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Abstract

By using Japanese and Chinese genetic resources, the authors have bred two
disease resistant cucumber cultivars ‘Hu No.116” and ‘Hu No.119’ resistant to disease
and two strawberry cultivars ‘Shenxu No.1” and ‘Shenxu No.2’ resistant to disease within
the framework of the collaborative project on “Breeding of disease-resistant vegetable
cultivars in sub-tropical China, 1992-1997” between JIRCAS and Shanghai Academy of
Agricultural Sciences. One cucumber cultivar, ‘Hu No.116’, shows a high productivity
with many female flowers and it also has good fruit quality including good shape, deep
green skin color, few nodules and few spines. Another cucumber cultivar, ‘Hu No.119’
has also good fruit quality and can lead to more stable production, although the female

flower bearing ability is lower than that of ‘Hu No.116". In addition, ‘Hu No.116’ and
‘Hu No.119’ show a higher resistance to Fusarium oxysporum Sch. : Fries f. sp.
cucumerinum Owen and Pseudoperonospora cubensis Rostowzew. ‘Hu No.116” and ‘Hu
No.119’ are adapted to semi-forcing culture throughout the Shanghai area as well as in
the provinces of Jhejiang, Jiangsu, Shandong, Sichuan, etc.

One strawberry cultivar, ‘Shenxu No.1” displays a high productivity and good fruit
quality, with large-size fruits showing a conical shape and shiny scarlet skin color.
Furthermore, it can be easily transported, because the flesh is firm and the skin is hard.

“Present address : Kurume Branch, National Research Institute of Vegetables, Ornamental Plants and
Tea (Kurume, Fukuoka, 839-8503 Japan)
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Another strawberry cultivar, ‘Shenxu No.2’ is one of the earliest maturing cultivars and
it displays excellent fruit characters, including large fruit with a conical shape, very
shiny scarlet skin color, with sweet and good taste. In addition, ‘Shenxu No.1’ and
‘Shenxu No.2” exhibit a high resistance to Colletotrichum acutatum Simmonds and C.
gloeosporioides Penz & Sacc. ‘Shenxu No.1’” and ‘Shenxu No.2’ are adapted to forcing
culture throughout the Shanghai area. As the flower bud initiation of ‘Shenxu No.2’ is

slightly late, the cultivar is not adapted to forcing culture in the warmer southern area of

China.

Additional key words: Cucumis sativus L, Fragaria Xananassa Duch, breeding

Introduction

Shanghai is located at latitude 31° N in the
northern part of the sub-tropical zone. The mean
temperature in a year is 15.7°C. JIRCAS had been
carrying out research in collaboration with the
Shanghai Academy of Agricultural Sciences
(SAAS) from 1986 to 1997. From 1986 until 1991
studies on the development of heat-tolerant
vegetable cultivars and cultivation methods to
achieve high and stable production of vegetable
crops during the hot season were carried out in the
first phase of the research collaboration. From
1992 to 1997, the research program for the
development of disease- resistant vegetable
cultivars or breeding materials was carried out in
the second phase.

Japan-China collaboration research team was
composed of three groups engaged in research on
cucumber, sweet pepper and strawberry. The main
diseases studied in this project were fusarium wilt

Selection and fixation
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(Fusarium oxysporum) and downy mildew
(Pseudoperonospora cubensis) of cucumber, virus
diseases of sweet pepper and crown rot
(Colletotrichum acutatum, C. gloeosporioides) as
well as virus diseases of strawberry.

During the collaborative project, we developed
two new F, cultivars of cucumber and two new
strawberry cultivars with disease resistance, high
yielding ability and high quality by using the
genetic resources of Japan and China.

1. New cucumber cultivars ‘Hu No.116’
and ‘Hu No.119’

Breeding process
1) Parents

‘Hu No.116" and ‘Hu No.119” were selected as
cultivars for forcing culture. ‘Hu No.116’ is the F,
cultivar derived from a cross between ‘0202-1-1" and
‘SK-11’, while ‘Hu No.119’ is the F, cultivar derived
from a cross between ‘0202-1-1" and ‘019-2" (Fig.1).

Yield test
93,94, 95,7 96 -

‘Hu No. 116’

‘Hu No. 119’

Fig.1. Breeding process of new cucumber cultivars ‘Hu 116’ and ‘Hu 119
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‘0202-1-1’ is the fixed line selected from a
progeny of ‘Rensei’ which is one of the Japanese
cucumber cultivars. ‘0202-1-1’ is characterized by
early maturity, high female flower bearing ability,
resistance to downy mildew and fusarium wilt.

‘SK-11’ is the fixed line selected from a
progeny of ‘Shinkoufushinari 11’ which was
introduced from Japan to improve low temperature
tolerance, female flower bearing ability and fruit
quality.

‘019-2’ is the fixed line with good fruit quality
which was selected from a progeny of a cultivar
from the southern part of China.

2) F, new cultivars

F, combining ability test was performed under
semi-forcing culture in 1992. ‘0202-1-1" x ‘SK-11’
and ‘019-2” x ‘0202-1-1" were the best F, lines
among the breeding lines. They were called ‘Hu
No.116’ and ‘Hu No.119’ later, respectively. A
series of experiments was conducted on ‘Hu
No.116’ and ‘Hu No.119’ to evaluated their

maturity, disease resistance, yield, fruit quality, etc,
in Shanghai during the period 1993 -1996.

3) Evaluation of fusarium wilt and downy mildew
resistance
(1) Field test
Field test was performed by natural infection
in the field of Shanghai Academy of Agricultural
Sciences in 1993 and 1994. Degrees of disease
resistance to fusarium wilt and downy mildew were
evaluated based on the disease severity index or
mortality by natural infection.
(2) Inoculation test
Fusarium wilt: Fusarium oxysporum was
cultured in flasks containing a potato-sucrose broth
on a reciprocal shaker (120 r.p.m.) at 25°C under
illumination with fluorescent light (12 hr). Roots
were dipped into a suspension of 10°conidia per
milliliter. Disease exponential or mortality rate was
investigated at 19 days after inoculation. For each
cultivar there were 3 replications of 10 plants.
Downy mildew: Source of downy mildew

Fig.2. New cucumber cultivars
(a) ‘Hu 116’, (b) ‘Hu 119’
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(Pseudoperonospora cubensis) was obtained from
infected cucumber leaves. They were cultured in a
humid chamber at 28°C for 2 days. The conidium
concentration was adjusted to 2 x 10°conidia per
milliliter. After the leaves were removed, they were
inoculated by dropping about 2 milliliter of
inoculum at the two points. Inoculated leaves were
incubated in a humid petri dish at 28°C under
illumination with fluorescent light (12 hr). Disease
index was determined at 5 days after inoculation.
Four leaves per cultivar were used in this test,

Varietal characteristics
1) Plant growth characteristics

Growth of ‘Hu No.116" (Fig.2a) in the early
stage was slightly slower than that of the other
cultivars (Table 1). Leaf size and node.length of
‘Hu No.116" were intermediate. Early growth and

plant vigor of ‘Hu No.119’ (Fig.2b) was
intermediate. Leaf size of ‘Hu No.119 was slightly
smaller.

Bearing node order of the first female flower
of ‘Hu No.116” and ‘Hu No.119’ ranged from 3 to 4,
a value lower than that of ‘Shinkoufushinari 11’ but
higher than that of ‘Changchunmici’. ‘Hu No.11¢’
bears a larger number of female flowers than
‘Shinkoufushinari 11’ and ‘Changchunmici’.
Although ‘Hu No.119’ exhibited a lower female
flower bearing ability than ‘Hu No.116’, harvest
could be constantly performed during the growing
period.

2) Fruit characteristics

The fruit length of ‘Hu No.116’ and ‘Hu
No.119’ is in the range of about 20 to 24cm (Table
2). The skin color is deep green and there on few

Table 1. Plant characteristics of new cucumber cultivars

1st female flgwer Femaleﬂowyer Plant Leaf Leaf | Leaf |

Cultivar bearing node” bearing rate hexght number  length width

1993 % cm cm cm

HuNo.116 43 50.6 12.2 4.4 8.3 10.1

Hu No.119 34 38.0 9.8 43 8.1 10.1

Changchunmici 34 39.3 134 4.7 9.4 11.5

1994

Hu No.116 3.1 74.0 29.9 73 11.8 13.9

Hu No.119 3.9 47.0 36.2 7.8 13.0 15.3

Shinkoufushinari 42 40.0 30.3 7.4 11.8 14.2

Changchunmici 2.5 61.0 30.5 7.8 132 15.8

1995

Hu No.116 4.0 59.2 34.8 7.6 12.4 15.0

Hu No.119 3.8 36.1 355 79 12.0 14.2

Shinkoufushinari 4.9 52.1 37.1 8.8 12.6 154

Data were recorded on 7 May, 1993 data were recorded on 17 April, 1993.

Data were recorded on 28 March, 1994 . " data were recorded on 14 April, 1994.

“’Data were recorded on 9 May, 1995, """ data were recorded on 17 April, 1993.

Table 2. Fruit characteristics of new cucumber cultivars
Fruit Sugar  Ascorbic acid
Cultivar Weight Length Diameter Shape Peduncle Color Warts  Prickles  content content
g cm cm % mg/100g

Hu No. 116 165.0 23.8 32 Stick  noneck deep green few few 2.8 6.5
Hu No. 119 150.6 242 3.5 Stick noneck deep green few few 2.9 8.1
Shinkoufushinari  163.6 26.1 34 Stick  noneck deepgreen few few 29 59
Changchunmici 130.0 234 3.0 Stick neck deep green many many - -

* Soluble solid content (Brix). Data were recorded in 1994,
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warts and spines. ‘Changchunmici’ has a neck in
the fruit shoulder, unlike the fruits of ‘Hu No.116’
and ‘Hu No.119’ which are shaped like sticks.
Flesh of ‘Hu No.116” and ‘Hu No.119’ is thick and
friable. The fruit quality of the new cultivars is
considered to be good.

3) Yield characteristics

Early yield of ‘Hu No.116" was about 20 to 30%
higher than that of ‘Shinkoufushinari 11, and
almost the same as that of ‘Changchunmici’ in the
field of SAAS (Thle 3). Total yield of ‘Hu No.116’
was about 20% higher than that of
‘Shinkoufushinari 11’. On the other hand, early

yvield of ‘Hu No.119" was higher than that of
‘Shinkoufushinari 11’ for an average of two years.
Total yield of ‘Hu No.119” was about 15 to 20%
higher than that of ‘Shinkoufushinari 11".

‘Hu No.116” and ‘Hu No.119 are adapted to
semi-forcing culture at throughout the Shanghai
area and Zhejiang, Jiangsu, Shandong, Sichuan
areas, etc.

4) Resistance to fusarium wilt and downy mildew
‘Hu No.116’ displays the highest degree of
resistance to Fusarium oxysporum among the
cultivars used in the seedling test (Table 4 ). ‘Hu
No0.119” has a higher degree of resistance than

Table 3. Yield characteristics of new cucumber cultivars

1994° 1995"
Cultivar Early yield  Total yield Early yieldv Total yieldu
kg/a kg/a kg/a kgla
Hu No. 116 262.2 544.4 220.0 637.3
Hu No. 119 255.6 533.0 159.2 605.3
Shinkoufushinari 200.0 446.7 186.4 518.7
Changchunmici 268.9 533.0 - -

“Sowing date : February 19, 1994. '4 May~17 May. 4 May~ 7 June.
Sowing date : February 21, 1995. 3 May~16 May. 3 May~19 June.

Table 4. Evaluation of resistance to fusarium wilt of new cucumber cultivars

Seedling test Field test’
Cultivar 1993 1996 1993 1994
Hu No. 116 11.1° 35.0° 79.6 247"
Hu No. 119 - 45.0 66.8 34.7
Shinkoufushinari - 55.0 - 19.1
Changchunmici 55.6 - 89.6 38.6
Yanghang - 55.0 - -

[ . . y . .
Disease severity index. "Natural infection.

Table 5. Evaluation of resistance to downy mildew of new cucumber cultivars

Seedling test Field test
Cultivar 1996 1996 1994

z Z W\Q
Hu No. 116 39.3° 28.0° 1.4
Hu No. 119 32.0 31.3 38
Shinkoufushinari 34.0 41.3 4.0
Changchunmici - - 9.2
Yanghang 62.0 56.0 -

[ . . Y. .
Disease severity index. “Mortality rate
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‘Shinkoufushinari’ and ‘Yanghang’. There was
severe outbreak of fusarium wilt in the field test in
1993. However, the susceptibility of ‘Hu No.116’
‘Hu No.119° was lower than that of
‘Changchunmici’.

‘Hu No.116’ showed a high degree of
resistance to Pseudoperonospora cubensis in the
seedling test and in the field test (Table 5). ‘Hu
No.119’ displayed a degree of resistance similar to
or higher than that of P. cubensis in the same way
as ‘Shinkoufushinari’.

and

2. New strawberry cultivars ‘Shenxu No.1’
and ‘Shenxu No.2’

Breeding process
1) Parents

‘Shenxu No.1’ and ‘Shenxu No.2’ were
selected as cultivars for forcing culture originally
from a cross of ‘Belle Rouge’ X ‘Reiko’ and
‘Kurume No.49" X ‘941823, respectively (Fig.3).

‘Belle Rouge’ is a Japanese cultivar for semi-
forcing culture used in Northern Japan. The fruit of
‘Belle Rouge’ is conical, bright red in color, very
glossy, very attractive in appearance, and has a
very hard skin.

‘Reiko’ is a Japanese cultivar for forcing
culture. The fruit of ‘Reiko’ is very large, conical,
red in color, very glossy, very attractive.in
appearance.

‘Kurume No.49’ is the selected line for forcing
culture from a cross between the Japanese leading

cultivars, ‘Toyonoka’ and ‘Nyoho’. The fruit of
‘Kurume No.49' is very large, conical, red in color,
but the skin and flesh are soft.

‘9418-23’ is the selected line for forcing culture
originally derived from a cross of ‘Nyoho’ x (
‘Harunoka’ x ‘Terunoka’ ). The fruit of ‘941823’ is
large, conical, hard, bright red in color and very
glossy.

2) Evaluation of resistance to anthracnose
(1) Spray inoculation method

At first, the resistance of the new cultivars was
evaluated by spraying spores on plant according to
the method of Delp et al”. Colletotrichum
gloeosporioides, which is the dominant species in
Japan, and Colletotrichum acutatum, which is the
dominant species in Shanghai, were cultured in
flasks containing potato-sucrose broth on a
reciprocal shaker (120 r.p.m.) at 25°C under
illumination with fluorescent light (12 hr).
Strawberry plants growing in plastic pots were
inoculated by spraying with a suspension of 10°
conidia per milliliter. They were kept under high
temperature and humidity conditions. After one
month, the mortality rate of each cultivar was
investigated. For each cultivar there were 2
replications with 10 plants.
(2) Petiole dip inoculation method

Secondary evaluation of resistance was
performed by the petiole dip inoculation method
according to the method of Noguchi et al.z). The
third youngest, fully expanded leaves (third leaves)

Crossing, selection Yield test
'90-~-—- 95 '95-"97
Belle Rouge ——
= 90-15-1 ‘Shenxu No. 1’
Reiko —
Crossing, selection Yield test
"9]--—-"95 " 95-" 97

Kurume No. 49
F 91-16-3
9418-23

‘Shenxu No/ 2’

Fig.3. Breeding process of strawberry cultivars ‘Shenxu No.1” and ‘Shenxu No.2’
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were collected from strawberry plants. After the
leaflets were removed, the bottom cross-section of
the petiole was covered with paraffin. The top cross
sections were inoculated by dipping into a
suspension of 10° conidia per milliliter (C.
gloeosporioides). Inoculated petioles were incubated
in a humid chamber at 25°C under illumination
with fluorescent light (12 hr), and the length of the
blackish lesions on the petiole was measured at 3,
5 and 7 days after inoculation.

Varietal characteristics
1) Plant growth characteristics

Leaf emergence interval of ‘Shenxu No.1l’ is
comparatively short. The size of the leaf is average
and the plant shape belongs to the erect type. The
peduncle is long. The productivity of the plant is

: Breeding of New Cultivars of Cucumber and Strawberry with Multiple
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not satisfactory (Table 6). Dormancy of ‘Shenxu
No.1’ is deep. Blooming occurs later than in
‘Toyonoka’ and harvesting starts from January
(Table 7). The flower number of the first flower
cluster is the same as that of “Toyonoka’.

‘Shenxu No.2’ is vigorous and the leaf
emergence interval is short. The size of the leaf is
average and the plant shape belongs to the erect
type. The peduncle is long. ‘Shenxu No.2’ produces
many runners and many daughter plants easily.
The flowering and harvesting of ‘Shenxu No.2’
occur over 10 days earlier than in ‘Toyonoka’. The
flower number of the first flower cluster is the
same as that of “Toyonoka'.

2) Fruit characteristics
The fruit of ‘Shenxu No.1’ is large in size,

Table 6. Morphological characteristics of new strawberry cultivars

3/5/1996 7/11/1996
Cultivar Petiole  Leaf Leaf Leaf Plant Petiole  Leaf Leaf Leaf
length  length  width area height  length  length  width area
cm cm cm emy’ cm cm cm cm cm’
Shenxu No.1 259 11.1 7.7 220.1 36.4 7.7 7.4 7.1 104.5
Shenxu No.2 227 8.8 6.9 121.8 30.0 6.9 6.8 5.8 80.5
Toyonoka 223 103 10.7 219.0 30.6 7.8 7.1 7.0 100.5
Hokowase 14.9 74 7.4 94.0 21.9 5.6 5.9 5.1 60.1
Table 7. Differences among strawberry cultivars in the onset of flowering,
harvesting and flower number of the first flower cluster
Cultivar Flowering Harvesting No. of flowers
Shenxu No.1 Nov. 21 Jan. 13 22.5
Shenxu No.2 Nov. 2 Dec. 13 14.1
Toyonoka Nov. 11 Dec. 28 17.9
Hokowase Nov. 16 Jan. 3 271
Table 8. Fruit characteristics of new strawberry cultivars
Cultivar Fruit Content of  Fruit Fruit
weight Brix Acidity vitamin C  shape  skincolor Hardness Aroma Taste
g % %  mg/100g
Shenxu No.1 11.8 8.7 0.54 0.95 L.C D.R V.H N S.G
Shenxu No.2 10.6 9.3 0.74 0.98 C V.R H V.R E
Toyonoka 10.7 9.3 0.67 1.09 C P.R S.S V.R E
Hokowase 7.6 9.3 0.57 0.94 C V.R S.H R G

Fruit shape : L. C = Long conical, C = Conical. Fruit skin color : D. R = Deep red, V.R = Vivid red, P R = Pale red
Hardness : V. H = Very hard, H = Hard, S. H = Slightly hard, S. S = Slightly soft
Aroma : N =No aroma, VR = Very rich, R =Rich. Taste : E = Excellent, G = Good, S. G = Slightly good
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about 11-14 g, conical in shape and has a shiny red
skin color (Table 8, Fig.4a). The content of soluble
solids in the fruits is slightly lower than that of
‘Toyonoka’. Since the flesh is firm and the skin is
hard,
transportation.

this new cultivar is suitable for

The fruit of ‘Shenxu No.2’ is large in size,
about 11g, conical in shape and has a shiny scarlet
skin color (Fig.4b). Since the fruit is very sweet,
moderately sour and very juicy, the taste is good.
The fruit has a high vitamin C content. The flesh is
firm but the skin is not hard.

3) Yield characteristics

The yield of ‘Shenxu No.1’ until December
was not high, but the total yield until May was
higher than that of “Toyonoka’ or ‘Hokowase’
(Table 9).

Beginning of harvest of ‘Shenxu No.2’ took

place about 10 days earlier than in the case of
‘Toyonoka’. The yield of ‘Shenxu No.2’ until
December was very high, twice of that of
‘Toyonoka’. The early yield until February and total
yield were about 20% higher than that of
‘Toyonoka’.

4) Resistance to anthracnose

Based on the evaluation by the spray
inoculation method, ‘Shenxu No.1” and ‘Shenxu
No.2’ are resistant to anthracnose caused by C.
acutatum and C. gloeosporioides in the same way as
the resistant cultivar ‘Hokowase’ (Fig.5). The
length of the blackish lesions on the petiole

determined by the petiole dip inoculation shows
that ‘Shenxu No.1’ displays a higher resistance
than ‘Hokowase’, while the regestance of ‘Shenxu
No.2’ is the same as that of ‘Hokowase’ (Fig.6).

Fig.4. New Strawberry cultivars
(a) ‘Shenxu No. 1°, (b) ‘Shenxu No. 2’

Table 9. Yield of new strawberry cultivars

Yield Rate of
Cultivar ~Dec. ~Feb. ~May  Commercial Malformed Diseased Small
fruits fruits fruits fruits(<6g)

g/10plants  g/10plants  g/10plants % % % %
Shenxu No. 1 9.8 1357.4 3220.2 922 31 0.6 4.3
Shenxu No. 2 489.4 1742.7 3570.2 94.0 14 1.3 34
Toyonoka 189.6 1363.0 2595.3 87.7 6.4 1.5 44
Hokowase 923 911.1 1664.9 79.7 7.2 1.2 1.2
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Fig.5. Mortality rate of new strawberry cultivars one month
after spraying of Colletotrichum conidia
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Fig.6. Length of lesions of new strawberry cultivars infected
with Colletotrichum gloeosporioides after petiole dip
inoculation

Discussion

In Shanghai, popular cucumber cultivars
‘Changchunmici’ and ‘Jinyan’ display a high
resistance to fusarium wilt” and downy mildew7),
respectively. However, the taste of cultivars is not
appreciated by the consumers, unlike that of
“Yanghang’, though the latter cultivar is susceptible
to fusarium wilt and downy mildew” " Therefore,
we attempted to develop new cultivars with
resistance to these diseases and high fruit quality,
‘Hu No.116’ and ‘Hu No.119" were thus bred. It is
considered that the fruit quality of ‘Hu No.116’ and
‘Hu No.119’ bred in this project will be acceptable
in the Shanghai area and throughout the provinces
of Chang river. Also, these cultivars showed a high
early yielding ability and high disease resistance in
many cucumber-growing districts” 4). Therefore,

these cultivars are being rapidly spread throughout
the Shanghai area as well as in the provinces of
Zhejiang, Jiangsu, Shandong, Sichuan, etc.a’ 4).
Although it is considered that ‘Hu No.116" and ‘Hu
No0.119 are adapted to semi-forcing culture, their
adaptability to cropping types in the summer
season must be investigated. ‘Hu No.116’ and ‘Hu
No.119" are resistant to fusarium wilt. However, in
areas with a serious incidence of soil-borne
diseases or injury by continuous cropping, we
recommend soil improvement, soil sterilization or
grafting.

In China, strawberry production is gradually
increasing. The main cropping type is open culture
and some forcing culture under house covered
with vinyl or polyethylene films in suburban areas
of large cities. The major problems in forcing
culture are low yield, especially early season yield
and occurrence of malformed fruits. Within the
framework of the collaborative project, a large
number of studies were carried out to solve these
problems, including planting to nursery bed before
the rainy seasong), shading and root pruning in
nursery beds), lighting and heating in a vinyl
housen)and pollination by honey bees in the vinyl
house” .

Most of the cultivars planted in China were
introduced from foreign countries. ‘Hokowase’,
‘Reiko’, ‘Meiho’” and ‘Toyonoka’ were introduced
from Japan. ‘Hokowase’ used to be the most
popular cultivar in Shanghai, but at present the
cultivation of “Toyonoka’ is gradually increasing
because ‘Toyonoka’ is superior to ‘Hokowase’ in
fruit quality. Most of the Chinese cultivars were
developed for open culture and are not suited to
forcing culture. Therefore, it is important to breed
new cultivars for forcing culture which are well
adapted to the Chinese cultivation methods and
climatic conditions.

New strawberry cultivar ‘Shenxu No.l’ shows
a high productivity and good fruit characteristics
such as large fruits with conical shape, shiny
scarlet skin color and firm flesh. The firmness of
flesh is a very important characteristic for the
transportation of the fruits in China, which extends
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over a large land area.

It is important to develop in China a cultivar
for early harvesting that initiates flower buds easily
without short-day or low-temperature treatments.
The new strawberry cultivar ‘Shenxu No.2’ is one
of the earliest cultivars for harvesting with
excellent fruit characteristics such as large fruits
with a conical shape, very shiny scarlet skin color,
with sweet and good taste.

In addition, ‘Shenxu No.1’ and ‘Shenxu No.2’
display a high degree of resistance to
Colletotrichum acutatum and C. gloeosporioides.
‘Shenxu No.1’ and ‘Shenxu No.2’ can be adapted to
forcing culture in the southeastern part of China
including Shanghais’ Y However ‘Shenxu No.2 may
be not adapted to the warmer southern area
because flower bud initiation is slightly delayed3' Y
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