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COLLECTING IN ETHIOPIA

D. Astley

The Plant Genetic Rescurces Center (PGRC), Addis Ababa continued
the collection of Ethiopian germplasm during January-February 1982,
with the support of the International Board for Plant Genetic Resources,
in the west and south-western areas of the country. Previous collecting
expeditions had identified Brassica crops as warranting special interest.
The PGRC in collaboration with the Institute for Agricultural
Research (IAR) in Ethiopia have made collections of oil seed forms of

Brassica carinata in the provinces of Bale, Begemdir Simen, Gamo Gofa,

Gojam, Hararge, Shoa, Sidamo, Wollega and Wollo. The crop is commercially
important for seed oil production with the-oil content of the dry seed
ranging from 29 to 38%. The search for accessions with low erucic acid
and low glucosinolate levels has been initiated by the IAR Station at
Holeta.

The utilisation of B. carinata as a leaf vegetable had been noted
(Simmons, 1976; Westphal, 1975), but, the extent of this usage and that
of other brassicas was not altogether clear.

The expedition collected in the Ethiopian Highlands and in the

valleys of the Omo and Baro rivers in the provinces of Kefa, Illubabor,
Sidamo, Shoa and Wollega. Large tracts of climax forest were evident
on the rolling highlands of the three western provinces, although in
certain regions agriculture and road construction were encroaching on
these forest areas. Coffee collected from wild and culiivated plants
was the major crop in the forest zones below 2000m.

The higher deforested areas were densely agricultural, the only
trees being planted were Bucalyptus for building and firewood. A wide
range of starch crops was grown depending on the altitude, eg. tef,
barley, wheat, sorghum, maize, finger millet and ensete. Pulses and
other vegetables were common as backgarden crops.

Agriculture in the hot, dry lowlands of Illubzbor province was
restricted to the floodplains of the major rivers. Sorghum and maize
were the staple starches with okra and various fruits being grown as
cash crops in the Baro river valley.

Brassica crops were seen throughout the altitudinal range, 500m
to 2900m. Various crop types distinguished on morphology, use,
linguistic evidence and cultural practice were collected. The material

was identified as follows:



1. Brassica nigra — Leaves and seeds were used medicinally for rheumatism

and stomach allments. Plants were grown intercropped with finger
millet or in kitchen gardens mixed with B. carinata, the seed
being harvested separately. The Amharic name for the crop was

Senafitch.
2. Brassica carinata - 0f the 56 rapes collected only one was utilised

exclusively for seed oil. This was a commercial crop grown on a
large scale. The remainder (55) were multipurpose crops used for
seed o0il (commercial), seed oil for polishing, leaf production and
for the sale of seed. Various local names were used for the crop:
Gomen and Gomenzerr'(Amharic); Rafu and Ija Raffu (Oromo); Shano
and Chachafo (Kefa); Fortera Gomen (Gorage); Dankali (Hadea);
Dankala (Wellita).

B Brassica sp. — A seed propagated leaf vegetable was sown in a
seedbed and transplanted into a manured plot. The leaf production
wag very good and formed a major dietary constituent in certain
areas. Local names for the crop were: Abrango (Oromo); Koyo or
Shoko (Kefa); Gunamber or Goaro Gomen (Gurage); Hamelo or Chacafo
(Kembatenya). (Possibly B. carinata or B. oleracea).

4. Brassica sp. - A leaf vegetable propagated by side shoot cuttings.
The local farmers had never seen seed of this group. Iocal names

~included: Abrango (Oromo); Koyo or Shoko (Kefa); Sumeria or

Simarita (Kembata). (Possibly B. oleracea).

The wide range of variation collected by the mission will be of
value in defining the specific limits of the taxa involved. The
clarification of these taxonomic relationships will be valuable to
PGRC in the characterisation of present collections and for future
collection missions.

The collections will be multiplied, characterised and stored at
the PGRC, Addis Ababa, Ethiopia.
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REPORT FROM AN OILCROP COLLECTION
TRIP IN ETHIOPIA

K.W. Riley and Hiruy Belayneh

This trip was made between November 24 and December
19, 1981. Collections were made primarily from standing
crops in farmers' fields in parts of Wellega Region, west
of Addis Ababa, and in Gojjam and Gondar Regions, north-
west of Addis Ababa. .

Ninety collections were tentatively identified as
Brassica carinata and six as B. nigra. Both species were
found in highland areas, but a few collections of B. car-
inata were made in mid-altitude areas (Table 1). ~ =~

Table 1. Elevation means and ranges (metres above mean
sea level) of Brassica collections.

Species Mean Range
B. nigra 2320 2000 - 2510
B. carinata 2225 1700 - 2610

Both Brassica species were generally intercropped in
small fields or gardens close to houses, with one or more
of the following crops : maize, finger millet, squash,
coffee, grain amaranth, or Coleus (tubers used as potato).
Neither Brassica species was found where soil fertility or
drainage was poor. Planting date most commonly reported
was early June, but ranged from April to August.

In all areas, B. carinata was known by only a single
name - gomenzer, and B. nigra was known as senafitch.

Land races with specific names did not appear to exist.
However there was considerable variation from plant to
plant within fields and from field to field. Plant height
ranged from 60 to 200 cm;. estimated growth period from 4
to 8 months, and branching from profuse to sparse. Most
seeds of B. carinata were light brown in color, but one
pure yellow seeded collection was made. Seeds of B. nigra
were all greyish-black.

Aphids were reported by farmers to be the most serious
pest of the crop. B. nigra appeared to suffer more than
B. carinata. Some plants of B. carinata were free of
aphids, and others were yielding well in spite of heavy
attack. '

Alternaria leaf spot was the most common disease,
seen on the leaves but was not seen on the pods. A trace




of white rust/downey mildew was occasionally observed.

Forty three farmers. gave replies to questions about
the way they used B. carinata. Sixty six percent of
farmers used part of the crop in the home, and marketed
the rest. The other 34% used the entire crop in the home.
The importance of the different uses of the crop in the
home are shown in Table 2.

Table 2. Home uses of B. carinata.

Uses Percentage of
positive replies

: *
0il extraced with hot water 37
Bread pan greased with crushed seed 74
Parched seed crushed, made into soup 12
Leaves boiled and eaten 85
Crushed seed used to soften leather 7
Crushed seed used in spice 30

*
0il is extracted by parching and crushing the seed into a
fine powder. Boiling water is added while stirring the
mixture. The mixture is shaken, until the o0il rises. The
0il is then decanted.

Some additional comments on crop use were made by
farmers :

- The cake or meal remaining after oil extraction may be
mixed with barley and given to a woman after she has
delivered a baby.

- The taste of cake or meal improves after standing over-—
night. _

- The ground seed is used to treat an upset stomach.

- The branches are used as a broom.

B. nigra was used in much the same way as was B.
carinata. It was often used to grease the bread pan; as

a component of a spicy sauce known as awazi; and to soften

leather. 1In addition, the parched seed was made into a

soft stew called wat, during the fasting time.

This cellection trip was made in collaboration with
the Plant Genetic Resource Centre for Ethiopia.



THE ORIGIN AND DIFFERENTIATION OF MUSTARD VARIETIES IN GCHINA

Shi=-ru Chen

Vegetables are an important component of the daily diet of the Chinese.
China has a great diversity of cultivated vegetables and there are many
methods of processing vegetables. There are many special forms of vegetables
locally adapted to limited regions of China. In the Cruciferae, within
Brassica, there is a long history of cultivation and a wide diversity of
morphotypes and cultivars is found throughout the country. Owing largely to
different ecological adaptations, Chinese cabbage (Brassica campestris var.
pekinensis) predominates in the North, whereas mustard (Brassica juncea)
prevails in the South.

Mustard is characterized by the distinctive, pungent flavor from volatile
mustard oil found in both the seed and vegetative organs. Mustard is higher in
carotene, thiamine, riboflavin, and ‘ascorbic acid than cabbage (B. oleracea
var. capitata) and Chinese cabbage. A processed product of stem mustard,
"Zacai", is crisp and tender. Hydrolysis of protein into amino acids during
processing results in a highly desirable flavor which accounts for its great
popularity among the Chinese, Japanese, and Southeast Asians.

Mustard is cultivated in both fields and vegetable gardens. For example,
in the Hulin district of Sichuan province, a rotation system is widely
practiced in which mustard follows sweet potato or proceeds maize. Mustard is
frequently inter-cropped with broad bean (Vicia faba L.) or wheat (Triticum
astivum) in most parts of Sichuan. 1In Zhejing province mustard is often
planted between mulberry trees, whereas in Hunan and Quantong provinces
mustard is grown after lowland rice and taro are harvested.

Over centuries of cultivation, Chinese farmers have selected numerous
morphotypes and cultivars of mustard for their root, stem, shoots, or leaves
from the segregants of natural crossing and spontaneous variants. The
greatest diversity of mustard morphotypes and cultivars is found in Sichuan,
including stem mustard, an important processing vegetable.

Origin and history of cultivation of mustard

l. Records of mustard cultivation in Chinese classical literature.

China has a very long history of mustard cultivationm. As early as in the
West Han Dynasty (206 B.C. - 24 A.D.), Dai in his work, Liji (The Book of
Rites), described "a jam of fish slices with mustard" which suggests that
mustard was already in use as a flavoring agent. Possibly it was cultivated
long before that time. In the North Wei Dynasty (386 - 534 A.D.), Jia in his
famous work, Qi Ming Yao Shu (People's Essential Techniques), wrote, "As for
Sichuan mustard and other Brassica, if grown for their leaves, sow in
mid=July; if their seed is wanted, sow in February or March when there is
Plenty of rain." What he referred to here as "Sichuan mustard" grown in the
northern part of China, may well have been a cultivar introduced from




Sichuan. In the North Song Dymasty, Su (1061) recorded in Tu Jin Ben Cao
(Illustrated Book of Medicinal Herbs) that "Mustards may be found

everywhere', The green mustard variety is similar to Chinese cabbage in
appearance, but is covered with tiny hairs and is very pungent. The purple
wustard, with stem and leaves all purple in color, is ideal for flavoring.”
Such a description indicates that the culture of mustard had become gquite wide
spread at that time and there were at least green and ﬁipple varieties. Wang
(1576 - 1588) in his work, Gua Guo Shu (Explanations of Cucurbit and Vegetable
Crops), recorded some root mustard types. And Li (1578) of the Ming Dynasty
in his famous work, Ben Cao Gang Mu (Compendium of Materis Medica), described
many leaf and shoot mustard varieties. From the above literatures it is clear
that mustard was cultivated in China several centuries B.C. At that time
there were few types and cultivars were used primarily for powdered
condiments. During the Ming Dynasty, leaf, shoot, and root mustard types
appeared. Stem mustard probably arose later, in the Qing Dynasty. No records
of stem mustard and its processed product, "Zacai", have been found in the
literatures before the Qing Dynasty.

2. The origin of mustard.

Almost 50 years ago, the Japanese scholars, Morinaga (1934) and U (1935),
discussed the relationship among the various species of Brassica. Morinaga
was the first to suggest that mustard (B. juncea) owes its amphidiploid origin
(2n = 36, aabb) to the hybridization between black mustard (B. nigra, 2n =
16, bbland rape (B. campestris, 2n = 20, aa). Morinaga's hypothesis was
substantiated by the artificial synthesis of mustard by Fransdon (1943) in
Europe and Ramanujam and Shrinivasachar (1943) in India. Hybrid B. juncea may
be synthesized by utilizing either B. campestris or B. nigrz as a maternal
parent. Synthesized mustard is very similar to the natural mustard. Prakash
(1973) thoroughly investigated the artificial synthesis of mustard.

What about the natural origins of mustard? Prain (1898), Sinskaia (1923),
and Vavilov (1949) believed that mustard originated in Asia, with its major
diversification in China. Vavilov assigned Afghanistan and adjoining regioms
as the primary center of origin and suggested that central and western China,
eastern India, and Asia Minor through Iran formed the secondary centers of
evolution. Sun (1970) states that mustard evolved in the Middle East in
prehistoric times. Olsson (1960) believed that B. juncea originated in
several different regions such as the Middle East and neighboring rsgions
where B. nigra and B. campestris overlap in their distribution. Olsson's
notion of polyphyletic origin has been supported by the work of Vanghan,
Hemingway, and Schofeld (1963).

Considering that mustard, as an oil crop, is widely distributed throughout
China, India, Egypt, south and southwest Bussia, and Europe, it is interesting
that, as a vegetable crop, it has been primarily restricted to China. Based
on the number of mustard varieties found there, it is clear that China is the
center of diversity and origin of cultivated vegetable forms.

Differentiation of various morphotypes and varieties of Chinese mustard

In China, oil mustard is grown chiefly in Yunnan province and to a lesser
degree in Gansu, Qinghai, and Xinjiang. Though several hundred oil seed
mustard cultivars exist, its variation is far less than that of vegetable
mustard.



Primitive types of cultivated vegetable mustard are small in size with
poor leaf growth. These forms were grown for the pungent mustard seed
powder. During the course of cultivation, variants in leaf size, color and
thickness, in the degree of leaf lobing, in petiole width, and in the heading
or spreading of the leaves were selected. Generally, few or no branches
develop from the axillary buds before bolting. However, there are types which
branch early in the vegetative stage giving rise to the potherb mustard (B.
juncea var. multiceps). Improvement in cultivation practices permitted the
expression of stem and root swelling characters and led to the development of
various cultivars of root and stem mustards. Recently, a variant has been
found which resembles brussels sprouts (B. oleracea var. gemmifera) with the
development of many swollen axillary buds prior to elongation of the flowering
axis. The variants observed in cultivated mustard are virtually parallel to
those variants found in the cole crops and morphotypes of B. campestris.

The main morphotypes of vegetable mustard in China

1. Mustards grown for their leaves: Annual or biennial with well—developed
leaves which can be eaten fresh or processed. The main varieties are as
follows:

a) Broad-leaf mustard (g. juncea var. rugosa): Plants are large with
broad and large greenm or purple leaves, leaf margins are entire, waved
or dentaled, and few with slight lobing. This type of mustard is
grown throughout China. Cultivars are more numercus in the South than
in North China.

b) Dissected-leaf mustard (B. juncea var. multisecta): Plants have
varying degrees of leaf dissection.

¢) Strumiferous leaf mustard (B. juncea var. strumata): Plants have large
leaves and well-developed petioles. Tumor-like protuberances emerge
from the petiole where it joins the stalk. Cultivars are mainly grown
in Zhejiang, Hubei, and Sichuan provinces.

d) Head leaf mustard (B. juncea var. capitata): Plants have large leaves
with broad petioles and midribs. The youngest leaves fold inward,
overlapping each other to form a ball-shaped head. Such cultivars are
mainly grown in South China.

e) Tillering mustard (B. juncea var. multiceps): Plants have many
vigorous lateral buds on a shortened stem. "Tillers" develop before
flowering. The degree of tillering varies with cultivars. Cultivars
are generally referred to as potherb mustards. They are generally
cold-resistant, and are cultivated both in the northern and southern
parts of China.

2. Mustards grown for their stem (B. juncea var. tsatsai): Plants are
biennial with swollen stems which may be rod-shaped or variously enlarged
with tumor-like protuberances just below the petiole where it joins the
stem. Leaves are genmerally large and either green or purple, the leaf
surface may be smooth or rugose, and leaf blades are entire or
dissected. These are grown for their stems which are either processed or
eaten fresh. Leaf texture is coarse as compared with leaf mustard and is
not generally eaten. Stem mustard cultivars evolved in Sichuan and have
been introduced into Zhejiang, where they are now widely grown.

3. Mustards grown for their shoots (B. juncea var. scaposus): Plants are
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annual or biennial with an erect habit. Ileaves are either oblong or oval
with entire or lightly dissected blades. Their swollen shoots are used
for processing or eaten fresh. Such cultivar§ are growna in Sichuan,
Zhejiang, Guangdong, Yunnan, and Guizhou provinces.

4, Mustards grown for their roots (B. juncea var. napiformis): Plants nave
fleshy cylindrical or conical taproots used for processing. Leaves are
either green of purple with entire or dissected blades. Cultivars are
grown throughout China.
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MORPHOLOGICAL CHARACTERS OF F4 PROGENY OF THE HYBRID BRASSICA
CAMPESTRIS SSP. PEKINENSIS CHINESE CABBAGE X B. CAMPESTRIS
SSP. TRILOCULARIS YELLOW SARSON WITH DIFFERENT SEED COAT COLOUR

Barbara Barcikowska

During the year 1982 we have been trying to get some information
dealing with relations between yellow seed coat and plant vigour. To
reach this aim we have been sown F4 generation of the hybrid Brassica

campestris ssp. pekinensis Chinese cabbage X B. campestris ssp. trilocularis

Yellow Sarson during this spring in the greenhouse. The results
illustrating the measurements, at the beginning of flowering period, of
some morphological characters of plants investigated are listed in Table 1,
Table 1. Morphological characters of F4 progeny of the hybrid

B. campestris ssp. pekinensis Chinese cabbage X B. campestris

ssp. trilocularis Yellow Sarson with different seed coat colour.

Number Seed coat |Number Height of |Number| The grea- Number

No of colour of plants (cm) of test leaf of
plant plants shoots leaves
invest. 1 2 length|width

1 405N/1 | datk brown 71 104,9{ 137,64 3,3 21,4 10,1 11,6
2 405N/ 4 " " 76 88,31 112,6| 5,7 21,4 9,7 9,8
3 405N/12| pale yellow 44 '89,2 109,71 3,3 Tl 8,1 9,4 E
4 " " ldark yellow 56 81,4]101,4| 3,4 16,5 8,1 8,8
5 405N/22| dark blue 76 110,8|115,7( 3,9 15,9 8,3 7,8
6 405N/28| pale yellow 74 89,71109,6| 3,3 1.9 7,7 10,8
7 " " |dark yellow 74 89,11118,4)| 4,7 16,9 9,2 9,4

1 - at the beginning of flowering period
2 - during full maturity

As it can be seen, there is only a slight tendency by plants origin-
ating from yellow seeds, to diminished height at the time of full
maturity. But at the beginning of flowering period the plants with
yellow seed coat, although this is a recessive character, seem mot to be
less vigorous than the others. This is promising for the future because
it suggests, that selection for yellow seed coat during following

generations may lead to reach vigorous and yellow seeded B. campestris

plants, as valuable parental forms for artificial B. mapus breeding.



INFLUENCE OF THE CYTOPLASM OF INDIAN SELF-INCOMPATIBLE LINES
ON THE EARLINESS AND QUALITY OF Fy CAULIFLOWER CURDS

J. Hoser-Krauze, J. Gabryl and J. Antosik

Materials and Methods

The parental components of Fq hybrids were: homozygous self-
incompatible lines of three Indian cultivars varying in their maturity
period and self-compatible lines of three temperate climate cultivars
of summer cauliflower (Table 1). The Indian cultivar Pusa Katki posse-
sses a dominant gene that governs weak growth and the premature forma-
tion of nonmarketable curds under the Polish agricultural and climatic
conditions in the field (J. Hoser-Krauze, J. Gabryl, 1978) . For that
reason the parental lines and F1 hybrids of this cultivar were grown
in 1981 in a greenhouse at a temperature of 18-25 ©C. The other parental
lines and their Fy hybrids were compared under field conditions suitable
for early summer cultivars during the 1980 growing season. Sowing and
planting dates, and plant spacings are shown in table 1. QObservations
covered: the number of leaves, date of curd maturity, their diameter,
weight and quality. Curds were harvested every third day. The curd dia-
meter was measured along the arc. The quality of curds was divided into
five classes: the 15t and 2Nd class complied with the Polish commercial
standard, while 3, 4 and specified 5 non-marketable curds; the 5th class
comprised broccoli~like curds. The data defining the characters under
observation were grouped into frequency distributions on the basis of
which the arithmetic means x and standard deviation were calculated.
Results were interpreted statistically with the application of the for-
mula of Hovanitz , 1953

Results

The earliness of curd maturity of the Fy hybrids investigated was
determined by additive polygenes. This was consistent with the results
presented by several authors eg Watts (1964) , Kumaran (1972) , Singh,
Swarup’ g Chatterjee (1975),Crisp (1977) and Hoser-Krauze & Gabryl (13978).
Moreover the influence of the cytoplasm of maternal lines on this cha-
racter was observed: Fq hybrids H x K and 20 x 14 having as the mother
component somewhat later lines H and 20 with a greater number of leaves
than the father lines K and 14 were earlier than their reciprocal hybrids
K x Hand 14 x 20 (Table 1) . F1 hybrids H x K and 20 x 14 showed hete-
rosis statistically significant in the earliness of curd maturity.

This increased earliness of curd maturity by the cytoplasm caused signi-
ficant reduction in the diameter and weight of curds, worsening their
quality. The influence of cytoplasm still occurred in the threeway cross
(20 x 14) x 401, as compared to the reciprocal ( 14 x 20) x 401, which was
two days later and showed heterosis in the diameter, weight and quality of
curds. In these hybrids the father line no. 401 of the summer cv. Rapid
was very similar in earliness to the mother Indian lines nos.20 and 14.
In the case when the father line no. 381 was later than the Indian mother
lines H and K, and the father line no. 644 later than lines no. 20 and
no. 14, then the differences between their reciprocal three-way crosses
(H x K) x 381, (K x H) x 381 and (20 x 14) x &44, (14 x 20) x 644 were not
significant.
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Conclusions

1. In the breeding of very early Fi cauliflower hybrids the
influence of cytoplasm on the earliness and quality of curds can not
be ingnored.

2. Heterosis in curd diameter, weight and quality can occur
in the early F{ hybrids between self-incompatible lines of the Indian
cultivars and self-compatible 1ines of summer cultivars with similar
maturity periods to each other cultivated in the temperate climate.
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Table 1a

Mean values of some cauliflower characters of parents and Fy hybrids
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Planting date of the trans

Planting date of the trans
Space of the plants in the

Sowing date 25.02.80
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HETEROSIS WITH SUMMER RAPESEED (Brassica napus L.)

M. LEFORT-BUSCN

I - AIMS AND METHOD

Hybrid vigor has been tested for few summer hybrids in a little
trial at the Plant Breeding Station of Rennes, in 1982. Five selfed
lines from different locations have been crossed in a (5 x 5) diallel
design. A 4 replication block design has been sown with 5-1line plots
3,50 m long ; (the interline was of 0,30 m].

In this paper., only seed yield results are presented. Because
of competition effects plot yield has been estimated with the 3 inner
lines of each plot Varietal effects have been tested in a Z-way
analysis of variance, independantly for selfed-lines and hybrids ; for-
hybrids, a diallel analysis has been made with Griffing'method, in
terms of general combining ability (G.C.A.), specific combining ability
(8.C.A.) and reciprocal effects (R.E.].

IT - RESULTS

Varietal effects are significant for both hybrids and selfed-lines.
The error variances are not different one from another, but the dif-
ferences between varieties are greater intra selfed lines than intra
hybrids. Varietal means are given in table 1.

Aburamasari Mazowiecki Nuggeti Msris Cresar
heplona

Aburamasari 28,81 28,64 30,16 31,82 32,22
Mazowieki ‘28,68 23,30 25, 81 25,70 30,09
Nugget 29,95 25,58 198,28 28,13 272,72
S 31,45 24,73 27,28 24,08 28,83
hanlona

Cresor 31,44 28,32 27,04 31,684 23,44

Rendement en gx/ha

Table 1 : Yield of the varieties

Concerning the 3 effects [(G.C.A., S.C.A., R.E.)J, only G.C.A.
Tfect is significantly cdifferent from 0. The G.C.A. of selfed
Aburamasari” (+2,30 gx/hal) and "Cresar" (+1,32 gx/ha) are signifi-
cantly supericr to the G.C.A. of "Nugget" (-1,48 gx/hal and "Mazowiecki”
(-2,17 gx/hal, Maris-haplona (+0,04 gx/ha) being intermediate.

(1]

The superiority of hybrids ({t = 28,85 gx/ha) over selfad lines
(1 = 23,50 gx/ha) has been tested meaningly Tor all hybrids : it is
significant when refersd to the mean parsnt (5,05 * 1,16 gx/ha) and
to the best parent (3,02 + 1,38 gx/ha) but few hybrids overyield the
best line "Aburamasari” [(Aburamasari x Haplona, Aburamarasi x Cresor).



CONCLUSION

These first results with summer hybrids have to be confirmed over
years and locations, but it appears even now that, as for winter forms

= hybrid varieties are interesting from an economical
point of view ;

- the genic pool of the asiatic line "Aburamasari” ensure
a8 good complementation with the genic pool of the ather

tested lines.

RUTABAGA AND CHINESE CABBAGE IMPROVEMENT
Shigemi Honma

Work on selecting desirable phenotypes of rutabaga with resistance
to club root, was continued in cooperation with Canadian colleagues,
Limited progress toward good root types have been made.

We have been interested in obtaining bolt resistant Chinese
cabbage for the last few years (Proceedings lst International
Symposium on Chinese Cabbage, 1980; ppg 451-453.). Resistance is being
derived from kale (Euphytica 9:243-246). Recent crosses with Chinese
cabbage cultivars other than Mandarin which was used in the original
cross have given only limited success. Genetic studies on bolt
resistance is presently being conducted.

1#
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ESTIMATES OF HERITABILITY AND GAIN OF SELECTION OF TEN
QUANTITATIVE CHARACTERS OF CHINESE HEAD CABBAGE, WITH

DISCUSSION CONCERNING THE METHODS OF THE ESTIMATION OF
BROAD HERITABILITY.

Tan Qimeng, Zhao Guoyu, Wei Yutang, Lee Baojiang.
Abstract

Two cross combinations, each with six population lines, of Chinese
head cabbage were used to estimate the heritabilities amnd gains of
selection of ten quantitative characters. The following are results
obtained in this experiment. The percentagesof narrow heritability
in the two crosses are quite similar for most characters except that
of leaf number per head and disease resistance. The narrow heritabilities
of plant diameter, head firmness, and plant height are larger (around
50%) than that of leaf differentiation rate, head diameter, leaf number
per plant, gross weight and net weight (around 30%). The influence of
genetic coefficient of variation of a character on its expected gain of
selection is greater than that of the heritability under the same intensity
of selection. Since the heritability, the genetic coefficient of
variation and the expected gain of selection of the Fz population of
these characters are mostly larger than that of the back cross
population, it ought to be generally more effective to select within
F2 population than within back cross population, only except that the
mean of the back cross population is significantly larger than that of
the F2 population.

The percentages of broad heritability estimated by using the

2 2
hy =V, - % + Vv = -
B p2 = % (Vpyg p2) °T By = Vg " Vi gormula appear in some

v
F
2 VFZ

characters to have magnitude smaller than their percentages of narrow
heritability which implies that the Ve of F2 thus estimated seems to be
too large. On the other hand, the percentage of dominance calculated
on the basis of such formula result with overdominant characters 7 out

of 10 in A cross and 5 out of 10 in B cross. It is hard to believe that
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there are really over half characters having overdominant gene effect,
and this implies that the Ve of F2 thus estimated seems to be too small.
Thus, it can be predicted that the above one or two unreliable phenomena

. # . w A +
will still be encountered if the VFZ 5 (VPl VPZ + VFl) or

Y

3
- . ) - 2 ;
VFZ JvPl * VPZ VFi formula be used to estimate the hB' It is

Veo

postulated that the above inconsistency is resulted from the use of
phenotypic variances of different populations in the estimation of hg
and h§, because the populational differences in respomse to enviromment
are variable in different characFers and the ratio of VFZ:VB of these
10 characters may not perfectly correlated with their ratio of VF2=Vp or
VF1.

In order to get rid of such absurdity, an alternative method based
on using the phenotypic variances of the same three populations (i.e. VFZ’

: : ; 2 2.
VBPl and VBPZ) in the estimation of goth hB and hN is here proposed. Where
the hp is estimated by the formula hB =15VA + & V,, instead of any formula

V
)
i L i =
using Vpl’ sz, VFl’ and the “VD is deduced from the formula J?A .JTE)
VBPZ _ VBPl' The data thus obtained reveal that about half of the phenotypic

variation of plant diameter, head firmmess, plant height, leaf number per
head and disease resistance among F2 plants is cause by genotypic differ-
ence, while the phenotypic variation of head diameter, plant net weight
and the remaining three characters is caused mainly by environmental
influence. The genetic variance of the above five characters and of the
head diameter is caused mainly by additional gene effects. The remaining
four characters manifest greater dominant effect, but none of them shows

overdominance.
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CYTOPLASMIC MALE STERILE BRASSICA CAMPESTRIS BREEDING LINES
WITH RESISTANCE TO CLUBROOT, TURNIP MOSAIC, AND DOWNY MILDEW

Hei Leung and Paul H. Williams

We have exploited the rigid pollen control provided by the Ogura's
Rl cms system to develop Oriental brassica vegetables with multiple
disease resistance to clubroot, downy mildew, and turnip mosaic.
Four major morphotypes of Brassica campestrls: ssp. pekinensis
(Chinese cabbage), ssp. chinensis (pak choy), ssp. narinosa (rugosa
type), and ssp. rapa (turnip) were bred into the Rl cytoplasm.
Sources of the male recurrent parents were USDA PI accessiomns, local
cultivars, and breeding lines from the People's Republic of China
and the Asian Vegetable Research and Development Center, Taiwan.

Screening and selection for resistance to clubroot, turnip mosaic,
and downy mildew were carried out using the pathogenic strains
Plasmodiophora brassica Wor. race 6 (PHW-526), TuMV C1 strainm
(PEW-559), and a Peronospora pardsitica (Pers) ex. Fr. isolate
(PHW-558) collected from Chinese cabbage in Taiwan in 1980.

After three cycles of repeated backerossing and selection, seeds of
five lines of B. campestris ssp. pekinensis, two lines of B.
campestris ssp. chinensis, one line of B. campestris ssp. narinosa,
and one line of B. campestris ssp. rapa are now avallable to private
and public researchers. Each line is a half-sib family resulting
from crossing a cms parent with bulked pollen from 4-5 plants of a
male line.

The level of resistance to the three diseases varies among lines of
different parentage. About 50%Z of plants in all lines are clubroot
resistant. Percentages of plants resistant to TuMV and downy mildew
range between 30-90% and 10-80% respectively.

Horticultural characters such as heading character, seed yileld, and
nectary development have responsed favorably to selection, and
further gains can be expected. The major obstacle remaining is the
Rl cms-assoclated seedling and cold temperature chlorosis. We have
not succeeded in stabilizing the trait over four cycles of
selection. The problem of chlorosis needs to be resolved before the
Rl cms B. campestris becomes useful in commercial hybrid production.
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USE OF THE RAPID-CYCLING BRASSICA CAMPESTRIS POPULATION, CGS-1,
FOR TEACHING PRINCIPLES OF QUANTITATIVE GENETICS

Marlin Edwards, Tom Osbormn, and Paul H. Williams

Students in an intermediate~-level Plant breeding course at the
University of Wiscomsin conducted an exercise in the spring of 1982
with the rapid-cycling population of Brassica campestris, CGS-1,
which provided exposure to basic principles of quantitative genetics
and selection for quantitative traits. The project investigated the
genetic control of yield and components of yield in a heterogeneous
population of B. campestris, CGS-1 (PEW-Aaa-1), which had previously
been selected for rapid generation time.

The specific objectives of the project were to:

1. examine phenotypic correlations between yield (total seed
weight) and selected components of yield (pod number,
seeds/ pod, and weight/seed),

2. estimate genetic correlations between yield and yield
components,

3. estimate narrow-sense heritabilities for each of the traits
based upon each of two methods:

a) covariance among half-sibs,
b) parent-offspring regression,

4. measure gain from two cycles of selection for each of the
yield components (and yield itself) from the same base
population,

5. determine "realized" heritability for each trait,

6. measure correlated responses to selection.

The CGS-1 population cycles in 40 days in a growth chamber, so two
generations may be grown and evaluated within a 16-week course. In
order to accomplish as much as possible within the course, the first
generation was scheduled and planted to be mature at the beginning.
This allowed evaluation and two further generations to be grown and
evaluated by the class.

Because of the importance of thorough hand-pollination and the
extensive quantitative evaluations of traits required for each
individual, this project is rather laborious. However, with a class
of 15-25 students, the necessary tasks may be distributed to require
only a moderate amount of time from each student. Dependent upon
the computing facilities available, students may individually
analyze the raw data collected by the class and stored in computer
memory or, altermatively, summary statistics may be distributed for
individual interpretation.

Quantitative genetics is a subject which is difficult for many
students. This difficulty is, in part, due to the abstracted
mathmatical and statistical procedures involved. By working with a
population of plants and toward objectives typical of those often
pursued in plant breeding, many students find the subject more
tenable and interesting. The rapid-cyeling populatiomn, CGS-1 of B.
campestris may provide an ideal exposure for teaching objectives in
quantitative genetics because of the limited space and time required
for studies which would require large land areas and perhaps years
in other crops. This particular project is just ome of many which
might be undertaken with this stock.

Copies of a more detailed procedural outline and the results
obtained from this exercise are available upon request.
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SELECTION AND GENETICS OF NECTARY DEVELOPMENT
IN CYTOPLASMIC MALE STERILE BRASSICA CAMPESTRIS

Hei Leung, Xin-ke Niu, and Paul H. Williams

The discovery of cytoplasmic male sterility in radish (R1 cytoplasm)
by Ogura has provided an alternative approach to the
self-incompatibility system in hybrid brassica production. Through
nuclear substitution various Rlems Brassica species have been
generated. Though Rlcms brassicas are envirommentally stable,
several physiological and morphological abnormalities associatad
with the Rl cytoplasm can limit the potential usefulness of the
Rlcms system in commercial seed production. One of the ma jor
abnormalities is a partial to complete suppression of nectary
development in the ems parents that will lead to inadequate
pollination in the field. We have approached the problem of insect
pollination in Rl cms B. campestris by initially selecting for the
number and size of nectaries to provide a morphological basis for
further improvement of other nectary functions, such as nectar
quantity, flavor, and aroma. Cytosterile B. campestris ssp.

pekinensis (Chinese cabbage) and B. campestris ssp. chinensis (pak

choy) were used in our selection and genetic study of nectary
development.

Selection for nectary development was done using a 0 to 9 scale
based on the number and size of nectaries with scale 9 representing
full development. Plants with high nectary ratings were selected
for further backcrossing. After three cycles of selection we have
developed families having at least two nectaries of size comparable
to normal and occasionally there are plants with four well~-developed
nectaries. A survey of the change in the average nectary
development of backeross families in three pedigrees suggested that
the recovery of nectary development was favored by certain genotypic
combinations.

In order to see whether nectaries of cms plants were structurally
and functionally similar to normal nectaries, nectaries of normal
and cms plants were examined using light and scanning electron
microscopy. Well-developed nectaries of cms plants were usually
assoclated with nectar secretlon and no anatomical differences
between nectaries of normal and cms plants were apparent under the
scanning electron microscope.

As for our genetic study, we used a half-gib family analysis to
partition the phenotypic variance of nectary development into
genetic and environmental components. Twenty~two plants randomly
chosen frem cms B. campestris backcross generations were crossed to
two B. campestris pollen donors with normal nectaries. Nectary
morphology of 20 progenies from each of the 44 crosses were scored
and the variance components analvsed. We have found negligible
additive genetic variance (Vp)and variance due to dominance (Vp)
and envirooment (VEc + Vgy) constitute all the phenotypic

variance estimated (Table 1).



Table 1. Estimates of variance components of half-sib family
analysis of nectary development in cytoplasmic male
sterile Brassica campestris.

Component Estimate Percent
Source observational causal
Male O 2n 1/4v4 0 0
Female O 2f/m 1/4Vp 4+ 1/4Vp 4+ VEC 1.78 48.5
Progeny o2y 1/2Vp 4+ 3/4Vp + Vgw 1.89 515
Total glr VA + VD + VEC + VEW 3.67 100

It

Vp = additive genetic variance

Vp = dominance genetic variance -

VEc = environmental variance due to common environment
Vigy = envlironmental variance within progeny

Though the effects due to dominance and common enviromment are confounded in
the present design the significant female effect is likely due largely to
maternal effects, which represents the common environment, rather than to
dominance. This interpretation seems logical since the suppression of nectary
development is an Rl cms—associlated trait in B. campestrils, and may be

subject to a substantial cytoplasmic influence. It is unlikely however that
nectary development is entirely controlled by the Rl cytoplasm, as gain
through selection would be impossible in the absence of cytoplasmic

diversity. The Improvement of nectary development in the breeding population
and the differential response to selection observed in different pedigrees
suggest considerable cytoplasmic nuclear interaction. By crossing the lines
with partially restored nectary function to a wide range of male genotypes one
should be able to generate diverse cytoplasmic—nuclear interactions which
would permit further improvement of nectary function.
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RAPID-CYCLING POPULATIONS OF BRASSICA AND RAPHANUS SPECIES
FOR GENETIC STUDIES

Paul H. Williams and Curtis B. Hill

Over the past 10 years we have been inmvolved. in the development of
rapid-cycling crucifer populations which could be used to facilitate
basic genetic studies of Brassica campestris (Aaa),‘g. nigra (Bbb),
B. oleracea (Ccc), B. juncea (ABaabb), B. napus (ACaacc), B.
carinata (BCbbce) and Raphanus sativus (Rrr). Criteria used in
selection of populations have been: 1) minimum time from sowing to
flowering, 2) rapid seed maturation, 3) absence of seed dormancy, 4)
petite plant habit and 5) high female fertility. Populations were
derived initially by combining diverse early flowering types within
each specles, followed by recurrent mass selection in which the
above selection criteria were used. Reproduction of each population
is carried out in 28 x 55 cm plastic multipot trays of 96 plants per
tray. The growing medium is a 'peatlite' mix of one part moss peat
and one part Vermiculite, irrigated with 0.5% Hoagland's solution.
Plants are continuously irradiated with 250 Em™2s5~1 from

fluorescent lamps. Populations of approximately 300 plants were
grown at each cycle and 10% selection exercised with respect to
early flowering individuals. Selection on a population was
discontinued when the reduction in mean days to flowering became
essentially stabilized, and when greater than 50% of the population
flowered within a 2 day perliod. Populations were then mass
increased for use in genetic studies and designated as base

populations. Stocks of the following base populations are available

as the first offerings of the Crucifer Gemetics Stock Center (cGsec).

Table 1. Stocks available from the Crucifer Genetics Stock Center.

CGS original species days to description

it stock # flower

1 PHW—-Aag-1 B.campestris 16 base population
2  PHW-Bbb-1 B. nigra 18 base population
3 PHW-Ccc~1 B. oleracea 29 base population
4 PHW-ABaabb-1 B. juncea 20 base population
5 PEW-ACaacc-1 B. napus 26 base population
6 PHW-BCbbece-1 B. carinata 28 base population
7 PHV=-Rrr-1 R. sativus 19 base population
8 PHW-Rlaa-1 B. campestris 16 Rlcms, CGS-1

9 PHW-Rlce-1 B. oleracea e Rlcms, CGS-3
10 PﬁW—Rlaacc—l B. napus i Rlems, CGS-5

B = Brassica, R = Raphanus
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Characterization of the base populations is under way using
phenological and phenotypic traits such as: 1) days from seeding to
first flower, 2) plant height to the first flower, 3) pods per plant,
4) seeds per pod and 5) mean seed weight. Populations are being

- indexed initially for their interaction phenotype to selected
pathotypes of Albugo candida, Peronospora parasitica, Plasmodicphora
brassicae, Fusarium oxysporum and Leptosphaeria malculans (Phoma
lingam). Publication of base population development and
characterization is in preparation. The base population CGS5-1
(PHW-A2a-1) has been used in a number of studies reported from our
research group in this CRUCIFERAE NEWSLETTER.

The nuclear genomes of CGS-1 through -7 are being substituted in Rl cms
cytoplasm from R. sativus (Ogura), in Bl cms cytoplasm from B. nigra
(Pearson) and ABl cms cytoplasm from B. juncea (Anand). As these
stocks approach homogeneity they will be made available through the
CGSC. We are currently moving a number of gene markers and resistance
genes into rapid cycling backgrounds of various species. These stocks
also will be listed and made available when appropriate quantities of
seed have been produced.

Those wishing seed of the CGS stocks should write Paul H. Williams,
Department of Plant Pathology, University of Wisconsin—-Madison, 1630
Linden Drive, Madison, WI 53706.

SIZE OF ANEUPLOID POLLEN AND A MICROCOMPUTER-BASED
MEASUREMENT SYSTEM

A. B. Wills and P. Smith

The determination of the gametie transmission rates of
trisomiec chromosomes is necessary for our investigations of
trisomies of Brassica oleracea. Accurate chromosome counts in
segregating families are laborious, and morphological characters
in the families examined so far have not provided a basis for
diseriminating trisomie from disomic plants. Therefore we
examined some pollen characteristies to discover whether the
presence of additional chromosomes in pollen of aneuploid plants
might cause recognisable differences in the diameter,
variability, or viability of the pollen grains.

For this method to give a useful reduction in effort
compared with that needed for chromosome counts it was necessary
to minimise the labour of recording and analysis by use of a
micerocomputer-based measurement system. The equipment used
comprised a microscope with a horizontal drawing arm, together
with a Tektronix 4051 microcomputer and a Summagraphics
digitising tablet and cursor. The cursor was fitted with fibre
opties from a eold light source, producing a point of light that
was superimposed via the horizontal drawing arm onto the
microscope image of the slide. Measurements were made at 630x
magnification using a cursor button to mark appropriate points,
the position being measured by magnetoconstrietive ranging to an
aceuracy of 0.1 mm. Viability counts were made at 125%
magnification and were also recorded by cursor buttons. The
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microcomputer was programmed to determine the cursor
coordinates, and then to calculate pollen grain diameter and
various statisties. The measurements were recorded on magnetie
tape and subsequently displayed as a histogram on a storage-type
visual display unit.

Flowers were collected after anthesis from 2n, 2n+1, 2n+2,
3n-2, 3n-1, 3n and 4n plants, as well as from some with unknown
chromosome numbers. Pollen was stained on slides in
aceto-carmine jelly. Viable grains took up the stain over
Several hours and became swollen to a nearly spherical shape,
while inviable grains remained shrunken and unstained. The
maximum diameters of 100 viable grains were measured from random
transects on each slide, and viable and inviable grains counted
in five random fields.

Pollen grain diameter was approximately normally
distributed, the mean and median being very close for each
plant. No plant gave a clearly bimodal distribution. The mean
diameters for 2n, 3n and 4n plants fell into separate ranges
with very little overlap. The mean diameters and their standard
deviations for 2n+1 and 2n+2 plants were within the range
recorded for 2n plants; similarly 3n-2 and 3n-1 plants fell
within the 3n range. The proportion of inviable grains in
diploid plants, whieh were all siblings of the aneuploids,
varied from 3 to 39 per cent. This range was exceeded by only
one aneuploid among plants with known ehromosome number.

Mean pollen diameter could readily distinguish between 2n,

3n and 4n plants, as expected, but aneuploids were classified
with the nearest euploid group and were indistinguishable from
them. Comhination of various statistics, for example the graph
of standard deviation against the proportion of unstained
pollen, resulted in no obvious improvement in diserimination.

The method of measurement using a mieroscope and digitising
tablet was particularly efficient, allowing the recording of 100
diameters in about 10 minutes and of 100 pollen grain perimeters
or areas in about 25 minutes. The required measurements,
statistics and histograms were produced direetly by the
microcomputer. The system would be very useful for routine
pollen measurements and could be used to investigate whether
alternative methods of pollen preparation, or dry pollen, would
achieve the required diserimination.
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LEAFY FODDER BRASSICA HYBRIDS AND FORMS
IN THE BRASSICA SPECIES COLLECTION

W. Miyniec, E. R6hm-Rodowald, K. Zielifiska

The need for plants suitable for catch crop cultivation in Poland
is the main reason for evaluation of our Brassica collection and of
hybrids obtained by interspecific crosses within the genus Brassica.
Intensity and vigour of vegetative growth in autumn, and in spring,
and winterhardiness, were the main criteria of the first stage of

evaluation.

Chinese cabbage (B. campestris ssp. pekinensis) cvs. Tepresenting

many desirable characters were not winterhardy. However, when used as
parental forms for crossing they introduced intensity and vigour of

vegetative growth into hybrids (Cruciferae Newsletter, No. 6, 1981 p.38).

All fodder kale (E. 0. var. aceEhala) in our collection grew intens-
ively and produced high green matter yields in autumn, but were not
winterhardy enmough. Cv. Normal was the male partner of our first

B.‘nagus synthetic form (Cruciferae Newsletter No. 6, 1981, p.36).

As winter catch crops, leafy fodder forms of B, napus var. biemnis ,
seemed to be most interesting. Cvs differed much in winterhardiness.
The most winterhardy cv. Siberian introduced winterhardiness into hybrids,
but also unfavourable characters of slower vegetative and generative

development,

Turnip rape (E,E. 5sp. oleifera) cvs differing much in intensity
and vigour of vegetative growth in autumn and in spring, in gemeral were
very winterhardy. Cvs Pluto and Arctus were parental forms of the most

valuable hybrids,

A large range of old traditional and new improved rape seed
(B.n. var oleifera) cvs » Some among them well adapted to Polish climatic
and soil conditions, differed greatly in the characters of interest to us.

They are rich sources of potential partners for our hybridization programme.
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INTERSPECTIT.C HYBRIDIZATION INVOLVING WILD AND CULTIVATED
GENOMEE IN THE GENUS BRASSICA

Shyam Prakash, S.Tsunoda, R. N. Raut & Sarla Gupta

Wild species constitute a good number in the genus Brassica.
Distributed mostly around Mediterranean, they have various
chromosome numbers and different genomes. To understand their
cytogenetical relationships with crop Brassicas and to transfer
desirable attributes like resistance to aphids and Alternaria
blight from wild species to basic genomes, a project on inter-
specific hybridization was taken up in the year 1976 at Laboratory
of Plant Breeding, Tohoku University, Sendai, Japan by the two
senior authors (SP and ST). It was later continued at Indian
Agricultural Research Imstitute, New Delhi. Various species
along with their somatic chromosome numbers and genomes and the
hybridization program are represented in the attached scheme.
Hybrids were obtained either by hand pollinations or through
ovary culturing. Several chemicals like & -amino caproic acid
and n-Hexane were applied on stigmas before or after pollinations
to overcome the incompatibility barriers. So far following
amphidiploids have been obtained:

nigra X B. fruticulosa
nigra X B. spinescens
nigra ¥ B. maurorum

barrlieri X B. nigra

tournefortii X B. nigra

oxyrrhina X B. nigra
campaestris X B. fruticulosa
campestris X B. spinescens

-

AUs TN e s B S s NI} B P 2 i
191w |9 | | | e |

(-]
(v ]

oxyrrhina X B. campestris
barrelieri X B. campestris
. maurorum

p—t
—
-

campestris X
campestris X

o9 19 15 [

—
[§S]

. gravinae

=
W

tournefortii X B. campestris

p—
-~
|e |9 |

B
tournefortii X B. oleracea
X B

—
un

tournefortii . fruticulosa

These amphidiploids are being studied for their chromosome
behaviour, fertility and reaction to pest and diseases. At the
same time, amphidiploids are being made amongst wild species also.



B. DEFLEXA
(2n=14, Df)

B. ELONGATA
( 2n=22, El)

B. FRUTICULOSA
(2n=18, F)

B. MAURORUM

(2“"'6;' Fm)

B. AMPLE XICAULIS B. SPINESCENS
(2n=22, Am) (2n=16, Fs)

B. CAMPESTRIS

(2n=20, A)

B. NIGRA
8. TOURNEFORTII [ (2n=16, B) B. OXYRRHINA
(2n=20, T) (2n =18, 0x)

B.OLERACEA

(21‘1:[8; C)

B. GRAVINAE B. BARRELIERI
(2n=20, G) (2n=20, Ba)
B. REPANDA B. DESNOTTESI!

(2n=20, R) (2m=20,Ds)

SCHEME OF HYBRIDIZATION IN THE

GENUS

BRASSICA
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INTERSPECIFIC HYBRIDISATION WITHIN THE GENUS BRASSICA
BY IN VITRO CULTURE. I. ARTIFICIAL BRASSIEA:NAPUS

Elzhieta Zwierzykowaka

In plant material from interspecific hybridisation by
in vitro culture in the year 1980 there appeared 1 plant
with chromosome number 2n=19, the parental forms of which
were: B.campestris ssp. pekinensis cv. "Nagaoka WR 55 Days"
x B. oleracea var. sabauda cv. "Predzvest". After
successtul colchicine treatment of this plant, artificial
Brassica napus was obtained /2n=38/. F5 progeny from the
seeds of the colchcine treated shoot was abserved during
winter period in the greenhouse. The seeds of the F
progeny, from most fertile plants, were sown in the fisld
this year to check their winterhardiness.

During the last vegetation period, there were obtained
18 plants by in vitro culture of immature embryos, from the
following combinatians:

1. B.campestris "Candle" x /B.campestris "Candle"
x B.oleracea var. gemmifera 2n=19/ - 9 plants.

2. B.campestris "Candle" x /B.campestris "Torpe"
x B.oleracea var. sabellica 4x 2n=28/ - 6 plants.

3. /B.campestris "Candle" x B.oleracea var.sabellica
4x 2n=28/ x B.napus "Regent" - 3 plants.

Among hybrids obtained by in vitro method during the
past year /Cruciferae Newsletter No. 6 1981, p. 36-37/ there
were found 6 plants with chromosome number 2n=19: 5 plants

from combination of B.campestris ssp. pekinensis cv. "Granaat"

x B.oleracea var. capitata cv. "Market Topper Fq", and one
plant in the progeny of the combination B.campestris ssp.
pekinensis "Chinese cabbage" x B.oleracea var. capitata

cv. "Market Topper F4". All these above mentioned plants
were treated with colchicine aimed at obtaining artificial
forms of B.napus.

Besides, during this year, there were made crossing,
by conventional method, between different forms in the genus
Brassica. Data dealing with results of these crosses
are listed in Table 1.
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BRASSICA NAPUS — ITS SYNTHESIS AND PROSPECTS AS AN
OILSEED CROP IN INDIA

Shyam Prakash and R.N. Raut

Rape seed or Brassica napus is not grown commercially in
India. Attempts had been made to introduce exotic cultivars
as an oilseed crop primarily for its being highly productive
and having high degree of tolerance to aphids (Lipaphis erysimi
Kalt.) and Alternmaria blight which cause severe losses to seed
vield. However, these efforts proved a failure as the exotic

cultivars were found to be very late flowering leading to very
poor or no seed set. Among several approaches to breed early
types, a programme on articicial synthesis of B. napus was
initiated '‘at Indian Agricultural Research Institute, New Delhi
in the year 1967-68 (Prakash, 1980). The major aim of the
synthesis was to evolve oleiferocus forms suitable to Indian
conditions. This is the first attempt to introduce B. napus
as an oilseed crop on a commercial scale in India.

Various strains of early indigenous constituemt parents viz.
B. campestris ssp. oleifera var. brown sarson and B. oleracea var.
botrytis (cauliflower) were suceessfully hybridized. On
chromosome doubling, amphidiploids were obtained which had
irregular meiosis in the initial gene rations. Besides amphi-
diploids were also obtained direct from F_ hybrids which were
of non-homologous recombinant origin between A and C genome
chromosomes. The mechanism involved in their origin was meiotic
Testitution giving rise to noimal egg (2n = 19) which doubled
itself parthenogenetically resulting into 38-chromosome
amphidiploids (see Prakash, 1973). There were 3 quadrivalents
which persisted upto generation A2 besides univalents which
appeared even in generation A5. Plants were highly pollen and
seed sterile in the initial generations. A gradual improvement
in chromosome pairing and fertility was noticed with the intensive
selection for high fertility. The stabilization was achieved in
generation A6 when it showed only 19 bivalents and full fertility.
In advanced generation viz. from 12 onwards, various strains were
evaluated for their agronomic potential., In such an yield trial
in generation Al6 during 1981-82, 5 strains performed outstandingly
in respect of yield as shown below:
Strain Length of main No. of pods Yield Maturitwy

inflorescence (cm)  on main branch potential (days)

Na-12 90 98 26.0 141
Bo-15 117 110 26.0 147
Bo-54 95 81 28.1 155
Bo-55 88 82 23.8 146
Bo-57 87 ' 82 24.7




One of the characteristic feature of synthetic strains was
the length of main inflorescence (reached up to 117 em)and the
number of pods it bears (up to 116). 0il content in these strains
varied from 37 to 39 per cent. As mentioned earlier, maturity
of the crop is one of the important character for which the
synthesis was aimed at. All the strains were either medium
(140-149 days) or slightly late maturing (150-155 days) and were
very similar to late B. juncea cultivars like Prakash and RIM-198,
the two popular varieties. These strains fit exceedingly well in
the cropping pattern of north-western India. Additionally, they
possess high degree of tolerance to aphids and Alternaria blight.

The other lines of work which are in progress or will be taken
up in future are as follows: '

1. Making use of large variability of both the constituent parents
to obtain a spectrum of variations.

2. Use of in vitro techniques to get high frequency of hybrids.

3 Exploitation of non-homologous recombination for getting
physiological and morphological variants.

4. Hybridization between artificial amphidiploids add naturally

occurring high yielding cultivars to generate further variability.

In view of the good potentiality of‘g{ napus as an oilseed
crop, efforts are being made to popularise it with Indian farmers.

5 References
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CROSS-COMPATIBILITY OF HAKURAN (ARTIFICIALLY SYNTHESIZED
BRASSICA NAPUS) WITH BRASSTCA VEGETABLES
39 H. YAMAGISHI and K. TAKAYANAGI

Genus Brassica includes various kinds of useful vegetable 'crops.
However, interspecific crosses among them are usually very difficult.
With the aid of embryo culture technique, interspecific hybrids between
Chinese cabbage (B. campestris) and cabbage (B. oleracea) were effi-
ciently produced by Nishi et al. (1959). Some of the amphidiploids
in this cross (artificially synthesized B. napus) showed heading chara-
cteristics and were named 'Hakuran' Besides the usefulness as a
vegetable, Hakuran is expected to be useful as a bridge species in
Brassica vegetables. In this report we describe the cross-compati-
bility of Hakuran with other Brassica species.

Materials used in the experiment are as follows.

Chinese cabbage cultivars; Matsushima-jun No. 2, Shimoyamachitose,
Nozaki No. 2

Cabbage cultivars; Masago-sanki, Nozaki-natsumaki, Red acre

Mustard (B. juncea) cultivars; Hakarashina, Chirimen-hakarashina,

Akaooba-takana

Hakuran inbred lines; C-6 and C-7 bred in VOCRS

Hybrid (Chinese cabbage x cabbage)

Hybrids (Hakuran x Chinese cabbage, cabbage, mustard)

Cross pollination among the materials was conducted with emascu-
lation of bud. From thirteen to forty days after pollination,
siliques were harvested for the examination of developmental stages of
embryo.

In the cross combination within the same species, as the diffe-
rences of crossability among parental varieties or lines were not so
large, the results of interspecific crosses were shown as the totals
for each species combination in Table 1.

Hakuran was compatible with Chinese cabbage (2.5 seeds per polli-
nation) and mustard (about one seed per 4 pollinations), but nearly
incompatible with cabbage (about one seed per 100 pollinations). in
the crosses of F, (Chinese cabbage x cabbage) with Chinese cabbage or
mustard, about tWwo seeds per 100 pollinations were obtained.
Contrastly, no hybrid seed was obtained with cabbage inspite of 400
pollinations.

Back crosses of Chinese cabbage to F. (Hakuran x Chinese cabbage)
and Hakuran to F. (Hakuran x cabbage) weré very easy. However by
back cross of ca%bage to F. (Hakuran x cabbage), only 0.2 seeds per 100
pollinations were obtained. )

Cabbage was also almost incompatible with mustard although Chinese
cabbage and Hakuran were compatible with it.

In the crosses between cabbage and Hakuran or F. (Hakuran x cab-
bage) hybrid embryos aborted in the torpedo or earliér stages. And
in the cross between cabbage and mustard no embryo was found in any
stages (Table 2).

From these results Hakuran is thought to be easily crossed with
Chinese cabbage and mustard and usable as a bridge species in Brassica
vegetables. In contrast, as interspecific crosses between cabbage
and other Brassica species are very difficult, cabbage has a unique
position concerning cross-compatibility relationship in Brassica.

And these differences of compatibility are explained by the development
of hybrid embryos in silique.



Table 1. Cross-compatibility among Brassica vegetables or hybrids

No. of No. of
. Parental siliques seeds No. of
Cross combinations No. of per 100 per 100 seeds
genomes polli- polli- polli- per
nations nations nations silique
Hak x Chi AACC x AA 358 53.9 252.0 4.7
Hak x Cab AACC x CC 542 0.7 0.9 1.3
Hak x Mus AACC x AABB 422 16.6 23.0 1.4
Fl (Cab x Chi) x Cchi AC x aa 677 1.9 4 L8 1.0
F (Cab x Chi) x cab AC x CC 387 0 0 0
Fl {Cab x Chi) % Mus AC x AABRB 189 l.6 1.6 1.0
Chi x Mus AA x AABB 498 18.1 50.0 2.8
Cab x Mus CC x AABB 238 0.4 0.4 1.0
F. (Hak x chl) x chi AAC x AA 830 34,6 58.0 2.1
Fl (Hak x Cab) x Cab ACC x CC 447 0.2 0.2 1.0
Fl (Hak x Cab) x Hak ACC x AACC 152 42.1 162.5 3.9
Fl (Hak x Mus) x Hak AABC x AACC 223 16.1 19.7 T.2
a Hak; Hakuran Chi; Chinese cabbage Cab; Cabbage Mus; Mustard
Table 2. Embryo development by interspecific crosses of Brassica
Days 2 No. of
after No. of embryos in~ embryos
Cross combination polli- No. of per
nation silique G8 HS TS ©NM siligue
; 20 2 0 6 15 4 12.5
Tl b gty 30 3 o 1 0 38 13.0
13 3 3 2 0 0 1.7
Hzk x Cab 20 5 | 6 1 0 1.6
30 8 0 3 1 0 0.5
20 3 9 0 0 0 3.0
Fl (Hak x Cab) x Cab 30 6 5 15 0 0 3.3
40 2 2 2 0 0 2.0
20 3 0 9 3 0 4.0
Hak x Mus 30 3 0 3 0 1 1.3
35 5 0 0 0 A 0.2
i 20 4 1 0 0 6 1.8
i % PR 30 2 0O 0o o 3 1.5
30 2 0 o} 0 0 0
Cab x Mus 35 3 o 0 0 0 0

a GS; globular stage

matured stage

HS; heart stage

TS; torpedo stage

NM; nearly
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-50ME FEATURES 1IN F3 GENERATION OF SYNTHETIC

BRASSICA NAPUS

Miroslawa Balicka

A synthetic form of B.napus obtained as the result
of crosses between B.campestris ssp. pekinensis Granaat
x B.oleracea ssp. acephala Normal has reached the Fj
generatiaon. In this progeny, as in the F,, it is possible
to distinguish two types of plants representing maternal and
paternal phenotypes.

- During observations of plants from this progeny,
special attention was paid to the plant fertility. Pollen
viability of plants of the F-3 progeny was in general higher
than in the FZ progeny. Motfe than 30% of the plants in the
F3 generation were characterized by highest pollen viability
amounting to 90.3 - 97.8% and the lowest 51.0 - 63.7%, with
the F, progeny correspondingly: 90.1 - 92.4% and 60.8 - 67.0%.

The ratio of pod number per plant to flower
peduncles in the F3 generation amounted to 57.7 - B9.6% for
the plants of highest fertility, and for the plants which
characterized themselves with the lowest fertility - 0.0 -
Twd%. In the Fy progeny corresponding data were 2.5 - 47.8%.

Number of seeds per pod in the F, generation
oscillated, the most fertile plants from 73.4 - 75.2% and
the lowest corresponding value was 28.6%. In F5> progeny
the highest data wers 73.4 - 75.2% and the lowest, 11.3%.

An analysis of glucosinolates content in the seed
of the F, generation is foreseen because there is =a
possibility to find out forms with lower amount of these
compounds. This useful character may be inherited from
the maternal genotype.
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RAPHANOBRASSICA IN RETROSPECT AND PROSPECT

I1.H. McNaughton

The first sterile, intergeneric hybrid involving Raphanus and Brassica
was reported in 1826. In 1927 the amphidiploid, Raphanobrassica (2n =
36, rrcc) was produced, following spontaneous chromosome doubling of
hybrids between Raphanus sativus (2n = 18, rr, radish) and Brassica
oleracea (2n = 1B, cc, Brussels sprouts, cabbage and kohl-rabi :
IKarpechenkD,,1927), Raphanobrassica does not occur maturally.

In the forty year period, 1927 to 1967, Raphancbrassica (RB) has
been synthesised several times. Detailed studies of morphology, anatomy,
seed fertility and chromosome behaviour have been made. Although marked
vigour of RB's was reported there has been virtually no attempt to exploit
any agronomic potential.

In 1967 a programme was started at the Scottish Plant Breeding
Station, now the Scottish Crop Research Institute (Pentlandfield), to
synthesise RB as a possible new forage crop in the hope of combining the
known disease resistance of fodder radish (an annual, prone to premature
flowering) with the biennial habit and winter hardiness of kale. This
programme was considered particularly important in view of the general
disease susceptibility of fodder rape (B. napus ssp. oleifera). Soon
afterwards the Swedish Seed Association, SyalBf and the Welsh Plant
Breeding Station (WPBS) also started to investigate the potential of R8,
as a green manure and as a forage crop respectively. All RB's, produced
at Pentlandfield, were synthesised by direct hybridization of colchicine
induced autotetraploids. The B. oleracea parents used in initial crosses
were thousand-head kale (var. fruticasa), curly kale (var. fimbriata) and
hybrids betwsen these botanical varieties. More recently marrow-stem kale
(var. aceghala) has been used and such kales were the basis of RB's
produced at Svaldf.

nt Pentlandfield early generation RB's were highly sterile, in spite
of good chrcmosome association, and varied in vigour, & number of plants
being stunted, chlorotic and deformed (McNaughton, 1973). Similar results
were abtained at SvalBf and very low seed fertility was also found in RB's
produced at WPBS.

The following is a summary of information regarding the agronomic
potential of RB in the UK:

Yield factors

Fresh weight. Yields of RB's have sometimes far exceeded rape and, in

most cases, have been superior in replicated small plot experiments.

Dry matter content (percentage). This has been consistently lower than
Tape, thus counteracting high fresh weight yields.

Dry matter yield. A number of trials, notably those carried out at four
sites in 1975, have shown that RB is capable of exceeding rape by as much
as 20-per cent. During the period 1876-81, howsver, varying trial
results were obtained, some supporting the 1875 data, in others yields
were equal to rape or, on some instances. significantly inferior. in
some of the latter instances lower plant populations of RB's could have
had some influence on the results, pocrer seed guality and germination
than commercial rape cultivars being contributary factors.
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From late sowing (early August) both RB's and rapes are clearly
outyielded by Dutch stubble turnips (B. campestris ssp. rapifera).

RB's with marrow-stem kale in their parentage have not yet been
critically evaluated but, on a visual basis, seem to have better yield
potential than those of other derivation. This has been demonstrated
at Sval8f uwhere dry matter yield advantages over marrow-stem kale were
apparent (EllerstrBm, personal communication).

Nutritional factors

Crude protein content (percentage). Values have been consistently on

a par with rape control cultivars,

DOMD (in vitro digestibility). DOMD levels of RB are at an acceptably

high level and very similar to rape.

Toxic factors

SMCO_(S-methyl cysteine sulphoxide). Levels of SMCO, causing haemolytic

anaemia in ruminant animals, have always been higher than rape, but not
as high as in kale and other forms' of B. oleracea,

SCN” (the thiocyanate ion). Thiocyanate induces goitre. Levels of SCN™

in RB's have always been higher than rape, sometimes several-fold higher.
The deleterious effect of SCN can be counteracted by the addition of
iodine to the diet. Other glucosinolates, such as progoitrin, have an
irreversible reaction and may be more important, levels of these are
currently being investigated.

Grazing trials

The ultimate criterion in the evaluation of a forage crop is its
effect on animal production.

A few forms of RB have been included in field scale grazing
experiments with lambs, generally in comparison with the rape cultivar,

Lair, There has been evidence that lambs- prefer rape to RB and that
there may be greater wastage, especially of leaves, when grazing the
latter crop. Rape has proved superior overall to RB as a fattening
cCrop. At best similar results have been achieved for the two crops.

Where lamb carcass guality has been evaluated, similar, satisfactory
results have been obtained for rape and RB.

In spite of restriction of the animals to single crop diets, with
no supplementation, there were nmo instances of serious deleterious effects
of toxic factors during these trials.

Winter hardiness

RB's normally survive the winter in the UK, but may suffer some
frost damage. Very high mortality occurred, however, during the very
severe winters of 1978-79 and 1981-82, seasons which also had drastic
effects on traditional forzge brassica crops. In 1981-82, most widely
spaced, transplanted RB plants survived whereas nearly all closely
drilled plants were killed. RB's must be considered less winter hardy
than forage rapes or kales but distinctly more biennial than fodder
radish which has little frost resistance.
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Seed fertility

Seed fertility, extremely low in early generations in which many
plants were entirely sterile, has shoun a gradual response to selection
(mild inbreeding), but the best seed production on a field scale at
Cambridge has been no more than about 20 per cent of an eqguivalent seed
crop of rape. Conditions are not suitable for seed production in
Scotland. Seed yield may be enmhanced for RB in a warm dry climate, such
as Spain, as opposed to a cold, wet one, such as Sweden (Ellerstr8m,
personal communication).

Seed extraction

Seed is difficult to extract mechanically from the apical, Raphanus
like, part of the RB siligua which is hard and indehiscent. This contains
about 20 per cent of the total seed, the rest being readily extractable
from the basal, Brassica like part, which is dehiscent. Toxopeus (in the
Netherlands) reports easier seed extraction from siliquae of an RB line
from Sval8f than from RB material from Pentlandfield.

Disease resistance

Plasmodiophora brassicae (causing club-root disease). RB's have shouwn
resistance to virulent Populations of P. brassicae, both in the Tield and
in seedling tests carried out under controlled, glasshouse conditions.

At best a very high level of resistance to a population giving an ECD 31/31/31
reaeticon, d.e. infecting all 15 differential hosts currently used for

P. brassicae race typing, has been shouwn (M:Naughtong 1979). Resistance
to an inoculum which infected the most resistant differentials, ECD 02 and
ECD 04, has also been demonstrated (Mattusch, personal communication).
Some RB families have shown Z8ro or very low disease indices in controlled
tests against a population giving an ECD 21/31/31 reaction, i.e. infecting
13 of the 15 differentials, possibly the most virulent to be found in the

UK. A number of other RB families were susceptible to this population
however.  ECD codings are sensu Buczacki et al (1975).
Erysiphe cruciferarum (Powdery mildew). Ubséruations made at a number of

trial sites from 1975-1981 have shown that RB's possess a high degree of
tolerance or field resistance, the foliage seldom showing infection and
giving zero or very low scores in comparison with Tape cultivars which
are generally susceptible. Inflorescences of RB plants, flowering
prematurely in forage trials or grown for seed production, can be guite
heavily infected however.

cauliflower). controls being heavily infected (Kluczewski et al, 1980).
RB resistance and Tape susceptibility had earlier been Teported for field
grown plants at Cambridge (P.H. Williams, personal communication).

Nematode resistance

Heterodora schachtii (Sugar beet eelworm). Most cruciferous crops, and
brassicas in particular, are susceptible to sugar beet eeluorm, this has
not favoured their inclusion in farm rotational systems that involve sugar
beet, an important crop in Northern turops. Experiments by H. Toxopeus
in The Netherlands haye demonstrated that RB's fram Pentlandfield and from
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SvalBf, possessed useful resistance and this has been improved to a high
level of selectiaon.

Future prospects

Introgression. There are various possible strategies for the intro-
gression of genes, controlling desirable resistances from Raphanobrassica,
or directly from Raphanus, into Brassica species. These strategies are
too complex to detail here. Some of the hybridizations and backcrosses
involved are known to be difficult, while others have yet to be attempted.
Some may be facilitated by embryo, ovule or ovary culture. Protoplast
fusion may prove useful in obtaining very difficult cross combinations.
The fact remains, however, that, in order to achieve gene transfer,
allosyndetic pairing between Brassica and Raphanus chromosomes must occur
at some stage in any strategy. In view of preferntial pairing, this is
likely to be a rare event.

Pollen irradiation. Gere transfer by pollen irradiation may be more

feasible than introgression, in the above sense. The prereguisites for
this technique are established since it is knouwn that untreated Raphanus
pollen will germinate on stigmas and pollen tubes travel down styles of
three important crop species; B. campestris, B. napus and B. oleracea.
True hybrids have been reported, but very rarely, ifrom all three
Brassica x Raphanus combinations.

In view of the deficiencies of Raphanobrassica, such as poor seed
fertility and low dry matter content, it is considered that future work
should be aimed at imcorporating the valuable resistances of Raphanus
into Brassica by introgression or by pollen irradiatiom, rather than
persevering with the amphidiploid per se.

Several of the most advanced RB lines are being conserved in the
Gene Bank at The National Vegetable Research Station, Wellesbourne.
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THE EFFECT OF EXOGENOUS ABSCISIC ACID (ABA) ON THE DEVELOPMENT OF
CAULIFLOWER CURD EXPLANTS IN VITRD

Keith Wardle and Ivor Simpkins

As part of a wider study of biochemical and physiological
changes associated with the production and transplantation of.
cauliflowers in vitra, curd explants from several cultivars were
shake 1ncuhated in liquid, Linsmaier and Skoog's (1965) medium
(Bmg dm ™ IAA, 0.26mg dm S kinetin) in the presence of non-
physiological concentrations of ABA.

Four varisties were tested, Currawong, Barrier Reef, St Guwithian
and Pacific Talisman. Precise details for propagation were given
in Wardle, Quinlan and Simpkins (1979).

Considerable differsnces were shown between the varieties
with respect to the degree of organogenesis in the presence of
concentrations of ABA up to 4mg dm-z. Currawong showed uninhibited
development up to 2mg clm-3 ABA whereas at 3mg dm“3 and above
development of explants was retarded showing small, leaf surface
~primordia which failed to expand esven after incubation periods
of up to six weeks. When such explants wers transferred to ABA
free medium however, very rapid expansion ensued and after a further
two weeks incubation these plantlets were more robust than untreated
explants. Similar concentrations of exogenous ABA also slowed
down the rate of growth of Barrier Reef explants but in this case
did not reduce leaf size, instead causing the production of short
(less than 10mm) swollen roots, covered with friable callus.

This callus consisted of very large, highly vacuolate cells,
packed with starch grains.

ABA did not affect plantlet morphology in either St Guithian orp
Pacific Talisman, although the growth rate was slightly retarded.
Pacific Talisman was unusual in that it did not form roots on
prolonged incubation and aven in the absence of ABA produced
tightly packed, unexpanded lesaves. Where morphological changes
were produced in response to ABA a two- to three~fold increase
was observed in the level of soluble amino acids.,

In this preliminary study therefore, a range of morphological
effects were produced in different cultivars in response to the

single phytohormone, presumably due to the different rates af
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uptake, metabolism or modes of interaction with other growth
regulators. These cbservations suggest that tissue cultures of
cauliflower would be useful for a comparative study of ABA
utilisation in vitro and may also indicate a correlation betwesn
resistance to exogenous ABA and the capacity to produce different
amounts of endogenous ABA as a drought stress response under
field conditions.

Incorporation of ABA into medium prior to transplantatiun
is not a practical means of improving survival of plantlets after
transfer to soil and low humidity conditions however, because
guard cells of leaves formed in culture are open and unresponsive
to ABA (Wardle gt al., 1979) and in addition, cauliflower leaves

produced in culture rapidly die back after transfer.
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IN VITRO GERMINATION OF BRASSICA OLERACEA POLLEN

T. Hodgkin, A, Marr, E. Wiseman

At the Scottish Crop Research Institute we have found
that Brassica oleracea pollen germinates poorly in vitro
in any of the published media tested (Kameya and Hinata,
1970; Chiang, 1974; Sedgely, 1974; Ferrari and Wallace,
1975; Kuo, Peng and Tsay, 1981). Germination on semi-
solid agar media seldom exceeded 20% and in liquid culture
(h?nging drops, Darlington and LaCour, 1960) was less than
10%.

In the past we have tried many variations of both
liquid and agar media with little success. Germination was
not improved either by substituting other disaccharides for
sucrose or by varying the concentrations of the micro-
nutrients in the basic medium of Brewbaker and Kwack (1963).
Varying the relative humidity or the agar concentration in
semi-so0lid media also resulted in no significant improve-
ment.

Recently we have re-examined the problem in order to
use B, oleracea pollen in the TLC pollen bioassay technique
(Hodgkin and Lyon, 1982). In one set of experiments some
stimulation of germination was found in hanging drops when
small amounts of alkali were added to the medium. Of the
alkalis tested, 3.5 mM ammonia in solution gave the great-
est improvement in germination. After 4 h incubation at
229C germination percentages ranged from 45%-60% and pollen
tube lengths reached 0.45 mm. Ammonium salts (NHACl and
NHqNOB) did not stimulate pollen germination and it seems
likely that the improvement is due to the increased pH of
the medium. This hypothesis is now being tested.

The pH of our distilled water is rather low (5.6-6.0)
and the optimum ammonia concentration may vary depending
on the distilled water used for the medium. Our best
results have been obtained with the following germination
medium;:

0.585M sucrose, 2.54 mM Ca(NOg)p, 1.62 mM H4BO3, 0.99 mM
KNO4, 0.88 mM MgS0y.7H0, 3.5 mM NHq in solution. This
medium has pH 8.8 under our conditions.
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GLUCOSINOLATES IN ORIENTAL BRASSICA VEGETABLES

Curtis B. Hill, Paul H. Williams, Harvey L. Tookey,
Diana G. Carlson, and Melvin E. Daxenbichler

As part of a broader study of the glucosinolates (GS) in cruciferous
vegetables, the contents of several cultivars of brassica vegetables
from China and Japan were determined. Chinese cabbage, leafy
morphotypes of B. campestris and B. juncea and turnip were
represented. )

Plants were grown in the field in Madison, Wisconsin during early
summer. Edible portions were extracted in boiling methanol
(VanEtten, et al., 1976). Total GS's were estimated by measuring
glucose released after enzymatic hydrolysis of GS's (VanEtten and
Daxenbichler, 1977). Individual GS's were estimated by different
methods (Daxenbichler and VanEtten, 1977; Daxenbichler, et al.,
1979; Josefsson, 1968).

B. juncea morphotypes had a predominance of allyl GS (351-745 ppm)
which distinguished them from B. campestris. Chinese cultivars of
Chinese cabbage (B. campestris ssp. pekinensis) were uniformly low
in nearly all GS's. Some Japanese cultivars had up to 100 ppo of
five—carbon GS's. Chinese cultivars of B. campestris ssp. chinensis
had moderate levels of butenyl GS (100 ppm) and varying levels of
pentenyl GS (trace — 60 ppm). Japanese Komatsuna and Shirona types
of B. campéestris had up to 229 ppm butenyl and up to 70 ppm pentenyl
GS's. B. campestris ssp. nipposinica, a morphotype with deeply
lobed foliage, had 100 ppm butenyl GS and was low in most others.
Turnip roots (B. campestris ssp. rapifera) had a predominance of
butenyl (28 ppm), phenylethyl (43 ppm)-and indolyl (122 ppm) GS's.
Turnip root cortical peelings and tops had significantly lower
levels of methylthiobutyl and methylthiopentyl GS's than peeled
roots but had higher levels of butenyl and total GS's. Both 2 -
phenylethyl and 3 - indolylmethyl GS's were concentrated in the
cortical peelings (Carlsom, et al., 1982).

Currently the glucosinolates in several types of radishes (Raphanus
sativus) and in forage raphanobrassicas are being evaluated.
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GENETICS OF GLUCOSINOLATES IN CRUCIFERS

Curtis B. Hil1l, Paul H. Williams, Diana G. Carlson,
and Harvey L. Tookey

A study of the genetics of total and individual glucosinolates (GS)
in six species of Brassica and Raphanus sativus is underway using
annual crop forms and rapid-cycling stocks. Plants are sampled when
the first flowers open. Methods of GS extraction and analyses are
similar to those previously reported (see Glucosinolates in Oriental
Brassica Vegetables in this NEWSLETTER).

In B. campestris, high GS stocks ranged from 776-2515 ppm per plant
and low stocks ranged from 29-171 ppm. Data are collected from
populations of 10-30 plants. Individual families in the Fp, Fg

amd BCj generations will be analyzed.

In B. oleracea, individual plants from the rapid-cycling stock
PHW-Ccc-1 have been identified as high (275-418 ppm) or low (39-49
ppm) producers. Parentals are cloned to provide sufficient amounts
of tissues for analyses. Eight parentals have been selfed and
crossed in all possible combinations. Individual plants in the

Sy, F1, Fo and BC; generations will be analyzed for total

and individual GS's. Similar experiments with the other species of
Brassica and R. sativus are planned.

Nuclear substitution stocks of the rapid-cycling B. campestris
(PHW-Aaa-1), B. nigra (PHW-Bbb-1), B. oleracea (PHW-Ccc—1), B.
juncea (PHW — ABaabb-1), B. carinata (PHW-BCbbce-1), B. napus
(PHW-ACaacc-1), and R. sativus (Rrr-1) are being developed in Rl
(cms R. sativus), Bl (cms B. nigra) and ABl (cms B. juncea)
cytoplasms to ascertain the influence of cytoplasms on GS content.




THE GLUCOSINOLATE CONTENT CF LEAFY CRUCIFEROUS FODDER CROPS

J.E. Bradshaw, R.K. Heaney, G.R. Fenwick and I.H. McNaughton

In the United Kingdom the traditional leafy cruciferous fodder
crops are marrow-stem kale (Brassica oleracea var. acephala) for autumn
feeding of dairy cattle, thousand-head kale (B. oleracea var. fruticosa)
for winter feeding of sheep and cattle, and fodder rape (B. napus ssp.
oleifera) for autumn fattening of lambs. All three crops are commonly
grazed in situ, and one of the animal disease problems associated with
such grazing is goitre, including goitre in new-born lambs from ewes
grazing thousand-head kale.

Goitrin and the thiocyanate ion are both goitrogens which are
released, by enzyme hydrolysis. from glucosinmolates, when cruciferous

plants are crushed or macerated. The antithyroid effect of the
thiocyanate ion, but not of goitrin, is overcome by adding iodine to
the diet. Nevertheless, in the.past, plant breeders have concentrated

on selecting fodder rape, marrow-stem kale and thousand-head kale for
low thiocyanate ion releasing glucosinolates, as rapid and reliable
methods of chemical analysis were available. However, we found in a
recent experiment that fodder rape, but not kale, had a particularly
high progoitrin (the glucosinolate which releases goitrin) content and
we have concluded that it is more important to select fodder rape, but
not kale, for low progoitrin content.

The experiment included a selectionof radicole (Raphanobrassica),
an inter-generic hybrid which does not exist naturally. This hybrid
between fodder radish (Raphanus sativus) and kale has been produced and
evaluated as an alternative to fodder rape for fattening lambs. Its
progoitrin content was lower than that of the rape cultivar Lair, but
its glucobrassicin (the major thiocyanate ion releasing glucosinolate
present) content was higher.

The detailed results of the experiment will soon be published and
further work is in progress.
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BREEDING FOR LOW SMCO AND LOW SCN™
CONTENTS IN FODDER KALE

J. E. Bradshaw and R. Borzucki

When kale is fed in large guantities to cattle and
sheep they may develop severe haemolytic anaemia and also
goitre. Therefore two important selection criteria in
fodder kale breeding are lower contents of S-methyl cysteine
sulphoxide (SMCO, the haemolytic factor) and of the
thiocyanate ion (SCN , a goitrogen).

During 1980 and 1981 seven cultivars were grown in six
replicated yield trials close to our research station near
Edinburgh, Scotland. Trials 1 to 4 were sown between 10 May
and 3 June into conventionally prepared seed beds an
ploughed ground, whereas trials 5 and 6 were direct drilled
between 18 June and 3 July into grass swards killed with
gramoxone (this is now common practice after a first silage
cut on grassland farms). Plants were harvested by cutting
at ground level and were chopped in order to obtain
representative samples for chemical analysis (Methods
described by Allison, Cowe and Borzucki, 1980).

With trials and replicates within trials as random
effects and cultivars as a fixed effect, the companents of
variation, scaled to sum to 100, were as follows:i-

Replicates
Cultivars within Plats
Trials Cultivars x trials trials (error)
SMCO 61.2 9.1 4.4 3.1 99,9
SCN™ 34.3 12.7 7.3 1.8 13.9

All sources of variation were statistically significant
(P<0.05) and the average coefficients of variation at the
plot level were 16.2% and 16.9% for SMCO and SCN respect-

ively.

The dry matter yields (DMY), crude protein (CP) and
toxic factor contents of the dry matter (DM) for the six
trials, averaged over the seven wmltivars, were as follows:-

Trial 1 2 3 4 5 &
DMY (t/ha) 9.71 9.29 9.46 9.85 5.38 6.81
CP(g/kgDM) 135 154 141 142 189 140

SMCO(g/kgIM) 6.17 8.05 Taa3 3.96 9.50 8.83
SCN” (g/kgDM)  0.245 0.231 0.257 0.225 0.405 0.369
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The SMCO and SCN™ contents (g/kgDM) of the seven
cultivars (including selection KB21 from our kale polycross
breeding prugramme), averaged over the six trials, wers
as Tollows:-

Canson Condor Giganta Kestrel Merlin Proteor KB21
SaMCO  9.10 BB 3 6.89 T.76 6433 7.04 6.83
SCN™ D.455 0.220 0.213 0.265 [T..222 0.313 0+332

Average standard errors of means: SMCO #0.355; SCN #0.0184

The dwarf thousand-head cultivar Canson had relatively
high contents of both toxic factors whereas the marrow-stem
cultivars, Condor, Giganta and Merlin, had relatively low
contents. It may be paossible to cbtain even lower contents
by intercrossing such cultivars.

As kale is a member of an outbreeding species, Brassica
oleracea, and as the coefficients of variation for both
toxic factors were relatively high, the best breeding method
could be a population improvement scheme involving family
selectiaon. Comparisons of half-sib, full-sib and selfed
families derived from our kale polycross breeding programme
suggest that 5¢ family selection may be the best scheme.
With two replicates, 52% of the differences between the
means of selfed families for SMCO was genetical and 75% for
S5CN” was genetical. The range was from 5.75 to 9.50 g/kgDM
for SMCO and from 0.113 1 0.438 g/kgDM for SCN™.

Because of the large within plant variation for both
toxic factors, we wondered if young leaves (approximately
15 cm long) might give better results than whole plants.
Also it is much gquicker and simpler to harvest 10 to 15
young leaves from a plot of kale than to chop whole plants
in order to obtain a representative sample. However,
whereas for nine cultivars there was a high correlation
(r = 0.84) between young leaf and whole plant contents for
SCN™, there was only an intermediate correlation (r = 0.71)
for SMCO. As low SMCO content is the more important
breeding objective, we have doubts about using young leaves
since differences between samples are not truly represent-
ative of the differences between whole plants.
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HARDNESS AND CHEMICAL COMPCSITION OF SWEDES

S. Gowers, R. Borzucki & D.J. Gemmell

Work on the selection of high dry matter swedes has resulted in the
production of partially inbred lines with dry matter percentages
considerably higher than the commercial cultivars from which they were
derived. It is important to know how the chemical compesition and hard-
ness of the bulbs have been affected in these lines.

Dry matter percentages, soluble reducing sugars and S-methyl
cysteine sulphoxide (SMCO) have been examined in lines derived from
cultivars covering a wide range of dry matter contents. High, medium
and low dry matter lines were selected from within these cultivars where
this was possible. Samples were taken from two bulbs of each line at
the beginning and end of the utilisation period and, with such small
samples, the results should be viewed with caution.

Table 1. Dry matter content (DM%), soluble reducing sugars (SRS%) and
s-methyl cysteine sulphoxide (SMCO) in swedes.

Harvest date 14.9.81 Harvest date 29.3.82
DM% SRS% 5MCO mg/g DM, 5RS5% SMCO mg/q
BR a 14-9 36-5 5.4 10-4 41+5 5-8
b 14-4 19-9 5-9 12+1 38-1 5:6
e 12-0 247 5:4 10-9 41-5 57
EK a 12-7 35-4 6-5 11-9 42-3 51
b 12-0 39-2 5:2 106 39-9 5.0
c 12-3 41+0 47 11-0 427 6-0
BUW a 16-0 315 6-0 121 39-7 51
b 17-2 28-0 6-9 12+4 40-3 5+3
c 17-4 36-7 4-9 11-8 36-3 44y
CR a 12-0 37:5 5.0 11-5 49-7 4-7
b 117 40+3 4-0 10-1 52-3 3-6
BM a 122 33-4 5-1 11-2 472 4-6
BD a 14-9 322 5.6 11-8 451 6:6
Mean 13-8 33-6 5-4 115 428 5-2
TFWt 46 0:074 4-9 0-064

The dry matter percentages were determined on freeze-dried samples,
which usually contain 10/12 per cent residual moisture. The dry matters
determined in this way are therefore of the order of 2 per cent higher
than oven dried samples.

Overall there is a general decrease in the dry matter percentages
from September through to March. However, there is a dramatic decrease
in the dry matter content of the high dry matter BUW lines, especially
in comparison with the low dry matter CR lines. These variations in
time could have considerable effects on dry matter intakes and the
efficient utilisation of these high dry matter lines.

Although SMCO does not appear to have been a problem with fesding
swedes in the past, a high SMCO content in high dry matter lines could
produce intake levels which affect animal performance. Estimation of
SMCO is laborious, and the results suggest that the easier chemical
determination of soluble sugars could produce a correlated decrease in
SMEO levels.



51

Both the SMCO and sugar contents varied guite widely within and
between cultivars. Improvements in these constituents appear to be
possible, therefore, by selfing and selecting within the rather hetero-
geneous commercial cultivars presently available.

High dry matter is usually essociated with winter hardiness, and
the BW lines are indeed very winter hzrdy. However, the CR lines stood
up well to the severe winter of 1981/82, especially CRb. With soluble
sugar contents of 50-55 per cent, it is obvious that the depression of
freezing point effect could greatly influence the frost resistance of
such lines.

The hardness of high dry matter content lines could seriously
influence intake levels, sspecially in the case of sheep where tooth
loss appears to be a major factor. A preliminary examination of these
aspects has been made using a penetrometer (SCRI Annual Report, 1982).
From a trial involving partially inbred lines and their F, hybrids,
there was a correiation of 0:86 between dry matter conten% and hardness.
F, lines, however, only had a correlation of 0-6, indicating that high
dry matter lines that are relatively soft could be selected.

A test of high dry matter SCRI lines with the top commercial
cultivars produced some interesting comparisons (Table 2).

Table 2. Dry matter contents znd hardness scores of SCRI lines and five
top commercial cultivars. (Means of three bulbs over four
replicates)

Culti Dry matter Penetrometer
ultivar ;

: percentage reading (mm)
Ruta Otofte 10-4 573
flarian 10-1 54-5
Magres 10-8 51-8
Criffel 9.6 63-5
Sator Otofte 11-0 50-1
Angus 11-9 s50-8
Melfort 120 543
556430 138 45-3

The low dry matter Criffel and the high dry matter NLT entry
SG430 show the range of hardness present in these lines. Comparisons
of the new cultivars Angus and Melfort with the commercial cultivars
show that, although higher inm dry matter content, they do not appear any
harder when tested with a penetrometer. Melfort, in fact, appears to
be relatively soft in comparison to its dry matter content, being only
as bhard as the much lower dry matter content cultivar Marian. If the
" animals agree with these findings, Melfort should prove highly suitable
for sheep as well as for cattle feed.
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PROTEIN ZVOLUTION DURING RIPENING IN WINTER, SUMMER AND Fé
RAPESEED

R. Voltan, G. losca, A,M. Olivieri

During ripening process crude protein, expressed as percentage of
dry matter, generally decreases as other chemical components, first
of all fiber, increase.

Variation in protein percentage is related to severzl factors
such as genotype, part of plant, time of sampling. Here, data on
the evolution of protein during seven weeks before harvesting tinme
are reported for a winter variety (Primor), a summer one (Tower) and

their combination in Fp generaiion.
Rapeseed was sowm on Oct. 2nd in replicated plots on a loam sandy

soil at Padova (North-Eastern Italy). Begirming on May 5, when the
crcp was blossoming, percentage of protein was determinated every
week keeping apart seed, empty pods, stems and leaves whose dry matter
represents respectively about 18, 35, 6 and 35% of the entire plant.
Table 1 shows that protein percentage in seed does not change
significantly during last month of cropping, supporting Ohlsson
(1974) result. Primor and Tower, with about 20 and 25% of crude
protein, were different between then, whereas Fy, was quite close
to Primor,

In all other part of the plant protein percentage decreased zs the
maturity approached. At almost all sampling times Fb showed the
lowest values that, at a first sight, would be related to differences

in earliness. However Fé and Tower began o blossom respectively
on April 7 and 8 and five days earlier than Primor, confirming domi-
nance of summer types (Olivieri and Parrini, 1979). ‘Therefore . it
seems that biochemical processes are faster in summer ¥ winter Fs
combination than in parental types, indicating a certain heterosis af
metabolic level, ‘
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MYROSINASE (THIOGLUCOSIDE GLUCOHYDROLASE) IN BRASSICAS

A. P, Wilkinson

Myrosinase (Thioglucoside Glucohydrolase, E.C. 3.2.1) catalyses the
hydrolysis of glucosinolates, a group of sulphur-containing glycosides
present in all Brassicas. The enzymically produced hydrolysis procducts
rontribute significantly to the flavour and aroma of Brassica vegetables
but can have undesirable effects in animal feedstuffs. Previous in-
vestigations of myrosinase have used seeds as the enzyme source.
investigations have now been undertaken to determine the myrosinase
activity in Brassica vegetables, with a view to improving the safety and
quality of fresh and processed Brassica vegetables and feedstuffs.

Myrosinase activity in different Brassica species

The myrosinase activity, determined as the rate at which the
glucosinolate sinigrin is hydrolysed, in the vegetative tissue of
Cruciferae has been investigated. This experimentation demonstrated
that activity differences between species are greater than activity
differences between varieties of the same species. Myrosinase activity
has also been shown to differ between cultivars of the same Brassica
variety.

Myrosinase activity and the influence of ascorbic acid

Plant myrosinase activity is strongly activated by ascorbic acid. This
property of the myrosinase enzyme makes its study of additional interest.

Previously published work has shown that the extent to which the enzyme
is activated is dependent upon ascorbic acid concentration. Maximal en-
zymic activity occurs when the ascorbic acid concentration is laM, but
increasing concentrations of ascorbic acid were shown to inhibit myro-
sinase activity so that 10mM ascorbic acid completely inhibited the
enzyme. However, recent work has demonstrated that for all the Brassica
vegetables so far investigated, the range of ascorbic acid concentra-
tions over which myrosinase is active is considerably greater than pre-
viously reported for seed extracts. Maximal activity is still attained
at about 1mM ascorbic acid, but at 10mM ascorbic acid, 60% of the maxi-
mal activity still remains and 50mM is required to completely inhibit
myrosinase activity.

The above findings are of interest with regard to glucosinolate patterns
and flavour of the different Brassica species as well as aidingcultivar
identification. The effect of ascaorbic acid is of interest because its
concentration will have to be considered together with myrosinase
activity in regard to flavour productiaon.
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THE POTENTIAL OF FORAGE BRASSICAS IN THE
NORTHEASTERN UNITED STATES

Nathan Leonard

Brassicas have not been grown for forage in the United States for
the last forty years except on a few farms. The farms that have grown
forage crucifers have typically been part-time sheep operations with
less than twenty animals. Even on these farms the area planted usually
amounts to only a second crop off of a garden. '

The importance of good quality, high yielding forages to the
profitability of livestock operations has lead agronomists to investi-
gate new forage crops. Recently there has been some interest in the
forage brassicas. Several universities have conducted grazing trials
with the crucifers and generally have concluded that they are economi-
cally unfeasible because perennial forage crops are more profitable.

However, many of the pastures in the Northeastern United States
have severe site limitations which make conventional forage seedings
impractical. These pastures typically have low levels of available
phosphorus and are extremely acid. Because the sites are so rough,
steep, or rocky fertilizer and lime cannot be tilled into the soil;
surface applied lime and phosphorus penetrate the soil very slowly.
No-tillage seedings are typically used on these sites but at least two
seasons of fertility-building are necessary before a satisfactory
perennial legume stand can be establisghed.

During the fertility-building period lime and fertilizer do not
substantially improve the yields or quality of the existing pasture
plants. The question arises, then, if perennial forages are not
suitable are there annual forage crops which can be profitably grown?

Researchers at the University of New Hampshire decided to address
this question in 1980. Dr. David Koch, Dr. James Mitchell, and Dr.
James Holter, research agronomist, extension agronomist, and animal
scientist, respectively, developed a United States Department of Agri-
culture Small Farms project which is evaluating the use of several
annual grasses and forage crucifers prior to the establishment of
perennial forage crops. The author joined the project in 1981 as part
of his Master's Degree program.

The forages considered for such a cropping program had to meet
several criteria, first they had to substantially increase the amount
of forage produced from the site, the species must produce most of
their growth during periods when there is inadequate amounts of forage
available, and last the species must be high quality. These criteria
were decided on because the cost of establishing annual crops is high
and must be out-weighed by the value of the forage produced.

Japanese millet, sudangrass, sorghum-sudangrass, corn, and a
turnip x chinese cabbage hybrid (var. Tyfon) were chosen. The grasses
are warm season annuals producing most of their growth during the hot
summer period when cool season grasses and legumes do not produce well.
The crucifer could, of course, supply forage through the autumn until
snow cover, a period when only stored or purchased feeds are available
in the Northeastern United States. All these crops are seeded no-till
following herbicide treatments of glyphosate or paraquat.
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During the first season of fertility-building Japanese millet
consistently yields more than the other crops, therefore we have
decided to use millet the first season on acid and infertile soils. A
preliminary study indicates that sheep make better weight gains grazing
on millet than on a good quality primarily white clover pasture. The
sheep also prefer the millet to the clover.

A winter cover crop such as rye 1s suggested prior to the second
season of annual cropping. With the soil a little less acid and the
fertility improved the forage crucifers become the logical selection.
The brassicas supply high yields of good quality feed late into the
autumn when no other grazing is available. Tyfon planted on July 24,
1981, yielded 2.8 tomns/hectare of dry matter from a September 11
harvest and the regrowth yielded another 2.4 tons/hectare on November
30. Unfortunately, root yield was not determined; the roots contribute
substantially to the total yield. The first harvest's crude protein
was 24 percent and the second harvest's was 16 percent.

We used Tyfon because of its quick regrowth habit after grazing
and because it appears to have an allelopathic affect which greatly
delays the germination of weeds the spring following the crop. Tyfon
also leaves a near perfect seedbed for planting a perennial legume and
grass mixture into. The allelopathy does not inhibit the establishment
of a birdsfoot trefoil and timothy seeding, but actually seems to
enhance it by suppressing the weed competition.

Certainly turnips, swedes, rape, and kale all have great potential
and we will continue our species and variety trials. We have had no
disease problems with the crucifers but have had to spray for flea
beetles. Yields of 10 tons/hectare should be reasonable on the soils
we are considering. Larger areas of forage crucifers will likely be
planted in the Northeastern United States but it must be remembered
that once soils are improved perennial forage crops are of more value.
At the same time that forage crucifers lengthen the grazing season they
also encourage farmers to renovate their pasture land.

Many agronomists in the United States hope to increase the area
seeded to forage crucifers. We particularly look forward to receiving
more information on the brassicas from agronomists in the United
Kingdom and Europe.



SOURCES AND NATURE OF SEEDLING RESISTANCE TO DOWNY MILDEW
AND TURNIP MOSAIC IN CHINESE CABBAGE (BRASSICA CAMPESTRIS
ssp. PEKINENSIS)

Xin-ke Niu, Hei Leung, and Paul H. Williams

Downy mildew caused by Peronospora parasitica (Pers.) ex. Fr. and
Turnip mosaic (TublV) are two major diseases of Chinese cabbage.
Limited information on sources and the nature of resistance to P.
parasitica and TuMV and on pathotypic variation has generally
deterred the use of host resistance. Though some local cultivars of
Chinese cabbage presently grown in China show considerable
resistance to both pathogens, the level and mode of resistance have
not been fully investigated. We have undertaken a survey of
seedling resistance to P. parasitica and TuMV in a range of Chinese
cabbages collected from major production areas of China. In
addition we have Initiated studies on the inheritance of resistance
to the two diseases.

v

Forty—-six Chinese cabbage lines consisting of 19 open—-pollinated
cultivars, 21 inbreds, and six Fy hybrids from North, Central, and
Scuth China were screened for seedling resistance to downy mildew
and TuMV. The P. parasitica (PHW-640) and TuMV isolate (PHW-645)
were collected from a Chinese cabbage field in Beijing, China in
1980. Of 46 lines tested for cotyledon resistance to P. parasitica,
10 lines were resistant, 15 lines showed heterogeneous response, and
21 lines were susceptible. Among the 37 lines tested for TuMV
resistance, 24 lines were resistant, nine lines were heterogeneous,
and four lines were susceptible. Five lines, Bau Chin 26.
PEW-64707, PHW-64710, PHW-64722, and PHW-64620 showing dual
resistance to P. parasitica and TuMV represent useful sources of
resistance for breeding.

Reslstance to P. parasitica at the cotyledon stage was expressed as
a reduction in the sporulation capacity of the fungus. Segregation
pattern of self, Fj, Fy, and testcross families suggested that
downy mildew resistance was under dominant mongenic control.

Turnip mosailc resistance was expressed as a hypersensitive
reactlon. Analysis of F7, Fj, and backcross progenies from a
cross between resistant and susceptible parents suggested that
resistance was conditioned by two dominant genes.

We have not addressed the issue of strain specificity of P.
parasitica and TuMV. Whether the resistance identified in our study
is strain specific is not known. In order to fully deploy host
resistance in controlling downy mildew and turnip mosaic in Chinese
cabbage, a comprehensive disease screening program involving a wide
range of pathotypes is needed.
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TWO NEW DISEASES OF CHINESE CABBAGE (BRASSICA PEKINENSIS (L.))
§.S. Karwasra and G.S5. Saharan

During a genmeral course of study in Nov.-Jan., 81 the authors

observed two mnew diseases of Chinese cabbage, i.e. Downy mildew and

Alternaria leaf spot caused by Peronospora parasitica (Pers.) de

Bary and Alternaria brassicae (Berk) Sacc. These diseases were Tec-

orded at the experimental farm of Haryana Agricultural University,
Hissar, India for the first time. The diseases have been observed to
occur here for the last two years in mild to severe form.

(a) Downy mildew: The infected leaves were easily recognised by the

presence of yellow flecks or patches on the upper surface.
Examiﬁation of the lower surface revealed the presence of cottony
greyishviolet mycelium intermingled with conidiophores and conidia
on the corresponding areas, especially when humid conditions pre-
vailed. Under dry weather conditions the yellow patches turned
into necrotic areas of irregularAsize and shape with a light brown
colour.

Pathogenicity was proved by inoculating a spore suspension
onto fresh and healthy leaves. The conidiophores emerged through
stomata in clusters, dichotomously branched, 128-160 um long,
12-20 um broad at their widest part, trunk thick, erect, bulbous
at the base. Primary branches were spreading; secondary omes curved,
interlocking; ultimate branchlets thick, sharp pointed, equal
or acute angles, often curved back and hook-like near the tip, upto
(32-48 um) long. Conidia were borme singly at the tip of each branch-
let of the conidiophores, globose to sub-globose without difference
between apex and base, contents slightly greyish brown, measuring

20-28 x 16-24 um.
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Alternaria leaf spot: This was another new disease in this crop

noticed during the same period along with downy mildew. However,
after January, Alternaria leaf spot was more predominant on the
foliage.

The infected leaves were easily fecognised by the presence
of small, light-brown coloured areas which rapidly formed circular
lesions from 0.5 cm to 1.0 cm in diameter, Concentric rings were
also observed in the lesions. Sometimes lesions on the leaves
increased in number and size and coalesced to form large irreg-
ular brown necrotic patches giving a blighting effect to the foliage
on petioles, stem and seed pods. The spots were linear and dark
brown to black in colour. Sporulation was enhanced when infected
leaf bits were placed in a moist chamber.

The fungus was isolated on potato dextrose agar medium
and pathogenicity was proved by putting the spore suspension onto
fresh and healthy leaves. The conidiophores were olivaceous, septate
branched, arose in fascicles and 36.0-52,0 x 4 um in size. The
conidia were dark, obclavate, muriform, 125-203 x 31.2 um in size,
The conidia were borne singly or in short chains with 8-10 transverse

septa and few longitudimal septa.
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INCIDENCE OF ALTERNARIA INFECTION IN
OIL SEED RAPE (BRASSICA NAPUS 1..) CROPS
IN SCOTLAND

Kothanur P.R. Prasanna and J.H. Lennard

Oil seed rape (Brassica napus) is a relatively new CEGl -in
Scotland: 1in the 1970s the area increased to 280 hectares by 1976 but
then declined. However, in 1981, interest in the crop was renewed and
in 1982 1,752 hectares of winter oil seed rape, along with a further
170 hectares of spring crops were grown, mainly in east Scotland. In
this year 40 crops, including two spring sowings, were assessed for
the incidence of infection by Alternaria species which are recognised
to present a major disease problem in this crop in England. TFields
were sampled at two times, early July (flowering) and late August
(seed filling): at the first stage 10 fields were found with infection
and at the second period the number had increased to 32. Seed samples
were taken from all crops and the results of standard blotter tests
for Alternaria infection are given.in Table 1 along with the regional
location of the samples. Of the 40 samples, 80 per cent were found to
be infected with Alternaria brassicas (Berk.) Sacc. The average per-
centage of seed infected was 4.2 but one sample showed 49 per cent
infection. Infected seeds were discoloured and invariably failed to
germinate.

Disease symptoms were expressed in the field in the form of leaf
spotting, stem discolouration reduced plant size and pod spotting.

When seed from spotted pods were plated out on V-8 agar and incubated,
A. brassicae proved to be the major seed-borme fungus with an incidence
up to as high as 89 per cent. Very few samples showed the presence of
Alternaria brassicicola (Schw.) Wiltshire, Selerotinia sp, Phoma sp,
Botrytis sp, Fusarium sp, Stemphyllium sp, Cladosporium sp, Alternaria
alternata (Fr.) Reissler, Alternaria raphani Groves and Skolko and
Alternaria tenuissima (Kunze ex Pers.) Wiltshire.

The incidence of disease was greatest in the Border counties
(Berwickshire and Roxburghshire) and tended to decline towards the
north (Table 1). This might be associated with the trend towards
warmer and wetter conditions in the south for much of the main growing
season (Table 2), but also to the greater area of the crop grown in
the Border counties. Also it is possible that residual sources of
infection were greater in the south as a result of the cropping history
of previous years.



Table 1 Incidence of Alternaria brassicae
~.in.crops of oil seed rape in
south—east Scotland
Number Number of samples in different
of field percentage seed infection classes
District samples 0 1=5 6-10 11-15 16-20 21-50
Border 16 0 7 5 2 1 1
Lothian 9 2 5 2 0 0 0
Fife 7 2 2 3 0 0 0
Perth/Kinross 8 4 3 1 0 0 - 0
Total 40 8 17 11 2 1 1
Table 2 Monthly temperature and rainfall
in south-east Scotland
District Daily mean temperature °C Monthly rainfall mm
station May  June  July August May June July August
Border 11 13 15 15 40 131 35 38
Lothian 10 13 15 15 57 91 40 44
Fife 10 13 15 14 46 49 40 46
Perth/Kinross 9 13 14 C = 36 38 25 59
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A POPULATION IMPROVEMENT APPROACH FOR DEVELOPING
RESISTANCE TO BLACKLEG IN RAPESEED

Neil Wratten and Gordon M. Murray

Rapeseed is a very useful complementary crop to wheat in rotations
in the southern and central wheat belt of New South Wales. Starting
in the late 1960s, the area sown to the crop reached a maximum of
33,000 hectares in 1971. It declined rapidly to only 508 hectares
in 1976. Since then there has been a revival of interest coinciding
with the release of better varietal types. Blackleg (Leptosphaeria
maculans) was a major cause of the decline and it again threatens
the future of the crop.

The breéding programme at Wagga Wagga commenced in 1973 and aims to
develop cultivars combining high yield with desirable o0il and meal
quality and resistance to blackleg. Lines of Brassica campestris, B.
napus and other Brassica spp. are routinely screened in field

disease nurseries. Several sources of resistance to L. maculans have
been identified, One line of B. campestris from this programme was
released in 1982 as the cultivar Jumbuck.

Leptosphaeria maculans is highly variable. Isolates which vary in
pathogenicity occur in Western Australia and new combinations of
virulence genes were obtained by crossing these isolates (Cargeeg,
1980) . This Western Australian work also demonstrated geographic
variation between fungal populations; control of resistance in rape
and pathogenicity in L. maculans was polygenic. We have found
variability in cultural morphology for local isolates and indications
of a similar geographical distribution of pathogen variability.

The polygenic nature of pathogenicity in the fungus, in combination
with an effective annual sexual cycle in our environment, make it
unlikely that resistance can be satisfactorily tested in the
glasshouse. To overcome this problem, disease nurseries have been
established at several locations. At each site single plants are
selected for resistance to basal stem canker. By utilising cross-
pollination, the different genes for resistance which these plants
are expected to possess, and a recurrent selection system, highly
variable plant populations can be developed and manipulated. In this
way an equilibrium should be established between host and pathogen
and yield loss through disease kept to a minimum. Contact with other
workers in this field would be welcomed.

Cargeeg, L.A. (1980) - Host-pathogen relationships of the blackleg
disease in rape {Brassica napus and Brassica campestris) caused by
Leptosphaeria maculans. Ph, D. Thesis, University of Western
Australia.
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THE BLACK-LEG DISEASE:
SOME ASPECTS OF THE HOST-PARASITE RELATTONSHIP

Georges Boudart

This paper is a summary of results concerning different aspects of
the host-pathogen relationship (Leptosphaeria maculans/ Brassica
ssp). I studied: biology of the fungus, etiology, ultrastructure,
and physiology (s). '

BIOLOGY: Sixteen fertile—combinations of 28 possible were obtained
by mating eight monoascospore strains from an ascus of Leptosphaeria
maculans indicating the bipolar nature of heterothalism. All asci
contained 8 ascospores. Abnormal mitotic events occurred when a
heterothallic cabbage isolate (mating type +) was crossed with a
compatible isolate (mating type -) or with compatible monoascosporal
strains. When grown on Vg agar juice in the dark, the cabbage
isolate (+) was phenotypically different from 16 other strainms.

ETIOLOGY: In order to find a suitable susceptible host for
ultrastructural and physiological studies, seedlings were grown
under controlled environmental conditions.

Four cabbage cultivars and two winter rape cultivars, a very
susceptible (Expander), and a resistant (R9) were inoculated at the
cotyledonary stage by spraying a suspension of pycnidiospores
(10°/ml) of the cabbage isolate (+). Plants were grown at 14 and

24 C until the ninth leave stage. Disease severity was evaluated by
following the development of cotyledonary lesions and hypocotyl
necrosis. All cabbage seedlings were highly susceptible and more so
than rape cv. Expander on which Symptoms appeared later. A
significant correlation was found at 14 C between the known
Susceptibility of nine other rape cultivars and their susceptibility
to the cabbage isolate (+) by measuring the number of plants with
cotyledonary lesions. Resistant genes in R9 were temperature
sensitive. More necrosis developed at 24 C thanm at 14 C. Cotyledon
and stem lesions deve loped differently when cabbage and rape cv.
Expander seedlings were inoculated with the aggressive cabbage
isolate or an aggressive monoascosporal strain isolated from
naturally infected rape crops. Therefore it appears that at least
two genes are implicated in symptom expression. Though ;
specialization of Phoma isolates for their adapted hosts exists, we
failed to find the high degree of specificity described by Delwiche
and Williams (2),

ULTRASTRUCTURE : Ultrastructural studies in infected cabbage
hypocotyls revealed: 1) conidia entered the plant directly through
the stomata without germinating, 2) fungal growth was exclusively
intercellular wirth Qumerous contact areas between hyphae and the
cell walls, 3) organelle disorganization occurred a few days before
cell wall lysis was apparent, 4) cell walls wers progressively and
extensively degraded, and 5) the fungus preferentially degraded
pecto-hemicellulosic-rich regions of the cell walls.
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PHYSIOLOGY: The fungus is known to produce a mon-host-specific
toxin, the sirodesmin, in vitro and in vivo. Previous results
indicate there is no correlation between agressiveness of isolates
and mutants and their ability to produce the toxin in vitro. When
injected into cabbage hypocotyls the pure toxin did not produce
typical necrosis. At 14 C resistant rape seedlings were highly
sensitive to the toxin. Since Sacristan's work (3) does mot agree
with our results, the production of sirodesmin in infected
hypocotyls and cotyledons is being examined.

Phytotoxic proteins are being characterized from culture filtrates
of the fungus grown on a synthetic medium supplemented with a
preparation of cabbage hypocotyl cell walls as a carbon source.
Injection into crucifer hypocotyls of dialysed, concentrated culture
filtrate containing greater than 0.5 pg of protein resulted in a
heavy necrosis similar to that produced by the fungus. Further
studies on the purification of the phytotoxic proteins are in
progress.
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CORRELATION OF SPORE PRODUCTION BY ALBUGO CANDIDA ON
BRASSICA CAMPESTRIS AND A VISUAL WHITE RUST RATING SCALE

David T. Fox and Paul H. Williams

Correlations of spore production by Albugo candida on B. campestris
were made with a visual white rust interaction phenotype (IP) rating
scale, 1n order tc quantify selection for intermediate IP or partial
resistance. The numerical 0-9 scale, rated plants according to
amount of leaf necrosis or area covered by white rust pustules.
(Figure 1).

DD
HePRPoeE

Brassica campestris stock CGS-1, (PHW~Aaa—l), was used as the host
population. FEach cotyledon of four—-day-old seedlings was inoculated
with two drops of a 105 zoospore/ml suspension of A. candida

race 2. One week after inoculation, plants were visually evaluated
as 1, 3, 5, 7, or 8 according to the rating scale gize. Twenty
cotyledons from each rating class were selected, welghed, and washed
in 0.1% Tween 80. White rust pustules were ruptured with forceps
during washing. Spore production was measured by counting the

rating class. The experiment was repeated three times, and a
two-way analysis of variance on the log-transformed data was
performed. :

In order to address the problem of spore deposition by highly
sporulating plants onto thelr sparsely sporulating neighbors, spore
production values from uninoculated control plants and inoculated
Pustule—free plants were compared. In each of three experiments,
zero values were obtained from the control plants, while
significantly higher non-zero values were obtained from the
inoculated pustule-free plants. Therefore, it was concluded that
Spore production measurements were not confounded by extraneous
spore deposition.

Spore production values on plants rated as 1, 3, 5, 7, and 8 were
compared. Spore production was highly correlated with numerieal
rating based on visual assessment of disease (r = 0.93). 1In
addition, means of spore production om plants rated as 1, 3, 5, and
7 were significantly different from each other. The significance of
means supported the use of visual disease Tating, a discrete
variable, to approximate spore production, a continuous variable.
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SELECTION FOR QUANTITATIVELY INHERITED RESISTANCE TO
ALBUGO CANDIDA RACE 2 IN BRASSICA CAMPESTRIS, CGS-1

M. Edwards and P.H. Williams

Previous research with B. campestris has described a race—specific
ma jor gene Ac-2 for immunity or low reaction type on cotyledons to
white rust, Albugo candida race 2. Evaluation of heterogeneous
populations of Brassica campestris reveals considerable variability
in degree of reaction among susceptible genotypes when inoculated
with A. candida race 2 under controlled conditions. This
inves?lgation was undertaken to determine if observed variability
among “susceptible” Individuals is under genetic control and to
establish the degree to which selection for maximum quantitative
resistance could reduce the response to infection.

A rapid-cycling experimental population of B. campestris, CGS-1,
(PHW-A2a-1) was chosen to minimize the time required for this
genetic investigation. The procedure involved isolating a number of
genetically variable individuals which lacked the Ac-2 gene for
resistance and using them as a base population upon which selection
pressure was exerted for low reaction to A. candida. Individuals to
constitute the base population were screened for interaction
phenoctype (IP) to Albugo on a scale of 0 to 9 (where 0 = immune and
9 = very susceptible) and self-pollinated to produce S progeny
which were also evaluated to confirm that they possessed no major
genes for immunity. Thirty-six individuals, exhibiting
highly-susceptible interactions when inoculated with Albugo were
selected upon this basis. These individuals were mass-pollinated to
produce progeny for selection.

Selection was exercised in two fashions for three succeeding
generations. The first was simply mass selection of individuals
with the lowest reaction to Albugo. Since individuals were assigned
discrete values for reaction based upon their phenotype, there were
often more individuals in the lowest class than required to
formulate the 36 - individual base for the succeeding generation.

In this case, individuals were computer-selected at random among
those in the lowest class. The second selection procedure involved
selection between and within maternal half-sib families. Progeny
from each of the 36 - individuals in the preceeding generation were
grown in replicated blocks for evaluation of response to inoculation
with Albugo. Selection was then exercised between families to
choose the six families with the lowest reaction upon inoculation.
Half-sib family selection was conducted to minimize bias due to
non-genetic variation. For traits with high heritability, mass
selection would allow greater selection pressure and would be
expected to achieve greater gains.

After three cycles of selection, all populations were increased as
two samples of 100 individuals which were intermated within samples
to produce seed for evaluation. Evaluation was conducted with
inoculators and evaluators as factors in a randomized complete block
design. Analysis of variance revealed that differences between
inoculators and evaluators were non-significant. Mean values for
populations are presented in Table 1.



TABLE 1. POPULATION MEANS FOR INTERACTION PHENOTYPE (IP) OF BRASSICA
CAMPESTRIS, CGS-1 AND ALBUGO CANDIDA RACE 2

POPULATION MEANS
Cycle Method IF
Cycle 0O 5.3 A
Cycle 1  Half-sib Sel, 3.3 B
Cyele 1 Mass Sel. 3.5 BC
Cycle 2 Half-gib Sel. 2.9 BCD
Cycle 2 Mags Sel. 2.3 CD
Cycle 3 Half-gsib Sel. 2.1 D
Cycle 3 Mass Sel. 1.8 D

Mean separation based upon Duncan's Multiple Range Test, p = .05
IP: 1 = very low reaction type (high resistance); 5 = intermediate
susceptibility; 9 = very highly susceptible

Duncan's Multiple Range Test for equivalence of mean values was
conducted and is also presented in Table 1. Response to selection
is presented graphically in Figure 1.
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Average gain per cycle of selection was estimated as 1.16 IP/cycle
for mass selection and 1.06 IP/cyecle for half-sib family selection,
based upon z simple linear regression model. Deviations from
regression were non-significant.

These data illustrate that variability for reaction to A. candida -
race 2 among "susceptible” campestris, PHW-Aaa—-1 individuals is due
to quantitative genetic regulation. Furthermore, considerable gain
in reisitance may be achieved quite rapidly via mass selection when
starting with a susceptible base population.
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VARIATION IN THE DEVELOPMENT OF ERYSIPHE CRUCIFERARUM
Opiz ex L. Junell ONTWO CULTIVARS OF BRASSICA NAPUS 1.

J.M. MUNRO and J.H. LENNARD

Studies were carried out on the develooment of two isolates of
Erysiphe cruciferarum from Brassica napus, one collected from rape
cv. Rape Kale (RK) and the other from swede cv. Magres (SM), on two
cultivars of 3. napus, a forage rape (cv. Barsica) and a swede
(cv. Doon Major).

Leaf discs (1.8 cm diameter) were taken from the oldest green
leaf of 11 week old plants and kept on benzimidazole (100 ppm) water
agar. Discs were inoculated in a settling tower to ensure uniform
deposition. Four replicates of each host/isolate combination were
removed at intervals, and 50 spores examined on each replicate disc.
To facilitate assessment, the stages of development of Z. eruct ferarum
were considered in eight categories: ungerminated conidium, germinated
conidium, apptessorium (4), primary hypha (PH), secondary hypha (SH),
expanding colony (EC), conidiophore initials (CI), and conidia. '

The results showing the development of each isolate on each
cultivar are given in Figure 1. Spores of both isolates germinated
equally well on both hosts and the rates of germination in all
combinations were similar. Appressorium formation began at 8 hours
and ‘was usually complete with all spores after 24 hours. Rates of
germination and appressorium formation for both isolates were similar,
suggesting no physiological diffearence in the inoculum. Moreover,
the similar responses on both cultivars indicate no host interaction at
these stages. Primary hyphae were seen at 24 hours with some spores,
but there were fewer with RK on Barsica. At 48 hours secondary hyphae
were found with SM on both cultivars and with RK on Doon Major, but
RK did not show any secondary hyphae on Barsica until 96 hours. Only
a very few spores of this isolate produced expanding colonies and none
showed conidiaophore development at & days. Expanding colonies were
seen on the other three combinations at 72 hours and conidiophores

-were evident at 96 hours. However, conidiophore development at

96 hours was least with SM on Barsica (307), intermediate with RK on
Doon Major (80%) and 1007 with SM on Doom Major.

From Fig. Ib it can be seen that Doon Major shows a susceptible
response to both isolates although RK showed slightly less development
than SM at 96 hours. Barsica shows = higher resistance response to
RK which failed to reach the conidiophore stage by 96 hours. The
resistance response of Barsica to infectienm by RK is shown mainly by
an inhibition at the appressorial stage. However, SM showed an inter-
mediate response in that a proportiocm (30%) of spores had reached the
sporulation phase at 96 hours, although the mzjority showing expanding
colonies without conidiophoras.

Lt would thus appear thar there are at least two possible forms
of resistance in 3. nqrus to Z. eructferarum dependant upon the
particular host/isolats combination. One is exprassed early with a
suppression of further development beyond the appressorium stage, while
the second appears as reduced or delayed spore production. Further
work is in progress with 2 wider range of isolates and hosts over a
larger time span.
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Figure 1. Development of 2 isolates aof &, cruciferamen on 2 cultivars
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RELATIONSHIP OF CLUBROOT DISEASE SEVERITY WITH
INDOLYLCGLUCOSINOLATE IN CABBAGES

Calvin Chong, M.S. Chiang and R. Créte

Previously we reported on the association of thiocyanate ion content in
relation to the severity of clubroot disease (Plasmodiophora brassicae
Wor.) in various cabbage lines segregating with different degrees of
susceptibility to this pathogen (Chong et al. 1981). In cabbages,
indolylglucosinolates have been identified as the major thiocyanate-
yielding glucosinolates. Finding of a positive correlation between
thiocyanate ion content and fresh weight of cabbage root tissue with
different degrees of clubroot infection (Chong et al. 1981) supports the
hypothesis that the abnormal growth symptoms of clubroct tissues in
cruciferous plants are-associated with higher than normal levels of
auxins, which may be released from indolylglucosinolates {(Butcher et al.
1976). -

In September 1981, cabbage plants of line 81-21 and 81-34 with different
degrees of clubroot infection were sampled and analyzed for contents of
thiocyanate ion as previously described (Chong et al. 1981). Thiocyanate
ion content increased with increasing clubroot severity in heads of line
81-34 but not in heads of line 81-21 (Table 1). 1In roots, thiocyanate ion

Table 1. Thiocyanate ion content in head and root of cabbage in
relation to clubroot severity.

Line Clubroot grade

i 0 1 2 3
Head

81-21 156£21% 10147 10610 1516

31-34 124+3 137827 14716 219%27
Root

81-21 18728 251430 37337 481441

81-34 22733 26843 33927 36554

4Mean of 3 or 4 replications *SE

content showed a consistent increase with increasing clubroot severity
of both cabbage lines. This data confirm our previous findings
(Chong et al. 1981).

In another investigation clubroot-infected (grade 3) and uninfected
(grade 0) cabbage plants of line 81-35 grown on both loam and organic
soils similarly were sampled and analysed for contents of thiocyanate
ion. In comparison with tissues from uninfected cabbage, thiocyanate ion
contents in head and root of infected cabbages grown on loam soil were
higher by 69 and 307, respectively, with corresponding increases of

326 and 3757 for infected cabbages grown on organic soil (Table 2).
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Table 2. Thiocyanate ion content in head and root of uninfected
and clubroot-affected cabbages grown on two soil types.

Clubroot grade

g;gi 0 3
Head

Loam 1024152 172424

Organic 134%12 . 571458
Root

Loam -285+28 370+56

Organic 153+12 727+78

3Mean of 4 replications *SE

Data for selected mineral constituents from samples of both soil types
collected at harvest are shown in Table 3.

Table 3. Mineral contents in loam and organic soils.

Soil type

N P K Ca Mg S
Loam 0.004 i 18 14.77  144.3 13.32 .0.024
Organic 2.4 0.17 0.31 2.8 0.21 0.581

Previous evidence (Ju et al. 1981) suggested that higher levels of sulfur
found in organic soil significantly influenced glucosinolate biosynthesis
in roots of radish, turnips and rutabagas. The actual thiocyanate ion
content in uninfected cabbages grown on organic soil were slightly higher
in head or lower in root in comparison with corresponding samples from
loam soil (Table 2). Notwithstanding the wide variation in contents of
mineral constituents between soil types (Table 3), the markedly higher
increase of thioecyanate ionm in both head and root of infected cabbages
grown on organic soil may indicate a relatiomship with the elevated
contents of sulfur in organic soil (Ju et al. 1981), possibly associated
with increased assimilation of sulfur-containing amino acids which are
glucosinolate precursors. Further studies are required to elucidate

this hypothesis.
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STORAGE OF PLASMODIOPHORA BRASSICAE {WOR.)

Christopher B. Miller

A factorial experiment was conducted to determine the more optimum conditions

for storing resting spores of Plasmodiophora brassicae (Wor.). Four soil

types, three temperatures and three retrieval dates were studied.

Ten milliliters of fresh inoculum prepared by standard methods (1) was
added to 100 milliliters of soil media and heat sealed into a 10x14 cm aluminum
Toil seed packet. The fnoculum consisted of an isolate mixture, E.C.D.
31/31/31, at approximately 100x109 spores per milliliter.

The experimental treatments were as follows:

I. Soil Type
1. Jiffy Plus commercial soil mix pH 6.1
2. Canadian sphagnum peat moss pH 3.5
3. Yolo silty clay field soil pH 7.5
4. Screened river sand pH 7.3
[I. Temperature

1. -10 to -15°C (freezer)
2. 3 to 5° C (refrigerator)
3. 18 to 26° C (office drawer)

ITI. Retrieval Date
1. Three months
2. Six months
3. Twelve months

After storage the moist soil-spore mixture was placed in an indentation
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in the surface of a 10 centimeter peat pot filled with Jiffy Plus soil mix.
Seeds of Michihili Chinese cabbage were sown directly into the mixture and
covered with approximately one centimeter of vermiculite. The plants were
grown 1in the greenhouse under 24 hour flourescent lights with a mean ambient
temperature of approximately 24°C. After six to seven weeks the treatments
were assessed for clubroot severity and scored on a one to nine scale. Each
treatment was then given a disease index score according to Rene Crete's
method (2).

The results after one year are shown in Table 1. Retrieval of viable
Spores was significantly represseq by the coldest temperature. The best
results were obtained with refrigerator storage, but retrieval can be expected
when the packets are stored at room temperature.

TabTe 2 illustrates the comparative efficiencies of the individual factors.
When the freezer treatment is excluded there is no significant difference
between storage for the six month or 12 month retrieval date indexes.

There is a significant interaction between soil type and temperature
and also between soil type and retrieval date.

Many clubroot workers have traditionally, and often successfully, stored
frozen galls for extended periods of time. However, it was the requirement
for large areas of freezer space and the occasional loss of isolates that
prompted this study. wffh the resting spore method described here it should

be possible to store more isoTates under less restricting conditions.
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TABLE 1
TEMPERATURE SOIL TYPE INDEX
-10 to 15°C Jiffy 22.3 ¢t
Peat 11.1 (g
Field Soil 17.0 d
Sand 11.1 d
3° to 5°C Jiffy 96.2 a
Peat .86.7 a
Field Soil 23.8 'd
Sand &lub Bt
18° to 26°C Jiffy 47.0 c
Peat 73.9 ab
Field Soil 16.5 d
Sand 12.3 d
(1) With a 1-9 rating scale, the equivalent of zero infection converts to 11.1
with the index.
(2) Values followed by the same letter are not significantly different at the

5% level based on A.N.O.V.A., L.S.D.



TABLE 2

FACTOR TREATMENT INDEX
Soil Type Jiffy 54.0 a(1)

Peat - 53.2 a

Field Soil 31.5 b

Sand 53.0 a

Temperature -12°C 28.0 C

3-5°C 68.8 a

18-22°C 50.7 b

Retrieval Date 3 months 55.4 a

& months 53.0 a

12 months 39.1 b

(1) Within factor values followed by the same letter are not significantly
different at the 5% level based on A.N.0.V.A., L.S.D.



ORABANCHE RAMOSA L., A NEW RAPESEED
PARASITE IN SOUTHERN SPAIN

E. Sobrina Vesperinas

The genus Orabanche is entirely made up of species that
are necessarily parasites because they lack chlorophyll.
Inmany Mediterranean countries, its presence represents a
serious problem for a large number of crops.

In the 1980/81 agricultural season, rapeseed plants in
same isolation fields in the province of Sevilla were
detected for the first time in Spain to be acutely affected
by an Orabanche parasite, which has been defined as D.ramosa
L. following WEBB (1964). This is a very variable species
in morphologicel terms, capable of infecting a wide variety
of hosts. It has been cited on Cannabaceaes (Cannabis
sativa L.) Solanaceae (Solanum spp., Lycopersicum sculentum
Miller, Labiatae (Rosmarinus pfficinalis L., Lamium spp.),
Compositae (Senecio spp., JTaraxacum spp., Chrvsanthemum
segetum L.), Geraniaceae (Geranium spp.), Cruciferae
(Crambe maritima L.), Diplotaxis spp. and Umbelliferae
{Daucus carota L., Ervngium campestre L.).

ttacks can drastically affect yield. A field in
Guillena (Sevilla), where 100% of the plants were infested,
showed a yield of 50% ‘inrelation to naon-infested controls.

Spread of the parasite in Spain, including the subsp.
ramosa, subsp. mutelli (F.W.Schultz) Coutinha and subsp.
nana (Reuter) Coutinho, based on data obtained from the
herbarium of the Real Jardin Botanico of Madrid, are
shown in Fig. 1.

The parasite is distributed over a wide area, and
although its evolution with respect to rapeseed is
difficult to fToresee, it is beyond any doubt that it
constitutes a serious potential threat for that crop in
Western Andalucia and perhaps throughout Spain.

Measurss have besn taken to restrict the growth of
the parasite by severe controls in seed production fields
and by advising farmers not to repeat the crop on infected
Tields.

A search for resistance through the screening of a
large number of varieties and breeding lines has been
started as well as selecticn of presumably resistant plants
in infected fields.



*Sevilla
@ 0.ramosa L.
e D.ramosa L.Bubsp. mutelli

# 0.ramosa L.subsp. nana

Fig. 1 - Distribution of Orobanche ramosa L. in the

Spanish Peninsula and Balearic Isles. (Herbarium

at the Real Jardin Botanico of Madrid).
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WHAT BLOCKS VA MYCORRHIZAE IN BRASSICA?
Marian G. Glenn and Paul H. Williams

The cruciferae are among the small group of plant
families whose roots do not form vesicular-arbuscular
mycorrhizae (VAM). VAM improve phosphate absorption,
especially in P-deficient soils, and species without VAM
are confined to early successional, colonizing roles, or
to P-adequate soils., .The production of unusual secondary
compounds, such as mustard oils (MO; prominent S-compounds
in all cruciferae) is also associated with early succession-
als. This study was undertaken to determine how MO might
be linked with the block to VAM. Cultivars of Brassica
napus and B. campestris (Canadian Rapeseed, or Canola) bred
for a range of MO levels, and spores of VAM fungi Glomus
mosseae and Gigaspora gigantea were germinated together
on low-P mineral salts agar inm 15 cm plastic petri plates.
MO levels were further controlled by growing some plants
as well as excised roots in S-free media. Germ tube growth
and interaction with roots was monitored at 70-200 x by
inverting plates under the microscope.

Germ tube growth around brassica roots was compared
to that around compatible hosts tobacco and tomato.
Compatible roots elicited hyphal branching and developed
normal mycorrhizae on agar, but brassica roots elicited
fewer, shorter hyphal branches, which occurred only close
to the root surface, regardless of MO level. Normal hyphal
branching occurred near brassica if a host root was also
present, but brassica roots were not penetrated. These
data suggest that host rhizosphere provides a growth stimulus
lacking in brassica, but fungal growth stops at the brassica
root surface, Growth may be inhibited because the host-
supplied stimulus will not diffuse beyond the brassica root
surface, or there may be an active block to penetration
other than MO. Since VAM penetrate nearly all plants, the
data suggest that brassica rhizosphere physiology
differs from most other plants in some basic way other
than production of MO. The stimuli leading to successful
development of VAM are not known, however, compatible hosts
block VAM penetration when given adequate phosphate, probably
due to a change in root exudates. Study of the mechanisms
controlling this block to VAM in compatible roots may lead
to new insights concerning the roots of brassica, as well as
the signals leading to successful VAM penetration.




Distribution List for Cruciferae Newsletter
(referto listof interests for key to code after name)

ALLISON, Dr M.J., Scottish Crop Research Institute, Pentlandfield, Roslin, Midlothian, EH25 9RF, UK.

ANDERSON, Wilbur C., Northwestern Washington Research & Extension Unit, Washington State
University, Mount Vernon, Washington 98273, USA.

ANTILA, Dr 8., Lansi-Hahkiala, SF-14700 Hauho, Finland.

AREND, Ir W. van der, Nunhems Zadenb.v., PO Box 5, Haelen, The Netherlands.

ANTOSIK, J., Instytut Warzywnictwa, Zaklad Hodowli | Genetyki, Pracownia Hodowili, ul. Kosciuszki 2,
96 - 100 Skierniewice, Poland.

ARNISON, Dr P.G., 7-6 adeghilmpsu, Agriculture Canada, Building No.21, C.E.F., Ottawa, Ontario,
CanadaK1A0CB

ASTLEY, D., 1-6 abcdnu, Gene Bank, National Vegetable Research Institute, Wellesbourne, Warwick
CV359EF, UK.

BAILLARGEON, Guy, Botanischer Garten & Botanisches Museum Berlin Dahlem, Konigin-Luise-
Strasse 6-8, D1000 Berlin 33, Fed. Rep. Germany

BALICKA, Dr M., Institute of Plant Genetics, Cytogenetics Laboratory, Ul Nowy Swiat 72, Warsaw,
Poland.

BANNEROT, H., CNRA, 78 000 Versailles, France.

BARCIKOWSKA, Dr Barbara, 1236 bdkopr, Polish Academy of Sciences, Institute of Plant Genetics,
Strzeszynska 30-36, 60-479 Poznan, Poland.

BEEMSTERBOER, P.A., P.0.Box 2, 1749 ZG Warmenhuizen, Holland.

BELAYNEH, Hiruy, Institute of Agricultural Research, Holetta Station, P.0.Box 2003, Addis Ababa,
Ethiopia. ;

BENGTSSON, Dr Anders, The Swedish University of Agricultural Sciences, Department of Plant
Husbandry, S-75007 Uppsala, Sweden.

BERNER, A., 25 bc, Saatzucht Steinach, 8441 Steinach uber Straubing, Fed.Rep.Germany.

BERNER, P., bep, Saatzucht Steinach, 8441 Steinach uber Straubing, Fed. Rep. Germany.

BETTIS, Bill L., University of Idaho, College of Agriculture, Department of Plant & Soil Sciences, Moscow,
ldaho 83843, USA.

BEUSTER, Dr Karl-Heinz, 23456 bcdkptu, Bundessortenamt Prufstelle Scharnhorst, D-3057 Neustadt
1, Fed.Rep.Germany.

BIBLE, Dr B., Department of Plant Science, University of Connecticut, Storrs, Connecticut 06268, USA.

BINNENDUWK, Ir C.M., Enza-Zaden, De Enkhuizer Zaadhandel B.V., Postbox 7, 1600 AA Enkhuizen,
The Netherlands.

BIXBY, Mr K.A., 7 aghipgsu, Asgrow Seed Company, Pacific Coast Breeding Station, PO Box L, 500
Lucy Brown Lane, San Juan Bautista, California 95045, USA.

BLACK, Prof.L.L., Department of Plant Pathology and Crop Physiology, 302 Life Sciences Building,
Louisiana State University, Baton Rouge, Louisiana 70803, USA.

BLASCO, Dr A., Escuela Tecnica Superior de Ingenieros Agronomos, Departmento de Genetica,
Av.Blasco Ibanez 21, Valencia, Spain.

BOGAERT, C.W.vander, Zelder b.v., 6595 NW, Ottersumn, Holland.

BOKLIN, Dr A., Caixa Postal 673, 13100 Campinas, SP,Brazil.

BOLESLAW, Doc.dr Grabiec, 3 dop, Instytut Hodowli i Aklimatyzacji Roslin, Zaklad Doswiadczalny
Borowo, 62-055 Czempin, Poland.

BONMAN, Mr J.M., Western Washington Research & Extension Center, Puyallup, Washington 98371,
USA.

BONNET, Ing.A., 5 aeghipqu, Station D’ Amelioration des Plantes Maraicheres, Domaine Saint-Maurice,
84140 Montfavet, France.

BORZUCKI, Mr R., Scottish Crop Research Institute, Pentlandfield, Roslin, Midlothian, EH25 9RF, UK.

BOUDART, Dr G., INRA, Laboratoire de Cryptogamie, I'Universite des Sciences et Techniques de Lille
l, Lille, France.

BOULIDARD, Mr L., 726 aghipgr, CNRA, Station de Genetique et d'Amelioration des Plantes, Etoile de
Choisy, Route de Saint-Cyr, 78000 Versailles, France.

BOWMAN, Dr J.G., 23 dghopt, Rothwell Plant Breeders Ltd., Joseph Nickerson Research Centre,
Rothwell, Lincoin, UK.

79



80

BRADSHAW, Dr J.E., 7 bop, Scottish Crop Research Institute, Pentlandfield, Roslin, Midlothian,
EH259RF, UK.

BRANDENBURG, Ir.W.A., 123456 not, Dept.of Taxonomy of Cultivated Planis and Weeds, Agricultural
University, Haagsteed 3, 6708 PM Wageningen, The Netherlands.

BROKENSHIRE, Dr T., 72356 abcdghil, East of Scotland College of Agriculture, West Mains Road,
Edinburgh, UK.

BUCZACKI, Dr S., 12345 abdgiprs, National Vegetable Research Station, Wellesbourne, Warwick,
CV359EF, UK. :

BUNTING, DrE.S., 337 Hills Road, Cambridge, CB2 2QT, UK,

BUTEL, Mr J., 1234 abdfghijkptu, DSIR, Crops Research Division, Private Bag, Gore, New Zealand.

BUTLER, E.J., Food Research Institute, Colney Lane, Norwich, NR4 7VA, UK.

CARLOS ALONSO, DrL., Koipesol S.A., Avda. Ramon y Cajal No. 1-7, Sevilla - 5, Spain.

CARLSON, Diana G., Dept. of Plant Pathology, University of Wisconsin, 1630 Linden Drive, Madison,
Wisconsin 53706, USA.

CHATTERJEE, Dr 8.8., 7 aghnopgstu, Division of Vegetable Crops and Floriculture, Indian Agricultural
Research Institute, New Delhi 110002, India.

CHEN SHI-RU, Professor of Vegetable Breeding, Dept.of Horticulture, Southwestern Agricultural College,
Chonggung, Sichuan, People’s Republic of China.

CHERMAT, Mrs M.C., Institut de Recherche Vilmorin, La Menitre, 49250 Beaufort en Vallee, France.

CHESNEL, Amand, Institut de Recherche Vilmorin, La Menitre, 49250 Beaufort en Vallee, France.

CHIANG, Dr Morgan S., 16 agimopr, St.Jean Research Station, PO Box 457, St.Jean, Quebec, Canada
J3B6Z8

CHONE, DrE., Secretary, GCIRC, 174 Avenue Victor Hugo, 75118, Paris, France.

CHONG, Dr C., Department of Plant Science, MacDonald Campus of McGill University, St. Anne de
Bellevue, Quebec, Canada HeX 1CO

CHRISTENSEN, J., J.E. Ohlsens Enke A/S, Roskildevej 325A, DK-2630 Taastrup, Denmark.

CHUNG, B., Department of Agriculture, PO Box 303, Devonport, Tasmania, Australia.

CLARK, Prof.K.W., 726 bckru, The University of Manitoba, Department of Plant Science, Winnipeg,
Manitoba, Canada R3T 2N2

CLEMENTE-MUNOZ, Dra M., Catedra de Botanica Agricola, E.T.Sup.de Ingenieros Agronomos,
Universidad de Cordoba, Apdo 246, Cordoba, Spain.

COLLINS, Mr F.W., Vascular Plant Section, Agriculture Canada, Biosystematics Research Institute,
Saunders Building, C.E.F., Ottawa, Canada K1AQC#8

COULTHART, Dr M.B., 72356 no, Dept. of Biology, McMaster University, Hamilton, Ontario, Canada
L85 4K1

COWE, Mr J.A., Scottish Crop Research Institute, Pentlandfield, Roslin, Midlothian, EH25 9RF, UK.

CREHU, Gilles du, 1235 bkmopqur, Centre de Recherches de Rennes, Station d'Amelioration des
Plantes (INRA), BP 29, 35650 Le Rheu, France.

CRETE, Dr Rene, 123 aghit, St.Jean Research Station, PO Box 457, St.Jean, Quebec, Canada J3B 628

CRISP, Dr P., 15 aegjmnops, National Vegetable Research Station, Wellesbourne, Warwick, CV35 9EF,
UK. ‘

CROUCH, Dr Martha L., 3drs, Dept.of Biology, Indiana University, Bloomington, IN 47401, USA.

CRUTE, Dr L.R., 7 aginopt, Plant Pathology Section, National Vegetable Research Station, Wellesbourne,
Warwick, CV35 9EF, UK.

CUNNINGHAM, Miss Angela, 72356 bopgs, Dept.of Botany, University of Edinburgh, The King's
Buildings, Mayfield Road, Edinburgh, EH9 3JH, UK.

CURL, Mr C.L., Food Research Institute, Colney Lane, Norwich, NR4 7VA, UK.

DAWSGCN, DrP., A.L.Tozer Lid., Pyports, Downside Bridge Road, Cobham, Surrey, UK.

DAXENBICHLER, M.E., Dept. of Plant Pathology, University of Wisconsin, 1630 Linden Drive, Madison,
Wisconsin 53706, USA.

DAYAL, Narsinha, Dept. of Botany, Ranchi University, Ranchi-834008, India.

DEKHUIJZEN, Dr H.M., 7 ms, Centre Agrobiological Research, PO Box 14, Wageningen,
The Netherlands.

DELSENY, Michel, 7-6 diimo, Laboratoire de Physiologie Vegetale, ERA nc.226 du CNRS, Universite
de Perpignan, 66025 Perpignan-Cedex, France.

DELWICHE, Ms.Patricia, 73 abdglop, Department of Plant Pathology, University of Wisconsin,
1630 Linden Drive, Madison, Wisconsin 53706, USA.

DENFORD, K.E., Department of Botany, University of Alberta, Edmonteon, Alberta, Canada T6G 2E9



8l

DESPREZ, M., 7 bpq, Maison Florimond Desprez, Cappelle 59242, Templeuve, France.

DICKSON, Dr M.H., 7 aeopgr, Dept.of Seed and Veg.Science, NYSAES, Geneva, New York 14456, USA.

DIETERT, Dr M.F., 12346 Imops, Department of Plant Pathology, Cornell University, lthaca, New York
14853, USA.

DIXON, Dr G.R., 12356 abdghijkimop, North of Scotland College of Agriculture, Horticultural Division,
School of Agriculture, 581 King Street, Aberdeen, AB9 1UD, UK.

DOBSON, Mr R., 7 ag/, Western Washington Research and Extension Center, Puyallup, Washington
98371, USA.

DOLSTRA, Ir O., 12356 bedeghinopgq, Stichting voor Plantenveredeling, PO Box 117, Wageningen 6140,
The Netherlands.

DRESSLER, Dr O., 156 aghiiimopg, Carl Sperling & Co., 2120 Luneburg, Hamburger Str.27,
Fed.Rep.Germany.

DRYSDALE, Dr R.B., dgi/, Dept.of Microbiology, University of Birmingham, P.O.Box 363, Birmingham
B152TT, UK.

DUNWELL, DrJ.M., John Innes Institute, Colney Lane, Norwich, Norfolk, UK.

EAGLES, Mr J., Food Research Institute, Colney Lane, Norwich, NR4 7VA, UK.

EDWARDS, Marlin, Dept. of Plant Pathology, University of Wisconsin, 1630 Linden Drive, Madison,
Wisconsin 53706, USA.

ELLERSTROM, Dr Sven, 72356 abbdo, Swedish Seed Association, S-268 OO Svalov, Sweden.

ENGELS, Jan, Project Goordinator, Plant Genetic Resources Centre Ethiopia, Institute of Agricultural
Research, Addis Ababa, Ethiopia.

EVANS, D.J., 12356 befgkopriu, Plant Breeding Station, Dunns Seed & Grain Ltd., Hartham, Corsham,
Wiltshire, SN13 0QA, UK.

EVANS, Mrs M.W., National Seed Development Organisation, Newton Hall, Newton, Cambridge, UK.

FANZHEGONG, Dept. of Plant Science, University of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2

FAULKNER, G.J., National Vegetable Research Station, Wellesbourne, Warwick, CV35 9EF, UK.

FENWICK, Dr G.R., Food Research Institute, Colney Lane, Norwich, NR4 7VA, UK.

FERNANDEZ-MARTINEZ, J., Dto. Nac. de Plantas Oleaginosas, INIA Alameda del Obispo, Apartado
240, Cordoba, Spain. )

FIELDSEND, Mr A.F., Anglo-Maribo Seed Co. Ltd., Potter Hanworth, Lincoln, LH4 2DY, UK.

FOX, D.T., Dept. of Plant Pathology, University of Wisconsin, 1630 Linden Drive, Madison, Wisconsin
53706, USA.

FRAUEN, Dr M., Norddeeutsche Pflanzenzucht, Hans-Georg Lembke K.-G., 2331 Hohenlieth, Post
Holtsee u.Eckernforde, Fed.Rep.Germany.

FREEMAN, DrR.E., agprsiu, Dessert Seed Co., 8850 59th Ave.N.E., Brooks, OR 97305, USA.

FUTING DONG, Huazhong Agricultural College, Wuhan, The People's Republic of China.

GABRYL, Dr J., 7 apt, Instytut Warzywnictwa, Zaklad Hodowli i Genetyki, Pracownia Hodowli,
ul Kosciuszki 2, 96 - 100 Skierniewice, Poland.

GEMMELL, Dorothy J., Scottish Crop Research Institute, Pentlandfield, Roslin, Midlothian, EH25 9RF,
UK.

GIORDANO, Leonardo de Brito, EMBRAPA, CPNH, Caixa Postal (11)13186, Brasilia, Brasil.

GLAND, Dr Astrid, Institut fur Pflanzenbau und Pflanzenzuchtung, Von Siebold Strasse 8, D-3400,
Gottingen, Fed. Rep. Germany.

GLENN, Marian G., 43 8. Adelaide Avenue, Highland Park, New Jersey 08904, USA.

GMELIN, Prof. Dr Rolf, Institute of Pharmacognosy & Phytochemistry, Konigin-Luise-strasse 2-4, D-
1000 Berlin 33, Fed. Rep. Germany

GOMEZ-CAMPO, Prof. C., 456 mnoqur, Esc. TS de Ing Agronomos, Universidad Politecnica, Madrid 3,
Spain,

GOWERS, Dr S., 236 abdgijopq, Scottish Crop Research Institute, Pentlandfield, Roslin, Midlothian,
EH259RF, UK.

GREENWOOD, Mr H.N. National Seed Development Organisation Ltd., Newton Hall, Newton,
Cambridge, UK.

GUPTA, Saila, Division of Genetics, Indian Agricultural Research Institute, New Delhi 11001 2, India.

HAL, J.G. van, 15 aghipg, c/o A.R. Zwaan & Zn b.v., Pr Mariannelaan 296, Postbox 992, 2270 AZ
Voorburg, The Netherlands.

HALLARD, Dr Jacques, 7 6 aghinopgsiu, 19 Rue de I'Epargne, 91700 Ste Genevieve-des-Bois, France.

HANACZIWSKYJ, Mr P., Dept. of Microbiology, University of Birmingham, P.O.Box 363, Birmingham
B152TT, UK.




82

HARBERD, Dr D.J., The Universty of Leeds, Department of Plant Sciences, Agricultural Sciences
Building, Leeds, LS2 9JT, UK.

HARDING, Mr R.A., 7 apg, Charles Sharpe & Co.Ltd., Boston Road, Sleaford, Lincolnshire, NG34 7HA,
UK.

HAWK, DrJ.A., University of Delaware, Department of Plant Science, Newark, Delaware 19711, USA.

HEANEY, Mr R.K., Food Research Institute, Colney Lane, Norwich, NR4 7VA, UK.

HEI LEUNG, Dept. of Plant Pathology, University of Wisconsin, 1630 Linden Drive, Madison, Wisconsin
537086, USA.

HEMINGWAY, Mr J.S., 45-acd-mprtu, Colman Foods, Carrow, Norwich, Norfolk, NR1 2DD, UK.

HENDRICKX, J.J.M., 2356 bcdginopfu, Mommersteeg International, Postbus 1, 5250 Viijmen,
The Netherlands.

HEPPEL, Dr Valerie A.F., 1234 bigkirt, Agronomy Dept., West of Scotland Agricultural College, Midpark,
Bankend Road, Dumfries, UK.

HERBERT, S.J., 72346 bk, Dept. of Plant & Soil Sciences, Stockbridge Hall, University of Massachusetts,
Amherst, MA 01003, USA.

HERNANDEZ-BERMEJO, Dr J.E., 12345 fknr, Catedra de Botanica Agricola, ET Sup. de Ingenieros
Agronomos, Universidad de Cordoba, C/Alameda del Obispo s/n, Cordoba, Spain.

HERVE, M.Yves, 7 aegmnopgrstu, Laboratoire du chou-fleur, Station d’Amelioration de Plantes, INRA,
B.P.23, 35650 Le Rheu, France.

HEYN, Dr F.W., 12356 abcghinopq, Feldsir. 36, D-2222 Marne, Fed.Rep.Germany.

HILL, Curtis B., Dept. of Plant Pathology, University of Wisconsin, 1630 Linden Drive, Madison,
Wisconsin 53706, USA.

HODGKIN, Dr T., 12345 akmnopqtu, Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA,
UK.

HOLLAND, Mr H., Asmer Seeds Ltd., Trials and Research Branch, Rigby’s Farm, Newburgh, Nr. Wigan,
Lancashire, WN8 7UQ, UK.

HONMA, Prof.S., 156 aghiop, Dept. of Horticulture, Michigan State University, East Lansing, Michigan

48824, USA.

HOSER-KRAUZE, Dr Julia, aip, Instytut Warzywnictwa, Zaklad Hodowli i Genetyki, Pracownia Hodowli,
ul. Kosciuszki 2, 96 - 100 Skierniewice, Poland.

HUIZER, A., 16 aefghijkimopgr, Jos Huizer Zaden b.v., PO Box 2003, Rijsoord 3210, The Netherlands.

HUMAYDAN, Dr H.S., 1246 aghiloptu, Harris Seed Co., 3670 Buffalo Road, Rochester, New York 1 4624,
USA.

HURKA, Prof. Dr H., Westfalische Wilhelms-Universitat, Botanisches Institut, Schiossgarten 3, D-4400
Munster, Fed. Rep. Germany.

IIZUKA, Prof.Dr M., Horticultural Department, Chiba University, Matsudo-shi 271, Japan.

INGRAM, Dr D.S., University of Cambridge, Botany School, Downing Street, Cambridge, CB2 3EA, UK.

INOMATA, Dr N., 72346 dops, Dept.of Biology, College of Liberal Arts & Sciences, Okayamna University,
2-1-1 Tsushima-Naka, Okayama 700, Japan.

IWASA, Prof. Dr S., 123456 anop, Dept. of Horticulture, Iwate University, Ueda 3-18-8, Morioka 020,
Japan.

JACKSON, J.C., National Vegetable Research Station, Wellesbourne, Warwick, CV35 9EF, UK.

JOHNSON, A.G., National Vegetable Research Station, Wellesbourne, Warwick, CV35 9EF, UK.

JOHNSTON, Dr T.D., 12356 befgikmpqr, 27 Penygraig, Aberystwyth, Dyfed SY23 2JA, UK.

JONES, Dr D.R., Agricultural Development and Advisory Service, Block 3, Government Buildings, Burghill
Road, Westbury-on-Trym, Bristol BS10 6NJ, UK.

JONSSON, J.0., Weibullsholms Plant Breeding Institute, Box 520, S-261 24 Landskrona, Sweden.

JONSSON, Dr N. Roland, 2 3 dglop, Svalof AB, $-26800, Svalov, Sweden., JU, Dr H.Y., Department
of Plant Science, Nova Scotia Agricultural College, P.O.Box 550, Truro, Nova Scotia, Canada B2N 5E3

JUNG, Dr G.A., USDA Regional Pasture Research Laboratory, Curtin Road, University Park, PA 16802,
USA.

JUNGE, Dr H., Bundesforschungsanstalt fur Gartenbauliche Pflanzenzuchtung, D-207 Ahrensburg/
Holst, Borinkampsweg, Fed.Rep.Germany.

KARWASRA, S.8., Dept. of Plant Pathology, Haryana Agriculiural University, Hissar-125004, India.

KATO, Mr M., 723456 aopgs, Ehime University, College of Agriculiure, Matsuyama 790, Japan.

KELLER, Dr W.A., Otiawa Research Station, Agriculture Canada, Ottawa, Ontario, Canada K1A 0C6

KiMBER, Mr D., National Institute of Agricultural Botany, Huntingdon Road, Cambridge, CB3 OLE, UK.

KIRK, Drd.T.O., CSIRO, Division of Plant Industry, Black Mountain, Canberra, ACT, Australia.



83-

KLASSEN, Dr A.J., Agriculiure Canada, 107 Science Cresc., Saskatoon, Sask., Canada S7N OX2

KLUCZEWSKI, S.M., Dept. of Botany, Imperial College, Silwood Park, Ascot, UK.

KOCH, Dr D., 723 bijkr, Dept.of Plant Science, Nesmith Hall, Univ. of New Hampshire, Durham,
NH 03824, USA.

KOSTER, Mr H., 1236 bedeghijkimnopgrstu, PO Box 10024, Nakuru, Kenya.

KOTECHA, Dr Ashok , Alberta Wheat Pool, Box 2700, 505-2nd Street S.W., Calgary, Alberta, Canada
T2P 2P5

KROEZE, H.F., Unilever Research, P.0.Box 114, 3130 AC Vlaardingen, The Netherlands.

KRZYMANSKI, Prof. Dr J., 3 dopgr, Instytut Hodowli y Aklimatyzacji Roslin, Oddzial Poznansko-
Gorzowski, 67 - 711 Poznan 2, ul Sieroca la, Poland.

KUMAR, Dr P.R., 2456 bdgkmnopgstu, Project Coordinator (Rapeseed & Mustard), ICAR Coordinating
Research Cell, Haryana Agricultural University, Hissar - 125004, India.

LAMMERINK, J., DSIR, Crops Research Division, Private Bag, Christchurch, New Zealand.

LEAL, Nilton Rocha, Estacao Experrimental de ltagui, PESAGRO-RIO, Seopedica, 23.460, Rio de
Janeiro, Brasil.

LEE BAOJIANG, Department of Horiiculture, Liaoning Agricultural College, Shenyang, Liaoning
Province, The People’s Republic of China.

LEFORT-BUSON, Dr M., Station d'Amelioration des Plantes, INRA, Domaine de la Motte-au-Vicomte,
BP 29, Le Rheu 35650, France.

LEMANSKY, P., Institut fur Angewandte Genefik, Freie Universitat Berlin, FB23 WESB, Albrecht Thaer
Weg 6, D-1000 Berlin 33, Fed. Rep. Germany.

LENNARD, Joseph H., 723456 g/, The Edinburgh School of Agriculture, West Mains Road, Edinburgh,
EH9 3JG, UK.

LEONARD, Nathan, 723 bfjkr, Dept. of Plant Science, Nesmith Hall, Univ. of New Hampshire, Durham,
NH 03824, USA.

LIBERAL, Mr T., Estacao Experimental De Itaguai, EMBRAPA/Pesagro-Rio, Km 47 Rodovia Rio-Sao
Paulo, 23460-Seropedica, ltaguai-Rj, Brasil.

LOH, C.-8., University of Cambridge, Botany School, Downing Street, Cambridge CB2 3EA, UK.

LUCAS, Dr J.A., Dept. of Botany, The University of Nottingham, School of Biological Sciences, University
Bank, Nottingham, NH7 2RD, UK.

LYNCH, Mr K.W., National Seed Development Organisation Ltd., Newton Hall, Newton, Cambridge, UK.

MACFARLANE-SMITH, Dr W.H., Scottish Crop Research Institute, Pentlandfield, Roslin, Midlothian,
EH259RF, UK.

MCDONALD, Dr R.C., 7 bejkriu, Woodlands Agricultural Research Station, Ministry of Agriculture &
Fisheries, No.1 R.D., Invercargill, New Zealand.

MCNAUGHTON, Dr LH., 12356 bdgilmnortu, Scottish Crop Research Institute, Pentlandfield, Roslin,
Midlothian, EH25 9RF, UK.

MACZAK, Bela, Vetomag Vallalat Kutatc Allomasa, H-6601 Szentes, Alsoret 154, Hungary.

MANGOLD, Mr H.K.,, Institut fur Biochemie und Technologie, Piusallee 68, D-4400 Munster,
Fed.Rep.Germany.

MARREWYK, Ir.N.P.A.van, 135 aghknopgt, RIVRO p/a, IVT, Postbus 16, 6700 AA, Wageningen,
The Netherlands.

MARTINEZ-LABORDE, Juan B., 5, Bacacay 1829-40 B, Buenos Aires 1406, Argentina.

MATSUZAWA, Mr Y., Agricultural Department, Utsunomiya University, 350 Mine-machi, Utsunomiya
320, Japan.

MATTUSCH, Dr P., 1-6 abcdfghkimnpt, Biologische Bundesanstalt, Institut fur Pflanzenschutz im
Gemusebau, Marktweg 60, 5030 Hurth-Fischenich, Fed.Rep.Germany.

MEDDENS, Ir F.P.S., Nunhems Zaden, PO Box 4005, 6080 AA Haelen, Holland.

MEER, Ir Q.P.van der, IVT, Postbus 16, 6700 AA, Wageningen, The Netherlands.

MERO, Mr Gene, Dept. of Horticulture, Michigan State University, East Lansing, M1 48824, USA.

MERRELL, Mr E.C., Joseph Harris Co. Inc., 3670 Buffalo Road, Rochester, NY 14624, USA.

MICHELLON, Monsieur R., |.R.A.T.-Reunion, 98487 St Denis Cedex, France.

MIDDLEFELL, Miss Jill E., Scottish Crop Research Institute, Pentiandfield, Roslin, Midlothian, EH25
9RF, UK.

MILLER, Christopher B., Petoseed Ce. Inc., Rt.4, Box 1255, Woodland, CA 95695, USA.

MITCHELL, Dr J., 7236 bfjkr, Dept.of Plant Science, Nesmith Hall, Univ.of New Hampshire, Durham,
NH 03824, USA.



84

MLYNIEG, Dr W., Polska Akademia Nauk, Institute of Plant Genetics Cytogenetics Laboratory, Ul. Nowy
Swiat 72, 00- 330 Warsaw, Poland.

MORRISON, Mr D, The North of Scotland College of Agriculture, Crop Husbandry Division, School of
Agriculture, 581 Knng Street, Aberdeen, AB9 1UD, UK.

MORTENSEN, Lekt.G., 35 bdefgikimnopgrstu, Den KGL.Veterinaer-Og Landbohojskole, Landbrugets
Plantekultur, Forsogsgarden Hojbakkegard, Agrovej 10, DK-2630 Taastrup, Denmark.

MOSCA, G., Istituto di Agronomia, Universita degli Studi, Via Gradenigo 6, 35100 Padova, italy.

MULLIN, Dr W.J., Agriculture Canada, Food Research Institute, Research Branch, Ottawa, Ontario,
Canada K'IAOCG

MUNRO, Miss I.K., Scottish Crop Research Institute, Pentlandfield, Roslin, Midlothian, EH25 9RF, UK.

MUNRO, J.M., 1234 g/, East of Scotland College of Agriculture, West Mains Road, Edinburgh, EH9 3JG,
UK.

MURRAY, G.M., Agricultural Research Institute, Wagga Wagga, NSW 2650, Australia.

MURRAY, Mr G.S., Department of Agriculture & Fisheries for Scotland, Chesser House, Gorgie Road,
Edinburgh EH11 3AW, UK.

MYLEHEEST, Miss S.J., Imperial College, Silwood Park, Ascot, Berkshire SL5 7PY, UK

NAKABAYASHI, Mr H., 1234 adkmru, Agricultural Department, Utsunomiya University, 350 Mine-machi,
Utsunomiya 320, Japan.

NAMAL, Dr H., 723456 abdnopgsu, Institute of Agriculture & Forestry, University of Tsukuba, Sakura-
mura Niihari-gun, Ibaraki-Ken 300-31, Japan.

NARAIN, Dr A., Division of Genetics, Indian Agricultural Research Institute, New Delhi 1 10012, India.

NEWMAN, Dr Pamela, Forage Oil and Potato Dept., Plant Breeding Institute, Maris Lane, Trumpington,
Cambridge, CB22LQ, UK.

NICHOLSON, Dr M., National Seed Development Organisation Ltd., Newton Hall, Newton, Cambridge,
UK.

NICOLAS, Mile Claire, 3 bcdp, I'Occitane des Semences, Ferme experimentale “MANAUT", Pibrac
31490 Leguevin, France.

NIU XIN KE, Vegetable Research Institute, Chinese Academy of Agricultural Sciences, Peking,
The People's Republic of China.

NUNES, Gilda Pinheiro, Universide Federal de Pelotas, Faculdade de Agronomia ‘Eliseo Maciel’, CP
354, 96-100 Pelotas, RS,Brasil.

OCKENDEN, Dr D., 75 aimnopg, National Vegetable Research Station, Wellesbourne, Warwick,
CV359EF, UK.

ODENBACH, Prof.Dr Werner, 12356 bedpg, Institut fur Angewandte Genetik, Freie Universitat Berlin,
FB23 WES, Albrecht Thaer Weg 6, D-1000 Berlin 33, Fed.Rep.Germany.

OHKAWA, Mr Y., 3 p, Division of Genetics, National Institute of Agricultural Science, 3-1-1 Kannondai,
Yatabe-Machi, Tsukuba-Gun, Ibaragi 300-21, Japan.

OLIVIERI, Dr A.M., 3 dkopr, Istituto di Agronomia, Universita degli Studi, Via Gradenigo 6, 35100 Padova,
ltaly.

OLSSON, G., 12356 dklopqr, The Swedish Seed Association, Fack, S-268 00 Svalov, Sweden.

OOST, Ir. E. H 123456 not, Dept.of Taxonomy of Cultivated Plants & Weeds, Agricultural University,
Haagsteeg 3, 6708 PM Wageningen, The Netherlands. )

ORAM, R.N., CSIRO, Division of Plant Industry, PO Box 1600, Canberra City, ACT 2601, Australia.

ORTON, Dr T.J., Dept. of Vegetable Crops, University of California, Davis, CA 95616, USA.

OSBORN, Tom, Dept. of Plant Pathology, University of Wisconsin, 1630 Linden Drive, Madison,
Wisconsin 53706, USA.

PAL, Dr A.B., 7 ap, Indian Institute of Horticultural Research, 255 Upper Palace Orchards, Bangalore
5600086, Karnataka State, India.

PARRINL, Dr P., Istituto di Agronomia, Universita degli Studi, Via Gradenigo 6, 35100 Padova, ltaly.

PEARSON, A. W Food Research Institute, Colney Lane, Norwich, NR4 7VA, UK.

PEDERSON, Mr Chr., a/s L.Daehnfeldt Odense, P.O.Box 185, DK-5100 Odense C, Denmark.

PETERSEN, Mr H.L., 3 beghikq, Royal Veterinary & Agricultural University, Dept. of Crop Husbandry &
Plant Breeding, T‘worvaldsensvej 40, DK-1871 Copenhagen V, Denmark.

PICKFORD, Mr M.A., Twyford Seeds Ltd., Kings Sutton, Banbury, Oxon, OX17 3QW, UK.

PISTRICK, K., Zentralinstitut fur Genetik und Kulturpflanzenforschung, DDR 4325 Gatersleben,
Corrensstrasse 3, German Dem. Rep.

POULOS, Jean M., 55 Sunset Lake Road, Bridgeton, New Jersey 08302, USA.

POULSEN, Mr H., Danish Plant Breeding Ltd., Boelshoj, 4660 Store Heddinge, Denmark.



85

PRAKASH, Dr S., Division of Genetics, Indian Agricultural Research Institute, New Delhi 110012, India.

PRASANNA, K.Pr., 13 aglu, Dept. of Agricultural Botany, Edinburgh University School of Agriculture,
West Mains Road, Edinburgh, UK.

PROUDFOOT, K.A., 3 aglpr, Research Station, Agriculture Canada, St John's, Box 7098, Newfoundland,
Canada A1E3Y3

RAUT, R.N., Division of Genetics, Indian Agricultural Research Institute, New Delhi 110012, India.

RAWLINSON, Dr C.J., Plant Pathology Dept., Rothamsted Experimental Station, Harpenden, Herts
AL52JQ, UK.

REDFERN, A.J., Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, UK.

RENARD, M., 12356 bdegilnopgrs, Station d’Amelioration des Plantes (1.N.R.A.), P B 29, 35650 Le Rheu,
France.

REUTHER, Prof. Dr G., Institut fur Botanik, Forschungsanstalt, 6222 Geisenheim, Fed. Rep.Germany.

RILEY, K.W., 4 dp, Oilcrops Technical Advisor, Institute of Agricultural Research, Holetta Station,
P.0.Box 2003, Addis Ababa, Ethiopia.

RIMMER, Dr S.R., Dept. of Plant Science, University of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2

ROBAK, Mr J., Instytut Warzywnictwa, 96-100, Skierniewice, Poland.

ROBBELEN, Prof. G., 36 dmopr, Institut fur Pflanzenbau und Pflanzenzuchtung, Von Siebold Strasse
8, D-3400 Gottingen, Fed. Rep. Germany.

ROBBINS, Prof. M. LeRon, 72 agkp, College of Agricultural Sciences, S. C. Agricultural Experimental
Station, Coastal Branch Station, P.O.Box 30158, Charleston, South Carolina 29407, USA.

ROGGEN, Dr F., 12 amgr, Institute for Horticultural Plant Breeding, I.V.T., P.O.Box 16, Wageningen,
The Netherlands.

ROHM-RODOWALD, E., Polska Akademia Nauk, Institute of Plant Genetics, Cytogenetics Laboratory,
Ul. Nowy Swiat, 00-330 Warsaw, Poland.

ROUSSELLE, Dr P., 356 dopgq, Station d’Amelioration des Plantes, .N.R.A., Domaine de la Motte-au-
Vicomte, BP 29, 35650 Le Rheu, France.

ROUXEL, Francis, INRA Station de Pathologie Vegetale, Domaine de la Motte, 35650 Le Rheu, France.

RUDGARD, S.A., Imperial College, Silwood Park, Ascot, Berks., UK.

SABARIEGO, Dr E., Escuela Ingenieria Tecnica Agricola, Deputacion Provincial, Departamento de
Fitopatolia, Plaza del Triunfo 3, Sevilla4, Spain.

SAHARAN, G.S., Dept. of Plant Pathology, Haryana Agricultural University, Hissar 125004, India.

SAMADDAR, DrK.R., 1234 adghilmps, Dept.of Botany, Kalyani University, Kalyani, West Bengal, India.

SARASHIMA, Dr M., 7-6 abedkopqu, Professor, Agricultural Depariment, Utsunomiya University,
350 Mine-machi, Utsunomiya 320, Japan.

SCHELLER, Dr H., 72345 bcdkp, Bayerische Landesanstalt fur Bodenkuliur und Pflanzenbau,
Vottingerstrasse 38, 8050 Freising, Fed.Rep.Germany.

SCHENK, H.R., Institut fur Pflanzenbau und Pflanzenzuchtung, Von Siebold Strasse 8, D-3400
Gottingen, Fed.Rep.Germany.

SCHAUDOLF, Prof.Dr H., Universitat Ulim, Abt.Allg.Botanik (Biol.ll), Oberer Eselsberg, 7900 Ulm
(Donau}, Fed.Rep.Germany.

SCHULTZ, Mr P.E., 7 akprtu, Nestle Enterprises Inc., Agricultural Research Centre, Read Road,
Route 3, Janesville, Wisconsin 53545, USA.

SCOTT, Miss Eileen, 3 dghm, Plant Breeding Institute, Maris Lane, Trumpington, Cambridge CB2 2L.Q,
UK.

SERNYK, Prof. Larry, 236 dop, Dept.of Plant Science, University of Manitoba, Winnipeg, Manitoba,
Canada R3T 2N2

SHANDS, H.L., k, Dekalb Ag Research Inc., Rt 2 - Box BAA, Glyndon, Minnesota 56547, USA.

SHERF, Prof. A.F., Department of Plant Pathology, 334 Plant Science Building, Cornell University,
Ithaca, New York 14853, USA.

SHIGA, Dr T., 712346 adkoqu, National Center Agricultural Experiment Station, Kuriyama 1055,
Yotsukaido, Inba, Chiba 284, Japan,

SIMPKINS, Dr ., School of Natural Sciences, The Hatiield Polytechnic, P.0.Box 109, College Lane,
Hatfield, Herts, AL6 9JE, UK.

SLOTEN, D.H. van, International Board for Plant Genetic Resources, FAQ Plant Production and
Protection Division, Via delle Terme di Caracalla, 00100 Rome, Italy.

SMITH, Mr B., National Vegetable Research Station, Wellesbourne, Warwick, UK.

SMITH, Mr P., Department of Applied Biology, University of Cambridge, Pembroke Street, Cambridge
CB23DX, UK.



86

SMITH, Mr P., 16 anops, Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, UK.

SMITH, MrR., 7 abgkimopagr, Elsoms Seeds Ltd, Spalding, Lincs, PE11 1QG, UK.

SMITH, Dr R.H., abr, Rowett Research Institute, Greenburn Road, Bucksburn, Aberdeen, AB2 9SB, UK.

SOBRINO VESPERINAS, E., 236 bdnpgt, Compania Espanola de Cultivos Oleaginosos S.A., Cecosa,
Genova 9-4, Madrid-4, Spain.

SOVERO, Matti, 23456 degnopru, Institute of Plant Breeding, SF 31600 Jokioinen, Finland.

SPALONY, Mr L., 1235 dmor, Polish Academy of Sciences, Institute of Plant Genetics, 60-479 Poznan,
ul. Strzeszynska 30/36, Poland.

SPINKS, Mrs E.A., Food Research Institute, Colney Lane, Norwich, NR4 7VA, UK.

STEFFANSSON, Prof. B.R., 236 dghioprtu, University of Manitoba, Dept of Plant Science, Winnipeg,
Manitoba, Canada R3T 2N2

STOLEN, Olav, Royal Veterinary and Agricultural University, Dept. of Crop Husbandry and Plant
Breeding, Thorvaldsensvej 40, DK-1871 Copenhagen V, Denmark.

STOLK, Miss A.H., 23 dnpgrt, Pyne Gould Guinness Ltd., P.0O.Box 112, Christchurch, New Zealand.

SVADS, WIr H.C., 12356 befghkimpq, Agricultural University of Norway, Dept.of Farm Crops, P.O.Box
41, N-1432 As-NLH, Norway.

SWARUP, DrV., 7 aghnopgtu, Division of Vegetable Crops and Floriculture, Indian Agricultural Research
Institute, New Delhi 110012, India.

SZYLD, Lech, Polish Academy of Sciences, Institute of Plant Genetics, Strzeszynska 30-36, 60-479
Poznan, Poland.

TAKAYANAGI, Dr K., 34 anop, Department of Breeding, Vegetable and Ornamental Crops Research
Station, Ano, Mie 514-23, Japan.

TAl, Prof.William, 234 os, Dept. of Plant Science, University of Manitoba, Winnipeg, Manitoba, Canada
R3T 2N2 -

TAN QI MENG, Prof., Department of Horticulture, Liaoning Agricultural College, Shenyang, Liaoning,
The People's Republic of China.

TAO GUO HUA, Mrs, Beijing Academy of Agriculiural Science, Banjing, Beijing, The People's Republic
of China.

TAYLOR, Mr J.P., 13 bdopgr, Plant Breeding Institute, Maris Lane, Trumpington, Cambridge, CB2 2LQ,
UK.

THOMAS, Dr R.L., R.L. Thomas (and Associates) Ltd., Plant Breeders, 5/7 Whittal Street, Kings Sutton,
Nr.Banbury, Oxon., UK.

THOMPSON, Dr K.F., 3 dopgr, Plant Breeding Institute, Maris Lane, Trumpington, Cambridge, CB2 2LQ,
UK. ‘

THORNTON, Mr M., Hurst Crop Research & Development Unit, Gt.Domsey Farm, Feering, Colchester,
Essex CO5 9ES, UK.

TITZ, Prof.Dr W., 56 nopq, Botanisches Institut und Botanischer Garten der Universitat Wien, Rennweg
14, A-1030 Wien, Austria.

TJEERTES, Ir P., 7246 abcpgs, Sluis en Groot, P.O.Box 13, Enkhuizen, The Netherlands.

TOKUMASU, Prof. Satoru, 123456 dmopgsu, Ehime University, College of Agriculture, Matsuyama 790,
Japan.

TOOKEY, H., Dept. of Plant Pathology, University of Wisconsin, 1630 Linden Drive, Madison, Wisconsin
53706, USA.

TOXOPEUS, Ir H., 123456 bcdghikimnopgru, Stichting voor Plantenveredeling, PO Box 117,
Wageningen 6140, The Netherlands.

TSAU SHOU CHUN, Prof., Department of Horticulture, Nanjing Agricultural College, Nanjing, Kiangsu,
The People’s Republic of China.

TSUNODA, Prof. Dr S., Faculty of Agriculture, Tohoku University, 1-1 Amamiyamachi, Tsutsumidori,
Sendai, Japan.

VAUGHAN, Dr J.G., Biology Dept., Queen Elizabeth College, Campden Hill Road, London W8, UK.

VENTRE, Valerie C., Associate Plant Breeder, Plant Genetics, 1930 Fifth Street Suite A, Davis, California
95616, USA.

VIGLIOLA, Ing Agr Mrs M., Catedra de Horticultura, Facultad de Agronomia de Buenos Aires, Av. San
Martin 4453, Buenos Aires, Argentina.

VOLTAN, R., Istituto di Agronomia, Universita degli Studi, Via Gradenigo 6, 35100 Padava, ltaly.

WALE, Dr S.J., Agricultural Botany Division, School of Agriculture, 581 King Street, Aberdeen, AB9 1UD,
UK.

WALKER, Dr J.C., 14016 N.Newcastle Drive, Sun City, Arizona 85351, USA.



87

r

WALLACE, Dr D.H., Department of Vegetable Crops, Cornell University, lthaca, New York, USA.

WARDLE, K., School of Natural Sciences, The Hatfield Polytechnic, P.O.Box 109, College Lane, Hatfield,
Herts, AL 9JE, UK.

WATANABE, Mr E., 723456 abcghijlimnopgstu, Breeding Director, Watanabe Seed Co. Ltd., PO Box
No.4,
Kogota, Miyagi 987, Japan.

WEI YUTANG, Dept. of Horticulture, Liaoning Agricultural College, Shenyang, Liaoning Province,
The People’s Republic of China.

WEIR, Kathryn, Agway Inc., Vegetable Seed Farm, Box 356, Prospect, PA.16052, USA.

WERNER, Dr D.J., Department of Horticulural Science, NC State University, Box 5216, Raleigh,
NC 27650, USA.

WESTERLUND, Mr F., Moran Seeds Inc., 1155 Harkins Road, Salinas, California 93901, USA.

WHITEAKER, Dr G., Alf. Christianson Seed Co., Mt.Vernon, PO Box 98, Washington 98273, USA.

WIERING, D., 7 aghijiopq, Royal Sluis, Afweg 31, 6702 PD Wageningen, The Netherlands.

WILKINS, Mr R.0., Joseph Harris Co.Inc., 3670 Buffalo Rd., Rochester, New York 14627, USA.

WILKINSON, A.P., Chemistry & Biochemistry Division, Food Research Institute, Colney Lane, Norwich
NR4 7UA, UK.

WILLIAMS, Dr P.F., 123456 aeghilopqr, Department of Agriculture, PO Box 303, Devonport, Tasmania
7310, Australia. ,

WILLIAMS, Prof. P.H., Dept. of Plant Pathology, 1630 Linden Drive, University of Wisconsin, Madison,
Wisconsin 53706, USA.

WILLIAMSON, Dr Cynthia J., 72345 bghijlop, Scottish Crop Research Institute, Pentlandfield, Roslin,
Midlothian, EH25 9RF, UK,

WILLS, Dr A.B., 146 anopgrs, Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, UK.

WISEMAN, Mrs E., 746 aopgr, Scottish Grop Research Institute, Invergowrie, Dundee, DD2 5DA, UK.

WOODS, Dr D.L., Agriculture Canada, 107 Science Cresc., Saskatoon, Sask., Canada S7N OX2

WRATTEN, Neil, Agricultural Research Institute, Wagga Wagga, New South Wales 2650, Australia.

WRIGHT, DrD.S.C., DSIR, Crops Research Division, Private Bag, Gore, New Zealand.

YADAVA, Dr T.P., 2456 bdgklmnopgstu, Project Leader, Department of Plant Breeding, Haryana
Agricultural University, Hissar - 125004, India. '

YAMAGISHI, Dr H., 36 anop, Vegetable and Ornamental Crops Research Station, Ano, Mie 514-23,
Japan.

YUKURA, DrY., 1235 aghikopq, 46 - 7 3 - Chome, Miyasaka, Setagaya-Ku, Tokyo, Japan.

ZANTEN, Ir J.E.V. van, 1256 abcghinpg, c/o Sluis en Groot, PO Box 13, Enkhuizen, The Netherlands.

ZHOA GUOYO, Dept. of Horticulture, Liaoning Agricultural College, Shenyang, Liaoning Province,
The People’s Republic of China.

ZIELINSKA, K., Polska Akademia Nauk, Institute of Plant Genetics, Cytogenetics Laboratory, Ul. Nowy
Swiat 72, 00-3300 Warsaw, Poland.

ZWIERZYKOWSKA, Elzbieta, Polish Academy of Sciences, Institute of Plant Genetics,
Strzeszynska 30-36, 60-479 Poznan, Poland.

ORGANISATIONS

Agricultural Research Centre, Library, SF-31600, Jokioinen, Finland.

Agriculture Canada, The Library, Research Station, Research Branch, 107 Science Crescent,
Saskatoon, Sask., Canada S7N 0X2

Bejo Zaden B.V., PO Box 9, Dorpstraat 612, 1722 ZG Noordscharwoude, Holland.

The Asian Vegetable Research and Development Center, Library, P.O.Box 42, Shanhua, Tainan, 741,
Taiwan, Republic of China.

The British Library, Serials Acquisitions, Lending Division, Boston Spa, Wetherby, West Yorkshire
LS237BQ, UK.

The British Library, Periodicals Aquisitions, Science Reference Library (A), 25 Southampton Buildings,
Chancery Lane, Londen WC2A 1AW, UK.

CETIOM Documentation, 3 d-u, 174 Avenue Victor Hugo, 75116 Paris, France.

UNIDAD BOTANICA CEFAPRIN, (Ceniro de Estudios Farmacologicos y de Principios Naturales),
Library, Serrano 661, 1414 Buenos Aires, Argentina.

Chemical Abstracts Service, Library, PO Box 3012, Columbus, Ohio 4321 0, USA.

Commonwealth Bureau of Plant Breeding & Genetics, Department of Applied Biology, Cambridge,
CB23BX, UK.



88

Conservatoire et Jardin Botaniques, F.Maiullari - Librarian, Periodicals Dept.; Chemin de I'lmperatrice
1, Case postale 60, CH-1292 Chambesy 'GE, Switzerland.

De Danske Sukkerfabrikker, The Breeding Station "MARIBQ", Bente Christensen - Librarian, P.O.Box
32, 14 Hojbygaardsvej, DL-4960 Holeby, Denmark.

Eucarpia, The Secretary, PO Box 128, Wageningen, The Netherlands.

Foundation for Agricultural Plant Breeding, Library de Haaff, PO Box 117, 6700 AC, Wageningen,
The Netherlands.

Les Graines Caillard, Chemin de Pouille, 49130 Les Ponis De Ce, France.

Indian Agricultural Research Insitute, The Library, Regional Station, Kanpur 208024, U.P., India.

Institut za Oplemenjivanje i Proizvodnju Bilja, Biblioteka Rugvica, 41000 Zagreb, Marulicev trg 51,
Yugoslavia.

Instituut voor Plantenveredeling, Bibliotheek, Postbus 386, 6700 AJ Wageningen, The Netherlands.

International Plant Breeders, Chemin de St.Marc, Cartier le Basoidalet 84120, Perluis, France.

Lincolnshire Seed Growers Assoc., P.O.L.Davies, Agriculture House, Woodhall Spa, Lincolnshire, UK.

National Seed Development Organisation Ltd., Librarian, Newton Hall, Newton, Cambridge, UK.

Plant Breeding Institute, Librarian, Maris Lane, Trumpington, Cambridge, CB2 2LQ, UK.

Plant Breeding Station, Cebeco-Handelsraad 36, Postbox 139, 8200 AC Lelystad, The Netherlands.

Plant Genetics, 1930 Fifth Street Suite A, Davis, California 95616, USA.

Regional Agricultural Research Institute, The Library, PO Box 9, Menemen Izmir, Turkey.

Royal Sluis, Research & Development Dept., Postbox 22, Enkhuizen, Holland.

Scottish Crop Research Institute, The Librarian, Invergowrie, Dundee, DD2 5DA, UK.

Scottish Crop Research Institute, The Librarian, Pentlandfield, Roslin, Midiothian, EH25 9RF, UK.

Sinclair McGill Ltd., Research & Development Department, Plant Breeding & Trials Station, Yonderion
Farm, Dalrymple, Ayrshire, UK.

Ministere de I'Agriculture, Madame L.Laterrot - Bibliothecaire, Station d’Amelioration des Plantes
Maraicheres, BP 894, Domaine St.-Maurice, 84140 Montfavet, France.

Svalof AB, Library, 5-268 00 Svalof, Sweden.

Unilever Research Laboratorium Vlaardingen, Library, PO Box 114, 3130 AC Viaardingen,
The Netherlands.

University of Western Australia, Reid Library, Mrs K.Edwards, Periodicals Department, Nedlands,
Western Australia 6008.

Vandenberg B.V., Pr.Julianstraat 23, Postbox 25, 2670 AA Naaldwijk, Holland.

Key to professional interests

Genera and species Disciplines
1, Brassica oleracea k. Agronomy
2. Brassica campestris (rapa) 1. Pathology
3. Brassica napus m. Physiology
4. Brassica other species n. Taxonomy and Evolution
5. Other genera (including resources and
6. Interspecific & inter-generic gene banks)
hybrids . Genetics and cytology

Usage
. Mating systems

o
p. Breeding

q

r. Nutrition and chemical

a. Vegetables and condiments

b, godder composition
;. O?Ten ganure ) S. In vitro culture
« Y1l and protein t. Variety testing (including
Pests, diseuses snll aads National Lists and Breeders
iy rights)
f- ﬁ léa— u. Seeds, production and
. Weeds performance
g. Fungal
h. Bacterial
i. Viral
J+ Mineral



CONTENTS (CONTD.) ' Page

SHYAM PRAKASH and R. N. RAUT. Brassica napus - its synthesis
and prospects as an oilseed crop in India. 32-33

H. YAMAGISHI and K. TAKAYANAGI. Cross-compatibility of Hakuran
(artificially synthesised Brassica napus) with Brassica

vegetables. 34-35
MIROSLAWA BALICKA. Some features in F3 generation of synthetic

Brassica napus. 36
I. H. McNAUGHTON. Raphanobrassica in retrospect-and prospect. 37-40

KEITH WARDLE and IVOR SIMPKINS. The effect of exogenous abscisic
acid (ABA) on the development of cauliflower curd explants
in vitro. 4142

T. HODGKIN, A. MARR, E. WISEMAN. In vitro germination of <L
Brassica pleracea pollen. 43-44

CURTIS B. HILL, PAUL H. WILLIAMS, HARVEY L. TOOKEY, DIANA G.CARLSON
and MELVIN E. DAVENBICHLER. Glucosinolates in oriental
Brassica vegetables. 45-46

CURTIS B. HILL, PAUL H. WILLIAMS, DIANA G. CARLSON and
HARVEY L. TOOKEY. Genetics of glucosinolates in Crucifers. 46

J. E. BRADSHAW, R. K. HEANEY, G. R. FENWICK and I. H. McNAUGHTON.
The glucosinolate content of leafy cruciferous fodder crops. 47

J. E. BRADSHAW and R. BORZUCKI. Breeding for low SMCO and low SCN™
contents in fodder kale. 48-49

S. GOWERS, R. EDhZUEKI and D. J. GEMMELL. Hardness and chemical
composition of swedes. 50-51

R. VOLTAN, G. MOSCA, A. M. OLIVIERI. Protein evolutiaon during
ripening in winter, summer and F2 rapeseed. 52-53

A. P. WILKINSON. Myrosinase (thioglucoside glucohydrolase) in
Brassicas. 54

NATHAN LEONARD. The potential of forage Brassicas in the
Northeastern United States. 55-56

XIN-KE NIU, HEI LEUNG and PAUL H. WILLIAMS. Sources and nature
of seedling resistance to downy mildew and turnip mosaic in
Chinese cabbage. (Brassica campestris ssp.pekinensis) 57

S. S. KARWASRA and G. S. SAHARAN. Two new diseases of Chinese
cabbage (Brassica pekinensis (L)). 58-59

KOTHANUR P.R.PRASANNA and J. H. LENNARD. Incidence of Alternaria
infection in oil seed rape (Brassica napus L.) crops in
Scotland. 60-61

NEIL WRATTEN and GORDON M. MURRAY. . A population improvement
approach for developing resistance to blackleg in rapeseed. 62

GEORGE BOUDART. The black-leg disease: some aspects of the host-
parasite relationship. 63-64

Contents continued on back of cover.







