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Evaluation of Strawberry Cultivars with
Different Degrees of Resistance to Red Stele!

SHAHROKH KHANIZADEH? DEBORAH BUsZARD? MICHEL J. LAREAU?
AND ROBERT PELLETIER?

Abstract

Sixteen commercially grown strawberry cul-
tivars with different degrees of resistance to red
stele were evaluated for yield, plant character-
istics and fruit quality. ‘Bounty, ‘Midway, and
‘Sparkle’ had sufficient interior and exterior
fruit color, good to satisfactory flavor and are
suitable for freezing. However, these cultivars
as well as ‘Redcoat’ﬁacked sufficient fruit firm-
ness. ‘Bounty, ‘Redcoat, ‘Redchief’ and ‘Sparkle’
had the highest yield in the three-year test.
‘Annapolis, ‘Earliglow’ and ‘Scott’ had reflexed
calyx whereas ‘Allstar, ‘Annapolis, ‘Cornwallis,
‘Earliglow, ‘Guardian’ and ‘Sunrise’ were char-
acterized by a raised neck suitable for mechan-
ical dehulling. ‘Sunrise’ appeared to be the only
cultivar free of leaf scorch and leaf spot. ‘Tristar,
‘Redchief, ‘Lester, ‘Darrow’ and ‘Arking’ roots
had the lowest incidence of red stele when
planted in a naturally-infested field. No relation-
ship between fruit characteristics was observed
(except for calyx and neck) which suggests the
necessity to examine each individual trait.
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by Kent’ ('K68-58” x ‘Raritan’), released
in 1981 by Agriculture Canada Kent-
ville (2).

Despite Quebec’s predominant posi-
tion as one of Canada’s main straw-
berry-producing regions, no cultivars
have been released in Quebec. How-
ever, a breeding program initiated by
Agriculture Canada in 1982 was joined
by Macdonald College of McGill Uni-
versity in 1987, The primary aim of
this program is to develop high yield-
ing, disease resistant cultivars for the
f)rocessing as well as the fresh market

The first step of this program was
to identify the productivity of poten-
tial parents which had some degree of
disease resistance, especially to red
stele, and to evaluate these parents for
processing and mechanical harvesting.

Materials and Methods

The study was conducted at L’Aca-
die, 35km south-east of Montreal, Que-
bec, 45° latitude and an elevation of
46m. The climate is characterized by
extreme low temperatures (below
-25°C) and irregular snow cover in
winter, cool and humid springs, and
hot, dry summers. .

In 1986 and 1987, one-year old cer-
tified virus-free strawberry plants of
‘Allstar, ‘Annapolis, ‘Arking, ‘Corn-
wallis; ‘Darrow, ‘Delite; ‘Earliglow,
‘Gilbert, ‘Guardian, ‘Lester, ‘Midway,
‘Redchief, ‘Redcoat, ‘Scott, ‘Sparkle,
‘Sunrise, ‘Surecrop, ‘Tristar’ and
‘Bounty’ were planted on a clay loam
soil with moderate drainage. Thirty
plants of each cultivar were arranged
in a completely randomized design
with three replicates of 10 plants set
60 cm apart in the row (plot), with 120
cm between rows. The planting was
done manually on a 10 em raised bed
and watered immediately with a high
phosphorus starter solution. The plant-
ing was irrigated and pesticides were
applied according to the recommenda-
tions of Conseil des Productions Végé-
tales du Québec (1). All flowers were
removed and runners kept and spaced

within the 50 cm wide row. The plan-
tation was mulched for winter protec-
tion in November of each year with
6-7 cm of straw. Seven harvests took
place each year from mid June to late
July. At harvesting, a representative 2
m section of eacl% plot was selected
and data for total yield and average
fruit weight were collected. Each cul-
tivar was assessed for percent juice.
loss after thawing by measuring the
amount of juice released (ml). Ten
fruits were used to rank the presence
of a raised neck and reflexed calyx
(Fig. 1), exterior and interior color
(1 = pale, 5 = dark redz, flavor (1 =
unpleasant, 5 = good), fruit firmness
(1 = soft, 5 = firm), plant vigor (1 =
weak, 5 = vigorous), and resistance to
foliage diseases (1 = infected, 5 =
healthy), these being leaf scorch (Dip-
locarpon earliana, Ell. and Ev.) and
leaf spot (Mycosphaerella fragariae,
Tul.). Data 'flor the 1987 and 1988
harvest (1986 planting) and the 1988
harvest (1987 pf;nting) were combined
and least square means were calculated
over all three harvest years. All data
except total yield and average fruit
size were transformed using an arcsine
transformation prior to performing the -
analysis of variance. An LSD multiple
comparison, referred to as the ‘prob-
ability of differences’ (PDIFFE)), an
option of General Linear Model of
SAS (8) was applied to the least square
means.

In 1986 the same culitvars were
planted in a similar manner in a field
which was naturally infested with Phy-
tophthora fragariae at St-Gregoire,
Quebec. Incidence of red stele was
determined in June, 1987. Forty
daughter plants per cultivar (10 plants
per plot) were randomly selected and
the percent of primary roots with vis-
ible reddening of the stele was deter-
mined for 5 roots per plant. The pres-
ence of the fungus was confirmed by
microscopic examination of the five
roots for observed sporangiophores
after incubation of the roots in a solu-
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tion of MgCl, and CaCl, (each 0.003
M) at 10 °C for seven days. The data
were transformed using an arcsine
transformation prior to performing the
analysis of variance and an LSD mul-
tiple comparison, was applied to the
least square means.

Results and Discussion

Total Yield and Average Fruit Size.
Total yield and fruit size was aver-
aged for all picking dates over the
three harvest-years. All cultivars gen-
erally showed a decrease in fruit size
as the picking season progressed. All
cultivars had similar fruit size, ‘Arking’
and ‘Allstar’ which had significantly
(p <0.05) larger fruit, and ‘Cornwallis’
which had significantly smaller fruit
(Table 1). ‘Bounty, ‘Sparkle, ‘Redcoat’
and ‘Redchief’ produced significantly
hi%her yields compared to the rest.
Allstar, ‘Annapolis’ and ‘Lester’ were
the least productive cultivars (Table
1). Standard error (SE) and coefficient
of variation (CV) for the three years
and two plantations in L’Acadie are
presented in table 1. The SE and CV

measure the amount of variation from
harvest-year to harvest-year; the lower
the value, the more stable are the
cultivars. The most consistently high

roducers were ‘Sparkle, ‘Redcoat’ and
Redchief, which confirms the report
of Hancock et al. (5). ‘Midway’ and
‘Arking’ were also consistant producers,
but with lower yield. Among the cul-
tivars tested, ‘Bounty’ produced the
hi%hest yield, but it was not a consistant
cultivar during the three harvest-years.
Fruit Characteristics. Percent juice
loss was measured after thawing to
identify potential parents suitable for
freezing and canning. ‘Cornwallis’ had
the lowest ahd ‘Delite’ had the highest
percent juice losses compared to the
others. Out of the 19 cultivars tested,
‘Allstar, ‘Arking, ‘Cornwallis, ‘Darrow,
‘Earliglow, -‘Guardian, ‘Redchief,
‘Redcoat, ‘Sunrise, ‘Surecrop, ‘Tristar’
and ‘Bounty’ had less than 50% juice
loss after thawing (Table 2).

Raised neck and reflexed calyx are
the most important characteristics of
strawberry cultivars for mechanical
dehulling. Raised neck and reflexed

Table 1. Yield, average fruit size, standard error (SE) and coefficient of
variation (CV) of 16 strawberry cultivars, planted in 1986 and 1987.t K

Total yield (g 2m-1)

Average fruit size (g berry'l)

Variety Mean SE [G%] Mean SE [&A)
Allstar 1609 c1 239 42 103ab 082 92
Annapolis 1601c = 451 69 61cde 014 5
Arking 2522 be 235 26 11.2a 0.99 25
Bounty 4249 a 273 36 73 cd 0.32 24
Cornwallis 2513 bec - 230 29 4le 0.12 21
Darrow 2019 be 333 41 T4cd 0.30 21
Delite 1848 be 456 H4 82bed 0.66 11
Earliglow 2188 be 331 40 5.4 de 0.24 11
Gilbert 2899 be 1252 61 76bed 093 17
Guardian 2908 be 344 33 87abc  0.87 28
Lester 1557 ¢ 309 56 8.7 abc 043 14
Midway 2918 be 190 24 64cde 0.19 11
Redchief 3203 a 47 20 70cde 0.18 6
Redcoat 3373 a 111 23 65cde 0.26 27
Scott 2046 be 525 36 66cde 039 29
Sparkle 3468 a - 205 23 63cde 0.14 8

*Average of the three harvest-years (1987-1989).
Coefficient of variability of three harvest-years.

Means with the same letter within the same column are not significantly different at 5% level of significance by LSD multiple

comparison test.
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Table 2. Ranking of 19 strawberry cultivars, for percent juice lost after
thawing, neck size, position of sepals, exterior and interior color, fruit flavor,
fruit firmness, plant vigor, and susceptibility to leaf diseases and p. fragariae.

Color

% Juice Reflexed Fruit Plant Leaf Re

Variety ost Neck calyx Ext. Int. Flavor firmness  vigor diseases stele
Allstar 46bct 48ab 39bc 37bc 30c 30bc 30cd 42b —- 8.4 be
Annapolis  5labc 40bc 50a 30c 30c 30bc 33c 37¢ 40b 198bc
Arking 44 bed -- 39be -- - 30bc 30cd -- - 3l1lc
Bounty 50 abc 32cde 32cde 45a 30c 40a 30cd 40bc 37b 792a
Cornwallis 33d 40bc 40bc 30c 30c 35b 40b 40bc 40b 17.7 be
Darrow 46bc 23e 2T7ef 37bc 20d -- - 20e - 6.3 be
Delite 60a - 37bed 20d 20d -- - - - 9.4 be
Earliglow 4lcd 50a 50a 40ab 30c¢ 30bc -- 40bc 40b 17.7bc
Gilbert 55ab - - 40ab 23d 23de - - - 94 be
Guardian 46bc 40bc -- 20d 30c 30bc 3.0cd 40bc 40b 156bc
Lester 53abc 27de 33cde 33bc 20d 30bc 30cd -- 30c 6.3bc
Midway 53ab 33cd 23f 40ab 50a 40a 40b 40bc 30c¢ 134bc
Redchief 42cd - 40bc 30c 30c 30bc 30cd 30d 30c 50be
Redcoat 44bc 38c 30def 30c 20d 28cd 30cd 30d 40b 315bc
Scott 50abc 23e 43ab 33bc 30c¢ 17f 33c¢c 40bc -- 7.3 be
Sparkle 54ab -- - 40ab 30c 40a 25d 40bc 30c 20.0bc
Sunrise 46bc 40bc 3.7bed 30c 20d -- 50a 50a 50a 198bc
Surecrop 4lced 37c¢ 37bed 30c 23d 30bc 27d 20e 40b 83bc
Tristar 48bc 27e 37bed 30c 37b 20ef 40b 30d 37b 33¢

1Avemged over three harvest-years. An arcsine transformation was used prior to performing analysis of variance. See Figure 1 for
neck size and arrangement of the calyx; exterior and interior color: 1 = pale, 5 = dark red; flavor: 1 = unpleasant, 5 = good; Fruit
firmness: 1 = soft, 5 = firm; plant vigor: 1 = weak, 5 = vigorous; foliage disease: 1 = infected, 5 = healthy.
Percent of roots infected by P. fragarige.
Means with the same letter within the same column are not significantly different at 5% level of significance by LSD multiple
comparison test.

calyx minimize the cutting waste. ‘All- has been little attempt to utilize the.

star’ and ‘Earliglow’ had longer necks
compared to the others, followed by
‘Annapolis, ‘Cornwallis, ‘Guardian’ and
‘Sunrise.” ‘Earliglow’ and ‘Annapolis’
had the highest score for reflexed calyx.
Among a%l the cultivars tested, only
‘Annapolis, ‘Earliglow, ‘Cornwallis’
and ‘Allstar’ had both raised necks and
reflexed calyx (Table 2).

‘Bounty, ‘Gilbert, ‘Earliglow, ‘Mid-
way, ‘Sparkle, ‘Allstar’ and ‘Darrow’
ranked highest for exterior color,
whereas ‘Guardian’ and ‘Delite’ ranked
lowest (Table 1). ‘Cornwallis, ‘Mid-
way, ‘Sparkle,” ‘Bounty, ‘Tristar,
‘Guardian, ‘Scott, ‘Earliglow, ‘Red-
chief’ and ‘Annapolis’ had attractive
red flesh throughout.

Flavor is one of the most important
single quality factors in processed food.
Although the volatile flavors in straw-
berries have been identified (4), there

information for breeding selections
which rate high in flavor. ‘Sparkle;
‘Bounty’ and ‘Midway’ ranked highest
for flavor (Table 2), and could be
used as parents to improve berry flavor
(6). “Tristar’ and ‘Scott’ were the most
undesirable ones in that respect (Table
1). “Sunrise’ had the firmest fruit fol-
lowed by ‘Midway, ‘Tristar’ and ‘Corn-
wallis. ‘Sparkle’ fruit was the softest.

An attempt was made to find out if
there was any relationship among dif-
ferent fruit characteristics. It seems
that raised neck and reflexed calyx are
positively correlated (Table 3) but
this relation is not highly significant (p
=0.08). It has been reported that flavor
is positively related to fruit color (8).
Such correlations (r value) were not
observed in our experiment (Table 3),
indicating most of the fruit charac-
teristics are independent of each other
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Figure 1. Classification of strawberry fruit with respect to their (A) calyx position and (B) shape of

neck: 1 = poorest, 5 = most desirable.

and that examination of each individual
fruit character is necessary to evaluate
a cultivar.

Plant Characteristics. ‘Sunrise’ was
the most vigorous cultivar and showed
no symptoms of foliage diseases (leaf
scorch and leaf spot). ‘Allstar, “Earli-
glow, ‘Cornwallis, ‘Bounty, Mldway,
*Guardian, Sparkle and *Scott’ were
the next most vigorous cultivars, and
‘Earliglow,” “Annapolis, Cuardlan
‘Cornwallis; Redcoat, ‘Bounty’ and
“Tristar’ showed the least amount of
foliage diseases. ‘Bounty’ was the most
susceptible cultivar to red stele and
‘Arking’ and ‘Tristar’ were the most
resistant, although all the cultivars ex-
cept ‘Bounty’ showed resistance.

Breeding Plan. The future plan of
this breeding program is to use some
of the above tested cultivars as par-
ents to develop new genotypes. The
selection will be based on suitability
to mechanical harvesting and process-
ing, winter hardiness, resistance to soil
borne diseases (red stele and verticel-
ium wilt), and herbicides. Other traits
which will also be considered are as
follows: concentrated ripening, elon-
gated fruit neck, reflexed calyx, long.
erect peduncles and low juice loss
after thawing. Based on the results to
date ‘Sparkle, ‘Midway, ‘Earliglow,
‘Surecrop’ and ‘Bounty’ will be con-
sidered in future crosses.

Table 3. Pearson Correlation Coefficients (upper half matrix) and Prob >Rl
(lower half matrix) for measured variables.!

i

Tnisal

[ -.:Inl

[ LT — Fruil

Muean = SE Moedian nech calyx Faterine  Tntersr Flivar  Tirmnes

% Juice lost -0.24 007 -0.00 -0.02
Raised neck 0.10 0.49° -0.06 0.02 0.33
Reflexed calyx 0.34 0.08* -023 -0.08 -041
Exterior color 0.80 0.83 0.38 0.28 0.37
Interjor color 0.99 094 078 0286 0.29
Flavor 0.96 0.29 0.14 0.16 0.30

Fruit firmness 0.61 0.99 0.70 0.65 0.53 0.64

}An arcsine transtormation was used prior to caiculating rearson correlation coetticients.

*Significant at 107 level.
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Comparison of ‘Cabernet Sauvignon’ and ‘Cabernet
franc’ Grapevine Dormant Bud Cold Hardiness
Tony K. WoLr! anp M. Kay Cook?

Abstract

Cold hardiness of ‘Cabernet Sauvignon’ (CS)
and ‘Cabernet franc’ (CF) dormant buds was
compared during two winters by thermal analy-
sis of bud freezing events. The vines were of
the same age and planted in adjacent blocks of
a northern Virginia vineyard. CF buds were
typically one to two degrees (C) hardier than
CS buds except in spring, when CF buds de-
acclimated more rapidly than CS buds. The
general pattern of superior cold hardiness of
CF buds is consistent with limited grower expe-
rience with whole-vine responses of these two
Vitis vinifera cultivars to low temperature stress
in the field. :
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