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Review article

Erucic acid heredity in oilseed brassicas : A review

S.K.Banga and S.8. Banga

Department of Plant Breeding, Punjab Agricultural University, Ludhiana-141 004, Punjab

(Received: February, 2000; Revised: December, 2001; Accepted: March, 2002)

Abstract

The oil from conventional varieties of the rapeseed
mustard is considered to be of inferior quality due to
the presence of about 50% erucic acid. The attempts
at genetic elimination of this major oil constituent got
impetus from the identification of low erucic acid
genetic stocks of Brassicanapus and Brassica rapa
(syn. campestris) during early sixtees. At present, all
varieties of edible brassica oilseeds in developed
countries contain <2% erucic acid in oil. Genetic
studies have revealed that the higher values of erucic
acid in digenomic brassicas are controlled by two
genes with multiple alleles acting additively and
showing no dominance for high etucic acid value has
been reported. The gene(s) controlling erucic acid
levels have now been mapped in B.rapa and B.napus.

Key words:  Brassica, rapeseed-mustard, oil quality,

erucic acid, genetics

Cil guality 1s determined by relative amounts of saturated,
monosaturated and polyunsaturated fatty acids. The fatty
acids are long chain single carboxyl group containing

organic acids. Conventional varieties of rapeseed-
mustard contain about 50% erucic acid in the oil
However, nutritionat and end use requirements spawned
international effods to genetically eliminate  this
undesirable constituent from oilseed Brassica. This
culminated in the commercialization of '00' or canola
quality varieties of oilseed rape and turnip rape during
1970's. In the presentwrite up an attempt has been made
to summarize; the current status of knowledge with regard
to heredity of erucic acid and to find out molecular
markers clasely linked to genes controlling the erucic acid
content in Brassica oilseeds.

Erucic acid - synthesis

In the biosynthetic pathway, erucic acid is the end
nroduct, derived through the chain elongation of oleic acid
(Jonsson, 1977). ltis synthesized ;by chain elongation of
oleoyl-CoA via eicosencic acid. The enzyme oleoy!
elongase is present in high erucic acid varieties but is
absent in low erucic acid strains. The conversion of oleic
acid to erucic acid occurs in a pariicular fraction
containing chloroplasts and plastids in the developing
seeds (Agarwal and Stumpf, 1985).
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Variation for erucic acid

Low erucic acid strains having gene_tuc b_locksdm t:ii
biosynthetic pathway {owards eicoselanorc_: acrq an er;_

acid were initiatly identified far the first time in Canadian
varieties of summer rape (Stefansson el al, 1961) qnd
summer turmnip rape (Downey, 1964). Later on similar

strains weve identified in Indian mustard (B.juncea)

germplasm by Kirk and Oram (1981) in Australia, They

attempted repeated seifings followed by selection of -

individual seeds having much reduced levels (<2%) of
erucic acid. These genotypes were named as ZEM 1 ;and
ZEM 2. Besides the native variability, mutagenesis was
used successfully to induce zerc erucic acid mutants in
B.rapa L. var. annua {Laakso ef al, 1986). Interspecific
hybridization has also been used to transfer/combine
desirable fatty acid composition. Shopta and Podkolzine
(1982) were successful in combining three swede rape

(B.napus) varieties free of erucic acid with low linolenic = -

acid (<4%) through hybridization between zero erucic acid
B. napus and B. juncea. Roy (1984} selected a line
Onap J, with erucic acid content of less that 0.5%, from a
cross between the Indian mustard (B.juncea) variety BJ
168 and swede rape (B.napus) variety Cresus-0-precose.
Interspecific hybridization between B.jiuncea cv. RLM 188
x B.napus cv. Oro and B.juncea cv. RLM 819 x B.rapa cv.
Tobin was also used in India. Plants combining lower
erucic acid value afong with good agronomic attributes
could be identified in the first cross. One genotype IS 77
had <18% of erucic acid in combination with excellent
yield potential. This genotype was later found to be a
chromosome substitution line of B.juncea having one pair
of C genome chromosomes substituting possibly a pair of
A genome chromoesomes of B.juncea (Banga, 1988).

Isglation of fertile zero-erucic acid segregants of B.juncea
has also been reported from an intergeneric cross (Eruca
sativa x B.rapa) x Bjuncea (Agnihotri et al, 1995).
However, the development of zero erucic acid genotypes
from an interspecific cross can not be explained on the
basis of available scientific knowledge. Moreover, as
£ sativa was the female parent in the cross (E.safiva x
B..rapa), these zero erucic acid derivatives must be
carrying Eruca sativa cytoplasm, which is known {o induce
cytoplasmic male sterility in Brassica (Mekinyanon et al,,
1995). Incidently, zero erucic acid genotypes reported by
Agnihotri et al. (1995) are fully fertile.

As the Indian germplasm of B juncea showed limited
variability (39.6-59.3%) for erucic acid (Banga. 1996), the
maor emphasis, in india has been on exploitation of low
erucic acid genotypes (ZEM 1 & ZEM 2) from Australia.
Hybndization involving these low erucic acid strains and
agronamically superior ndian mustard varieties led to
identification of several low erucic acid strains namely
PBCM 3590, PBCM 1156-6, Heera and Moti etc. (Malode

etal., 1995, Banga, 1996). The zero erucic acid genotypes
bred in India are now being used to transfer this character
mto commercial varieties of B.juncea like Varuna, RL
1359, RLM 619, Pusa bold etc. Selfing coupled with half
seed selections resulted in the identification of genotypes
with diverse fatly acid composition. Consistent efforts at
improving the agronomic base of ‘0’ erucic acid selections
have heiped in development of some strains like YSRL 9-
18-2 which has performed creditably in Al India
Coordinated trials in the states of Punjab, Haryana,
Rajasthan, Uttar Pradesh and Madhya Pradesh.

Inheritance of erucic acid

B. napus: Downey and Craig (1964) and Harvey and
Downey (1964) were the first to fink fatty acid compasition
in cilseed rape and turnip rape with the genotype of the
embryo rather than to maternal parent. The analysis of
the individual seeds in the segregating generations further

~ revealed that erycic acid content is controlled by two

additve genes without dominance.  Kondra and
Stefansson (1965) included sicosenoic acid content also |

*. in their investigations, They found that the same gene

controlled synthesis of both eicosencic acid and erucic
acid. However, these genes showed additive effects with
regard (0 e erugic aoid dut dominant effect with regard
lo eicosenoic acid, These results were later confirmed
suggesting that each allele contributes a 7.5% increase in
erucic acid content. The number of alleles and the effect
of these alleles on erucic acid have been a subject of
considerable discussion. Harvey and Downey (1964)
observed that in summer rape the allele found to control
the production of erucic acid at each of the two laci, in
heterozygous condition, increased the content by 9-10%.
According to Krzymanski and Downey (1969), allele
present in B.napus var. Bronowski yielded only about
3.5% erucic acid in heterozygous condition. Levels upto
50% of erucic acid are controlled by three alleles at each
locus, which conkributed 0.4 and 12.5%. Jonsson (1977)
reported that erucic acid content in rape s controlled by
multiple alleles with homozygosity levels between 5-10%,
10-35% and more than 35%. These levels were controlled
by alleles at one, one or two and two loci respectively. He
also reported that for erucic acid content upte 30%, allels
showed additive effects and erucic acid had positive
correlation with eicosenoic acid, while at higher
concentration partjal dominance was common and erucic
acid had negative correlation with eicosencic acid. Anand
and Downey (1981) identified five genes and designated
them as e, Ea, Eb, Ec, and Ed. These acted in an additive
manner and resulted in erucic acid levels of <1,10,15,30
and 35% respectively.

Control by two gadditively acting genes, giving in
heterozygous condition 9-10 or 10-12% erucic acid has
also been suggested (Morice, 1974). Similar conclusions
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were also obtained through study of fatty acid composition
in seeds of microspore derived spontaneous diploids from
crosses between high and low erucic acid plants.
Contrarily, the occurrence of a singie gene controling high
erucic acid content in B.napus was observed by Chen et
al (1988). Liu and Liu (1989) reported that erucic acid and
eicosenoic acid are genetically govermned by genotype of
embryo without maternal effects. They further mentioned
that erucic acid content is controlled by two pairs of
dominant genes with overlapping effects and the genetic
behaviour of erucic acid fitted into an additive model, with
additive effects being predominant.

B. rapa; Simple monogenic control with partial dominance
for high erucic acid value was indicated in monogenomic
species of B.rapa (Dorrell and Downey, 1964). These
results were later confirmed by Davik and Heneen (1996}
who further suggested that high erucic acid gene seemed
to function more efficiently in the vyellow sarson
cytoplasm, which suggested maternal differences. The
low erucic acid segregatnts occurred in  greater
frequencies where modern low erucic acid cultivars were
used as female parent. Some researches have shown
overdominance (Moller et al., 1985).

B. carinata: Zero erucic acid lines of B.carinata have now
become available (Alonso et al, 1991; Fernandez-
Escobar et al., 1988). Two genes with no dominance and
additive gene action for erucic acid content have been
suggested (Fernandez-Escobar et al,, 1988),

B. juncea: Two genes, showing no dominance and acting
in additive manner were previously demonstrated in
B.juncea (Kirk and Hurlstone 1983). The elaborate
studies conducted at Dept.  Plant Breeding, PAU,
Ludhiana, reveaied a continuous variation and class
overlap in F, from zero erucic acid x high erucic acid
crosses. This did not permit formation of discrete classes
and fitting the data into classical Mendelian segregation
ratios. However, the F, data fram the cross between zero
erucic acid x high erucic acid parenis revealed an
excellent fit to the theoretica! 15:1 ratio of dignenic
inheritance with additive gene effects if only two classes,
one with high erucic acid (.>3%) and another with low
{<3%) erucic acid were considered. Absence of
dominance was indicated by lack of differences between
F, and F, mean, The analysis of backcross seeds
supported the contention of digeni¢ inheritance. The test
cross showed a segregation of 3:1 for erucic acid
containing vs erucic acid free classes. Based on the
current segregafion data the genotype of erucic acid frait
in commercial Indian cultivars RL 1359 and PBR 91 was
postulated to be E,E,E,E, whereas the erucic acid free
genoctypes (QM 14, NQM 11) were proposed to have the
genelic composition of e.e.e;e,. Recognizing the
amphidipicid nature of B.juncea (AABB), it is imperative

that the genes for high eructc acid in this crop may have
come from both the diploid progenitors namely B.rapa
{AA) and B.nigra (BB). Our resuits suggested that inspite
of a long history of the amphipleidy in the crop, both the
genes are active since a digenic inheritance for erucic acid
was demonstrated. Further a monogenic inheritance for
high erucic acid content in B.rapa (Chen et al, 1988)
supparted this conviction. None of the previous studies
provided any evidence for the genome spegcificity of erucic
acid conferring alleles E, and E,. There is, however, a
general agreement that E, and E, confribute 12.0 %
20.0% erucic acid levels respectively. This accounts
for=64.0% erucic acid in high erucic acid genctypes
(E.E,E,E,) of the Indian varieties of mustard. Thus,
theoretically, erucic acid level of 32.0 % is likely in the
F.(E.e.E.e,) of crosses between low erucic acid and high
erucic acid genotypes. This postulate is in agreement
with the F, mean of 28.3 + 14 % obtained in our
experiments.

The evidence for genomic specificity of E, and E; allele in
B.juncea was provided by the analysis of individuai F,
seeds of a cross, NQM 11 x CCWF 16. This is a low x
intermediate erucic acid cross. The individual F, seeds of
this cross segregated in 1:2:1 ratio of high; intermediate:
low erucic acid. This indicated a monogenic additive
inheritance of erucic acid level in CCWF 16. CCWFD 16
carrying 25.6 % erucic acid leve! was developed by
introgressing zero erucic acid allele from B.rapa (AA) cv.
Candie into B.juncea (AABB) cv. WF1. Inspite of repeated
selections in backcross generation, it was not possible to
achieve erucic acid levels lower than 25.6%. Therefore
the intermediate erucic acid level in this genotype resulted
from the substitution of high erucic acid allele with low
erucic acid allele in A-genome as pairing is more likely
between chromosomes belonging t¢ same genome. Little
or no pairing is expecied between chromosomes
beionging to A and B genomes. Thus 25 6% erucic acid
in this genotype was due to one of the allele (E, or E,)
located on.B.nigra genome (B) chromosome, i is
proposed that the each dominant allele present on A
genome contributes=20% to total erucic acid in B.juncea
against = 12% of the dominant allele located on (B)
genome chromosome. Unequal contribution of E, and E,
alleles to erucic acid level has also been suggested in
B.napus L.(Jourdenn et al., 1996).

Molecular mapping of loci controlling erucic acid
level

As indicated earlier, the analysis of erucic acid content is
generally carried out on individual seeds lusing half seed
technique. However, the use of such results for genetic
interpretation is constrained by the continuous distribution
of erucic acid content having a partial overlap of
homozygous and heterozygous genotypic classes in
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segregating progenies. The use of molecular markers is
expected to be useful in early screening of homozygous
and heterozygous genotypes. 1n addition such markers
are likely to be more useful for screening of the doubled
haploid plants regenerated from microspore derived
embryos. There is now a greater realization of industrial
value of high erucic acid varieties. Transfer of high erucic
acid character using conventional backcross method
coupled with half-seed analysis for selection of individuals
for next cycle of backcrossing is difficult because of partial
overlap of high erucic acid homozygous class and the
intermediate one containing heterozygous. Molecular
markers can be of immense value for use in backcross
programmes {argeted at transfer of high erucic acid.

Teutonico and Osborn (1994) mapped a single locus
controffing the erucic acid level in Brassica rapa.
Thormann et al., (1996) were successful in mapping loci
controlling the concentration of erucic acid in seed oil of
B.napus by analyzing the oil composition of 89 F, derived
doubled haploid lines obtained from a cross between cv.
Major {having high leve! of erucic acid) and cv. Stellar
{having low level of erucic acid). They also identifted two
regions that accounted for nearly all of the phenotypic
variation in erucic acid congentration. These two regions
represented the two major genes as previously
hypothesized to control this trait (Kondra and Stefansson,
1995). Attempts have also been made to link random
amplified polymorphic DNA (RAPD) markers to map the
two genes involved in determining the erucic acid contents
{Jourdenn et al., 1996). The two genes were successfully
localized in two independent linkage groups through a
guantitative trait loci (QTL) approach. A close association
was found between individual plant genotype and erucic
acid content of the doubled haploid progeny. Further it
was shown that two genes do not contribute uniformly to
the erucic acid level,
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Abstract

A total of 22 sunflower, Helianthus annuus L.
genotypes comprising inbreds, hybrids and open
pollinated varieties were evaluated for self
compatibility during rainy and summer seasons.
Evaluation was based on percent seed set, autogamy
and self-compatibility under differenttreatments, viz.,
cloth bag, cloth bag+ assisted pollination, cloth
bag+bulk pollen pollination and open pollination. In
both the seasons, hybrids were comparatively more
self compatible than inbreds and open poltinated
variety. KBSH-1, DSH-256 AND MSFH-17 amongst
hybrids and X-13, DSF-2, NDOL-3 and TS-42-2-8
amongst inbreds were found to have higher self
compatibility. Incompatible genotypes exhibited
higher self compatibility when pollen was made
available by way of manual pollination. Importance of
evaluating the lines for self compatibility in sunflower
improvement has been discussed.

Key words:  Sunflower, self-compatibility, autogamy,

self-fertility, pellination methods
Introduction

Sunflower (Helianthus annuus L) is @ cross pollinated
crop. Honey bees are major source for ensuring cross
pollination. Awide variability existed among sunflower for
self fertility (Fick, 1978). Cross pollination in sunflower is
also attributed to the self incompatibility mechanism
operating in the crop. The degree of incompatibility varies
with genotype, environmental factors, location, pollination
ete. (Vranceanu et al ., 1978, Robianson, 1980). Hence
self fertility of sunflower lines as well as hybrids is the
most important trait from the view point of breeding which
is decisive factor for yield under Jess favourable weather
conditions. In heterosis breeding programmes,
development of inbreeds with high self-fertility is desirable
as itis reflected in hybrid performance. The present study
aims to assess self fertility of sunflower genotypes over
two seasons considering various parameters.

Material and Methods

The base material involved 22 genotypes viz., 17 inbreds
coemprising of five maintainer, eight restorer and four
mutant lines derived from Morden, four hybrids and one
open pollinated variety (Morden). Five maintainer lines
used for the study were MDOL-2, DSF-2, NDOL-3, 4546-B
and 822-B. Eight pollen fertility restorers included in the
study were RLC-4, RHA-274, V-20, [X-11, X-13,\V{-60, V-
65, and IV-55. Four mutant lines viz,, TS-84, T7S-42-2-8,
TS-10, and TS8-31-2 and four hybrids included for the
study were KBSH-1, DSH-255, MSFH-17 and DSH-1. All
the genotypes were sown in July1999 and January 2000
by adopting split plot design and replicated three times.
Each genctype had two rows of & m length in which the
four treatments were allotted within the two rows each at
randam the inter and intra row spacing of 80 cm and 30
cm were given respectively. In each genotype, four
pollination methods were imposed by allotting three
randem plants under each potiination method which were
tagged. Pollination methods imposed were cloth bag,
cioth bag + assisted pollination, cloth bag + pollination
with bulk pellen of sister lines and open pollination. The
bagging treatments were imposed as soon as the first ray
floret opened in a capitulum. in respect of treatment cloth
bag + assisted polination, the cloth bag was smeared
gently on the head itself with a view to ensure pollen
movement within the capitulum. In treatment cloth bag
+bulk pollen pollination heads were pollinated with bulk
pollen of sister lines by camel hair brush and later the
heads were again covered with cloth bag. Assisted
pollination and pollination with bulk pollen of sister lines
was carried out daily from the day of anthesis till end of
flowering between 8.30 a.m. to 11.00 a.m. uniformly in all
genotypes. Seed set percentage, autogamy and seif
compatibilty were calculated as per Roath and Miller,
1982 and George ef al, 1980.

Results and Discussion

The differences due to genotypes and pollination methods
and their interactions were significant for seed set,
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autogamy and self incompatibility. Percent seed setwas
more in stimmer as compared to rainy season irrespective
of poliination methods (Table 1). This could be ascribed
to the adequate pollination brought out by the pollinating
agents and alsa due to congeniai weather prevailing
during summer season as compared to rainy season.
Amongst the pollination treatments, the mean percent
seed sef was high in open pollination followed by cloth
bag with bulk polien pollination, cloth bag with assisted
pollination and cloth bag in both the seasons. Pergent
seed set under open pollination recorded significant
differences over other pollination methods. Percent seed
set is defermined to a large extent by the population of
pollinators in the vicinity of the crop (Seetharam, 1982). In

case of cloth bag with assisted pollination and ¢loth bag
with bulk pollen pollination the seed set as higher
compared to cloth bag imposed treatment. This might
be due to artificial pollination enabling pollen transfer
frarm & flaret to the stigmatic surface of neighbouring
florets within the capitulum, Higher seed set in open
pollination could be due to polien movement effected by
insect pollinators. Helianthus species are obligate out
crosser and prefer alien pollen for pollination and seed
set. In could be opined that lower seed set under self
pollination (cloth bag) was mainly due to lack of pollen
transfer to the stigmatic surface and seif incompatibility
nature. _

different sub-means

Table 1 Influence of pollenation methods on per cent seed set in 22 sunflower genotypes during rainy and summer seasons
Rainy season Summer seasen
+ ag + of + +
Genafype Cloth bag CE;;i:ta_e% gfl?p%i_l%n poﬁ)i;’:;m Mean Cloth bag CL;:i:;% CBErpﬁin pol(ﬁﬁgtr;on Mean
pollination  pollination pallination pollination
Hybrids
KBSH-1 83.38 8724 8828 84.60 88.37 89386 91.80 8396 95.66 82.70
DSH-255 78.30 83.18 88.81 8348 B5.47 8(.85 81.82 §3.08 84.32 8t1.55
MSFH-17 ©o 1873 85.73 88.50 88.30 84.35 88.17 83.71 §2.00 84.11 91,45
Dsh-1 71.18 80.34 87.00 80.51 82.50 79.83 88.14 88.00 82.56 86.83
Mean 76.65 83.13 87.94 92.99 8517 86.03 90.12 92,21 94.16 80.63
Inbreds
RLC-4 49.48 7617 75.33 _ &7.80 70.70 80.47 B2.95 84.70 89.28 84.34
RHA-274 ' 68.82 80.28 86.72 90.19 - 81.7C 75.82 88.95 84.83 92.07 8344
V-20 L 70.87 388.58 £8.08 90.52 B4.15 81.70 71.64 82.40 86.87 75.58
D11 7114 86.21 89.40 .- 80.82 - 84.41 84,35 B86.61 98.85 83.58 88.85
K-13 e 81,83 B6.67 80.00 ‘. 894.49 88.47 85.82 87.89 89.73 B2.78 89.05
PRRVY: & 6853 77.00 8567 90.81 80.52 70.03 75.61 80.15 81.79 76.89
I V-85 Yo 3420 l’. 68.56 72.08 " Ba58 65.60 73.49 78.75 87.40 91.77 82.85
IV-55 : 63.83! - 71.03 15.05 84.49 73.63 830.34 87.82 91.14 93,46 88.19
" NDOL-2 5206 ' ' 6833 78.18 ' 8878 7133 74.76 85.75 89.45 3.1 85,77
DsF2 - 7815 8054 91.32 93.18 88.05 85.84 9128 9757 $3.53 9151
NDOL-3 e 79.78 81.99 £8.59 8413 | B85.62 80.49 54,33 85.84 89.88 84.94
_ 4546-B - 7081 71.58 77.95 . 89148 ‘ 77.88 77.92 88.84 90.64 94.28 87.37
822-B 7/ 30,63 74.02 88.19 . 9323 74.02 82.56 88,61 88.27 94.39 88.03
TS-84 o 35.24 58.66 71.57 5293 62.11 7357 77.55 91.53 84.26 84,23
TS5-42-2-8 71.10 81.18 90,73 91.80 83.70 87.47 91.28 92.72 94 91 91.598
TS-10 35.31 68.49 78.79 83.73 6458 74.28 77.35 84.98 90.42 31.56
> T8-31-2 : B3.71 73.85 81.13 98.30 - 76.75 81.20 86.34 89.36 83.10 87.99
7 Mean Y 6091 75.90 82.42 83.78 7778 78.41 B2.67 87.88 9167 8542
Population {
Morden 58.11 85.81 78.54 85.40 72.96 T4.44 80.00 89.28 93.02 86.13
. @Grand mean 83.69 75.89 83.25 80,17 78.50 79.61 84.85 85.82 92.23 86 40
Rainy season Summer season
SEmi CD (P=0.05) CD(P=0.01) CV (%) SEmz CD (P=005) CD({P=0.01) CV (%)
%, Belween two mains 0.983 2.806 3.15 434 0236 2.099 2.586 205
5 Between two sub-means 0.304 1.017 1.343 3.77 0.254 8.1M 0.937 2.39
Between two sub-means 1.700 4.772 0.298 1.191 333 4395
at the same main
" Between two main 1.775 4564 . 8.551 1.267 3543 4676
. means at same or
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Goud ef al, (2000) stated that foreign pollen play
significant role in breaking the barriers of self
incompatibifity. Nasir and Syed {1992) have reported that
bagging had detrimental effect on seed set. Considefing
the mean per cent seed set across pollination methods
and genotypes, hybrids registered relatively higher seed
sef followed by inbreds in both the seasons. This could be
due to chances of carrying more number -of seif
compatible alleles by a hybrid compared to inbreds.

Likewise, autogamy per cent was higher in summer
{82.26%} compared to raity season (70.32%) for the
genotypes studied suggesting the seasonal influence on
autogamy. Similar observations were made by earlier
workers (Robinson, 1980; Swamy Gowda and Giriraj,
198%; Nasir and Syed, 1992). According to Miller and
Fick {1997) the degree of self-incompatibility and self
fertility depends on three conditions, vz, genetic control,
environment and morphoiogy of florat structures. The self
incompatibility in sunflower was sporophytic in nature and
determined by two pairs of dominant alieles (S), one of
them controlling the pollen traits and the other pistil
characteristics (ivanov, 1875). In the present study
genatypic differences and seasons influenced degree of
autogamy in the genctypes studied. Amongst the hybrids,
KBSH-1 and MSFH-17; and amongst inbreds, X-13,
NDOL-3, T5-42-2-8 recorded higher autogamy. Open
pollinated varieties in general are seif-incompatible
{Shivaraja et al, 1988) as is evident from the present
study also. The apen pollinated variety, Marden recorded

69.2 and 79.3% autogamy in rainy and summer seascns,
respectively.

A genotype is considered as seif fertile if it sets seed
under bagging. George &t al. (1980) opined that this
method does not reflect potential self-pofiination and
therefore suggested to consider manual pollen transfer in
assessing self compatibility of genctypes. In the present
study, self-compatibility was estimated for two pollination
methods, viz., cloth bag with assisted pollination and cloth
bag with bulk pollen poiiination. The hybrids recorded
higher self compatibility foliowed by inbreds across the
pollination methods in both the seasons (Table 2). Similar
results were earlier reported by Swamy Gowda and Giriraj
(1988}. Between the two pollination methaods, cloth bag
with bulk pollen pollination recorded higher seif-
compatibility compared to cloth bag with bulk pollen
potlination recorded higher self-compatibility compared to
cloth bag with assisted poliination suggesting higher
compatibility reaction of pollen bulked from sister lines.
Cloth  bag with bulk pollination method differed
significantly over cloth bag with assisted pollination. The
self-compatibility was more in summer than in rainy
season suggesting influence of seasonal factors. It is
generally observed that the incompatibility reduced at

higher temperature. Also, bright sunshine and lower RH
during summer promoted easy pollen transfer. Low level
of self-compatibility in monsoon season was presumably
due to higher relative humidity and [ow temperature
prevailing in bagged condition. in contrast, Pinthus {1959)
found that low temperature conditions favoured higher
production of selfed-seed. The high aleic acid content {OL
alleles) was reported to have negative association with
self-compatibility and positive association with earliness
{Fernandez-Martinez of af., 1993).

In the present study these two traits have not been
measured. Giriraj {2001} suggestad to assess relationship
of oleic acid content with self compatibility. in a study,
Skeric et &l (1980} Jaid emphasis on chemical
composition of pollen for forecasting the level of self-
fertility in sunflower inbreds. 1t was of interest to note that
the genctypes which had low autogamy recorded higher
estimates of self compatibility. it implied that a genctype
which was incompatible exhibited higher self compatibility
when pollen was made available by way of manual
poliination. Goerge and Shein (1680} attributed variable
seed set to bee attractiveness amaong the hybrids. it
therefore, necessitated development of self-fertile
populations or hybrids to alleviate the dependency on
bees for good seed set (Roath and Miller, 1982). Selection
for self-fertility enables to accumulate self compatible
genes in germplasm lines {Fick and Zimmer, 1876;
Vranceanu ef al., 1878, Swamy Gowda and Giriraj, 1989).
In the present study, amongst inbreds, X-13, DSFE-2,
NDOL-3 and TS-42-2-8 were found to possess high
degree of self-compatibifity and these lines could be
utilised in heterosis breeding pregrammes for the
development of self-fertile hybrids.
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Tabie 2 Influence of polienation methods on autogamy and self-compatipility (%) in 22 sunflower genotypes during rainy and summes seasons
Rainy season Summer season
+ +
Genotype CE:;]_:;%* CI:BIS::: ;c?l?en Mean Autogarry C,I:;Ei‘s)tae% Cloth bag + Bylk Mean Amclgamy
pollination pollination %) pollination polten pollination (%)
Hybrids
KBSH-1 92.24 93.34 g2.78 88.13 95.97 93.22 87.10 983.41
DSH-255 . 80.02 8512 92.07 3181 9734 98 69 2802 9219
MSFH-17 ' 87.53 92.75 50.14 81.14 i 96.39 98.61 97.50 93.69
DBEH-1 | 88.77 97.21 92.89 78.65 y 93.86 96.14 $4.60 86.04
Mean 88.38 ; B4.BD 92.00 82.38 95.69 8§7.92 96.80 §1.33
inbreds
RLC-4 79.96 8583 82.89 56.31 92.91 94 89 93.90 80.13
RHA-Z74 §9.03 96.16 92.60 7716 87.92 92.26 50.09 82.35
V-20 95.65 9754 96.80 78.33 8258 85 RE 88.82 71.23
iX-11 94.82 ., 8850 /" 98.71 78.34 92,55 92.98 94.82 90.14
K-13 91.72 . 98.21 93.97 86.61 94.78 96,24 95.76 9256
VI-60 . 8489 9434 | 8962 , 7548 92.45 98.84 95.23 85.62
V-85 - 7441 < 8045 " 743 38.46 85.80 95.23 g9a.51 80.85
.55 ‘ l 84.07 B8.85 “ 86.46 - 7573 93.96 9753 9574 3598
NDOL-2 \ ; 74.70 83.06 81.38 58.63 92.10 56 87 94,88 | 80.23
DSF-2 S ‘_ 56.10 88.014 8785 83.88 a7 58 8§88 88.28 84,77
- NDOL-3 . 1 8710 92.00 89.55 84.76 84.68 96.37 95.53 90.35
4546-8 { 78.29 T 8521 ’ 81.75 77.46 94,90 96.13 94.82 8263
- 822-B ! I 79.38 \3 95.68 B7.53 42 .45 92,87 s 93.52 92.79 B7.48
- Ts-84 L { 70.82 ‘ 86.43 78.63 42.87 82.28 8711 89.70 7B.66
. T5-42-2-8 ) { 8845 | 98.84 93.65 77.48 96.19 97.74 25.95 8218
TS-10 ' l 81.80 ( 84.57 9318 | 42,29 85.59 93.13 89.38 82.15
T5-31-2 Loy .l 83.64 4180 / arTr } 7218 94.89 9599 95.44 B2.23
~Mean 84.41 ¢Nnqoe . 88.06 ! 66.90 91.19 95,99 93.59 86,38
_ Population 3,
" Morden 80.51 ' 9196 . 8623 69.18 92.50 95.96 93,78 79.26
Grand mean . 85.14 92.24 88.69 70.32 82.87 95.30 84.18 56.26
Rainy season SUmMmer season
CV (%) SEms cD (P=0.05) CD (P=0.01) CV (%) SEmz CD {P=0.05) D {P=0.01}
Between two 139 386 51289 383 1.03 2.94 3.82 2.68
mains ,
Between two i D.32 0.92 1.23 297 0.20 0.56 8.75 1.68
sub-means k
Betweentwo | 152 433 578 082 2.62 350
sub-means at I8
the same main .
Between two 1.75 5.00 6.68 1.22 3.47 463
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Abstract

Five cytoplasmic male sterile lines each helonging to
a different cytoplasmic source (CMS) were crossed
with fifty inbreds to identify fertility restorer lines for
each CMS source. Most of the lines restored fertility
for classical petiolaris cytoplasm PET1. Only a few
could restore fertility on new CMS sources. Out of
fifty inbreds tested twenty one were found to be
restorers for CMS PET 1 while others behaved as
maintainers. Only three inbreds could restore fertility
on CMS | and two inbreds {DSI] 2 and DRS 5} were
found to be partial restorers and remaining forty five
inbreds behaved as maintainers for CMS I. Only two
inbreds each could effectively restore fertility on GIG
1, PET 2 and PF cytoplasm. From the study, a few
effective restorers could be identified for the newly
developed CMS sources for the first time in India,
which can be exploited in developing hybrids with
better heterosis possessing alternate cytoplasm

Key words: Sunfiower, maintainer, restorer, CMS
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Introduction

In sunflower, hybrids are superior over open pollinated
cultivars in terms of higher yield, increased self ferility
and resistance to diseases (Miller, 1987). The first
cytoplasmic male slerile source, H. petiolaris was

discovered by Leclercq (1969), for which the genes for '

fertility restoration were identified subsequently by
Kinman {1970). This lead to the exploitation of hybrid
vigour and commercial hybrid seed production in
sunflower. From 1972 onwards several hybrids were
developed and released for commercial cultivation, but all
the hybrids invariably possess the PET 1 cytoplasm
{Friedt, 1992; Vishnuvardhan Reddy,1999). In order to
diversify the cyloplasmic base, attempts were made and
Several new cytoplasmic male sterile sources have been
identified .But using these diverse CMS sources, hybrids
could not be developed because of the non-availability of
effective restorers for these new CMS sources. In view of

"

the limitation, an attempt was made at the Directorate of
Oilseeds Research, Hyderabad, India, to identify restorers
jor the newly developed CMS resources

Materials and methods

Five diverse CMS sources viz., PET 1 the traditional
cytoplasmic source, CMS | from H.lenticularis, CMS PF
from H.petiolaris fsp fallax, CMS PET 2 from H.petiolaris
and CMS GIG1 from H.giganteus and fifty diverse inbreds
developed through intra and inter specific hybridization,
mutation breeding and selection were used to identify
restores lines for different CMS sources. Each of the fifty
inbreds were crossed to all five CMS sources during rabi
1998 and the resulting F, s were tested during kharif and
rabi 1999 - 2000. Each F, was grown in three rows of 5m
length with a spacing of 60 cm between rows and 30 cm
between plants in a row. Plants were classified as male
fertite/male sterite based on anther dehiscence and pollen
shedding at anthesis stage. Pollen fertility was also
confirmed in laboratory using acetocaramine 1% staining
pattern.

Results and discussion

The maintainer/restorer reaction of the inbreds for
different CMS sources has been presented in Table 1. In
general most of the inbreds tested behaved as
maintainers for the new CMS sources. Even the identified
effective restorers of the traditional PET 1 cytoplasm,
behaved mostly as maintainers. Results indicated that out
of 50 test inbreds. 21 were found to be restorers for the
traditional PET-1 cytoplasm, while remaining behaved as
maintainers. Only three inbreds could restore fertility on
CMS |, two inbreds (DSI 2 and DRS 5) behaved as partial
restorers and the remaining 45 inbreds behaved as
maintainers for CMS | Of three inbreds which restored
fertility for CMS |, two inbreds (M 1019 and M 307-2)
behaved as maintainers for the traditional cytoplasm PET
1 indicating the existence of diversity between the two
cyloplasms, which confirmed a similar study of
Vishnuvardhan Reddy (1999). For the CMS PF, two
inbreds (B7R-23-2 and DRS 4) could effectively restore
fertility while six inbreds (M 1008.DS1 2, DRS 2, DRS 5,
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6D-1, PAR 1084} could partially restore and the rest
behaved as maintainers. The inbred line DRS 4 restored
fertility on CMS PF while it could only maintain PET 1.
One inbred 87R-23-2 behaved as partial restorer and two
inbreds (DRS 2 and DRS 3) as effective restorers for
cytoplasm PET 2, white rest were found to be maintainers.
DRS 3 could restore fertility in both PET 1 and CMS PET
2 but DRS 2 acted as maintainer for PET 1 but could
restote fertility for CMS PET 2 which confirmed the earlier
report of Vishnuvardhan Reddy (1999). Two inbreds,
DRS 1 and DRS 2 effectively restore fertility on GIG 1
cytoplasm. While 87R-23-2 and M1008 were partial
restorers. All the inbred lines known to be the restorers for
CMS PET 1 were found to be maintainers for CMS GIG 1
except DRS 1.The data clearly indicates that the majority
of the inbreds tested behaved as maintainers for the new
CMS sources. Simitar results of differences in fertility
restoring genes for different CMS background have been
reported by Whelan (1980) and Virupakshappa et al.
{1991). The restorers for the traditional PET1 cytoplasm
behaved mostly as maintainers for the new CMS sources
and none of the inbreds under study was identified to
restore fertility on all five CMS sources. The restorer for
one CMS source behaved as maintainer for other source
and vice-yersa, confirming the diversity among the CMS
sources. The restorers identified will help in exploitation of
new CMS sources for hybrid development with better
heterosis and diversity of cytoplasen in sunflower. The
identified maintainers after testing for their combining
ability and agronomic performance will be converted into
new CMS lines for their utilization in hybrid breeding
programmes for developing diverse hybrids with better
heterosis and resistance to diseases and insect pests.
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Maintainer frestorer behaviour of the inbreds for different
CMS sources in sunflower

Tahle 1

Inbred
RHAZ274
RHAZ65
RHA288
RHAZT1
RHA278
RHA341
RHA342
RHA363
M1024
M1019
#1008
M1015

CMS PET1 CMSI| CMSPF_ CMS PET2 CMS GIG1

g

Dsla
DSi9
DSI 16
M733
Dsi 27
Dsi 29
DSl 44
DS1 46
DS 54
M725
DSI 74
DSl 68
Dsi
DSl 56
DSs172
Dsrgs
M3e7-2
DS5190
DSI 103
DS 107
D8I
Dsi120
Ds1123
B7R-23.2
DRS1
DRS2
DRS3
DRS54
DRSS
60-1
ACC1439
RES834
TUB1789
PAR1084
M1026
M1005
HAM 180
M - Maintainer

TEZ I A X VI IEVEINDEZSTZTELZIZINANZSCZIZIAZEEETELZTIEZINEIZIZLZ NS D ODDD
2ZzNzZzXr T2 2222 ZEZTNEESTZEEIEZZTELTLZEIZTIRXIIITIZTIER
zzzlzzz i vz ez 2=2I2TESTZ2ZEZIETZLZT I JETIT T TR
ZE2XTzTEEZ TP EZE T2 2ZZS2EESSEETESEXRETTEEJEETLESZIZER

ZZTZZZRETET 0L JEEZEEETESZEZZZEZSZEZEEEEZETZIRELTEEIRETER

=

R - Restorer PR - Partial restorer NS - Not studied
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Abstract

Mahalanobis’s D? statistics was applied to assess the
genetic divergence of 36 genotypes of Indian mustard
[Brassica juncea (Linn.) Czern & coss] selected form
differentgeographical regions. These genotypes were
grouped info nine clusters among which cluster i
included the largest number of 17 genotypes followed
by cluster | with 7 genotypes, cluster lil with 5§ and
ciuster VI with 2 genotypes. Five clusters namely IV,
V VIt VIl and IX had single genotypes each. The
maximum divergence was revealed between cluster
il and V, whereas, it was minimuin between cluster Vi
and IV. The cluster i and V were also distantly placed
from the other 7 clusters. Genotypes from divergent
clusters shauld be considered for hybridization rather
than those genotypes from the same cluster or
minimum divergent clusters. Diverse genotypes can
also be used far conversion in male background for
exploiting heterosis. Also one male sterile line was in
a distinct cluster and can contribute to high
heterosis.

Key words: /‘ Indian mustard, genetic divergence, D’
 statigtics /-
Introduction .

Rapeseed-mustard is one of the most important group of
oijseed crops. Brassicae members are next to groundnut
with a total production of 6.94 millien fonne. Among
these, Indian mustard [Brassica juncea {Linn) Czern &
Coss] is the most important crop grown during rabi
season. Continued artificial selection in segregating
generations has not led to significanl improvement of
yield levels. Therefore, the situation warrants the
expioitation of heterosis either by using effective male
sterility system or by developing heterotic cross
combinations for further yield enhancement.

The tevel of heterosis as weall as selection advance in
segregating generations depend upon the genetic
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diversity among the parents rather than geographical
diversity. Therefore, the choice of diverse parents with
good GCA is a prerequisite for an efficient hybridization
programme. The heterosis component is largely
dependent on parental diversity as suggested by several
workers in both self and cross-pollinated crops.

The concept of genetic divergence pravides an idea about
the genetic diversity among the parents. The multivariate
analysis is of immense importance to assess the diversity
and the relative contribution of different characters to {otal
divergence besides enabling the grouping of genotypes in
different genetic diversity groups. In the present
investigation genetic divergence among the selected
genotypes from different geographic regions has been
worked out by using Mahalanobis's D? statistics in order
to produce superior heterctic cross combinations for
further breeding programme.

Materials and methods

The present investigalion was conducted on 36 genotypes
of Indian mustard in which 8 were from IARI, Delhi {(VSL
5, NPJ 30 NPJ 35 DLM 55, Strain 23, Strain 26, AD
2041, DBS 10); 5 from NBPGR, New Delm{NKG 207, 1B
618, 1B 642, NIC 11703, BEC 201AB); 3 each from Pusa
Bihar (PSR 18, PAMT 34, PSMT 40} and Kangra (RCC
462, RCC 5, KBJ 3); 2 each from PAU, Ludhiana (YSRL
10, RL 1359) and S.K. Nagar (SKM 93-28, SKM 92-66);
and one each from Pantnagar (PRG 904), Faizabad {(NDR
8208), CCSHAU, Hisar (RH 8303); and BARC, Bombay
{TM 38). The seven commercial varieties (Varuna, Kranti,
Pusa Bold, BIO 772, RH 30, PR 45 and Prakash) and two
male sterile ine Prakash {B.fournifortil) and B.oxyrohina
were included.

The genotypes were grown in randomised block design
with three replications during rabi, 1996-57 at IAR}, New
Deihi. The observations were recorded on five randomly
selected plants in each genotype for 12 quantitative traits
namely, days to 50% flowering (DF). days to maturity
(DM), main shoot length {(MSL), number of primary
branches {PB). number of secondary branches (SB),






