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SummaRy. Nine chinese cabbage
(Brassica campestris ssp. pekinensis
group var. cephalata) cultivars were
evaluated for petiole spotting
(gomasho) and bacterial soft rot
(caused by Erwinia cavotovora ssp.
carotovora) in 1999 and fifteen in
2000 and 2001. The cultivars were
arranged in a randomized complete
block design in a Granby sandy loam
soil with six replications in 1999 and
three replications in 2000 and 2001,
at the Greenhouse and Processing
Crops Research Centre, Harrow,
Ontario, Canada. Plants were har-
vested in the fall of each year during
two harvest periods, one for
early-maturing cultivars, and one for
late-maturing cultivars. At harvest,
the percent bacterial soft rot, percent
marketable heads, plant size, unifor-
mity of harvest maturity, and the
mean head weight were determined
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for each cultivar. The number and
weight of spotted leaves was deter-
mined by rating (0 to 5 scale) each
leaf. Petiole spotting was also rated
following storage at 2 °C (36 °F) and
89% * 5% relative humidity for 3 to 4
weeks in 1999 and 2000. ‘Yuki’,
‘Manoko’, and ‘Summer Top’ had
lowest losses from bacterial soft rot
while ‘Akala’, ‘Ohken 75’, ‘Spring
Flavor’, and ‘Yuki’ had low levels of
petiole spotting. Cold storage
increased the incidence of the spotting
disorder for most cultivars.

ne of the highest acreage
oriental vegetable crops
grown in Ontario is chinese

cabbage (Shattuck and Shelp, 1986).
It is widely used in Asian cuisine and
also shipped to many markets in the
United States. There are over 400 ha
(988.4 acres) of chinese cabbage grown
in southern Ontario with an estimated
production of 5.7 x 10¢ kg (12.6 mil-
lion 1b) and having an estimated farm
value of $3.175 million (Ontario Min-
istry of Agriculture and Food, 2000a).
Little published information is avail-
able on the performance and disease
resistance of chinese cabbage cultivars
grown in Ontario (Cerkauskas et al.,
1998; Shattuck and Shelp, 1986).
Petiole spotting, a disorder known
in Japan as gomasho, has been re-
ported in chinese cabbage in Ontario
causing losses in quality (Cerkauskas
et al., 1998). The symptoms occur in
the field after head formation and con-
tinue to develop in storage. A large
number of black spots, looking like
sesame seeds, and about 1 to 2 mm
(0.04 to 0.08 inches) in diameter, first
appear on the midribs of outer head-
ing leaves, then spread to the middle
leaves. This disorder has substantial
negative effects on quality (Kim and
Klieber, 1997) and marketability of
chinese cabbage. Chinese cabbage with
acute black spots on the petioles in

Australia have been rejected from ex-
ports (Phillips and Gersbach, 1989).

Petiole spotting is believed to be
caused by excessive nitrogen
(Takahashi, 1981). In the leaves, ab-
sorbed nitrate is located in the midribs
or veins, and it changes to amino acids
in the leaf blades. However, excessive
nitrate cannot be reduced fast enough
to amino acid, and as a result, nitrite is
produced as an intermediate in the
midribs. The presence of nitrite has
been detected before the spots are
completely formed. Heavy nitrogen
fertilizer applications, especially after
head formation, accelerates this disor-
der (Phillips and Gersbach, 1989;
Takahashi, 1981), and the number of
spotted leaves and intensity of spot-
ting increases on mature heads during
cold storage (Phillips and Gersbach,
1989). Studies conducted in Japan
and Australia have shown large culti-
var differences in susceptibility to peti-
ole spotting (Phillips and Gersbach,
1989; Takahashi, 1981). Cultivars that
are resistant to petiole spotting have
been used in commercial production;
however, few of these cultivars are
currently grown in Ontario.

Bacterial soft rot is a destructive
disease of oriental crucifers, particu-
larly chinese cabbage, in temperate
areas of the world (Balvoll, 1995). Soft
rot may also cause major losses to
chinese cabbage in Ontario
(Cerkauskas et al., 1998). The disease
is most serious when high tempera-
tures are combined with high humid-
ity. Differences in cultivar susceptibil-
ity were reported (Balvoll, 1995; Fritz
and Honma, 1987; Togashi, 1981)
and breeding for resistance has been
used asa method of control (Kikumoto,
1981; Nishi, 1981). Cultural practices
such as growing on raised beds, adjust-
ing planting dates to avoid warm tem-
peratures at the heading stage and
controlling insect vectors that dissemi-
nate the bacteria may also reduce the
incidence of soft rot (Balvoll, 1995;
Fritz and Honma, 1987; Kikumoto,
1981).

This study was conducted to iden-
tify fall-harvested, nappa-type, chinese
cabbage cultivars that are resistant to
petiole spotting and bacterial soft rot
and that are suitable for commercial
production in Ontario.

Materials and methods

Field trials were carried out in a
Granby sandy loam soil at the Green-
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house and Processing Crops Research
Centre, Harrow, Ontario, Canada.
Nine chinese cabbage cultivars were
evaluated in 1999 and fifteen in 2000
and 2001 as an fall-harvested crop.
The cultivars were arranged using a
randomized complete block design
with six replications in 1999 and three
replications in each of 2000 and 2001.
Each plotwas 6.0 x 1.5 m (19.7 x4.9
ft) and contained two rows (24 plants).
Plant spacing was 0.75 m (30 inches)
between the rowsand 0.5 m (20 inches)
between plants within the row giving a
plant population of 26,666 plants/ha
(10,500 plants/acre).
Greenhouse-grown, 200-cell
(TLC Polyform, Inc., Plymouth,
Minn.) plug transplants were field-set
using a two-row mechanical trans-
planter (RJ Equipment, Blenheim,
Ont., Canada) on 9 Aug. 1999, 24
July 2000, and 25 July 2001. Ammo-
nium nitrate fertilizer (34N-0P-0K)
was applied at 200 kg-ha! (180 Ib/
acre) nitrogen. One-third was applied
preplant incorporated, one-third was
side-dressed at the rosette stage and
one-third was side-dressed after head
formation. Phosphorous and potash
were applied preplant incorporated
according to soil test results. Weeds
were controlled using preplant incor-
porated trifluralin at 0.6 kg-ha™ (0.5
Ib/acre). Insect pests, including cab-
bage maggot (Delin radicum), were
controlled with azinphos-methyl, car-
baryl, cypermethrin and dimethoate
(seven applicationsin 1999, sixin 2000,
and five in 2001). Plots were sprinkler
irrigated three times in 1999, once in
2000, and three times in 2001 with
about 2.5 cm (1 inch) of water applied
with each irrigation. Other cultural
practices were similar to those recom-
mended for Ontario (Ontario Minis-
try of Agriculture and Food, 2000b).
Aonce-over hand harvest for each
cultivar was carried out when the ma-
jority of the heads for each cultivar
were firm and of a suitable size or
before severe freezing injury occurred
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(1 Nov. 1999). There were two har-
vest periods each year, one for early
maturing cultivars, and one for later
maturing cultivars.

At harvest, all plants in each plot
were visually rated for bacterial soft rot
(percentage ofall plantsaftected), plant
size (1 to 5 rating: 1 = low vigor, small
plantsize; 3 = moderate vigor; and 5 =
very vigorous, large plant size), and in
2000 and 2001, uniformity of harvest
maturity (1 to 5 rating: 1 = very un-
even maturity (uneven head size); 3 =
moderately even maturity and head
size;and 5 = all heads uniform in size).
The total number of plants and num-
ber of marketable heads were counted
to determine the percentage of mar-
ketable heads. Ten marketable heads,
selected at random from each plot,
were harvested and mean weight of
marketable heads was determined.
Head weight was determined after the
outer wrap leaves were removed, simi-
lar to commercial harvest. Three heads
per plot, selected at random, were
rated for petiole spotting using a 0 to
5 rating (Fig. 1), where 0 = no spot-
ting; 1 = trace of spotting on the
petiole; 2 = some spots, scattered on
the petiole; 3 = moderate level of spot-
ting, spots concentrated in various parts
of the petiole; 4 = high incidence of
spotting, sometimes spots coalescing,
located throughout the petiole; and
5= extreme incidence of spotting with
entire petiole affected. For each head,
the number and weight of spotted
leaves was recorded by examining each
leaf and an average rating for spotted
leaves was determined. Two or more
heads from each plot were cut in half
longitudinally to assess internal disor-
ders. In 1999 and 2000, five heads
from each plot were placed in a waxed
cardboard box [64 x 31 x 33 cm (25 x
12 x 13 inches)] and held in cold
storage at 2 °C and 89% £ 5% relative
humidity. After 3 to 4 weeks in stor-
age, three of these heads, selected at
random, were rated for petiole spot-
ting as described previously.

Data were analyzed as a random-
ized complete block design using the
General Linear Model (PROC GLM)
procedure in the SAS 6.1 package (SAS
Institute, Inc., Cary, N.C.). When the
GLM procedure indicated a signifi-
cant effect (P < 0.05), means were
separated using Fisher’s least signifi-
cant difference (FLSD) test (P< 0.05).
The harvest and storage petiole spot-
tingassessments (1999 and 2000) were
evaluated using a pooled analyses of
variance procedure for measurements
over time from a randomized com-
plete block design. When a significant
interaction occurred (P < 0.05) , the
harvest and storage assessment times
were analysed individually and the as-
sessment times were compared for each
cultivar. A correlation analysis (PROC
CORR) was performed on plant size
and head size to examine for signifi-
cant relationships.

Results and discussion

Differences in cabbage head and
plant size among years were related to
temperature and rainfall conditions.
The 1999 growing season was dry
with above normal temperatures in
September (Table 1). Although supple-
mental water was applied through irri-
gation, cabbage head weight and plant
size were small in 1999 compared to
2000 and 2001 (Table 2), which were
wetter growing seasons (Table 1).
Head weights were more variable in
1999 (cv = 27%) compared to 2000
(cv=6%)and 2001 (cv=9%, Table 2).
The low percentage of marketable
heads for some cultivarsin 1999 (Table
2) was due to small head size resulting
from the poor growing conditions and
the late planting date (9 Aug. 1999).
The planting date was 2 weeks earlier
in 2000 and 2001, compared to 1999.
Most of the unmarketable heads in
2000 were due to bacterial soft rot
with some cultivars having more than
50% of the heads affected (Table 2).
‘Nikko’ had poor quality heads with
multiple hearts in many heads and
‘Optiko” had many heads with internal
breakdown due to soft rot. The un-
marketable heads in 2001 were due to
soft rot and in some cases, small head
size (Table 2).

‘Ohken 75’ had the largest head

Fig. 1. Petiole spotting (gomasho) rating
for chinese cabbage from 1 (trace of
spotting) to 5 (extremeincidence of
spotting); 0 (no spotting), not shown.
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VARIETY TRIALS

Table 1. Mean monthly temperature and rainfall during the chinese cabbage growing season” at Harrow, Ontario, 1999 t0 2001.

Temp (°C)* Rainfall (imm)"
10-year 10-year
Month 1999 2000 2001 mean® 1999 2000 2001 mean®
July 249 20.8 22.6 22.5 55.8 85.6 28.8 57.3
August 20.7 20.9 22.8 20.9 40.0 89.4 46.6 98.7
September 18.6 16.9 16.6 17.3 37.0 73.2 114.8 88.2
October 11.1 11.3 40.5 66.4

“Growing season from 9 Aug. to 1 Nov. 1999, 24 July to 28 Sept. 2000, and 25 July to 1 Oct. 2001.

¥1.8( °C) + 32 = °F; 25.4 mm = 1 inch.
*Ten-year mean, 1990 to 1999.

size [1.65 kg (3.64 Ib)] compared to
other cultivars in 1999 (Table 2).
‘Blues’ and ‘Yuki’ also had above aver-
age head weight [1.21 and 1.17 kg/
head (2.67 and 2.58 1b /head), respec-
tively]. In 2000, ‘China Express’,
‘China Pride’ and “Yuki’ had the larg-
est heads [4.30, 4.29, and 4.19 kg/
head (9.48,9.46, and 9.24 b /head),
respectively] and were significantly
heavier than all other cultivars except
‘Spring Flavor’ at4.01 kg (8.84 1b) per
head (Table 2).In2001, ‘Blues’, ‘Sum-
mer Top’ and ‘Yuki’ had heads more
than 4.0 kg (8.821b) in size. Although
head size of cultivars varied, depend-
ing on year, head weight of ‘Yuki” was
consistently above average over the 3
years tested. ‘China Express’ also had
above average head size for the 2 years

tested (2000 and 2001). ‘Nikko” had
the smallest head size in 2000 [2.92
kg/head (6.44 Ib/head)] and 2001
[3.10 kg/head (6.84 1b/head)].
‘Optiko’, ‘Manoko’ and ‘Cha Cha’
were also below average in head size
for the 2 or 3 years tested.

There was a positive correlation
between plantsize and head size (1999,
7r=0.82, P<0.0001, N = 54; 2000, »
=0.65, P<0.0001, N =45;2001, »=
0.41, P=0.0062,N =43).‘Ohken 75’
and “Yuki” had the largest plant size in
each of the 3 years tested (Table 2).
‘Nikko” and ‘Manoko’ had the small-
estplantsize eachyear tested. ‘Optiko’,
‘Akala’, ‘Summer Top’, ‘Orange
Queen’ and ‘Cha Cha’ also had below
average plant size for each year tested.

Uniformity of harvest maturity

was fairly consistent among cultivars,
except ‘Manoko’ (rating of 2.8 ), which
was less uniform in maturity than all
cultivars except ‘Blues’ (rating of 3.2)
in 2000. The uniformity of harvest
maturity rating for other cultivars
ranged from 3.7 to 4.2 (data not
shown). The difference in uniformity
of maturity among cultivars in 2001
was not significant (P < 0.05, data not
shown).

In 1999, when soft rot was not
present, ‘Blues’ had the greatest per-
centage of marketable heads (80%)
and was significantly greater than “Yuki’
(51%), “TSX 4112’ (46%), ‘Manoko’
(28%), and ‘Summer Top’ (21%)
(Table 2). Bacterial soft rot was the
main reason for unmarketable heads in
2000 and 2001 and ‘Blues’ had a

Table 2. Harvest date [days after transplanting (DAT) ], marketable heads (%), head weight (kg*), plant size rating and soft rot (%) of 15 chinese
cabbage cultivars at Harrow, Ontario, 1999, 2000,and 2001.

1999 2000 2001
Harvest Marketable Head Harvest Marketable Head Soft Harvest Marketable Head Soft
date heads wt  Plant date heads wt Plant rot date heads wt Plant  rot

Cultivar DAT) @) (g size (DA @) (kg size @) (DAT) 0y () siee (%)
Akala 70 56 083 22 52 85 321 38 142 64 60 3.79 3.0 317
Blues 70 80 121 3.0 52 41 357 45 565 64 25 4.20 33 652
Cha Cha 52 51 340 38 475 64 36 3.31 33 587
China Express 66 80 430 4.7 17.0 65 77 3.89 4.0 16.0
China Pride 67 68 429 48 184 68 66 3.39 45 133
Kasumi 52 38 359 43 584 64 28 3.87 40 627
Manoko 70 28 0.65 2.0 52 88 326 3.0 52 64 78 3.37 2.7  10.6
Nikko 66 55 292 3.0 401 65 70 3.10 27 244
Ohken 75 84 66 1.65 4.0 66 70 376 5.0 223 68 76 347 5.0 82
Optiko 70 62 086 2.3 66 72 328 32 213 64 57 3.36 33 381
Orange Queen 67 52 339 38 368 65 55 3.86 3.7 368
Spring Flavor 70 66 097 27 66 75 401 37 145 65 89 392 4.0 6.8
Summer Top 84 21 070 2.1 52 87 334 35 7.9 64 88 4.17 3.3 9.7
TSX 4112 84 46 084 27 66 81 380 43 137 68 69 3.69 47 254
Yuki 84 51 117 32 66 92 419 5.0 4.1 65 90 4.17 5.0 9.1
FLSD* (0.05) 28 031 04 15 037 06 148 19 0.56 08 159
cv (%) 45 268 123 13 610 82 351 18 9.08 124 344
Mean 53 099 27 69 362 40 252 64 3.69 38 256
71.00 kg = 2.205 Ib.
Y1 to 5 rating: 1 = low vigour, small plant size; 3 = moderate vigour; and 5 = very vigorous, large plant size.
*Fisher’s least significant difference (P < 0.05) for values within the same column.
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Table 3. Number of spotted leaves per head and petiole spotting rating of nine chinese
cabbage cultivars grown at Harrow, Ontario, at harvestand after 3 to4 weeks in

bage maggot, an insect vector, which
aids in the dissemination of the bacte-

storage, 1999. ria (Balvoll, 1995). Environmental fac-
tors such as air temperature, relative
Harvestassessment Storageassessment™ humidity and moisture also affect the
No. of Petiole No.of Petiole susceptibility of chinese cabbage to
. spotted spotting spotted spotting the soft rot bacteria (Fritzand Honma,
Cultivar leaves rating” leaves rating” 1987).
Akala 29 0.17 17.2" 0.24™ During the dry 1999 growing
Blues 13.8 0.56 349" 1.06™ season (Table 1), only three heads
Manoko 8.1 1.03 18.27 1.34% over all the plots were affected by soft
Ohken 75 0.6 0.05 2.6 0.09% rot (data not shown). In 2000, a wet
Optiko 5.2 0.17 27.7" 043 year, ‘Kasumi’ and ‘Blues’ had 58.4%
Spring Flavor 3.1 0.13 244" 0.38™ and 56.5% plant loss from soft rot,
Summer Top 2.7 0.18 9.8" 0.23® respectively, which was significantly (P
TSX 4112 6.5 0.41 13.7 0.29™ < 0.05) higher than all other cultivars
Yuki 2.2 0.16 2.8 0.12 tested, except ‘Cha Cha’ (47.5%, Table
FLSD" (0.05) 4.4 0.22 9.2 0.20 2). ‘Blues’, ‘Kasumi’, and ‘Cha Cha’
v (%) 74.9 61.1 46.6 38.8 had the highest levels of soft rot in
Mean 5.0 0.30 16.9 0.43 2001 (Table 2). ‘Orange Queen’ had

. _ — above average loss from soft rot in
“Assessed after 3 to 4 weeks in storage at 2 °C (36 °F) and 89% + 5% relative humidity.

0,
Y0 to 5 rating: 0 = no spotting; 1 = trace of spotting on the petiole; 2 = some spots, scattered on the petiole; 3 = 2000 and 2001 (368 % both Years)'
moderate level of spotting; 4 = high incidence of spotting; and 5 = extreme incidence of spotting with entire petiole Cultivars with less than 10% loss from

affected. soft rot in 2000 were ‘Yuki’ (4.1%),

“Fisher’s least significant difference (P < 0.05) for values in the same column.
""" Nonsignificant or significant at P < 0.05 or 0.01, respectively, compared to harvest assessment. ‘Manoko’ (5 .2%) and ‘Summer Top’
(7.9%),and in 2001 were ‘Spring Fla-

lower percentage of marketable heads
in 2000 and 2001 because of soft rot
(Table 2).

BACTERIAL SOFT ROT. Cerkauskas
(1998) reported that bacterial soft rot

caused major losses to chinese cabbage
cultivars grown in Ontario, but no
information was available on their rela-
tive susceptibility. Soft rot was often
associated with injuries caused by cab-

vor’ (6.8%), ‘Ohken 75’ (8.2%), ‘Yuki’
(9.1%), and ‘Summer Top’ (9.7%).
Although none of the cultivars
tested were immune to bacterial soft
rot, there were sufficient differences in

Table 4. Number of spotted leaves per head and petiole spotting rating of 15 chinese cabbage cultivars grown at Harrow, Ontario at
harvest, 2000 and 2001, and after 4 weeks in storage in 2000.

Harvestassessment Storageassessment” Harvestassessment”
2000 2000 2001

No.of Petiole No.of Petiole No.of Petiole

spotted spotting spotted spotting spotted spotting
Cultivar leaves rating” leaves rating” leaves rating”
Akala 0.3 0.18 32.17 1.09 19.3 0.74
Blues 19.3 2.77 33.8 2,51 322 297
Cha Cha 18.3 1.72 32.6™ 2.01° 20.3 1.54
China Express 31.2 2.81 46.0° 3.37% 41.0 1.68
China Pride 25.7 1.60 42.8 1.62% 37.2 1.78
Kasumi 23.7 2.69 31.9° 2.87% 31.1 3.02
Manoko 16.2 3.28 30.1°7 2.40™ 25.1 2.30
Nikko 15.6 2.64 29.2 3.16™ 249 2.10
Ohken 75 14.1 1.06 20.3 0.79™ 6.6 0.74
Optiko 18.1 1.77 39.8 3.07% 264 1.47
Orange Queen 19.9 1.98 36.0 2.36™ 222 1.60
Spring Flavor 10.8 0.70 24.7" 0.70™ 299 1.17
Summer Top 14.3 1.83 46.8" 2.46™ 30.9 1.84
TSX 4112 17.9 1.18 54.9 2.83* 37.2 1.67
Yuki 8.0 0.72 204 0.38™ 10.2 0.99
FLSD™ (0.05) 6.0 0.74 6.1 0.59 7.1 0.55
cv (%) 21.1 24.6 10.5 16.9 l6.1 19.6
Mean 16.9 1.79 34.8 2.11 26.3 1.68

“Assessed after 4 weeks in storage at 2 °C (36 °F) and 89% * 5% relative humidity.

Y0 to 5 rating: 0 = no spotting; 1 = trace of spotting on the petiole; 2 = some spots, scattered on the petiole; 3 = moderate level of spotting; 4 = high incidence of spotting; and
5 = extreme incidence of spotting with entire petiole affected.

“Fisher’s least significant difference (P < 0.05) for values in the same column.

%" Nonsignificant or significant at P < 0.05 or 0.01, respectively, compared to harvest assessment.
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cultivar susceptibility to suggest resis-
tance as a useful method of control.
Fritz and Honma (1987), Kikumoto
(1981) and Togashi (1981) also re-
ported growing resistant cultivars as
an effective method of controlling soft
rot in chinese cabbage.

PETIOLE SPOTTING. Theinfluence
of cultivar, assessment time and their
interaction were highly significant (P<
0.01)in 1999 and 2000 for number of
spotted leaves and petiole spotting rat-
ing. Consequently, the results are pre-
sented individually for harvest and stor-
age assessments each year (Tables 3
and 4).

Petiole spotting started on the
midribs of the outer head leaves and
progressed inwards, depending on the
cultivar and severity of the disorder.
After 3 to 4 weeks of cold storage at 2
°Cand 89% £ 5% relative humidity, the
number of spotted leaves generally
increased and in some cases the num-
ber of spots also increased (higher
rating). The number of spotted leaves
increased during the storage period
for most cultivars in 1999 (Table 3)
and for all cultivars except ‘Cha Cha’
in 2000 (Table 4). The mean number
of spotted leaves per head for all culti-
vars increased from 5.0 to 16.9 in
1999 (Table 3) and from 16.9 to 34.8
in 2000 (Table 4) from harvest to the
end of the storage period. The mean
petiole spotting rating either remained
the same or increased during the stor-
age period. Phillips and Gersbach
(1989) also reported that the number
of spotted leaves and intensity of peti-
ole spotting increased during cold stor-
age at 1 °C (33 °F), reaching a peak
between 14 and 28 d of storage.

In1999,‘Ohken 75, ‘Spring Fla-
vor’, ‘Yuki’, ‘Optiko’, ‘Akala’ and
‘Summer Top” had only trace amounts
of petiole spotting at harvest with rat-
ings ranging from 0.05 to 0.18 (Table
3). These cultivars also had the fewest
spotted leaves, ranging from 0.6 to 5.2
spotted leaves per head. However,
‘Optiko’, with 5.2 spotted leaves did
notdiftersignificantly from “TSX 4112’
and ‘Manoko’ with 6.5 and 8.1 spot-
tedleaves per head, respectively. ‘Blues’
had the most spotted leaves (13.8),
which accounted for about 30% of the
head leaves by weight with petiole
spotting (data not shown). After stor-
age, all cultivars except ‘Blues’ and
‘Manoko” had only trace levels of spot-
ting with ratings from 0.09 to 0.43
(Table 3). ‘Ohken 75’ and ‘Yuki’ had
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the fewest number of spotted leaves
(2.6 and 2.8, respectively) after stor-
age.

In 2000 and 2001, the number of
spotted leaves and petiole spotting rat-
ings were generally higher compared
to 1999 (Tables 3 and 4). This could
be due to the better growing condi-
tions and increased availability of soil
nitrogen during the growing seasons
of 2000 and 2001. High nitrogen
tertilizer applications, especially as side
dressing after head formation, are
thought to contribute to the petiole
spotting disorder (Takahashi, 1981;
Phillips and Gersbach, 1989).

‘Akala’, ‘Ohken 75’ ‘Spring Fla-
vor’,and ‘Yuki” had only trace amounts
of petiole spotting in 2000 and 2001
with ratings from 0.18 to 1.17, de-
pending on cultivar and year (Table
4). Cultivars with moderate petiole
spotting ratings (>3) were ‘Manoko’
and ‘Kasumi’ at harvest in 2000 and
2001, respectively, and ‘China Ex-
press’, ‘Nikko’,and ‘Optiko’ after stor-
age in 2000. In 2000, ‘Akala’ had the
fewest spotted leaves at harvest (0.3
spotted leaves per head), which in-
creased to 32.1 after storage. ‘Ohken
75, ‘Spring Flavor’, and ‘Yuki’ had
from 8.0 to 14.1 leaves with petiole
spotting at harvest, which increased to
20.3 to 24.7 leaves with spotting after
storage in 2000. The largest number
of spotted leaves in 2000 occurred on
“TSX 4112 with 54.9 spotted leaves
per head after storage. This repre-
sented over 80% of the head leaves by
weight with petiole spotting (data not
shown). In 2001, ‘Ohken 75 and
‘Yuki’ had the fewest spotted leaves
(6.6 and 10.2 per head, respectively),
which represented 19.4% and 16.6%,
respectively, of the spotted leaves by
weight. All other cultivars had over
50% of their leaves by weight with
spotting (data not shown).

Differences in cultivar suscepti-
bility to petiole spotting were reported
in Japan (Takahashi, 1981) and Aus-
tralia (Phillips and Gersbach, 1989),
however, most of the cultivars tested
were different from those commonly
grown in North America. Phillips and
Gersbach (1989) reported ‘China
Pride’ as tolerant to petiole spotting
and ‘Kasumi’ as highly susceptible. In
the present study, ‘China Pride’ had
lower petiole spotting ratings com-
pared to ‘Kasumi’, however, the num-
ber of spotted leaves at harvest was not
significantly different.

Petiole spotting occurred to some
extent on all cultivars tested. How-
ever, in locations where this disorder is
a problem, cultivars may be selected,
which have a low level of petiole spot-
ting (rating <3).

Conclusions

Chinese cabbage growers prefer
cultivars with good horticultural char-
acteristics, quality and yield and those
that are resistant to soft rot and petiole
spotting. Yield may be reduced from
destructive diseases such as bacterial
soft rot, which destroys the whole
plant. However, a disorder such as
petiole spotting, while not directly af-
fecting yield, will reduce the quality
and marketability of the product.

Although environmental condi-
tions affected the performance of cul-
tivars from year to year, cultivars were
identified that consistently had low
levels of bacterial soft rot and petiole
spotting. ‘Yuki’, ‘Manoko’, and ‘Sum-
mer Top” had less than 10% plant loss
from bacterial soft rot in 2000 and
2001. ‘Akala’; ‘Ohken 75, ‘Spring
Flavor’, and ‘Yuki’ had relatively low
levels of petiole spotting over the 3
years tested. With both diseases con-
sidered, “Yuki’ provided the best over-
all level of resistance. Strategies for
field control of soft rot in chinese
cabbage have been developed (Ontario
Ministry of Agriculture and Food,
1996). However, for petiole spotting,
although field strategies for control
have been investigated (Warner et al.,
2002), the optimum storage condi-
tions may require elaboration as the
spotting disorder increased for most
cultivars.
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