Journal of Oliseeds Research

Volume 16 No. 2 December 1999 ISSN 0970-2776

Indian Soclety of Oliseeds Research

ﬁ DIRECTORATE OF OILSEEDS RESEARCH




THE INDIAN SOCIETY OF OI1. SEEDS RESEARCH

EXECUTIVE COUNCIL FOR 1998 and 1999

President : Dr. Mangala Rai

Vice President : Dr. €. Hanumantha Rao
General Secretary : Dr. Vijay Singh

Joint Secretary : Dr. M.A. Raoof

Treasurer : Dr. S.K. Chakrabarty
Councillors : Dr. M.L. Gupta {North Zone)

Dr. Y.S. Chauhan (Central Zone)
Dr. Nagaraju (Southern Zone)
Dr. D.M. Hegde (Western Zong)
Dr. U.C. Kar (Eastern Zone)

Editorial Beard

Editor - Dr. C.V. Raghavaiah
Members

Dr. V. Arunachalam Prof. 8. Jayaraj

Dr. P. Rathinam Dr. D.R.C. Bakhetia

Dr, Arvind Kumar Dr. B, Rai

Dr. 5.1.. Mehta Dr. M. Uday Kumar
Patrons

M/s. Vanaspati Manufacturcrs Association

M/s. A.P. Sced Certification Agency

M/s. National Dairy Development Board

M/s. Maharashtra Hybrid Seeds Company Ltd.,
M/s. Indian Soap & Toilctrie Makers” Association
M/s. IOPEA-Oilseeds Screntific Research Institute
M/s. Bharat Pulverising Mills Pvt. Lid,,

M/s. ITC Lid.. - ILTD Bivision Seed Unit

—

Joumnal of Oilseeds Research is published half vearly by the Indian Society of Qilsceds Rescarch



The lodivne Socicty of Oitseeds Resarck wiskes o Membens, Patrons ard Well winkens
e
Happy
Prosperons &
Praductive

New Millennium that can lead to a knowledge - based global Society

V' e







JOURNAL OF OILSEEDS RESEARCH

Voume 16 December, 1999 Number 2

CONTENTS w
REVIEW W)R 4 35
Screening techniques for evaluation of double low characteristics in . 183-195
oilseed brassicas
- Abha Agnihotri
CROP IMPROVEMENT

Combining ability and heterosis for seed vield and it's related traits in Indian ~~ 196-202
mustard (Brassica juncea (L.) Czem & coss SRR
- P.C. Gupta and G.5. sharma

Genetics of resistance to reniform nematode in Castor (Ricinus communis L) 7" 203-209
- DS Bhand and D.R. Patel idn

Reaction of diverse CMS sources, testers and their hybrids to downy mildew %f" 210-212
caused by Plasmopara halsteidii in Sunflower (Helianthus annuus L.)
- M.P. Rajanna, A. Seetharam. K. virupakshappu and Nagaraju

Parameters of genetic variability and cotrelation studies in Linseed 213-215
(Linum usitatisshoum L.)
- T.R. Gupta, 8.5. Pal and inderjit Singh

Stidies of genetic divergence in groundnut over Jocations ' 216-218
- SK Bera and P.K. Das :

Studies on physiological and biochemical aspects of seed quahty m‘ hmm'al ST 219220
aged seeds of Indian Mustard (Brassica juncea L.} : \ ’
- 8.5 Verma, R.P.S. Tomer and U. Verma k. '

‘Transfer of double low characteristics in early maturing Brassica napus o 227-229

- Abha Agnikotri and Nutan Kaushik

Genetic divergence in mutant cuitures of groundnut {4 rachis hypogaea L.) o 230-233
-Ramesh Kumar, JN. Sah and J. Gosh -

Comparison of macro mutation frequency in homozygous and heterozygous o - 234-240
genotypes of groundnut by pammarays ' '
- P.L Viswanathan, N. Nadarajan and N. Ramamoorthy

Phenotypic stability for seed yield in niger BRI 241-244
- D.M. Hegde, H.S. Patil, B.R. Singh and U. Goswami

CROP PRODUCTION

Integrated weed management in kharif sesame {Sesamum indicum L.) 245-249
- H.C. Jain, M.R. Deshmukh and D.M. Hegde

Effect of soil solarization on certain soil properties, growth and yield of groundnut 250-252

- Mudalagirivappa, H.V. Nanjappa and B.K. Ramachandrappa



Journal of Qilseeds Research

Impact of conservation practices on soil moisture and crop yield in a
watershed - A case study

.M. Padmaiah, M.S. Rama Mohan Rao, M. Chandrappa and Govind Prasad

SHORT COMMUNICATIONS

Combining ability analysis in Rapeseed (Brassica campestris L.) using
recessive genetic male sterility
- 4.K. Singh, Y.§. Chauhan and K Kumar

Selection response in seed yield through direct and indirect selection
in sunflower

-Lokendra Kumar, Mahendra Singh, G.P. Sarohu, R K. Sheoran and Subhadra

Estimates of genetic variability in intermated progenies of sesame
- C. Parameswari and V. Muralidharan

Corralation and path analysis in certain metric traits in safflower
- A.A. Chavan, V.D. Patil and R.M. Mane

Evaluation of suitable intercrops for intercropping with sesame (Sesamum indicum L)

-J.A. Hosmath and V.C. Patil

1s the duration of seed dormancy influenced by water availability during
reproductive growth period in sunflower ?
- K.§. Krishnamurthy, R.Uma Shaanker and K.N. Ganeshaiah

Agronamic practices for yield tmprovement of kharif groundmnut
in western Orissa
- A.K. Patra, B.C. Naik and M M. Mishra

Influence of integrated supply of nitrogen through organic and thorganic sources
on growth, nutrient uptake and yield of soybean
- V. Aruna and §. Narasa Reddy

Influence of irrigation schedules on growth and yield of summer sesame
- H.S. Tomar, G.K. Srivastava, O.P. Tiwari and R.S. Tripathi

Effect of sources and levels of sulphur on chlorophyll, protein and
oil output in soybean (Glycine max. L. Merrill)
- 8.K. Vishwakarma, R.S. Sharma and V.B. Upadhyaya

Effect of spacing, nitrogen and phosphorus on summer groundnut
- J.R. patel

Effect of enriched farmyard manure and time of gypsum application on
growth and yield of soybean (Glycine max.)
- G. Kathiresan, G. Manickam and P. Gnanamurthy

Integrated weed management in sunflower
- HT. Chandranath, 4 K. Satyanarayana Guggari and V.B. Nadagoud

Vol. 16(2)

310-313

314-316

317-319

320-322

323-326

327-330

331334

335336

337-339

340-342

343-345

346-347

348-349

350-353



Vol. 16(2) Journal of Oilseeds Research

Dry matter partitioning in different plant paits of spanish and virginia
groundnut cultivars in mid-western plains of U.P.
- Sanjeev Kumar and Arvind Kumar ‘

Differential response of saybean varieties to phosphorus nptake under field conchuons
- M. Hanumanthappa, K.R. Sreeramulu and K.N. Kalayana Murthy

Response of niger to levels of nitrogen and phosphorus
- L R. Patel

Effect of tillage and phosphorus fertilization on growth and yield of groundnut
grown after puddled rice
- C. Vijaya Kumar, 8. Rama Rao, M. Singa Rao and R. Prabhu prasadini

Estimation of yield loss due to sesame powdery milde - (Qidium acanthospermi)
- D Dinakaran and V.Dharmalingam

Resistance to kalahasti malady (Tyienchorhynchus brevilinearus) in advanced
Varieties of groundnut
- P. Harinath Naidu and G.J. Moses

Bioeficacy of some insecticides against mustard aphid in Himachal Pradesh
- Ajai Srivastava

Effect of botanicals against groundnut bud borer, Anarsia ephippias (Meyrick)
- I'Sengutiuvan and C.V. Dhanakodi

Evaluation of mustard { Brassica junceq 1.. Czern and Coss) germplasm under
late sown conditions
- J.8. Chauhan, A.K. Shukia, Y.P. Singh and P.R. Kumuor

Effect of date of sowing and varieties on the incidence of mustard aphid,
. Lipaphiy erysimi (Kalt.) on rapeseed-mustard
- Ajai Srivastava

Sumrmnaries

354-357

358-359
360-361

362-366

367-368

369-370

371-373
374-376

377379

$330-281

382-3%0



J. Oilseeds Res. 16(2) 1999 : 183-195
ISSN 0970-2776

SCREENING TECHNIQUES FOR EVALUATION OF
DOUBLE LOW CHARACTERISTICS IN
OILSEED BRASSICAS

ABHA AGNIHOTRI
Bioresources and Biotechnalogy Division, TERI, Darbari Seth Block,
Habitat Place, Lodhi Road, New Delhi 110 003.

ABSTRACT

Oilseed Brassicas are the third most important oiiseed crop of the world and the second most important
edible oilseed crop of India. Prior to 1970, rapeseed mustard breeding efforts were mainly directed
towards increase in seed and oil yield. During recent years, due to the growing awareness about the
autritionai quality of the oil and meal, the emphasis has shifted towards breeding for quality traits in
repeseed mustard.  The Indian rapeseed mustard cultivars have high amounts of nutritionally undesired
components, erucic actd and glucosinolates. Since both erucic acid and glucosinolates are governed by
multiple recessive genes, a large number of segregating plant populations are required to be screened for
selection of double low plants. The lack of cost effective, efficient and precise analytical methods may
restrict the breeding efforts towards development of double low (*00° or *Canola’ quality) cultivars.
In view of this, various analytical methods for analysis of erucic acid and glucosinolates are discussed

in this review article.

Keywords :

The oleiferous brassicas account for about 30%
of the total oilseeds being produced in India. Hav-
ing achieved a substantial increase in yield during
past decade, the emphasis is being laid upon im-
provement in the nutritional quality for sustained
production. The presence of two nutritionally
undesired components in the rapeseed-mustard
varieties grown in India, i.e., high amounts of eru-
cic acid (40-50%) in the seed oil and high
glucosinolates (80-160 m moles/g) in the oil free
meal, restrict the utilization and expansion of In-
dian rapeseed mustard oil and cake at the global
level. The dietrich in high erucic acid has shown
to be associated with fibrotic changes in myocar-
dium (Gopalan ef a/., 1974, Sauer and Kramer, 1983)
and glucosintolates are considered harmful for con-
sumption for feed purposes (Bille et ¢/, 1983, Bell,
1984).

‘Canola’ (commonly known as double low
or '00’) is a trade name designating rapeseed-
mustard having less than 2% erucic acid in the
seed oil and less than 30 m moles glecosinolate/p

Brassica, Rapcsced mustard, nutritional quality, double low, erucic acid, glucosinolate.

of the deoiled cake (Downey 1990) and is consid-
ered ideal for food and feed purposes. In India,
efforts were initiated about two decades ago for
the introduction/development of canola quality
cultivars suitable for Indian agroclimatic condi-
tions. As a result some O/OQ lines have been
identified (Malode et ol 1995; Agnihotri et al. 1995,
Agnihotri and Kaushik 1998, 1999, Kaushik and
Agnihotri 1996) but they need to be improved for
their agronomic attributes.

The breeding for low erucic acid and low
glucosinolate becomes difficult due to the non-
availability of desirable donor sources as well as
the complicated genetic factors. The erucic acid
content is reported to be under the control of two
genes with additive effects (Harvey and Downey
1964, Kondra and Stefansson 1965, Siebel and
Pauls 1989). Each seed from the same plant con-
tains different genetic background resulting in seed
to seed variation in the levels of erucic acid.
Glucosinolates are controlled by matemal geno-
type and are governed by at least three partially

Received for publication in October, 1998,
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recessive genes (Kondra and Stefansson 1970,
Uzunova ef al. 1995). Since both erucic acid and
glucosinolates are inherited independently, 2 large
number of segregating plant populations need to
be screened, and the lack of precise and efficient
screening techniques for erucic acid and
glucosinolate may become the bottleneck for qual-
ity breeding programmes.

In addition to the reduction in erucic acid
and glicosinolate, several other parameters are im-
portant for the improvement in quality such as oil
content, crude fibre, protein content, minerals and
amino acids. The concept of ‘double low’ is re-
cently being replaced by the concept of ‘triple low”,
whereby emphasis is being made on developing
varieties having low erucic acid, low glucosinolate
and yellow seed coat colour. This 1s because the
yellow seed coat colour has been shown to have
low fibre and high oil content. In addition, certain
minor constituents of importance comprise phytic
acid, sinapine, phenolic compounds etc., however,
the breeding programme generally include these
compounds as a part of the monitoring only, Con-
sidering the national priority towards development
of double low varieties suitable to grow under In-
dian agroclimatic conditions, the present paper de-
scribes the screening techniques for these two
quality parameters.

1. SCREENING TECHNIQUES FOR
ESTIMATIN OF ERUCIC ACID

The fatty acids are the triacylglycerols
found abundntly in specialized plant tissues. The
most bundant {atty acids in the plant oils and fats
are unbranched, even numbered, monocarboxylic
acids in which all carbon atoms are either satu-
rated (e.g. palmitic, stearic acids) or unsaturated to
varying degrees {e.g. oleic, linoleic, linolenic, er-
cic acids). The methods employed for the estima-
tion of fatty acids can broadly be classified into
two different types; the chromatographic and non-
chromatographic methods.

Joumal of Oilseeds Research

PN PR

Non-chromatographic methads for the estimatioy
of erucic acid

Tu general the solubility of fats in organic
solvents decreases with increasing chain léngth
and vice versa(Rao eral. 1955, Arnald er of. 1963),
The Gas-Liquid Chromatography (GLC) analysis
of commercial seed samples (Craig 1961) and of
low erucic acid seeds (Downey and Craig 1964)
estabilished an inverse relationship between eru.
cic acid and oleic acid content. Taking this char-
acteristic into account McGregor (1977) described
a non-chromatographic method for determination
of erucic acid depending on the solubility of oil in
absolute ethanol or a mixture of methanol and n-
propanocl (1.7:2; v/v). The time required for a warm
alcoholic solution of the oil to turn opaque on
cooling was related to the erucic acid content. This
method was used for quality conirol in the com-
mercial seed samples, but it is not suitable for qual-
ity breeding due to low sensitivity.

The Near Infrared Reflectance Spectros-
copy (NIRS) is a rapid and non-desiructive tech-
nique that allows the analysis of intact Brassica
seeds for several constitutents at the same time
(Biston etal. 1988). The possibility of determining
oleic acid content in zero erucic acid rapeseed lines
by the use of NIRS was demonstrated by Reinhardt
and Robbelen (1991). Recently, Velasco et al.
(1995a,h) have analysed erucic acid content of tra-
ditional rapeseed and B. carinaza through NIRS,
However, the procedure tequires a large number
of seed samples covering entire range for proper
calibration of the expensive equipment. Once
caliberated, it can be utilized for initial screening
of seeds to identify the low plant types, that can
be further evaluated by a suitable chromatographic
procedure for accurate quantification.

Chromatographic methods for the estimation of
erucic acid

The early methods for the erucic acid esti-
mation involved co-precipitation of the erucic acid
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with the saturated fatty acids as lead or magne-
sium salts, followed by the separation of free acids
by fractional crystalization in ethanol (Stiepel 1926,
Kaufmann and fiedler 1938; cited in McGregor
1980). Thin Layer Chromatography (TLC) was de-
scribed by Stahl (1969) for analysis of lipids. These
methods were time consuming and lacked
senstivity. Thies (1971) utilized paper chromat?g-
raphy as quick screening method for the selection
of secds having less than 3% erucic acid, where a
quantitative evaluation of the erucic acid content
was not necessary. The separation of fatty acids,
within a distance of 7 cm on the chromatography
paper, in 95% acetic acid as the mobile phase, was
achieved after three hours only. The grey-green
spots found on the developed chromatograms re-
mained stable upto one year. However, the method
can be used only as a initial qualitative screening
methed.

Subsequently the gas chromatography
{GC) methods were introduced for separation and
quantitative determination of methyl esters of in-
dividual fatty acids {Craig and Murty 1958, 1959;
Conacher and Chada 1974}, McGregor introduced
gas chromatography determination of linolenic acid
{1974) and erucic acid (1977). However, it is more
efficient to screen for individaul fatty acids, such
as linoleic, linolenic and erucic acid simultaneously
by gas chromatography. The GC methods have
been improved over the years for sample
prepartation and automation (Appelgvist 1968).
Downey and Harvey (1963), ina major breakthrough
for selection and breeding for low erucic acid, de-
scribed a method for fatty acids determination
through half seed techmique. This was further fa-
cilitated by exuding the oil with the tip of a warm
soldering iron (McGregor 1974, Stringam and
McGregor 1980).

Sample preparation for GC requires oil ex-
traction and esterification of fatty acids. Downey
and Craig (1964) have described the use of
methanolic hydrochloric acid for achieving esteri-
fication. Further workers have utilized sodium
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methoxide for the purpose (Hougen and Bodo 1973,
Stringam and McGregor 1980). These procedures
required the extraction of oil prior to eseterification,
A one step transesterification using acetylchloride
in methanol-benezene (4:1,v/v) was described by
Lepage and Roy (1986). Banerjee et al. (1992) dem-
onstrated the use of microwave heating to reduce
the reaction time. Kaushik and Agnihotri (1997)
have further improved the method of Lepage and
Roy for fatty acid analysis, by the use of micro-
wave heating in place of conventional heating,
thus substantially reducing the reaction time for
esterification from 1 hour to 2min.

Different liquid phases can be employed
for the gas chromatography. The non-polar liquid
phases, such as SE-30 and UCN-98 are preferred
for the separation of long chain fatty acids due to
their low volatilities. Polar liquid phases, such as
diethylene glycol succinate (DEGS) and butane
dio! succinate (BDS), have higher volatility result-
ing in short column length. These should be used
only when separation for both chain length and
degree of unsaturation is required to obtain a com-
plete fatty acid analysis. For both types of analy-
sis chromatography is facilitated by use of low
volatile GP3% SP-2310/2%SP-2300 for rapeseed
analysis (McGregor 1980). In the method described
by Kaushik and Agnihotri (1997), rapid separa-
tion was achieved on stainless steel GC column
packed with a mixture of 2% SP 2300 and 3% SP
2310 on chromosorb *W’. The complete elution is
achieved within 7minona 1.8mcolumnandin 15
minbya 3 mcolumn. Inview of the reduced reac-
tion time and economical cost of column, the
method 1s sumtable for routine analysis of fatty
acids for the quality improvement programme.

1. SCREENING TECHNIQUES FOR ESTIMA-
TION OF GLUCOSINOLATES (S)

The ghucosinolates belong to a family of
sulphur containing secondary metabolites, derived
from amino acids and are found in all parts of plants
of Brassica species. More than 90 glucosinolates
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have already been identified (Benette ef al. 1996)
and the known glucosinolates can be classified into
three main classes: aliphatic/alkeny! glucosinolates
derived froml.-Methionine, aromatic glucosinolates
derived fromL-Phenylalanine/L-Tyrosine and the
indolyl glucosinolates derived from L-Tryptophan
{Sorenson 1991). The various analytical methods
employed for the isolation,separation, identification
and quantification of glucosinolate can be broadly
divided into two different types, the metheds for
total glucosinelate determination and the methods
for determination of individaul glucosinolates.

Methods for totat glucosinolate determination

The traditional methods for total
glucosinolate determination are based on the mea-
surement of degradation products arising out of the
hydrolysis of glucosinolate and include spectro-
photemetric/icolorimetric analysis of reaction
praductsformed between thymal-sulphuric acid and
intact/desulpho-glucosinolates, or determination of
glucose liberated by myrosinase catalyzed hydroly-
sis. The total glucosinolate can also be directly
determined tn seed samples by NIR 'spectroscopy
{Biston et al. 1988) and x-ray {luorescence {Schaug
and Haneklaus, 1988) or x-ray reflectance {Tholen
eral. 1993), These methods save the sample prepa-
ration time. However, they do not fulfill the require-
ments for simple, reliable and economical method to
differentiate varieties with very low glucosinolate
content (Bjerg er al. 1987). Test tape and ELISA
methods can be employed for initial screening of
glucosinolate in large number of segregating plant
populations in breeding programmes.

Spectrophotometric methods based on measure-
ment of degradation products:

Some of the initial methods are argentimetric
method involving steam distillation and titration of
the volatile isothiocyanates (Wetter 1955) combined
with UV spectroscopy of the oxazolidinethiones
{Werter 1957), gas chromatography of the volatile
isothiocyanates combined with UV spectroscopy
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of the oxazolidine-thiones (Youngs and Wette,
1967). UV spectroscopy of thiourea derivativey
of the isothiocyanates (Appelqvist and Josefssop
1967; Daxenbichler er af. 1970; Wetterand Youngs
1976). Out of these the thiourea-UV method of
Wetter and Youngs gained maximum populacity
due to reproducibility of results (Mc Gregor 19803,

Following this Thies (1983) described a
spectrophotometric  method for  total
glucosinotate estimation based on the property
of palladium to form colored complexes with
glucosinolates. Later Kolovrat-O {1988) de-
scribed a modified pattadium test, nsing PACI,+
NaCl in place of Na,PdCl, as the reactive agent.
However, palladium based methods did not gain
much popularity due 10 a simpler and cheaper
{ Thymol) method offered in lieu of this, for total
glucosinolate estimation.

Thymol method

Subsequently, a method for determination
of total glucosinolate content using thymol re-
agent was Tteporied by Brzezinski and
Mendelewski 1984, However, many laboratories
reported icchnical difficulty regarding use of con-
centrated suiphuric acid, and high degrees of
variation in replicate analyses. Thus, Truscot
and Shen (1937) modified the thymol method of
glucosinolate estimation. The procedure reparted
in a final value of 0.23% thymol in the incubation
tube as against 0.11% thymol reported earlier,
eliminating the under-estimation of glucosinolate
content in the rapeseed with high levels of
glucosinolates. The method was further modi-
fied by Tholen et al { 1989) and is useful for screen-
ing a large number of samples.”

Methods based on measuremtent of myrosinase-
catalysed hydrolysis products:

Lein (1970) described two methods for
measuring the glacosinolate content in raw ex-
tracts of B.napus seeds without defatting the

A
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seeds prior to analysis. Thesc methods are based
on the measurement of glucose released as a re-
sult of hydrolysis of glucosinolates by the en-
zyme myrosinase. The liberated glucose was quan-
titatively measured by the enzyme-system
(hexokinase+ATP/g]ucose—6-phosphotyficl
dehydrogenase+NADP,) the ‘Glucose-UV-Test' or
by the glucoseoxidase /peroxidase system, the
'Glukotest'. The ‘Glukotest’ was found to be very
efficient allowing analysis of 200 plants/day
against 50 plants/day by the ‘Glucose-UV-Test".
The Glucose-UV-Test was found to be highly
senstive whereby only one cotyledon or a single
seed of B.napus could be measured with = 1%
accuracy. Bjorkman (1972) used glucose oxidase,
peroxidase and the chromogen 0-dianiside for colo-
rimetric determination of glucosinolates in puri-
fied rapeseed-extracts.

Quick screening methods for large plant popula-
tions

Test Tape Method

In order to meet the requirements of a com-
mercial glucosinolate assay, a rapid, simple and
specific test-paper technique was developed by
Comer (1956) for semt quantitative glucose deter-
mination. Lein (1970) demonstrated the use of glu-
cose test paper to determine the approximate
glucosinolate level in rapeseed. Van Etten et al
{1974} while estimating the crude extracts ob-
served the presence of substances that hampered
the colour development. They could overcome
this problem by separating the inhibiting sub-
stances from glucose through capillary action
while using the test papers. Based on these ob-
servations, McGregor and Downey (1975) reported
a modified test tape method for identification of
low glucosinelate rapeseed. The glucose released
from hydrolysis of the glucosinolates by the en-
dogenous myrosinase in aqueous seed extracts
was measured after removal of interfering sub-
stances with charcoal. This enhanced the sensi-
tivity and reproducibility of the of the glucose
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test paper technique and permitted the estimation
of glucosinolate in approximately 5 min, only, thus
rendering it suitable for commercial screening,

ELISA method

Enzyme-linked immunoabsorbent assays
{ELISAs) are quite suitable for the analysis of the
glucosinolate content in large number of samples.
Hassan eral (1988) reported an ELISA assay for
determination of alkenyl glucosinolates, which was
not specific for quantitative determination of
sinigrin. Recently, Boomn et al. (1998) have te-
ported estimation of the Sinigrin and progoitrin
glucosinolates by specific antibody ELISA as-
says in Brussels sprouts and stipulate that it may
be possible to apply this technique to seed
samples.

Methods of determination of individual
glucosinolates

The traditional methods based on
measurement of degradation products arising out
of glucosinolate hydrolysis lack precision and
quantification of various components and thus are
not suitable for analysing unknown samples for
compositional requirement. Keeping this in view,
chromatographic methods were developed for
quantitative analysis of glucosinolates, which
include GC and High Performance Liquid
Chromatography (HPLC) of glucosinolate
degradation products, GLC of pertrimethyl
sitylated desulphoglucosinolates, and HPLC of
mtact or desulphoglucosinolates.

GLC method for glucosinolate determination

The GLC technique is in extensive use for
the analysis of hydrolysis products of
glucosinolatess following treatment using
myrosinase enzyme or as their trimethyl silyl
desulpho derivatives. Underhill and Kirkland
(1971) analysed the glucosinolates of defatted rape-
seed meal as their trimethyl silyl derivatives by
GLC. Persson (1974} and Thies (1974, 1976, 1977,
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1978, 1979, 1980} further improved the original
method by intreducting ton-exchange chromatog-
vaphy to remove imnpurities. In the original method
the intact glucosinclates were silylated directly
without desulphation resulting in poor
derivatizaiion and sensitivity, Thies {1980)
intorduced on-column desulphation to improve the
subsequent derivatization. The method requires
relatively tedious and longer sample preparation
time and is expensive as compared to the colori-
metric methods, but this disadvantage is overcome
by the fact that it provides glucosinolate compo-
sition.

The determination of the indole
glucosinolate, however, remained unsatisfactory
by these methods. Heaney and Fenwick (1980,1982)
demaonstrated the use of high temperature for
derivatization, separation and detection of all of
the major glucosinolates in rapeseed, including the
two indoles, glucobrassicin (3-indolylmethyl
glucosinolate) and neoglucobrassicin (1-methoxy-
3-indeolylmethy! glucosinolaie). Truscott ef al.
(1982, 1983) identified 4-hydroxy-glucobtassicin {4-
hydroxy-3-indolylmethy! glucosinolate) as the
major indole glucosinolate in rapeseed. Studies
conducted by Sosulski and Dabrowski (1984) dem-
onstrated a two fold difference in the detector re-
sponse of 4-hydroxyglucobrassicin which is very

© sensitive to high temperature, oxygen and heavy

metals (Thies, 1985), than that calculated by TMS
method thus indicating poot recovery.

Brzezinski et ¢/ (1986) carried out a com-
parative study on glucosinolate determination by
thymol and GLC methods and found that the re-
sults obtained with thymol method were always
higher than with GL.C, and attributed this to indolyi
glucosinolates. Slominskt and Campbell (1987)
showed that substantial loss of indoles occurred
during the heat inactivation of myrosinase enzyme.
Also the volume of warter used to elute the
desulphoglucosinolates from the DEAE sephadex
celumn had pronounced effect on indole
glucosinolates. [n order to avoid decomposition

of indole glucosinelates during the heat inactiva-
tion of myrosinase, they recommend a standard
procedure invoviing 15 min dry heat treatment fol-
lowed by 3 min wet heat treatment.

HPLC method for glucosinolate determination

The HPLC method was first described by
Turscott et al. { 1983) and later several workers used
this technique for quantitative determination of
individual glucosinolates (Spinks er af. 1984, Sang
and Truscott, 1984, McGregor 1985; Palmer ez al.
1987). Heaney ef al (1986) described anHPLC
method based on analysis of desulpho-
glucosinolates, after glucosinolates extration us-
ing hot methanol and incubation with sulphatase
enzyme. Buchner and Thies (1987) reported on the
optimisation of the HPLC method of
dsesulphoglucosinolates analysis with special ref-
erence to the indolyl glucosinolates, Lichter eral.
{1988) designed an aumtomated HPLC system that
allowed a large number of samples to be deter-
mined in a much shorter time as compated to the
earlier described HPLC methods. Igbal et al. (1995)
have further modified the method of desulphated
glucosinolates (Kraling er af. 1990) by reducing
the extraction volume, doubling the injection vol-
ume and making some adjustments in the internal
standard’s dilution resulting in better resolution
of individual glucosinolates.

Separation of desulphoglucosinoiates by
HPLC is highly specific, can be applied to both
seed or vegetative samples and most of the major
known glucosinolates can be determined from ane
chromatogram. However, it requircs time consum-
ing enzymatic desulphatation siep and some
glucosinolates escape detection {Bjerg and
Sorenson 1986). These limitations can be overcome
by a HPLC based procedure for the analysis of
infact glucosinolates (Moller ez al. 1985). How-
ever, separation of intact glucosinolates by ion
pairing reagents require elevated colurnn tempera-
tore and expensive ion pairing chemicals {Lichter
et al. 1988). Considering these disadvaniages, ion-
suppression chromatography can be employed for
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the separation of intact glucosinolates through the
use of specific salt solution in the aqueous_mobile
phase. A method using aqueous ammonium ac-
etate-acetonitrile mixture as mobile phase was re-
ported by Bjorkqvist and Hase (1988). It required
defatting of the seeds, followed by extraction and
precipitation of proteins with 0.03 M barium ac-
etate and lead acetate. Kaushik and Agnihotri
( 1999) have further impsoved the method involv-
i.ng single step extraction in boiling water after dry
heat inactivation of myrosinase and separation of
ndividual glucesinolates using ammonium
sulphate as specific salt in the mobile phase. All
major glucosinolates could be eluted within 10 min.
un trme and the method can be effectively utilized
for routine glucosinolate analysis.

One of the most important criteria for analy-
sis of glucosinolates is the availability of a pure
reference compeund to be utilized as intemal check
for calibration. Calibration is common!ly performed
with the commercial available sinigrin or benzoyl
glucosinolate. Since particular glucosinolate pre-
dominates in particular species, rapeseed meals
with different and known contents of
glucosinolates are utilized for caluclation of rela-
tive response factors. The individual
glucosinolates are quantified by integration of their
peak areas taking into account the specific response
factors as determined by Buchner (Igbal etal. 1995,
lichter ct al. 1988, Thies 1976).

CONCLUSIONS

In order to find out the relative suitability
of various methods employed for the quality analy-
sis, collaborative studies involving rapeseed
breeders and chemists, were undertaken in 1974
and 1978, followed by a Symposium on Analytica?
Chemistry of Rapeseed and its Products at
Winnipeg, Manitoba, organised by Canola
Councilof Canada (McGregor, 1980). In India, a
seminar on Interlaboratory Harmonization of Ana-
lytical Methods was held in1984 under the Indo-
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Swedish Collaborative Research Program on Rape- |
seed/Mustard Impovement and Oil and Protein
Utilization. The discussions were held on various
techniques for quality parameters and standard
methods were described including Soxhlet method
for oil content, macro/micro Kjeldahl method for
protein centent and GL.C method for fatty acid pro-
file. However, the analysis of glucosinolates wasg
not considered during the deliberations.

The non-chromatographic methods used
for estimation of fatty acids, specially erucic acid,
were time consuming and lacked sensitivity
(McGregor 1977). Although the GLC methods re-
quire expensive equipment and are technically de-
manding, they are precise and accurate, hence more
suitable to the research needs for quality improve-
ment in rapeseed mustard. The complete fatty ac-
ids profile can be resolved from the same chro-
matogram, and simultaneous selections can be
made for specific fatty acid contents such as low
erucic and linolenic acids, high oleic and linoleic
acids. Prolonged treatment of lipids in an acid or
alkali environment during sample preparation was
found to cause isomerization of fatty acids, and
the shorter reaction times were recommended as it
not only saves time, but also involves less risk of
side reactions (Appelqvist 1968). The recently
described methods involving a single step extrac-
tion procedure (Lepage and Roy 1986), use of mi-
crowave heating in place of conventional heating
(Banerjee er a/. 1992) and its further improvement
(Kaushik and Agnihotri 1997) have made good
progress in this direction. These methods are more
precise as they do not require the time consuming
oil extraction procedure, thus reducing the risks of
artifacts. Inadditon, the latter has increased effi-
ciency in terms of reduced reaction time for sample
prepartation as well as separation of fatty acids
on the column, enhancing the chrematograph ca-
pacity and can be easily employed for quick, quan-
titative estimation of fatty acids. Therefore, the
paper chromatography can be employed for the
initial screening to select potential low erucic acid
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plants, followed by quantitative estimat ion by the
above described methods of GLC.

For glucosinolate analysis, the traditional
methods based on the estimation of degradation
products, are generally not accepted becaue the

“experiments concluded that some type of

glucosinolates escaped detection in these tests
{Nielsen et al. 1979). Further, these procedures are
not considered to be accurate since the enzymatic
hydrolysis may not reach completion and may pro-
ceed by different routes {Olsen and Sorensen: 1980),
The spectrophotometric UV determination of thio-
urea derivatives and oxazolidine-2-thiones, as well
as determination of glucose, sulphate and thiocy-
anate can be used as fast screening methods but
they only give the total glucosinolate content and
may not fulfill the requirements of quality breed-
ing necessitating the analysis of individual
glucosinolates. Even for initial screening, the Test-
tape method (MeGregor and Downey 1975) is more
efficient, accurate and economical than any of
these methods.

The quantitative determination of different
types of glucosinelates, can be achieved by GCoor
HPLC of glucosinolate degradation products, GC
of rimethylsityl desnlphoglucosinolate, and HPLC
of intact or desulphoglucosinolates. After review-
ing the available methods (Mc Gregor 1980), the
repeatability for the thiourea UV method was found
to be better than that of TMS and reproducibilities
were found to be similar. The thiourea-UV method
does not provide information about the
glucosinolate composition. However, it can be
used for g batch type operation and has a higher
output than the TMS method. McGregor (1936)
compared the thymol method with TMS-GC
method for glucosinolate analysis and observed
that the simplicity, lower cost and comparable pre-
cision Indicate that thymo! analysis is a suitahle
alternative to gas chromatography of TMS deriva-
tives where compositional information is not es-

“sential. Therefare either of these methods can be

used with sufficient simplicity and precision de-

pending upon the requirement for total
glucosinolate or glucosinolate compositional es-
timation.

Although GLC was found adequate for
glucosinolate analysis as compared to the earlier
described methods and remained the most com-
monly used method for quantification of
ghlucosinolates for many years, there are some prob-
lems regarding estimation of indole-glucosinolates
by this method, especially the 4-OH-glucabrassicin
{Thies 1985). The GLC of per-trimethylsilylated
desulphoglucosinolates (TMS) also hias limitations
because it is not possible to convert all of the im-
portant glucosinolates into volatile derivatives
{Christensen ef of. 1982). This limiation of the
TMS-GC method for the analysis of indole
glucosinolate, can be resolved by reversed phase
HPLC of desulpho or intact glucosinolates.

The reversed phase HPLC of intact or
desul phoglucosinolate can be used with gradient
technique with a high resolution, but require rela-
tively expensive instrumentation (Moller er al.
1985). Brzezinski er al, (1986) compared the thymol
method with HPLC and found 2 good compatibil-
ity between the two. The desulphotechnique has
the highest specificity but some glucosinolates
may escape detection and it also requires time con-
suming and costly desulphatation step. On the
other hand, the HPLC of intact glucosinolate re-
quires a countet ton and thereby elevated colurnn
termperature (Bjerg and Sorensen 1987). However,
it is certainly advantageous because it does not
require the {ime consuming and expensive enzy- -
matic treatment, and all known glucasinolates can
be determined on one chrormatogram. Recently
described method by Kaushik and Agrihotri
(1999), involving dry heat inactivation of
myrosinase in seeds, and a single step extraction
of glucosinolates in boiling water, followed by ion
suppression HPLC separation of intact
glucosinolates by ammoenium sulphate offers an
economical, simple and efficient alternate for quan-
titative estimation of individual glucosinolates..
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In order to make quick advances in the plant
breeding programmes, a large number of seed
samples have to be analysed within a given time
frame. Therefore, an ideal method of analysis
should be acccurate and precise, as well as simple,
rapid and economical. Since any single method
may not fulfill all of these requirements, a two
method system is recommended for the fatty acids
and glucosinolate analysis (McGregor ef al. 1983)
for quality breeding, The quick screening meth-
ods like Test tape of ELISA test could be profit-
ably utilized for the inital screening of the large
segregating plant populations to select the poten-
tia] low glucosinolate plants. Of these two meth-
ods, the former is considered to be more economi-
cal. The thiourea-UV test or thymol method could
then be applied for more accurate estimation of
the total glucosinolate content where the
glucosinolate composition is not of primary con-
cern. Among these the latter was found to be more
accurate, simple and cost effective. However, for
quantitative estimation, the HPLC of intact
glucosinolate certainly has advantage over the
TMS-GC method in terms of being more efficient,
precise and economical. Similarly, paper chroma-
tography can be applied for quick screening of
low erucic acid plants, followed by quantitative
estimation of fatty acids profile by GLC. Although
initial investments are required, in the plant breed-
ing experiments where the fatty acids and
glucosinolate profile is not known, and the analy-
sis of individual fatty acids and glucosinolate is
mandatory by GC/HPLC, the ultimate success will
depend on the judicious application and blend of
appropriate qualitative/quantitative techniques for
selection of desired genotype having good qual-
ity and yielding capability for sustained produc-
tion.
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COMBINING ABILITY AND HETEROSIS FOR SEED YIELD
AND IT’S RELATED TRAITS IN INDIAN MUSTARD
(Brassica juncea (1..)Czern & coss.)
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ABSTRACT

Combining abilily analysis through a diallel set without reciprocals mvolving nine genotypes of Indian
mustard (Brassica juncea (L.) Czern & coss.) for twelve characters im two environments revealed the impor-
tance of both additive and non-additive gene action for all the iraits studied. Varieties RH781 and Cream
Pouol in stress environment (1) and PHR1, RC781, T59, Pusa Bold and Cream Poo! in normat environment
© (K2} were identifted as good general cambiners for seed yield as wel) as oi) yield. Where as nybrid Cream
Pool x RHT81 in stress environment and RH781 x RC 781 in nornmal environment were superior on the basis
of per se performance and SCA effects. These two crosses have potential for commercial exploitation of

heterosis both for seed yield and oil yield.

Key Words :

INTRODUCTION

Indian mustard (Brossica juncea (L) Czemn &
coss.) 18 an important oilseed crop which has re-
ceived attention of geneticists and breeders for its
genetic improvement as it has exhibited greater
production potential under varying environments.
Knowledge about combining ability of parents is
a prerequisite in any Plant breeding programune
aimed at either varietal improvement or exploita-
tion of heterosis. The present investigation was,
therefore, undertaken to estimate combining abil-
ity and heterosis for seed yield and its related traits.

MATERIALS AND METHODS

Nine varieties of Indian mustard viz., Cul-
ture, PHR1, RC 781, RH781, RH791, RH755,
T59, Pusa Bold and Cream Pool were crossed in
all possible combinations excluding reciprocals.
The resulting 36 hybrids and 9 parents were evalu-
ated in RBD with three replications in two envi-
ronments during rabi, 1993-94. The environments
were generaled by different frigation levels and
fertilizer doses (Table-1).

Brassica juncea, Indian mustard, Combining ability, Heterosis, Quantitative traits.

Table : 1 Details of the two environments

Source Ei{Stress) E2(Normal)

L. Irrigation Only One ‘Three (At Pre-
{At Nowering bleom flowring
stage when & pod filling
wilting started) stage)

[1.Fertilizer doses {Kg/ha)

i. Basal 40N+30P,0 + AON+60P,0,+
20K,0 40K.0
ii. Top dressing - 40N

(with st Irrigation)

Each entry was grown in a single 3m long
row spaced at 30 cn apart with the intra row dis-
tance of 10cm. The crop was raised using recom-
mended technology. Observations were recorded
on 10 randomly selected competitive plants for
twelve quantitative characters. Combining abil-
ity analysis was done for individual environment
{2) and over the environments (3) using method
2, model | {4). Heterosis was estimated over the
Mid parent (MP){1) and best variety among the
parents for individual character.

Received for publication in July, 1998.
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RESULTS AND DISCUSSION

Pooled analysis of variance for combining ability
(Table-2) revealed that mean squares due to GCA
and SCA were highly significant for ali the char-
acters indicating the importance of both additive
and non-additive gene effects in their inheritance.

However, 5t GCA/ 52 SCA was less than unity
for all the traits which indicated relatively greater
role of non-additive genes. Both 52 GCA and

o2 SCA showed significant interaction with en-

vironments for all the traits except 52 GCA for
seed density. Further, the magnitude of mean

squares due 10 5 SCA X environment was higher

than 52 GCA X environment which suggested that
non-additive components were relatively more un-
stable. These results are in confirmation with the
finding of (5,6). Mean squares due to 52 GCA
was significant for days to flowering only. While
Mean squares due to 52 SCA were significant for

days to flowering and siliqua length when tested
against their respective environmental interaction
component. Therefore, for these characters the
results were discussed under E1, E2 and on pooled
basis also.

Journal of Qilseeds Research

On the basis of GCA effects, RH781 and
Cream Pool under E], and PHR1, RC 781, T59,
Pusa Bold and Cream Pool under E2 were good
general combiners for seed yield and oil yield per
plant. Out of these cultivars, RH781, PHR1, and
Cream Pool were good general combiners for
some important yield contributing traits also.
Variety Culture emerged as the most desirable gen-
eral combiner for earliness in E1. Cream Pool
for seed yicld, oil yield and number of seeds per
siliqua; RH781 for harvest index, test weight and
number of seeds per siliqua; RH791 for harvest
index; T 59 for oil yield per plant and RC781 for
number of siliqua per plant were good general
combiners over both the environments (Table-3).
Since the GCA effects are attributed to fixable
components i.e. additive and additive x additive
gene effects, the above mentioned parents can be
used in hybridization programme for the improve-
ment of respective traits through transgressive
segregants (4,7).

SCA effects are attributed to dominance
and its interactions. Based on per se performance
and SCA effects nine crosses in E1 and ten crosses
in E2 were considered as desirable for seed yield
and oil yield (Table-4&5). Most of these crosses
involved atleast one good general combiner par-

Table : 3 Superior general combiners for different characters in Indian mustard

Characters El

£l Poaled

Days to Nower Culture, RC781, RH755 &T59

Days 10 maturity Culore

Plant height RH781

No. of primary Culture &PHR1
branches/plant

No. of siliqua/plant
Siliqua length

No. of sceds/siliqua
Test Weight

Harvest Index

Seed yield/plant
Oil Yield/plans |

RC781, RH781 & Cream Pool

Cream Pook

REi781, T59, Pusa Bald & Cream Pool
Cultare, RH781 & Pusa Bold

RH781, RH7%1 & Pusa Bold

Culture, RH781 & Cream Pool
RH781, T59 & Cream Pool

- Culture, RC781 &T59
RH791 &RHTS55 -

RH791, Pusa Bold & Cream Pool -

PHRI, RC781,T59 & Pusa Bold - e
RHTS1 . R &Cmamhou ]
PHRI, RH781 & Cream Pool -
PHR1, RH781 & Cream Pool B

Culture, PHRE, RC781, RH781, RHT91 -
&Cream Pool

PHR1,RC78, T59, Pusa Bold & Cream Pool
PHRI,RC781, T59, Pusa Bold & Cream Pool
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ent. The cross Cream Pool x RH78! exhibited
highest per s€ performance (2?.40 gm) and SCA
effects (8.43) in E1 for seed yield. T-he SCA ef-
fects of this cross was in desirable direction for
yield contributing traits also. Further, this cross
exhibited 129.27 and 96.24 per cent supenority
over Varuna in terms of seed yield and ail yield,
respectively. The highest per se perfom_lapcc
(22.80 gm} and SCA effect (8.02) was exhlblted
by cross RH78 1xRC781 under E2 for seed yield.
This cross was followed by T539xPHR1,
RC781xPHRI1, T59xRH755 and Pusa Bold
xRC781. These crosses exhibited 101.76 & 69.79,
97 65 & 88.12,92.03 & 71.87,91.41 & 3979 and
9].15 & 78.75 percenlage superiarity over Varuna
for seed yield and oil yield per plant, respectively.
AN these crosses have also potential for some di-
rect components of seed yield (Table-6).

Potential heterotic crosses invelving atleast
one parent of good general combining ability with
non-significant SCA effects were identified for
handling of segregating generations for getting
transgressive segregants (8). No such cross could
be identified for seed yield and oil yield. How-
ever, for some other characters few crosses could
be identified as promising like T59xRH755 for
days to flowering in E1 and RH781 x Culture and
PHRIxCulture in E2 for harvest index. Besides
this, heterotic crosses with significant SCA effect
can also give transgressive segregants provided
the GCA effects of parents arc of greater magni-
tude (9). Based on this criteria, cross
RH791xRH781 for harvest index inEl and Cream
PoolxRH781 for harvest index and Cream
PoolxPHR for number of seeds per siliqua in E2
were found promising (Table-7).

On the basis of heterosis and combining
ability effects, the selection of parents can be done
for hybridization. Like-wise crosses can also be
selected both for handling of segregating genera-
tions with an aim to obtain transgressive segregants

or for commercial exploitation of heterosis, The

201

crosses Cream Pool xRH781 under El, and
T59xPHR 1, RC 781 x PHR1, T59xRH 755 and
Pusa Bold xRe 781 under E2 were identified as
potential for commercial exploitation of heterosis
both for yield and oil yield per plant. In these
cross combinations, development of male sierile
in one parent and its compiete fertility restoration
by other parent would make feasibility of com-
mercial exploitation of heterosis.

Simultaneously, under E1, the parents like
culture, RC781, T39, Pusa Bold and Cream Pool
may be used for initiating a cyclic improvement
programme, This is suggested as these parents
were good general combiners for seed yield and
oil yield. Like wise under favourable environ-
ment the same approaches can be used using the
parents like PHR1, RC 781, T59, Pusa Bold and
Cream Pool. I
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Table :6 Significant standard heterosis for seed yield and other traits in Indian Mustard

S.N. Crosses Siliquae/plant Seeds/Siliqua  Harvest index (%) Oil Yield/Plant  Seed Yield/Plant
3|
. Cream Pool x RHT81 2086 R X 28,98 3049
_ (78.34) T (94D @624 . (1292
) _ -
2. RH781x RCT1 - 10.09 - e 2654 329
- (57.94) - - (69.79) (101.76)
3. T$9x PHRI - - 3L 40.20 2537
3 : (37.32) L8812 (9265)
4 RCBIXPHRI = - w0 WK U
B Qo6 sy (9209
5. Ts9x RHTSS 12.79 - - TR 2457
(45.02) - (89.79) (9141)
“ 6. PusaBoldxRCT81 1192 - - B IR Y 2438
(43.89) , (1875 (OL15)
7. PusaBoldxTS9 - - - 34 21.50
_ S (19.79) (86.72)
8 RHMIxCubure - - i 1904 18.23
. ) (5979 (81.68)
9. CreamPoolx TS9 - - - s 08 12.67
L (T3.33) (73.18)

Table :7 Heterotic crosses with their combining ability effects for different characters in Indian Mustard

Character Crosses gi g Sij
Ei
Days to flowering T5% (H) x RH755 (L) o -2.20 . -1.10 -2.85
Harvest index RHTOL (M) x RH7S1 1) . ase 879 6.38%*
E2 |‘-
Harvest index ' RH781 (H) x Culture (H) R 2.63 ) 273 | -2.92
PHRI (M) x RH78L (H) . 170 v 2,73 -2.95

) Cream Pool (L} xRH78} (H) 086 2.63 335

No. of seeds/sitiqua . Cream Pool {H) x PHRI (L) 0.53 0.37 0.48*

*, ** indicates significance at 5% and [% level, respectively.
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ABSTRACT

Evaluation of nine crasses for reaction to reniform nematode {Rotylenchulus reniformis} was carried out in .

pots &

nd analysed using scaling test, six parameter model and three parameter model. High magnitude of

additive and non-additive gene effects in the expression of resistance ta reniform nematode tn hybrid com-
bination SPS 43-3x48-1 with higher mean and significant heterosis (-41.42%) and heterobeltiosis (-40.98%) o
in desirable negative direction suggested that the isolation of homozygous recombinants having desirable ¢
jevel of resistance to reniform nematode from advance segregation generations would be feasible. Low
magnitude of narrow sense heritability observed for resistance to reniform nematode in almost all crosses
revealed the importance of non-additive gene action in the expression of this trait.

Key Words : Nematode resistance, gene effects, heterosis, Castor

INTRODUCTION

Castor is an important oilseed crop prone to
several biotic and abiotic factors affecting it’s suc-
cessful and profitable cultivation in our country.
Plant parasitic nematodes are one of them. Reni-
form nematode (Rotylenchulus reniformis Linford
and Qliveira, 1940) was first reported on Castor by
Seshadri and Sivakumar (1963) in India and is 2
key nematode dreadly affecting Castor crop. The
information on genetics of resistanc to reniform
nematode is not available though the crop has great
commercial value. Therefore, the present
investigagion was undertaken for the estimation of
genetic parameters for resistance to reniform nema-
tode.

MATERIALS AND METHODS

A pot study was conducted at Department
of Nematology, B.A. College of Agriculture,
G.A U, Anand Campus, Anand during January to
April, 1996 involving nine crosses viz., SPS 43-
3X 48-1,48-1 X ARUNA, 48-1X TMV5, SPS 43-
3 X SKI 49, VP 1 X ARUNA, VP | X TMVS5,
ARUNA X SKI 49, TMV3 X SKI 12 & SKI 12X

SKI 49, each having six generations (P1, P2,
F1,F2,B1 & B2) in complete randomized block
design with three replications in net house.

Parents were selected on the basis of their
reaction to reniform nematode (Rotylenchulus
reniformis} as follows:

Sr. Genotype Mean number of Reaction
Nao. females of reniform
nematode/plant
1. 48-1 7.00 R
2. SPS 43-3 4.00 R
3. ARUNA 14.00 MR
4. VP-1 13.00 MR
5. TMV 5 25.00 S
6. SKI12 27.00 8
7. SKI 49 39.00 HS
Scale :
0 - HR ( Highly Resistant)
1t010 - R (Resistant)

11 to 20 -MR (Moderately resistant)
21 to 30 -8 (Susceptible)
>30 - HS (Highly susceptible)

Standard practices established for ex-
traction, inoculation and screening for reniform

Received for publication in September, 1998.
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pematode at this department were followed during
the investigation, In six generations of ¢ach of the
nine crosses, number of female reniform nema-
todes was counted per plant, Five plants cach in
P1, P2 and F1, ten plants each in Bl and B2 and 20
plants each in F2 population in ail nine crosses were
sampled for counting number of female reniform
nematodes 12 days after inoculation of seedling at
two leaf stage. Analysis was done using scaling
test {Hayman and Mather, 1955), six parameter
medel suggested by Hayman (1958) and three pa-
rameter model suggested by Jinks and Joens (1958).

RESULTS AND DISCUSSION

The analysis of variance revealed signifi-
cant differences among different generations in all
crosses (Table 1) for resistance to reniform nema-
tode except cross V and IX (VP 1 X ARUNA AND
SKI 12 X SKI 49)

The estimates of scaling tests (Table 3} were .

significant for Crosses I, 11, ITi, IV, VIl and VIII
indicating the presence of non-allelic interaction for
this trait. However, CrossV1 showed non-signifi-
cant scaling test suggesting involvement of only
intra-allelic interaction for the expression of resis-
tance to reniform nematode.

The partisioning of genetic components of
“variance summerised in Table 3 revealed that in
Cross I, all the gene effects were found significant

Journal of Oilseeds Research

for the expression of this trait. However, only
dominance and additive X additive gene effect
were of greater magnitude in the desirable nega.
tive direction. Barring additive, all other gepe
effects were significant in cross I in which domj.
nance and additive X additive gene effects were
higher in magnitude with desirable negative ef.
fects.

1nCross 11, dominance X dominance and
additive X dominance components of interallelic
mteraction were significant. All the gene effects
Viz. additive, dominance and epistatic were
highly significant in Cross IV, where dominance
and additive X additive components exhibited
desirable negative effects in that order. The op-
posite direction of dominance and dominance X
dominance components revealed predominance
of non-additive gene action indicating the pres-
ence of duplicate type of epistasis. In cross VI
only additive gene effect was found significant
with desirable negative effect of lower
mangnitude. In case of cross VII all the gene
effects except additive X dominance interaction
effect were found significant wherein additive
X additive, dominance and additive gene effects
were negative and of higher magnitude in that
order. However, the opposite signs of dominance
and dominance X dominance indicated that the
interactions were on balance and mainly of du-
plicate epistasis in nature. In cross VIII only

Tabte 1:  Analysis of variance of six generations for resistance to reniform nematode in nine crosses of

Castor.
Source df Crosses
| II I v v VI VIl VIli X
Reglicatian. 2 2A62 0A0R2 n.164 4425 0218 L&77 3292 Qna? G ast
Generation 5 96.530™ 16.799* 34285 119348 2.558 13.248™ 25.169™ 3.004" 1.621 :

Error 10

“and ™ indicate significance at 5 and | % levels of significance, respectively.
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Mean values of number of reniform female nematodes/plant for six generations in nine crosses

Table 2:
of castor
Generations* S.Em.+ C.D. CV.
o (0.05) %
Cross 1 P2 Fl F2 B1 B2
(5) (5 (5 (20) (10) (10)
1 593 6.02 3.50 10.97 4.78 6.01 0.13 0.39 3.50
1t sg7 1253 873 1138 830 89S 062 198 1170
1 8.97 18.43 1160 1275 9580  10.98 i.14 360 1638
v 9.10 2773 17200 1663 1232 1652 0.53 1.65 4.99
v 1427 12.50 12.83 13.94 14.83 14.97 0.58 NS 7.25
Al 13.57 19.53 16.80 17.33 16.22 18.77 0.78 2.45 7.91
VIl 1527 2263 1897 2290 1827 2064 106 3.34 9.27
Vil 21.97 2373 2227 2310 2177 2422 041 1.29 3.10
IX 20.73 21.93 20.57 22.13 21.70 22.30 0.69 NS 5.52

* Number in { ) indicates mean value of the plants.

additive X dominance and additive components
were stgnificant with desirable negative effect.

Significant dominance and additive X ad-
ditive effects of relatively higher magnitude in de-
sirable negative direction were observed in crosses
I, 11, VII and TV. However, significant additive
effects in negative direction were noted in crosses
L IV, VL, VII and VI but were of very low mag-
nitude.

Plant parasitic nematodes are real threat to
successful and profitable cultivation of castor crop.
The significant involvement of dominant and ad-
ditive X additive gene effects in the expression of
resistance to reniform nematode in Cross I, I, IV
and VII suggested that hybrid vigour or eyclic
method of breeding (i.e. recurrent selection) can
profitably be used for improvement of this char-
acter. Duplicate epistasis coupled with signifi-
cant negative (additive X additive) effects in these

crosses (i.e. I, II, IV and VII) further indicated the
possibility of obtaining genotypes with higher
level of resistance in advance segregating genera-
tions. The involvement of additive gene effects in
cross I, IV, VII and VIII in desirgble negative di-
rection revealed that the isolation of homozygous
recombinants having desirable level of resistance
from the segregating populations of these crosses
would be feasible and thus hybridization followed
by selection would be an appropriate breeding
method for the improvement of this trait.

Heterosis and Inbreeding depression

For this character, parent having less num-
ber of females of reniform nematode on infection
was considered to be a better parent (Table 4).

Relative heterosis ranged from - 41.42%
{Cross-I) to 1.51% (Cross-VI). nghly significant
negative heterosis was observed in Cross-1 (-
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41.42%) and Cross V (-5.56%). Thus, out of nine
crosses, only two crosses viz., Crossl and Cross
V showed desirable heterosis for resistance to reni-
form nematode in castor. The estimates of
heterobeltiosis for the trait ranged from -40.98%
{Cross I} to 88.01% (Cross IV). Tt was found that
Cross 1 {-40.98%) exhibited highly significant
negative heterobeliiosis, whereas Cross 11
(48.72%), Cross V (89.01%), Cross VI (23.80%)
and Cross VII (23.23%) showed significant posi-
tive heterobeltiosis. Thus, out of nine crosses, only
Cross | showed desirable heterobeltiosis for re-
sistance to rentform nematode in F1.

The cross combination, SPS 43-3 X 48-1
(Cross I) depicted the highest magnitude of highly
significant negative relative heterosis (-41.42%)
and heterobeltiosis (-40.98%) with the minimum
number {3.50) of females of reniform nematode/
plant followed by Cross 48-1 X Aruna (Cross 1)
with -5.11% relative heterosis and 48.72%
heterobeltiosis and 8.73 mean number of females
of reniform nematode/plant. The nematode in-
fects the plant at all stages (i.e. from germination
to maturity) which makes difficult to control it
through plant protection. Therefore, breeding
nematode resistant variety/hybrid is most eco-
norcal and feasible for yield sustainability. To
develop resistant hybrids the information on in-
heritance of resistance to reniform nematode is of
paramount lmpertance.

The magunitude of inbreeding depression
varied from -68.09% (Cross I} 1o 3.31% (Cross
IV). Crosses viz., 1 (-68.09%), I {-30.36%) and
VIT (-20.70%) revealed significant negative in-
breeding depression, indicating the higher level
of infestation of reniform nematodes in F2 popu-
lation as compared to F1. The inbreeding depres-
sion was found 10 be positive in Cross 11 (3.31%).
Which was non-significant.

Heritability and Genetic Advance

The heritability estimates in broad sense
ranged from 4.58% (Cross IX) to 99.27% (Cross

Journal of Qilseeds Research

I}, whereas the narrow sense heritability ranged
from 0.69% {Cross 1V) to 52.82% (Cross V). It
was observed that Cross V and IX exhibited high
narrow sense herttability than their respective
broad heritability values (Table 4). This may be
due to interactions of environment with gene com-
plex. Cioss V expressed moderate broad sense
and high narrow sense heritability alongwith high
genetic advance which indicated better opportu-
nity for selecting relatively resistant genotypes in
segregating populations. The estimates of genetic
advance as per cent of mean varied from 0.49%
(Cross IV) 1o 14.88% (Cross V). Crosses 1, 11, 111,
1V, V1and V1I exhibited low narrow sense herita-
bility indicating the predominance of non addi-
tive gene action. Cross VIII expressed high broad
sense and moderate narrow sense heritabilty
alongwith moderate genetic advance which indi-
cated better opportunity for seiecting relatively
resistant genotypes in advanced generations.
Crosses II, 111, VI and VII expressed high broad
sense heritability and low narrow sense heritabil-
ity coupled with moderate to high genetic advance
which indicates that some, but not significant
imporvement in the resistance to reniform nema-
tode could be achieved through selection in seg-
regating generations. Very lugh broad sense heri-
tability and very low narrow sense heritability
coupled with low genetic advance in Cross [ and
Cross IV indicated very litile possibility of im-
proving this character by straight selection.

Among the various crosses {(involving di-
verse parents) attempted for resistance to reni-
form nematodes, hybrid combination viz. SPS 43-
3 X 48-1 with higher mean, significant predominat
involvement of nonadditive gene effects, highest
magnitude of heterosis and heterobeltiosis in de-
sired negetive direction and low narrow sense
heritability suggested that the 1solation of homozy-
gous recombinants having desirable level of re-
sistance from advance segregating generations
would be feasible.
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ABSTRACT

Thirty six sunflower hybrids synthesized in the background of three diverse sources of c{ymplasmic
male sterility (CMS) viz., Helianthus petiolaris (CMS-F), Helianthus petiolaris ssp. fallax (CMS-PF)
and Helianthus annuus ssp. lenticularis (CMS-T) along with their respective maie (12) gnd female
parents {3) were screcned in disease sick plots under field condition to study their teaction 10 downy
mildew caused by Plasmopara halstedii. Among the three sources CMS-F recorded 8_5 per cent
suseeptibility, while CMS-PT and CMS- exbibited complete resistance. The disease reacion among
restorers varied from highly resistant (O-incidence) to complete susceptibility (100% incidence). The
hybrids of the cytoplasmic background of CMS-F exhibited susceptibility from 30.33 to 160 per cent,
while that of the hybrids of CMS-I revealed 0.00 1o 60.00 per cent susceptibility. On the contrary, all
hybrids in the background of CMS-PF were free of downy mildew. Overall results indicated that the
fernale parents seems 1o have greater influence in determining the level of resistance of thé hybrid to

downy miidew.

Key Words ;

halstedii
Y

INTRODUCTION

Downy mildew of Sunflower being a de-
structive seed, sotl and air borne disease is of con-
siderable economic importance in the recent years.
In India, the disease which was first noticed in
Marathwada region of Maharashtra in 1984 has
spread to many newer areas in the neighbouring
states of Andhra Pradesh and Kamataka in recent
years. The severity of disease causing vield loss
up to 50 per cent or even more has threatened the
sunflower cultivation in the country and has
thrown fresh challenges to the breeders (Viranyi,
1992)

Several studies have been made to identify
resistant sources in the cultivated species of
Helianthus. Mayee and Patil (1987) and Patil and
Mayee (1988) reported sources of resistance in
cultivars, hybrids, restorers and CMS lines of sun-
flower. However, limited attempts have been made

Cytoplasmic mate sterility, Diversification, Downy mildew, Helianthus, Plasmopara

till now to study the influence of cytoplasmic back-
asound on deease teackion. Nevarthaless, many
reports stress the need for CMS diversification for
superior economic traits and also as a means for
checking vulnerability of hybrids to diseases
(Fleming, 1972; Gracen and Grogan, 1974; Kumar
etal., 1983; Kruleva et al,, 1988; Davidenko eral,,
1988; Mangat and Virk, 1993 and Gili, 1993)

In the present investigation, an attempt was
made to assess the differential reaction of sun-
flower hybrids having different cytosterile back-
grounds viz., Helianthus petiolaris (CMS-F),
Helianthus petiolaris ssp. fallax (CMS-PF} and
Helianthus annuus ssp. lenticutaris (CMS-I) to
downy mildew incited by Plasmopara halstedii.

MATERIALS AND METHODS

The three diverse cytoplasmic male sterile
(CMS) sources viz., Helianthus petiolaris

" Part of the Ph.D. thesis submitted to the University of Agricultural Sciences, Bangalore by the first

author.
Recived for publication in September, 1998.
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1969), Helianthus petiolaris ssp. fallax

i 1987) and Helianthus annuus ssp.
S:ftrilcaas;is (Heiser, 1982) designated as CMS-F,
CMS-PFand CMS-], respectively, their correspond-
ing pollen fertile counterparts and twelve testers
viz. Morden, Acc. Nos. 218, 398,400,401, 402, 438,
652, 666, 693, 781 and 1091 which are suscfeptible
to downy mildew were used in the present investi-

(Leclercq,

gation.

A total of 36 hybrids (H1 to H36) of differ-
ent cytoplasmic backgrounds as given in Tablel
were developed by crossing three diverse CMS
sources (CMS-F, CMS-PF and CMS-I) to a com-
mon set of 12 testers (Morden, Acc, Nos, 218, 398,
400, 401,402, 438, 652, 666, 693, 781 and 1091) un-
der field conditions. The parents and the hybrids
were tested for reaction to downy mildew at the
downy mildew research center, Oil seeds Research
Station, Latur, Maharashtra and the reaction to
downy mildew was expressed in percentage.

RESULTS AND DISCUSSION

The reaction of CMS sources, testers and their
hybrids to downy mildew in disease sick plots
under field conditions is presented in Table -1.

Reaction of Parents

Among the three cytoplasmic male sterile lines
CMS-F showed susceptibility to an extent of 86.00
per cent while, CMS-PF and CMS-I exhibited com-
plete resistance (0-incidence) in disease sick plots,
The twelve male parents involved in the study
showed varying reaction ranging from highly re-
sistant (0-incidence) in Acc, Nos. 218,438,693 and
781 to complete susceptibility (100% incidence) in
Acc. No. 398.

Reaction of hybrids

Disease incidence of the hybrids having CMS-F
¢ytoplasmic background varied from 30,33 (H2) to
100 per cent (H4, H5,H7, H8 and H10) with an over-
all mean of 83.52 per cent. In contrary, hybrids of
CMS-PF were free of downy mildew disease.
Among the Hyrbids of CMSI, H28 and H32 exhib-

211

ited 37.5 and 60 per cent infection, respectively
while, the other hybrids showed complete resis-
tance (0-incidence).

The cytoplasmic sources involved in the
study showed differential reaction to downy mii-
dew. These results are similar to the findings of
Gracen and Grogan (1974) who recorded differen-
tial reaction of three diverse maize cytoplasm to
Helminthosporium maydis and Phyllosticta
maydis. The female parents seem to have greater
influence in deciding the level of resistance in the
hybrids as the level of resistance observed in hy-
brids was comparable to their respective female
parents. Nevertheless, it is difficult to say with
precision that the resistance conferred to the hy-
brids was solely due to cytoplasmic differences
and not due to differences in the nuclear factors
present in the different CMS sources. This ques-
tion can be answered only when alloplasmic lines
are developed and the resultant hybrids are tested
for downy mildew reaction. However, to confirm
the possible role of female parents in deciding the
extent of susceptibility/resistance in the hybrids
needs further investigation.
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Table! : Incidence of downy mildew in diverse CMS sources,

Journal of Oilseeds Research

testers and their hybrids of sunflower

S.No. Parents/Hybrids incidence 5.No. Parents/Hybdrids Incidence
(%) (%)
A. Parents Hybrids (contd)
. 10. CMS-F x 693 100.00
(iy  Females(CMS Sources) 1. CMSF x 781 50.00
1 CMS-F 86.00 13 CMS-F x 1091 80.00
2 CMS-PF oo e 0.00
3. CMS-1 0.00 13. CMS-PF x Modemn 0.00
e s 0o
1. Morden 57.14 16. CMS-PF x 400 R : 0.00
2. Acc. No. 218 0.00 17. CMS-PF x 401 . 0.00
3. Acc. No. 398 100.00 - 18, CMS-PF x 409 : 0.00
4. Acc. No. 400 20.00 19. CMS-PF x 438 ¢.00
5. Acc. No. 401 40.00 20. CMS-PF x 652 0.00
6. Acc. No. 409 60.00 - 21. CMS-PF x 666 : : 0.00
7. Acc. No, 438 L 0.00 - 22, CMS-PF x 693 i .00
g. Acc. Na. 652 2.67 23, CMS-PF x 781 : 0.00
9. Acc. No. 666 88.8%8 24. CMS-PF x 1091 0.00
10. Acc. No. 693 0.00 25. CMS-1 x Modemn 0.00
11. Acc. No. 781 0.00 26. CMS-1 x 218 : ' ' 0.00
12. Acc. No. 1091 R 20.00 27. CMS-1 x 398 . i e 0.00
. N 28.  CMSIx 400 ;. 37.50
B Hybrids A 29, CMSIx 401 S 0.00
1. CMS-F x Morden® T 90.00 30. CMS-1 x 409 _ 0.00
2. CMS-F x 218 TR T 30.13 31 CMS-I x 438 o 0.00
3. CMS-F x 398 S RRARRE 90.00 32. CMS-1 x 652 CH 60,00
4. CMS-F x 400 o leopo 33 CMSJdx 666 LB 0 3 o
5. CMS-F x 401 SFeTwnT 10000 34 CMSdx 693 R T S AT R R )
6. CMS-F x 409 . 70.00 3s5. CMS-] x 78! - : 0.00
7. CMS-F x 4318 100.00 36. CMS-1 x 1001 Laeow e o 0,00
8. CMS-F x 651 100.00 =~ L
9. CMS-F x 666 88.88
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PARAMETERS OF GENETIC VARIABILITY AND
CORRELATION STUDIES IN LINSEED
(Linum usitatissimum L..)

T.R.GUPTA, §.S.PAL and INDERJIT SINGH
Punjab Agricultural University, Regional Research Station, Gurdaspur

ABSTRACT

Migher genctic variation was observed for all the characters studied except for plant height, though the
differences were highly significant among the genotypes for all the characters including plant height as
well. High heritability coupled with high genetic advance values were observed for number of capsules per
plant, primary and secondary branches, Grain yieid exhibited positve and significant correlation coeffi-
cient values with all the characters except plant height.

Key Words: Linseed, heritability, genetic advance, correlations.

INTRODUCTION

India has largest area in the world under linseed
crop which has several commercial uses for oil
and fibres. However, the grain yield is very low
(260 kg/ha) as compared to Canada (1080 kg/ha)
being the highest. The exploitation of genetic vari-
ability is inportant for further genetic upgradation
in this crop as genetic variation is the base for ef-
fective plant improvement programme. The esti-
mates of heritabilty and comrelation coefficients
among the component characters provide a base
of the extent of genetic gain per cycle through
selection. The present study was carried out with
a view to finding out the parameters of genetic
variability for yield and its components in linseed.

MATERIALS AND METHODS

The experimental material, consisting of eighteen
elite genotypes of linseed, was grown in Random-
ized Block Design with three replications during
Rabi 1995-96 at PAU, Regional Research Station
Gurdaspur, Each genotype was grown in a single
row of three meter length, spaced 22 cint apart with
plant to plant spacing of 5 cm. Data were recorded
on five competitive plants of each entry for grain
vield (g), plant height {(cm), number of primary
and secondary branches, capsules per plant and

dry matter yield (g). The mean values were used
to estimate the various statistical/genetic param-
eters following Kempthorne, (1957).

RESULTS AND DISCUSSION

The analysis of variance presented table 1. show-
ing highly significant variety mean squares for all
the characters revealed that the genotypes were
considerably variable.

Genetic variability

All the characters exhibited wide range of vari-
ability (Table 2) except plant height. Smaller dif-
ferences between the PCV and GCV indicated that
the variability was primarily due to genotypic dif-
ferences. Therefore, selection based on phenotypic
differences is expected to be effective. The heri-
tability estimates obtained were high for number
of capsules, primary and secondary branches. High
heritabilty coupled with high genetic advance
observed for these characters revealed the impor-
tance of additive gene effects vis-a-vis better scope
for improvement through selection. High herita-
bility estimates associated with high genetic ad-
vance were also reported for yield, number of cap-
sules and branches per plant by Kumar and Singh,
(1969).

Received for publication in September, 1998
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Tablel : Analysis of variance for various economic characters

Sources of df. Mean Squares
Vartation
Yield Pri. Br. Sec.Br. Plht. Cap./pl. Dy Matter

Replications 2 7.18 0.57 4.09 11.43 2066.01 3.28
Varieties 17 17.19%* 6.29*# 229.76%* 06.22%* G397.14%* 106044
Error 34 367 0.67 25.95 11.52 354.47 25.98
** Significant at p = (.01 ' “
Table2 : Genetic variability parameters o
Character GCv PCV Heritability Genetic Mean Range

(%) (%) (%) advance as

’ % of mean

Grain yield 27.28 36.81 55.060 36.65 7.77 3.73-15.20
Primary .
branches 3164 36.72 T 7362 47.11 4.33 2.40-7.20
Secondary 32.23 37.90 72.36 48.25 25.57 14.70-45.60
branches T
Plant 8.24 9.78 o702 12.21 64.45 54,90-77.50
height
Capsules 28.97 31.33 85.44 47.12 157.50° -~ 89.50-249.60 ord
/plant .
Dry matter 22.19 31.16 50.66 27.42 23.30 16.00-36.00
Correlations and secondary branches whereas, Doucet, {1978)

The estimates of correlation coefficients presented
in table 3. indicated that grain yield had positive
and highly significant association with all the char-
acters except plant height. The genotypic corre-
latton coefficients were invariably higher than
phenotypic cotrelation coeffictent for all the char-
acters. Patil er al. (1980) and Chandra, (1978)
also reported the positive association of seed yield
with capsules number. Plant height showed non-
significant but positive association with grain yield

~

observed a strong positive association between
yield and stem length.

The genetic variability and for that matter
biometrical informations available have not been
fully exploited in linseced improvement. The
proper use of this knowledge is needed to tailor
the architecture of new genotypes. The future
breeding strategy should envisage the exploitation
of genetic variability vis-a-vis better genetic stocks
become available for use in genetic improvement
of linseed,
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Table3 : Estimates of phenotypic (P) and genotypic (G) correlation coefficients

Character Grain Primary Secondary Plant Capsules Dry
yield branches branches height /plant matier
(8) {cm) (8)
Graw yield p - 0.729%* 0.746%* 0.195 0.506%* 0.805%*
G 0.864%* 0.871** 0.197 0.571%= 0.9134+
Primary P - 0850%* 0.340% 0.627%* 0.778%+
branches G 0.900%* 0.360* 0.670** 0.384%>
Secondary P - 0.313 0.565%+ 0.608%*
branches G ! 0314 0.594*» 0.638%*
Plant P - 0.337* 0.455%*
height G - 0.369* 0.403+*
Capsules P . - Lo 0.646**
splant G - 0.739%*
Dry matier P ' -
G
*, Significant at p = 0.05
** Significantatp=0.01 . ;¥ ¥
LITERATURE CITED Kempthorne,0. 1957. An Introduction to Genetic Statis-

Chandler, S. 1978. Studies of interrelationships between
seed yield and ils components in some exotic strains
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Hung. 27: 74-80
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Chapman and Hall Ltd.
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ABSTRACT

Twenty eight genotypes of groundnut were grouped into five clusters at both locations, viz., Midnapur and
Purulia. Genotypes grouped together were of diverse origin for both the locations. Cluster compasition
and intercluster genetic divergence varied with change in tocation. The first two conenical roots accounted
for about 55% and 70% of the total variability for Midnapur and Purulia, respectively. Pod yield/plant,
harvest index and 100 seed weight were major contributors of total genetic divergence for both the loca-
tions. Genotypes of cluster [ and PI 314817 were most stable diverse genotypes.

Keywords : Genetic divergence, groundnut, stabilily.

INTRODUCTION

The study of genetic diversity through the appli-
cation of nmultivariate analysis by means of T)sta-
tistics and canonical analysis, is considered to be
a useful approach for quantifying the degree of
divergence between biological populations at ge-
notypic level. Information on the genotypes con-
tributing high degree of genetic divergence and
its relation to stability over the environments is
helpful in breeding programmes. Hence, the study
aims to identify stable and diverse genotypes
which can be effectively used in groundnut im-
provement programime.

MATERIALS AND METHODS ;

A total of thirteen spanish bunch (SB), five virginia
bunch (VB), six virginia runner (VR} and four
valencia (VL} groundnut genotypes were used for
. the study. The crop was grown in randomized
block design with three replications during sec-
ond week of July, 1993 at Midnapur and Purulia
districts of West Bengal. Plot size was 5x 5 ml
with spacing of 30 cm between rows and 10 cm
within rows. A basal dose of NPK at the rate of
20:40:20 was given during Jand preparation. Irri-
gation was given as and when required. Observa-
tions were recorded on ten random plants exclud-

ing border rows for plant height, pod number per
plant, shell weight per plant, 100 seed weight, bio-
logical yield, harvest index, pod yield per plant
and seed yield per plant. The genetic diversity
was estimated by Mahalanobis’D? statistic. The
original variable {X’s) which were inter correlated
were transformed into a set of uncorrelated vari-
ables (Y s, linear function of X’s) by Pivotal con-
densation method (Rao, 1952). The varieties were
grouped into clusters. D* being treated as the
square of generalized distance according to the
method described by Tocher (Rao, 1952). The
principle component analysis (Canonical analy-
sis) was done to confirm the result of D? analysis.

RESULTS AND DISCUSSION
D? analysis

On the basis of D? values all the 28 genotypes were
grouped into five clusters at both the locations.
Cluster I comprised 23 genotypes, cluster IT had
two genotypes and cluster 111, I'V and V had one
genotype each at both the locations (Table 1 and
2). Incluster I, twelve and thirteen genotypes were
of Indian origin at Midnapur and Purulia, respec-
tively. Rest were from USA, Africa, Brazil, Peru,
Senegal, China and USSR in both the locations.
Similarly, in cluster II at Purulia, two genotypes

*Present Address; Officer-in-chare, Off Season Centre for NRCG, 39, Dharmavihar, Bhubaneswar-

751 030, Orissa.
Recieved for publication in October, 1998.
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Table 1. Distribution of groundnut genotypes in dif-
cluster obtained by multivariate analysis and

ferent R .
their place of acclimatization at Midnapur
Ciaster  Na.of Genotypes Origin
Np.  genotypes
] 23 CS-13, ICGV 86015,
Selection 230, TMVZ2(7731D) India
Pant GS 23, FDRS 6, NRCG 3362
NRCG 2148, [CGV 87121,
ICGV 86053, Gunajato
NCAC 2326, EC 21989, Starr  USA
NFG 79, NCAC 749 USA
Ah 20, Ah 7171 AfTica
NCAC 17143 Brazil
Code No.2 Peru
64-2 / China
Zuled ‘ USSR
o0 Bhutani-9, GAUG18. ©  India
Il 01 NRCG 2845 ' Senegal
v o1 C-163 India
V' 01 Pl 314817 Pery

were from USA and Peru, where as genotypes
from Cluster III and IV were of Indian Origin.
The above cluster pattern indicates that genetic
diversity among the genciypes was not always te-
lated with their place of acclimatization which sup-
ported the earlier observation of Golakia and
Makne (1992} in groundnut. However, majority
of the genotypes of Indian origin tended to be
grouped together. This indicates that geographic
distribution had at least some influence for clus-
tering of populations but may not be considered
as adequate index for genetic diversity. Human
selection might have been a potent factor to cause
genetic diversity. Significantly genotypes
Bhutani-9 and GAUG-10 of Indian origin were
shifted to cluster IT at Midnapur location which
were in cluster [ at Purulia location. NCAC 2326
of USA origin belonging to cluster I at Midnapur
location was found to be constituent member of
cluster V at Pyrulia location. Similarly, NRCG
2845 of cluster IIT at Midnapur also. This dem-
onstrates the change of cluster composition due
to the change of location. Environment thus, in-
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fluences the cluster composition, This can fut-
ther be amplified when genetic distance between
clusters obtained at two locations were compared.
At Midnapur, minimum genetic divergence was
recorded between cluster Il and I1] while at Purulia
it was between cluster T and IV (Table 3). Maxi-
mum intercluster genetic divergence also varied
with the change of location. At Midnapur maxi-
mum genetic divergence was ohserved between
[l and IV i.e., between NRCG 2845 (Senegal)
and C 163 (India). While, at Purulia it was be-
tween cluster II and V i.e., between EC 21989
(USA), P1314817 (Peru} and NCAC 2326 (USA).
This again confirms that environment plays a
major role in shifting a genotype from one cluster
to another as observed by Das and Dasgupta
{(1984) in blackgram, Biswas and Das (1985) in
lentil and Hazra (1991} in cowpea.

Canonical Analysis

Of the total variance, 33.06 and 39.52 were ac-
counted by h; and 22,90 and 30.69 were by h, at

Table 2. Distribution of groundnut genotypes in dif-
ferent cluster obtauined by multivariate analysisand
their place of acclimatization at Purulia

Cluster  No. of Genotypes QOrigin
No. genotypes
] 23 ICGV 86015, CS-13, Bhutani-9
Selection 230, Pant GS 23 India
FDRS 6, GAUG 10, C-163
ICGV 860535, Gunajato
NRCG 3362
NCAC 749, NFG 79, Starr USA
Ah 20, Ah 7171 Africa
64-2 China
Code No.2 Peru
NCAC 17143 Brazil
i NRCG 2845 Senegal
s Zuled USSR
11 02 EC 21989 USA
; Pl 314817 Peru
m - 01 TMV2 (7731) India
v 0t TMV2(7705) India
v 6l NCAC 2326 Peru
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Table 3.Average intra and inter cluster I* values
in twenty eight genotypes of groundnut

Clusters 1 i1 1 v v
Midnapur
I 110.75208.05 34375 49932 29209]
11 91.67 14514 531.77 172.38
I . D J05389 35882
v S 0 39952
v L o
Purutia
] 2520449350 40713 35302 54691
1 26277 43905 63326 107742
nmo 0 48708 93324
E i
v 0 518.02
¥ 0

Midnapur and Purnlia location, respectively. The
first two canonical roots accounted for ahout 55%
and 70% of the total variability for Midnapur and
Purulia, respectively (Table - 4). 1t was found that
clusters were distinctly delineataed to their respec-
tive positions confirming D? analysis. The canoni-
cal analysis revealed the importance of pod num-
ber in the first vector for both the locations, while
the second vector showed the importance of pod
yield at Midnapur. Harvest index at Purulia and
pod number as well as 100 seed weight for both
the locations. There was therefore, considerable
concordance between the findings in two environ-
menis regarding the importance of pod yield, har-
vest Index and 100 seed weight a3 raajor constibu-
tors of total genetic divergence.

Stable diverse genotypes

The D* analysis presented above indicates
the sensitivity of cluster composition and
intercluster distance due to environmental varia-
tion. Hence it {s important and desirable to iden-
tify stable diverse genotypes which would cluster
. in same group in different environments consis-
tently. In the present study a single genotype  PI
314817 displayed high order of genetic distance
consistently and never grouped into cluster I.

Journal of QOilseeds Research

Table 4. Canonical analysls of twenty eight geno-
types in two environments

Characters Z 4

Midnapur Purutia ~ Midnapur  Purulia
Plant Height  0.0451 0.4101 -0.0089 -0.0785
Pod No. 0.9061 0.5885 0.2731 0.2238
Shetl weight  -0.0038 -0.6376 00059 0.4235
100 seed weight-0.3219 ~ 0.0860 0.4023 0.5187
B.Y 0.2015 - -0.2583  0.1075 -0.51G7
HI 00792 . -0.5164  0.1991 0.6782
Podvield 01304 00215 08225 0.1584
Seed yield -0.0967 -0.0853  0.1856 -0.4585

Variation accounted by (E ) = 33.06,(E ) =22.90
(E,)-39.52 (E,F30.69

Crossing between genotypes of cluster I and the
genotype PI 314817 would throw desirable seg-
regants for general or specific adaptation along
with high mean performances of seed yield and
of its component characters as suggested by Bhatt
(1970) in wheat.
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ABSTRACT

Eight sced lots of Indian mustard comprising two promising varieties viz., RH 36 and RH 8113 of Brassica
Jjuncea (L) Czern & Coss. were subjected for various physiclogical and biochemical tesis namely; standard
germination, speed of germination, seedling vigour, electrical conductivity of seed leachates, respiration
rate, protein content, peroxidase enzymes, total soluble carbohydrates, speed of emergence and grain yield.
It was observed that seed quality and vigour of all the seed lots declined considerably after two years.
However, this decline was more rapid in three and four year old seed in both the varicties. Standard germi-
nation, speed of germination, seedling vigour, respiration rate, prolein content, perexidase enzymes, speed
of emergence and grain yield decreased significantly as the age of the seed increased. Electrical conductiv-
ity and total scluble carbohydrates increased significantly with increase in the age of sced. The standard
germination, speed of germination, seedling vigour index, respiration rate, protein content, peroxidase en-
zymes, speed of emergence and seed yield had shewed positive and significant correlation among them-
selves. The total soluble carbohydrates and electrical conductivity test were negatively and significantly

corrclated with all other parameters.

Key words :Physioloical, biochemical quality, age, seeds, mustard

INTRODUCTION

A seed is living system and like all living systems,
it is subjected to degenerative processes which
culminative in death (Delouche, 1963; Abdul-Baki
and Anderson, 1972). Rapid deterioration of stored
seeds is a serious problem in the tropical and sub-
wopical countries where high temperature and high
relative humidity greatly accelerate the seed age-
ing phenomenon, Vigour tests are normally de-
signed to measure certain aspects of seed deterio-
ration. The viability of carry-over seed lots dete-
riorates rapidly and it is important to sow the vi-
able seeds. Although seed viability is not only a
function of seed storage but a variety of factors to
which the parent plant is exposed during seed for-
mation can also profoundly affect subsequent vi-
ability of seeds. Physiological and biochemical
changes occur in seeds during storage depending
upen the storage condition (Roos, 1980). Since
the pre-storage history of seed lots differs, their

physiological conditions, hence suitability for stor-
age also differs markedly. There is a inverse rela-
tionship between seed vigour and sced deteriora-
tion. The deteriorative process is greatly increased
by expasing them to very adverse levels of tem-
perature and relative humdity (Delouche and
Baskin, 1973). Information on the physiological
and biochemical basis of seed viability is fragmen-
tary. Hence, the present investigation was made
to ascertain the effect of seed deterioration by
natural ageing ou the physiological and biochemi-
cal parameters of seed quality in different lots of
mustard (Brassica junceu (L.) Czern & Coss.

MATERIALS AND METHODS

Eight seed lots of two varieties viz., RH 30
& RH 8113 of Brassica juncea (L.) Czern & Coss,
were created by storing the seed from one to four
years under ambient conditions. All the seed lots
were subjected to standard germination. speed of

Recieved for publication in October, 1998.
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germination, seedling vigour, electrical conduc-
tivity, respiration rate, total protein, peroxidase en-
zymes, total soluble carbohydrates, speed of emer-
gence and grain yield.

Standard germination tests. Three replicates of
100 seeds per lot were placed on the top of the
filter papers (T.P.) in 18 cm diameter petri plates
containing 15 cm of water. The petri plates were
kept in germinator at 20°C. The final count of
normal seedlings was recorded on 8th day accord-
ing to the rules of International Seed Testing As-
sociation (ISTA, 1985) and normal seedlings were
expressed as percent germination.

Speed of germination. Seeds of all the lots with
three replications of 100 seeds each were placed
for germination as described for the standard ger-
mination tests. After the start of germination, ger-
minated seeds were counted daily until the test
was complete. The speed of germination index
was calcutated as described by Maguire (1962) as
follows: '

X = No.of seeds germinated +--+No.of seeds germinated

Da y s to {irst count Days to final count
Seedling vigour index. Seedling vigour index was
calculated with the help of data recorded on ger-
mination percentage and seedling growth accord-
ing to Intcrnational Seed Testing Association
(ISTA, 1985) by the formula given below.

Seedling vigour index = Seedling length (cm) x
Germination percentage

Electrical conductivity. One hundred seeds in
three replications were placed in 250 ml. flasks
and then 50 ml. of deionised water was added.
The Hasks were placed in an incubator at a con-
stant temperature of 20°C for 24 hours after which
the contents of the flasks were gently stirred. The
electrical conductivity of seed leachates was mea-
sured by conductivity meter. The conductivity
was measured and expressed as p mhos per cm
per seed. '

1
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Respiration rate: A Gilson Differential Respirom.
eter measured oxygen uptake. In order to fing
out the optimum stage of seedlings, respiration rate
was measured daily startimg from one day old
seedlings to five day old seedlings. The respira.
tion rate was observed to be maximum in three
days old seedlings. So for all subsequent sam.
plings three days old seedlings were used. Ten
normal seedlings taken at random wete nlaced in
the main compartment of reaction flasks having
one ml. distilled water and 0.1 ml. of 20 per cent
KOH i center well. A rolled filter paper strip of
equal dimension was also placed in central well
to increase the surface area for gbsorption of CO .
The reaction flasks were placed in a 25°C water
bath and were shaken at 78 oscillations/min for
30 minutes. Readings were taken three times at
an interval of 30 minutes after equilibrating the
system for 3Q minutes. Respiration rate isteported
as micro liters of oxygen absorbed per seedling
per hour (110 /seedling/hour) at standard tempera-
ture and pressure.

Total proteins. Total protein content was esti-
mated by the method of Lowry er /. (1951) using
Folin-Cio-Calteau reagent. The amount of pro-
tein was calculated from a standard curve prepared
with gradient concentration of bovin serum albu-
min (Sigma Chemical CO. USA).

Peroxidase enzyme, Peroxidase activity was mea-
sured by the method of Shannon &f al. {1966} fol-
lowing the oxidation of O-dianisidine in the pres-
ence of hydrogen peroxide. To 0.03 ml of en-
zyme extract was added 2m] of acetate buffer (pH
4.5) and 0.1 ml of O-dianisidine solution. To this
was added 0.1 ml of 0.2M hydrogen peroxide to
start the reaction. The reading was taken at 470
nm after every 15 seconds for one minute and en-
zyme unit was expressed as:

The amount of enzyme required to bring
about a change in absorbance of 0.01 per minute
{(unit/g Fr.wt/minute). \
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Total soluble carbohydrates. Total soluble car-
bohydrates were estimated by tl:lf: method of
vemm and Willis (1954). Ext{actlon of soluble
carbohydrates was done according to Bernett and
Naylar (1966). Seed extract measuring 0.1 ml was
1aken in a test tube and evaporated to dryness.
After cooling, the residue was dissolved in 1.0 ml
of distilled water and kept in refrigerator for 2-3
hour. Then, 4.0 ml of anthrone reagent was added
and the tubes were kept in the boiling water bath
for 10 minutes. Bluish green colour so developed
was read at a wave length of 620 nm against a
reagent blank. Standard curve was prepared us-
ing graded concentration of glucose and the cal-
culations were made from the standard curve.

Grain yield. (¢/ha.). All the siliquae of the plant
at maturity were threshed and seeds were weighed
after air drying and the grain yield was expressed
as q/ha.

RESULTS AND DISCUSSION -

The results indicated that one and two years old
seeds of both the varieties were observed to record
germination percent above Minimum Seed Certi-
fication Standard level and it ranged from 86.67
to 98.0% with an average of 70.38% (Table-1).
After 2 vears, the germination percentage declined
significantly and ranged from 18.33% t0 76.67%.
The effect of natural ageing was more pronounced
in cultivar RH 30 than in cultivar RH 8113 in later
stages indicating that the latter maintained its su-
perionity over RH 30 in later stages, so it could be
rated as a good storer. The standard germination
has been shown to be positively and significantly
correlated with all parameters except electrical
conductivity and total soluble carbohydrates
(Table-2).

The speed of germination index values
ranged from 6.11 to 36.68 with an average of 22.50
(Table-1). As the age of the seed increased, the
quality of the seed deteriorated. The germination
speed slowed down significantly with increase in
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the age of the seed. The speed of germination
values for seed lots 1,2,5 and 6 were of high mag-
nitude and ranged from 23.83 to 36.68 whereas
for seed lots 3,4,7 and 8§, these values ranged from
6.11 to 24.50. The vigorous seeds have been
shown to germinate rapidly The cultivarRH 8113
retained fastest speed (6.60) over RH 30 (6.11) in
4-year old seeds. The speed of germination was
found to be positively and significantiy correlated
with all the parameters except electrical conduc-
tivity and total soluble carbohydrates (Table-2).
The present results are in accordance with those
of Saxena et al. (1987), Palanisamy and
Karivaratharaju (1991) and Narwal (1995).

Seedling vigour index was calculated by
standard germination (%) multiplied by seedling
length {cm). Itranged from 61.77 to 1172.73 with
average of 688.78. Asthe ageing period increased,
the seedling vigour declined significantly in all
the varieties. The seedling vigour index values
for lots 1,2,5 and 6 were of higher magnitude
{849.37 to 1172.73) whereas for seed lots 3,4,7
and 8 these values ranged from 61.77 to §82.36
(Table-1). Results also showed that the cultivar
RH 8113 was more vigorous as compared to RH
30 in later stages. Seedling vigour index was posi-
tively and significantly correlated with all the traits
expect electrical conductivity and total soluble car-
bohydrates (Table-2). The present results are in
accordance with those of Saxena et al. {1987),
Palanisamy and Karivaratharaju (1991) and
Narwal (1995). '

The conductivity values of seed leachates
ranged from 10.20 to 31.56 p mhos/cm/seed with
an average of 18.70 u mhos/cm/seed (Table-1).
The seed lots differed significantly in conductiv-
ity, the amount of electrolytes which leach from
the seeds. Poor membrance structure and leaky
cells are usually associated with deteriorating and
low vigour seeds. It is interesting to observe that
as the age of the seed increased, conductivity also
increased. The highest membranae integrity was
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observed in RH 8113 as compared to RH 30 in all
the lots. The extent of leakage from low vigour
seeds also causes secondary effects, Nutrients ex-
uded from seeds during germination stimulate
micro-organism activity and secondary infection.
The permeability of membranes has been observed
to increase upon seed storage which is expressed
by increased loss of electrolytes, sugars, amino
acids and phenols in the leachates during imbibi-
tion {Ghosh et al, 1981; Deswal and Sheoran,
1993). Palamisamy and Karivaratharaju (1991)
also observed increased leaching of electrolytes
in tomato seeds with increased period of storage.
The present results are in agreement with the work
done by Digjode (1987) and Narwal (1995). The
E.C showed negative correlation with all the pa-
rameters except total soluble carbohydrates
(Table-2).

The respiration rate ranged from 1.40 to
18.60 11O, per seedling per hour. The respira-
tion rate values for seed lots 1,2,5 and 6 were of
higher magnitude {15.00 to 18.60), whereas for
seed lots 3,4,7 and 8, these values ranged from
1.40 to 10.00 (Table-1). The results also showed
that RH 8113 exhibited high respiration rate as
compared to RH 30 in all the lots. Respiration
rate showed a significant positive correlation with
all the parameters except electrical conductivity
and total soluble carbohydrates (Table-2). Carver
and Matthews (1975) also observed positive cor-
relation between O, uptake and field emergence
in pea seed lots ave;‘aged over nine sowing dates,
Low rate of O, uptake, i.e. decreased respiration
during deterioration has been reported by
Woodstock (1969) and Mitra e a/. (1974).

The protein content (mg/g) ranged from
9.03 10 25.70 with an average of 18,14 mg/g. The
variety RH 10 recorded high protein content as
compared to RH 8113, however it slightly de-
creased during 4 year of storage. The protein con-
tent had been shown to be high in vigorous seed
and lower in the seed of low vigour. As the age-

ing period increased, the protein content de-
creased. For the seed lots viz; lot 1,2,5 and 6, the
protein content ranged from 20.47 to 25.70mg/g
whereas the protein content for seed lots 3,4,7 and
8 ranged from 9.03 to 17.43 mg/g. The protein
content also showed a pesitive and significant cor-
relation with all the traits except electrical con-
ductivity and total soluble carbohydrates (Table-
2).

The peroxidase activity was maximum in
all the varteties in one year old seeds. After that
all the varicties expressed continuous and gradual
reduction in peroxidase activity in all the seed lots
during ambient storage. As the ageing perlod in-
creased the enzyme activity decreased. The per-
oxidase enzyme ranged from 226.67 to 2150.00
with an average of 1088.11 units/g Fr.wt/minute.
Peroxidase enzyme showed positive and signifi-
cant correlation with all the parameters except to-
tal soluble carbohydrates and electrical conduc-
tivity (table-2).

The total soluble carbohydraates ranged
from 23.93 to 58.03 with an average of 37.57
mg/g. Total soluble carbohydrates were signifi-
cantly high in RH 30 as compared to RH 8113 in
all the seed lots. Total soluble carbohydrates ex-
hibited significant and negative correlation with
all the parameters except electrical conductivity
(Table-2). Abdul-Baki and Anderson (1970) re-
ported natural ageing to differ in loss of sugars,
so it appears that the method has to be standardised
carefully for seed of each crop. Kumari (1994)
reported that total soluble sugars showed a gen-
eral increase upon storage in onion.

Under field conditions, the speed of emer-
gence was calculated as seedling emergence rate
index. The speed of emergence values ranged
from 4.76 to 34.57 with an average of 21.44. As
the age of the seed increased, the quality of the
seed deteriorated and thus the speed of emergence
reduced significantly. The speed of emergence
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values for seed lots 1,2,5 and 6 were of higher
magnitude (34.57 to 23.67) whereas for the seed
Jats 3,4.7 and 8, these values were low and ranged
from 4.76 10 23.47 (Table-1). Similar observations
were also reported by Khattra ez al. (1988) in soy-
pean and Ram et al., (1991) in pigeonpea. The
speed of emergence showed significant and posi-
tive correlation with all the parameters except elec-
trical conductivity and total sotuble carbohydrates

(Table-2).

The seed yield ranged from 1.25 to 29.22
g/ha. (Table-1). The variety RH 30 recorded sig-
pificantly higher yield in all the lots as compared
to RH 8113, Maximum seed yield was recorded
with one year old seeds whereas it declined with
the age of the seeds. The seed yield was signifi-
cantly and positively correlated with all the pa-
rameters except electrical conductivity and total
soluble carbohydrates (Table-2).

These results suggest that the seed vigour
tests are more sensitive indices of seed quality than
the standard germination test. Further, as seed de-
terioration was advanced by natural ageing in
mustard seeds, the following physiological/bio-
chemical changes were observed:

- The germination potential, speed of germi-
nation, seedling vigour, speed of emergence
and seed yield declined.

- The electrical conductivity of seed leachates
and total soluble carbohydrates increased.

- The enzyme activity e.g. peroxidase enzyme
decreased.

- The respiration rate and protein content were
reduced.

- The mustard seed should not be stored after
two years under ambient conditions.
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TRANSFER OF DOUBLE LOW CHARACTERISTICS IN
EARLY MATURING Brassica napus
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ABSTRACT

The work reports transfer of low erucic acid and low glucosinolate characteristics from exotic sources
(B.napus var. Regent and Cyclone) in the early maturing lines of B.napus suitable for Indian growing
conditions, through interspecific hybridization and half seed analysis. The fatty acids and glucosinolates
were analysed by improved methods of Gas Liquid Chromatogrpahy(GLC) and High Performance Liquid
Chromatography (HPLC). The newly developed double low strains TERI (OO)R 985 and TERI(OO)R986
have zero erucic acid in the seed oil and low glucosinolate (12-15 p m/g) in the oil free meal. In addition,
the former is dwarf and early maturing (125 days}, a desired characteristic for growing under rainfed condi-

fions.

Key words: Rapeseed, B.napus, nutritional quality, erucic acid, glucosinolates, double low.

INTRODUCTION

The rapeseed oil contains the lowest level of satu-
rated fatty acids (6%) as compared to any other
vegetable oil. It also contains adequate amounts
of the two essential fatty acids; linoleic and lino-
lenic. The oil free meal is a good source of pro-
teins, well balanced amino acids and minerals.
However, the adverse effects of erucic acid and
glucosinolate on birds and animals {Gopalan et
al. 1974; Kumar and Tsunoda 1980; Bille ef al.
1983; Bell 1984), has resulted in the research ef-
forts for breeding rapeseed mustard with low lev-
cls of these two nutritionally undesired compo-
nents (Scarth 1995). The traditional rapeseed mus-
tard cultivars grown it India have high erucic acid
(40-50%) in the seed oil and high glucosinolates
(80-160 u nv/g) in the oil free meal, restricting the
global utilisation of Indian rapeseed mustard oil
and cake. Efforts 1o introduce exotic ‘Canola’
quality {double low; having <2% erucic acid in
the seed oil and <30 p m glucosinolate/g oil free
meal; Downey 1990) rapeseed cultivars in India
did not meet with success due to non-adaptability
of these nutritionally superior exotic cultivars to
Indian agroclimatic conditions.

MATERIALS AND METHODS

The early maturing B napus lines TBN-1 and
TBN-5, derived from advanced generation back-
cross progeny of (8.napus x Raphanobrassica) x
B.napus (Agnihotri et al. 1990) and selected for
zero erucic acid through half seed technique
(Agnihotri et al. 1995) were used ag female par-
ent. The exotic double low B.napus var. Regent
and Cyclone were used as polten donors for the
transfer of double low characteristics.

The plants were grown to maturity and the
F| seeds were harvested. The F, single plants were
grown in experimental plots at TERI field station,
Gual Pahari, Gurgaon, following the standard ag-
ronomic practices. The plants were bagged, and
selfed and open pollinated (OP) F, seeds were
collected from a large number of individual plants.

The F, OP seeds were analyzed for their
glucosinolate content by an improved HPLC
method (Kaushik and Agnihotri 1999}, The seifed
seeds of the plants, showing less than 30um
glucosinolate/g oil free meal, were utilized to raise
single plant progenies. During the next three sub-
sequent generations the single plant progenies

Received for publication in October, 1998.
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were grown, and selfed and OP seeds were har-
vested from the individual plants. The
glucosinolate content was analyzed in each gen-
eration to select plants having glucosinolate less
than 30 pm/g oil free meal. Simultaneously the
plants were selected for early maturity in each gen-
eration,

~The F6 selfed seeds of the plants having
less than 30um glucosinolate/g oil free meal, were
analyzed for their fatty acids content. The fatty
acids composition was determined by an improved
GLC method (Kaushik and Agnihotri, 1997). The
plants having less than 2% erucic acid in the seed
oil and less than 30um aliphatic glucosinolate/g
oil free meal were identified for further progeny
advancement. The F7 single plant progenies of
the double low plants were grown in the field dur-
ing rabi 1997-98 for collection of selfed and OP
seeds, and agronomical data were recorded.

RESULTS AND DISCUSSION

The glucosinolate content of the F3 seeds in the
crosses B.napus Iine TBN-1 x B.napus var. Re-
gent and B.napus line TBN-5 x B.napus
var.Cyclone ranged from 16-120 and 11-40 pm/g
oil free mea), respectively. From the plants ana-
lyzed, fifteen plants derived from crosses TBN-1
x Regent and eight plants derived from crosses
TBN-5 x Cyclone were identified having less than
30 pm glucosinolate/g oil free meal. While some
of the plant progenies segregated for glucosinolate
content, others showed stable glucosinolate con-
tent. The plants synthesized less than 30 pm
glucosinolate/g oil free meal in the subsequent
generations {F4 to F6). In general, the plants de-
rived from TBN-1 x Regent were early in matu-
rity (120-130 days) as compared to those derived
from crosses TBN-3 x Cyclone (125 to 145 days).
The quality and agronomical characteristics (based
on average of ten randomly selected plants} of the
selected low erucic acid and low glucosinolate
strains TERI(OO)R985 and TERI{CO)RI86, de-
rived from crosses TBN-1 x Regentand TBN-5 x

Journal of Oilseeds Research

Cyclone, respectively, are given in Table- 1. These
double low strains are 15 to 28 days early in ma-
turity, they have more number of pods/plant and
slightly higher seed weight as compared to the
var.GSL-1. The selected lines have low erucic
acid (<2%) and low glucosinolate {12-15um) as
compared to about 36% erucic acid and 77um
glucosinolate/g oil free meal in the B.napus na-
tional check var.GSL-1. In addition they have
much higher oleic acid (48-57%) as against only
about 25% in GLS-1. Therefore, the oil from these
double low strains will have a better shelf life.
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Table1: The agrepomical and quality characteristics of newly developed double low B. rapus strains

~ Caracteristics Teri (O0)R985 Teri (OO)R986 GSL-1 {NC)
,{gmﬁomiml
plant height (cm) 121 174 176
Primary branches/piant i, 10 8
Secondary branches/plant 7~ 4 5 4
Length from base to 7 S R T 75
first branching (¢m) ‘ o
Sifiquae/plant 218 Caraier 29 155
Siliquae on main branch . 28 . 47 _ 34
Sitiqua length (e} N 66 L T 66
Seeds/siliqua 22 - e 23 e o e e 20
1000 seec weight (g) 276 v 3.13 ' 225 ‘
Seed colourfsize Dark brown/ Light brown/ |
. Medium Smali N
Sced yield/plant {g) 15.2 3.7
Days to maturity . 143 Gty 153
Quality =L
QOleic acid (%) 48.0 57.2 d AN
Linoleic acid (%) 127 223 ERVIEEY LT 4
Linolenic acid (%) 120 ¢ fT 0 1ps 205
Erucic acid (%) 0.0 A X 36.7
Glucosinofate (umvg oil free meat} 15.3 s 12.2 77.2
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ABSTRACT

Twenty one mutant cultures of groundnut (of M7 generation) along with parent AK 12-24 and checks
Chico and Kuber were evzluated for genetic divergence on the basis of 13 characters. Both were taken to
compare the variability induced by mutagenesis in other part of study. The cultures were grouped into 16

Clusters. Cluster [ was the largest with 5 mutant cultures. The divergence was only due to genetic distance
because cultures were derived from the same parent AK 12-24 by mutagenic treatments, Crossing between

cultures in ¢luster VEand XVI would probably bring about desirable genotypes because of higher intercluster

distance between these two clusters.

Key weords : Groundnut, genetic divergence, mutant cultures

INTRODUCTION

Mutation creates genetic variability and provide
the breeders the required opportunity to exploit
probably the whole potential range of germplasm.
The crosses between groups with the maximum
genetic divergence would be more responsive to
mimprovement, since they are likely to produce de-
sirable recombinations in their progenies. Such
estimates of divergence would also help choose
parents for hybridization in order to exploit het-
crosis or to select desirable segregants. The present
investigation aims at determining the genetic di-
vergence in mutant cultures of groundnut.

MATERIALS AND METHODS

Twenty one mutant cultures (M7 generation) of
groundnut cultivar AK 12-24 were derived by
weatment with either solo gama rays/colchicine/
EMS or combined mutagenesis under oilseeds
Improvement Project of Tirhut College of Agri-
culture, Dholi, RAU, Bihar. These mutant cultures
along with the parent AK 12-24 and the two
checks, Kuber and Chico were sown in RCB de-
sign with three replications in kharif 1996 at the
research farm of Tirhut College of Agriculture,

Dholi. Plot size was 5.1x0.9 sq.m. each plot con-
sisting of three rows. The row-to-row and plant-
to-plant distances were maintained at 3¢ cm and
15 cm, respectively. Standard production tech-
niques were adopted to raise a good crop under
optiroum management during the entire crop pe-
riod. Data were recorded on thirteen quantitative
characters mentioned in Table 3. Mahalanobis D*
statistics {1928) were used 1o know the genetic
distance among culures. The clusters were formed
on the basis of minimum generalised distance us-
ing Tocher’s method as described by Rao (1952).

RESULTS AND DISCUSSION

The analysis of variance revealed significant dif-
ferences among the cultures for ail the characters
under study. Based on Mahalanobis/D? statistics,
mutant culture of groundnut along with parent and
checks were grouped into sixteen clusters (Table
1). Cluster I, the largest one consisted of five cul-
tures, cluster 1 with three cultures, cluster T and
IV each with two cultures while cluster V to XVI
consisted of single mutant culture. Parent AK 12-
24 and checks Kuber and Chico, taken for com-
parison, differed in most of the characters under
study and thus fallen under séparate clusters. The

Rceived for publication in October, 1998
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result indicated that there was a wide range of
variation amongst the mutant cultures for almost
all characters. It is expected that treatment with
different dose and combination of mutagens had
created wide range of genetic differences in the

materials.

Highest inter-cluster distance (61.12) was
observed between cluster VI and XVI (Table 2).

The force of differentiation appeared different at .

inter and intra-cluster levels, which is supported
by the findings of Sandhu and Sangha (1974). It
is suggested that maximum exploitation of het-
erosis will result by crossing between cluster VI
and XV1. Clustering pattern in the present study
indicated that only the genetic differences induced
by various mutagens rather than other factors are
responsible to genetic divergence, because the

mutant cultures of M7 generation (i.e, fixed popu- ...

lation) were derived from the same parent AK 12-
24 by mutagenic treatments. Only genotypic dif-
ferences caused by mutagenesis are responsible
tor genetic divergence instead of other factors fike
geographical etc.

It is evident from Table 3 that the mutant
cultures placed in cluster VI possessed highest pod
yield and oil yield per plant, however cultures in
cluster IT had lower economic value. Also, the
mutant cultures placed in above two clusters had
considerable inter-cluster distance (32.57). There-
fore, crossing between DGM 83/69 and either
DGM 5/4 or DGM 30/96 or DGM 67/62 would
probably bring about desirable genotype which
will be higher for both the economic yields, i.e.,
pod yicid and oil yield. Nadaf et al. (1986) sug-
gested that pod yield was the potential source of
divergence at inter-cluster level.

DGM 85/71 (cluster 1X) was observed to
be early in flowering and maturity but had com-
paratively low yield. Although the inter-cluster

233 |

e
Table 1 : Clustering pattern of mutant cultures of
groundnut (Arachis hypogaea L.)

Cluster Number of Mutant
No. cultures cultures
1 5 DGM 22/22. DGM 30725,
DGM 64/61, BGM 71/65
DGM 90/78
1l 3 DGM 5/4, DGM 1096, DGM 67/62
m 2. DGM 89/77, Kuber {check)
v 2 DGM 18/12, DGM, 1271125
A 1 DGM 42/39
A} | DGM 83/69
Vi 1 DGM 9/5
Vil I DGM 52134
1X 1. DGM 83/
X 1 DGM 33728
X1 1 DGM 29/34
Xit b DGM 54/48
X0 1 DGM3934
XIv 1 DGM 63/60
XV 1 AK 12-24 (Parent)
XVI ! Chico {check}

distance between cluster IX and VI was not high,
the crossing between DGM 85/71 and DGM 83/
69 may result in a genotype having early maturity
with higher pod and oil yield.
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COMPARISON OF MACRO MUTATION FREQUENCY IN
HOMOZYGOUS AND HETEROZYGOUS GENOTYPES OF
GROUNDNUT BY GAMMARAYS

PL. VISWANATHAN, N. NADARAJAN and N, RAMAMQORTHY

" Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University,
' Coimbatore 641 003, Tamil Nadu

ABSTRACT

Seeds of six parents and nine crosses in groundnut  were subjected to 20 krad of gamma rays: The second
generation (F2, M2 and F2M2) progenies were scored for the frequencies of merphological variants. F2M2
generation hud the highest frequency of morophological variations followed by M2 generation: Efficiency
of imadiation on both keterozygous and homozygous gentoype in producing variations was thus broughtout.
Morphalogical variants with emect type, dwarf plant type, imparipinnate leaflets, bifurcated reaflets, bold
pods and variegated testa colour of economic value were identificd.

Key words ¢ Groundnut, morphological variant, Dwarf, imparipinnate, bifurcated Jeaflets, variegated testa,

Induced mutation.

INTRODUCTION

Mutations are a sowice of useful variants either
directly or with recombination. In this respect
mutations mduced by gamma rays in groundnut
are of significance. Variants affecting almost every
feature of the plant have been observed by
irradiating with gammarays (Patil and
Chandramouli, 1979). The present study was
undertaken to compare the frequency of
morphological variants in homozygous and
heterozygous genotypes in second generation after
nradiation.

MATERIALS AND METHODS

Crosses were effected using three virginia bunch
lines viz.,, VB 26, VB 54 and VB 83 as pollen
parents and three spanish bunch lines viz. VRI2,
VRI 3 and Co2 as ovule parents (Table 1). Totally
nine cross combinations were effected adopting
the variants obtained in the study having
imparipinnate leaflets of normal size without any

accessory leflets. About 25 per cent of the leaves
were imparipinnate.

The spectrum of pod variants were bold
and elongated pods. The bold sized pods have a
mean length of 3.20 cm and a breadth of 2.40 ¢m.
The elongated pods were having increased length
and decreased girth (4.20x1.00 <) as compared
to control (2.30x1.30 cm). The pod deviant plants
had all pods of the same type. The variation in
colours of testa recorded were red and veriegated

type.
Chlorophyli

The frequency of variants effecting chloraphyll
ranged from 0.80 (VRI 3) to 5-40 per cent (VB
83) in M2 generation. In F7 generation the
frequencies ranged from 0.50 to 0.90 per cent.
However, in four crosses there were no chlorophyll
deviants. In F2M2 generation, while the cross Co
2 X VB 26 recorded lowest frequency of 2.60, the
crosses VRI 2x VB 83 and YRI 3 xVB 83

Received for publication in October, 1998
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recoreded maximum of 5.80 per cent. While
comparing the three different segregating
generations, the F2 recorded the least and the
F2M2 had highest chlorophyll deviants. The
spectrum of chlorophyll deviants recorded are
albino, Xantha, viridis and chlorina.

Growth habit

Plants with alteration in growth habit were
observed in all the three generations and the
frequency varied from 1.10{Co 2) to 2.90 per cent
(VB 83) in M2, 0.40 (Co 2xVB 83) to 0.90 per
cent {VRIx VB 83) in F2 and 0.50 (Co2 x VB 54}
to 1.90 per cent (VRI 3 x VB 26) and VRI 3 xVB
83)in F2M2, while all the parents and crosses had
growth habit variations in M2 and F2M2,
respectively, five crosses in F2 did not throw
deviants for growth habit. The growth habit
variants mcluded erect and spreading type. The
erect type of variants were mostly obtained from
M2 generation of VB 83 which was actually a semi
spreading one. Itis interesting to note that an erect
type plant with 110 days duration was obtained
from semi spreading type, with longer duration
of 125 days. Such short duration erectoid types
might be of economic importance. Such erect types
can accomodate more number of population per
unit area thereby increasing the pod yield over unit
area with lesser duration. Another important
deviation obtained was spreading types. Spreading
type variants were isolated from F2ZM2 of the cross
VRI 3 x VB 26 and F2 of VRI 3xVB 26. The
. spreading nature of technique was advocated by
_ Norden (1973). Seeds of all the six parents and
_crossed seeds of nine combinations were subjected
to 20 Kard of gamma rays.

The materials were sown on the day of
irradiation in the experimental fields of Centre for
Plant Breeding and Genetics, Coimbatore during
Kharif 1994. All the available plants at harvest in
first generation viz., M1, F1 and FIM1 were
" forwarded to second generation as plant to row
basis during Kharif 1995. A total of 12 plantsin a

Journal of Oilseeds Research

row of 3.6m length were raised for cach available
single plant of first generation. The secong
generation progenies were scored for the
frequencies of morphological deviants involving
chlorophyll, growth habit, plant type, lear
characters, pod attributes, kernel size, shape angd
testa colour.

RESULTS AND DISCUSSION

The M2, F2 and F2M2 populations were studieq
for deviations in morphological characters
invoving vegetative and reproductive parts. The
frequencics of different variants are presented in
Table 2.

The types of variations oberved were
chlorophyll variants, growth habit variants like
erect type from spreading habit and dwarf plant
type, leaf variants like bifurcated leaflets,
imparipinnately compound leaf, and pod variants
like bold pods, elongated pods.

The spectrum of chlorophyll variants
recorded were albino, Xantha, viridis and chlorina,
The growth habit variants included erect and
spreading type. An erect type variant was isolated
from semi spreading type. The spreading type
variants were isolated from the cross of Spanish
bunch X Virginia bunch. In dwarf plant type, the
plants were looking like a clump of a plant, with
condensed nodes and tiny leaflets.

The variations observed in leaf were
bifurcated leaflets, imparipinnately compound
leaves. A variant of bifurcated leaf lets having high
proportion of leaf lets with bifurcated leafters was
observed, but the other leaflets were normal. The
imparipinate leaf deviants were mainly due to
etiolated primary branches variying in length from
55.2 to 58.3 cm as against 22.7 10 33.1 cm n
semispreading types. It is interesting to note
spreading types in the segregating population of
the crosses involving bunch X semi spreading

genotypes.
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Plant type

Only in two segregating generations viz., M2 and
F2M2, the dwarf plant types were observed. The
irequency raned from 0.40 {VRI 3) to 1.40 per
cent (VRI 2) in M2 and 0.40 (Co 2xVB 26 and
VRIZx VB 54} to0 1,20 per cent (VRIIXVB 26} in
F2M?2. The height of these plants ranged from 6.5
to 7.8 ¢m as against normal height of 250 to
35.0cm recorded by the parents. These dwarf
plants were looking like a small clump of a plant,
nodes congested and lef lets tiny, They mostly had
single seeded pods. Patil and Mouli (1973)
reported dwarf mutants in groundnut with a
distuict phenotype with smaller leaflets in the
present smudy,

Leaf

In M2 peneration the deviation in leaf
characteristics ranged from 0.40 (VRI 3) to 1.80
per cent (VB 54). In F2M?2 generation, the
frequency of leaf vanations ranged from 0.40 (VRI
3x VB 26)to 2.40 per cent (VRI 2 x VB 54). In
F2 there was no variation for leaf characteristics.
While comparing M2, F2M2 recorded more of
deviation. The leaf variations observed were
bifurcated leaflets and imparipinnate compound
leaf. The leaf mutants were mastly isolated from
M2 of' VD 54 and F2M2 of VRI 2x VB 54 and Co
2 x VB 83. The imparipinnate leaf mutants
obtained in the study were having imparipinnate
leaflets of normal size with out any accessory leaf
lets as reported by Patil er al. {1984) and
Deshmukh er.al., (1991). A variant of bifurcated
leaf lets having high proportion of leaf lets with
bifurcation was observed. Patil et a/, (1984)
isolated a bifurcated mutant in the progeny of a
cross in groundnut. The leaf mutant identified in
the present study may be utilised as genetic marker
for further study.

Pod

In M2 generation, the genotype VRI 2 had a

Joumal of Oilseeds Research

minimum frequency per cent of 0.40 pog
deviations and the genotype VB 54 had maximun
frequency of 1.80 per cent in M2 generation. I
F2, the cross VRI 2xVB 54 had a mintmum of
0.50 and the cross Co2 xVB 26 had a maxinum
of 1.10 per cent frequency. In F2 M2, a minimum
deviation frequency of 0.40 per cent was recorded
by Co 2 x VB 26,VRI 2 x VB 26, VRI 3xVB 2§
and VRI3 x VB 26 and VRI3 x VB 83 and a
maximum frequency of 2.40 was recorded by VR}
2xVB 54. The spectrum of pod deviations are bold
and elongated pods. These mutanis were mostly
isolated from F2M2 of VRI 3xVB 54 and VRI2
xVB 26. The bold sized pods had a mean length
of 3.20 ¢m and a breadth of 2.40 cm as against
2.30 cm length and 1.30 ¢m breadth in control. It
had a range of 2.82 t0 3.31 cm in length and 1.93
to 2.47 cm in breadth. There was no variation in
pod shape. The seeds from these bold pods were
also bold with increased kernel weight. These
deviants offer much scope for improvement of
kernel yield. The long pods were characterised by
elongated pods having increased length and
decreaed girth (4.20 x1.00 cm) as compared to
control (2.30 x1.30 c¢m). Similar elongated pods
were also reported by Patil (1966) and bold pods
were reported by Mangharan and Thangavelu
(1990)

Testa colour

The deviation for testa colour ranged from 0,30
(VB 26} to (.90 per cent (VB 54) among the
parents in M2 generation. In F2 generation none
of the crosses showed colour varation, All the nine
crasses in F2M2 showed variations for testa colour
ranging from 0.40 (CO 2xVB 26, VRI 3 xVB 26
and VRI 3xVB 83) to 5.40 per cent (VRI2xVB
54). The different colours of testa recorded like
red, rose and variegated types were mostly isolated
from F2M2 of VRI 2x VB 54. Mutants with red,
rose, variegated testa were already reported by
Patil and Mouli (1979) and Ramanathan (1983).

Among different populations studied,
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F2M2 had more macro mutation frequency,
followed by M2 generation, thus bringing out the
efficiency of irradiation in both heterozgous and
homozgous genotypes in producting major
deviations. Morphological deviants with erect
type, dwarf plant type, imparipinnate leaflets,
bifurcated leaflets, bold pods, elongated pods and
variegated testa colour are of economic value.
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pHENOTYPIC STABILITY FOR SEED YIELD IN NIGER
(Guizotia abyssinica Cass)

D.M. HEGDE, H.S.PATIL, B.R.SINGH and U. GOSWAMI
Project Coordinating Unit (Sesame & Niger) J.N.K.V.V,, Jabalpur- 482 004 (MP)

ABSTRACT

Eight niger genolypes were evaluated at seven locations during Kirarif, 1997-98, with respect 10 seed yield.
Significant genolype x environment interaction was observed. On partitioning, linear component was ob-
served to be large in magnitude, indicating that the prediction is possible over locations. Accordingly, the
genotypes viz., JNS-7. GA-10, BNS-9, SNS-8 and Na.71 were observed ta be well adapted over environ-
ments Tor seed yield. Mean performance was positively and significantly associated with regression coeffi-
cient md coefficient of determination, indivating that the genotypes with high mean performance were in
general, better responsive to favourable environments. A positive and significant correlation between re-
gression caelticient and cecfficient of determinatior was also observed, thus, indicating that the stability
parameters were governed by independent genotypic system in niger.

Key werds: GxE interaction, stability, seed yield, niger.

INTRODUCTION

Niger (Guizotia abyssinica Cass) is a highly cross
poliinated crop with self-incompatibility mecha-
nism and hence heterozygosity confers adaptabil-
ity to niger genotypes. However, there is no cet-
tainty of consistant performance of such genotypes
across diverse environments. Hence, under such
a situation, identification of genotypes stable in
seed yield is necessary. With this view, present
investigaion was carried out.

MATERIALS AND METHODS

Eight genotypes of niger were evaluated at seven
locations in the country viz., Semiliguda (Orissa),
Udaipur (Rajasthan), kanke (Bihar), Jagadalpur
and Chhindwara (MP), Igatpuri (Maharashtra) and
Raichur {Karnataka) for seed yield stability dur-
ing kharif 1997-98 under rainfed conditions. They

.were grown in randomized block design with three

replications. The plot size was 2.6mx5m with 12
rows. The spacing adopted was 30x10cm. The
seed yield data were recorded and subjected to
stability analysis. The model of Eberhart and

Russel [1996) as modified by Ram et al. (1970)
was adopted for computing the stability param-
eters. The coefficient of determingtion was calcu-
lated for each genotype as suggested by Bilbro
and Ray (1976).

RESULTS AND DISCUSSION

Pooled analysis of variance showed that the mean
differences between genotypes and environments
were highly significant, indicating considerable
variability among genotypes and environments
{Table-1). The significance of mean square due
to GxE interaction for seed yield indicated that
the genotypes interacted strongly with environ-
ments. Similar results have also heen reported by
Joshi and Patil (1982} Verulkar and Upadhyay
(1989), Upadhyay (1993) and Kumar et al. (1993).

The environmental additive effects at dif-
ferent locations expressed as deviation from grand
mean indicated that Semiliguda in Qrissa state
(2.75) had the favourable season {mean seed yield
of 7.11 g/ha) followed by Chhindwara (1.35) in
M.P. with a mean yield of 5.71g/ha. However,
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the season at Tgatpuri was found to be the poorest
(-1.42) with a mean yield of 2,.94g/ha followed
by Jagdalpur (-1.38) with a mean yield of 2.98g/
ha.

Table 1 : ANOVA for stability in niger

df Mean sum of square

Genotypes : 7 0.311%*
Environments ) 6 23,1794+

GXE k 42 0.253%*
Environment + (G X E) 48 0.067%
Environment linear 1 0.0008* !

G X Elinear . .... - 7 0.360**
Pooled deviation 40 0.0001
Pooled error 98 0.0018

*, ** Significant at 5 and 1% level, respectively.

Different measures of stability have been
used by various workers. Earlier, Finlay and
Wilkinson {1963) considered linear regression
slope as a measure of stability, Eberhart and Russel
{1966) emphasized the need of considering both
linear and noniinear components of GxE interac-
tion in judging the stability of a genotype. How-
ever, in the present study, the regression coeffi-
cient (bi) as a measure of adaptability and coeffi-
cient of determination (r’) as a measure of stabil-
ity are considered (Bilbro and Ray, 1976). The
stability is assessed by considering three param-
eters viz., phenotypic index {P1), regression coef-
ficient (bi) and coefficient of determination (7).
The phenotypic index which reflects the mean per-
formance of varieties over locations was positive
in five out of eight genotypes studied. The high-
est phenotypic index was recorded by the geno-
type JNS-7 followed by No.71 and GA-10.

The regression coefficients differed signifi-
cantly from each other for six genotypes indicat-
mg their better adaptability to all environments;
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thus, reflecting almost a linear response to envi.
ronmental change. The genotype JNS-7 was ob.
served to be better adapted to ail environments.

Simple correlation coefficients among
three stability parameters was calculated and are
presented in Table-2. The results revealed that the
mean performance