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GENOME ANALYSIS AND MARKERS

Brassica BASC: An Integrated Bioinformatics System for
Brassica Research
Timothy A. Erwin1,2,3, Erica Jewell1,2, Christopher G. Love1,2, Xi Li1,2, Geraldine A.C.
Lim1,2, Ross Chapman1,2, German Spangenberg1,2,3 and David Edwards1,2,3*
1
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Victorian AgriBiosciences Centre, 1 Park Drive, Bundoora, Victoria 3083, Australia
2
Victorian Bioinformatics Consortium, Victorian AgriBiosciences Centre, 1 Park Drive, Bundoora,
Victoria 3083, Australia
3
Australian Centre for Plant Functional Genomics, Victorian AgriBiosciences Centre, 1 Park Drive,
Bundoora, Victoria 3083, Australia
*Corresponding author: Dave.Edwards@acpfg.com.au

With the increases in Brassica genetic and genomic data, there is a requirement to integrate and structure
the information so that it may be applied across diverse branches of Brassica crop improvement. The increased
complexity and abundance of Brassica data has made it difficult for researchers to gain a comprehensive view of
this information. Data includes gene and genome sequence information derived from large scale EST
sequencing projects and the Multinational Brassica Genome Project, microarray gene expression data, genetic
map and mapped trait information.
We have developed a bioinformatics system (BASC) that integrates
gene and genome sequences, gene expression, molecular genetic
marker, phenotypic trait and population data for searching across
diverse data types. This public resource is based upon five
independent modules, ESTDB, Microarray, MarkerQTL, CMap and
EnsEMBL

(Figure

1),

and

can

be

accessed

at

http://bioinformatics.pbcbasc.latrobe.edu.au.
Figure 1. Interconnection of modules within BASC
The ESTDB module consists of public and proprietary expressed sequences expressed sequences from
several Brassica species including: B. napus (91658), B. oleracea (6485), B. juncea (8576), B. rapa (21256) and
B. nigra (3267). These have been assembled to remove redundancy resulting in 47555 unigene sequences.
Functional annotation has assigned by comparison to UniProt and GenBank databases, with derived Gene
Ontology (GO) annotation. Of the unigenes, 70% have been annotated with candidate function. Data can be
accessed via keyword search, through sequence similarity (BLAST) or via other modules. Typical results from the
ESTDB module include EST or consensus gene sequence, cDNA library information, sequence annotation and
links to syntenic regions within Arabidopsis.
8

In collaboration with the Nottingham Arabidopsis Stock Centre (NASC), we have mapped data representing
Brassica unigenes from the BASC ESTDB module, B. oleracea whole genome shotgun sequences produced by
Cold Spring Harbor, and B. rapa Bacterial Artificial Chromosomes (BAC) end sequences produced by the
Multinational Brassica Genome Sequencing Project. The EnsEMBL browser allows the translation of information
between the complete genome sequence of Arabidopsis and Brassica species.
The Brassica Microarray module stores both raw and normalised data from hydridisations of a Brassica 7000
unigene cDNA. Results include gene expression values across all experiments/treatments for a gene,
experiment and sample details.
The MarkerQTL module stores a variety of data relating to molecular genetic markers, individuals,
populations, genotypes, genetic and trait maps, and phenotypic information. Data has been incorporated from a
range of public sources. Markers may be selected within a defined region of a map, by association with other
mapped markers, through associated QTL loci, or within a defined distribution across a genome. Information from
the MarkerQTL module is seamlessly linked with Brassica CMap.
The web interface and inter-related structure of the system permits cross-linking and browsing between divergent
data and cross searching of complex data types. Each module can be searched independently or all modules
together. All relevant data is indexed and searching by keyword using Boolean operators or accession numbers.
The integrated nature of the Brassica BASC bioinformatics system allows users to traverse between annotated
gene sequence data, gene expression information, molecular genetic marker, genetic map and trait data with a
few clicks of the mouse.
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GENOME ANALYSIS AND MARKERS

CMap: A Comparative Mapping Tool for Brassica
Geraldine A.C. Lim1, Erica G Jewell1,2, Xi Li1, Timothy A. Erwin1,2,3, Christopher Love1,2,
German C. Spangenberg1,2,3 and David Edwards1,2,3*
1
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Victorian AgriBiosciences Centre, 1 Park Drive, Bundoora, Victoria 3083, Australia
2
Victorian Bioinformatics Consortium, Victorian AgriBiosciences Centre, 1 Park Drive, Bundoora,
Victoria 3083, Australia
3
Australian Centre for Plant Functional Genomics, Victorian AgriBiosciences Centre, 1 Park Drive,
Bundoora, Victoria 3083, Australia
*Corresponding author: Dave.Edwards@acpfg.com.au

CMap (http://bioinformatics.pbcbasc.latrobe.edu.au/cmap/index.html) is a web-based tool for displaying and
comparing genetic, physical and sequence maps. We have developed a Brassica CMap as a part of the
Bioinformatics Advanced Scientific Computing (BASC) project at VABC, Melbourne, Australia. Using CMap,
researchers can view and compare Brassica maps with known or predicted correspondences, and search for
features on maps by name, species, type and accession. CMap was originally created for the Gramene project
(http://www.gramene.org/) and is now part of the Generic Model Organism Database (GMOD) project
(http://www.gmod.org/), a collection of generic and reusable tools for creating a model organism database.
Brassica CMap hosts genetic maps,
quantitative trait loci (QTL) maps, sequence
and physical maps for Brassica napus, B.
oleracea, B. rapa, B. juncea and Arabidopsis
thaliana species. Arabidopsis thaliana genetic
maps are aligned to the physical genome
sequence maintained within an EnsEMBL
database. CMap’s ability to compare and
display two or more independent maps at once
is most useful between related species that
share features or markers (correspondences).
Comparing Brassica maps with the fully
sequenced,

annotated,

Arabidopsis

thaliana

model

species,

helps

leverage

information and knowledge from the model
species to crop Brassica. A researcher may
search for the trait in CMap, view and compare
the trait across Brassica species then examine
the sequenced syntenic region in Arabidopsis
(Figure 1).
Figure 1. Comparative map of Arabidopsis, B. napus and B. oleracea.
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The matrix option in CMap (Figure 2) allows researchers to identify the number of correspondences between
maps. Each cell in the matrix displays the number of correspondences and corresponding linkage groups
between each map. Correspondences between species are based on markers sharing the same name or related
DNA sequence.

Figure 2. Matrix of correspondences between Arabidopsis thaliana and Brassicas.
Brassica CMap is a publicly available resource. The maps hosted in Brassica CMap were collated from
published journals and public databases, hence, the data is not exhaustive and we welcome any additional data
and collaborations. As more Brassica genome sequence information becomes available through the
Multinational Brassica Genome Project, Brassica CMap will link this information with the available Brassica
genetic and trait maps to bridge the gap from the phenome to the genome.
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GENOME ANALYSIS AND MARKERS

Brassica Bacterial Artificial Chromosome (BAC) and Gene
Annotator
Xi Li1, Erica Jewell1,2, Timothy A. Erwin1,2,3, Geraldine A.C. Lim1,2, Christopher G.
Love1,2, Jacqueline Batley1, German C. Spangenberg1,2,3 and David Edwards1,2,3*
1

Plant Biotechnology Centre, Primary Industries Research Victoria, Department of Primary Industries,
Victorian AgriBiosciences Centre, 1 Park Drive, Bundoora, Victoria 3083, Australia
2
Victorian Bioinformatics Consortium, Victorian AgriBiosciences Centre, 1 Park Drive, Bundoora,
Victoria 3083, Australia
3
Australian Centre for Plant Functional Genomics, Victorian AgriBiosciences Centre, 1 Park Drive,
Bundoora, Victoria 3083, Australia
*Corresponding author: Dave.Edwards@acpfg.com.au

The increasing availability of gene and genome sequence information for Brassica has led to a requirement
for a tool for the annotation of this information. The web based tool, BAC and Gene Annotator, aims to efficiently
annotate DNA sequences, with gene identification from genomic sequences and annotation of genes with
predicted functions.
The BAC and Gene Annotator allows users
to submit their sequences and view the
annotation results via a standard web browser
such as internet explorer or Firefox. Researchers
may upload a file of sequences or paste them into
a browser window, then select from a range of
annotation methods. Users may submit large
genomic

sequences

such

as

sequenced

Bacterial Artificial Chromosome (BAC) clones
produced by the Multinational Brassica Genome
Project. Alternatively, users may submit lists of
genes for functional annotation.
Large genomic sequences are processed
through

annotation

pipelines

including

RepeatMasker to identify and mask repeat
sequences, and Genscan to predict gene
structures.

Comparative

analysis

is

also

performed with annotated genes from the UniProt
database, the sequenced genomes of rice and

Figure 1. Example EnsEMBL view of
12

annotated genomic BAC sequence data

Arabidopsis and current public Brassica BAC sequence data. The pipeline produces a temporary EnsEMBL
structured database to view the annotation and link to additional internal and external data (Figure 1). This
graphical view includes predicted gene structures, similarity matches to genes from the UniProt database as well
as predicted homologous genomic regions from different species, arranged as different tracks. With more than
500 Brassica rapa BACs sequenced and annotated, users may identify significant overlaps between their
submitted sequence and the emerging Brassica genome sequence. Syntenic regions of Arabidopsis and rice are
also identified and linked to an Arabidopsis EnsEMBL genome database or the Gramene database.
Genes

predicted

from

the

genomic

sequences are annotated using the BASC
ESTDB

annotation

pipeline

to

determine

candidate orthologs, predicted function, and
associated Gene Ontology. Users may also
access this tool directly by submitting a list of
gene sequences or Expressed Sequence Tags
(ESTs). The results are displayed as a summary
table (Figure 2) linked to additional annotation
details and a graphical view.

Figure 2. Example summary table of
annotated genes
The tool for annotating genome sequence offers a simple method for locating genes of interest, identifying
novel genes within sequences and accelerating BAC selection for the Multinational Brassica Genome Project. As
the Brassica genome sequencing progresses, the annotation pipeline will play an important role to visualise
Brassica genome structure and annotated genome sequence data, as well as to identify candidate genes for key
agronomic traits for Brassica crop improvement. The tool processes input sequences in parallel using multiple
compute nodes based at the Victorian AgriBiosciences Centre, Australia.
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GENOME ANALYSIS AND MARKERS

Development of Molecular Markers for Implementation in the
Australian National Brassica Improvement Program
Alison Ling1, Clare Hopkins1, Wayne Burton2, Melanie Hand1, Sukhjiwan Kaur1,
Aleixandria McGearey1, Jatinder Kaur1, Christopher Love1, Phillip Salisbury2, Marija
Todorovic1, Megan Vardy1, Marzena Walkiewicz1, German Spangenberg1,3, David
Edwards1,3 and Jacqueline Batley1*
1

Plant Biotechnology Centre, Primary Industries Research Victoria, Department of Primary Industries,
Victorian AgriBiosciences Centre, 1 Park Drive, Bundoora, Victoria 3083, Australia
2
Primary Industries Research Victoria, Department of Primary Industries, Horsham Centre, Natimuk
Road, Horsham, Victoria 3400, Australia
3
Australian Centre for Plant Functional Genomics, Victorian AgriBiosciences Centre, 1 Park Drive,
Bundoora, Victoria 3083, Australia
*Corresponding author: Jacqueline.Batley@dpi.vic.gov.au

Canola is a key component of broadacre cropping rotations throughout Australia, occupying 250,000
hectares in Victoria and 1.9 million hectares nationally. Australia is the world’s second largest canola exporter,
producing 13% of the world’s canola, with the crop estimated to be valued at $A500 million/annum. Blackleg
disease, caused by the fungus Leptosphaeria maculans, is the most serious global disease of canola. Yield
losses in canola due to blackleg are 10-15% annually, with up to 100% loss in severe outbreaks. Brassica
improvement worldwide is being accelerated by the application of molecular markers for a variety of agronomic
traits. The rapid expansion in the availability of sequence data enables the identification of genes and markers
underlying key traits for application in molecular breeding and germplasm enhancement. We are applying
Brassica genomic resources, for the development of Brassica germplasm that is better suited to production in the
Australian canola industry.
A proprietary Brassica EST collection was used for in silico discovery of simple sequence repeats (SSRs)
and primer design using the SSRPrimer tool. Over 1000 unique SSRs were identified and 500 primer pairs have
been characterised in the parents of trait mapping populations. An additional 150 SSRs have been developed
and characterised from over 12000 SSRs identified from Bacterial Artificial Chromosomes (BACs) as part of the
Multinational Brassica Genome Project. Furthermore, 40 SSRs have been developed and characterised from a
total of 40,000 SSRs identified from B. oleracea genome shotgun sequences.
Seven DH2 trait specific mapping populations, representing a broad variety of blackleg resistance in
Australian germplasm have been produced. These include conventional resistance, polygenic resistance and B.
juncea derived resistance. Field based phenotyping has been performed on these plants, including survival, leaf
lesions and level of internal shoot and root infection. The SSR markers and AFLP markers are being genetically
mapped in these populations and QTL analysis performed (Figure 1). High density genetic maps have been
produced and candidate blackleg resistance markers identified. These markers are currently being validated prior
14

to implementation in breeding programs.
N7

group from Caiman x Westar genetic map.
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Figure 1. QTL for blackleg resistance on linkage
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Gene Expression Studies in Canola in Response to Blackleg
(Leptosphaeria maculans) Infection
Jatinder Kaur1,2, Tracie Webster 1, Ross Chapman 1, Jacqueline Batley 1, Phillip
Salisbury 2, German Spangenberg1,3,4 and David Edwards 1,3,4
1
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2
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4
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Bundoora, Victoria 3083, Australia
*Corresponding author: Dave.Edwards@acpfg.com.au

Canola (Brassica napus) is an economically important crop in Australia, supplying 13% of the world demand
for canola oil. Blackleg, caused by Leptosphaeria maculans is the most damaging disease affecting canola. In
Australia highly virulent pathotypes predominate, leading to annual yield loss 10 - 15% with much greater losses,
of up to 100%, observed during some years. We have developed gene expression microarray technology to
examine changes in gene expression associated with blackleg infection in canola. Over 20,000 Expressed
Sequence Tags (ESTs) were produced from three different Brassica species, B. napus, B. juncea and B. nigra,
representing a range of plant organs, developmental stages and blackleg infection status. A total of 6884 unique
genes were identified following clustering and assembly to remove redundancy. These unigenes, along with 284
genes isolated from the blackleg fungus, were used to produce a cDNA spotted microarray.
This unigene microarray has been applied to study gene expression changes in canola in response to
compatible and incompatible interaction with the blackleg fungus. Total RNA, from leaves of infected and
uninfected canola plants was extracted 0, 7, 14 and 21 day timecourse post inoculation with the blackleg fungus.
Purified RNA was labelled and hybridised to the cDNA microarray (Figure 1). Differential gene expression was
analysed using Analysis of Variance (ANOVA) (R/MAANOVA software) with infection level and time as
independent factors. The interaction term identified a total of 127 genes that demonstrated different expression
profiles in the infected and uninfected plants over the 21 day time course. K-mean interaction cluster analysis was
performed in order to gain an overview of the behaviour of each differentially expressed gene relative to others
during the course of infection. Following analysis, all the differentially expressed genes were clustered into four
clusters.
Further microarray analysis followed gene expression in blackleg infected leaves of resistant (Surpass 400)
and susceptible (Westar) canola varieties over a 21 day time course. The interaction term of a factorial ANOVA
identified 89 genes that showed differential expression profiles between the two cultivars over the time course.
These genes clustered into five K-mean interaction clusters.
16

Figure 1. Sector of a Brassica 7K cDNA microarray after
hybridisation with labelled RNA from blackleg infected
and uninfected canola leaf tissue.

Sequence analysis of the differentially expressed Brassica genes
identified plant defence signaling pathways, cell wall biosynthesis, transport and other known defence associated
reactions. Early induction of major plant defense related genes such as chitinase, β-1,3-glucanase, lipoxygenase
and senescence-specific cysteine protease was observed during the incompatible interaction with the pathogen.
The genomic structure of these genes has been characterised through the sequencing of Brassica Bacterial
Artificial Chromosome (BAC) clones. B. rapa BACs hosting differentially expressed genes were identified through
syntenic comparison with the Arabidopsis genome. These BACs have been sequenced as part of the
Multinational Brassica Genome Project. Genomic characterisation of sequenced BACs has been performed,
including comparison with the syntenic Arabidopsis genomic regions (Figure 2).

Figure 2. Comparison of a B. rapa BAC sequence containing candidate disease resistance genes with a
syntenic region on Arabidopsis chromosome 1.
Loci containing differentially expressed genes have been genetically mapped in Brassica trait populations to
assess linkage with the disease resistant trait. Simple Sequence Repeat (SSR) genetic markers were identified
and genetically mapped in seven canola populations that are segregating for different sources of blackleg
resistance as part of the Australian National Brassica Molecular Marker Project.
We thank Anton Cozijnsen and Barbara Howlett for providing fungal ESTs and infected plant tissue for
preparation of cDNA libraries.
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BIOTIC AND ABIOTIC STRESS

Evaluation of Cabbage Accessions for Resistance Against
Cabbage Insect-Pests
R.N. Barwal
Indian Agricultural Research Institute, Regional Station, Katrain, Kullu Valley, HP-175129, India
Email: barwalrn@yahoo.com

Introduction
During the third quarter of the twentieth century, insecticides have played crucial role in the management of
cabbage insect-pests. As a results, the area under vegetable and seed crops vis-à-vis the proportion of pests
have increased. During the last quarter of the century, however, diamondback moth, Plutella xylostella Lin.,
became difficult to manage with almost all the available insecticides. Therefore, integrated pest management
(IPM) approaches had been initiated to manage such insecticide resistant pests (Barwal, 2001). Attempts,
therefore were made to develop cultivars for resistance against key insect-pests of cabbage.
Materials and Methods
Seventeen cultivars had been evaluated in the year 1991 for resistance against cabbage butterfly, Pieris
brassicae Lin. Afterwards some other available cultivars were included and screening was done against other key
pests of this crop. As a result, cultivar ’AC-204’ was identified to be pest tolerant. This cultivar was further selected
for desirable horticultural and insect tolerance traits and was designated as ‘KIRC-1’. It was then crossed with the
land cultivar, ‘Golden acre’ to develop different ‘KIRC’ accessions. Further, their selection for the above traits was
done and identified ‘KIRC-2’, ‘KIRC-5’and ‘KIRC-8’. Accessions ‘KIRC-1A’ was developed from ‘KIRC-1’,
whereas ‘KIRC-9’ and ‘KIRC-10’ were developed from exotic germplasm. All these accessions were further
crossed with the land cultivars, ‘Golden acre’, ‘Pusa Mukta’ and a cytoplasmic male sterile (CMS) line of ‘Golden
acre’. All these accessions and crosses thus produced were screened against key insect-pests in the summer
during the years 2002-03 to 2004-05. The pooled three years data on the percent insect-pest infestation of plants
were transformed into angular values for analysis and further presentation (Table 1).
Results and Discussions
Crop diversification and other agro-ecological changes have been noticed to enhance the insect-pests menace in
crucifers (Lal and Bhajan, 2004). So, attempts have been made by different workers to explore resistance against
P. xylostella, but without significant success. In the present investigation (Table 1), however, moderate resistance
was recorded in cabbage, ‘KIRC-2’, ‘KIRC-5’, ‘KIRC-9’, ‘KIRC-10’ and some crosses of ‘KIRC-1’ with the land
cultivars. Non-significant differences between different accessions were recorded in H. armigera, a sporadic pest
of cabbage. However, minimum damage of this pest was recorded in ‘Pusa Mukta’, ‘KIRC-10’, ‘KIRC-12’,
‘KIRCH-7’ and ‘KIRCH-5’. Against cabbage butterfly, P. brassicae, cabbage ‘KIRC-10’, ‘KIRC-9’ and ‘KIRC-1’
were found significantly superior in tolerance. In cabbage head yield, some crosses were found significantly
superior, but cabbage ‘KIRC-2’, ‘KIRC-10’, ‘KIRC-9’, ‘KIRC-5’ and ‘KIRC-8’ were significantly at par with the land
varieties, ‘Golden acre’ and ‘Pusa Mukta’. Therefore, keeping in view the insect tolerance and yield parameters, it
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was concluded that cabbage ‘KIRC-10’ and ‘KIRC-9’ were suitable for cultivation in the summer season.
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Table 1. Comparative tolerance of some cabbage accessions against insect-pests of cabbage.
Cabbage germplasm
Yield
Insect infestation of plants (%)
(t ha-1)
DBM
CB
GC
43.55 (46.52)abc
27.02 (24.48)bcd
34.18 (35.57)
36.49 (35.65)cd
KIRC-1
60.37 (58.02)a
46.10 (44.91)a
35.61 (34.80)
KIRC-1A
c
43.33 (35.21)
36.60 (30.98)bcd
28.87 (30.05)
KIRC-2
50.25 (43.19)bc
24.08 (28.09)bcd
32.96 (31.31)
KIRC-5
41.74 (47.89)ab
33.08 (30.80)bcd
31.48 (30.41)
KIRC-8
45.47 (43.63)bc
20.17 (24.48)cd
26.69 (30.03)
KIRC-9
46.82 (40.93)bc
17.95 (20.24)d
31.65 (31.58)
KIRC-10
ab
53.27 (53.47)
36.07 (33.09)bc
24.88 (20.57)
Pusa Mukta
53.27 (48.42)ab
41.21 (35.96)ab
29.01 (35.33)
Golden Acre
abc
53.33 (46.30)
32.90 (31.19)bcd
24.99 (27.21)
KIRCH-5 (GA x CMS-GA)
54.17 (43.95)bc
25.64 (27.03)bcd
19.87 (24.29)
KIRCH-7 (GA x KIRC-1A)
45.71 (44.74)bc
23.67 (27.82)bcd
31.26 (33.44)
KIRCH-8 (GA x KIRC-9)
49.02 (51.04)abc
24.10 (29.97)bcd
26.79 (29.68)
KIRCH-9 (GA x KIRC-10)
41.39 (42.35)bc
40.19 (33.47)bc
16.91 (21.56)
KIRCH-10 (PM x KIRC-1)
46.70 (45.93)abc
34.34 (34.15)bc
27.69 (28.10)
KIRCH-11 (PM x KIRC-9 )
bc
43.58 (43.40)
30.15 (27.10)bcd
18.15 (21.99)
KIRCH-12 (PM x KIRC-10)
50.56 (49.92)ab
21.67 (28.43)bcd
34.25 (31.60)
KIRCH-13
(KIRC-10 x KIRC-9)
3.32
3.1
5.63
SE
CD (P=0.05)
10.61
9.92
NS
DBM= Diamond back moth; CB= Cabbage butterfly; GC= Gram caterpillar.
Figures in parentheses are arc sin √ (percent + 0.5) transformation.
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36.80 (33.87)d
47.89 (47.89)abc
43.37 (43.37)abcd
49.98 (43.24)bcd
45.28 (45.37)abcd
48.20 (46.20)abcd
44.68 (44.63)abcd
45.96 (45.96)abcd
57.60 (47.60)abc
57.89 (55.67)a
52.57 (42.56)bcd
48.46 (38.46)cd
64.35 (54.31)ab
63.05 (53.04)ab
53.64 (53.64)ab
51.65 (51.65)ab
3.28
10.48
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Introduction
Brassica juncea commonly known as Indian mustard is economically very important crop because of its
high oil content and superior oil quality. Alternaria blight caused by Alternaria brassicae is a common disease of
Brassica causing yield losses (Kolte, 1985). During pathogenesis, pathogen has to overcome the barrier of cell
wall and to overcome this barrier, the enzymes capable of degrading cell wall are induced. To understand the
mechanism of Alternaria brassicae induced changes in the activities of cell wall degrading enzymes viz.
polygalacturonase (PGU), cellulase and β1-3 glucanase, the two cultivars namely RH-30 (susceptible) and
RC-781 (resistant) were taken.
Material and methods
The seeds of these cultivars which were procured from Department of Plant Breeding (CCS HAU, Hisar),
were sown in a screen house under natural conditions in the earthen pots containing mixture of sandy loam soil
and farmyard manure (3:1). Six weeks-old plants were divided into two groups and each group was kept in a
separate polyethylene enclosed chamber. One group was inoculated with spores of A. brassicae by spraying it
with an automizer. Leaf samples were collected at 3, 5 and 7 days after inoculation (DAI) from inoculated and
healthy (uninoculated) plants of both the cultivars. Enzyme extracts were prepared by macerating 1g leaf tissue in
5 ml of 0.1 M sodium acetate buffer (pH 5.2) containing 0.02 mM sodium metabisulphite and 10% (w/v) NaCl in a
chilled pestle and mortar (Singh and Singh, 1993). The homogenate was centrifuged at 12,000 g for 15 min at
4°C. the supernatant was decanted and dialyzed against 0.01 M sodium acetate buffer (pH 5.2). Activity of
polygalacturonase (PGU) was determined by estimating the amount of reducing sugars produced due to
hydrolysis of polygalacturonic acid by the enzyme (Ahmed and Labavitch, 1980). Activity of cellulase was
determined by the same method using sodium salt of carboxymethyl cellulose as substrate. β1-3 glucanase was
assayed by the method of Abeles and Forrence (1970) using laminarin as substrate. Soluble proteins were
estimated by the method of Lowry et al (1951).
Results and discussion
Data in Table 1 show that inoculation of susceptible cultivar with spores of A. brassicae resulted in 80.8 %
and 104.2 % increase in activity of polygalacturonase respectively at 3 DAI and 7 DAI. There was an increase in
cellulase activity also by 31.7 % at 3 DAI and 77.9 % at 7 DAI stages. Contrarily, inoculation of the resistant
variety (RC 781) with pathogen showed decline in activities of both PG and cellulase at all stages. Enhancement
in PG and cellulase in the susceptible cultivars has been reported in various host-parasite interactions (Bateman,
1972; Sharma, 2000). The enzyme β1-3 glucanase hydrolyses the cell wall of the pathogen. Its activity increased
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with the duration of the inoculation in both the resistant (from 27.7 % to 89.9 %) and susceptible (from 15.9 % to
41.4 %) varieties but the level of increase was higher in resistant variety as compared to the susceptible
cultivar.The enzyme β1-3 glucanase has been reported to be induced in many crops upon treatment with
pathogen with high level of increment in resistant cultivar (Renault et al. 2000).
The results obtained suggest the role of both PG and cellulase in pathogenesis. Induction of these
enzymes during pathogen interaction in the susceptible variety causes cell wall damage. Increase in the activity
of β1-3 glucanase in resistant variety may be due to its role in expression of resistance by restricting the growth of
pathogen through fungal cell wall hydrolysis/ production of elicitor molecules for inducing various defense
mechanism(s) of the host. Therefore any manipulation in the functioning of these enzymes is suggested for
escaping crop from the attack of pathogen.
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Table 1. Activity of polygalacturonase, cellulase and β1-3 glucanase in leaves of Brassica juncea in
response to Alternaria brassicae
DAI
RH 30
RC781
Healthy
Infected
% change
Healthy
Infected
Polygalacturonase µg polygalacturonic acid produced/mg protein)
3
+80.8
366.4±16.7
662.6±31.6
394.3±21.8
329.2±18.9
5
+87.3
462.9±34.2
867.0±26.8
480.7±32.5
382.6±13.4
7
+104.2
503.8±28.4
1028.8±40.7
510.7±28.6
418.8±31.2
Cellulase (µg glucose produced/mg protein)
3
+31.7
22.4±1.5
29.5±1.1
22.9±1.1
18.0±1.0
5
+68.5
24.9±0.8
42.0±2.3
25.8±0.7
22.9±1.5
7
+77.9
23.7±2.0
42.2±1.9
24.3±1.6
23.2±0.8
β1-3 glucanase
3
+15.9
61.3±4.2
71.1±3.7
58.7±2.2
74.3±3.9
5
+29.9
59.4±2.9
77.2±4.3
60.3±4.5
80.4±5.1
7
+41.4
63.2±4.5
89.4±3.9
65.1±3.6
123.6±4.7
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% change
-16.5
-20.4
-18.0
-21.6
-11.1
-4.8
+27.7
+33.4
+89.9
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Introduction
In Canada, aster yellows disease (AY), caused by ‘Candidatus Phytoplasma asteris’ (Firrao et al. 2004),
affects several economically important crops including rapeseed/canola (Brassica napus and B. rapa). Canola
plants infected with AY phytoplasma show symptoms such as stunting, leaf yellowing or purpling, phyllody and
formation of bladder-like siliques (Bailey et al. 2003). Except for epidemics in 1957 (Vanterpool 1963) and 2000
(Pearse et al. 2001), the disease has been considered to be of little importance, with overall incidence less than
1% in most fields (Bailey et al. 2003). Recently, the detection of AY phytoplasma DNA in seeds of Brassica rapa
(Olivier et al. 2007) raises concerns of possible seed transmission. Detection of phytoplasma DNA in seeds is not
unique to B. rapa. Lethal Yellowing phytoplasma (LY) DNA was localized in embryos of coconut palms affected
with LY (Cordova et al. 2003), Mulberry Dwarf phytoplasma (MD) DNA was detected in fruits and seed coats of
MD-infected mulberry trees (Jiang et al. 2004) and Alfalfa witches’-broom phytoplasma (AWB) DNA was detected
in seedcoat and seedlings of alfalfa affected by AWB (Khan et al. 2002). This note describes the detection of AY
phytoplasma DNA in seeds of B. napus with PCR tests.
Materials and methods
A total of 100 plants of a mature hybrid Argentine canola cultivar (B. napus) showing no AY symptoms were
collected randomly from one commercial field near Medstead, Saskatchewan, in August 2006. In this field, an AY
incidence of 3.1% was estimated by visually assessing the % of plants showing typical AY symptoms. In addition,
one kilogram of seeds from this field was obtained after harvest and spiral cleaning. Total genomic DNA was
extracted (Tanne et al. 2001) from leaf and stem tissues (2g of tissue per sample) and from seed samples (10
seeds per sample). Three samples of each tissue were processed per plant. 100 seed samples of the
field-harvested seeds, after spiral cleaning, were also tested. Controls consisted of 10 seed samples obtained
from the 2005 seed lot used to plant the field in 2006, and leaf, stem and seed tissues from 5 greenhouse-grown
plants from the same 2005 seed lot. To avoid surface contamination, seeds were surface-disinfested prior to DNA
extraction with 5% NaOCl for 2 min, followed by 3 rinses with 50ml sterile distilled water of 5 min each. Plant
samples were assayed for phytoplasma DNA using a nested PCR (Olivier et al. 2007), incorporating phytoplasma
universal 16S rRNA primer pairs P1/P6 (Lee et al. 1993) followed by R16R2/R16F2 (Tanne et al. 2001).
Results and Discussion
Phytoplasma DNA detection: Seed samples analyzed from the 2005 seed lot and tissues of the 5
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greenhouse-grown plants all tested negative for phytoplasma DNA. Leaf and stem tissues of 44% and seeds
from 22% of the field-collected plants tested positive for phytoplasma DNA. Seeds showing the presence of
phytoplasma DNA were from plants that tested positive for phytoplasma DNA. Three percent of the seed samples
from the field harvest (after spiral cleaning) tested positive for phytoplasma DNA.
Phytoplasma strain identification: As DNA sequences from nested PCR products gave short DNA sequences
of about 800 bases, 30 positive samples were processed again using PCR tests incorporating only the primer
pairs P1/P6. PCR products of 1670 bases were then sequenced and compared with phytoplasma sequences
archived in the NCBI GenBank nucleotide database. On this basis, phytoplasmas detected in plant tissues or
seeds were found to be most similar (99.7%) to aster yellows witches’-broom (Accession no. CP000061.1), a
known 16SrI-A subgroup strain. The nucleotide sequence has been deposited in the GenBank under Accession
no. EU123466. When compared to the other DNA sequences belonging to AY, our nucleotide sequence showed
an addition of 3 nucleotides at position 1420 (G), 1422 (G) and 1429 (T).
In this study, AY phytoplasma DNA similar to aster yellows witches’-broom was found in leaf, stem and seed
tissues of B. napus plants showing no typical symptoms of AY. AY phytoplasma DNA was found in 44% of the
plants while the overall incidence of AY disease in the studied canola field was 3.1%. These results showed that
AY phytoplasma are present in a large proportion of asymptomatic plants, confirming previous reports (Olivier et
al. 2004). Half of the infected plants (22%) produced seeds infected with AY phytoplasma DNA, but only 3% of the
seeds commercially harvested contained AY phytoplasma DNA, after spiral cleaning. Phytoplasma-infected
seeds are shriveled, small, often malformed and underweight (Bailey et al. 2004), and will be eliminated during
the spiral cleaning process. This means that production losses will be higher than estimated from visual
assessment of AY incidence but few infected seeds will be found in clean seedlots. This is the first report of
16SrI-A subgroup phytoplasma infecting seeds of B. napus in Saskatchewan.
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Three Brassica species (Brassica napus L., B. oleracea L. and B. rapa L.) are grown in Galicia, (Northwestern of
Spain). This area presents especially suitable climatic and soil conditions (cool-weather, deep, well drained,
fertile, and sandy loam soils) for cruciferous crops growing and is by far the larger producer and consumer of
brassica crops in Spain. They are utilized mainly as leaf or root vegetable crops (turnip, turnip greens, cabbage,
kale, and leaf rape).
Diseases caused by bacteria, fungi, and viruses, are all found in cruciferous crops in Galicia but no
studies have been done recently. Disease control is mainly referred to cultural practices and biochemical
applications but advisable use of resistant cultivars is not extended. An integrated program for controlling
diseases that involves chemical treatments, cultural practices, and genetic resistance by using resistant cultivars
will be necessary for producing acceptable yield and quality of cruciferous crops. The first step to produce
resistant cultivars is to identify and study the main diseases affecting Brassica crops. For this reason, since 2001
scouting for diseases was done by the Group of Brassica Genetics and Breeding from the Misión Biológica de
Galicia in several fields around the region. Sample analysis and pathogen identification was done in cooperation
with Estación Fitopatolóxica do Areeiro. An inventory of diseases detected in NW of Spain is reflected on Table 1.
A brief description of those diseases has been done.
Fungal diseases
Galicia presents suitable climatic conditions (cool climate and humid environment) for fungal diseases
development. Nine diseases caused by fungi were recognized:
- Black spot, caused by Alternaria brassicae and A. brassicicola, is an important disease affecting turnip greens,
cabbages, and leaf rape in this area. Alternaria is a facultative parasite that survives on susceptible host and
dead plants. It caused poor germination of infected seeds, damping-off of seedlings and dark brown spots on
leaves and stems. Also Rhizoctonia solani caused pre and postemergence damping-off on cabbage seedlings.
- Ring spot, caused by Mycosphaerella brassicicola, produced severe losses on cabbage. Infected plants shown
circular spots with a defined margin and with a black appearance where fruiting bodies are present.
- Powdery mildew, caused by Erysiphe cruciferarum, was very extended disease on field and greenhouse
conditions mainly on leaf rape, turnip and kale. White powdery spores and mycelium appeared on the leaves,
occasionally covering completely their upper surface.
- White mold, caused by Sclerotinia sclerotiorum, was also detected although at the moment, this disease is not
very important. Associated to white mold lesions appeared Pseudomonas syringe and Botrytis cinerea as
opportunist parasites.
- Fusarium oxysporum f. sp. conglutinans caused yellows (Fusarium wilt) on cabbage. Affected plants, presenting
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yellow discoloration, distorted and necrotic areas, in all growing states were found but more severe losses were
produced on seedlings.
- Phytophthora root rot was an important disease on turnip and cabbage fall-sown crops, especially on wet and
waterlogged soils. It produced a reddish discoloration on leaves and damages on root system of affected plants.
- Peronospora parasitica, caused downy mildew on cabbage, producing discoloured lesions and necrotic spot on
seedlings and orange and yellow necrotic leaf lesions on adult plants.
- Presence of Plasmodiophora brassicae Woronin, causing clubroot, was documented by Urquijo et al. (1971),
but in the last years was not identified on the scouted fields.
Bacterial diseases
- Black rot caused by Xanthomonas campestris pv. campestris was the most important. This is a seedborne
disease that can be very destructive if the weather conditions are favourable (tropical, subtropical, and humid
continental areas). In Galicia, with coastal cool climate, lesions appear on leaf margins on damaged plants but
the total destruction of the plant is exceptional.
- Bacterial leaf spot, caused by Pseudomonas syringae pv. maculicola, was identified on cabbage and kale
crops. The disease produced brown necrotic spots on the leaves, inflorescences or edible parts of the plant
decreasing their market value.
- Soft rot, caused by Pectobacterium carotovorum (formerly Erwinia carotovora) (Hauben et al., 1998; Ma et al.,
2007) was detected on turnip. The bacteria are universally present and survive on plant residues. They invade
dead or injured tissues on waterlogged areas of the field. Crop rotation and material sanitation will be necessary
to control soft rot in this area.
Viral diseases
Only Beet Western Yellows Virus (BWYV) was found on Brassica crops in this area. BWYV does not caused
important losses. Use of insecticides to avoiding the transmission by aphid vectors and control of cruciferous
weed species can be enough to control this disease. Urquijo et al. (1971) also reported the presence of Turnip
Mosaic Virus in Galicia.
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Table 1. Diseases identified on the main Brassica crops grown in Northwestern of Spain.
Crop
Causal organism
Disease
Brassica oleracea
Cabbage

Kale

Brassica rapa
Turnip greens

Pseudomonas syringae pv. maculicola (McCulloch)
Young, Dye & Wilkie
Sclerotinia sclerotiorum (Lib.) de Bary
Fusarium oxysporum f. sp. conglutinans (Wollenweb.)
W.C. Snyder and H.N. Hans
Rhizoctonia solani Kühn
Mycosphaerella brassicicola (Duby) Lindau
Phytophthora spp.
Alternaria brassicae (Berk.) Sacc.
Alternaria brassicicola (Schwein.) Wiltshire
Peronospora parasitica (Pers.:Fr.) Fr.
Xanthomonas campestris pv. campestris (Pammel)
Dowson
Beet Western Yellows Virus
Pseudomonas syringae pv. maculicola (McCulloch)
Young, Dye & Wilkie
Botrytis cinerea Pers.:Fr.
Erysiphe cruciferarum Opiz ex Junell
Alternaria brassicae (Berk.) Sacc.
Xanthomonas campestris pv. campestris (Pammel)
Dowson

Turnip

Brassica napus
Leaf rape

Bacterial leaf spot
Sclerotinia white mold
Yellows (Fusarium wilt)
Rhizoctonia diseases
Ring spot
Phytophthora root rot
Black spot
Black spot
Downy mildew
Black rot
Beet Western Yellows
Bacterial leaf spot
Botrytis gray mold
Powdery mildew
Black spot
Black rot

Erysiphe cruciferarum Opiz ex Junell
Pectobacterium carotovorum pv. carotovorum
(Jones 1901) Hauben et al. 1999
Phytophthora spp.

Powdery mildew
Soft rot

Alternaria brassicicola (Schwein.) Wiltshire
Erysiphe cruciferarum Opiz ex Junell

Black spot
Powdery mildew
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Introduction
Cabbage (Brassica oleracea capitata group) crops are severely damaged by different insect pests. Larvae of
lepidopterous pests feed on foliage, creating large holes in leaves. Cabbage plants can tolerate some feeding
damage before head formation. However, as larvae grow, they move to the center of the plant, boring into the
cabbage head and resulting in head deformation, which reduce product marketability (Shelton et al., 1982).
Feeding damage also increases the plants’ susceptibility to diseases. The use of resistant cultivars could benefit
growers by reducing insecticide use and decreasing the rate at which insects develop resistance to insecticides.
Insect resistance in Brassica crops is well documented. Most studies have focused on cabbage resistance to
three major lepidopterous pests: Pieris rapae (L.), Plutella xylostella (L.), and Trichoplusia ni (Hübner) (Dickson
and Eckenrode, 1980; Hoy and Shelton, 1987) and few studies have been conducted to find germplasm resistant to
other important pest such as Mamestra brassicae (L.) (Picoaga et al., 2003). However, until now, breeding for
resistance to lepidopterous insects has yielded very little success. The objective of this work was to evaluate the
performance of cabbage populations to leaf damage by lepidopterous pests in northwestern Spain.
Material and Methods
Sixteen populations of cabbages and five commercial hybrids were evaluated in NW Spain under natural
and artificial infestation with larvae of M. brassicae in 2006 and 2007, respectively. Populations were evaluated in
a randomized complete block design with two replications. Experimental plots consisted of three rows with 10
plants per row. Rows were spaced 0.8 m apart and plants within rows 0.5 m apart. In 2006, data were taken three
months after transplanting on 10 plants randomly chosen per plot. Under artificial infestation, six plants from each
plot were randomly selected and artificially infested with five larvae per plant two months after transplanting. The
larvae were reared at our laboratory and placed in the back of the upper leaves of the plant. Data were taken one
month after infestation. Data were recorded as general appearance, by using a visual damage rating from 1=
wholly damaged to 9= no injury, number of larvae of M. brassicae per plant, and plant leaf area removed, by using
a visual rating scale from 0%= no injury to 100%= wholly damaged. Individual and combined analyses of variance
were performed for all traits for each environment. Replications were considered as random factors whereas
populations and environments were considered as fixed effects. Comparisons of means were made using
Fisher’s protected least significant difference (LSD) at P=0.05. All analyses were made with the SAS statistical
package (SAS Institute, 2000).
Results and Discussion
There were significant differences among populations for each of the resistance parameters measured (P
27

≤ 0.05) (data not shown). Under natural infestation, commercial varieties were more resistant than cabbages
landraces and showed highest values for appearance ratings, lowest percentage of leaf area removed, and had
few larvae (Table 1).
Damage evaluated under natural infestation includes damage caused by all lepidopterous pests since all
species may occur in a single plant, causing similar feeding injury. Larvae can be easily identified but it is difficult
to associate damage with species when crops are attacked by a complex of pests that causes similar injury
(Dickson and Eckenrode 1980). Although resistance to one species of lepidoptera cannot be translated to
resistance to another, approximately 70% of total larvae found in 2006 corresponded to M. brassicae larvae. This
species was also the most abundant in Brassica crops in NW Spain over the last seven years (unpublished data).
For this reason, populations were infested in 2007 with M. brassicae larvae. Considering the same resistance
attributes that in 2006 under natural infestation, the commercial varieties had the lowest feeding injury. They had
the best general appearance rating (above than 7 value) and the lowest plant leaf area damaged (below 11%).
Among local populations, MBG-BRS0074 and MBG-BRS0057 were the most damaged at two years. They
showed lowest values for general appearance and the largest percentage of plant leaf area damaged.
MBG-BRS0074 showed the highest percentage of leaf area damaged and the highest number of M. brassicae
larvae per plant under natural infestation and the lowest value for general appearance under artificial infestation.
Larvae per plant may be used as indicator of the pest incidence but is not useful to evaluate genotypes (Picoaga
et al., 2003). MBG-BRS0411 had fewer larvae than other populations under natural infestation but showed a high
percentage of damaged leaf area and a bad general appearance under artificial infestation. Hence, this
accession could be also susceptible to these pests. MBG-BRS0409 performed differently at each year. Under
natural infestation this population was quite susceptible to pest attack whereas under artificial infestation showed
a lowest percentage of leaf area removed and had few larvae. Natural field populations can be used to screen
resistance but artificial infestation is more efficient.
In previous studies, agronomic and nutritional characterizations of the same cabbage populations were
made and their morphological attributes (Padilla et al., 2007) and foliar glucosinolate composition was noted
(Cartea et al., 2008). A relationship between plant earliness and resistance could be present although further
research is required on this issue. Dickson and Eckenrode (1980) found that resistance in cabbage and
cauliflower is maintained irrespective of plant age and that plants with moderate tolerance only express it at
maturity. The relation between glucosinolate content and level of resistance is unclear and other plant
phytochemicals are presumably involved on the resistance of this pest. Further research is required to search
anatomic or antibiotic factors involved in this resistance.
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Table 1. Means for damage traits for the some local cabbage populations and three commercial varieties
evaluated in 2006 and 2007 in northwestern Spain.
—————————————————————————————————————————————
Year 2006 (natural infestation)

Year 2007 (artificial infestation)

—————–––—————————————
1

Populations

General

(MBG-)

appearance

2

———————————————————

Leaf area

Mamestra

General1

Leaf area2

Mamestra

removed

larvae/plant

appearance

removed

larvae/plant

—————————————————————————————————————————————
BRS0452

6.6 c

32.8 bc

2.4 ab

4.7 gh

37.9 a

2.5 b-d

BRS0536

6.2 c-e

29.0 b-d

1.6 b-d

5.5 e-h

28.2a-d

5.6 a

BRS0449

6.5 cd

28.0 b-d

0.8 d-g

5.8 d-g

28.2 a-d

2.0 b-d

BRS0057

5.4 f

37.1 ab

1.4 b-f

5.4 e-h

26.2 a-d

5.6 a

BRS0074

6.0 c-f

45.3 a

3.0 a

4.5 h

34.8 ab

1.0 b-d

BRS0400

5.4 f

31.9 bc

0.6 d-g

6.5 b-e

21.1 c-e

1.5 b-d

BRS0409

4.1 g

37.3 ab

1.9 a-c

6.0 c-f

16.2 d-g

1.0 b-d

BRS0411

5.7 d-f

28.7 b-d

0.1 g

5.3 f-h

30.7 a-c

1.6 b-d

Red cabbage

8.0 a

3.0 g

0.3 e-g

7.8 a

6.0 fg

0.3 cd

White cabbage

7.5 ab

11.3 fg

0.2 fg

7.8 a

4.7 g

0.2 cd

Savoy cabbage

7.7 a

10.9 fg

0.2 fg

7.2 a-c

10.8 e-g

0.1 d

—————————————————————————————————————————————
1

Visual rating from 1= wholly damaged to 9= without damage

2

Visual rating from 0%= no injury to 100%= wholly damaged
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A survey of the Girona coast (Catalonia, N.E. Spain) was carried out early in July 2003. This tried to complete the
distribution map of B. montana in its most western area and to appreciate its present conservation status in a zone
heavily affected by touristic development. The short time available (10 days) was compensated by the simultaneous
action of several teams along the coast, both by land and sea.
Table I summarises our activities and findings. Some continental localities at the top of the list (except El Pasterel)
were left for a future occasion. P. Arús had previously explored the area immediately South of the French border (Port
Bou, Llançá) without success. Otherwise, most of the coastal localities previously known were visited, as well as a
number of unknown ones.
The classical localities of Cala Bona and Cala Montgó were throughly explored without finding any plant. In the first
case a seasonal drinks facility was covering one half of the small available space. In the second case, massive touristic
developments have taken place in the last few years. Additionally, no vestige of the plant could be found along hundreds
of meters of rocky coast on both sides of the beach. The impact of tourism is therefore significant. On the contrary, the
El Golfet population appears to remain stable or even on its way to recuperation, after some roadworks 3 years ago
reduced the known population to a handful of individuals.
If the extinction of the Cala Montgó population is considered, it appears that the plant is absent from a wide area
from Cap Norfeu to Cap San Sebastiá. Several “calas” (coves, small beaches surrounded by rocky coast) adjacent to
Cap Norfeu were visited without success. On the other hand, the wide Gulf of Roses is formed by low coast that does
not provide the idoneous conditions for B. montana. Southwards from L´Escala and Estartit, another group of nine
“calas” with their surroundings were newly explored without finding a single plant. It is noteworthy that the rock substrate
in this area is calcareous. In Medas Islands B. montana is cited, but we were only able to see a single doubtful individual
from a distance. The populations of Cap San Sebastiá and El Golfet seem to be somehow isolated from others in the
area NE of Palamós.
The densest populations grow southwards from Palamós, mostly along a forested area between San Feliú de
Guixols and Tossa de Mar. It is around or within this area where five new localities were found: Punta de Cap Mort,
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Punta d’en Bosc, Canyerets, Cala Futadera and Cala Pola. The presence of B. montana might be almost continuous
along this area.
Unlike B. oleracea (its closest relative), B. montana is neither so much linked to the proximity of the sea nor to the
presence of vertical calcareous cliffs. Whenever rocky environments are involved, these are mostly acidic plutonic or
phyllonian (granites and granodiorites). Although the rocky background of the “calas” and their surroundings seems to
be the most idoneous habitat for this species, other habitats are colonised as well. For instance, two large
sub-populations could be observed in Vallpresona, under a Quercus suber canopy and on a stony beach respectively.
In Cala Futarada a few individuals grew on beach sands. In Cala Giverola a weedy population was growing on ditches at
both sides of the road leading to the beach. In Cap Norfeu, the plants were established on a slope with pines and
bushes facing to the sea.
Table I. Localities for Brassica montana Pourr. in NE Spain
c = cited in literature or other sources; v = visited in 2003; p( ) = number of plants seen ;
th

th

s = seeds collected. 6 column = comments. 7 and 8

Erill-la-Vall, Lleida

c

-

Pedraforca, Gósol. Lleida

c

-

Molí Can Gorra, c. Ribes

c

v

San Martí Llemon, Girona

c

El Pasterel

th

columns = geographical coordinates.

0º49’40

42º31’25

1º42’00

42º14’00

-

2º10’01

42º18’01

v

-

2º38’42

42º01’54

c

v

p( 25)

2º36’37

41º59’00

Torroella de Montgrí

c

v

-

3º07’26

42º02’19

Sta. Catarina

c

-

-

-

St. Pere de Roda, Gorge

c

-

-

-

Cadaqués c

-

-

-

≈

s

Cap Norfeu

c

v

p(100)

3º14’57

42º14’38

Badia de Montjoi

-

v

-

s

3º13’45

42º15’12

Cala Rostella

-

v

-

3º13’41

42º14’41

Cala Murtra

-

v

-

3º13’30

42º14’24

Cala del Lladó

-

v

-

3º13’15

42º14’15

Cala Montgó (L’Escala)

c

v

- ( 0)

EXTINCT

3º10’14

42º06’33

Medas, Grande y Chica

c

v

? ( ?)

minimal population

3º13’25

42º02’55

Platja de Racó (Pals)

-

v

-

3º12’34

41º56’49

Cala Moreta

-

v

-

3º12’38

41º56’45

Cala de SaRiera

-

v

-

3º12’40

41º56’27

-

Cala Aigua Freda

-

v

-

3º13’36

41º57’56

Sa Tuna

-

v

-

3º13’50

41º57’46

Platja Fornell

-

v

-

3º12’58

47º56’22

Platja d’Aiguablava

-

v

-

3º13’02

41º56’08

Platja de Tamariu

-

v

-

3º12’32

41º55’08

Cap S. Sebastiá

c

v

p ( 6)

s

3º12’15

41º53’54

El Golfet

c

v

p (10)

s

recuperating

3º10’44

41º52’49

Punta de Cap Mort

-

v

p

s

NEW

3º02’53

41º46’59

Cala del Molí

c

v

p

-

3º02’52

41º46’55

San Feliu (Roca Guilla)

c

-

-

-

3º00’05

41º45’56

2º59’46

41º45’55

Punta d’en Bosc

-

v

p

s

Cala Joana, c. Canyet

c

v

p

s
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NEW

Canyerets

-

v

p

s

Cala Sr. Ramón

c

v

p

Vallpresona

c

v

Cala Salyons

c

Cala Futadera

NEW

2º59’06

41º45’44

s

2º58’32

41º45’30

p(200)

s

2º58’18

41º45’13

v

p( 15)

s

2º57’57

41º44’53

-

v

p(150)

s

2º57’29

41º44’22

Cala Giverola

c

v

p( 60)

s

2º57’12

41º44’18

Cala Pola

-

v

p ( 1)

s

NEW

2º57’08

41º44’03

Cala Bona, NE de Tossa

c

v

- ( 0)

-

EXTINCT

2º56’52

41º43’02

NEW

The plant may exist southwards from Tossa in Girona and, in fact, some small populations in the province of
Barcelona (Motserrat, P. 1956, Col. Bot. 5:1-86) have been cited. However, further explorations should place a special
emphasis on the continental localities South of the Pyrenees since they might supply some information on the ancient
relationship between B. montana and B. oleracea and on how the n = 9 genome – undoubtfully of Mediterranean origin
- reached the Atlantic coasts.
Collected material is expected to be the object of immediate molecular studies.
Acknowledgement : The authors are indebted to the Ministry of Science and Technology for its financial support
(project INIA, RF01-016 also involving B. oleracea in N. Spain)
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Rapeseed-mustard is a major rabi oilseed crop of India. The average yield of rapeseed-mustard is in
eastern Uttar Pradesh is 862 Kg/ha, which is far below than state average 1022 kg/ha. Besides several reasons,
diseases are of major importance in lowering down the yield of this crop. Alternaria blight caused by Alternaria
brassicae (Berk.) Sacc. and Alternaria brassicicola (Schw.) Wiltshire is most serious and wide spread disease of
rapeseed-mustard causing yield losses of 35% to 46% (Kolte, 1987). The quality of seed is affected by seed
spotting, discoloration, reducing seed weight, germination and vigour. The resistance breeding is one of the
economical methods for management of the disease. Since very few resistant donors with high yield are available
in gene pool of this important crop (Dang et al., 2000; Singh and Singh, 2005), hence the use of fungicides is only
a option for control of Alternaria blight (Singh and Singh, 2005). The use of fungicides is adversely affecting the
environmental change in the agro-eco system (Ko and Farley, 1969).
The use of resistant cultivars is gaining importance for the management of Alternaria bight. To date no
resistant variety against this disease has been developed. Therefore, the present study was carried out to identify
the resistant sources against this disease to develop the resistant varieties of agronomic importance.
The field trial was conducted at the University Experiment Station at Kumarganj, Faizabad (U.P.) (26
470N, 82.120E, and 113m above mean sea level) following recommended cultural practices (fertilizers NPK@
100 : 40: 40 kg.ha-1 and irrigations three).
Two-hundred seven rapeseed-mustard genotypes were evaluated for their response to Alternaria
blight during 2005-06 and 2006-07 crop seasons in plots having supplementation of disease plant debris for
preceding 3 seasons. The trials were planted in the first week of November in single row of 03 m length having 30
cm x 10 cm spacing in augmented design during both the years. Two rows, one each of susceptible cultivars
YST-151 and Varuna were sown after every 05 test genotypes and flanked the trial all around in paired rows to
serve as infectors. Reactions of disease in different genotypes were rated following 0 to 5 scales as described by
Conn et al. (1990). The crop was inoculated twice by the spore suspension (106) of Alternaria brassicae (Berk.)
Sacc. artificially to create epiphytotic condition.
Five genotypes namely BAUSM-92-1-1, RC-376, PBC-9221, EC-399299 were rated as resistant, 13
genotypes PBC-2002-2, NPC-14, PBC-2004-1, NPC-15, GSL-1, HNS-004, ONK-1, NUDB-26-11, OCN-3,
CAN-133, RGN-55, NRCR-837, NPN-1 as moderately resistant and 16 genotypes CAN-130, OCN-3,
EC-399301, EC-399313, EC-414309, YET-17, LES-1-27, PHR-2, LET-17, LET, PBR-283, PBN-2002,
PBN-2001, HUJM-2001, EC-339000, EC- 338997 moderately susceptible. Rests of the genotypes were either
susceptible or highly susceptible. Similar to present finding earlier workers also listed few genotypes resistant to
this disease (Dang et al., 2000; Singh and Singh, 2005; Singh et al., 2006).
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Table 1. Reaction of Brassica genotypes against Alternaria blight
S. No
Scale
Entries
1
2
3

0
1
2

4

3

5

4

6

5

BAUSM-92-1-1, PBC-9221, B-71, EC-399299, RC-376
PBC-2002-2, NPC-14, PBC-2004-1, NPC-15, GSL-1, HNS-004, ONK-1, NUDB-26-11, OCN-3,
CAN-133, RGN-55, NRCR-837, NPN-1
CAN-130, OCN-3, EC-399301, EC-309313, EC-414309, YET-17, LES-1-27, PHR-2, LET-17,
LET, PBR-283, PBN-2002, PBN-2001, HUJM-2001, EC-339000, EC-338997
LET-3, LET-18, NRCDR-514, PAB-2001, PAB-2002, PAB-2020, EC-399296, EC-414320,
RH-0345, ID-6, RN-573, JGM-01-04, JGM-01-05, RAURD-9710, EC-414322, EC-399302,
EC-399312, EC-414306, EC-414310, EC-414324, RRN-598, JYM-10, RK-05-2, NDR-9902,
RK-02-5, JGM-901, PBR-91, RGN-34, RGN-55, RGN-56, JMM-04-5, JMM-04-2, NDM-871,
EC-149295, RH-9904, JMM-18, RH-0213, EJ-15, DMH-1, BIO-13-01, RM-105, ELM-079,
NPJ-99, SKM-301, RGN-124, JS-19, RK-04-2, CS-234-2, PR-2003-27, NRCDR-05, NRC-323-1,
RGN-73, LES-1-27, SKM-149, SAL-9, NRCDR-2, PR-2002-8, KLM-45, JMMWR-941-1-2,
JYM-10, YRN-6, BIO-190-96, LET-14, PBC-9221, RK-9903, PBR-91, RGN-94, NPJ-93,
CS-611-1-3-5, CS-101-4-P2, SKM-109, SKM-139, SKM-125, SKM-9928, RH-204, RH-0007,
PBR-558, NDR-03-5, NDR-03-6, PR-2003-30, PR-2002-8, PR-2003-27, PR-2001-64,
PR-2002-20, PRQ-2004-1, NPJ-100, NPJ-102, RK-02-3, PR-2001-42, BIO-169-96, RN-573,
HUJM-101, RGN-73, RK-02-4, RK-02-5, CS-330-2-KP-2, CS-611-1-3-6, SKM-149, SKM-9927,
RM-11, PRO-2101, PYS-2005
KLM-145, ALM-933, BIO-Q-108-2000, PQR-9701-46, PQR-2001, TERI-LGM-06, TERI-LGM-8,
PQR-2001-3 , ELM-079, VARUNA, EC-414317, YRN-6, LET-10, PBR-210, BIO-190-96,
PBR-300, RK-05-1, RAURD-9702, YSB-9, RAURDL-02-01, RK-2001, RGN-39, LET-14,
RK-2002, DLM-81, EC-144301, EC-144299, BIO-Q-442-99, BIO-322-93, PBR-253,
JMWR-946-3-13, RTM-2002, HYPR-47, RM-101, RGN-101, NRCDR-2, JTC-55, PBG-1986,
RGN-142, BIO-17-01, PQR-2004-2, NDT-03-3, TK-04-01, TL-96-7, NDT-03-1, ORT-5-2,
ORT-52, NDT-03-2, PYS-2001-1, PT-2002-25, PTC-99-11, RTM-730, TMB-2008, TMB-2007,
RTM-2002, TMB-2005, TMB-2006, EC-414291, EC-414293, NDYS-017, NDYS-117,
EC-414301, YSB-9, NDR-9902, PBR-275, GSL-1, EC-414295, NDYS-133-1, NDYS-2,
NDYS-128, PYS-2002-2, NDYS-113-1
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Introduction
Rapeseed-mustard oil in India is commonly referred to as “Mustard oil” or “Sarson ka Tel”. These oils are
primary used for edible purpose and defatted meal is used as feed supplement for animals. The sulphur
containing compound, glucosinolate and erucic acid determine the value and quality of meal and oil, respectively.
The fatty acid composition of oils varies with genotype, location, season and other agronomic factors (Mathur and
Sharma, 1989).
In Brassica breeding, considerable emphasis is being laid to develop the varieties with low glucosinolate and
low erucic acid. The development of rapid and accurate methods for determination of glucosinolate levels in seed
in early 1960’s led to the identification of B. napus cultivar “Bronowski” from Poland (Finlayson et al. 1973).The
first double low spring B. napus cultivar “Tower” was released in 1974 and afterwards number of double zero
cultivars were identified in different countries of the world. In India till date, the main emphasis has been to
improve the rapeseed-mustard seed yield and oil content. It is necessary that seed oil quality especially the fatty
acid composition also be improved wherever possible. The present investigation is aimed in this direction and
hence, oil content, protein content, glucosinolate content and reaction to Alternaria blight and white rust of newly
developed genotypes, have been analyzed.
Materials and Methods
Sixteen genotypes/varieties were evaluated at GPB, Farm, N.D. University of Agriculture and Technology,
Kumarganj, Faizabad for various traits viz. oil, protein, glucosinolate content and disease reaction. The
genotypes were sown in augmented design. Susceptible check Varuna was sown after 5 test genotypes and
flanked the trial all around in pared rows to serve as infector. Disease severity was recorded on three leaves, one
each from top, middle and bottom from ten randomly selected plants from each genotype, after the appearance of
disease about a month accordingly to 0 to 5 scales (Conn et al. 1990). The oil, protein and glucosinolate contents
were estimated with the help of National Research Centre on Rapeseed-mustard, Sewar, Bharatpur (Rajasthan).
Results and Discussion
All the sixteen genotypes were evaluated for physio-morpological and quality traits in rapeseed-mustard.
Glucosinolate, protein and oil content were analyzed by seeds and data have been presented in Table-1. Oil,
protein and glucosinolate contents ranged from 36.95-42.36%, 17.96-29.65% and 38.32-93.80 µ mole/g,
respectively. Maximum oil content was exhibited in the genotype BIO-Q-108-2000 (42.36%) followed by
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TERI-LGM-06 (41.09%), LET-18 (39.79%) and PQR-9701-46 (39.63%). The highest protein content of seed was
recorded in PQR-9701-46 (21.65%) followed by ALM-933 (21.95%), KLM-145 (21.94%) and PQR-2001 (21.89%)
while, the minimum protein content was found in variety TERI-LGM-06 (17.96%) followed by Varuna (19.11%).
The maximum glucosinolate content (µ mole/g fat free meal) was recorded in ALM-933 (93.80%) followed by
LET-17 (81.65), KLM-145 (81.24), LET-3 (78.52) and minimum in TERI-LGM-06 (38.82) followed by
TERI-LGM-08 (43.70).
Reaction of Brassica genotypes against Alternaria blight, revealed minimum disease severity in the
ELM-079 (8.7%) followed by LET-18 (9.10%), PQR-2001-3 (9.5%) and CAN-130 (9.5%) while, ALM-933,
LES-1-27, LET-17, LET-18, TERI-LGM-08, PQR-2001-3, ELM-079 genotypes were found free from the
Alternaria blight disease on pods. White rust disease severity was very low (Table 1).
Table 1. Screening of Brassica genotypes for quality traits and reaction to Alternaria blight (AB) and
white rust (WR)
S.
No.

Genotypes

Oil
content
(%)

Protein
(%)

Glucosinolate
(µ mole/g fat
free meal)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

KLM-145
ALM-993
BIO-Q-108-2000
LES-1-27
LET-17
LET-18
PQR-9701-46
PQR-2001
TERI-LM-06
TERI-LM-08
PQR-2001-3-(4)
ELM-079 (Bn)
CAN-130
OCN-3
LET-3
VARUNA

37.33
38.29
42.36
37.90
37.95
39.79
39.63
38.29
41.06
39.32
38.80
36.95
38.42
38.43
37.66
37.91

21.94
21.95
19.87
20.28
21.04
20.66
29.65
21.89
17.96
20.66
19.62
21.16
21.25
20.34
21.33
19.11

81.24
93.80
49.89
56.90
81.65
73.55
75.98
60.75
38.82
43.70
56.95
55.35
53.46
44.52
78.52
50.79

WR
severity
on
leaves
0.0
3.5
0.0
0.0
0.0
1.5
0.0
5.5
0.0
0.0
2.5
3.0
0.5
0.0
0.0
2.5

AB
severity
on leaves
(%)
18.30
13.00
20.50
13.40
17.17
9.10
11.86
22.60
20.32
12.40
9.50
8.70
9.50
12.60
19.44
23.80

AB
severity
on Pods
(%)
1.5
0.0
3.0
0.0
0.0
0.0
3.5
2.5
2.0
0.0
0.0
0.0
2.5
3.0
1.5
1.0
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Introduction
Many of the species belonging to the family Brassicaceae are multi-purpose crops that can be used for animal
feeding as well (Erić et al., 2006). Among the most important forage Brassicaceae are fodder kale (Brassica
oleracea L. var. viridis L.), Perko PVH (Brassica napus L. var. napus x Brassica rapa subsp. chinensis (L.)
Hanelt), oilseed rape (Brassica napus L. var. napus), turnip rape (Brassica rapa L. subsp. oleifera (DC.) Metzg.)
and white mustard (Sinapis alba L. subsp. alba). Along with their role as forages, these are also highly
appreciated in organic farming and sustainable agriculture as cover and green manure crops (Ćupina et al.,
2004).
The goal of the study was to determine the potential of some Brassica species and agronomic types as forage
crops.
Materials and Methods
A small-plot trial has been carried out in 2006 and 2007 at the Experimental Field of the Institute of Field and
Vegetable Crops at Rimski Šančevi. It included two fodder kale cultivars, NS-Bikovo and K-357, two winter
rapeseed cultivars, Banaćanka and Slavica, two spring rapeseed cultivars, Global and Galant, and two white
mustard cultivars of white mustard, SIN 001 and SIN 002.
The cultivars of fodder kale and winter rapeseed were sown in early September, while the cultivars of spring
rapeseed and white mustard were sown in early March. All eight cultivars were sown at a seeding rate of 50 viable
seeds m-2, with a plot size of 5 m2 and three replicates, and were cut in the stages of full budding and beginning
of flowering (Mihailović et al., 2007).
There were monitored green forage yield (t ha-1), forage dry matter yield (t ha-1) and forage dry matter proportion.
Green forage yield was determined by recalculating green forage yield per plot measured in situ, while dry matter
yield was determined by means of the green forage samples taken during cutting and dried at room temperature.
The study results were processed by analysis of variance (ANOVA) with the Least Significant Difference (LSD)
test applied and using the computer software MSTAT-C.
Results and Discussion
There were significant differences in green forage yield between both eight examined cultivars and the four
examined species/types, but there were no significant differences in green forage yield between the cultivars of
one species/type (Table 1). The average green forage yields ranged between 15.7 t ha-1 in the white mustard
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cultivar SIN 001 and 68.2 t ha-1 in the fodder kale cultivar K-357, confirming the preliminary results of its potential
for forage production. The highest green forage yield was in fodder kale (67.5 t ha-1), while the lowest green
forage yield was in white mustard (15.9 t ha-1).
With an average of 6.3 t ha-1, fodder kale had significantly higher forage dry matter yield than other three
species/types. Between cultivars, the average forage dry matter yields varied from 2.0 t ha-1 in the spring
rapeseed cultivars Global and Galant to 6.3 t ha-1 in the fodder kale cultivars NS-Bikovo and K-357.
The largest forage dry matter proportion was in white mustard (0.12), while the smallest forage dry matter
proportion was in fodder kale (0.09).
Table 1. Average green forage yields, forage dry matter yields and forage dry matter proportion in some
Brassica species for 2006 and 2007 at Rimski Šančevi
Species/type
Fodder kale
Winter rapeseed
Spring rapeseed
White mustard
LSD

Cultivar

Green forage
yield (t ha-1)

NS-Bikovo
K-357
Average
Slavica
Banaćanka
Average
Global
Galant
Average
SIN 001
SIN 002
Average
0.05
0.01

66.8
68.2
67.5
38.8
36.4
37.6
25.8
29.7
27.8
15.7
16.1
15.9
5.7
8.4

Forage
dry matter yield
(t ha-1)
6.3
6.3
6.3
3.6
3.9
3.7
2.4
3.1
2.8
2.0
2.0
2.0
1.6
2.0

Forage
dry matter
proportion
0.09
0.09
0.09
0.09
0.11
0.10
0.09
0.10
0.10
0.12
0.11
0.12
0.02
0.03

Conclusions
Forage Brassica, especially fodder kale and winter rapeseed, have a considerable potential for forage yields.
Further research will focus on evaluation of forage yield components.
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Introduction
The Brassica oleracea L. crops are used extensively in Europe and Central Asia being an important
source of vegetables in many countries. In European countries, such as France or England, kale (B. oleracea
acephala group) is exploited mainly as fodder crop, and research about its potential as a vegetable crop is
scarce. Kales are an important crop in the traditional farming system of Galicia (Northwestern of Spain) where
they are used both as vegetables and fodder. Farmers often use the tender leaves for human consumption and
the oldest ones for feed (Cartea et al, 2003).
A collection of 250 landraces of B. oleracea crops is maintained at the Misión Biológica de Galicia (MBG).
Kale is by far the most well-represented B. oleracea crop with 214 accessions. The objectives of this work were (i)
to make an agronomic and nutritional characterization of the MBG core collection to know the potential ability of
kale as a vegetable crop, and (ii) to select the two most promising varieties to be included in future breeding
programs.
Material and methods
Sixty kale landraces and four commercial kale varieties checks were evaluated at two locations in NW
Spain. Data on five nutritional and two agronomical traits were recorded. Quality data were crude protein and
fiber (given as dry weight percentages), Calcium (Ca+) and Potassium (K+) (given as percentage of dry weight)
(Table 1). Dried leaves samples were ground in order to determine the Ca+ and K+ concentration and crude fiber
and protein content, following the standard methods. The traits early vigor and vegetable yield were recorded
according to previous characterizations of kale crops (Cartea et al., 2003). Glucosinolate composition was
determined by HPLC. Landraces were evaluated following an 8 × 8 simple lattice design. Landraces were
considered as fixed factor, while locations, replications and blocks were considered as random factors.
Comparisons of means among landraces were performed using the Fisher’s protected least significant difference
(LSD) at p = 0.05 (Steel et al., 1997). These analyses were made using the GLM procedure from SAS (SAS
Institute, 2000).
Results and discussion
Agronomic traits
The analysis of variance showed significant differences among locations and landraces for early vigor
and vegetable yield. The landrace × location interaction was not significant (data not shown). However, in Galicia,
leaves are used both for animal and human consumption. Two landraces, namely MBG-BRS0468 and
MBG-BRS0476, having 1326 g and 1184 g, respectively, showed the highest vegetable yield and were
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significantly better than the best commercial varieties. Early vigor represents the ability of a plant to compete with
weeds, which are abundant in Galician agriculture. The landraces MBG-BRS0468 and MBG-BRS0476, showed
acceptable values for this trait (Table 1), good enough to overcome weed competition.
Nutritional traits
Related to mineral content, the combined analysis of variance over locations did not shown significant
differences between locations concerning to K+ and Ca2+. Landraces differed significantly in Ca2+ content, while
landrace × location interaction was not significant regarding both minerals. The landraces MBG-BRS0468 and
MBG-BRS0476 showed the highest content in K+, mineral that increases energy and muscle strength, and
reduces hypertension in human. Galician landraces showed higher Ca2+ and K+ content than broccoli, cauliflower,
Brussels sprouts, kale, red and white cabbage, and Savoy cabbage, and lower than Tronchuda kale (Padilla et
al., 2007a; Rosa, 1999). In particular, MBG-BRS0468 and MBG-BRS0476 had acceptable values of Ca2+
considering the high availability of this mineral due to the low level of oxalates, compounds that inhibit its
absorption (Heaney y otros, 1993). MBG-BRS0468 and MBG-BRS0476 showed 12.3 % dry weight (dw) and 10
% dw of crude fiber and 17.9 % dw and 18 % dw of protein in their leaves, respectively. These protein and fiber
contents would be considered as appropriate for fodder and they were similar to values found by Rosa (1999) in
different B. oleracea crops.
The landraces MBG-BRS0468 and MBG-BRS0476 showed a total glucosinolate content higher than the
content found in other B. oleracea crops (Nilsson et al., 2006). Sinigrin represented on average 34% of the total
glucosinolate content, followed by glucoiberin (28%) and glucobrassicin (25%). The rest of glucosinolates were
found in less than 3% of total glucosinolate content (data not shown). MBG-BRS0468 and MBG-BRS0476 had
the highest glucobrassicin content, one of the most potent anticancer compound found in cruciferous vegetables
(Nilsson et al., 2006).
Conclusions
The MBG core collection has been studied based on agronomical traits and on the Calcium, Potassium,
fiber, protein and glucosinolate content. Galician kale have high contents in fiber, proteins, vitamins and minerals,
particularly Potassium (K+) and Calcium (Ca2+) and moreover, they have anticarcinogenic properties due to some
glucosinolates. Those investigations allowed us to emphasize two local populations with the highest vegetable
yield and the best nutritional qualities for human consumption: MBG-BRS0468 and MBG-BRS0476.
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Table 1. Agronomical and nutritional traits evaluated in kales from Northwestern of Spain
Traits

MBG-BRS0468

Agronomic
Vegetable yield (g)
a
Early vigor (1-5)
Nutritive
b
Calcium (% dw)
Potasium (% dw)b
b
Fiber (% dw)
Protein (% dw)b
-1
c
Total glucosinolates (µmol g dw)
Glucobrassicin (µmol g-1 dw)c
a
c

MBG-BRS0476

Mean and range of 60
local varieties

1325.90
3.0

1183.5
2.5

720.7 (367.2 - 1325.9)
2.84 (1.75 - 4.0)

0.87
3.16
12.3
17.9
37.55
16.52

1.02
3.35
10.0
18.0
35.55
16.76

1.49 (0.87 - 2.12)
2.72 (2.01 - 3.35)
13.4 (8.8 - 17.7)
17.4 (11.0 - 24.5)
26.97 (11.00 - 52.8)
7.12 (1.75 – 16.76)

b

Early vigor: Subjective scale from 1 (very poor) to 5 (excellent); Percentage of dry weight;
µmol per g of dry weight.
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The oilseed crops especially Brassica species play a pivotal role in the Agricultural Economy of India. Among
these, Brassica campestris (var. yellow sarson) is an important Rabi crop of eastern India comprising Uttar
Pradesh, Bihar, West Bengal and Assam. Specified genotypes of yellow sarson do not exhibit the same
phenotypic characteristics under all environments and different genotypes respond differently to a specified
environment. The stable performance of varieties under different environments with regard to seed yield has
gained considerable significance in any varietal improvement programme. Therefore, some elite lines of Brassica
campestris (var. yellow sarson) were evaluated for their seed yield and 1000-seed weight in different
environmental conditions under partially reclaimed saline-sodic soil.
Ten diverse yellow sarson strains including NDYS-2, YST-151 and PT-303 as checks were evaluated during
consecutive four Rabi seasons (2003-04, 2004-05, 2005-06 and 2006-07) under partially reclaimed saline-sodic
soils having pH-9.42 and Ec 0.57 dsm-1 of N.D. University of Agric. and Tech., Kumarganj, Faizabad. The
experimental plot consisted of 5 rows of 5m long with spacing of 30x15 cm. The recommended agronomic
practices were followed to raise a good crop. Observations were recorded on seed yield (kg/plot) and 1000-seed
weight (g). Data were analyzed using the method of Eberhart and Russell (1966).
The mean squares due to genotypes were significant for seed yield and 1000-seed weight indicating that
genotypes were distinct for these attributes. The mean squares due to genotype x environment (G x E) interaction
were significant implying differential behaviour of genotypes under different environments. The results are in
close agreement with those of Patel et al. (2005). Variance due to pooled deviation was highly significant,
indicating that an important component for differences in stability was due to the deviation from linear regression
and not to the differences in slope only.
In general, the highest mean yields were recorded in E3 followed by E4, E2 and E1 (Table 1). In comparison to
best check YST-151, NDYS-123, NDYS-141 and NDYS-921 registered higher 1000-seed weight over the years.
However, for seed yield, NDYS-141, NDYS-128, NDYS-123, NDYS-921, NDYS-116-1 and NDYS-117 gave
higher seed yield as compared to check YST-151.
The performance of a given genotype is assessed by considering its phenotypic index (Pi), regression
coefficient (bi) and deviation from regression (S2di). Pi reflects the mean performance over environments of a
given genotype relative to the check. Pi was highest in NDYS-141 followed by NDYS-128 and NDYS-123 and
NDYS-141 for seed yield and 1000-seed weight, respectively. The strain NDYS-128 showed below average
stability as bi was >1. However, NDYS-141 exhibited high average yield and non-significant bi and S2di was
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relatively stable despite a better adaptation to more favourable environments.
For 1000-seed weight NDYS-123 which had above average mean values showed better stability in poor
environment as the values of S2di was non-significant and bi <1.
The present finding revealed that NDYS-141 and NDYS-128 were ideally adapted genotypes and could be
recommended for wide cultivation under partially reclaimed saline-sodic soils. These genotypes may be utilized
as the promising parents for Brassica campestris (var. yellow sarson) improvement programme for partially
reclaimed saline-sodic soils.
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Table 1. Stability parameters for seed yield and 1000-seed weight in Brassica campestris (var. yellow
sarson)
S.
Genotype
No.
1.
NDYS-123
2.
NDYS-128
3.
NDYS-141
4.
NDYS-107
5.
NDYS-921
6.
NDYS-117
7.
NDYS-116-1
8.
NDYS-2 (Check)
9.
YST-151 (Check)
10.
PT-303 (Check)
Mean
S.E.
C.D. (5%)

Mean
14.214
15.116
15.222
13.758
12.805
12.325
14.103
10.939
10.380
12.832
13.169
0.901

Seed Yield (Q/ha)
Pi
bi
1.045
0.620
1.947
1.402
2.053
0.903
0.589
0.960
-0.364
1.584
-0.844
1.255
0.934
1.432
-2.230
0.644
-2.789
0.422
-0.337
0.808
1.00
0.315
-
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S2di
3.721**
1.237**
-0.028**
0.557**
4.021**
2.047**
0.183**
0.767**
1.270**
0.945**
-

Mean
4.290
3.353
4.113
3.431
3.767
-3.129
3.547
3.414
3.706
3.854
3.660
0.199

1000-seed weight (g)
Pi
bi
0.630
0.938
-0.307
0.839
0.453
-0.346
-0.229
3.074
0.107
0.741
-0.539
1.123
-0.113
1.728
-0.246
1.037
0.046
0.765
0.194
1.000
1.00
1.975
-

S2di
0.006
0.052**
0.015*
0.008
0.007
0.000
0.033**
0.010
0.004
0.000
-
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Introduction
In order to apply efficient breeding strategy, estimation of heritability of desired traits needs to be performed.
Heritability represents the ratio between genotypic and phenotypic variance and expresses extend to which
individual’s phenotypes are determined by their genotypes (Borojevic, 1990). Heritability accompanied with
genetic gain is more useful than heritability alone in accurate prediction of the effects of selection (Johnson et al.,
1955). Estimates of heritability may differ widely in the same crop and same trait (Hill et al., 1998; Rasmuson,
2002), because heritability always refers to a defined population and specific experimental setup (Nyquist, 1991;
Holland et al., 2002).
The present research was conducted to gain information about phenotypic and genetic variability, heritability and
genetic advance estimates of yield determining traits in different accessions of Brassica napus L.
Materials and Methods
Six rapeseed Brassica napus L. cultivars (Sremica, Banaćanka, Falcon, Samuray, Jet Neuf and B- 009) were
sown for two years at the Institute of Field and Vegetable Crops, Novi Sad. The field trial was arranged in a
randomized complete block design with three replications. Plant height (cm), height to the first lateral branch
(cm), number of branches and number of leaves were estimated at the field, and number of pods per plant,
number of seeds per pod, seed yield per plant (g), 1000 seed weight (g) and oil content (%) were determined in a
laboratory. Variance components were estimated from the mean squares in the analysis of variance (Singh et al.,
1993; Hill et al., 1998). Broad sense heritability (h2) was estimated according to Singh et al. (1993) Expected
genetic advance (GA) and GA as percent of the mean assuming selection of the superior 10% of the genotypes
were estimated in accordance to Johnson et al. (1955) and Falconer (1989).
Results and Discussion
The estimates of genotypic coefficients of variation (GCV) were lower than phenotypic (PCV) for all studied
characters (Table 1). It indicated high influence of environment in the expression of these characters and
selection for their improvement based on phenotype would be misleading.
Broad sense heritability was highest for number of seeds per pod (95.5%) which is in accordance to the findings
of other researchers (Zuberi and Ahmed, 1973; Khan et al., 2006). The estimated value for 1000 seed weight was
also high (90.2%). Similar results were presented by Ali et al. (2003). For these two traits, the difference between
phenotypic and genetic coefficients of variability was the lowest.
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Oil content in rapeseed has been found to be highly heritable (82.1%) as was reported by Wang and Qiu (1990),
Becker et al. (1999) and Wu et al. (2006). Although the absolute oil content may vary considerably due to
environment, the relative oil content, i.e., the range of different cultivars to each other will be highly stable
(Hauska et al., 2007).
High heritability values were also estimated for number of pods per plant (84.8%), height to the first lateral branch
(78.9%) and number of leaves (78.8%).
Medium heritability expressed number of branches (68.4%) and seed yield per plant (58.5%). Zuberi and Ahmed
(1973) and Khan et al. (2006) estimated high heritability for seed yield.
Plant height showed the lowest heritability (44.1%), which is in accordance to Bang et al. (1986), but different
from other findings (Kwon et al., 1986, Khan et al., 2006).
High heritability does not necessarily mean high genetic gain. The utility of heritability estimates is, therefore,
increased when they are used to estimate genetic advance (Johnson et al., 1955), which indicates the degree of
gain in a character obtained under a particular selection pressure. The expected genetic advance is function of
selection intensity, phenotypic variance and heritability. Thus, the genetic advance has an added edge over
heritability as a guiding factor to breeders in a selection programme (Singh and Singh, 1981). The highest genetic
gain as a percentage of mean combined with high heritability was found for number of pods per plant (33.33%),
height to the first lateral branch (20.83%) and number of seed per pod (20.58%). These traits need to be
considered as an important selection criteria for investigated rapeseed cultivars yield improvement.
Table 1. Estimates of variance components, broad sense heritability, and genetic advance in rapeseed
cultivars
Studied traits
GCV
Plant height (cm)
5,01
Height to the first lateral
13,24
branch (cm)
Number of branches per
9,85
plant
Number of leaves per plant
10,29
Number of pods per plant
20,61
Number of seeds per pod
11,94
Seed yield per plant (g)
8,62
1000 seed weight (g)
8,04
Oil content (%)
2,7
δ2g- genetic variance, δ2p- phenotypic variance,

PCV
7,54

δ2g
44,44

δ2e
56,25

δ2p
100,69

h2
44,1

GA%
5,86

14,91

70,05

18,76

88,81

78,9

20,83

11,91

0,31

0,14

0,43

68,4

14,25

11,61
1,41
0,38
1,78
78,8
16,09
22,38
21,12
3,79
24,91
84,8
33,33
12,22
4,78
0,22
5
95,5
20,58
11,26
3,29
2,33
5,62
58,5
24,99
8,47
0,16
1,72
0,17
90,2
13,29
2,98
1,2
0,26
1,46
82,1
4,31
δ2e- error variance, GCV- genetic coefficient of variability, PCV-

phenotypic coefficient of variability, h2- broad sense heritability, GA %- genetic advance as percent of mean.
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QUANTITATIVE GENETICS UNDERPINNING BREEDING

Multiple use of vegetables with the hybrid Chinese cabbage ×
cabbage (kupulanttu)
Hannu Ahokas
MTT-Agrifood Research Finland, BEL, FI-31600 Jokioinen, Finland
Email: hannu.ahokas@mtt.fi

Several hybrids with Chinese cabbage and cabbage, both green and red, as the pollen parent were produced by
the author. Embryo rescue by in vitro growing helped obtain hybrids. About half of the hybrids were sterile, but the
rest produced some seeds by forced selfing, when the bagged inflorescences were shaken at anthesis, or the
flowers were rubbed with a detached flower. A single hybrid appeared to be fully fertile probably due to
spontaneous chromosome doubling. It could be used as the pollen parent to obtain a few seeds from the
apparently otherwise sterile plants. The red colour of the red cabbage is expressed in the hybrids. Biologically a
form of rutabaga, the hybrid was called kupulanttu (‘head rutabaga’) in Finnish. It also requires a long season, but
shows tolerance to post-seasonal frosts. The kupulanttu name was recently canonized in a number of newspaper
articles (Anon. 2005, Lounasheimo 2005, Ahokas 2006).
The kupulanttu hybrids tended to grow as leaf rosettes, although both parental species make a large, terminal
bud, the head. The long days of the subpolar season may control the heading. Growing under insect nets
promoted heading in kupulanttu significantly. The rosette type has a higher proportion of green tissue if used as a
vegetable. The head leaves and also the rosette leaves of kupulanttu have no strong and resistant vascular
tissues. Hence also the leaf stalks and midribs are readily palatable when fresh. This property makes them
preferable to Chinese cabbage and cabbage, but results in spontaneous breakage of the leaves during
expansion of the head. The breeding and experimental cultivation of kupulanttu have revealed its usefulness in
the following uses.
Pot vegetable. Seedlings of kupulanttu raised on sand-free peat trays in the greenhouse for 10 days to 3 weeks,
keeping well on the trays in a refrigerator, are useful as fresh pot vegetables (Fig. 1). They can be used in salads.
Their taste is slightly brassicoid. Older seedlings turn harder and have a stronger taste. The cotyledons in the
seedlings grow in size to about 1 inch in width and can be eaten and the seedlings even harvested at the
cotyledon stage. Selection for form, growing leaves without emergences, may be needed.
Traditional use. The heads or the rosettes are field-grown products of kupulanttu (Figs. 2 – 4). The heads
typically weigh 1 to 3.5 kg without the loose and rosette leaves. The final diameter of the rosette may reach over
1 m. The heads, mild in taste and devoid of strong vascular fibres, can be used as fresh or boiled. The rosette and
plaster leaves can be used for feeding.
Re-greening fresh vegetable. When harvested with roots and stored, for about four autumn and winter months,
at about +4 C in the dark, the heads can be grown again in the greenhouse for re-greening and expanding head
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leaves (Fig. 6). Leaves and heads from this second cultivation are tender and tasty as fresh. Some of the lines
showed post-seasonal proliferation. Up to 40 de novo vegetative buds were observed along the root zone during
storage (Fig. 5). With this kind of underground proliferation, a few of the kupulanttu plants left to overwinter in the
field survived the harsh winter of 2005-2006 in Finland and spontaneously produced seeds in situ the next
season (Fig. 10). The proliferating forms might be useful for the next type, yielding inflorescences and shoots for
vegetable.
Flowers, inflorescences and leafy shoots as vegetables. The flowers of kupulanttu are quite large (Fig. 7).
Corollas up to 4 cm in diameter can be found in the lower part of the inflorescence, which can elongate and reach
a height of over 1 m. In the winter and spring, when the nature is free from flower-visiting insects in Finland, the
stems can be raised in the greenhouse for flowers or inflorescences for use as vegetables. As fresh, these are
sweet, tasty, soft and, with the bright yellow corollas, decorative. Cut inflorescences can be stored in vials with
water for short periods of time. They might be used as edible decorations to fresh salads. The stems with their
leaves can also be used as vegetable before the flowering (Fig. 9). They are also mild in taste. They make several
branches.
Intervarietal and interspecific crosses. Most of the kupulanttu lines studied were self-compatible (Fig. 8).
Kupulanttu formed easily F1 hybrids when crossed with normal rutabaga, landrace vars. ‘Simo’ and ‘Sulikka’,
oilrape cv. ‘Wildcat’, leaf rutabaga cv. ’Red Russian’ and curly kale cv. ‘Pentland Brig’. The hybrids were heterotic.
The hybrids with normal rutabaga grew rosettes up to 2 m in diameter. The F1 hybrids of the spring rape cv.
Wildcat × kupulanttu grew stems up to 2.4 m high and set flowers in about three months, showing dominance of
the spring type, but with a tendency towards intermediary. The outcomes of the different hybrids in any further
generation have not been studied. Pentland Brig Kale is a tetraploid form (McNaughton 2005) and classified as
curly kale or borecole (UPOV 2004).
Pests and diseases. Kupulanttu was susceptible in the field to the scale and fly insects feeding on Brassica
species in Finland, but was seldom or not at all attracted by larger butterflies to lay eggs on them. The occurrence
of turnip rape fields in the surroundings also in the previous years appears to be a major source of pest insects.
However, kupulanttu has been grown in the field trials without application of any pesticide. When possible,
growing under fine-mesh nets can protect kupulanttu from insect damage. The kupulanttu lines resemble the
Chinese cabbage parent and normal rutabaga in their susceptibility to the fungus Sclerotinia sclerotiorum under
the local conditions, which can become a problem during storage. As vegetable, kupulanttu can be frozen and
stored in a freezer avoiding all biotic losses.
Reports on hybridisation. Karpechenko (1934) obtained hybrid seeds from crosses of tetraploid Brassica
oleracea with B. chinensis in 1933. His studies cannot be tracked any further down and were probably impeded
before 1941. Karpechenko was arrested under the disgrace of T. Lysenko, a quasi-geneticist in political power,
and perished in prison in 1942 (Loskutov 1999) under the persecution of Stalin’s period in the Soviet Union. A true
breeding hybrid between these Brassica species was produced in Japan. They called it hakuran, a word derived
from the Japanese names of the parental species. Their hybrid had a good quality for fresh use, likewise without
harmful fibrousity in leaves (Nishi 1980). The hybrid was also obtained by electric fusion of spheroplasts (Yoshiaki
et al. 1998). Somatic hybrids between Chinese cabbage and kale (Yamagishi et al. 1990) and Chinese cabbage
and cauliflower (Ren et al. 2000) were produced in order to transfer soft rot resistance to Chinese cabbage.
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Figures 1–10. Photographs of kupulanttu. – 1. Three-week-old seedlings at the stage of pot vegetable raised
at 12 – 18

C in the greenhouse. Red cabbage colour expressed in those to the right. – 2. Field-grown heads

freed from plaster leaves, the elongated head was 40 cm. – 3. Longitudinally sectioned heads, the one to the right
has red cabbage in its parentage and a tighter texture. – 4. Rosette types of kupulanttu in August. – 5.
Proliferation during storage with tens of de novo vegetative buds along the root zone. – 6. Re-greening plants in
10-l pots in the early generative season. Their tender and tasty heads can also be used as fresh vegetables. – 7.
Inflorescence of the early stage to be used as a vegetable. Band 1 cm wide. – 8. The siliqua and seed set is
mostly good in the kupulanttu species also in isolation bags by selfing (the nearest). Scale 5 cm. – 9. Stem leaves
and whole young shoots are juicy as vegetable. Scale 5 cm. – 10. Silique with seeds in kupulanttu plants survived
in the field over the harsh 2005 – 2006 winter and suffering from drought in 2006. The unexpected overwintering
with underground proliferation tells about the potential to evolve to a weedy form.
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Introduction
Despite 80 per cent contribution of Indian mustard in total acreage (6.33 m ha) and production (6.69 m t) of
rapeseed-mustard, its production is not commonsurating in accordance to the demand of ever increasing
population in India (Anon, 2007). It is mainly due to non availability of quality seed of its improved varieties to the
growers at an affordable price. Non adoption of a sound production technology, particularly involving balance use
of macro and micro nutrients is the key impediment for its low quantum of quality seed. An investigation was
therefore, undertaken to explore the possibility for optimizing a viable formulation in order to harness the genetic
potential in term of quality seed of mustard cv. NDR 8501.
Materials and methods
The present investigation was carried out at Crop Research Station, Masodha of the University being located at
26.470 N latitude, 82.120 E longitude and 118m altitude. The soil of the experimental site was sandy loam, low in
organic carbon and available nitrogen, medium in available phosphorus and potassium, poor in sulphur and zinc
and neutral in reaction (pH 7.4). The experiment was laid out in factorial randomized block design with five levels
of each sulphur (0,10,20,30and 40 kg/ha) and zinc (0,5,10,15 and 20 kg/ha) along with NPK (80:40:30) replicated
three times in 4x5 m2 plot size at 45x10 cm spacing during Rabi 2006-07. Elemental sulphur and zinc oxide were
used as source of sulphur and zinc, respectively. Half dose of nitrogen and full doses of phosphorus, potash,
sulphur and zinc were applied in furrows prior to sowing. Rest half nitrogen was top dressed equally at vegetative
and pre-flowering stages. Nucleus seed of mustard cv. NDR 8501 was sown and maintained the plant stand at 10
cm apart Manual weeding and other recommended agronomical practices were followed time to time in order to
raise an ideal crop. Observations relating to plant height and yield contributing traits and per cent disease
intensity of Alternaria blight thrice at vegetative, flowering and physiological maturity (wheeler, 1969) were
recorded on ten randomly selected plants. Seed yield obtained on plot basis was subjected to grading. The seed
size, germination, seedling length and vigour index (ISTA, 1985) and fungal flora through standard Blotter
method (ISTA, 1976) were recorded and analyzed statistically.
Results and discussion
The seed yield raw as well as graded and percentage of seed recovery increased significantly with the increase in
the doses of sulphur up to 30 kg/ha. The seed quality parameters viz., 1000-seed weight, germination, seedling
length and vigour index were also substantially improved. Side by side the severity of Alternaria blight decreased
significantly from 39.00 to 29.25 per cent (Table 1). Similarly, the application of zinc up to 15 kg/ha also increased
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significantly the raw seed yield (15.74 to 17.55 kg/ha), graded seed (13.28 to 15.28 kg/ha) and recovery (82.64 to
85.77%), seedling length (16.60 to 18.88 cm) and finally the vigour index from 1428.88 to 1670.70. However, the
impact of zinc application on 1000 seed weight and germination was non- significant. The intensity of Alternaria
blight and total number of fungal colonies were also decreased to some extent. The fungi associated with
different seed lots were Alternaria spp., Curvularia lunata, Aspergillus flavus, A. niger, Penicillium citrinum and
Perenospora spp.
The increase in seed yield (Table 1) was attributed through a number of yield attributing traits viz., number of
primary and secondary branches, number of siliquae per plant, 1000-seed weight and decrease in pollen sterility
(Table 1). The impact of sulphur was more pronounced in comparison to zinc. However, their interaction effect
was significantly observed for all parameters under studied. Supply of sulphur and zinc along with optimum doses
of NPK might have helped in the improvement of the over all nutritional environment of the rhizophere which
resulted in greater uptake of nutrients and there by exercised a favourable influence on plant metabolic activities
appearing finally in the improvement of yield and yield contributing traits with the decrease in disease severity and
fungal flora in mustard.
Conclusion
The seed yield and its quality parameters of mustard could be enhanced significantly by the basal application of
sulphur at 30 kg/ha and zinc at 15 kg/ha along with NPK at 80:40:30 kg/ha in sandy loam soil being lower in
organic carbon and available nitrogen, sulphur and zinc, medium in available phosphorus/ potassium and neutral
in reaction
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Table 1. Effect of sulphur and zinc on seed yield and its contributing traits, Alternaria blight and fungal
flora in Indian mustard cv. NDR 8501
Parameter
Raw
seed
yield (q/ha)
Graded seed
yield (q/ha)
Seed
recovery (%)
1000 seed
weight (g)
Germination
(%)
Seedling
length (cm)
Vigour index
Plant height
(cm)
Primary
branches/
Plant
Secondary
branches/
Plant
Siliquae/
Plant
Seed/siliqua
Pollen
sterility (%)
Fungal
colonies
/
400 seeds
Intensity of
Alternaria
blight (%)

Sulphur (kg/ha)
0
10
13.80
16.40

20
17.17

30
18.19

40
18.83

Zinc (kg/ha)
0
5
15.74
16.30

10
16.82

15
17.55

20
17.99

CD at 5%
S
Zn
0.99
0.63

8.85

13.27

15.00

17.44

18.38

13.28

13.90

14.56

15.28

15.72

2.07

0.66

64.10

80.81

87.33

95.86

97.46

82.64

84.71

85.32

85.77

86.12

8.18

2.01

5.12

5.75

6.15

6.55

6.71

5.91

6.01

6.08

6.11

6.17

0.33

N.S

83.06

86.06

87.58

88.98

90.48

85.66

87.52

87.34

88.28

88.36

1.94

N.S

15.90

17.02

18.20

19.56

20.12

16.60

17.34

18.44

18.88

19.54

1.02

0.32

1321.1
4
115.55

1482.9
6
135.24

1594.4
2
142.30

1802.9
2
153.20

1424.8
8
120.41

1521.4
6
132.95

1613.90
136.25

6.11

7.00

5.01

5.54

5.72

1712.
64
145.4
2
6.25

41.4
3
2.23

5.72

1670.
70
140.2
7
6.14

133.0
9
3.97

4.92

1742.
32
149.6
3
6.65

0.28

0.21

7.02

12.14

13.04

14.90

15.12

8.03

11.40

11.82

12.50

13.21

0.71

0.52

150.25

230.40

249.2

286.31

180.49

220.13

242.42

9.22
3.10

11.72
0.92

7.54
15.28

9.33
3.47

10.51
1.19

274.9
3
12.51
0.24

8.26

8.44
5.23

263.4
0
11.72
0.92

10.42

6.71
12.17

275.4
0
10.49
2.09

0.53
0.50

0.71
0.76

15.00

11.00

11.00

9.00

8.00

21.00

19.00

19.00

17.00

16.00

1.82

N.S

39.00

38.06

35.45

33.31

29.25

40.37

40.97

39.02

38.50

36.37

4.26

N.S
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Abstract
A survey was conducted to find out the influence of cultural practices on the incidence of Sclerotinia stem-rot of
mustard at farmers field in district Sirsa of Haryana state. Information gathered revealed that mustard crop sown
between last week of September to the first week of October demonstrated highest disease incidence as
compared to the crop sown later. Disease incidence was more in cultivar RH-8812 (Laxmi).
Cotton-Raya-Guar-Raya and Guar-raya-fallow-raya rotations exhibited more disease incidence than
pearlmillet-fallow-pearlmillet-raya rotation. The increased number of irrigations resulted in an enhanced disease
incidence. It has also been observed that disease incidence was more in sandy loam soils as compared to sandy
soils.
Keywords: Stem rot, mustard, Sclerotinia sclerotiorum
Introduction
Sclerotinia stem rot of mustard incited by Sclerotinia sclerotiorum (Lib) De Bary, is one of the most important soil
borne disease of mustard. In India, stem rot of mustard has emerged in serious form in many parts (Saharan et
al.,1985). It has also reported to cause losses up to 72% in severe cases under favorable conditions (Chauhan et
al., 1992). It appears regularly in mild to severe form (Kumar and Thakur, 2000). Heavy losses due to this disease
have also been reported in raya from North-West Haryana. The present study was, therefore, undertaken to
assess the prevalence and severity of the disease under the influence of different cultural practices on farmer’s
fields of Western Haryana.
Materials and method
During the third week of February 2007, twenty-five raya fields at five locations in district Sirsa were surveyed at
post flowering stage of the crop. The soil texture of this district is sandy to sandy- loam where raya crop is grown.
The soil and water samples of surveyed fields were collected and analyzed by Richard method, 1954. An area of
5X5 m was marked at five randomly selected spots in each farmer’s field and per cent stem-rot incidence was
calculated by counting the diseased and total number of plants per spot. The plant showing infection was
considered as a diseased plant. A detailed Performa was devised for collecting information on this disease with
regard to date of sowing, varieties, rotation, irrigation and type of soils. The information was, thus collected from
25 fields and compiled to find out possible correlation with disease incidence.
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Results and Discussion
Data depicted in Table 1 revealed that the crop sown between 4th week of October to 1st week of November had
minimum stem rot incidence of 11.69 per cent while disease incidence was significantly higher (52.69%) in the
crop sown between last week of September to the fisrt week of October. This may be due to the fact that in late
planting, the post flowering stage does not coincide with the congenial period for disease initiation (Sharma and
Kanwar, 1989). They also reported that low temperature and high moisture on the plant surface favored the
development of stem- rot disease in post flowering stage of garden pea.
Maximum disease incidence of 43.3 per cent was exhibited on cultivars RH-8812 (Laxmi) which was statistically
at par with private sector cultivars (33.3%). The proportion of disease was significantly minimum (4.9%) on
RH-30. The varied response of different cultivars may be because of their biochemical constituents.
The disease incidence was significantly less (13.7%) when the fields were irrigated at branching and flowering
stage whereas significantly higher disease incidence (38%) was observed when the fields were irrigated at
branching, flowering and pod formation stage. It may be due to the humidity prevailed for longer period and may
predispose the plants for infection and disease development. Application of poor quality tubewell irrigation water
by farmers for mustard may also led to increase in concentration of salts which not only affect plant growth but
plant succumbs to stem-rot. Tubewell water sample used to irrigate in farmers field get analysed are annexed in
Table 3.
The disease incidence in Cotton-Raya-Guar-raya rotation (55.2%) and in Guar-Raya-fallow- Raya (42.05%) was
statistically at par, whereas the disease incidence was significantly less in pearlmillet-fallow-pearlmillet-Raya
rotation as this rotation is followed in areas of sandy soils which retain less moisture and may not be favorable for
infection and disease development.
The disease incidence in sandy loam soils is significantly higher (39.2%) as compared to that of sandy soils
(2.36%) as sandy loam soils retain more moisture for longer time as compared to sandy soils. High moisture in
sandy loam soils may be conducive for infection and disease development. The soil status and characteristics are
appended in Table 2.
Information gathered suggested that the stem rot is increasing in mustard, which may lead to disastrous crop
failure as the disease incidence was recorded up to 88% at few locations. Hence, attempts may be made to
concentrate on experimentation for disease management practices. It can also be inferred from the study that
cultural practices play a significant role in disease recession.
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Table 1. Summary of field observations on Sclerotinia stem rot of Indian mustard in western Haryana
Agronomic practices
No. of fieids
Disease
Incidence (%)
(A) Date of sowing
1. last week of September - 1ST week of oct.
7
52.69
2. 2nd week of oct. –3rd week of Oct.
3. 4th week of Oct.-1st week of Oct.
7
14.06
7
11.69
CD (Per cent=0.05)
25.18
(B) Varities
1. RH-8812(Laxmi)
6
43.33
2. RH-30
6
4.90
3. varieties of private sector
6
33.33
CD (Per cent=0.05)
(C.) Irrigations
1. Branching + flowring
10
13.70
2. Branching + flowring + pod formation
10
38.00
CD (Per cent=0.05)
21.82
(D) Rotations
Cotton-Raya- Guar-Raya
4
55.20
2. Guar – Raya – Fellow -Raya
4
42.05
3. Pearl millet – fellow - Pearl millet – Raya
4
2.17
CD (Per cent=0.05)
22.80
(E) Soil Type
1. Sandy
10
2.36
2. Sandy – loam
10
39.20
CD (Per cent=0.05)
14.53

Table 2. Soil characteristics of analysed fields having Sclerotinia stem rot
PH
Ec (ds/m)
Organic
Available
(Kg./ha)
carbon
P
Sandy
8-8.3
.19-.30
.08-.20
17-22
Sandy loam
7.6-8.8
.32-.65
.30-92
10-16

Table 3. Water characteristics of Tubewell used to irrigate
Cl
HCO3
Sand
4.0-7.5
1.8-8.0
Sandy loam
5.0-11
16-40
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Ca+mg
2.0-30.0
1.5-25.0

Available
(Kg./ha)
K2O
225-398
229-1473

Ec(ds/m)
.98-3.2
2.6-4.6

AGRONOMY AND VARIETY TRIALS

Yield performance of some crucifer crop on fly ash amended soil
P.K. Mishra
University Department of Botany, Vinoba Bhave University, Hazaribag, Jharkhand, India
Email: malay_mishra@yahoo.com

Introduction
Utilization of coal in thermal power plants is a significant fact and the situation is supposed to remain unchanged
in several coming decades on developing countries including India. Combustion of coal in thermal power plants
leads to production of fly ash, which has become an environmental menace. Over 80 thermal power plants of
India produce more than 100 million tones of fly ash per annum, which has become a serious problem for
environmental managers. It is important to note that actually it is the large volume of fly ash, which is creating
problems and not its chemical nature. Detail chemical analysis of fly ash has revealed that except nitrogen, it
contains all other elements, which are essential for plant growth. So, its possible use as soil amendment agent in
agriculture sector can prove to be a good way for its proper management. In present investigation, impact of fly
ash on yield of two crucifer crops, radish and carrot has been studied.
Material and methods
5%, 10%, 15% and 20% fly ash was added in normal soil for present investigation. Soil without fly ash acted as
control. 5 k.g. of amended soil as well as normal soil were put in separate pots and radish and carrot were grown.
The root crops were harvested after 100 days and yield attributes were recorded. The root crops were oven dried
later on and dry weight was also recorded.
Results and discussions
Results of present investigations as given in table-1. Yield of radish grown in test pot with 5% fly ash was
recorded 139 g/pot where as 10% amendment resulted 148.7g/pot of radish. 15%and 20% fly ash amendment
resulted 155.4 g/pot and 150.7 g/pot of radish. In control condition, radish yield was 120.7g/pot. So far yield
attribute of carrot is concerned, it was 102.7 g/pot and 113.3 g/pot respectively in 5% and 10% amendments.
In case of 15% and 20% amendments, yield was recorded 126.9g/pot and 122.8g/pot respectively. This result
was against yield of 98.5g/pot in control condition.
Respective dry weights of radish in four amendment conditions were 8.4g/pot,
8.8g/pot, 9.6g/pot and 8.7g/pot respectively as compared to7.3g/pot in control condition. So far dry weight of
carrot is concerned, it was 9.3 g/pot, 9.9 g/pot, 10.6 g/pot and 10.5 g/pot respectively in four amendments
described above. In control condition the value was 9.0g/pot. The results clearly indicate that fly ash amendment
considerably increase yield of both radish as well as carrot. It is however important to find out most suitable dose.
In present study, yield increased up to 15% fly ash amendment but there after further increased in dose of fly ash
failed to inflict any positive result. The same trend was observed in case of dry matter contents. This result is in
confirmation with earlier reports in respect to other crops given by workers like Tayler et.al. (1988), Mandal and
Saxena(1999, 1997) and reports of Central Fuel Research Institute(2001). Mishra(2001) has tried to explain
causes for enhancement of yield after fly ash amendments and has found that mitotic index of plant increases
significantly in such cases. This probably leads to higher growth and yield.
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Table-1
Yield of radish and carrot grown on soil amended with different doses of fly-ash
Amendment

Radish
Yield

Carrot
Dry Weight

0%

120.7

7.3

5%

139

8.4

10%

148.7

15%
20%

Yield
98.5

Dry Weight
9.0

102.7

9.3

8.8

113.3

9.9

155.4

9.6

126.9

10.6

150.7

8.7

122.8

10.5

CD at 5%- 1.2 and 0.9 respectively.
All weights are in g/pot.
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Introduction
Rocket (Eruca sativa Mill.) is an annual or over wintering herb with stale and unpleasant odors it’s cultivated and
used as a vegetable. Rocket also considered a medicinal plant and strong aphrodisiac effects. In some Asian
countries Eruca sativa Mill. has been cultivated for seed production. The seeds of rocket contain erucic and
eicosenoic acid, the rocket seed oil also used in industries and medicine and cooking. Eruca cappadocica and
Linum usitatissimum L. has been cultivated as oil plant thousands years ago in central Anatolia. Wild genus
Diplotaxis tenuifolia L. widely found native in the southern and western parts of Turkey but it’s not cultivated and
used as a vegetable. Agronomic characters use monitoring for the genotypes in order to determine environmental
and genetic influences to selection (Vollman et al., 2007). The objective of the present investigation is to study the
association of leaf and siliqua contributing characters of Eruca and Diplotaxis species.
Materials and Methods
Total thirty-six Eruca and Diplotaxis species were investigated. The seed samples originating from 11 countries
(Algeria, Afghanistan, China, Cyprus, Egypt, England, Spain, Iran, Poland, Pakistan, Turkey) in three regions
(Europe, North Africa, and Asia) some Diplotaxis species collected from Aegean and South-west part of Turkey.
Two Diplotaxis and one Eruca species received from Prof. Dr. Jules Janick in USA. The experiment conducted at
Ege University, Faculty of Agriculture, Department of Horticulture in Bornova, İzmir Province. Randomized
complete block design two replications were applied. Ten competitive plants were randomly selected to record,
siliqua length to width ratio, siliqua beak length (cm), leaf width (cm), leaf petiole thickness (cm), leaf petiole width
(cm), leaf width to leaf length ratio, siliqua pedicel length (cm), siliqua width (cm), seed per siliqua, plant weight
(g), 1000 seed weight (g), siliqua length (cm), leaf length (cm), plant width (cm), plant height to width ratio, plant
height (cm), number of leaves per plant, leaf petiole length (cm). Correlation coefficients were computed by using
variance and covariance components
Results and Discussion
Assessment of the associations between agronomic characters is very useful in for indirect selection and
breeding programs. Some quality traits could be simultaneously improved by selecting the appropriate plant
agronomic traits in breeding particularly using correlation between the agronomic characters and seed properties
(Zang et al., 2006) Rocket exhibited rich genetic variation in plant type, fruit habit, pod size, shape, grain size and
colour (Chandel and Bhandari 1989). In the present study for most the agronomic characters leaf length, leaf
blade width to leaf length ratio, leaf petiole width, leaf petiole thickness, plant weight, siliqua width, siliqua length
to width ratio, siliqua beak length, 1000 seed weight highly positive correlated to leaf width and negative
correlated to siliqua length to width ratio, number of seeds per siliqua (Table 1). Leaf characteristics have an
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important role in genotype classification selection in leafy vegetables. Leaf petiole length were not correlated any
other leaf or siliqua properties. Leaf length showed positive correlation with leaf petiole thickness. Moreover leaf
petiole width highly positive correlated to leaf petiole thickness, plant weight, siliqua width, siliqua beak length,
1000 seed weight negative correlated to siliqua pedicel length, siliqua length to siliqua width and number of seeds
per siliqua. Siliqua length and number of seeds per siliqua observed high correlation coefficient and Khan (1999)
reported these parameters important for increasing seed yield in Indian mustard. Kumar et al., (1999) indicate
seed yield positive association 1000 seed weight as our findings, similar observation also reported Tyagi et al.,
(1996) in mustard.
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Table 1. Correlation coefficients among various agronomic characters of Eruca spp. and Diplotaxis spp.
genotypes
LW
LL

LL

LBW/LL

LPL

LPW

LPT

PH

PWE

PW

PH/PW NLP

SL

SW

SPL

SL/SW SBL

NS/S

0,77**

LBW/LL

0,89**

0,41*

LPL
LPW

0,14

-0,02

0,22

0,88**

0,61**

0,84**

0,20

LPT

0,91

0,76**

0,80**

0,14

0,89**

PH

-0,09

-0,02

-0,18

0,26

-0,12

PW

-0,44** -0,16

-0,50**

-0,11 -0,41*

-0,36*

0,03

PWE
PH/PW

0,83**

0,64**

0,76**

0,25

0,88**

0,84**

-0,07

0,22

0,12

0,16

0,24

0,18

0,04

0,74** -0,61** 0,15

NLP

0,40*

0,60**

0,20

-0,10 0,32

0,46**

-0,24

0,28

0,43*

SL

-0,67** -0,53** -0,62**

0,06

-0,64** -0,69** 0,36*

0,27

-0,57** 0,10

SW

0,77**

0,28

0,79**

-0,54** 0,71**

SPL

-0,81** -0,62** -0,75**

0,10

-0,74** -0,80** 0,37*

SL/SW
SBL

-0,86** -0,67** -0,80**
0,88**

NS/S

-0,81** -0,60** -0,78**

1000-SW 0,73**

0,52**

0,59**
0,50**

0,75**

0,86**
0,70**

-0,25

0,78**

-0,03

-0,29
-0,29
0,27

-0,23
0,05

-0,54**

0,38*

-0,69** 0,03

-0,28

0,87**

-0,68**

-0,14 -0,85** -0,89** 0,23

0,44**

-0,76** -0,09

-0,24

0,87**

-0,84** 0,89**

0,26

0,86**

-0,50** 0,82**

0,23

-0,65** 0,91**

0,10

-0,74** -0,83** 0,48** 0,25

0,20

0,71**

0,87**
0,71**

-0,20
-0,02

0,13

-0,71** 0,21

-0,56** 0,65**

0,30

-0,41* 0,78**
0,21

-0,78** -0,89**

-0,64** 0,87**

-0,52** 0,85**

0,83**

-0,79**

-0,65** -0,75** 0,80**

LW: Leaf width, LL: Leaf length, LBW/LL: Leaf with to leaf length ratio, LPL: Leaf petiole length, LPW: Leaf petiole width, LPT: Leaf petiole
thickness, PH: Plant height, PW: Plant width, PWE: Plant weight, PH/PW: Plant height to width ratio, NLP: Number of leaves per plant, SL:
Siliqua length, SW: Siliqua width, SPL: Siliqua pedicel length, SL/SW: Siliqua length to siliqua width ratio, SBL: Siliqua beak length, NS/S:
Number of seeds per siliqua, 1000 SW: Weight of 1000 seeds.

Note = *Significant at the 0.05 probability level, **Significant at the 0.01 probability level.
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-0,57**
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sulphoxide (SMCO)
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Introduction
Kales are usually large plants, and the quantity of material used to analyse S-methyl cysteine sulphoxide (SMCO)
is very small – usually 100 mg of dry material. A method of sampling is needed such that a representative sample
is produced from only a small amount of plant tissue, which is freeze-dried and sub-sampled for chemical
analysis. McDonald (1982) considered young leaves were most suitable for plant breeding purposes when using
NIR analysis of SMCO, as they had the lowest standard error and the highest correlation with the autoanalysis
method. Young leaves were, therefore, used at Crop & Food Research for sampling breeding lines when
selecting for low levels of SMCO. However, little progress was being made in reducing SMCO levels, and it was
decided to examine the variability within a kale plant to find the best way of sampling plants for SMCO content.
Method
Two plants each of three cultivars of kale were tested - Proteor, Gruner Angeliter and Rawara, chosen to have
high, medium and low percentage of leaf. All leaves were split into lamina and petiole and weighed separately.
The stems were divided into three and weighed.The apical meristem, even-numbered leaves up to the 10th leaf
and also the last leaf were analysed for SMCO (using the method described by Gowers and Shaw, 1999). The top
and middle section of stem were sub-sampled by taking small sections at ¼, ½ and ¾ along their length and these
were combined and used as the sample for analysis. It was assumed the bottom part of the stem would be hard
and inedible, and it was not analysed. SMCO levels of the leaves that were not analysed were interpolated from
the analysed results. The whole plant SMCO levels were estimated by multiplying each plant part by its SMCO
concentration and summing them to give a total amount.
Results and discussion
The young leaves had high levels of SMCO, ranging from 1.5 to 2.4% dry matter (DM). With the exception of one
unusual plant, there was a steady, sharp decline in SMCO content down to around 0.2 – 0.3% DM in the oldest
leaves. There was a particularly sharp drop in levels in the petiole between leaves 2- 6, levelling off between
leaves 8-10 and then declining further in older leaves (see Figure 1). Contents in the upper stem ranged between
0.48 and 1.08% DM and for middle stem between 0.10 and 0.51% DM.
Mean SMCO contents of various samples taken from the plants are given in Table 1. As far as estimates of whole
plant levels were concerned, leaf 9 estimates gave a very close value. For 4 of the plants leaf 9 was the first fully
expanded leaf (1st FEL) and, with the other two plants included, the estimate for 1st FEL petioles gave the same
value as the whole plant estimate. This is very convenient, because picking that particular leaf is very easy in
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comparison to counting the 9th leaf. Sampling the 1st FEL petiole from 10 or 12 plants may, therefore, be an easy
way of sampling lines to find their overall SMCO contents.
For plant breeding purposes, the absolute value of the SMCO estimate is less important than selecting the plants
with the lowest levels of SMCO. In this case, the sample with the highest correlation with whole plant SMCO
content was the top-third stem sample (Table 1). However, removing the top of the stem would seriously delay
flowering in the selected plants or, if vernalisation was not strong, may even cause the plant to revert to being
vegetative. Leaves 8-10 petioles gave very good correlations, with 1st FEL again giving a slightly better value. It
is, suggested, therefore, that sampling the 1st FEL is a simple way to sample single plants for SMCO content.
References
Gowers, S. and Shaw, M.L. 1999. Selection for low S-methylcysteine sulphoxide content in kale. Cruciferae Newsletter 21.
McDonald, R.C. 1982. A study of factors affecting SMCO content of kale (B.oleracea). Ph.D. thesis, Edinburgh.

Table 1. Mean SMCO contents of samples from two plants each of three cultivars of kale.
Plant
code

st

1 fully
expanded
petiole
0.36
0.40
0.40
0.69
0.60
0.90

top third
stem
0.57
0.48
0.59
0.78
0.95
1.08

middle
third
stem
0.30
0.46
0.20
0.31
0.51
0.46

P2
P1
R2
G1
G2
R1

Whole
plant
0.41
0.43
0.45
0.57
0.67
0.83

Leaf 8
petiole
0.30
0.44
0.40
0.79
0.69
0.90

Leaf 10
petiole
0.29
0.36
0.39
0.59
0.50
0.93

Largest
leaf
petiole
0.28
0.30
0.30
0.36
0.28
0.34

mean

0.56

0.59

0.51

0.31

0.56

0.74

0.37

0.91

0.93

0.45

0.95

0.98

0.57

correlation with
whole plant

Lamina
2.50

SMCO%

2.00

G1
G2

1.50

P1
P2

1.00

R1
R2

0.50
0.00
1

3

5

7

9

11

13

15

17

19

Leaf no.
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Petiole
2.50
2.00

G1

SMCO %

G2
1.50

P1
P2
R1

1.00

R2
0.50
0.00
1

3

5

7

9

11

13

15

17

19

Leaf no.

Figure 1. SMCO contents of lamina and petiole samples of leaves from two plants each of three cultivars
of kale.

64

DEVELOPMENT AND REPRODUCTIVE BIOLOGY

Influence of the leaf extract, biopesticide and oil of neem
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Abstract
Lower doses of the leaf extract of neem (Azadirachta indica A. Juss.) and azadirachtin-based biopesticide
cause an increase in hypocotyl length and cotyledonary area of turnip (Brassica rapa L.), but their higher doses
have inhibitory effect in M1 generation. A further improvement in the above traits is seen in M2. Crude neem oil
treatment demonstrates retarding effect on the above traits. The 40% concentration of the leaf extract and
biopesticide is highly desirable in this regard.
Introduction
Seedling morphology bears great significance in applied genetics and plant breeding (5, 6). Being metric in
nature the seedling characters are quite variable and greatly influenced by the environmental factors. Neem
elaborates a vast array of biologically active and chemically diverse constituents such as azadirachtin,
meliantriol, nimbinin, nimbidin, nimbin, vepaol, etc (4). Azadirachtin, highly oxygenated C-secomeliacins, is the
most prominent among them. Neem products are anti-microbial, anti-ulcer, remover of pus and skin disorders,
liver stimulant, gastric demulcent, blood purifier, anti-inflammatory, anti-rheumatic, anti-pyretic and useful in eye
diseases. Plant protection practices have been followed since the adoption of agriculture as profession and for
this the persistent uses of pesticides have led to wide spread contamination of food commodities and the
environment. The commonly used physical and chemical mutagens and pesticides are not only expensive but
also injurious to health and environment. Therefore, search for safe and effective mutagens and biopesticides of
botanical origin can be an important approach. (7, 8, 9, 10, 11). Keeping all these in view, present study was
undertaken in order to make a comparative account with regard to the effect of some neem products viz. leaf
extract, azadirahtin-based biopesticide and neem oil on the seedling morphology of turnip.
Material and Methods
The materials, methods of preparation of the solutions of different concentrations, procedure of seed
treatment and raising of plants from the treated seeds were the same as described earlier (10). For the study of
seedling morphology, the treated seeds were sown in separate iron trays filled with homogenous soil. The
seedlings were pulled out from the soil on the 15th day from the date of sowing after the appearance of the first
true leaf in order to measure hypocotyl length, along with length and breadth of cotyledons. To score mean
cotyledon area, mean length and mean breadth of the cotyledon were multiplied.
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All the results are presented in Table 1. The data were analyzed statistically using Student’s t-test.
Results and Discussion
The leaf extract and biopesticide had marked effect on seedling traits of cultivated turnip. A gradual increase
in hypocotyl length and cotyledon area was observed from 20% to 40% concentrations, followed by a progressive
decrease from 60% to 100% in M1 generation. Maximum enhancement in the above traits was noted at 40%
concentration in both the cases. An improvement in the above traits was observed at all the doses in M2.
However, the neem oil had retarding effect on these traits.
Neem, a native of the Indian sub-continent, is a highly esteemed tree for the people in the region. One of the
Sanskrit names for neem is “Yavan Priya” and according to classical unani scholars it means beloved of Muslims
(1). Persian scholars have used the name “Azad darakht” for neem. Its botanical name Azadirachta indica is
evidently derived from Persian (2). In ‘Ayurveda’ neem tree is regarded as ‘Sarva Roga Nivarini’. For centuries its
derivatives have found use in agriculture, public health, medicine, toiletries, cosmetics, livestock production and
health. Neem oil has bactericidal and anti-viral properties (23). ‘Nembola’ (neem oil in capsule form) results
gradual reduction in requirement of Oral-anti-diabetic drugs (3), but neem oil is not beneficial in the
cardio-vascular system (22).
Morphophysiological evaluation of seven varietal populations of turnip including seedling morphology was
made by Prasad & Shrivastava (13). A comparison with F1 intervariatal hybrids with respect to these characters
indicated heterosis as a result of increased heterozygosity (14, 15). In turnip, the hypocotyl length is under the
control of a polygenic system (14). There is a negative corrclation between hypocotyl length and cotylodon area
(17). The triploids had smaller seedlings than the tetraploids and diploids (18). Owing to colchicinization the
growth of the seedlings retarded for various durations and the hypocotyl length of the seedlings became reduced
while the cotyledon area increased (19). Aqueous leaf extract of Catharanthus roseus Don. (20) and Parthenium
hysterophorus L. have retarding effect on seedling morphology of turnip (21).
Under present investigation, biochemical interactions occurred when the allelochemicals present in the leaf
extract, biopesticide and neem oil came in contact with the embryo of the seeds during treatment which ultimately
influenced the survival, growth and development of plants raised from them (21, 28). Reversion towards normality
in M2, particularly at the higher doses, may be attributed to the presence of a strong DNA repair mechanism in
turnip. It is invariably believed that the medicines and the pesticides of plant origin are safe and can be used
without any precaution, but it is not so. Sometimes they have serious side effects. Neem oil and azadiractin based biopesticide are also toxic in nature and hence their use in large amounts at higher concentrations may
prove hazardous (25).
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Table 1. Effect of Neem products on seedling morphology of turnip
Concentration
(%)

Gener
ation

Leaf extract
Hypocotyl length (mm)
Mean ± SE
CV (%)

Control
20
40
60
80
100

Biopesticide
Cotyledon area
2
(mm ) - Mean ± SE

Hypocotyl length (mm)
Mean ± SE
CV (%)

Cotyledon area
2
(mm )- Mean ± SE

M1
M2

11.4 ± 0.12
11.2 ± 0.15

7.63
9.63

15.7
10.2

09.5 ± 0.17
10.7 ± 0.17

17.79
15.98

15.5
16.4

M1

20.0 ± 0.27**

9.58

18.9

13.1 ± 0.17**

13.21

18.4

M2
M1

22.7 ± 0.46**
31.3 ± 0.42**

14.10
7.86

21.7
34.8

15.9 ± 0.17**
18.1 ± 0.19**

10.75
10.39

25.0
32.1

M2
M1

31.0 ± 0.25**
25.0 ± 0.36**

5.61
10.30

43.7
27.8

18.5 ± 0.21**
17.2 ± 0.22**

11.18
12.67

34.0
31.7

M2
M1

27.8 ± 0.34**
19.3 ± 0.29**

8.66
8.70

33.8
19.2

17.5 ± 0.17**
16.3 ± 0.15**

9.43
9.39

33.8
30.5

M2

21.3 ± 0.39**

12.85

22.4

16.7 ± 0.18**

10.90

32.9

M1

12.3 ± 0.27**

15.53

15.4

15.4 ± 1.02**

20.98

18.7

M2

14.5 ± 0.35**

16.94

15.1

16.4 ± 0.18**

10.98

19.4

M1
M2

30.5 ± 0.23
31.1 ± 0.24

7.77
7.72

95.7
97.9

M1

19.0 ± 0.24**

12.63

77.7

M2

22.5 ± 0.23**

10.22

93.7

Effect of Neem oil
Control
Treated
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** - Significantly different from the control at 1.0% level.
* - Significantly different from the control at 5.0% level.
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Abstract
Lower doses of the leaf extract of neem (Azadirachta indica A. Juss.) and neem-based biopesticide cause an
increase in root weight, plant height and number branches/plant of turnip (Brassica rapa L.), but their higher
doses have inhibitory effect in M1 generation. A further improvement in the above traits is seen in M2. Crude neem
oil treatment demonstrates retarding effect on the above traits. All the three kinds of treatment cause delay in the
time of flowering. The 40% concentration of the leaf extract and biopesticide is the most beneficial in this regard.
Introduction
Study of plant height and number of branches/plant bears special significance in relation to yield. They may
be positively or negatively correlated (10). Time of flowering determines the earliness or lateness of a variety.
Neem elaborates a vast array of biologically active and chemically diverse constituents such as azadirachtin,
meliantriol, nimbinin, nimbidin, nimbin, vepaol, etc (2). Azadirachtin, highly oxygenated C-secomeliacins, is the
most prominent among them. Neem products are anti-microbial, anti-ulcer, remover of pus and skin disorders,
liver stimulant, gastric demulcent, blood purifier, anti-inflammatory, anti-rheumatic, anti-pyretic and useful in eye
diseases.
The commonly used physical and chemical mutagens and pesticides are not only expensive but also
injurious to health and environment. Therefore, search for safe and effective mutagens and biopesticides of
botanical origin can be an important approach. (4, 6, 7). Keeping all these in view, present study was undertaken
in order to make a comparative account with regard to the effect of some neem products viz. leaf extract,
azadirahtin-based biopesticide and neem oil on root weight and some yield attributes of turnip.
Material and Methods
The material, methods of preparation of the solutions of different concentrations, procedure of seed
treatment and raising of plants from the treated seeds were the same as described earlier (8). Height of 25
randomly selected mature plants in each concentration and control were measured simultaneously with the help
of a thread and a scale to compute mean plant height. For mean number of branches/plant, the secondary
branches developing from the primary axis were counted. Date of appearance of the first flower and its difference
from the date of sowing gave the number of days to flower. The roots of 25 randomly selected plants in each item
were pulled out from the soil and weighed to score mean root weight. Additional plants were grown for this
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purpose.
All the results are presented in Table 1. The data were analyzed statistically using Student’s t-test.
Results and Discussion
The leaf extract and pesticide had marked effect on yield attributes of cultivated turnip. A gradual increase in
root weight, plant height, branches/plant and days to flower was observed from 20% to 40% concentrations,
followed by a progressive decrease from 60% to 100% in M1 generation. Maximum enhancement in the above
traits was noted at 40% concentration in both the cases. An improvement in the above traits was observed at all
the doses in M2. However, the neem oil had retarding effect on the above traits except the root weight. All the
treatments caused delay in the time of flowering.
Morphophysiological evaluation of seven varietal populations of turnip was made by Prasad & Shrivastava
(11). A comparison with F1 intervariatal hybrids with respect to these characters indicated heterosis as a result of
increased heterozygosity (12, 13). Turnip is a root crop plant, therefore, any improvement is its colour, shape,
flesh, size and weight is important from agricultural point of view. First and foremost goal of a plant breeder, at
least in a developing country like India, is to achieve higher yield. Significant heterosis was observed for root
weight in some interavietal crosses in turnip (13). The colchitetraploid forms of turnip have larger and heavier
roots than their respective diploids (15). The root weight of the triploid was higher than the diploid, and even the
tetraploid (14). Moderate higher doses of the leaf extract of Catharanthus roseus Don. had enhancing effect on
root weight of turnip, whereas of Parthenium hysterophorus L. Leaf and flower extracts exhibited deleterious
effect (5, 16, 17). Radiation (3), ethyl methane sulphonate (1), Leaf extract of Catharanthus roseus Don. (17) and
leaf and flower extracts of Parthenium hysterophorus L. (16) caused delay in the time of flowering in turnip.
However, increase in root weight, associated with late flowering, is beneficial from agricultural point of view as
turnip looses its commercial value after emergence of the flowering shoot (16, 18). Moderate higher doses of
periwinkle have enhancing effect on plant height and branches/plant (16). But the leaf and flower extracts of
carrot weed have deleterious effect on both the traits (17). Noticeably the plant height and days to flower, at least
in some varietal populations of turnip, are negatively correlated (10)
Biochemical interactions occur when the allelochemicals (secondary plant metabolites) produced by one
plant escape into environment and influence the growth and development of other plants growing in vicinity (17,
19). Under present investigation, biochemical interactions occurred when the allelochemicals present in the leaf
extract, biopesticide and neem oil came in contact with the embryo of the seeds during treatment which ultimately
influenced the survival, growth and development of plants raised from them. Reversion towards normality in M2,
particularly at the higher doses, may be attributed to the presence of a strong DNA repair mechanism in turnip. It
is invariably believed that the medicines and the pesticides of plant origin are safe and can be used without any
precaution, but it is not so. Sometimes they have serious side effects. Neem oil and azadiractin - based
biopesticide are also toxic in nature and hence their use in large amounts at higher concentrations may prove
hazardous (20). Despite all demerits, it is globally recognized that the use of pesticides will continue as effective
plant protection measure in future too. Neem plantation and processing is economically viable and desirable in
view of its social and ecological benefits.
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Table 1. Effect of Neem products on some yield attributes of turnip
Concentration
(%)

Generation

Leaf extract
Root weight (g)
M ± SE
CV (%)

M1
Control

M2
M1

20

M2
M1

40

M2
M1

60

M2
M1

80

M2
M1

100

M2

168.3 ±
2.17
172.0 ± 2.02
185.7 ±
2.32**
187.3 ±
2.10**
438.7 ±
3.84**
455.4 ±
3.74**
281.2 ±
2.97**
279.2 ±
2.95**
261.8 ±
2.30**
262.6 ±
2.01**
160.8 ±
1.52**
162.8 ±
1.51**

Plant height (cm)
M ± SE
CV (%)

Biopesticide
Branches / plant
M ± SE
CV (%)

Days to
flower

6.45

71.6 ± 0.44

4.37

9.6 ± 0.19

14.6

76

5.88

71.5 ± 0.24

2.40

9.0 ± 0.22

17.4

75

6.25

78.4 ±
0.28**
79.2 ±
0.56**
92.2 ±
0.63**
94.6 ±
0.56**
88.9 ±
0.44**
90.8 ±
0.50**
74.6 ±
1.16**
83.1 ±
0.54**
66.5 ±
0.53**
75.2 ±
0.52**

2.51

15.8

78

11.12

79

9.83

87

10.41

88

13.10

85

11.43

86

13.04

80

10.41

79

5.68

11.2 ±
0.25**
12.3 ±
0.19**
14.9 ±
0.21**
15.3 ±
0.23**
12.4 ±
0.33**
13.0 ±
0.29**
10.9 ±
0.28**
12.5 ±
0.26**
8.6 ± 0.23**

13.14

78

4.93

9.8 ± 0.27**

14.02

78

115.3 ±
0.99
117.7 ±
1.07
72.3 ±
0.99**
106.9 ±
0.95**

4.32

8.1 ± 0.19

84

4.56

8.5 ± 0.20

86

6.90

6.7 ± 0.18**

93

4.66

7.5 ± 0.18**

90

5.61
4.38
4.20
5.28
5.28
4.40
3.83
4.75
4.63

4.96
4.81
4.22
2.47
3.93
10.96
4.63

Root weight (g)
M ± SE
CV (%)

Plant height (cm)
M ± SE
CV (%)

Branches / plant
M ± SE
CV (%)

170.4 ±
2.08
175.4 ± 2.08

6.09

70.4 ± 4.54

32.2

9.0 ± 0.34

38.4

77

5.92

68.8 ± 4.53

33.0

10.0 ± 0.34

34.6

80

6.15

79.2 ±
4.30**
80.8 ±
4.59**
110.4 ±
4.39**
109.6 ±
4.81**
106.4 ±
4.13**
105.6 ±
4.60**
86.5 ±
4.76**
85.6 ±
4.45**
88.2 ±
3.46**
82.4 ±
2.60**

27.2

9.2 ± 0.44

47.8

79

28.4

9.6 ± 1.01

52.9

81

19.9

40.6

88

42.2

90

19.4

12.6 ±
1.02**
13.6 ±
1.14**
11.4 ± 0.77

33.9

87

21.8

11.0 ± 0.74

34.0

87

27.5

11.0 ± 0.69

31.4

83

26.0

11.2 ± 0.64

28.9

81

20.8

11.0 ± 0.85

38.5

82

15.8

12.0 ±
0.81**

33.7

81

172.0 ±
2.12
173.0 ±
2.11
220.0 ±
2.19**
242.0 ±
2.19**
180.0 ±
1.96
184.0 ±
1.95
164.6 ±
2.30
168.8 ±
2.90
112.8 ±
2.00**
130.4 ±
2.08**

6.07
4.98
4.52
5.44
5.30
6.97
5.43
8.87
7.96

22.0

Days to flower

Effect of Neem oil
M1
Control

Treated

M2

143.3 ±
26.68
9.87
160.0 ± 16.55 40.05

M1

161.3 ± 94**

2.93

M2

169.7 ±
0.92**

2.72
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** - Significantly different from the control at 1.0% level.
* - Significantly different from the control at 5.0% level.
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Introduction
Assessment of the mating system of a crop is particularly important for the design of adequate breeding
and genetic conservation programs. Genetic inbreeding and heterosis, important factors that affect the
production of the crop, are related to the mating system. Brassica napus L. includes economically important
crops, such as oilseed rape, rutabaga and leaf rape. B. napus is considered as an autogamous species, although
in field conditions it has a variable outcrossing rate, between 20 and 40% (Becker et al., 1992; Damgaard and
Loeschcke, 1994). These estimates had been based on morphological traits or isoenzyme analysis. At present,
accurate estimates of outcrossing rates can be obtained using multilocus approaches. Also the estimates of
outcrossing rates in the field are subjected to environmental variation. The objective of this work is to study the
outcrossing rate in Brassica napus L. cultivated under controlled conditions using a SSR multilocus approach.
Material and Methods
One local populations of leaf rape: MBG-BRS0039 was chosen from the gene bank at ‘Misión Biológica
de Galicia’ (CSIC, Spain). A total of 25 SSRs (www.ukcrop.net) were screened in 100 plants of the population.
Eighteen pairs of plants were placed in isolation cages and bumble bees (Bombus sp) were released for
facilitating the crosses. A seed sample (around 100 seeds) of the progeny of each plant of each cross was sown
in seedbeds and the four or five youngest leaves of each individual were collected forty days afterwards. These
progenies were analyzed by SSRs that were polymorphic in the parental populations. DNA extractions and
amplifications were performed as described by Soengas et al. (2006). Single and multilocus outcrossing rates
were estimated using the iterative likelihood procedure of Ritland (1990). Analyses were done with the MLTR
program for diploid species (Ritland, 1990). Standards errors for the statistics were calculated from 1000
bootstraps estimated by resampling among progeny families.
Results and Discussion
SSR Na10-A08 was polymorphic for the population MBG-BRS0039. Details about this SSR are given by
Lowe et al. (2004). SSR Na10-A08 amplified two different, polymorphic and independent loci: Na10-A08a and
Na10-A08b. Both loci presented two alleles each (Table 1).
The program MLTR (Ritland, 1990) produces an estimator of the single outcrossing rate (ts) and the
multilocus outcrossing rate (tm). The values of ts were very similar for both loci examined (Table 1). The tm
estimate was equal to 0.33 ± 0.10, which is in agreement with those detected for other B. napus populations
(Becker et al., 1992; Damgaard and Loeschcke, 1994). The difference between tm and average ts is a minimum
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estimate of the apparent selfing due to biparental inbreeding, that happens if mating occurs between relatives,
but this was not the case, since this quantity was close to zero (0.02 ± 0.01).
The tm computed at a family level gave estimates that ranged from values close to 0.00 (families number
12 and 13) to values close to 1.00 (families 8 and 15). Most part of the families showed outcrossing rates between
0.20 and 0.40 (Table 1). The variability of outcrossing rate inside populations of B. napus was observed before
and it could be the consequence of differences in morphological parameters as the spatial relationship of stigmas
and anthers (Syafaruddin et al. 2006), the presence of male-sterile plants (Song et al., 2006), the position of the
flowers in the plant (Becker et al. 1992) or the preference and number of visits of pollinators (Suso et al., 2005).
Phenotypic variation can be due in part to environmental factors (Becker et al. 1992). However, in our
experiment, environmental variation was considerably reduced by placing the couples of plants in isolation
cages. Inside each isolation cage, a couple of plants and a beehive with approximate the same number of bumble
bees was placed, avoiding in part the preference of the bumble bees for a type of plant. Therefore, we can
assume that a great part of the phenotypic variation for outcrossing rate is under genetic control. The
narrow-sense heritability of selfing rate was estimated in the past as 0.41 (Daamgard and Loeschcke, 1994). The
existence of genetic variability for this trait will be a valuable tool that will allow the study of the genetic
mechanisms controlling the mating system of this crop; how heterosis and inbreeding depression are affected by
the outcrossing rate, and the effect on production. Also, if self-sterile or auto-incompatible plants can be selected
they will become a genetic resource that could be used for breeding purposes.
Currently more SSRs are being screening at ‘Misión Biológica de Galicia’ (CSIC, Spain) in the population
studied to verify the the outcrossing rate obtained. Other populations are being screened to test if there is genetic
variability for this character among populations.
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Table 1. Allelic frequencies and estimates of outcrossing rates of the two loci studied.
Locus

Alleles Frequencies

No1.

ts2

Family tm3

No.

Na10-A08a

1

0.653 ± 0.102

1240

0.31 ± 0.07

1

0.82 ± 0.09

95

2

0.347 ± 0.102

2

0.14 ± 0.06

95

1

0.915 ± 0.049

3

0.66 ± 0.16

84

2

0.085 ± 0.049

4

0.33 ± 0.17

95

5

0.78 ± 0.11

95

6

0.38 ± 0.21

82

0.60 ± 0.06

73

8

1.03 ± 0.06

70

9

0.29 ± 0.17

85

10

0.31 ± 0.12

71

11

0.31 ± 0.18

83

12

-0.04 ± 0.13

76

13

0.04 ± 0.20

81

14

0.33 ± 0.09

88

15

0.91 ± 0.20

56

16

0.24 ± 0.11

95

Total

0.33 ± 0.10

1324

Na10-A08b
2

Average ts

1003
1240

0.30 ± 0.14
0.31 ± 0.11

7

1

Number of individuals employed in the analysis
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DEVELOPMENT AND REPRODUCTIVE BIOLOGY

Exploring Cytoplasmic Male Sterility for F1 Hybrid Development
in Indian Cauliflower
Pritam Kalia
Division of Vegetable Science, Indian Agricultural Research Institute, New Delhi-110012, India
Email: pritam.kalia@gmail.com

Introduction
Cauliflower (Brassica oleracea L. var. botrytis L.) is an important Cole vegetable grown almost all the year
round in India. It occupies 238.2 thousand hectares area with 4507.9 thousand metric tonnes of production, 18.9
MT/ha of productivity and 4.4% production share in total vegetable production in India (Anonymous, 2005).
Cauliflower forms an important ingredient of Indian cuisine, especially during autumn and winter season. For the
last about one and half decade, F1 hybrid culture gained momentum and self-incompatibility was employed for F1
hybrid development in Indian cauliflower. The climate change is anticipated to pose a threat to such hybrids, as
self-incompatibility, being thermo sensitive, breaks and increases percentage of selfs in hybrid seed lots.
Therefore, the present study was envisaged to transfer cytoplasmic male sterility, as an alternative, for F1 hybrid
development with the objectives:
•

To transfer diverse sterile cytoplasms into different maturity backgrounds of Indian cauliflowers.

•

To develop superior F1 hybrid cultivars for diverse maturity, quality and productivity using cytoplasmic
male sterility, a stable system, for low cost hybrid seed production.

Materials and Methods
•

Ogura sterile cytoplasm from radish was first transferred into broccoli since directly it gave
reproductive deformities in cauliflower.

•

This sterile cytoplasm from broccoli was then transferred and established in three different maturity
genetic backgrounds of Indian cauliflowers, namely early (September – October maturity), mid
(November maturity) and mid late (December maturity) through hybridization.

•

Improved Ogura cytoplasm introgressed population was developed along with maintainers in
different maturity groups. These were used in developing hybrid combinations with divergent
improved fertile open pollinated lines and evaluated for heterotic performance.

•

Sterile cytoplasms from Brassica tournifortii and Erucastrum canarience have been attempted via
Brassica napus into cauliflower using embryo rescue technique.

Results
•

Radish ogura sterile cytoplasm was successfully established in three maturity groups of Indian
cauliflowers viz. early, mid early and mid late.

•

Tournifortii and Canarience sterile cytoplasm has been transferred via Brassica napus through
embryo rescue into Indian cauliflowers.

•

Ogura cytoplasm early group F1 hybrids H 433, H 413, H 454, H 641, H 698; mid early F1 hybrids H
912, H 915, H 1095 and mid late F1 hybrids H 901, H 976 and H 951 gave consistently superior
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performance with respect to yield and quality, consecutively, for three years over self-incompatibility
(SI) based commercially cultivated F1 hybrids (Table 1).
Conclusion
1.

Best performing ogura sterile cytoplasm based hybrids will be evaluated at multilocations before
recommending for commercial cultivation.

2.

Wild sterile tournifortii and canarience cytoplasm will be stabilized through backcrossing in desired
genetic background and explored for F1 hybrid development.
More diverse sterile cytoplasm will be introgressed for exploring their F1 development potential.

3.
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Table 1. Comparative Performance of CMS / SI based hybrid combinations in Indian cauliflower
S.No.

Hybrid

Early group
1.
H 454
2.
H 641
3.
H 698
4.
Pusa Kartik Sankar (SI
check)
Mid early
1.
H 912
2.
H 915
3.
H 1095
4.
Pusa Hybrid 2
(SI check)
Mid late
1.
H 901
2.
H 951
3.
H 976
4.
Pusa Synthetic

Average
Marketable
(t/ha)

yield

% Increase over SI
hybrid

23.1
27.2
25.5
18.2

26.92
49.45
40.11
-

36.9
35.0
36.2
27.8

32.73
25.91
30.21
-

37.2
38.4
39.1
22.3

66.82
72.20
75.34
-
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Evaluation of wild crucifers under sub-tropical conditions of
Jammu & Kashmir (India)
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Chatha, Jammu-180 009, India
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Introduction
To increase the productivity of oilseed Brassicas in a sustainable way, additional variability has to be created in
the existing material. For this, sources carrying desirable genes have to explored within and outside the species.
The wild relatives of crucifers have an array of desirable genes for various yield and quality characteristics as well
as for resistance to major diseases and pests. The genes from wild crucifers can be incorporated into the
cultivated Brassicas through distant hybridization, aided by hormonal treatments and tissue culture methods
(Gupta, 1993). However for this, desirable characters must be known in the species, which has to be involved in
hybridization. Keeping this in view, a number of wild crucifers have been screened for various characters under
the sub tropical conditions of Jammu and Kashmir (J&K) in India.
Materials and Methods
The experimental material consisted of 47 wild crucifers procured from various sources throughout the world,
which were grown at Jammu (74o55’E longitude and 32o39’ N latitude, 332 m AMSL) during 2006-07. The
material was raised under natural field conditions in two rows of 2.0 m each as well as in pots. All the lines grown
were studied for various characters, out of which three are described below:
Table 1. Evaluation of wild crucifers for different morpho-physiological traits
Character studied

B. fruiticulosa

C. abyssinica

T. arvense

Plant Characters
Pre-flowering growth habit of plant
Plant height
Main shoot length
Primary branches
Secondary branches

Rosette
51-98 cm
35-42 cm.
12-17
38-42

Erect
68-105 cm
45-59 cm
9-14
22-30

Erect
84-97 cm.
38-45 cm.
4-5
12-24

Hairyness

Sparse

Absent

Absent

Angle

Open

Semi-erect

Open

Colour
No. of lobes
Waxiness
Flower Characters

Medium green
Many (4-7)
Absent

Light green
Few (1-2)
Absent

Light green
Few (1-2)
Absent

Colour of petals

Yellow

White

White

Petal length

1.02 cm.

0.40 cm.

0.34 cm.

Leaf characters
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Petal width

0.40 cm.

0.24 cm.

0.14 cm.

Pod characters
Length

0.9-1.3 cm

0.7-1.1 cm

1.1-1.4 cm

Length of beak

0.2 cm

Absent

Absent

Surface texture
Number on main shoot
Seeds per siliqua

Intermediate
22-42
15-26

Smooth
88-140
1

Smooth
98-122
8-12

Alternaria blight
White rust
Insect-pests

A few spots
Absent

Present
Absent

Absent
Absent

Aphids

Absent

Absent

Absent

Diseases

Results and Discussion
Crambe abyssinica was observed to be an annual herb with the height of plants ranging from 68-105 cm.,
branching mostly in the upper half. The leaves were large and ovate with light green colour. Flowering was
intermediate with small white flowers. The plants contained numerous single-seeded pods, which are
indehiscent. The number of pods on main shoot varied between 88-140 though the whole plant contained about
750 fruits. Thlaspi arvense was also observed to be an annual species with the height ranging from 84-97 cm.
having numerous flowering branches. The plant type is erect with open, alternate, light green and glabrous
leaves. The flowers are white and small is size. A prolific seed producer due to numerous fruits on the plant, its
pods are smooth in texture and are easily dehised. Brassica fruticulosa is a dicot annual herb. The plants grow as
a rosette in the initial stages, which later become highly vigorous with height ranging from 51-98 cm. The number
of primary branches ranges from 12-17 with 38-42 secondary branches. Leaves are open, glabrous and medium
green with a few hairs and black spots on the surface. Its flowers are medium in size and yellow in color. The
silique are 0.9-1.3 cm in length with a small beak and 15-26 seeds. Similar findings have been reported earlier in
wild species (Gupta et al., 1995).
Interestingly, all the three crucifers were free from white rust and aphid infestation whereas, a few spots
of Alternaria infection were observed on B. fruiticulosa. Therefore, these crucifers may be used as a source of
resistance to the important biotic stresses after their thorough evaluation under artificial epiphytotic conditions.
Efforts are already underway in incorporating their useful traits into cultivated Brassicas through distant
hybridization at this Centre.
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Fig.1. Wild crucifers.
(a) Pods of Thlaspi arvense
(b) A fruiting branch of T.arvense
(c) Leaf structure of T.arvense
(d) Floral apex of Crambe abyssinica
(e) A plant of C.abyssinica
(f) Fruits of C.abyssinica
(g) A plant of B.fruiticulosa
(h) Flower of B.fruiticulosa
(i) Mature pods B. fruiticulosa
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