197B. 'remperate Zone Pomology. W\.H. Freernrln and.. 
Co.' San Francisco. 

/ 

Whitney, G.G; 1982. Thp produetlvity and aarbohyrtrat p econumy of ~ 
developlng stand of Rubus ideaus. Cano J. Bot. 60; ,:fi')7-270~ 

~ 

W i lU a ms 1 1. H. 19 59 a. E f f e c t 5 a f env i r 0 n me n ton Ru bus id ~ll s L. 
II. Field observdtions on the variety Malling PrfJmt!.)€. J. l1urtic. 
Sei. 34: 170-175. 

Willi~ms, I.H. 1959 b . Effscts of envlronment on Rubus 
III. Growth and dormancy of young shoots. J. Hartie. , 
210-21~. • 

l 
101 

id<if:'llS L. 

SCI. 34: 

'" 



" 

:. 

.... ' i' 

, ' . , .... , - J ,,,-., r 

Williams, I.H. 1959 c . Effècts of envlronment on Rubus làaAIl6 
IV. Flowet Inl tfat10p and devlopment - of the .inflorescence 
Horti~. Sei. 34: 219-228. '~ 

1 f _ • 

Wil1iamson, B.; Làwson, H.M.; Woodford, J.A.T.; Hargreaves·, A.J.; 
Wiseman, J. S.; Gordon, S. C. 1979. Vlgour control, a"n in.,tegrated 
ap~roach to cane, pest and disease management in red ra.s~rry 
(Rubus ideaus). Ann. Appl,. Biol. 92: 359-368. .) 

Wood, G.A. 1960. Commercial raspberry growing: the Integration Rf 
cultural factors. Scientia Hort. 14: 97-103. ~ 

..,. 
Wood, C.A.; Anderson, M.M. 1962. The cultivation of rasp.betries. 
Rep. Scott. Hort. Res. Inst. 1961-1962:· 17-19. ') 

Wood ,C.A.; Anderson, M.M.; Freeman, G.r!. 1961. Studles on the 
cultivation of raspberries. I. Effects of planttng àbtarlrF>S "lnd 
of thf' winter tipping of canp.s. Hort. Res. 1: 3-24 . . 
Wright, C.J.; Waister, P.D. 1982a. within-plant eompetltl f1n in 
the red raspberry. 1. Primocane growth. J. Hortlc. Sei. t:,Î: 437-
442. / 

Wright, C.J.; Waister, P.D. 1982b. Within-pldnt competit lOfl in 
the red raspberry. II. Fruiting cane growth. J. Hortic. Sel. 57: 
443-448. • 

f 

Wright, C.J.; Waister, P.D. 1984. Light interC'Pptlon and frlltillg 
cane archi tecture in the red tasp~err~ ~rown, u..,nder annUi) land 
biennial management systems. J. ~ortlc. ~Cl. 59: J95-402. 

102 

. ,.,., 

) 

," . 



O· 

o 

o 
'" 

,,;:,:",. 

" 
, " " " 

(' 

APPENDIX 

\ 103 



, '\, 

, , 
r' 

. ... ~, 

> , 

\ ' , . .' 

APpendlx 1: So11 'AnalY~Js 'of RaSpberry',Planpatlon. b 

/ 

1 

SolI type: deep clay loam 

---------------------------~------------------------------~------
Block buf fer 

pH~ 
orqanic 
matter \ I? 

Kg.Zha. 
K Mg 

----------------------------------.------------------------------

A 6.2 6.6 2.9 

B 6.0 6.5 2. 4 

North 

• A 
West 1-----------~7---~1 East 

1 B 1 
1 1 

South 

\ 
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693 381 479 

573 323 476 

PROCEDURE 

1) field was divided into 
2 blocks as show'n at 
left. Ci 

i) 15 sail sUb-samples were 
taken in each block: 

3} 50i1 analysls was per­
formed by Le Mlnlstere 

De L'Agriculture, Des 
I?echeries Et De 
L'Alimentation Du Quebec 

, 
q , 
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Appendlx 2: Schematlc Layout Of Exper'lmental Flè~ • 

. ~ " . 
_________ BLOCK 2 ________ __ 

J 
F================7========== 

F=IT3IT1IT5IT8IT4IT7IT2IT61= ~ 

N=========================== 

N=IT2IT5ITVIT6ITIIT4IT3IT81= 

N=IT6IT4IT1IT3IT?IT5IT8IT21= 

L=IT8IT1IT2IT 7 IT6IT4ITSIT31= 

L=IT7IT2IT6IT4ITIIT3IT5IT81= 

F=========================== 

F=ITIIT4IT8IT5IT7IT6IT3IT21= 

F=========================== 

1 
1 

1 

1 

1 
1 

1 

1 

1 

1 
1 

1 

1 

1 

133m 

__ _______ BLOCK 1 ________ __ 

F=========================== , 

F=IT8IT2IT6IT3ITIIT7IT4ITSI= 

L=========================== 

L=IT4IT6IT7ITfIT3IT2IT8IT51= 
• 

L=IT8IT5IT3IT2IT6IT7IT1IT41= 

1 N=IT7ITIIT8IT4IT2IT6IT5IT31= 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
v 

N=IT5IT2IT3IT7IT6ITIIT4IT81= 

F=IT2IT1IT5IT8IT4IT6IT3IT71= 

F==========~================ 

< ------ ... ----------------- ------ ----....,------- - ---- -- - ------- -.- - -- > 
North 53m South 

LEGEND 

======= Hedgerow 
F Festival L Latham N Newburgh 
Tl Control 
T2 5 canes/rn 
T3 10 canes/rn 
T4 15 canes/m 
TS Biennial Cropplngi On 1984, 1986 
TG Biennial Cropping; On 1985 

.< 

T7 Alterna'te Side Of Row.cropping 
Ta Prlmocane Contro'l Uslng Glufoslnate 

\ 
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Appendlx 3: Fertl11zer, Pestlcid~'and Herbicide App~lcatlon 
sehedule, 1984-19~6. 

Fertillzer r 
lO~lO-lO applied at the rate o~ 550 kg ha-1 in early'May 

'1 

Pesticide 

Pesticide:, Time of Application * Amount Applied 
---------~-----.---------~---------------------------------------

Elgetol (ONOC) Green Tlp 1. 51 1 
IJ-D 

~, 

Ferbam 76-W } Prebfoom, 2 sprays 756 9 
Benlàte 50-W } 10 days apart 149 9 
Guthion 50-W } 189 9 

Captan 80-W At bloom; repeated every 304 9 
8 days u~til early June 

Ferbam 76-W Post Harvest 607 9 
Kel thane AP 35-W Post Harves't - 304 9 

) 

* Amount applied 15 based on a 0.135 ha field area 

Hetblclde 

Slmazlne 80-W and Gramoxone (paraquat) 200-SN applied to alleys 
in early May at the rate of 2.80 Kg and 2.60 l/ha respectively. 

" 
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- lppendlx 4: lnalytlcal aethods used to deter.1ne the .1nera! and 
chlorophy~l content of pri.ocane leaves ln Bxper1.ent No. 1 

1 

Analysls Of N, P,'K, Ca and Mg 

1: Lea~ samples vere collected and dried in a vacum oven.for 48 
hrs at 65 degrees C. Dried tissue vas ground ln a Wlley ~lcro 
Hill vith a 40 m~reen and a 1.0 g sample vas collected 
for each treatme~~ot. 

2: 250 mg of the dried ground tissue was placed·in 250 ml flask 
and 4 ml of concentrated Sulphurla Ac1d vas added to digest 
tissue. The flask vas heated at 225 degrees C until aIl tissue 
vas charred, after vh1ch flask vas removed from the hot plŒte 
and alloved to cool slightly. 

3: 4 drops of 30% Hydrogen Peroxlde vas added to the flask, vh1le 
the flask vas svirled and gently heated for 2-5 minutes. This 
step vas repeated 13 times. 

4: Flask vas cooled and brought up to volume (250 ml), covered 
and shaken end to end, 20 tlmes. Sol~tion ln the flask vas 
transferred to colleçtlon vials and vas allowed to stand for 
3-4 hrs to permit sillca to settle out. 

-5: The concentrations of N and P vere determined colorimetrically 
using a Technlcon Autoanalyzer 1. A Perkln Elmer 2380 Atomlc 
Absorption Spectrophotometer vas used 'to determlne the 
concentrations of K, Ca and Mg. ~ 

Reference: Thomas et al. 1967. Agronomy Journal, vol 59. 
pp. 240-2'43. 

Analysis Qf ChloroDhyll Cpntent 

1: Total chlorophyll concentrations vere obtalned by a 
colorimetrie procedure based on the absorption of llght by 
aqueous Acetone extracts (80\) of chlorophyll used by Chong 
(1972) to determine the chlorophyll content of Malus callus 
tissue. \ 

2: Prlmocane leaves from ea~ treatment plot vere eut lntocall 
pieces and a 5 9 sample V&S thoroughly homogenlzed for 
mlnutes in 100 ml of 80\ acetone uslng a blende~. Untll the 
treatment samples vere homogenized, they vere stored separately 
ln baga under refrlgeratlon to prevent molsture loss and 
chlorophyll, degradatlon. 

.. 
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Appendlx 4 Continued.:~· 
~ - ' 

3: The homogenate was filte~ed through #50 fl1ter paper into a 
suctlon flask. The ble'nder container and the filte'r paper were 
rlnsed with 200 ml of 80\ acetoné and filtered. Fl1tr~~es 
were combined and brduqht up to the 300 ml volume by ~dhiLJon 
of ~cetone! ' 

1 j 1 

4: Ab'sorptlon values of the flltrate were determlned \at 645 um 
and 663 um using a Philips pye Unicam~pectrophotometer. , 

5: The total chlorophyll, C~ contained in the extract was based 
on the equatlon C = 20.~ (A645um) + 8.02 (A663um) 

where; C = totdl chlor~phyll cortent in mg/l 
A645 um = amount of absorption of ehloropbyll a 
A663 um = amount of absorption of ehloraphyll b 

t 

6: The value C was 
l/<t to 9 ive the 
of »eaf tissue. 

then multiplied by the dilution factor, 0.06 
final total chlçrophyll concentration in mg/q 

\ 

Reference: Chang, C. 1972. Growth and Sorbitol metabollsm, of 
Malus tissues ln vitro. Phd. Disserta71on. 
MeGlll University. 
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Appendlx 5: ,Anaysls _ of varlallce of yield and cane variables 
presented in Experlment No. 1 and Experlment No. 2, 1984-198~.~ 

\, PIJt Yie1d 
i 

l.ll! c.v. = 17.207 
t, 

SOUI:ces Of Variation df SS 'fF va~ue Prob > F 

Black 1 2196403.44 2.09 0.1936 
Var iety 2 64328035.7! 30. 57 0.0007** 
Black *Var iety 2 146572.67 0.07 0.913') 
Error a 6 6312903.07 

Treatment 6 37838463.00 21. 72 o .00 0 1.* * 
Treatment*Variety 12 5839381.79 1. 68 n. 1'142 
Treatment *Block 6 5067926.14 "'2.91 O.O204,~ 

Treatment*Variety*B10ck 12 6066585.50 1. 74 o .0984 
Error b 36 10454250.43 

ill..2 ',le. v. = 16.54 

es Of Variation df SS F va l ue . Prob :> F 

1 '6175549.71 8.20 0.0286* 
Var iety 2 403841493.24 268.22 O.onOl** 
Ë10ck *Var iety 2 1943418.29 1,29 a.3AiS 
Error ër 6 4616892.29 

\ 
Treatment 6 109627294.48 . 13.06 O.OOOl~* 

Treatment*Variety 12 27629474.60 1. fi 5 0.1223 
TI:eatment*Block 6 15115339.95 ~ 1. ao O.L~67 

TIeàtment*Va~ty*Block 12 19726865.55 1.18 0" 336 fi 
..., 

Errar b 36 '\ 50365295.71' • 
* significant at the 0.05 level 

** s igni flcant at the 0.01 leve'l 
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Appendlx 5 contlnued.... ! 

, 

Yleld 
'. . 

per Cane 
" " • illJ. f C.V. = 24.367 

Sources Of Variation dfi SS F value Prob > F , 
,', B10ck 1 1442.20 1. 43 0.2774 ~ .... ~~ 
r!;' Var iety 2 58346:07 28.86 0.0008** ,.~ 

~ Block*Variety 2 291. 35 ' 0.14 0.8687 ~ , Error a 6 6065.63 
-> 

Treatment 6 233501. 25 62.62 0.0001** 
Treatment*Variety 12 29500.58 3.96 0.0007** 
Treatment*Block 6 6151.80 1. 65 0.1620 
Treatment*Variety*Block 12 6807.57 0.91 0.5441 
Error b 36 22373.67 

lll.2. c.v. = 15.715 
c:-' 

Var iation Sources ef df SS F value Prob > 'F 
~ 

-0: Block l 9582.73 3.59 0.r071 . , Variety 2 473656.28 88.~5 0.0001** 
Block*Variety 2 4219.95 0.79 0.4960 
Error a 6 16029.50 

! 

Treatment 6 870706.03 ~5.17 0.0001** 
Treatment*Variety 12 160562.54 8.78 0.0001** 
Treatment*Block. 6 15877.23 1. 74 0.1409,-
Treatment*Variety*Block 12 10998.32 0.60 0.8167 
Error b 36 54892.62 

1-'! 

* s 19ni f lcan·t at the 0.05 revel 
** significant at the 0.01 leVel 
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Appendlx 5 con,tlnued ..... \ 

o " 

\1'" ' Mean'Berry Welght '~ 

~ -
c.v. = 6.09'1 4 

"e, 

, ,1 

Sources Of Var lation df SS F value prob .> F 
",.j 
~I 

. 
\ Black 1 O. 6~6 4.28 0 0.0841 ' , 

2 6.669 46.29 0.0002** • Variety \~ 

Block*Variety 2 0.060 0.21 0.8184 
Error a 6 0.864 

~ 

Treatment ~ 6 1. 496 13.95 0.OOO1~~ 

Treatment*Varlety 12 0.416 1'.94 O. 0~1 . 
Treatment*Block 6 0.222 2:07 o . 0 O§~ 
Treatment*Variety*Block 12 Q.076 0.35 0.9713 
Error b 36 0.643 

\ 
\ 

.. 
\ 
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Appendlx 5 continued ••• 

Mean Fruit Number Per Lateral Branch 

Sources Of Vari.atlon df SS 

Block 1 8.27 
Var iety 2 998.54 
Block*Variety 2 7.82 
Error a 6 46.18 

Treèi tment 6 71.37 
Trea tment *Var let y 12 57.93 
Trea tment * Block 6 23.88 
Treatment*Varlety*Block 12 21.83 
Error b 36 79 .66 

* 
** 

signlflcant at the 0.05 lével 
signlficant at the 0.01 level 

/ 
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• 

c.v. = 9.788 

" 

F va l ue 

3.74 
64.86 
0.51 

5.38 
-, 2 . 18 

1.80 
0.82 

Proh > F 

0.0611 
0.0001** 
0.6256 

0.0005** 
0.0353* 
o . 1210 
0.6256 

1 
1 

, 1 
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~ Append lx 5 cont l nued ... 

___________________ ~an Ptlmocane~eight 

~ .-À c. v. = 5.899 

1. 

Sources Of Variation 

Block 
1 

Var iety ( 

Block *Var le ty 

E)r a 

Treatment 
Trèatment*Varlety 
Treatment*Block 
Treatment*Variety*Block 
Error b 

1985 

Sources Of VariatIon 

Block 
Varlet y 
Block *Var le ty 
Error a 

Treatmènt 
Treatment*Varlety 
Treatment*Block 
Treatment*Variety*Block 
Error b 

df " 

1 
2 

1 2 
6 

6 
12 

6 
12 
36 

df 

1 
2 
2 
6 

6 
12 

6 
12 
36 

SS 

470.49 
'9312,34· 

63.08 
584.8~ 

6850.80 
2816.96 
. 479.60 
1544.45 
2601.01 

S5 

139 . 55 
2189.89 

11.70 
613.77 

6372.57 
1992.02 

257.22 
179.54 

3161.86 

* 
** 

stgnificant at the 0.05 level 
signlÙcant at the 0.01 levpl 

-Ir 
f 
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o 

4.83 
47.77 
0.32 

15.80 
3.25 
1. 11 
1. 78 

c.v. = 7.375 

) 

F value 

1. 14 
8.92 
O. 10 

10.08 
1. 58 
O. 4 l 
0.28 

• Prob > F 

0.0704 
0.0002'lr* 
0.7354 

0.0001** 
0.0030** 
0.3:]78 
0.oM7 

Prob > F 

0.3351 
0.0724* 
0.77f)..0 

S 0001** 
'0.1526 

0.863G 
0.9400 

J 
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Appendlx 5 continued •.. 

1 ' 
Mean pr i~cane D~arheter 

Sources Of Variation 

Block 
Variety 
Block *Var iety 
Error a 

, 

Treatment ;­
Treatment*Varie~y 
T r e a t me nt * B 10 c k 
Treatment*Variety*Block 
Erràr b 

~ources Of Variation 

Block 
Var iety -
B'lock*Vat iety 
Error a 

df ss 

1 ./1.19 
2' '---"25.09 
2 5.27 
6 1. 65 

6 
12 

6 
12 
36 

df 

1 
2 
2 
6 

101.22 
6.68 
3.43 
5.45 

13.84 

ss 

O.3~ 
23.111 
0.12 
0.95 

Treatment 6 23.29 
12.27 

1. 09 
1. 30 

13.38 

Treatment*Variety 12 
Treatment*B1ock 6 
Treatment *Var i ety*Bl aDk 12 
ErroI: b 36 

* 
** 

significant 
slgnificant 

at the 

ay~e 
0.05 leve1 
0.011evel 
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C.V. = 5.870 

F val ue 
\ 

" 4 • 33 
45.66 
9.59 

43.88 
1. 45 
1. 49 
1.18 

c.v. := 7.249 

F va l ue 

1. 67 
61. 28 

0.64 

8.70 
2.29 
0.41 
0.49 

prob > F 

0.0826 
0.0001** 
0.0135* 

0.0001** 
0.1903 
0.2105 
0.3331 

prob > F 

0.2S3~ 
9·0003** 
à.4b04 

0.0001-1: .... 
0.0324* 
0.8695 
o .~81 .:; 8 

'~~~' ' . 
. ' ... 

" 
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Appendix 5 contLnued •.. 

___ ', _______________ Mean Node Number Per Cane 

l.ll...4. 
~f~1 

Sources Of Var 1atlon df 

" Block 1 
Var iety 2 
Bl-ock *Var iety"\ 2 
Er r or a 6 

1 ... 
Treatment 6 
Treatment*Variety . 12 
Trea tment *B1oc k 6 
Treatment*Variety*Block 12 
Error Q 36 

ss 

0.27 
901.05 
91. 91 
53.69.1' 

1016.14 
182.87 

13.41 
121.89 
513.47 

C.V .. = Il.859 

F value 

0.03 
50.35 

5.14 

11. 87 
1. 07 
0.86 
0.71 

____________ Mean Lateral Branch Number Per Cane 

un c.v. = 14.3')1) 

\ 

Sources Of Var iation df SS F v~lue 

Block 1 90.94 2.34 
Variety 2 723.33 9.33 
B1ock*Varlety 2 2.73 0.04 
Er r or a 6\/ 232.70 

Trea tment 6 386.07 6.30 
Treatment*Variety 12 203.30 1. 66 
'l'reatment *Block 6 96.97 1. 58 \ 

Trea tment *Var le ty*Bl o ci< 12 153.00 1. 25 
Errar b 36 367.46 

* significant at the 0.05 leve l 
** significant at the t O.Ol 1eve l 

115 

1 . 

prob > F 

0.8668 
O.OOè2** 
0.0501 

0.0001** 
0.4135 
0.5348 
0.7/97 

Prob > F 
"-

0.1766 
0.0144* 
0.9657 

0.0001** 
o . 11~ 4 
0.1803 
0.2899 

\ 
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Appendlx 5 contlnu~d ••• 

Mean Plot Yleld 

l.2.l.6.. \ 
Sources Of Var iat ion df SS 

Black 3 9~8222 4.19 
Treatment 3 19484480.19 
Errar 9 9036695.06 

l, 

Yleld Per Cane 

llli 
.". 

Sources Of Variation df SS 

Black 3 9042.91 
Treatment 3 135437.33 
Errar 9 24123.70 

* 
** 

significant at the 0.05 level 
significant at the 0.01 level 

1( 

( 
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c. V. = 13.451 

F value Ptob > F 

3.18 0.0775 
6.47 0.0126* 

c.v. = 17.442 

F value Prob > F 

1.12 0.38'36 
16.84 0.0005** 
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Appendix 6: Cane population and the percentage of canes retalned 
compared to the control po'pulatlon, and yield per plot and the 
percentage of yleld, ,obtalned in compar 1son to the control. plots 
for~c~ne management,systems !n. 1984 and 1985. 

. l.~UH 
Treatment Cane No. % of Control Yle1d % of Control 

r 
" Control 81 100\ 3123.5 100'\ 

Alternate Side 38 47% 2384.8 76% 

Chemical Pruning 71 87\ 3413.8 109\ 

Biennial 25 31\ 445b . 2 143% 
) 

5 canes/m 13 16\ 2272.4 73\ 

10 canes/rn 25 31\ 2999".5 96% 

15 canes/rn 38 47% 3278.2 105% 

1985 
Treatrnent Cane No. % of Control Yield % of Control 

"-

Control 59 100% 8097.4 100% 

Alternate Side 28 55\ 5078 .. 4 63% 

Chernica l Prun1.ng 49 83\ 8584.9 106% 

. Biennial 25 42% 7597. 4 94% 
') 

5 canes/m 13 22% 5907 . 5 73% 

10 canes/m , 25 42\ 7301.2 90% 

15 canes/rn 38 64% 7497.5 939:, 

( 
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