HortScience 35(2):181-183. 2000. Harvest Each pot was treated as a separate
experimental unit, and harvested individually

Cane Stablllzatlon Improves Yleld Of every 2 or 3 d during fruiting season. All fruit

were counted and weighed, and average fruit
. size was calculated as total yield divided by
Red Raspberry RUbUS IdanSL) total fruitnumber on each harvest day. Harvest
occurred between 6 July—2 Aug. 1997 for

Justine E. Vanden Heuvél J. Alan Sullivar?, and John T.A. Proctor ‘Boyne’ and 3-14 July 1998 for ‘Regency’.
Department of Plant Agriculture, Horticultural Science Division, Universitye!d was calculated and reported on a per

ane basis for each plant. All fruit were con-
of Guelph, Guelph, ON Canada N1G 2W1 sidered marketable.

Additional index wordsyield potential, trellising, leaf area, floricanes Leaf arealmmediately following harvest,
all leaves were removed from the floricanes
Abstract. Treatments of either staked (stabilized) or not staked (control, freestanding) and total leaf area for each plant was measured
canes were applied tRubus idaeud.. ‘Boyne’ and ‘Regency’ during the 1997 and 1998 using a LI-COR Li-3100 area meter (LI-COR,
seasons to determine the effect of stabilizing fruiting canes in a windy environment.Lincoln, Nebr.). Average leaf area (§nper
Treatments were applied in late April of each year, and canes were removed followingfloricane was calculated for each pot.
harvest for growth analysis. Stabilizing (staking) floricanes increased yield per cane in  Growth analysis of floricane#n late Au-
‘Boyne’ by 68% and in ‘Regency’ by 189%, primarily through increases in fruit number  gust, floricanes were cut at soil level, lateral
per cane. Leaf area of the staked canes was 41% larger for ‘Boyne’ and 159% for ‘Regency’number, node number, and percent budbreak
than that of the control canes, suggesting that more leaf area was retained for photosynwere recorded and lateral length was mea-
thesis, resulting in greater yield. Primocane diameter in ‘Boyne’ and primocane heightin sured for each cane. Canes were divided into
‘Regency’ were also increased by staking, but floricane structure was unaffected. thirds to determine the most productive por-
tion of the cane. Percent budbreak per section
Trellising changes a raspberry canopy in ahe prevailing wind (Waister, 1970). The yieldwas calculated as 100 number of laterals/
least two ways: physical stress on the fruitingesponses reflected differences in size of thetal bud number. Cane height above soil level
cane is reduced by preventing cane movédruiting framework resulting from differences and cane diameter (Max-Cal Electronic Digi-
ment, and cane positions are manipulated to vegetative growth. These results were vertal Calipers; Cole-Parmer Instrument Co.,
increase light penetration into the canopyfied by Prive and Allain (1998) with four Vernon Hills, Ill.) at 15 cm above soil level
thereby increasing total plant photosynthetiprimocane fruiting raspberry cultivars by uswere also measured during growth analysis.
capacity. However, the relative contributioning artificial windbreaks to reduce wind veloc-  Growth analysis of primocangRrimocane
of these two benefits has not been measuredity by 35%. Raspberry plants in exposed sitelseight, diameter, node number, and dry weight
raspberry. had reduced leaf area; internode length; andere measured on a per pot basis in mid-
The physiology of trunk stabilization hasleaf, cane, and total above-ground dry weighfAugust. Primocane height was measured from
been studied in other perennial fruit crops. Th&he taller, sheltered raspberry plants had soil level. Cane diameter (mm) was measured
two major consumers of carbohydrates in amore extensive fruiting framework, which re-at 15 cm above soil level. Primocanes from
apple MalusxdomesticaBorkh.) tree are de- sulted in a 2-fold yield increase. each pot were oven-dried for 5 d at “&D
veloping fruit and structural wood (Forshey The objective of these experiments was tbefore measurement of dry weights.
and McKee, 1970; Forshey and Weires, 1983jneasure the effect of cane stabilization on Analysis of dataData for the two cultivars
When a physical stress such as wind sway Jgeld components and vegetative growth ofjrown in separate years were analyzed sepa-
applied to fruit trees, the balance of carbohytwo summer-bearing red raspberry cultivarsrately. Covariate measurements of cane height
drate utilization is changed and structural and diameter were nonsignificant. Analysis of
growth is promoted at the expense of fruit Materials and Methods variance was completed using the General
growth (Elfving and McKibbon, 1992; Perry, Linear Model technique in SAS (SAS Insti-
1989). Supporting a fruit tree increases shoot Plant material Prior to budbreak in 1997, tute, Cary, N.C.).
growth, but decreases trunk diameter (Perrg2 red raspberry plants (‘Boyne’) were potted
1989). individually in 5-gal €19-L) nursery pots Results
When plants are not supported, strong windsith Pro-Mix® (Premier Horticulture, Red
can reduce leaf area, plant height, and dmill, Pa.). Densities were adjusted by pruning Yield per cane of ‘Boyne’ and ‘Regency’
weight; increase leaf and fruit abrasion; antb three floricanes per pot. In 1998, 12 redh the stabilized treatment wa$8% and
reduce yield (Grace, 1977; Proctor, 1982)aspberry plants (‘Regency’) were used. Prat89% greater, respectively, than those in the
Abrasion can severely damage leaves, resuttedures were similar to those used in 1997reestanding (control) treatment (Table 1), due
ing in a decrease in photosynthetically activeowever, density was adjusted to two floricane® an increase in fruit number. The staked
leaf area (Grace, 1977). Restricting the moveper pot. canes of ‘Regency’ produced significantly
ment of raspberry floricanes has been pro- TreatmentsTreatments consisted of acon-more fruit per cane (126%) (Table 1) than did
posed as a possible means of increasing yietibl (no support) and support. In 1997, fourcontrol canes. While the staked canes of
(Prive and Allain, 1998; Waister, 1970). Yieldreplications of eight pots each (four stakedBoyne’ had=40% more fruit than did control
increases of almost 40% have been obtainddur control) were placed in a north—soutttanes, this difference was nonsignificant. For
by placing shelter screens of 63% permeabibrientation outdoors in an unsheltered locaboth ‘Boyne’ and ‘Regency’, staked canes
ity in front of the planting and perpendicular tation. In 1998, three replications of four potsended to produce slightly larger fruit than did
(two staked, two control) were used. A supportontrol canes (Table 1).
system using wire and T-posts was constructed, The higher-yielding canes in the staked
- and canes in the supported treatment were tiggtatment also had greater leaf area (41% and
Received for publication 26 Apr. 1999. Acceptedyntg wires with nylon cord (Fig. 1). Canes in159% in ‘Boyne’ and ‘Regency’, respectively)
for publication 21 July 1999. This paper is a portiofne control treatment were not supported anthan did control canes (Table 1), and their
gfha thesis submitted by Justine E. Vanden Heuvel,o o ‘free o move in the wind. Emergingeaves appeared less abraded although no mea-
e cost of publishing this paper was defrayed in . .
part by the payment of page charges. Under post3[imocanes remalneq unsuppo_rted in botbureme_n'ts were taken. _ _
regulations, this paper therefore must be heredj€atments. Cane height and diameter were Stabilization of canes did not result in
markedadvertisemensolely to indicate this fact. Measured prior to treatment application. Plantsignificant differences in any measure of
*e-mail address: jvandenh@uoguelph.ca were watered daily and fertilized twice weeklygrowth of the floricane for ‘Boyne’ or ‘Re-
2To whom reprint requests should be addressed. with 20N—20P-20K at 2 gL gency’ when either portions of the cane (data
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Crop PrRoDUCTION

B treatment in this study affected the production
of structural wood by increasing either diam-
| eter or height of floricanes. Since floricane
D height and diameter are determined in the
previous growing season (Jennings, 1988),
and all floricanes were formed in the absence
F of a trellis, no significant differences in fruit-
/ ing framework between the two treatments
were expected.
o \aa The staking of floricanes did have an influ-
ence on the actively growing primocanes. In
both cultivars, primocanes in the staked treat-
ment had greater diameter and cane height
e than did the controls. Increased cane diameter
has been associated with increased yield and
yield potential (Dale, 1989). These increases
in primocane growth may be attributed to the
greater leaf area of the floricanes in those pots.

) ) . . L ) . In general, primocanes of both cultivars were
Fig. 1. Diagrammatic representation of one replication of experiment on ‘Regéqetaljilized treatment; |\ in vigor, possibly because of high root

(B) freestanding treatmen€) T-post; D) stabilization wire; ) stabilized floricane;K) freestanding zone temperatures in the pots (Percival et al.,

floricane.

1996).
Table 1. Effect of staking on characteristics of floricanes of two red raspberry cultivars, ‘Boyne’ and contrast with previous research results
‘Regency’. (Elfving and McKibbon, 1992; Perry, 1989),
= the increase in fruit production by canes that
Cultivar: Boyne Regency were prevented from moving freely in the
Observation Treatment:  Not Staked Stakea Not Staked Stak@find seems to be a result of an increase in leaf
Yield/cane (g) 63.3 106:4 35.1 1014 area on those canes, as opposed to an increase
éve_rage/fruut weight (g) (1)'3 ég 31'§ 1.6; in fruiting framework. These results comple-
Lru't no.cane °0.4 75 ) 4 . ment those of Whitney (1982) and Wright and
eaf area/cane (cth 482 679 440 1138 .
Average lateral length (cm) 13 +3 19 18° Waister (1982), who relatgd greater cane leaf
Lateral number/cane 9 0 9 10¢ area and leaf number to increased yield. An
Node number/cane 29 29 34 205 increase in fruiting framework in the staked
Budbreak (%) 31 34 27 34 treatments was not expected since the yield
Primocane: Diameter (mm) 6.5 7.1 6.9 7.6° potential of a floricane is determined in the
Height (cm) 52.0 554 68.3 874 previous growing season. Had canes been
Dry weight (g) 92.4 8814 66.5 78.F  staked for their entire life cycle, greater differ-
Node number 24 2 29 30°  ences in growth between the two treatments
v " Nonsignificant or significantly different from respective contrdPat 0.05 and 0.01. might have occurred. The increased cane

height, diameter, and dry weight of primocanes

would be expected to increase yield potential
not shown) or whole canes (Table 1) werenay have varied between treatments. Extemluring the following season (Dale, 1989).
analyzed. Floricane diameter was similar asive abrasion may influence leaf water rela- In conclusion, cane stabilization increased
the beginning and end of the season for botions by stimulating stomatal opening (Graceyield and yield potential in two red raspberry
cultivars and treatments. Primocanes of both977), further reducing photosynthetic ratescultivars, and may be a significant contributor
cultivars in the staked treatment wef®7% Experiments reported in the literature (Priveo the yield increases observed in trellising
greater in diameter than control primocaneand Allain, 1998; Waister, 1970) failed tostudies (Nehrbas and Pritts, 1988; J.E. Vanden
(Table 1). These differences were significanéstablish whether the effects of shelterindgdeuvel et al., unpublished data). These results
for ‘Boyne’ and ‘Regency’ at the 5% and 10%screens were related to water relations or diead us to conclude that the advantages of
level, respectively. Differences in primocanenovement. Factors other than stabilizatioftrellising are not solely confined to improved
height were nonsignificant for the cultivarmay have increased yield. Wind speed was nbght penetration but are also due to cane
‘Boyne’, but staked ‘Regency’ primocanesconfounded by treatments in our experimentstabilization and enhanced conditions for pho-

were=28% taller than those of control plantsas no shelters were used. tosynthesis. However, the relative contribu-
(Table 1). A combination of small increases in fruittions of improved light penetration and cane
size and number resulted in the higher yield dftabilization to increased yield in trellising

Discussion staked ‘Boyne’ plants. The higher yield of thestudies are unknown at this time.

staked ‘Regency’ plants was a result of more

Cane stabilization resulted in a significanfruits per cane, along with a small (but nonsig-
increase in yield per cane in both ‘Boyne’ andhificant) increase in fruit size. Preharvestlosses
‘Regency’ red raspberries, similar toincreasesf fruit may have occurred in the controlsDale, A. 1989. Productivity in red raspberries. Hort.
found by Prive and Allain (1998) and Waistetbecause of cane rubbing. These results are Rev. 11:185-228.
(1970). Canes that were not staked movesimilar to those by Nehrbas and Pritts (1988§!fving, D.C. and E.D. McKibbon. 1992. Tree sup-
freely in the wind; increased contact withand J.E. Vanden Heuvel et al. (unpublished Port—Another managementtool for apple grow-
adjacent canes reduced leaf area and increastada) where increased yield of trellised plants ers. Compact Fruit Tree 25:12 ~14. .
damage from abrasion (Grace, 1977; Proctowas attributed to increased fruit number perors?f.ey’ cG. ?n? M.W. '\gCKeeli }h/9|7|0. Prﬁ,ducnlon
1982) in comparison with staked canes. Simeane. cTciency 9'a arge anc smez e ntosh"apple

A tree. HortScience 5:164-165.

lar results were seen limus americand.. Nonstaked trees allocate carbohydrates §&shey, C.G. and R.W. Weires, Jr. 1983. Dry
seedlings (Telewski and Pruyn, 1998) wherstructural wood in response to wind move- weight partitioning of ‘Mclntosh’ apple trees. J.
average leaf area decreased with increasetknt (Elfving and McKibbon, 1992), result-  Amer. Soc. Hort. Sci. 108:149-154.
stem flexure. Shaking inhibits photosynthesing in a reduced supply of carbohydrates avaifsrace, J. 1977. Plant response to wind. Academic,
(Grace, 1977), thus leaf photosynthetic ratesble for fruit production. However, neither ~ London.
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