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Introduction 
Main targets of rapeseed breeding in Japan have been earlier maturation, shorter 

height, resistance for lodging, higher higher disease resistance, higher oil content 
and higher winter hardiness. Until recently the only measure of oil quality was the iodine 
number. For most of the oils this measure of the degree of unsaturation seems to be sufficient, 
hut the iodine number is a crude measure when applied to rapeseed oil which may vary con· 
siderably in its content in unsaturated acids: oleic, linoleic, linolenic, eicosenoic and erucic acids. 

The development of gas-liquid chromatography by James and Martin (1952) has 
provided a new and powerful tool for semi-micro and micro-analysis. The rapid extension of 
this method to fats and oils has made possible the separation of small quantities of fatty acid 
esters. Craig and Murty (!958, 1959) and Craig and Wetter (1959) investigated the variation in 
fatty acid composition or oil quality within and between rapeseed cultivars and close relatives 
using gas chromatography. A knowledge of the fatty acid composition of oil from different 
rapeseed cultivars is valuable in breeding programs for oil quality. 

The suitability of vegetable oil for any specific purpose is determined by its content in 
certain fatty acids. Table 1 shows fatty acid composition of rapeseed and other oily crop seeds. 
linseed and perilla oils rich in linolenic acid are valued for industrial purposes. Safflower, 
peanut, corn, sunflower, sesame and cotton oils rich in linoleic acid are for edible use. Soybean 
and rapeseed oils containing 8 to 9 percent linolenic acid are poor quality edible oils. The 

Table L Fatty acid composition of oil in rapeseed and other oily crop seed. 

Pal Stc 
Crop 

16:0 18:0 
----~--· --~~·--~-----· 

Brassica napus* 4.0 
Brassica campesrris* 29 
Soybean* 11.5 
Olive* 14.6 
Peanut * 10.1 
Sesame ** 7.5 
Corn* 12.1 
Sunflower* 7.2 
Saft1owcr * 7.2 
Cotton ** 17.5 
Linseed * 6.1 
Perilla * * 6.1 

* 
** 

After Downey, R. K. (1963). 
After Lee and Shiga ( 1974). 

1.5 
1.1 
3.9 
3.1 
3.2 
4.8 
2 3 
4.1 
2.1 
2.8 
3.8 
1.5 

*** Present as behenic and lignoceric acids. 

Ole Lin Lnl fie 
18:1 18:2 18:3 20 l 

·~-~-- ---~-----------

I 7.0 13.0 9.0 14.5 
33.6 17.9 9.4 11.5 
24.6 52.0 8.0 p 
76.2 5.5 0.6 0 
53.9 24.2 0 3.3 
39.4 44.9 1.8 () 

28 7 56.2 0.7 0 
j 6.2 72.5 0 0 
9.7 81.0 0 0 

17.9 61.9 0 0 
15.5 15.3 59.3 0 
18.8 20.3 53.3 0 

Eru 
22.1 

---~-~--

410 
23.5 

0 
0 

3.2*** 
() 

0 
0 
0 
0 
0 
0 

Key. Pal: palmitic, Ste: stearic. Ole: oleic, Lin: linoleic. Lnl: linolenic, Eic: eicosenoic and Eru: erucic acid. 
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acid cultivars. 

of erucic 

a 
a record 

erucic acid content among Asian cultivars, seed samples of 
21 European cultivars (used as comparison) were 

Oil was extracted from self pollinated seeds obtained from 

in mortar and with 2 ml 
acid was transmethylated in 1 ml of sodium 

liter of methanol for half an hour and cooled to 
was neutralized 1 N H2 S04 and washed with distilled water 

Hexane was by Na 2 S04 (sodium sulfate, 
filtration of the sample, the solvent was dried up in vacuum, the 
acid was dissolved with 1 ml ether and loaded in gas 

acid esters were Shimazu GCABPF gas chromatograph equipped 
with t1ame ionization detector. Gas operated at 200°C with 60 ml/min nitrogen 

stainless steel column ( 3 mm x 3 m) packed with l 0% poly-diethylene 
60-80 mesh Chromosorb AW. The peak area was calculated from 

and width of the half height of the peak on the recorder charL 
linoleic, eicosenoic and erucic acids were clearly 



Variation 
cultivars. 

Asian and European rapeseed 
( l974a). 

1 shows erucic acid content of oil from Asian and European cultivars. The 
rapeseed oil from Korean and Formosan cuitivars was rich in erucic and low in oleic 

while the oil from cultivars was low in erucic and high in oleic acid, but 
seen in the linoleic acid content of oil from Asian and European cultivars. 

to the Asian weather 

among Asian cultivars which 
have not yet been found. conclude that usc of low erucic acid lines 
introduced from 

identical cultivars grown at different climatic 
Seed were obtained from 10 open 

and Mokpo, 7 cultivars grown in and 

Fig. 2. Location of four stations in Japan and Korea. 
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Location 

Koriyama 

Mokpo 

Cheju 

Mokpo 

Table The average fatty acid content of oil cultivars grown in 
and Mokpo, 7 cu!tivars grown in Cheju and Mokpo 7 
grown in Gangreung and Mokpo. 

Pal 

3.4 

3.0 

3.3 

2.8 

Ste 
18 0 

1.0 

l.O 

1.0 

Ole 
18 1 

14.3** 

11.6 

3.3 

11.9 

Lin 
18:2 

15.4** 

14.0 

15.2* 

12.6 

8:3 

9.0 

10.4** 

11.2* 

8.6 

Eic 
20:1 

8.7 

9.1 

9.0 

Eru 

., 
I 

---~~·~--~----

Gangreung 3.4 0.9 15.7* 16.2* 

Mokpo 3.1 i.l 12.2 14.2 

Name of cultivars analyzed was shown in Lee eta/. ( 197 Sa) 
** significant at the 1% level. *: significant at the 5% level. 

9.0 9.7 42.8 

9.4 8.8 50.0** 

and cultivars grown in and Table 2 shows the average 
values of fatty acid content in oil from rapeseed cultivars grown in four different locations. 
These results indicated that the oil of rapeseed grown in Mokpo had a higher erucic acid 
content compared with the oil of rapeseed grown in other locations. 

In order to elucidate the cause of higher erucic acid content of oil from rapeseed grown 
in Mokpo, the relationship between accumulated average air temperature during ripening 
period and erucic acid content of oil from rapeseed grown in the four locations was examined. 
as shown in Fig. 3. A negative correlation was observed between accumulated average temperature 
and erucic acid content. It was considered that the reason for high erucic acid content in the 
Mokpo plants was that Mokpo had small amount of accumulated average air temperature during 
the ripening period compared with three other locations. These findings indicated that Mokpo 
is a good location for the selection of low erucic acid rapeseed cultivars. 

Fig. 3. 
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Relationship between accumulated average temperature during ripening 
period and erucic acid content in oil from 10 cultivars grown in Koriyama 
and Mokpo, 7 cultivars grown in Cheju and Mokpo and 7 cultivars grown 
in Gangreung and Mokpo. Name of cultivars analyzed was shown in 
Lee et al. ( 1975a). **;significant at the 1% level. 



Asahi-natane were crossed 
4 shows this breeding 

Fig. 4. Breeding procedure for fatty acid composition in rapeseed in Japan and 
Korea. *. intercross between zero-erucic acid F3 plants. 
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the crosses between summer Canadian line 
and many hybrid seeds were obtained. 

were grown in the field and seeds were obtained by selfing. All 
F 1 heterosis in yielding There were differences between 
characteristics of reciprocal hybrids. Canadian line as female parent the hybrids had 
higher and ear length but they were lodging prone. On the basis of these 
results, it was considered that many Japanese types with shorter plant height and resistance to 
lodging would appear in the progeny of crosses using Japanese cultivar as female parent. 

seeds were divided into two groups. The first group which consisted of F 2 seeds 
resulting from the crossing between Chisaya-natane and zero-erucic acid Canadian line was 
sown in paper pot on August 23, 1971. The other group was sown in the field in September, as 
mentioned later (see Fig. The former was vernalized at low temperature and grown in 
the green house. The seed samples from 70 F2 plants were obtained early in March next year 
and their fatty acids were analyzed by gas chromatography. Five zero-erucic acid seed samples 
were found and immediately sown in the nursery on March 29. After transplantation in the field 
they were maintained by selfing and also intercrossed in order to get as soon as possible the 
Japanese type with seed oil free from erucic acid. plants resulting from selfing of F3 as 
well as subsequent generations were grown during the usual season in the field. By proceeding 
to a selection in each generation, the high yielding plants with desirable agronomic characteristics 
were selected from the progenies of these crosses. 

As previously mentioned (see Fig. 4), the F 1 hybrid plants resulting from intercrosses 
between zero-erucic acid plants were grown in the field and F 2 seeds were obtained by selfing. 
According to the breeding program, F 2 generation and subsequent generations were grown in 
the field. Many Japanese type plants with oil free from erucic acid were easily selected from 
the progenies of these crosses. 

The remaining seeds resulting from reciprocal crosses, zero-erucic acid line X Chisaya-
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Table Segregation 

population 

in the green house 

Chisaya X 0-erucic 

in the field 

from selected 

Analyzed 
plams 

70 

0-erucic X Chisaya 49 

Chisaya X 0-erucic 50 

Total 99 

0-crucic X Norin 16 

Norin 16 X 0-crucic 

Total 

0-erucic X Asahi 

Asahi X 0-erucic 

Total 

50 

47 

97 

59 

48 

107 

0 

5 

-' 
7 

3 

2 

65 

47 
92 

56 

46 

of 

than 

0.0953 

0.3061 

0.0053 
0 11 ,iJ 

.5413 

1.5446 

0.0006 

0.1367 

0.3555 

04542 

ratio 

0.80-(),70 

0.70-0.50 

0.95-0.90 

0.80-0.70 

0.30-0.20 

0.30-0.20 

0.99-0.98 

0.80-0.70 

0.70-0.50 

0.70-0.50 
----------------~~--~~-----·~------•- ----~~-~-~-•--•--- ~--m---·-------·-------~--~-------------

--------.----~----·-------~---------·-·-------·-•-••----- --------------·---·--------------~---·-----------~-- ---··-·-···--·-

Total 363 

Each zero-erucic acid F 3 seed 
at the Rapeseed Breeding 
Station, Korea. In both Breeding 
characteristics were selected in the 
plant height, ear 
lines in both Stations. 

0.0046 0.95-0.90 

was divided into two groups. One group was grown 
and the other group was grown at the Mokpo Branch 

Stations the excellent with desirable 
of those seeds. Table 4 shows 

,000 seed and seed 



Maturity date, ear 

Cmp 

"- """''"~--------~---, .. """-" ------ -' 
-~~~--~-~~--~--~,~--~·- -~- --------·---~--~ ---~---~ 

Transpbnti11g 

Chisaya-nat;·;ne X 

Chi~ay(_HJ:lli.H1C 

r3 
('l1isa~/a-na t;~n~~ 

ChlsJya-natane 

Zero-erucic 

Chbaya-natane X 
z,,ro-eru cic 1 tl 

Chi:-.aya-natane 

Norin 16 X 
Zero-erucic 

Chisaya natanc X 
Zero-erucic Fs-11 

Chlsaya-:-utanc 

Zcru--crud~..~ Fs-36 

June 

Jun!2 

June 22 

June 20 

June 

Jnne 

June ll 

Yudai hme 1 

In this 
the progeny 
cultivars was taller than 
plants with shorter stem, 
were selected in both Stations. 

at the 

as to shorter 

Plant 

l iO 38 

!12 

l J! 

l 15 4! 

ll 

l i 

153 

164 

165 39 

136 

Fatty acid of these F 5 lines bred at the 

15 

shown in Table 5. These lines are free from erucic and eicosenoic 
65 to 70% oleic l 9 to 21 ~'{; linoleic acid and 3 to 8% linolenic 
has been transformed into a much better oil than before Its 
to that of peanut oil which is rich in oleic except for 3 tc' 
Llbjective of this program is to an oil rich in linoleic acid and 
of the striking characteristics of Norin 16 X zero-erucic acid F 5 -37 
3% linolenic acid whereas common rapeseed oil contains 9',:?; of that acid. 
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Table 5. Fatty acid composition of oil in 
Crop Experiment Station, Korea. 

rapeseed lines at Mokpo Branch, 

Fatty acid cornposition 

Norin 16 X 0-erucic 
F 5 -37 

Chisaya X 0-erucic 
F 5-11 

Chisaya X 0-erucic 
F 5-36 

Yudal 

Pal 
16:0 

2.01 

3. i 3 

3.41 

UJ4 

Ste 
18:0 

l.60 

1.97 

2.09 

1.27 

Ole 
J 8:1 

70.10 

65.7] 

64.26 

1043 

Lin 
18 2 

20.81 

20.43 

19 02 

10.44 

Lnl Fie 
18:3 

--- --- ---~"--

3.26 0.2! 

7.54 1.07 

8 06 2.12 

10.06 8.14 

Problems encountered in the course of the breeding program. 

Eru 
22: 

--~----~-----------~ 

0.00 

0.15 

1.04 

58.62 

1. Shortening of the breeding cycle may be an effective breeding method for improving 
oil as well as for other breeding purposes. In the season of 1971 to I two generations 
were experimented through summer sowing in the green house after vernalization and through 
spring sowing in the field. Mukade (1974) succeeded in growing three generations of rapeseed 
plant in a year. In the future this method which shortens the breeding cycle will be applied 
widely in breeding programs for fatty acid composition of oil, because the program is time 
consuming. 

2. Intercrosses between Japanese type F 3 plants whose oil is free from erucic acid should 
be used in the breeding of cultivars fit to type rapeseed. In the spring of 1972, five 
zero-erucic acid F 3 plant originated from F2 generation which was crossed between Chisaya
natane and zero-erucic acid Canadian line and selected for oil quality were intercrossed. Many 
Japanese type plants appeared in the progeny of subsequent generations from these crosses. 
These crosses will be used in breeding programs introducing a gene from foreign cultivar to 
Japanese cultivar. 

3. In the progenies of crosses using Japanese cultivar as female parent, many short 
stem plants appeared. When the Japanese cultivar was used as fcmaie parent the F 1 hybrid 
plants possessed a short stem compared to that of the hybrid plants using Canadian line 
as female parent. The same results were also observed in F 2 and subsequent generations. The 
selected superior lines were also derived from these crosses. As resistance to lodging is an 
important problem in this breeding program, this characteristic is needed to consider the progress 
of the program. 

4. The bulk seed sample method after selection for winter hardiness was more efficient 
than the half seed method (Downey and Harvey 1963). In the season of 1971 to 1972, F 2 plants 
were grown under natural winter conditions in the field, and the summer type plants resembling 
the Canadian line did not survive under these conditions. Most of the selected plants stemming 
from the F 2 plants which survived were of the winter type. Therefore many winter type 
plants appeared in their progenies, while zero-erucic acid F2 plant selected by half seed method 
did not always belong to the winter type. In a breeding program introducing a gene from 
summer type plant to winter type plant, the bulk seed sample method after selection for winter 
hardiness is more efficient than the half seed method. 

5. Future problems to solve for improving oil quality should aim at increasing the content 
of linoleic acid and at reducing the content of linolenic acid. In zero-erucic acid F 2 plant 
populations, negative correlations between oleic and linoleic acids, and oleic and linolenic 
acids were observed while a positive correlation between linoleic and linolenic acids was 
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noted et a!. 1 correlation between oleic and linoleic acids indicates that a 
linoleic acid plant be found in a zero-erucic acid population, but that 

these plants may show a high linolenic acid content, because there is a positive correlation 
between linoleic and linolenic acids, namely linolenic acid content increase related to 
an increase in the linoleic acid content. 

One of the most urgent tasks in breeding for oil quality will he to increase the linoleic 
acid content at the same time as decreasing the linolenic acid content. It will be diftlcult to 
select lines with a high linoleic acid content without increasing the linolenic acid content. For 
this reason an attempt must be made to induce a desired genotype by mutagenic treatment 
with X ray or ethylmethane sulphonate (EMS). The fact that the Norin 16 X zero-erucic acid 
F 5 -37 line which has been bred at the Mokpo Branch Station, Korea, contains only 3% linolenic 
acid is an encouraging result. 
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Discussion 
N. Murata, If erucic acid content and accumulated average are 

correlated, it may sound difficult to short maturing low erucic acid 
lines. However, from 3 you I we could get short 
erucic acid lines as it appears that erucic acid content is not correlated 
accumulated temperature when tested at a location. 

Answer: I agree with ymL We do hope to be able to obtain such lines. Also, the extent 
of variation of erucic content among cultivars depends on locations with the 
selection for fatty acid composition. Mokpo in Korea is the 
erucic acid lines most effectively. 

H. Fujimaki, Japan: What are the reasons for quite different responses in Japan and in 
Korea? 

Answer: In populations derived from identical F 3 seeds, we get several lines with shorter 
stem, early maturity, multiple branches and winter hardiness in Japan while in Korea we obtain 
some lines with high yield performance and long stem. These differences seem attributable to 
differences in growth response to environmental conditions as well as differences in breeding 
objectives. 

S. Samoto, Japan: Is there any genetic correlation between resistance to lodging and 
zero-erucic acid content? 

Answer: There is no correlation between these parameters. Besides, no correlation was 
observed between winter hardiness and zero-erucic acid content. We have succeeded in breeding 
Japanese type zero-erucic acid lines showing resistance to lodging and winter hardiness at the 
Rapeseed Breeding Center in Japan. 


