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Introduction

Early work oo the interrelationship detween erucic acid level and oil
content in summer rape (Brassica napus L.} indicated that rape genotypes
with different erucic acid levels produced seed with similar oil content
(Downey and Craig, 1964), Klassen (1976) reported a positive correlarion
between erucic acid level and oil content {n summer turnip rape (B.
campestris L.). He stated that turnip rape strains with 207 erucic acid
contained | to 3% more oil than their zero erucic acid counterparts. The
summer rape (B. napus) cultivar Midas i{s cited as an exampie for the
successful combination of low levels of erucic acid with high oil contenc
through cross breeding. This paper describes the interrelationsnip between
fatty acid composition and oil content in segregating gZeneracions of 3.
juncea, with subpopulations partitioned by erucic acid, derived {rom crosses
between normal and low erucic acid lines.

Materials and Methods

The parental material consisted of the normal 25% =rucic acid cuitivars
Donskaja, Zaria and Vniimk 405 from the Soviet Union, which were
characterized hy very high oil contents, the Canadian normai 25% erucic acid
cultivar Domo, a condiment Qriental mustard adapted to the Canadian prairies
with a desirable low oil content and the low erucic acid, low oil content
line ZEM.

The four normal erucic acid parents were crossed with ZEM and “he four
F,'s backcrossed to their respective normal erucic acid parents to oroduce
Bél, and BC, populations heterozygous for the erucic acid gene. The
-production of the BC, populations required the identificatiom of 3C, plants,
heterozygous for erucic acid for use as parent plants in the second’
backcross to the normal erucic acid cultivars using the half seed technique
(Downey and Harvey, 1963). Segregating F,, BC,F,, and BC.F, populations
were produced from their respective F,, BC,. aﬁd‘BC, plants by selfing. In
the initial crosses the low erucic acid, low oil contentc line ZEM was used
as the male, thus all segregating generations were in the cytoplasm of che
normal erucic acid parents.

Field grown single plants were harvested from the three segregating
generations of all four 2rosses and the erucic acid ilevel of the seeds from
each plant was determined by gas chromatographv. From each population two
composites were made, one comsisting of seed iow in eructc acid {< 2%), and
the other consisting of seed high i{n erucic acid (15-252). Numbers of
plants included in the composites varied. but were keot as large as possible
in order to represent the average genotype of the generarion. Thus for
example the low erucic acid composite of :he BC.F., generation from the
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Donskaja x ZEM cross was composed of seeds from 80 individual plants
selected from seven rows, each row being derived from selfs. seed of a
different 8C,F, plant.

Two three-replicace split—split pioc trials were grown in 1986, cne
test at Saskatoon, Saskatcnhewan, and one at Lethbridge, Alberta. The main
piots were the four different crosses, five sub plots consiscted of the tw:
pareants and the thnree intermediate generations. The 3 a 3ingle row sub—sun
plots consisted of the aormai and low erucic ac{d composites of the
intermeaiace generstions.

Jarents could not 5e separactea iato different erucis acid levels.
iherefore two tows of 2ach were piantec. Rows were narvesced individually
ind a2 seed sample vas taken ‘rom eacn row for oil comten: anaivsis.

i1 concen K determined using 3 Newpor: Mark TITA wide line NMR
anaivser. 4 zo# ‘te sulk seed sampie from each parencal line was anaiyzea
for seed 211 f compusition by gas chromacograpny.

inalvsis of che two testa as a split-split plot design using data from
the sciregating Zenerations detarmined the main effects of farty acid
compesitiond oo oil contents snc analvsis as a split jiot design using the
encire data set enabled the calculation of confidence ilimits for the
perental oil content values. '

ReAuits 4nd Digcussion

he seed ofl content of the normal erucic acid subpopulations grown
[ES ] ¢ ¥., 3C.F,, and BC,F, gemerations was, on average, ..6i% and 0.82%
{ghec thaft the sced 211 cdatent of che low erucic acid subpopulations at

askatoon and Letnbridge, respectively (Table i). The expected oil concent
af "he low erucic acid subpopulations, dased on their fatty acid
co@position, and cne observed 2il content and fatty acid composition of higzn
eracic scid plants was predicred to de 2.52% and 2.30% lower for Saskaroon
and L2tnbridge, respecriveiy, These values were =scimated on the aggumpticn
that the same number of :iriglvceride molecuies were synchesized in borh the
aormal and low erucic scid subpopulaticns. The ooserved smailsr differences
in o{l content GLetween aormal and low eruciz acid subpopuiations suggestad
that the low eruc:ic acid plants synthesized more triglyceride molecules than
the normal 2rucic acid plants, thus partially compensating for the lower
average veight uf their triglyceride molecule.

The relationship observed between fatty acid composgition and oil
content in normal and low erucic acid subpopulations in the four {ndividual
crosses {Table 1) was similar to that found foar the mean of ail four
trosses. ln 4all cases cthe reduction in 211 content was less than thac which
wonld be a2xdecrad rrom tne difference in weight of triglyceride molecules of
normal and iow erucic acid plants, The Donskaja, laria and Yniimk 405
crosses witn IEM produced zormal and low erucic acid suopopuiarions with oil
contencs bdecween those 3¢ the normal and low arucic acid parents. The Jomo
x IEM ss 7as dlifferent {n :hac some norzal erucic acid subpopulations
*askatoon and F. a3t Lethbridge! wers highner in oil content than
3ome ‘ “acid subpopulacicns were _ower in oil zonreat than

t Saskatoon and 3.7, it Lethbridge). The resulcs
demonstrated the 10w oil content accumuiation
cultivar. and aiso ‘adicated that ZEM hag a
cnes:is than Jomo.
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The results of our crossing studies indicated that the amount of

glycerol required for the synthesis of seed oil in B. juncea is not limiting

and that the breeding of low erucic acid, high cil content mustard cu
should be possible. Low erucic acid B. juncea breeding material develos .
at the Agriculture Canada Research Station, Saskatoon, has an nil content
equal to that of the summer turnip rape (B. campestr
a yield greater than that of the sumwer rape (B. napu s} cultivar Westar.

Table 1. Mean and standard error for oil content of parents and segregating

is} cultivar Tobin, and

gererations, partitioned by erucic acid content and derived frum four crosses
between the normal erucic acid B. juncea cultivars Donskaja, Zaria, Vniimk
405, Damo and the low erucic acid line ZEM. Backcrosses were made with the
respective normal erucic acid cultivars. The material was field tested in
1986 at Saskatoon, Saskatchewan and Lethbridge, Alberta, Canada.

0il content of normal and low erucic acid

subpopulations

Material Nomal Low Difference
Saskatoon

Parents 1

Normal erucic 42.78+0.22 (41.17)

ZEM (39.564) 38.03+0.22

Generations

F. 41.40+0.15 39.78+0.15 1.62

8P, 41.386%0.15  40.06%0.15 1.32

KZZFZ 42.2940.15 40.4140.15 1.88

Mean“Difference 1.61
Lethbridge

Parents ,

Normal erucic 38,63+0.33 (37.81)

ZEM (35.87) 35.05+0.33

Generations

F 38.13+0.35 36.94+0.37 1.19

Bé F, 37.7770.33  37.35%0.35 0.42

BCze 38.38+0.33 37.53+0.33 0.85

Meadn“Difference - 0.82

1

Estimated oil content for parents, in parentheses, were calculated fram mean

differences between normal and low erucic acid classes of segregating generations.
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Table 2. 0Oil content of parents and segregaring generations of the Lour crosses
Donskaja X ZEM, Zaria X ZEM, Vniimk 405 X 2EM, and Damc X ZEM, with sup-
populations partitioned by erucic acid ~ontent. OJonskaja, laria, vniims
405, and Domo were used as CAckCross parents in thelr respective crosses
w7ith 2EM. The macerial was field tested in 1986 at 3askatcon, 3askatcorews:
and Letnbridge, Alberta, Canada.

S1l content of nommal and low erucic acid subpopulations
Jf four crosses

Location Jonskaja x ZEM  Zaria x 2EM Vniimk x ZEM Damo x M

Mater:iail Normai Low Normal Low Normadi Low Normai Low
3askat.oon

laresnts

Normali erucic 45,23 — 45.05 — 143.62 _ 38.33 -

b45 ] —_— 38.03 —_— 38.93 — 38.03 —_— 13,35

Senerations .

Fa 43.30 41.33 42.97 41.27 41.27 39.13 38.07 ER

I,?z 43.37 41.50  43.33 41.37  41.27 40,97 37.07 36.42

ac;F2 44.03 41.50  43.47 41.60 42,37 40.56 39.30  37.37

Mean Difference 2.12 2.01 1.42 .30
Lethbridge

Parents

Normal erucic 39.46 — 40.18 — 8.8y -_— 36.07 —

IEM —— 35.05 — 35.05 —_— 35.0% —_— 35.35

Generations ’

F 39.27 37.90  38.90 37.90 36.587 35.67 37.70  36.39

BC,!-‘Z 28.40 38.03 318.137 6.77 38.03 38.33 36.30 36,30

&:.EFQ . 40.50 38.30 39,73 39.80 26.70 36.57 36.60  34.87

Mean Difference 1.11 3.88 2.27 . .04

Crosses and Crosses and S;;cu:
Standard Errors lrosses Senerations Generations Acid Leveis
Saskatoon .53 3.49 J.31 2.49
Lethbridge 1.26 ).66 .67 .66
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