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Review article

Erucic acid heredity in oilseed brassicas : A review

S.K.Banga and S.8. Banga

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

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

Abstract

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

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

erucic acid, genetics

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

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

Erucic acid - synthesis

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

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

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

strains weve identified in Indian mustard (B.juncea)

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

attempted repeated seifings followed by selection of -

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

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

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

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

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

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

Inheritance of erucic acid

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

~ revealed that erycic acid content is controlled by two

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

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

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

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

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

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

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

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

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

Molecular mapping of loci controlling erucic acid
level

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

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

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

Key words:  Sunflower, self-compatibility, autogamy,

self-fertility, pellination methods
Introduction

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

Material and Methods

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

Results and Discussion

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

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

different sub-means

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

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

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

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

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

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

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

Key words: Sunfiower, maintainer, restorer, CMS

sources
Introduction

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

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

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

"

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

Materials and methods

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

Results and discussion

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

Tahle 1

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

CMS PET1 CMSI| CMSPF_ CMS PET2 CMS GIG1

g

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

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

ZZTZZZRETET 0L JEEZEEETESZEZZZEZSZEZEEEEZETZIRELTEEIRETER

=

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

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

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

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

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

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

Materials and methods

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

The genotypes were grown in randomised block design
with three replications during rabi, 1996-57 at IAR}, New
Deihi. The observations were recorded on five randomly
selected plants in each genotype for 12 quantitative traits
namely, days to 50% flowering (DF). days to maturity
(DM), main shoot length {(MSL), number of primary
branches {PB). number of secondary branches (SB),
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number of siliquae on main shoot (SQ.MS), number of
seeds per siliqua (S/SQ), harvest index {HI), seed yield
(SY), test weight (TW) and NMR oil content per cent
(OC). The genetic divergences were estimated using
Mahalanobis’'s D® statistics (1936) followed by Rao's
(1952) clustering pattern.

Results and Discussion

The analysis of variance (Table 1) exhibited the presence
of significant differences among the genotypes in respect
of all characters except test weight. The D? values
(divergence)for all possible pairs of genotypes were
worked out and on the basis of the D? values, the 36
genotypes have been grouped inio nine clusters (Table 2).
The cluster lf including 17 genotypes has been found to
be the largest group. Cluster |, Il and VI had 7,5 and 2
genotypes, respectively. On the other hand, five clusters
(IV, V., VII, vill and IX} included only one genotype each.
The divergence within and between clusters indicated
divergence among the genotypes of same cluster and
distance between the genotypes of different clusters,
respectively.

Table 2 Group constellation of the indian mustard genotypes

Clusters Number of
genotypes

| 7

Genotypes included

Varuna, Kranti, SKM 92-66, Strain 23, BIO 772,
DBS 10, Pusa Bold

PSR 18, SKM 93-28, V5L 5, NPJ 30, NPJ 35RH
9303, NDR 8208, TM 38, YSRL 10, DLM 55, Strain
26, PSMT 40, RL 1358, RCC 462, NKG 207, IB
618, NIC 11703

PSMT 34, 1B 642, PRG 904, KBJ 3, B.oxyrhina A

I 17

5
A" 1 RH 30
A 1 AD 204%
VI 2 PR 45, Prakash
Vil b RCC 5
pulll 1 Prakash A
1X 1 BEC 201AB

The perusal of the table 3 would reveal that maximum
and minimum intra-cluster distance was observed
between the genotypes falling in cluster V! (3.19) followed
by cfuster 1l (4,05). Maximum statistical distance was
observed between cluster [ll & V (16.69) followed by
cluster V & VIl (4.52), | & IV (4.56) and Ill & IV (4.81)
also showed low intercluster distance amongst them and
suggesting similarities in genetic background. When the
clusters were compared for inter cluster divergence it was
observed that the cluster Il and V were close to each
other, but distantly placed from the clusters [, I, IV, VI,
VIL VIl The cluster mean (Table 4) for seed yield ranged
from 420 g in cluster IX to 8.33 g in cluster VIIl. The test
weight ranged from 3.70 g (cluster VIi) to 6.35 g (cluster
IX). For oil content V had the maximum of 41.5% and
cluster VIl had the minimum of 34.6%. The cluster IX
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recorded maximum mean values for seed yield oil content
and for yield contributing traits such as test weight, main
shoot length, number of primary branches and number of
secondary branches.

Contribution of characters to total divergence : The
contribution of characters fowards total divergence was
carried out in terms of number of times it appeared in first
rank (Table 5). The single major character for adaptation
days to maturity has the highest contribution of 47.14 %
to total divergence. The other major yield components
namely, plant height {10%), harvest index {8.41%), main
shoot length (7.46%) and test weight (5.41%) made
considerable contribution to discriminate the genotypasin
terms of total divergence. Murthy and Arunachalam
{1966) observed maturity, plant height, number of primary
branches and number of seeds/siliquae to be the largest
contributors to total genetic diversity in Brassica and
Linseed. On the contrary, the other characters have given
very little contribution to total divergence far enabling
clear discriminating the genotypes.

“Tahle 5 Contribution of different characters towards total
divergence

Source farked frst__comrution
Days 1o 50% Howering 18 2.56
Days to maturity 297 47 14
Piant height 63 10.00
Main shoot length 47 7.48
Number of primary branches - 14 222
Number of secondary branches - 23 3.65 -
Number of ziliquae on main shoot . 10 1.58
Number of seeds per siliqua . 28 4.44
Harvest index . " 53 8.41
Seed yield ) 22 3.49
Test weight 34 5.40
NMR oil content percant 21 3.33

The genetic diversity has a direct relation to the success
of effective breeding programme. The diversity present in
the material can be utilized for hybridization programme
for developing heterotic cross combinations or to effect -
further selection to combine specific and special
characters observed in different groups. From the present
investigation, it was observed that the four widely
cultivated varieties (Varuna, Kranti. Pusa Bold, BIO 772)
occupied position in the same cluster whereas, other two
variety PR 45 and Prakash formed a separate cluster ang
variety RH 30 alone formed a separate cluster. The resuit
also revealed that one male sterile B. oxyrrhina A clubbed
with other genotypes bul Prakash A had its own cluster
Most of the important breeding lines from different
geographic region came into single major clyster (cluster
I1). Thus the geographic diversity alone s not an index of
parental diversity, it aiso implies that jt g not the
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geographic origin but selection pressure, which played an
important role in s\determining genetic closeness and
divergence among parents. Anand and Rawat (1984)
drew similar conclusions while studying the genetic
divergence of Indian mustard for a set of 50
geographically diverse lines. Gupta ef al. (1991) also
reported no correlation between geographical and genetic
diversity. Singh and Gupta {1985), Pradhan ef al. (1993)
and Ali ef al. (1995) also suggested the use of diverse
parents for hybridization programme.

Multivariate analysis based on Mahalanobis's D? statistic
proved to be a very potential tool for differentiating the
mustard genotypes into distinct groups. A comparison of
cluster means among the group for different characters
indicated substantial genetic diversity present in the
genotypes studied. D? statistics analysis also highlighted
the importance of yield contributing characters for
discrimination of the genotypes in terms of tolal genetic
divergence present in the mustard genotypes. Among the
group cluster 1ll & V exhibited the highest intercluster
divergence and the hybridization between the genotypes
of these two clusters would help to create variability for

further selection. The perusal of the results indicated that -

the cluster 1l and V though close to each other (5.32) but
both these clusters exhibited considerable inter-cluster
divergence from cluster |, I, 1V, V1, Vil and Vill. Results
suggested that genetic variability could be created by
using the genotypes of cluster Il & V for hybridization with
the genotypes of cluster I, HI, IV, VI, VIl and VIII. The
genotypes from diverse clusters should be used rather
than the genotypes of cluster having minimum divergence
for creating variabiiity and heterotic ¢cross combination for
further selection to be effective in subsequent
generations.

Based on the genetic diversity of the component
characters, itis suggested that genetic variability for seed
yield could be created by crossing the genotypes Strain

Table 1 Analysis of variance of the different characters studied

26 x BIQ 772, Strain 23 x Prakash, NPJ 30 X PR 45, SKM
93-28 X Kranti, RCC-5 X Varuna. For oif content the cross
between RL 1359 X Varuna, AD 2041 x RH 30, RCC 5 X
Pusa Bold, Strain 26 x Pusa Bold could be effective for
creating considerable amount of variability to effect further
selection for improvement of cil content. it may be
inferred from the present study that the lines with high
genetic divergence are likely to produce potential crosses
for exploitation of hybrid vigour for commercial
production.
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Mean sum of square

Source df
DF DM PH MSL PB S8 SQMS S/58Q HI 8Y Tw oc
Repiication 2 472 68.88 2177.38 34872 8.89 52.93 155.82 5.81 0.0092 1935.08 0.000015 1.085
Treatment 3 46.90" 12.64* 326.92* 107.7* 1.80* 18.07* 54.54* 3.32" 0.0026" 15328 0.0675 9.27
' 5
Efror T 5.55 ©8.55 84.35 3071 Q77 10.49 23.88 085 0.0007 7933 0.0049 277
s}

*Significant at 5% level of significance

Note : DF = Days to 50% flowering, DM = Days to maturity, PH = Plant height, MSL = Main shoot length, PB = Number of primary branches, SBE = Number of
secondary branches, SQ/MS = Number of siliquae on main shoot, $/5Q = Number of seeds per siliqua, Hi = Harvestindex, SY = Seed yield, TW = Test

weight and OC = NMR oil content per cent.
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Table 3 Intra (underlined) and Inter-cluster distance (D? values) of the nine clusters

Cluster | I i v v i Vil Vil X

I 3.73 14..44 5.43 456 15.55 6.26 5.16 8.39 9.63

I 4.05 15.72 14.59 5.32 13.97 1419 14,64 8.67

il 347 481 16.69 563 817 7.24 57

v 0.00 15.81 417 5.45 5.60 9.78

\Y 0.00 15.41 16.40 16.10 10.64

Vi 3.18 4.69 452 8.48

Vi 0.00 7.74 9.21

Vi 0.00 10.25

IX 0.00

Table 4 Cluster means of nine clusters for different characters
Character
Cluster

bF oM PH MSL PB SB Sams S/8Q Hi .8Y T™wW ocC
| 8209 156.28 167.00 67.15 5.57 14.29 42.09 13.48 027 27.57 540 40.60
fl 8363 15588 17102 67.11 5.47 14.71 43.82 14.29 0.25 2819 505 38N
il §1.33 15313 167.24 66.03 4.93 1247 40.60 15.87 027 20.56 460 38.89
v 86.33 15200 18207 70.00 5.67 12.00 4567 14.33 0.23 2267 515 39.89
A 79.00 15200 14767 60.27 487 1233 40.00 14.00 029 17.53 4.60 4150
Vi 85.00 156.17 18310 62.27 583 16.67 4217 1617 0.25 26.13 4.25 36.16
Vil 8233 15533 167.60 54.80 5.33 15.00 43.67 14.17 0.26 30.87 3.70 36.20
Vil 9467 155.00 178.00 59.80 533 10.00 34.33 14.17 0.19 833 415 34.60
X 87.00 155.00 192.03 73.00 6.45 16.67 45.00 14.00 0.24 42.00 6.35 37.08
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Abstract

Two relatively resistant parents of Indian Mustard
Brassica juncea (L.} Czern and Coss., Bio 8 (3} and
Line 81, were selected and crossed to Alternaria
susceptible parents Pusa Basant, Pusa Bahar, and
Line 113 to produce six crosses. Six generations (P,
P,, F,, F,, B,, and- B,} of six crosses were planted
under timely sown (TS) and late sown (LS} conditions
to find out the genetics of components of resistance
to Alternaria. The mean of six generations recorded
for time of appearance of Afternaria on [eaf (TOAP],
rate of disease increase (r), area under disease
progress curve (AUDPC], final intensity of Alternaria
on plant (FIAP}, and final intensity of disease on pods
(FIDP) were subjected to scaling tests to detect

epistasis and to estimate m, d, h, i |, and | .

parameters. Dominance (h) and additive x additive (i}
had predominant role in the inheritance of TOAP, r,
AUDPC, FIAP, and FIDP, whereas additive x
dominance (i) was important for AUDPC, FIAP, and
FIDP. '

Key words:  Mustard,

Alternana brassicae, resistance
Introduction

Rapeseed mustard constitute an important group of
oilseeds second to groundnut in area, production, and
productivity in india. Causes of lower yields are a number
of biotic and abiotic factors. Estimates of yield losses due

to Alternaria blight caused by Alternaria brassicae (Berk.)

Sacc., varied between 10 to 70% in different species of
these crops (Kolte, 1985;1991;, Saharan and Chand,
1988). Genetics of resistance to Alternaria blight is
governed by a single dominant gene in the cultivar RC
781 of Indian mustard (Tripathi ef al., 1978; 1980).
However, the resistance of cultivar RC 781 has broken
down. There is a lack of information an the genetics of

Brassica juncea, genetics,

parameters of horizontal disease resistance in mustard,
which is essential for development of Alternaria blight
resistant genotypes. Therefare, the present investigations
were carried out to find the resistant genotypes to
Alternaria blight and to study the inheritance of
components of its resistance.

Materials and methods

Twelve cultigens of Indian mustard B, juncea, tolerant to
Alternaria brassicae, [DYS-7-1, UDN 23, DYS-25-10,
UDN-28, UDN-67, 51=D 418/MHTE 23-3, 81=D 128/D
313, 87=KrantilQ 246, 113=PR 45/0 403//D 325, 174=D
313/HTA-11-1, 348=HC 951/K-133//W 246 and Bio 8 (3)],
along with susceptible checks (Pusa Bahar, Pusa Basarit
and Pusa Bold) were evaluated in a replicated trial for
their reaction to Affernaria under artificial epiphytotic
conditions at the experimental farm of IAR], New Delhj
during rabi season.

Two resistant parents, Bio 8{3) and Line 81, were selected
and crossed as male parents to susceptible female
parents, Pusa Basant, Pusa Bahar, and Line 113. Six
generations of the six crosses Pusa Basant/Bio 8(3) C,),
Pusa Basant/Line 81 {C,), Pusa Bahar/Line 81(C,), Pusa
Bahar/Bio 8(3) (C.). Line 113/Bio 8(3) (Cs)} and Line
113/Line 81 {C,) were grown in randomised block design
with two replications during rabi season in rows of 2.25 m
iong with spacing of 30 x 15 cm between lines and plants.
The experiment was planted on two sowing dates ie.,
timely and late. An artificial epiphytotic of Altemaria blight
was created to faciitate the screening of various
populations. Besides this infector rows of highly
susceptible lines were planted in and around the
experimental piots. Inoculum was sprayed twice for
screening at 30 days interval.

From the middle rows of each replication five plants each
from P,, P, and F,, 40 plants from F, and 20 plants each
from B, and B, were randomly selected in each cross.
Observations were recorded on time of appearance of

1
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disease (TOAP) in days when lesion first appeared on any
leaf of plant from sowing, number of lesion (NOL) by
counting 1otal number of lesions on two leaves on which
the lesions first appeared in succession of the sampled
plants, average size of lesions (mm) (SOL) by maeasuring
the diameter of first two spots in two perpendicular
directions and then averaging it, area under disease
progress curve {AUDPC} = Time interval [V {sum of first
and last disease scores) + (sum of all in between disease
scores)] Pandey et al. (1989}, rate of increase of disease
(r) by dividing the difference between maximum number
of lesions and number of lesions at first observation by
scoring interval {days}, final intensity of disease on plant
(FIAP} {0-5 scale} (Kant, 1997) and final intensity of
disease on pods (FIDP) {0-3 scale) (Kant, 1997).

The data were subjected to A, B and C scaling tests
{(Mather, 1949) to detect the presence of epistasis. The
adequacy of additive dominance model was tested by the
joint scating test {Cavalli, 1952). The gene effects were
studied as per Cavalli (1952) and Hayman (1958).

Results and discussion

The results of the present investigation indicated
dominance of alteles for resistance in parents Bio 8 (3)
and Line 81, which had lesser numbers of disease lesions
(Fig 1) and smaller size of lesions (Fig 2) as against
remaining parents.
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The inheritance of different components of horizomal
resistance appeared to be rather complex (Table 1 to
Table 3). The inheritance pattern varied with the cross,
character and sowing condition under consideration, In
most of the cases better estimates of gene effects were
found tin {LS) condition, probably due to better expression
of disease. A comparison of F,s with mid parent indicated,
in general, a high degree of internal cancellation of gene
effects. B, means indicated that a second dose of the
resistant parent tends to accumulating genes for
resistance or lowering expression of disease.

Pominance (h) was found to be more important for the
inheritance of TOAP. Cross Pusa Basant/Bio 8(3) and
Line 113/Bio 8(3) had both h and } component significant
and in desirable direction in {LS) condition, A five
parameter model having m = origin, d = additive, h =
dominance, i = additive x additive and j = additive x
dominance was found adequate to explain the inheritance
of TOAP. Therefore, dominance of late appearance of
Alternaria could be utilized in hybrid development
programme. Interaction component | being a fixable
component may be exploited in selection programme by
transgressive breeding.

Dominance (h) was more important than additive (d) and
was in desirable direction for rate of disease increase (r)
(Table 1). The rate of increase of Alfternaria blight
indicated multiphication of the disease infection per unit of
time and suggested the slow or fast disease reaction of
the plants to disease. Lower values would be desirable for
selection programme. Negative estimates of h in most of
the cases indicated dominance of hegative alleles at most
of the loci though not able to surpass the lower level in
some cases. Pusa Basant/Bio 8(3), Pusa Bahar/Bic 8(3)
and Line 113/Bio 8(3) crosses had significant h and i in
desirable direction in (LS) condition. Dominance x
dominance (l) component was in desirable direction and
significant in Pusa Basant/81 and Pusa Bahar/Bio 8(3)
crosses. Many workers have demonstrated reduced
severity of disease by lower infection rate (r) in different
crops. However, low infection rate of resistant cultivars
have been reported to be an important component of
horizontal resistance in Indian mustard by Saharan and
Kadian (1983) and Kadian {1983).

Dominance (h) and additive x additive (i) both were found
signiticant and in desirable direction in Pusa Basant/Bio
8(3) and Line 113/Bio 8(3) crosses in (LS) condition for
area under disease progress curve (AUDFC). The h and
i components can be exploited through biparental matings
or recurrent selections. However, the significance of i
component in many cases also suggested that increased
manifestation of this character can be achieveg through
selection programmes. However, additive x dominance @
was significant and in desirable direclion in (TS) condition
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in the same crosses. Mani (1991) suggested important
role of h and i for AUDPC along with complementary
epistasis in case of white rust of Indian mustard. He also
found AUDPC as an important parameter in differentiating
the genotypes possessing slow and fast rusting
behaviour.

interaction effects were found more important than the
main effects for the inheritance of final intensity of
Alternaria on plant (FIAP) (Table 2). The FIAP is of
practical value under field condition to differentiate
between resistant and susceptible genotypes. Dominance
(h) and additive x additive (i) were found significant and in
desirable direction in Pusa Basant/Bio 8(3) and Pusa
Bahar/Bio 8(3) crosses. Additive x dominance (j) was
important in direction and magnitude in five out of six
crosses. The significance of h and i components indicated
that biparental mating or recurrent selection could be
resorted to improve this character. However, presence of
duplicate epistatis may hinder the progress in the
selection. Katiyar and Chamola (1995} reported a cullivar
selected in the F, generation of a cross Brassica cannata
x Brassica juncea showing stable and good resistance to
Alternaria with only a few small lesions developed on the
ieaves at compietion of fruiling compared with numerous
large lesions ocourring at flowering on B juncea. Gulati ef
al. (1985) reported final intensity of disease on plant as a
criterion for selection under field condition in case of
yellow rust of barley. They showed direct relationship
between final intensity of disease and AUDPC. Mani
{1991) also confirmed these findings in case of white rust
of mustard.

Dominance (h) though non-significant was of considerable
magnitude and in desirable for final intensity of disease on

pods (FIDP) (Table 3). FIDP is of great importance in
disease like Alternaria, which, when in severe form on
pods may lead to shriveling of grains and thereby
ultimately leading to reduced oil content Interaction
components were of more importance than main effects.
Component i was significant and in desirable direction in
Pusa Basant/Bio 8(3) and Pusa Basant/Line 81. However,
component | was important in magnitude and direction in
Pusa Basant/Line 81 and Line 113/Bio 8(3). Tripathi and
Kaushik {1984) reported that intensity of seed infection
varied wilh number of lesions per siliqua in case of
rapeseed and mustard. More significance of disease on
pods than that of on the leaves was reported by Chahal
and Kang {1979). Relation between the infection units on
seed pods and loss in seed yield compared with that from
healthy pods was reported by Singh and Bhowmik (1985).

In such cases it may be possible to expect improvement
for this trait in hybrid breeding.

Broadly it can be concluded that dominance (h) had a
predominant role in genetic control of later TOAP, lesser
r, AUDPC, FIAP and FIDP, whereas additive x dominance
{D was predominant for lesser AUDPC, FIAP and FIDP.
Biparental mating or hybrid breeding may be an
apprapriate strategy to exploit these kinds of gene effects.

Additive x additive () interaction effects had 2 major role

in later TOAP, legser r, AUDPC, FIAP and FIDP. This
indicated the possibility of selecting for transgressive
segregants. In general, crosses with Bio 8(3) showed
better expression of resistance and the cross Pusa
Basant/Bio 8(3) appeared to be the best cross
combination with all the components of horizontal
resistance in a desirable direction.

Tabie 1 Estimates of gene effects + SE for different components for rate of increase of disease (r}

Cross Condition m d h i i | ¥
ci TS 0.45™+0.07 0.08£0.04 -0.17£0.11 -0.18*£0 08 .0.14£0 15 . 063
.. L8 7 . 0.887$0.16 0.080.08 -1.38£0.40  -0.48*'+0.15 0.03:015 079"'+0 24
C2 ".",',* i TS ,:"': 0,36**0.05 0.0120.05 ;- 0.13:0.08 - . - 403
s 0.15£0.19 0.09:007 +  0.95:052 0243017 0.23+0.20 -0.84*°40.33
c3 _ T5 0.37+°:0.07 -0.02£0.05 "t 0.08:0.13 105
! L8 0.3610.25 -0.03:0.04 0.0810.09 . . 466
ce TS # 0174015 0.074005 ' 1223041 . 041730.14 , .0.084£0.15 .0.81$0.29
\‘ r L5 Y 077047 0.0310.04 -1.13*10.43 | -043't0.16 - (.52*40.14 0.70*£0.29
c5 : TS © 0.24™0.03 0.0520.03 0.1110.07 - . 175
r— 0.38*"40.03 0.07+0.03 °  -0.1120.06 - i ;/1 . 479
c VTS 0.34°t0.05  -0.05:004  -0.0620.10 S .
LS 0.64£0.10 0.020.06 004°t0.14  -0.34"20.11 0.03+0.18 0.10

C1 = Pusa Basant/Bio 8(3); C2 = Pusa Basant/Line 81; C3 = Pusa Bahar/Line 81, C4 = Pusa Bahar/Bio 8(3); G5 = Line 113/Bio B(3) G6 = Line 113/Line 81

TS = Timely sown; LS = Late sown

* ** gignificant at 5% and 1% level
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Table 2 Estimates of gene effects £ SE for different components for final intensity of Alternaria on plant {F1AP)

Cross Condition m d h i { ! L
Ci1 TS 3.7077t0.21 0.71**10.10 0.15+0 30 0.23£0.23 -2.49"10.41 - 177
LS 4.70""+0.29 ~0.10£0.10 -2.007+0.82 -0.607+0.27 0.1010.30 1.40*+0.56 -
c2 TS 3.58""+0.18 0.35*+0.09 D.91™*£D 32 0672019 09071023 - 004
LS 3.91*"t0.07 0.0810.07 0.13+0.15 . - - 378
C3 TS 3.15™10.34 -0.10+0.18 2.65+0.97 0.65%10.20 01550 41 -1 6072068 -
L5 413003 0.08+0.08 -0.2540.23 -0.1540.12 -0.1320.12 0 00£0.40 -
C4 TS 4 58**+0.14 0.33*10.16 -0.94*x0 22 -1.02% 0.2 0.5310.47 - 258
[ 4.94**1+0 40 0.05+0.10 -2.87*¢1.16 -0.6910.39 -0.968""+0.41 1.73'+0.78 -
cs TS 4.03"4¢0.04 0.13:0.17 0.05:0.40 -0.0510.39 056020 0.201074 -
LS 3.84*"10.05 0.0110.08 0.68""+0.23 0.76""+0.22 0.1310.08 -G.73*+0.32 -
C6 TS 4 BD™10 .49 0.35":0.09 -2.2041.26 -0.55£0 .48 -0.85%+0 39 1.70*¢0.82 -
LS 4.10""+0.04 0.1010.07 -0.03+0.27 -0.3810.22 -0.0410.08 0 B6+0.46 -

€1t = Pusa Basant/Bio 8(3), C2 = Pusa BasanyLine 81; C3 = Pusa Bahar/line 81; C4 = Pusa Bahar/Bio 8(3); C5 = Line 113/Bic 8(3); C6 = Lina 113/Line 81

TS = Timely sown, LS = Late sown

Table 3 Estimates of gene effects + SE for different components for final intensity of disease on pods (FIDP)

* **significant at 5% ang 1% level

Cross Condition m d h i i 1 L
c1 5 0.3020 18 0.28*40.08 05240 30 0.55*"40.19 -0.5140.27 - 2.16
LS 0.92"10.14 0.19*+0.08 -0.160.23 -0.64*+0 15 0.3410.25 - 0.35 /
c2 AE 0724043 0.20710.08 0.1940 21 0.1940 .16 -0.68*£h 25 ~ - 009
LS 1.02**40.17 -0.1020.10 -0.4210 25 -0.42+0.21 -0.4020.30 S . 0.1
c3 TS 0 804004 01054009 (.30£G.27 0 1040.25 -0.0520.13 '0.20+0.45 roo-
LS 0.89*"+0.07 0.05+0.06 -0.04£0.14 - - Lo f 318
c4 TS 0.56™10.07 0.267"£0.07 0.18£0.13 . \'\ . o l 4567
LS 0.50**x0.06 0.29%*+0.05 0.2110.13 ; y . - 805
C5 S5 030 40.05 0100 11 -0.100 36 0.35:0.31 -0.1540.14 -0.50£0.61 ,'
LS 0.08£0.19 0.31*'40.07 05440 32 0.3540.20 -0.77*"40.26 - ,f; 1.52
C8 TS 0.83""+0/04 0034009 0.2040.29 0.1540.26 -0.13£0 12 -0.1040.49 ' -
LS 07540 08 0.00£0.06 0.2210.18 ; . - 1.86

C1 = Pusa Basant/Bio 8{3); C2 = Pusa Basant/Line 81; C3 = Pusa Bahar/Line 81; C4 = Pusa Bahar/Bio 8(3); C5 = Line 113/Bio 8(3), C6 = Line 113/Line 81

TS = Timely sown; LS = Late sown
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Abstract

Four cv. of Indian mustard {Brassica juncea (L.) Czern
& Coss) namely, RH 30, RH 819, Varuna and Kranti
were treated with varying doses of gamma rays and
EMS, solely as well as in combinations for induction
of variation in quantitative characters. Observations

were recorded on twelve morphological traits in the

M. generation and mean, range, genetic variance,
coefficient of variation and heritability in broad sense
were calculated. Magnitude of induced variation was
found to depend upon the mutagen used, character
under study and the genotypic background of the
variety. RH 819 and Varuna were found to be suitable
base material for the improvement in the quantitative
traits through mutations.

Key words: indian mustiard, gamma rays, EMS,

genolypic variance, mutation
Introduction

Brassicas are the second most important ollseed crops in
India and the significant improvement in it's production
has considerably reduced the pressure on the import of
edible cil. In recent years Indian mustard (B. juncea) has
emerged as a competent crop to wheat and pulses under
rainfed and semi irrigated conditions.
productivity of Indian mustard in India has considerably
improved in the last decade but it is still very low in
comparison to many European countries. To meet the
growing demand of increasing population, it is necessary
to produce the genotypes/cultivars with high yield
potential, which in turn depends upon the availability of
genetic resources and variability. Mutation breeding in
collaboration with other plant breeding tools can pay the
dividends by creating useful genetic variability (Konzak
etal, 1984; Chopra and Sharma, 1985). Crucifies are
known to react favorably to mutagenic treatment which is
proved by the number of varieties developed through
mutation breeding (Bhatia et af, 1999). A number of
workers have used either physical or chemical mutagens
solely and very few have used the both in combination in

Though the -

Indian mustard. The present study was undertaken for
evaluation of the technical feasibility and perspective role
of combined mutagenesis by physical and chemical
mutagens for extending the genetic vanability of
quantitative character in Indian mustard.

Material and Method

The experimental material comprised four Indian mustard

cv. viz, RH 30, RH 819,varuna and Kranti. Mature and

well filled seeds of these cvs. were irradiated with 60, 80,
100 and 120 KR doses of gamma rays. For giving the
ethyle methane sulphonate treatment, the seeds of each
cv. presoaked in water for 12 hours were immersed in
freshly prepared 0.5, 0.6, 0.7 and 0.8% of EMS for 4 hr
with intermittent shaking. Combined treatment was given
by first irradiating the seeds with 80 KR of gamma rays
and then soaking in water for 12 hr and then giving the
respective EMS treatment for 4 hr. The seeds after
chemical treatment were thoroughly washed under
running tap water and this way 48 treatment combinations
were generated which along with four control were laid
into randomized block design at research farm of CCS,
HAU Hisar. All recommended package and practices

‘ were followed to raise a good crop. The M, plants were

harvested and bulked treatment wise to raise the M,
generation. The M, generation was also laid down into
RBD with three replications. The plot size was six rows of
5 m length spaced at 30 x 10 cm between rows and
plants, respectively. To study the nature and magnitude of
induced polygenic variability observations were recorded
on 12 characters of economic importance(Table1 & 2),
The variability parameters like mean, genotypic variance,
coefficient of variation and heritability were estimated as
per standard formulae.

Result and discussion

Gamma rays irradiation, EMS treatment and their
combinations induced genetic changes in quantitative
characters which were expressed as change of mean,
range and other variability parameters. In general the
mutagenic treatment had an adverse effect on the means

Present address: National Research Centre on Rapeseed-Mustard, Sewar, Bharatpur-321 303, Rajasthan.
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Table 1 Estimates of genotypic variance, range and heritability (broad sense) for various quantitative characters in M, generations of cv RH 819

Daysto Days Plgnt Fruiting Nro. of No. of  Main shoot ‘No of Siliqua Seeds/ 1000 Seed
Treatment 50% to height zonelength primary  secondary length silqua on  length ; seed yielgd/
flowering maturity  (em) (cm)  branches branches  {(cm)  mainshoot (cm) S92 weight  plant
Control
GV - 0.39 66.15 4073 0.52 13.42 - 493 - .39 -‘D.DOW 17.01
Range 5465 133-137 124-208 44-100 4-10 2.22 43-88 26-62 36-48 80144 3951 4.0-34.0
H? - 21.12 11.02 16.86 16.34 3572 i - 5.56 - 12.97 3.98 20.09
Gamma rays !
60 KR GV 10.50 12.75 559.90 68.97 7.36 141.26 9.79 3.77 0.07 1.95 0.13 558.05
Range 5472 130141 114.240  44-110 3-18 1-49 40-88 2360 3248 50134 3357 301220
H? 4645 8968  51.18 25.67 7326 85.40 5.76 431 3163 4254  28.82 89.18
BOKR GV 473 10.33 332.34 309.19 1.89 12.15 7017 017 2,05 .19 29 63
Range 56-73 130-140 108-208 41-135 312 1-25 v 48112 27-54 32-54 58130 2850 40360
H? 28.10 87.26 38.36 60.63 41.28 3290 30.48 - 51.76 43.71 37.23 30.45
100 KR GV 6.50 508 229.34 67.81 0.91 44 42 - 46.32 £.25 4.07 017 £88.91
Range 52-73 130-138 131-242 41-100 311 4-37 36-88 12-61 2851 48152 3758 251120
H? 34.94 77.61 30.08 25.25 25.36 6478 - 35.64 61.89 60.61 34.48 89.80
120 KR GV 681 7.93 302.03 106.07 293 3337 19.15 81.82 0.36 7.89 0.09 156,32
Range 55-73 130-140 100-213 46-113 3-11 1-31 40-92 20-68 3.0-56 34.178 38-52 20565
H? 36.00 84 .41 36.13 34.57 52.18 58.01 1069 50.06 70.73 74.42 21.70 86.50
EMS
05% GV 4.68 1.79 149.10 281 21.51 95.01 79.81 0.35 0.70 0.0 113.04
Ranga 5773 133-138 138229 56-140 . 2-12 3-28 26-80 14-83 31-56 T74-154 3444 45475
H? 27.89 54.99 - 4262 $1.14 4711 37.26 4863 70.01 21.03 3.02 55.80
06% GV 531 7.15 326.70 294 05 385 3235 - 60 64 024 073 017 134 69
Range 56-73 13f1-141  t1-221 54-130 3413 1-31 42-81 16-61 3.0-54 80-160 3756 40620
H? 30.49 83.00 3796 59.43 5$8.91 57.26 - 42.03 6135 21.54 3475 66.51
0.7% GV 4135 2.15 700.96 210.23 - 259 3733 9076 2286 o1 1.87 015 7994
Range 457-69 135-141 78-222 41-117 3-12 2-34 . 27-100 27-75 3.0-53 54-144 35-50 1.5-49.5
H? 25.54 59.43 56.76 51.15 4910 60.72 36.19 21.456 57.88 41 47 31.89 54 16
0.8% GV 183 2.08 414 86 239.83 253 43.07 47.68 142.24 0.17 0.40 0.33 122.57
Range 54-65 134-139 124-220 41-120 - 413 t-37 28-85 12.71 32.52 76140 3552 20570
H? 13.76 58.27 43.72 54.43 48 .46 64.08 22.96 6297 52 61 13.11 5053 64 43
Gamma rays + EMS
80 GV 512 415 - 219.83 11.47 11.98 61.36 2413 Q.58 3.80 g2 7.5
KRe0.5% Range 54-73 13414 135218 38-115 147 1-22 43-98 29-63 2861 64146 3753 15350
H? 2973 7382 - 52.26 78.01 33.15 27.73 22.39 79.46 58.98 27.04 10.27
80 GV 6.56 2.27 125.24 132.92 471 10.37 - - 0.29 416 0.62 336.88
KR+08 % Range 5873 137-143 150.232  40-127 314 1-20 45.91 2063 2652 3.212.2 3862 15103.0
M} 3515 6076  18.00 39.85 82.85 30.04 - - 6563  61.13 6603 8320
80 GV 7.32 11.75 - 354.35 4.22 35.48 36.06 6557 0.44 15.68 0.23 22591
KR+0.7 % Range 54-75 134-147 148-218 36-142 3-15 1-34 33-80 23-86 t68-52 0.8-188 3.852 02-83.0
H? 37.68 8a.91 - 63.83 61.13 59.49 1839 431 74.59 85.58 4216 76.90
80 GV 2333 8.48 792.02 23433 4.12 o 3347 15.63 10071 048 440 0.23 233.35
KR+0.8% Range 52-75 130-138 956-240 26-128 2-14 1-32 32-84 4-66 20-58 15152 2948 1.0-82.0
H? 65.83 85.27 59.73 53.85 60.52 58.09 8480 54 63 75.40 62.46 41.84 76.95
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Table 2 Estimates of genotypic varlance, range and heritabitity {(broad sense) for various quantitative characters in M, generations of ¢v Varuna

Treatment gg"f t.O 2333;3;% ::grtn (cm) gél:llngngthSEﬁan'y ggé;r:dary mﬁ;:hom :I?qt?; on Félngha fileigng ;223- ?izﬁidper
flowering {cm) branches branches {cm) main shoot {cm) weight (g) plant (g)
Control
GV 651 - 10.06 - - - - - - - . -
Range 53-65 132-135 120-190  §2-100 3-8 1-15 54-88 19-49 36-50 7.0-124 4.047 3.0-22.5
H? 34.97 - 1.85 - - - - - - - - -
Gamma rays
60 KR GV 4.83 3.80 - - 0.67 34.46 - - 0.21 1.50 0.06 -
Range 54-64 134-140 120-214  53-98 2-12 1-38 54-90 23-44 2052 32120 3950 1.0-27.0
H? 2853 7220 - - 2007 58 80 - - 58.15 36.26 15.52 -
80 KR GV 8.11 4.45 215.83 19.18 2.35 12.83 27.74 - 0.18 1.95 0.18 130.86
Range 52.68 133-141 115-225  80-117 3-11 1-23 53-110 27-57 2848 42130 3752 1.5-57.5
H? 40.12 75.40 28.78 8.72 46.66 34.70 14.77 - 54.16 42.51 36.05 6590
100 KR GV 1918 5.59 336.06 - 142 - - 10.45 035 2.93 0.29 12.23
Range 50-73 132-140 108-217 5%-116 4-10 3-21 36-86 21-64 Z24-54 48-130 34-56 3.5-48.0
H? 61.31 81.81 3862 - 34.62 - - 11.15 70.74 52.81 47.11 15.31
120 KR GV 5.52 6.13 - 10.76 0.64 9.72 21.09 13.70 0.596 4.40 - -
Range 55-70 132-141 146-210  57-112 3-9 1-23 51-100 21-81 3.0-85 24-1486 3.9-5,7 2.5-33.0
H? 31.31 80.72 - 5.08 19.26 28.70 11.65 14.07 B6.41 62.49 - -
EMS
0.5% GV 3.68 273 235.74 141.97 4 87 147 .84 - - 0.26 3.64 0.09 329.36
Range §7.72 134-140 115.230 44116 3-14 1-61 42-85 27-59 2451 32140 3548 3.5-82.0
H? 23.32 65.11 30,62 41.42 64.47 85.94 - - 53.71 57.92 .23.02 82.95
06 % GV 2.89 2.58 - 6.33 0.65 11.06 - - - 0.25 0.02 -
Range 54-66 132-138 112-176  47-100 3-9 1-21 39-81 22-46 3449 711436 3543 1.5-20.5
H? 19.28 63.78 - 3.05 1952 31.41 - - - 8.60 8.28 -
0.7 % GV 174 1.20 .92 2043 0.99 12.08 - - 0.04 0.84 1.16 -
Range 53-69 132-137 110-187  46-102 3-10 1-25 51-88 20-52 3.4-50 586134 4.0-54 2.0-285
H? 1258 45,07 1.82 9.24 27.00 33.38 - - 19.59 2411 26.54 -
0.8 % GV 3.37 10.98 16.87 - 1.26 3.86 109.20 71.05 0.45 1.85 0.60 -
Range 52-85 130-144 137-233  43.82 4-13 4-27 28-87 g-62 24-58 48140 2253 4.0-26.0
R* 21.78 88.24 3.06 - 31.94 13.78 40.57 45.93 76.04 42 48 65.81 -
Gamma rays + EMS
80KR+0.5% GV 13.64 25.09 5725 B1.91 427 96.30 43.48 2229 0.22 3.67 0.45 269.24
Range 50-73 131-147 130-220 42100 1411 1-53 34-80 32-75 3050 321150 3355 3.580.0
H? 52.98 94 48 9.68 2597 61.39 79.95 21.37 21.04 59.61 58.12 58.47 79.91
80 KR+0.6 %GV - 1.08 17861 - 264 - 77.02 45.88 0.36 10.0% 014 -
Range 53-63 133-137 125-207  55-100 2-12 1-16 47-105 5-56 1652 05-152 4054 02-26.0
H? - A2.42 25.06 - 49 54 - 32.49 3543 70.77 79.18 30.68 -
BO KR+0.7 %GV 26.57 1.25 - 94.70 074 0.83 - - 0.47 5.84 [eX3] -
Range 51-73 134-139 133-210  40-112 4-11 220 44-82 21-48 2.0-58 34-138 3254 40.300
H? 68.69 45.96 - 32.05 21.66 333 - - 75.88 60.91 56.26 -
BO KR+0 8 %GV 0.47 8.70 - 214.42 4.18 69.65 - 12.47 0.36 7.87 0.89 173.62
Range 54-69 1356-145 112-200 46-120 2-12 1-37 47-84 22-60 2248 26144 3754 10640
H 375 85.56 - 51.65 8088  74.25 - 12.97 7058  74.85 54.85  71.96

-
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of various characters. In muiation breeding pregramme
the breeders are more interested in the extent of
variability, which is more reflected, by range and variance.
Two cvs. RH 819 and Varuna (Table1 & 2 ) appeared to
be more vulnerable to mutagenesis as reflected by
change in their mean, range and magnitude of variance
for varioys characters. The change in mean value was
generally accompanied with increase n range and
variance for the most of characters. For flowering and
maturity little scope existed for selection of early types as
increase in variance in the most of population was due to
expansion of range toward lateness except in the
population of 100 KR of cv. RH 30. The increase in
variance for primary and secondary branches in
mutagenised population of cv. RH 30 (data not
presented), RH 819 (Table 1) and Varuna (Table 2} was
due to expansion of range in desirable direction and thus
giving scope for selection of improved types. Scope for
improvement also existed for main shoot length and
number of siliquae on the main shoot in the same
populations whereas for number of seeds per siliqua,
1000 seed weight and pod length desired type of variant
were found in the mutagenised population of RH 818 and
Varuna only. The increased magnitude of variance for
seed yield was observed in the most of mutagenised
population of RH 819 and Varuna and that too in the
desirable direction. The coefficient of variation as it
eliminated the effect of units of measurement for various
characters revealed the greater variation for primary
branches, secondary branches and seed yield {Table 1 &
2). These characters are controlled by quite complex
genetics system involving the large number of genes and
therefore, giving the more chances for micro mutation,
The differential effect of mutagen was evident from the
present experiment as combination treatments in general
were more potent in inducing the variation for various
quantitative characters. The maximum genetic variance
for seven characters in Varuna and Kranti each were
found in one of the combination treatments. EMS was the
next potent mutagen in term of induced genetic variance
whereas the gamma rays was least effective. It is thus
clear that direction and frequency of micro mutation
depends upon the genotype of the character under study
and the mutagen used. RH30 and RH 819 were more
amenable with combination treatment whereas Varuna
was more sensitive lo EMS, The negligible genetic.change
in the cv. Kranti was quite amazing. Such a differential
response of the varieties in the M, generation was also
reported by Rao and Siddiq {(1977), Mahla (1988) and
Solanki(1991). The low heritable variation induced by
gamma rays might be the result of predominately cryptic
chromosomal changes or other induced changes of non-
fixabie nature (Siddig et. al.,1973). Fruiting zone length
and main shoot length appeared to be the characters {east
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affected by the mutagenic treatment. It may be either due
to the equal frequency of mutation in positive and negative
direction as suggested by Oka ef al (1958) or due to less
mutable nature of their loci. The heritability estimates
were quite high for maturity secondary branches, siliqua
length, 1000 seed weight, seed per siliqua and seed yield
thereby suggesting the affectivity of selection based on
the phenotype. Many workers like Kumar and Das (1977),
Mahla (1988) and Labana etal, (1990} have also
reported high heritability estimates for these characters.

The studies showed the significance of proper selection of
genotype for mutation breeding programme as RH 819
and Varuna proved to be more suitable base. Similarly it
is also concluded that it wouid be more pertinent to use
the combination of physical and chemical mutagens for
Brassicas.
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Abstract

The phenotypic stability of 34 groundnut {Arachis
hypogaea L.) genotypes grown over four
environments was estimated for yield and seven yield
refated traits. The mean squares due fo genotypes,
environments and genotype X environment were
found highly significant for ail the characters. The
linear and non-linear components of genotype x
environment interactions were also significant
against all the characters. The magnitude of linear
variance was significantly high against non-linear
variance for number of primary branches, number of
secondary branches and pod number. TCF 1717 had
very high pod yield and was stable for yield, number
of primary branches, shelling percentage and seed
per pod. G-64-206 had high pod yield and was stable
for pod yield, primaries number, pod number, shelling
percentage and seed per pod. ICGPRS 221 also had

high pod yield and was stable for yield, maturity days, -

100 seed weight and seed per pod.

Key words: Genotype x environment interaction,
stability, adaptability, vield components,
Arachis hypogaea

Introduction

In any breeding programme it is necessary to screen and
identify phenctypically stable genotypes for yield which
coutd perform more or less uniformly under different
environmental conditions. 1t is an established fact that
vield is a complex character (Whitehouse et al., 1958) and
largely depends upon its component characters, with an
interaction with the environment resulting into the ultimate
product, i.e. yield. So for breeding a stable variety it is
necessary to get the information on the extent of genotype
x environment interaction (GEl} for yield and its
component characters. In the present investigation, 34
groundnut genotypes were evaluated at four diverse
environments to analyse the extent of GEf and to find aut
the stabiiity and adaptability of these varieties in respect
of yield and its component characters.

Materials and methods

The experimental malerials included 34 bunch type of
groundnut genotypes (Table 2). These were evaluated at

" four different agro climatic zones of Wes Bengal, viz,

" Coochbehar (Tarai Zone), Suri (Red laterite Zone),
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Daspur (Old Alluvial Zone) and Kalyani (New Alluvial
Zone) during the summer season. The experimental
materials were sown in randomized block design with
three replications. Seeds of each entry were grown in 3
rows, each 5 c¢m long, spaced 40 cm apart and 12.5 cm
plant to plant distance was maintained. Normal agronomic
practices were followed to obtain a good crop.

Observations were recorded eon 10 plants, selected
randomly from each genotype of each replication on
number of primary branches, number of secondary
branches, pod number, pod weight (g), 100 seed weight
{9), shelling (%) and seed per pod. The days to maturity
were judged from the yellowing of lower leaves of plants
and recorded accordingly. The data on number of
secondary branches were subjected to log transformation
to reduce the heterogeneity of efror variance and that of
shelling (%) to angular transformation before statistical
analysis. The mean data were subjected to stabilily
analysis following the model of Eberhart and Russell
(1966}

Results and Discussion

The analysis of variance (Table 1) revealed the existence
of substantial variability among the genotypes tested.
The significance of mean square due to GEI for all the
characters revealed that the genotypes interacted
significantly with the environmentis. The pariitioning of
GE!l showed that both linear and non-linear (pooled
deviation) components of interactions were highly
significant for all the characters and they ultimately
brought about the total interaction. Yadav and Kumar
{1978) confirmed the present observations for maturity
days only. However, Kumar et al (1984) observed
significant GEI for yield and yield related and quality
characters. The significant amount of linear variance of
GEI against as compared to non-linear component for
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number of primary branches, number of secondary

branches and pod number could be accounted mainly by -

the linear regression. In this regard, Patil et al (1983)

reported that both linear component and deviation from
linearity were responsible for the difference in stability for
seed yield among the varieties.

The phenctypic stability of genotypes was measured by
mean performance over environment (x), the regression
coefficient (b) and the deviation from regression (5°di). In
Eberhart and Russell (1966) model b is considered as a
measure of responsiveness and &%di; as a measure of
stability. The xi, bi and 3di of the genotypes for different
characters were presented in the tables 2,3 and 4
respectively.

The genotype EC 24389 had the highest pod yield (11.6g)
but unstable as from its significant 5°di. TCF 1717 showed
very high yietd {10.6 g) and non significant 52di. Nearly
unit response (b=0.97) of TCF 1717 indicated its wide
adaptability to all environments in this regards. Non
significant &°di, above average tesponse (bi>1) and
considerably high mean performance of ICGPRS 221 and
(G-64-206 indicated their adaptability for favourable
environment. Three genotypes ICG (FDRS) 34, ICGPRS
194 and ICG {FDRS} 23 were highly responsive (bi
significantly greater than one) and stable (5°di
nonsignificant) but showed below average mean
performance. These findings revealed their poor
adaptability to the better environments. Among the
average responding group (bi=1), ICG (FDRS)-1
possessed least and non significant &di (0.05) but its
poor mean performance (x} suggested the poor
adaptability to all kind of environments. 1CG 8393, ICG
(FDRD) 34 and Godjah showed considerable degree of
stability (8di nonsignificant) but bellow average mean pod
yield and bi<1 revealed their poor adaptability specifically
to unfavourable environments.

The bi value of ICG (FDRS) 34 and ICGPRS 221 were
significant less than unity for maturity days and they
possessed non significant §°di. They were also late in
maturity. So, they might be adapted to poor environment
for this trait. Four seeded Red Type exhibited non
significant 82di with simultaneously above average
response {b>1) and early maturity indicated its suitability
for better envirgnment.

Twenty five genotypes were stable for number of primary
branches as evidenced from their non significant &°di.
Among them. EC 24389’ had significant bs {1.49*) but low
xI revealed its poor adaptability to favourable
environment. Whereas, JSP8 and ICEU 86011 & had
above average response (bi>) and high mean xi
suggesting their suitability for better environment.
ICGPRS 194 and ICG (FDRS) 61 were the most desirable
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genctypes as widely adapted (o all environments due to
their high Xi, non significant and nearly unit response for
this trait. Godjah, JL 59, AK-12-24, TCF 1717, JARI 731,
Exotic 6, Gorpada, EC 259627, BPE 510, Four seeded
Red Type, 0G-85-2, Kadiri 104, OG-85-1 and JL 24
possessed non significant 8%di.  So, all of them were
stable for said character. Among them JL 59 only had
b<1 simultaneously with high mean performance revealed
its adaptability specifically to poor environment for this
trait concerned.

(G-64-2086, GBPRS 45, ICC (FDRS) 61, JSP8 and EC
24389 attained nearly average response for number of
secondary branches but their 5”di were significant. Among
the high performing genotypes, 1CGS 15, BPE 510, 1CGS
24 and Godjah had bi>1 and were highly stable (non-
significant 8%di). So these genotypes were adapted
specifically to favourable environment. Kadiri 104, Four
seeded red type and ICG {FDRS) 23 has nonsignificant
8%di and bi<1, so they were suitable specifically for poor
environment. Rest of the genotypes were unstable for this
trait.

Eleven genotypes were stable for pod number (non-
significant 52di). Among them ICG (FDRS)1 and OG-85-1
had bi>1 and xi revealed their poor adaptability to better
environment. ICGS 11, EC 24389 and Gorpada
possessed very high ped number but they were unstable
{8di significant). G-64-206 and JL 24 had high mean
performance, non-significant 8°di and nearly unit response
indicated their wider adaptability for all environments,
BPE 510, \CG (FDRS) 234, JSP 8 and IC 1536 were
showed poor adaptability to poorfunfavourable environ-
ment due to their bellow population mean pod number
(12.5). While Four seeded Red Type adapted specifically
to poorfunfavourable environments in this regard,

Nineteen genotypes were stable for 100 seed weight.
Among them, ICGS 15 was the lone genotype widely
adapted to all environments for its nearly unit response
(b=0.97) and above average mean performance for this
trait. Among the high performing genotypes ICGS 225,
ICGS 24, 1CGPRS 221, BPE 510 and 0OG-85-1 showed a
high degree of stability with bi>1. So, they were adapted
specifically to belter environment. Gorpada and Four
Seeded Red Type had negqalive bi value and non
significant 52di suggested their adaptability specifically to
poor environment. In addition to these ICG 9393 and ICG
9395 were also adapted to poor environment {non-
significant 3%di and bi<1) for this trait. EC 24389, IARI
731, Godjah and AK-12-24 were also stable but poorly
adapted to poorfunfavourable environments due to their
poor mean performance for the same.

Twenty two genotypes had nonsignificant §*di for shelling
%. Among them, AK-12-24 and Godjah possessed nearly
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unit response, and high mean shelling %. So, they were
the most desirable types for wider adaptability for this
frait. JL 59, Exotic 6, ICGPRS 225 and ICGS 24 were
stable and possessed above average response
simultaneously with high x values revealing their
adaptability specifically to better environment. I1C 1536,
EC 259627 and EC 24389 possessed negative bi value
- ang a good stability (32di non-significant)} indicated their
high suitability for poorfunfavourable environment.
Moreover, TCF 1717, ICG 8385, 9CG (FDRS) 34,
Gorpada and ICG 9393 were also desirable types for poor
environment for the said character.

In respect of seed/pod, Exctic 6 and ICG 9395 were highly
stable {non-significant 8°diy and possessed nearly unit
response (bi=0.94 respectively). Exotic 6 had high mean
performance, therefore, it was widely adapted to all
environments, whereas, ICG 9395 showed poor
adaptability to all environments due to its poor mean
performance for the said character, EC 24389, G-64-2086,
ICG (FORS) 34 and ICG (FDRS) 43 possessed above
average response high mean performance and non-
significant S2di, therefore, all of them were adapted
specifically to rich/better/favourable environments. Non
significant S2di, bellow average response and high mean
performance of Godjah, EC 259627, Four seeded Red
Type, ICG 9422 and AK-12-24 revealed their adaplability
specifically to unfavourable envirenments for seed/pod.
ICGS 24, |1AR] 731, IC 1536, JL 59, JSP 8, 0G-85-24,
ICG (FDRS) 61, ICGPRS 221 and TCF 1717 were also
stable as evidenced from their non-significant 52di but
showed poor adaptabilty due their poor mean
performance for the said character.

Table 1 Pooled Analysis of variance for different characters

If is concluded that the stability of yield is imparted in TCF
1717 though the stability of number of primary branches,
shelling % and seed/pod; in G-64-206 through number of
primary branches, pods number, shelling % and
seed/pod; in ICGPRS 221 through number maturity days,
100 seed weight and seed/pod; in Gorpada through
number of primary branches, number of secondary
branches, 100 seed weight, sheiling % and seed/pod:; in
ICG 9393 through number of primary branches, pod
number, 100 seed weight, shelling % and seed/pod and in
ICG (FDRS) 34 through maturity days, pod number, 100
seed weight, shelling % and seed/pod. Therefore, the
stability of yield in different groundnut genotypes were
ultimately imparted through the stability of their different
components characters in additive fashion.
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Characters
Source :
d.f  Pod yield Days to No. of Primary No. of Secondary Number of 100 seed Shelling Seed/
(g)/ plant Maturity branches/plant branch/plant pods/plant mass (g) (%) pod
Genotypes (G} 33 10.40™ 70.33" 7.18* 0.09" 28.45* 25.30*  (.003* (.086*
Environments {E) 3 89.31* 409067 31.33™ " 0.62* . 394.31* 25493* 0.030™ 0.089*
GXE 99 503" 17.03** . 1.14** ‘ 0.03* 10.12* 17.05*  0.002** 0.015*
G X E (Linear) 33 5.46™ 18.68** 171 0.04* 15.48™ 17.76™  D.DD3™ D.OA7
Pooled Deviation 68 4,68 1574 0.83* 0.02* 7.23** 16.21**  0.002* 0.013"
Poaoled Errar 264 0.55 0.48 0.32 C 0.002 1.00 2.85 0.001  0.008

* ** Significant at 5% and 1% leve! respectively.

-
-

28



Senapati and Sarkar

Table 2 Mean performance (=) of the 34 genotypes for seven characters

Genotype Pod yield  Maturity eri;?‘ac% Siﬁgggﬁ? nuFr"r?g arf 1\2,%;1?1 Shelling Seed/

(g)plant days plant alant plant () perceniage pod

EC 24389 116 1166 57 3.9 18.3 26.0 691 170

Gorpada 96 1171 47 24 16.2 247 ©6.4 166

Godjah 78 120.3 48 33 137 228 67.9 175

G-64-206 938 118.9 6.0 B 3.5 14.5 255 65.8 172

Fourseeded Red' 9.6 116.2 56 4.1 14.4 262 659 . 187

Exolic 6 110 1165 - 55 o, 39 © 164 252 65.1 175

EC 259627 . 9.4 1186 - 54 .. 28 15.1 262 677 165

ICGS 24 ‘ 9.0 1232, 74 25 13.4 31.9 657 144

ICG 9393 ; 8.1 1217 53 ! 23 118 278 66.3 165

ICG935 - 82 188 49 2.4 15 28.9 660 163

ICG 9422 . 78 177 54 34 11 261 6571 168

ces 5 L. T 18 117.3 54 a7 115 27.1 634 159

BRITIT o104 "s2 . 50 Y 16.5 235 63.3 1.65

" IC 1536 SRS ¥ 161 - . 55 1 28 11.8 298 64.0 1.63
wss 1 62 1248 | 74 o s1 T w08 255 670 153

ICG (FDRS) 23 72 127.1 86 [ 46 7 94 256 540 215

ICG (FDRS)1 L 78 1222 ¢ /'55 ! 21 13.1 225 - 832 182

.ICG (FDRS)51 'g_‘ 6.3 1240 ' 64 T 53 . 103 26.7 614 159
ICG (FORS)34 7.9 1253 65 M. 18 9.7 24.9 64.3 2.10

ICG (FDRS)43 _ . . 8.1 1229 73 L 3.2 122 254 80.1 1.72

ICGS 11 w94 1242 71 - 20 - 153 2756 625 147

ICGPRS 194 /" 52 1297 B84 c 40 0 81 264 60.6 1.48

ICGPRS 221 v - ' 87 1282 5.5 06 - 153 274 644 141

GBPRS 45 - % 5.6 1263 78 o 64 : 89 .- 262 62.9 1.53

CGPRS225 /. / 89 1202 108 6.8 129 ,. 301 . 668 - 159

JSP 8 ¢ 80 124.2 88 . 74 72 280 586 . 157

K224 0 L e 1191 47 | 23 . 148 223 657 167
oc8s2 . 74 1188 54 45 93 . 313 648 161

S uL24 \ Lo e 1183 54 30 127 34 65.8 1.56
BPE 510 \ . 84 1229 586 a8 119 283 840 182

TCF1717 7 N 106 120.7 58 a2 16.1 282 65.0 1.60

Kadii104 * - 83 124.3 47 35 120 288 643 180

ICEU 86011 58 1285 6.6 R 79 7 260 632 °  1.79

0G-85-1 9.0 119.0 59 a8 121 s 622 168

Population/Grand Mean 8.3 1216 6.2 3.1 ' 125 ' 268 64.5 1.65

1-15 NRCG, Junagadh, 16-25 ICRISAT, Hyderabad, 26-34 OUA&ﬁhubaneshwar
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Table 3 Regression coefficients {b) of individual genotypes for different characters

Genatype Podyied  Matrty Ll SRl number Wegn  Shein Seed
plant plant- plant (g}
EC 24389 1.16 1.20 1.49* 1.08 1.08 0.06 -1.07 137
Gorpada 181 1.00 0.38 212 1.08 -0.02* 0.42° 0.57
Godjah 0.45 1.14 0.45 2.11 0.75 0.39 0.95 015
G-64-206 1.55 1.18 1.08 0.98 1.02 147 1.70 1.46
Fourseeded Red 1.54 1.14 .27 0.70 0.60 -0.40 237 032
Exotic 6 1.48 1.39 0.82 137 037 0.02 1.90 0.94
EC 259627 0.51 1.03 0.27 147 1.00 1.92% -0.63 0.36
ICGS 24 0.54 142 1.80 1.34 1.02 292 1.43 157
ICG 9393 0.63 1.18 1.16 2.10 0.46 0.05 0.03 0.08
ICG 9395 0.36 0.97 0.88 215 0.49 0.01 0.5 0.93
ICG 9422 1.14 1.25 1.83 1.18 0.56 -0.16 0.08 0.35
ICGS 15 0.35 1.43 1.2 1.63 0.51 0.57 0.33 1.90%
JARI 731 174 121 .68 1.4D 1.18 0.43 198 1.54
IC 1536 0.40 1.09 0.71 1.23 0.44 0.32 -0.44 1.23
JL5Y -0.18 1.19 035 0.28 0.02 075 3.46* 2.62
/ICG (FDRS) 23 225 0.84 1.08 0.76 1.87 079 - 103 1.97
ICG (FORS)1 0.98 0.71 1.16 -0.12 133 - 1.11. 2.22 262
ICG (FDRS)B1 1,01 0.84 1.10 1903 124 129 256 403
ICG (FDRS)34 0.34 0.59* 1.55 .22 0.53 104 076 5.35
ICG (FDRS)43 161° 0.86 1.06 0.32 201 081 0.90 168
ICGS 11 3.74 0.79 1.99 0.50 3.25 0.32 0.71 1.74
ICGPRS 164 207 1.01 1.06 1.83 212 1.36 -0.44 0.40
ICGPRS 221 1,28 049 a8s 042 1.71 235 228 -4.02"
GBPRS 45 - -0.48 0.90 127 1.03 0.10 0.97 026 -1.69
ICGPRS 225 032 0.67 4.16 0.35 -0.04 307 .} 157 1.88
Jsp 8 -0.02 0.88 '1.42 0.94 0.41 1.73 \ " 13 3.03
AK-12-24 0.75 1.04 ,‘ 0.44 2.32 113 0.86 } 1.03 -1.05
0G-85-2 092 0.89 §0,47*' 0.26 0.92 300 184 2.09
24 134 131 0,03 177 1.04 0.72 f 1.68 1.20
BPE 510 0.32 0.93'\ 072 165" © 070 1.74 [ 1.2 1.12
TCF 1717 097 064 " 079 127 133 108 ) o084 0.59
Kadiri 104 1.04 113 0.15 022 1.42 1.14 1.33 227
ICEU 86011 0.98 0.97 1.71 -1.20* 0.93 1.02 -0.72 2.11
0G-85-1 1.75 1.03 0.37 1.51 1.40 1.15 1.58 0.53

™ significant at 5% and 1% leve!, respectively.
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Tabie 4 Deviation from regression (5%,) of individual genotypes for different characters

. Pri
Podyield  Maturity rimary ~ Secondary Pod 100 seed

Genotype (g)plant (days) b;ﬁ; o bflg o it We("ég‘)m Sqeo/{f;ng Son’
EC 24389 412+ 1.06* -0.29 0.05™ 2301+ 4.91 0.000 0.008
Gorpada : 15.81"* 1.74* 009 0.01**  31.02* -2.31 0.001 0.016*
Godjah P . 02 7.05 001 0.00 275 1.92 0.00 0.006
G-64-206 . : 0.89 6.89* 0.21 001"  -0.01 20.00* 0.002" 0.000
Fourseeded Red L2217 0.71 027 0.00 0.90 2.87 0.001 -0.002
Exotic 6 o 287 41 008 Qo2 3.07 16.99% 0.003 -0.005
EC 259627 . - 1.53* 7.07** -0.14 1002 519 -2.49 0.001 -0.003
ICGS 24 ) 6.45" 1.74* 3.40% 0.00 9.06™ 2.90 0.001 0.004
cGeaes . - b 0.32 17.25"* 0.08 0.02* 0.52 4.33 0.001 0.014*
ICG 9385 4 1161 1.30* -0.17 0.01* 1276 116 0.000 -0.004
ICG 9422 3.97* ,26.33" 0.14 0.04*  9.48* 5.86" 0.001* -0.005
ICGS 15 _ 9.99** 15.84* 611 0.00 7.46* 1.77 0.003**  -0.006
IARI 731 1.90* 7.05* -0.08 0.01* -0.82 -0.82 0.001 0.009
IC 1536 ' - B0t 2.49* \ oot 0.02* 097 14069 £.000 0.011
JL 59 ,/ ; 6.38* 14.40* 0.02 0.05* 858 2819 0.000 -0.004
ICG (FDRS) 23 / L 010 37.39% 3.96 0.00 2.74* 7.49* 0.000 0.007
ICG (FORSH ' 0.05 26.30" 022 003 263 181 0.002*  0.0026*
ICG (FDRS)51 2.85% 34.46* 0.21 0.01* 958" 3.04 0.002* 0.002
ICG (FDRS)34 0.69 0.64 171 0.71% 055 213 £.000 -0.001
ICG (FDRS)43 041 1.04* 0.89* 0.03™ 0.68 32.58* 0.000 -0.002
ICGS 11 10.26* 20.85* 1.28* 0.0t 1773 2666 0.003*  0.028*
ICGPRS 194 0.26 25.21* 0.43 006" 319 2731 0.009"  0.025*
ICGPRS 221 025 0.37 101" 0.02* 344 -0.97 0.006™ 0.005
GBPRS 45 0.45 15.92% 170" 007+  2.92* 12.56* 0.000 0.019*
ICGPRS 225 24 48* 21 49+ 127 00t 1069 246 0000  0.040
JsP g . 176" 3587 . 0OM 0027 - 056 4384~ 0.008™  -0.009
AK-12:24 8.07* 1121 -0.05 0.05*  16.54* -0.09 0.001 -0.003
0G-85-2 "," o 347 14567 R 0.01* 1.31 2170 0.001" -0.003
JL 24 SR / 3.19* 10.24* S 042 0.08* 075 20.94*" 0.0001*  -0.0011
BPE 510 xﬁxrh 4 55* 633 026 000 012 3.16 0.000 0.018*
TCF 1717 '; T a7 3278 -0.06 oot 807 1552* 0.001 0.008
Kadiri 104 = 's . 2.88™ 71.91* .~ 0.30 0.00 2.90* -0.61 0.001 0.016"
ICEU 86011 © . ;"_ R / 428" 1081 027 0.01"* 870  19.75" 0.003* 0022
0G-85-1 rl a4 185 3018 035 0.0 1.13 0.37 0.001" 0013

=" significant at 5% aﬂd 1% Jovel, respectively
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Abstract

Genetic analysis of oil and protein content was
performed on 28 non-reciprocal diallel set of crosses
involving eight bold seeded virginia groundnut
genotypes. Estimates of genetic components of
variance indicated that dominance genetic effects
were significant for oil content while additive and
dominance components were significant for protein
content in F, and F, generation. However, the
dominance components were greater in magnitude
than additive components suggesting the
preponderance of dominance in governing these two
important quality attributes. The average degree of
dominance (H1/D) 1/2 was found in the range of over
dominance for oil and protein content having unequal
frequency of dominant and recessive genes with
more number of dominant genes. Heritability
estimates in narrow sense was low for oil and high for
protein content in both the generations. Correlation
studies indicated a positive and significant
relationship between pod yield and protein and were
negative between o¢il and protein. Reciprocal
recurrent selection scheme for developing bold

seeded confectionery genotypes having high protein

and low oil was suggested.

Key waords:  Genetic analysis, components of

variance, groundnut
introduction
Groundnut is a premier cilseed crop of India. The seeds
contain 31-55 % oil and 16-34 % protein. More than 80%

of groundnut production in the counfry is used for
extraction of oil and about 1%

is exported for

Before formulation of suitable strategies to breed varieties
with specific requirements like confectionery groundnut,
understanding the relationship and genetic systemns
governing ol and protein contents are very essential.
Although several studies have been conducted using
small seeded genotypes, studies pertaining to the genetics
of these quality parameters involving the bold seeded
genotypes are rather scanty {Dwivedi ef al., 1989). Hence,
a study was conducted with 28 non-reciprocal dialle!
crosses invoiving bold seeded confectionery grade virginia
genotypes of groundnut through Hayman's (1924)
approach.

Materials and methods

Twenty-eight non-reciprocal diallel crosses involving eight
bold seeded genotypes viz. ICGY 94196, ICGV 94222,
JSSP (HPS) 8, JVB 229, CSMG 9101, GG 20, ICG (CGS)

" 49 and ICGV 91089 were effected during kharif 1998. The
“: F.'s and F,'s were raised separately along with the parents

in a randornized block design with four replications during
the summer and khanf seasons of 1989, respectively at
Gujarat  Agricuitural  University, Junagadh. Each

. replication in £, consisted of single row of 4 m length

confectionery (HPS) purposes. With the changing™\

scenano in the global trade in general, and agriculiure in
particular, the emphasis in the national programme and
elsewhere is now focused on the development of bold
seeded groundnul genotypes having fow olf and high
protein and sugar contems matching with the international
frade requirements and standards.
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while the F,'s were raised in plots of 4 rows of 4 m length.
A spacing of 20 cm between plants and 60 cm between
rows was unifarmly maintained for F,'s as well as in F)'s.
Ali the recommended package of practices for raising a
good crop was followed.

DBata an pad vield and protein and oil contents were
recorded on randomly selected plants in F, and on 50
plants in F, generation for each cross. Protein content was
estimated based on total Nitrogen content of seed by
micro-kjeldal methad {Jackson, 1967), and oil content was
estimated following specific gravity method as proposed
by Misra ef af. (1993). The data were analysed by using
Hayman's {1954} approach. Correlation coefficients were
obtained faollowing the method of Dewey and Lu {1959).
Genetlic components of variance, additive (D) and non-
additive (H, and H,) were worked out as per the method
suggesied by Hayman (1954), Heritability estimates {in
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narrow sense) were worked out for the two traits following
the method of Crumpeker and Allard (1962).

Results and discussion

Genetic analysis of oil content indicateq that non-fixable
gengtic components of variance (H, and H,) were
significant while fixable genetic component (D) was non
significant in both F, and F, generations indicating the
preponderance of non-additive genetic variance in the
inheritance of oil content. While both additive and non-
addilive genetic variances were important in the
inheritance of protein content, the non-additive genetic
variance was higher in magnitude than the additive
component in the two generations studied.

The positive values of 'F* and the KD/KR ratio exceeding
unity further supported our observation of the
preponderance of dominance variance in the inheritance
of oil and protein contents.

The average degree of dominance (H1/D) 1/2 for oil and
protein content was in the range of over doeminance
(values exceeding unity} in both F, and F, generations.
Hayman (1954} indicated thet interacling (non-allelic)
dominant laci would result in apparent over dominance as
observed in the present study. For both oil and protein
contents, the genes with positive and negative effects
were asymmetricaily distributed as seen from the H2/4H1
ratio, which was less than 0.25.

The review of previous studies on genetics of oil and
protein contents was conflicting. Predominance of both,
additive genetic effects (Layrisse ef af, 1980; Bansal et al.
1992) and non-additive gene effects (Makne and Bhale,
1987) was observed for oil content. Protein content was
reported to be governed by additive gene effects (Layrisse

of al., 1980; Makne and Bhale 1987; Bansal ef al., 1992).

The heritability estimates for oit content were low and high
for protein content in both the generations. Such an
observation, where preponderance of dominance genetic
effects manifested in the inheritance of these two traits,
yielding extreme values of heritabilities may arise due to
over dominance or linkage in repulsion phase of favorable
or detrimenta! genes in the partial to complete Jominance
range or due to epistatic interaclions (Layrisse et al,
1980). Hence lo isolate superior genotypes with high
protein or oif contents, early generation selection may be
ineffective and may be postponed to later generations,

inter relationship estimates {r' values) between pod yield
and protein content indicated a significant positive value
(r=0.52) while it was negative {r = -0.64) and significant
between pod yield and oil. Interestingly oif and protein
contents exerted a strong negative relationship (r =-0.74).
Thereby indicating that conscious selection for the one
would automatically results in the reduction in the other.
Layrisse ef al. (1980} obtained significant and positive
correlation for pod and kernel yield with oil and protein
percent. Holley and Hammaons {(1968), Huang (1975) and
Tai and Young (1975} reported negative cowrelations of
pod and kernel yield with oil and protein and between oil
and protein contents.

Hence it is suggested that to breed special purpose
varieties iike confectionery grade bold seed groundnuts
having high protein and low oil content, breeding
procedures which effectively mop up non-additive
variance like biparental mating or reciprocat recurrent
selection scheme as followed in soybean {Brim and
Burlon, 1979) for simultaneous improvement of yield and
protein, may be adopted.

Table 1 Estimation of genetic components of variance for oil and protein content in groundnut

Genetic components of variance

Characters
D H1 H2 n2 F HYDY® Huar1 KDKKR h2H2 Heritability %
Qit F1 2.15£1.55 11.21743.57 9.99"+0.11 0.5010.08 1.6310.67 2.28 0.22 140 0405 18.28 6.004
F2 2.16+0.88 54.67£9.02 36.67**+7.85 D.05x1.32 7.7614.64 5.04 0.18 211 0.oo1 17.99 3.263
Protein F1 35.40*"18.11 76.83"+18.65 64 18**+16.23 36.12'£10.88 12.75:19.17 1.47 0.21 1.28 0.56 3554 5153
F2 3540"+4.70 324.58"14320 194.37*'137.58 17.83°+6.30 127.22"t22.20 3.03 018 392 009 56.71 (.081

*, ** significant at P=0.05 and 0.01 %, respectively
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Abstract

Studies on the genetic divergence of 50 genotypes of
Sesamum indicum L. for eight characters led to their
grouping into eight clusters. Grouping of genotypes
in to different clusters was not related to their
geographic origin. The genotypes from different
geographic locations were grouped into one cluster
while genotypes of the same geographic origin
showed genetic diversity. The diversity among the
genotypes, measured by intercluster distances was
adequate for improvement by hybridization and
selection. Based on mean performance, genetic
distance and clustering pattern, hybridization
involving genotypes ES-14-1-84, ES-14-2-84, ES-14-4-
84 and EC-377016 are likely to give desirable
segregants. Among eight characters studies for
genetic divergence, c¢apsules/plant contributed
maximum, accounting for (39.02%) of total divergence
followed by seed yield/plant {28.65%).

Key words: Divergence, sesame, genetic distance,

hybridization
Introduction

The development of new varieties is mainly governed by
the magnitude of genetic diversity inn the base material
and extent of variability for the desired characters. Genetic
variability and divergence are of greatest interest to the
plant breeder as these play a vital role in framing a
successful breeding programme. The nature and
magnitude of genetic divergence in a population is
essential for selection of diverse parents which upon
hybridization leads to a wide spectrum of gene
recombinations for quantitatively inherited traits. The
present study has been undertaken with 50 sesame
germplasm lines to understand the nature and magnitude
of genetic divergence and the characters contributing to
genetic diversity by using D? statistics.
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Materials and methods

Fifty exotic germplasm lines including two indigenous
released varieties (RT-46 and TC-25) were grown in
randomized block design with two replications at
Agriculture Research Station, Mandor. Each piot
consisted of single row of 2.5 m length spaceq at 3¢ cm
and plants within rows at 15 cm. Observations were
recorded on five randomly selected plant of each genotype
per replication for eight characters. The gnglysm of
variance was carried out for all the characters mdwldt_JalIy_
Multivariate analysis was done as per Mahalanobis D?
statistics as described by Rao (1952) and the genotypes
were grouped into different clusters following Tocher's

method described by Rao (1952).

Results and discussion

The analysis of variance for each individual showed highly
significant differences among the genotypes for all the
characters studied. The pooled divergence for all the
characters within the lines, tested by the Wilk’g eriterion,
was significant. Hence the analysis of genetic divergence

among genotypes used in the study was considered

relevant.

The multivariate analysis giving the D values between 50
genotypes revealed that all these genotypes can be
grouped into eight clusters (Table 1). Among these,
cluster | consisted of 23 genotypes followed by cluster ||
(19), V and VI (2 each) and clusters lll, IV, VIl and v|j|
with one genotypes each. Interestingly, the refated
genotypes and the lines of same country were distributed
in different clusters. The results indicated that genetic
divergence is not related to geographical diversity
corroborating  earlier findings of Thangavelu and
Rajasekaran (1983). Further, it also suggested that
selection pressure which played a greater role in
determining the genetic closeness/ divergence ampng the
varieties, Similar conclusions were made by Bhatti (1870)
who suggested that genetic drift and selection forces
under diverse environments could cause even greater
diversity than the geographical diversity.
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Table 1. Distribution of sesame genotypes into different clusters

Cluster No. genotype Genotype Qrigin
| 23 ES-22(B), ES-11, ES-18(B), ES-24, EC-377137, ES-10 USA
ES-196-1-84, ES-6{A), ES-6(B), ES-237, ES-251-1-84 Venezuela
E£S-3-1-84 Turkey
ES-175-2-84, ES-175, ES-175-1-84, EC-357032 Korea
EC-376961, EC-355659, EC-355663, EC-355665, EC-376962 Thailand
EC-357323, EC-357302 Myanmar
" 15 ES-21-1-84 USA
ES-249, ES-266, E5-242, £5-347, ES-6-1-84, ES-8, E5-269, ES-245-1-84 Venezuela
ES-375-1-84, ES-4, ES-379-3-84 Turkey
£8-343-1-84, EC-376968 Korea
EC-357310 Myanmar
TC-25, RT-46 India
ES-2(B), ES-2{C) Nairobi
n 1 EC-355654 Thailand
v 1 EC-370663 Turkey
v 2 Es-14-4-84, EC-377016 USA
Vi 2 ES-8-2-84 ES-12 USA
Vil 1 ES-14-184 USA
p4ll 1 ES-14.2-84 USA

The intercluster distances were greater than intercluster
distances, revealing that considerable amount of genetic
diversity existed among the genotypes studied (Table 2).
Cluster Vi showed maximum intracluster distances.
Intercluster distance is the main criterion for selection of
genotypes using D? analysis. Genotypes belonging to the
clusters with maximum interclusters distance are
genetically more divergent and hybridization between
genotypes of divergent clusters are likely to produce wide
variability with desirable segregants (Dhamu et al., 1983).
The maximum intercluster distance was recorded between
cluster Il and VIlI (41.44) while the distance was
minimurn between 11 and IV (12.00).

Cluster VIl recorded highest mean for seed yield/plant,
capsules bearing, plant height, early flowering and iate

maturity (Table 3). Cluster Vi recorded high mean seed
yield and highest plant height. Cluster V recorded highest
capsules/plant and medium plant height. Thus, the
genotypes of outstanding mean performance from these
three clusters may be identified as potential parents and
could be utilized in hybridization programme for
developing new varieties.

The characters contributing maximum to the divergence
i.e. capsules/plant {39.02%), seed yie|dlplaht (28.65%),
capsules bearing plant height (18.37%) and plant height
{7.51%) should be given more emphasis for the purpose
of further selection and choice of parents for hybridization
(Table 4). Similar results were also reported by Dhamu et
al., 1983.

Table 2 Intracluster (in bold} and intercluster distance among eight characters in sesame

Cluster I I i Vi v Vi Vil Vil

r 9.74 15.8 13.21 2344 29.24 24,88 31.48 35.42
N 8.37 2269 12.00 18.03 21.30 21.60 2281
m 0.00 29.69 36.38 24.37 36.08 41.44
v 0.00 16.34 21.26 13.02 15.13
v 7.97 30.97 25.61 15.73
vt v 12.22 19.32 26.88
Vil 0.00 15.44
Vil 0.00
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Table 3 Character means in different clusters of sesame genotypes

Character | ] il [\ A Vi vl viil
Days to flowering 40.04 39.68 440 37.0 385 41.0 36.0 36.0
Days to maturity | r 83.44 82.84 85.0 85.0 850 840 85.0 85.0
Piant height L L 7949 106,69 38.0 1114 1138 8.2 1326 138.8
Branches per plant ’ 335 4.10 2.0 3.2 5.1 31 1.4 38
Capsules bearing plant height 380 . 57.36 213 84 .4 65.5 40.3 928 80.4
Capsules per plant | 32.28 h 53.59 17.50 534 98.5 26.2 406 8386
1000-seed weight 156 1.88 2.14 293 2.56 2.22 ‘ 222 292
Seed yield per plant 1.14 3.03 2.00 4.84 3.82 7.71 7.99 7.64
Table4  Ranks of contribution of the eight characters References

towards divergence
Bhatti, G. M. 1970. Muitivariate analysis approach for selection of

Number  Contribution parents for hybridization aiming at yield improvement in self
Character of time (") pollinated crops Australian Journal of Agricultural Research,
rank 21 1-7.
Days to flowering 26 212 Dhamu, K.P., Ayyaswamy, M.K. and Shanmugasubramanian,
Days 10 maturity 18 1.47 A. 1983. Genetic diversity in Sesamum Madras Agricultural
Plant height a2 751 Journal, 70 (8): 485-498.
Branches per plant 23 1.88 Rao, C.R. 1952, Advanlced Statistical Methods in Biometrical
Research. John Wiley and Sons, New York.
Capsules bearing plant height 225 18.37 ] ) o
Rao, C.R. 1860. Muitivariate Analysis- An Indispensable Aid in
. Capsules per plant 478 39.02 Applied Research. Sankhya, 22: 317-318.
¢ 1000-seed weight 12 0.98 Thangavelu, M.S. and Rajasekaren, 5. 1983, Genetic Divergence
- Seed yield per plant 351 28.65 in Sesamum. Madras Agricultural Journal, 70(4): 211-214.
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Abstract

Two groundnut varieties, TAG 24 and TG 26
developed at this Centre were released for
commercial cultivation. Using growth analysis, the
different traits for the high yielding ability of these
varieties were studied in comparison with popufar
cultivars, TMV 2 and JL 24. Enhanced source
capacity by way of increased number of leaves, leaf
weight and leaf area per plant was observed in TAG
24 and TG 26. They recorded superior pod yield at all
stages of crop growth, which was due to maximum
number of pegs, pods and seeds and increased seed
welght. They registered greater growth rates of crop,
pod, seed, oil accumulation rate and oil yield.
Estimates indicated that TAG 24 and TG 26 had
enhanced partitioning efficiency as well as higher
harvest index, which facilitated them for better
diversion of photo-assimilates fowards final
economic products, seed weight and oil content,

Key words:  Groundnut, Arachis hypogaea,
partitioning efficiency, growth rate,
harvest index, oil accumulation

Introduction

For increasing yield in self-pollinated crops, it has been
suggested 1o select planis with superior biomass
accumulation, high harvest index (H}) and oplimum crop
maturity (Wallace et al, 1993). In groundnut {Arachis
hypogaea L) differences in yielding ability among
cultivars were attributed to (i) differences in photosynthetic
efficiency of leaf canopies by assessing through crop
growth rate, (ii) partitioning efficiency and (i) duration of
paod filling (Duncan et af, 1878). Furher, studies
indicated four aspects that promote higher yields, namely
(i} a rapid expansion phenophase, (i) a short podding
phenophase, (i} a tong filling phenaphase and (iv)a high
partitioning of assimilates to pods ({ICRISAT, 1980). New
groundnut cuitivars have higher reproductive efficiency,
more number of flowers, pods, seeds and total dry matter
than older ones (Coffelt ef af., 1989; Seaton ef al ., 1992).

c o

Major genotypic yield differences were primarily refated to
partitioning of assimilates to pod, seed growth raie and
timing of seed filling (Williams et al., 1975; Duncan et al.,
1978, ICRISAT, 1980; Pixelly et al,, 1990; Wheeler et al .,
1597).

tn India, TMV 2 and JL 24 are popular cultivars. Two
varieties TAG 24 (Patit et al ., 1895) and TG 26 (Kale ef
al., 1997) developed at this Centre were released for
cultivation during 1991 and 1996,, respectively. TAG 24
produced higher yield over JL 24 and TMV2 and other
poputar checks over the years and locations (Kale ef af
1999). In the present study, high yielding abifity of TAG
24 and TG 26 was studied through growth analysis by
comparing with the JL24 and TMV2,

Materials and methods

Field experiment was conducted in a randomized
complete block design with five replications at this Centre
during summer, 1999 under imigation.  Weather
conditions were warm and humid. Four varietiesi.e., TAG

. 24, TG 26,, TMV2 and JL24 were planted in six rows of
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7.5m length with 30 cm x 10 cm spacing. One meter
segment of row from each replication of each vatiety was
harvested at 30,53,73,86,95,108 and 118 days after
sowing (DAS), to take obiservations an vegetative (VOM),
pod (PDV) and totat dry matter (TOM). Three plants per
replication at each harvest were selected randomly and
plant height, leaf area, number of leaves, pegs, pods and
seeds were recorded. Leaf area was calculated by Biovis
Image Plus software of digitat analysis (M/s Expert Vision
Labs. Pvt. Lid., Mumbai). To atrive at mean ieaf area for
each variety, [eaf area at different growth stages from 30
fo 118 DAS was pooled.

Crop growth rate (CGR), vegetative growth rate (VGR)
and pod growth rate (PGR) were caiculated by iiner
regression of TDM, VDM and APDM curves respectively, .
when they were in their corresponding finear phases
{Duncan ef af., 1978), between 65 to 108 DAS. Similarly,
plant height increase rate (PHIR} was estimated between
30 to 73 DAS. Seed growth rate (SGR) was derived by
muitiplying PGR and shelling %. Time to rapid pod



Badigannavar ef al.

growth initiation was computed as the intercept of the liner
regression of PDM with the time axis (Pixelly ef a/ .. 1990)

Partitioning of photo-assimilates to pod growth was
estimated using glucose equivalent (GEQ) values of VGR
and PGR. The GEQ values are 1.44 g/g synthesis of leaf,
stem, peg and shell tissue and 2.47 g/g of seed (Hang of
al, 1984; Pixelly et af, 1990). VGR and PGR were
measured between 65 to 108 DAS. Harvestindex (HI) was
calculated as per Dwivedi et al., {1998). The equations for
the above calculations are as follows:
1. GEQof VGR = VGR x 1.44
2. GEQ of PGR = [[PGR-SGR) x 1.4]+(SGR x 2.47)
3 Assimilate partitioning = GEQ of PGRAGEQ of VGR + GGEQ of PGR)
4. Hl = (PDM at 118 DAS x 1.67)

[(PDM at 118 DAS x 1.67)+(VDM at 118 DAS)]
5. Effective fitiing pericd = POM/PGR
Seed oil estimation was made by Nuclear Magnetic
Resonance spectrometer (Oxford MQOA 6005 mode,
Oxford instruments UK Ltd.,, Oxan, UK) at
65,73,86,95,108 and 118 BAS. Qil yield was determined
by converting seed weight with respective oil % at
different growth intervals. Oil accumulation rate (OAR)
was estimated by liner regression of oil yield curve
between 65 to 108 DAS. All computations for CGR, VGR,
PGR,, EFP, OAR, PHIR, partitioning and days to rapid
pod growth initiation were done on individual replicate
values, which were subjected to analysis of variance.

Results and discussion

TDM accumulation: Significant varietal differences were
noticed for TDM at different stages of growth. From 65to
118 DAS, TAG 24 recorded the highest TDM followed by
TGH 26 and the lowest in TMVZ (Fig.!1C). Maximum TDM
was produced by TAG 24 (2471 g/m)® and TG 26
(2235g/m)° at 118 DAS white, JL24 (1881 g/im)? and TMV
2 (1674 g/m)® at 118 DAS. Increased TDM was attributed
to higher photosynthefic rate (Lodha ef af., 1985) as well
as increased nutrient acquisition and utilisation efficiency.

It is known that enhanced capacity of “"source”
components coupled with better diversion of photo-
synthates are important during pod initiation and filling
stages leading to rapid pod growth. At different stages of
crop growth, there were no significant differences among
the varieties for VDM (Fig.I1B). During 65 to 95 DAS,
higher values were recorded in TAG 24 and TG 26 over
TMV2 and JL-24, far number of leaves (35-111% higher
in TAG 24, 31-78% in TG 26), leaf weight/plant (0-113%
higher in TAG 24; 0-73% in TG 26), leaf area/plant (0-
40% higher in TAG 24; 4-40% in TG 26), indicating their
superior “source” capacity. Leaf area plant” in TAG 24
and TG 26 was more due to increased number of
leaves/plant than ieaf size since they had smaller leaves.
Leaf area index (LAI) increased upto 86 DAS in TG 26
and 95 DAS in TAG 24,, followed by a drop, while in Ji. 24

" {Table 2}.
- CGR among varieties were largely due to PGR and SGR

and TMV 2, it continued to increase until final harvest
(Fig.2A). This early completion of leaf development
in TAG 24 and TG 26 is an indication of their
determinate habit and betfter translocation of photo-
assimilates to the "sink”. tag 24 and TG 26 had shorter
plant height (Table 1) due to their shorter internodal length
(TAG 24: 1.2620.03; TG 26 : 1.2820.04; JL24 : 1.62:0.04
and TMV 2 : 1.61+0.04 cm). Further, PHIR in TAG 24
was much slower than TMV 2 while, TG 26 and JL 24
were at par (Table 1). In wheat (Makunga et a/,, 1978)
and rice {Fageria, 1989), semi-dwarf cultivara partitioned
proportionately mere C14 and dry matter to ears than tall
cultivars. The determinate habit and shorter plant height
in TAG 24 and TG 26 appear to assist in increased
photosynthate mobilisation towards pod growth.

Pod yield: In addition to greater capacity of “source”, it is
essential o have greater “sink”™ capacity ta result in final
higher economic product. Pod yields of TAG 24 and TG
26 were superior to TMV 2 and JL 24, registering 101-
111% and 53-65% increase, respectively {Table 1) at 118
DAS. Higher pod yield in TAG 24 and TG 26 over JL 24
and TMV 2 was due to increased percentage of "sink”
components (Table 1), namely number of pegs (26-52%),
pods (49-73%) and seed (38-66%) plant and hundred
seed weight (10-36%). Pod yields of TAG 24 peaked on
108 DAS, indicating its early maturity (Fig.1A).

Significant varietal differences were noticed for PDM at
different stages of growth. Highest PDM was recorded in
TAG 24 at all stages of crop growth followed by TG 26
and H24 while in TMV 2 the lowest (Fig 1A). This
increased PDM was contributed at different growth stages
by number of pages, pods and seeds/piant (Fig. 28, C
and D). Since therg was a proportionate increase in both
peg and pod number/plant in TAG 24 and TG 26 over JL
24 and TMV 2, there were no significant differences
among the four varieties for peg to pod ratio (Table-1).

Growth rate: In the present study, there were significant
varietal differences for CGR, PGR and SGR, which is in
conformity with earlier reports (Pixelly et al,, 1990; Nigam
et al., 1994). However, VGR did not differ significantly
This indicates that differences observed in

. and not due to VGR. TAG 24 and TG 26 registered

significantly greater CGR, PGR and SGR over JL 24 and
TMV 2 (Table-2). Increased CGR, PGR and SGR in TAG
24 and TG 26 was further due to significantly higher PDM,
number of pods and seeds/plant (Table-1). The CGR,
PGR and VGR values for TAG 24 and TG 26 were higher
than the values reported earlier (Williams et al., 1975;
Pixelly et al., 1990). Among these two, TAG 24 had
superior GRR and SGR although both had similar CGR,
which was ascribed to enhanced pod and seed yields and
sheliing % (Table-1).
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Table 1 Yield and yield components of groundnut varieties at 118 days after sowing

Variety Plant height  Leaf azfea Peg 19 pod She;l!ing Hikwy _Perplantnumberof pog y‘.e:ld Oil yiezld
{cm) (emey ratio (%) @ Pods Seeds lgm%  {g/m%)
TAG 24 41 313 0.49 71.5 40.0 49 73 1442 440
TG 26 43 36.0 042 68.2 36.5 45 70 1338 345
™V 2 62 446 039 68.8 293 30 44 664 174
JL 24 53 437 0.39 68.6 330 28 50 270 227
CV% 5 40 141 1.1 124 11 7.5 12 15
CD (P=0.05) 4 21 NS 1.4 59 55 6.1 178 60
CD (P=0.05} 5 3.0 NS 2.0 NS 7.8 85 254 84

HJiw: 100-seed weight, NS: Non-significant.

Partitioning to reproductive growth: Partitioning, an
important determinant of genotypic yield potential is the
division of daily assimilates between vegetative and
reproductive parts (Duncan ef a/, 1978). Varieties varied
significantly for partitioning %. TAG 24 and TG 26
partitioned 12 to 16% more photosynthates ta pods than
JL 24 and TMV 2 (Table-2). Higher partitioning in TAG 24
and TG 26 was due to increased PGR only, since
differences in VGR were not significant. Pixelly ef al.
{1990Q) reported higher partitioning due to greater PGR
and lower VGR leading to greater pod yield in cov.
Florunner. However, in the present study, TAG 24 and

Table 2 Growth analysis parameters in groundnut varieties

TG 26 maintained YGR along with other varieties but
excelled in PGR resulting in higher CGR. Thus in true
sense, for groundnut productivity, higher partitioning
would be ideal if both CGR and PGR were higher. Earlier
studies noted that major groundnut yield differences were
associated with differences in partitioning of daily
assimilates to pods (Duncan et al.,, 1978; ICRISAT, 1980,
Pixelly ef al., 1990} A stepwise genetic improvement in
groundnut at Florida was achieved in 30 years mainly by
increasing paditioning from 40% to 98% in new variety
(ICRISAT, 1980).

Variety PHiR: CGEZR VG? PG? SG&; Par‘tiEoning Hi ) OA!:{ EFP DRPGI
(cm/d’}  (g/m*d} (g/m*d}  (g/m¥d) (g/m“d) (%) (g/m3d) (ch) {d)
TAG 24 0.34 354 6.5 '29.0 207 87.4 072 10.27 59.8 56.0
TG 26 0.48 320 8.7 248 .. 169 846 0.72 740 61.0 58.0
™V 2 0.64 19.5 7.0 12.3 8.5 726 0.53 3.88 60.8 6.0
JL 24 0.49 220 8.2 137 9.3 713 0.60 437 65.4 58.0
CV% 181 125 18.8/ 109 114 6.0 4.40 10.66 52 32
CD (P=0.05) 0.10 4.5 NS 3.0 22 5.2 0.04 0.94 . NS NS
CD({pP=0.05) 0.14 6.4 NS 4.2 3.0 7.3 0.05 132 b NS NS

PHIR: Plant height increase rate;

CGR: Crop growth rate:  VGR: Vegetative growth rate,

PGR: Pod growth rate: SGR: Seed growth rate; Hi:Harvest index; OAR:QOil accumulation rate;
EFP: Effective filling period; DRPGI: Days te rapid pod growth initiation; NS: Non-significant

EFP and days to rapid pod growth initiation did not differ
significantly among varieties (Table-1) Values of EFP
were comparable with the values reported eartier while,
days to rapid pod growth initiation were 2-4 days earlier
{Pixelly et al., 1980). On the other hand, Wheeler et al,
(1997) found that genotypic differences for pod yield were
primarily due to differences in the timing of seed filling
rather than differences in the rate of dry matter
partitioning to pods.

40

Harvestindex: Hi being a static end season computation,
it also measures partitioning of assimilates, which in turn
had greater effect on pod yield in groundnut (Duncan et
al, 1978; [CRISAT, 1980). Hence, for genetic
improvement of groundnut, genotypes with higher
biomass and Hl were essential (Lodha ef al, 1985;
Dwivedi et af., 1998). The differences in the Hi were due
to differences in the duration between flowering and
initiation of seed filling which is important for groundnut
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yields since, longer duration was associated with smaller
estimates of HI (Stirling and Black, 1991; Wheeler et af
1997). In the present study, TAG 24 and TG 26 showed
20 and 35% superior H! over JL 24 and TMV 2 (Table-2).
Genotypic variation for Hl had reported in groundnut
earier {(Wheeler ef al, 1997, Dwivedi ef af, 1998).
Higher TDM along with higher Hi in TAG 24 and 7G 26
indicated better acquisition, mobilisation and utilisation of
photoassimilates towards seed development.

Oil accumulation: Qil %, oil yield and OAR differed
significantly among varieties. TAG 24 recorded
significantly superior oil accumulation since beginning of
crop growth (Fig.ID). It had 48.3% oil as compared to
45 0% in other varieties. At 118 DAS. Qil yield in TAG 24
was superior followed by TG 26 (Table-1). JL 24 and TMV
2 were at par for oil yield. Further, TAG 24 also recorded
high OAR, followed by TG 26 (Table-2). Since, 80% of
Indian groundnut is crushed for oil purpose and groundnut
continued to remain preferred vegetable oil, TAG 24 and
TG 26 may help in contribution of oil production.

In groundnut, a wide array of components influence pod
yield. In the present study, superior pod yields in TAG 24
and TG 26 were mainly contributed by i}higher PDM due
to greater number of seeds and pods and higher seed
weight, ii)superior PGR and CGR, iii)higher partitioning
efficiency and HI, iv)higher TDM, vf)more number of
leaves resulting in greater photosynthetic capacity and
vi)determinate habit and shorter plant height assisting
better assimilate mobilisation. Due to the above traits,
these two varieties appear to possess ideal plant type for
the inclusion in future groundnut breeding efforts.

Acknowledgements: Thanks are due to Mr.R.K.Sachan
for the field assistance.
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Abstract

Results of an experiment on sunflower conducted at
Water Management Project Farm, Gujarat Agricultural
University, Navsarj during summer seasons of 1994,
1995 and 1996 revealed that the highest consumptive
use of water was 5§20 mm with |, level. Lesser
irrigation in treatment |, reduced the consumptive
use by 33% and vield by 9.8% compared to I,
treatment. There was no noticeable effect of nitrogen
application on consumptive use of water in sunflower.

Key words:  Moisture regime, consumptive use,

nitrogen
Introduction

Sunflower ts an important oifseed crop grown successfully
in South Gujarat. Due to availability of canal water
farmers are growing two rice crops viz., kharf and
summer in this region which may lead to the problems of
high water table and secondary salinization. Sunflower,
being a low water requiring and salt tolerant crop can
minimize the aforesaid problems. irrigation and nitrogen
play an important role in the ultimate productivity of a
crap. The importance of consumptive use of water is well
known, which indicates a measure of the true water needs
throughout its growth period. The information regarding
this was lacking and hence this experiment was
conducted.

Materials and methods

A field experiment was conducted at Water Management
Project Farm, Gujarat Agricultural University, Navsari
during the summer seasons of 1994, 1995 and 1996. The
soil was clayey containing 0.41% organic carbon, 360
kg/ha total nitrogen, 31 and 452 kg/ha available P,0; and
K.Q. respectively. soil had 7.4, 0.15 ds/m, 1.48 mg/m,
31% and 18%. pH, electrical conductivity, bulk density,
field capacity and permanent wilting point, respectiveiy.
The treatments consisted of three irrigation regimes
(IW/CPE ratios of 0.6, 0.8 and 1.0 with 6 cm depth at

each irrigation) and three levels of nitrogen (40, 60 and 80
kg/ha). The experiment was conducted in a Randomized
Block Design and replicated four times. Sunflower variety
EC-68414 was sown on 1820 and 14 February and
harvested on 25,20 and 25 May in three consecutive
years. Crop was sown in rows 45 cm apart and after a

week thinned to keep one plant at 20 ¢cm. Half dose on -

nitrogen and full phosphorus (60 kg/ha) were applied at
the time of sowing as basal dose. Remaining half dose of
nitrogen was given one month after sowing in all three
years. The quantity of irrigation water was measured with

the help of Parshall flume. Profile soil moisture depletion ¢

(0-120 cm) and consumptive use of water worked out as
per procedure suggested by Dastane (1972). No rainfall
was received during crop life period in all three years. N

Results and discussion ;e

Moisture regime: The treatment I g, 1,5 and 1, , received
6, 8 and 9 irrigations and total quantity of irrigation water
applied was 360, 480 and 540 mm whereas the values of
consumptive use of water were 348, 446 and 520 mm in
IWICPE ratio of 0.6, 0.8 and 1.0, respectively. This would
imply that the consumptive use of water increased with
increase in level of irrigation as expected. This woutd have
been due to improvement of plant water status, decrease
in stomatal resistance and greater vapour gradient
between canopy air above crop level under moist
conditions than under moisture stress. The increase in ET
with increase in level of irrigation was also reported by
Sinha and Singh (1977) and Shinde et ai. (1987). The
seed yield of summer sunflower was significantly higher
in 1.0 IE/CPE ratio in which 48 4% more consumptive use
of water was recorded as compared to 1, treatment.
These observations are in accordance with Subramanian
et al. (1979).

The mean water use efficiencies observed under
treatment ly, 1, were 313 and 2.95 kg/hal/mm,
respectively (Table 1). Unlike consumptive use of water,
the water use efficiency decreased with increasing level of
irrigations. Though the increasing frequency of irrigation
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also increased the yield but since the quantity of water
used was in greater proportion than the increase in yield,
hence the productivity decreased sharply with increased
frequency of irrigation. The results corroborate the
findings of Khanvilkar et af. (1987) and Shinde et al.
(1987).

Effect of nitrogen: Treatment N,g, N5, and Ny, resulted in
434, 438 and 439 mm consumptive use of water,
respectively. The seed yield of sunflower was recorded
1216, 1484 and 1616 kg/ha in above there treatments,
respectively. The effect of nitrogen on seed vyield of
sunflower was found non-significant. The values of
consumptive use of water in N, Ng and Ny, treatment
were almost at par. This might be due to the fact that
nitrogen level failed to reach the level of significance in
this experiment. Singh et al. (1977) also reported that
nitrogen levels without irmigation did not influence the total
consumptive water use as the magnitude of consumptive
use is largely determined by the variation in soil moisture
conditian.

Water use efficiencies were recorded 2.8, 3.4 and 3.7
kg/ha/mm in Ny, Ng and Ny, treatments, respectively.
Thus, the water use efficiency was increased as the seed
yield increased numerically in respective treatment.

On the basis of present investigation, it could be
concluded that the consumptive use of water in sunflower
was recorded as 348, 446 and 540 mmiin lyg, 1,5 and 1,
treatments, respectively, Treatments lye, gy and i

received 360, 480 and 540 mm of the quantity of irrigation
water in 6,8 and 9 number of irrigations, respectively. It
could be concluded that the consumptive use of water
increased with increasing quantity of irrigation water. The
water use efficiency decreased with increasing quantity of
irrigation water. The reverse trend was observed in case
of nitrogen application.
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Table 1 Effect of moisture regimes and nitrogen levels on consumptive use of water, water use efficiency and seed yield of
summer sunflower (Pooled over three years)
Treaiment Seed yield No. of Irrigation water Consumptive use of Water use efficiency
{(kg/ha) irrigation applied (mm) water (mm) (kgtha/mm)

Moisture regimes

Log 1385 6 360 348 29

Vos 1395 N 8 480 446 31

o 1536 9 540 520 2.9

SEmi 33 o - - - -

CD (P=0.05) 92 - ; - - -
Nitrogen levels (kgiha) IR 4

N, 1216 oo ' 460 434 28

Neo 1484 it L e 460 438 34

Ny 1616 7 ot o= e 460 439 3z

SEmz 33 g - e - . -

CD (P=0.05) NS - RS - - -
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Abstract

A field trial was carried out Banaras Hindu University
Research Farm during winter seasons (rabi) of 1996-
97 and 1998-99, to study the effect of planting density
on yield, its attributes and nutrient uptake of different
restorer lines {male parental line) of sunflower hybrid.
Among the three restorer lines 6D-1 produced higher
uptake of N, P, K and horon. Plant spacing 40 x15 cm
recorded 63.40%, 50.86% and 20.02% more seed yield
than 70 X 20 cm and 50 x 15 cm spacing, respectively.
However, maximum N, P, K and boron content was
observed with wider plant spacing due to higher
individual biomass production (seed + stalk). Further,
in the regression analysis plant population was found
fo have a linear relationship with seed yield (Y =3.73
+4.52 x).

Key words:  Sunflower, restorer line, planting density,

nutrient uptake .
Introduction

Introduction of hybrids in sunflower has gained
momentum and during the last decade its area under
cultivation has increased from 0.6 to 2.0 m ha (Giri,
1996). However, for hybrid seed production inbred
parental lines are the pre-requisite and its success
primarily depends upon the higher seed multiplication
ratio of parental lines as every year fresh seeds are
required for production of hybrids. There is a

misconception that technology generated for compaesite

and hybrids so far is equally effective for inbred lines also,
but, this is not true. Since inbreds are brought to near
homozygous level after successive generation of selfing,
they lose vigour due to inbreeding depression and
consequently become less efficient in metabolic activities.
This implies that inbreds require different package of
practices for their proper growth and development.
Keeping this in view a field trial was conducted to study
the effect of planting density on the performance of
different restorer lines of sunflower hybrids.

46

Material and methods

The experiment was carried out in the Research Farm of
Banaras Hindu University during winter season (rab) of
1996-97 and 1998-39. The trial consisting of three restorer
lines of sunflower hybrids (P-35R, AK-1R and 60-1} and
four spacings (40 x 15¢cm, 50 x 15 cm, 60 x 20 cm and 70
x 20 cm) was laid out in a split plot design with four
replications by keeping restorer lines in the main plot and
spacing in sub-plot. A common dose of nutrient (90, 75,
80, 15 kg N, PO, KO and Borawha) was apphisd
through urea, di-ammonium phosphate and muriate of
potash. N was applied in three equal splits i.e, half at the
time of sowing and the rest at 40 and 75 days after
sowing in equal halves, while P, K and Borax were all
applied as basal. The crop was sown on November 13"
in 1996-97 and on November 21* in 1998-99 in the same
plot. All package of practices were followed to raise a
good crop of sunflower. The soil was loamy in texture with
a pH 7.3 and low in available N (196 kg/ha) and medium
in available P (10.6 kg/ha) and K (224 kg/ha). Nitrogen in
plant was analysed by colorimetric method (Baethgen and
Alley, 1989) while Vanado Molybdo phosphoric yellow
colour method using Bathen's reagent {Bhargava and
Raghupathi, 19883} was employed for phosphorus
estimation in plant. Total potassium was determined with
the help of flame photometer (Bhargava and Raghupathi,
1993) and total boron was estimated by Azomethen - H
method (Sippola and Ervco, 1977).

Resulits and discussion

Yield attributes: From Table 1 it may be inferred that

restorer line 6D-1 recorded significantly higher capitulum

weight, number of seeds/head, 1000-seed weight and

seed yield/plant, but remained at par with P-35R and AK-

1R in capitulum diameter during both the years. Overall

60-1 recarded 24.7% and 12.6% more seed yield/plant

than P-35R and AK-1R. The higher values in yield

attributing characters in 60-1 might be due to its more -
adoptive morphological character and better potential over

the rest.
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Tabie 1 Effect of treatments on yield attributing characters

{pooled of 2 years 1996-97 & 1998-99)

Capitulum . Seed
Treatment dizfmeter aaegm"(]g)‘ set:izl.'r?;a d 1022 ?:)ed yield/plant

{cm) {9)

Restorer lines
P-35R a8 32 326 409 102
AK-T 9 34 352 398 11.3
6D-1 9 34 366 441 127
sd 0.12 1 0.29 3.07 Q.27 024
CD(P=0.05) 0.29 0.71 7.52 0.86 0.59
CV (%) 555 . 348 3.54 2,58 8.52
Plant spacing ‘
40 x 15 ¢cm 29 315 384 9.9
50x15¢cm 32 340 399 10.9
50 x 20 cm % b s 431 122
70 x 20 cm 10 37 373 44.9 126
sd 017 i 031 3 0.54 0.21
CD{P=0.05} 0.34 0.64 6.39 1.10 0.43
CV (%) 6.64 .23 310 4.48 6.34

Plant spacing caused significant differences in all the yield
attributing characters and were more pronounced at wider
plant spacing (70 x20 cm). Since 70 x 20 cm spacing
provided wider area/ plant for its growth and development,
it produced bigger and heavier capitulum with more
number of seeds. Similar results were reported by Hegde
and Havanagi (1987) and Rajpur ef al. (1994).

Further restorer lines were found to interact significantly
with spacing in bringing about changes in seed yield/plant.
Seed yield/plant was inverseiy propartional to the plant
population in all the restorer lines. Overall 60-1 produced

Table 2 Effect of treatments on seed and stalk yield {kg/ha)

the highest seed yield/plant (14.01 g) at 70 x 20 cm
spacing while P-35R recorded the lowest yield (9.00
g/plant) at 40 x 15 cm spacing.

Seed and stalk vield: The seed and stalk yield was
significantly higher with 6D-1 during both the years of
experimentation and were followed by AK-1R and P-35 R
(Table 2). The magnitude of increase in seed vyield with
6D-1 was 55.49% and 12.57% over P-35R and AK-1R,
respectively. The corresponding incréase in stalk yields
was 34.31% and 10.52% over P-35 R and AK-1R,

Piant spacing caused significant differences in seed and
stalk yield. A progressive increase in yield with the narrow
spacing was observed. 40 x 15 cm spacing recorded
highest seed yield (11.39 g/ha pooled) and remained
significantly superior over other spacings tried. Overall 40
x 15 cm spacing recorded 63.4%, 50.86% and 20.02%
more seed yield than 70 x 20 cm, 60 x 20 cm and 50 x 15
cm, respectively. Hegde and Havanagi, 1987; Bindra and
Kharwara, 1934 also reported an increase in seed yield of
sunflower by increasing the plant population,

Further, both these variables were found to interact
significantly with each other in changing the yield. The
restorer line 6D-1 produced the highest yield at 40 x 15
cm spacing during both the years and was followed by
AK-1R and P-35 R at same spacing.

Plant population of restorer lines of sunflower was found
to have a linear relationship with seed vyield
(Y=3.73+4.52x) indicating that there might be further
scope of increasing vyield by increasing the plant
population.

Seed yield (kg/ha)

Stalk yield (kg/ha)

Treatment 1996.97 1998-99 Pooled 1996-97 1998-99 Pooled
Restorer lines

P-35R . 699 649 674 2068 1891 1979
AK-1R - 4 970 893 L. 931 2418 . 2393 2405
6D-1 T, 1004 1002 ; 1048 2666 2651 2658

Sd Y 21 r 20 41 31 .23
CD(P=005) i 67 |- - Bl . 48 99 75 . 68

CV (%) 834 .Tlf—f 6.98 987 482 3.77 472
Plant spacing - R ! . '
40x15em 17T - 101 L 1139 2777 2817 2997
50x15¢em 996 -, T 902 “ 949 2535 S 2344 2439

60 x 20 ¢m 782 YT 727 755 2188~ 7 .2210 2199
70 x 20 cm 700 | 682 696 2035 .. 2077 2056

sd S+ 38 22 23 67 / 56 38

CD (P=0.05) 78 45 45 136 115 79

CV (%) 10.1 6.3 8.9 6.8 59 57

47



Effect of planting density on yield attributes, yield and nutrient uptake of restorer lines of sunflower hybrid

Nitrogen content and uptake: At harvest N content and
uplake was found to be quite high in seed than stalk
{Table 3). Significantly higher N content in seed (2.64%)
and stalk (0.41%) was observed with 6D-1 over P-35 R
and AK-1 R, This was mainly because total bio-mass
{seed+stalk) was more in 60-1 than over two restorer
lines.

At wider plant spacing the N content in both seed and
stalk was significantly higher than closely spaced planting.
Availability of more space/plant might have led to greater
N concentration in stalk and seed. This was in conformity
with the findings of Mathers and Stewart (1982). However,
in total N uptake higher plant population recorded higher
values due to higher total dry matter production by closely
spaced planting.

Table3 Effect of treatments of N, P, K, Boron content in seed and stalk and total uptake {pooled of 2 years 1996-97 & 1998-99)

N content (%)

N uptake P content (%)} P uptake K content(%) K uptake B content {(ppm) B uptake

Treatment . Seed  Stak ‘ﬁgg{’j’ “Seed  Stalk {l_(r%lga!) Seed  Stak (O Seed  Stalk ‘?;T:l}

Restorer lines
P-35R 2.49 037 2648 069 0.15 8.60 0.79 126 3887 3060 2487 6967
AK-1R 2.57 .40 37.07 0.72 017 1212 084 133 5227 3259 2586 9259
6D-1 2.64 0.41 42 80 0.78 0.18 14.58 0.89 137 6007 3223 2550 10198
sd 0.003 0.002 0.51 0.004 0.001 0.19 0.004 0.005 0.70 0.3 0.23 0.70
CD (P=0.05) 0.007 0.006 125 0.010 0.013 046 0.009 0.010 1.70 0.77 0.57 1.72
CV (%) 1.43 2.43 579 243 327 6.41 1.87 1.27 553 3.96 3.67 3.19

Plant spacing ’
40 x 15 ¢m 2.52 038 43.50 0.70 0.16 156.33 0.83 132 6018 3150 2451 10219
50 x15¢cm 254 0.38 37.71 0.71 0.16 12.30 0.84 1.32 5288 3169 2549 9240
60 x20¢cm 2.59 0.39 31.22 0.74 Q.17 10.39 0.84 133 4580 3214 2588 8123
70x 20 cm 2.60 0.40 29.38 Q.78 017 9.84 0.85 133 4274 3202 2580 7651
sd 0.006 0.004 0.68 0.006 0.008 0.26 0.006 0.007 0.79 035 0.32 153
CD (P=0.05) 0.013 0.008 1.39 0.012 NS 0.52 0.001 NS 162 NS 0.65 3.13
CV (%) 1.87 363 6.64 274 8.83 7.50 2.38 1.86 543 3.79 429 6.00

NS = pon significant

Phosphorus content and uptake: Restorer line 6D-1
recorded significantly higher P content in seed (0.18%)
and stalk (0.78%) over other two restorer lines {Table
3). Total uptake of phosphorus by 6D-1 was maximum
followed by AK-1R and P-35R.

Wider spacing (70 x 20 cm) showed significantly
higher phosphorus content in seeds while in stalk it
was statistically at par with narrow plant spacing.
Sarmah et al. (1995) also found that higher plant
population had lower phosphorus content in seed.
Similarly significant differences in P uptake due to
different spacing were also found. There was a
progressive decrease in P uptake with the increase in
plant spacing and the maximum uptake was observed
at the lowest plant population.

Potassium content and uptake: Potassium contentin
seed and stalk was significantiy higher with restorer
line 6D-1 followed by AK-1R and P-35R, respectively.
The consequent effect of higher K content was
reflected in total uptake also, where 54.54% more
uptake of K by 6D-1 over P-35R was observed.

Although K content due to plant spacing did not differ
significantly in stalk, it was significant in seed and the
maximum content was found with 70 x 20 cm spacing
which was in conformity with the findings of Kharwara and
Bindra (1992). However, in total uptake higher plant
population recorded higher values as it was influenced by
higher bic-mass {seed+stalk) population.

Boron content and uptake: AK-1R registered
signhificantly higher content of boron in seed {32.6 ppm)
and stalk (25.9 ppm) than P-35R but remained statistically -
at par with 6D-1. However, total uptake of boron was highest
in 60-1 (101.9 g/hay} followed by AK-1R (92.6 g/ha).

Plant spacing caused significant differences in boran

"concentration in stalk only. Maximum boron content was

found with 70 x 20 cm (25.0 ppm) while minium was with

_ 40 x 15 cm (24.51 ppm} spacing. Total boron uptake

- decreased with increased spacing and similar trend was

observed in N, P and K uptake. !t can therefore, be
included that under the agro-climatic zone of Varanasi
parental line 6D-1 of sunflower hybrid performed best at
40 x 15 cm spacing.
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Abstract

The studies on production potentials of sunflower and
pigeonpea in sole and intercropping systems (2:1}
under different soil depths were conducted during
1992-1995 in rainfed Alfisol watershed area at CRIDA,
Hyderabad. The results indicated that sunflower and
pigeonpea crops in sole and intercropping system
responded positively to the increment in soil depth
under rainfed environment. Response to soil depth in
sunflower was higher than pigeonpea. intercropping
of sunflower and pigeonpea (2:1) is more stable and
recorded higher seed equivalents and gross returns
than respective sole crops over the years. The yield
advantage in intercropping system increased with
increase in soil depth upto 30 cm and decreased from
30-45cm.

Key words: Sunflower, pigeonpea, intercropping, seed
equivalents, net returns

Introduction

The vyields of sunflower can be stabilized with
intercropping of long duration pulse crop like pigeonpea.
The potentials of sunflower based intercropping in rainfed
environment are dependent on available soil moisture and
nutrients stressed in a particular soil depth and type.
Hence a study was conducted to investigate the
interactive effects between soil depth, rainfall, and crop
growth in Alfisols under rainfed environment.

Material and Methods

The experiment was conducted on an Alfisol watershed at
Hayatnagar Research Farm of CRIDA, Hyderabad, india.
The general physiography of watershed is characterized
by gentlle sfopes {2-5%]} with highest elevation of 520 m.
The average soil depth in upper, middle and lower basins
of micro- catchmentwas 8 cm+4.3cm (D.}. 15¢cm + 4.5
cm (D,) and 30 em + 12 cm (D,} respectively. Sole crops
of sunflower (MSFH-8) and pigeonpea (LRG-30) and

sunflower + pigeonpea (2:1) were grown in upper, middie
and lower poifions of the watershed area from 1992
to1995 during kharf The pigeonpea in sole and
intercropping systems was grown at 90 cm x 20 cm apart
while sunflower was grown at 30 cm x 20 cm. Ten kg N
and 30 kg P,0Os /ha was applied uniformly to both the
component crops in different systems as basal. Sunflower
in different cropping systems received an additional dose
of 40 kg N/ha as top dressing in the form of urea at 30-45
ang 60-75 days after sowing. These treatments were
tested in randomized block design with four replications.
The rainfall and potential evapo-transpiration were
recorded daily and rainfall use efficiency (RUE) and
moisture adeguacy index (MAI) was calculated according
to Mahendra Singh and Joshi (1997). Dry matter, leaf
area index (LAl) and nitrogen uptake were recorded at
different phenological stages of component crops. The
yield and economic advantages were estimated through
LER values and grain equivalents.

Results and Discussion

Rainfall pattern: The sunflower crop received an amount
of 380,515,294 and 501 mm of rainfall in 1892,93,94 and
95 respectively during its life cycle while component crop
pigeonpea received 485644631 and 733 mm,
respectively during 1992,93,64 and 95.

During 1994, crops of sunflower and pigeonpea in sole
and intercropping system experienced severe moisture
stress at both vegetative and flowering stages at all soil
depths.

Yield of sunflower was considerably reduced due to
severe moisture stress at the time of grain filling and
continuous rainfall during flowering in 1995. Distribution
of rainfall was more favourable for sunflower in deeper
soils. In pigeonpea severe moisture stress at the time of
grain formation influenced its yield potential. However, 40
mm of rainfall received during the month of November
helped increase the yields of pigeonpea {Fig 1).
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Fig 1: Influence of soil depth on moisture availability in Sunflower and Pigeonpea

Shallow

119

Sunflower

Pigeonpea

=
W

=
=

b4

Moisture adequacy Index

T30 85 6 T R % Wt M 1T W W 1R e

Crop growth period{weecks)

Deep

/- 12

Sunflower

=
&

=
=
"

Moisture adequacy Index

Pigeonpea

Medium

12 -

Sunflower

Pigeonpea

IW\ \
&% \

ul

LB S T T T T T
WOIL 11 33 W15 16 T8 19 10 11 11 13 O34 36

Crop growth period{weeks)

T
Toay

-~ 1992]
1993
1994
lf_ 1995

=
=
N

Moisture adequacy Index

e

T 24456 T8 I IItIrfI67 8192021 2223242528

R A
Soil depth in refation to crop growth and yields: in
1992, sunflower in different cropping systems experienced
severe moisture stress at all soil depths during early
vegetative phase i..2-3 weeks after sowing (WAS) and in
medium and deep soils during reproductive phase (7-9
WAS). Pigeonpea component in different cropping
systems experienced severe moisture stress at flowering
and grain formation stages.

In 1993, sunflower component in different cropping
systems underwent severe moisture stress at 3 WAS in
shaliow soit depths while moderate stress was
expenienced at reproductive phase {(7WAS) in all soil
depths. Pigeonpea suffered moderate and severe
mosture stress during 1993 al vegetative and pod
formation stages respectively at shallow soil depth. In
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medium and deep scils moderate stress was noticed at
reproductive stage of the crop.

The growth components vz, LA! and drymatter in
sunflower and pigeonpea in sole and intercropping
systems increased significantly with incrememnt in soll
depth. In sunflower, in different cropping systems LAl
increased up to 75 days after sowing (DAS) and later
decreased; while in pigeonpea LAl increased upto 120
DAS at all soil depths. Pigeonpea and sunflower in
intercropping system produced higher combined LAl and
drymatter as compared to the irrespective sole crops at
different growth stages in all years. It indicated efficient
use of rainfall and light interception by component crops
(Fig 2).
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Fig 2: Meau growth parameters of sunHower and pigeonpea as miuenced by soil depth
in different cropping systems
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The seed yield of sunflower in sole and intercropping
sysiems sigrnificantly increased with increase in soil depth
{15-45 cm) in the watershed. The seed yield of sunflower
was higher by 147 and 225% in 15-30 and 30-45 cm soil
depth, respectively over the soil depth of 15 em. The
influence of soil depth on seed yield of sole sunflower was
- highestin 1993 followed by 1994 due to better distribution
of rainfall for sunflower. The influence of soil depth on
productivity of pigeonpea was slightly less when
compared to sunflower. On an average, the seed yield of
sole pigeonpea was enhanced by 232 and 502 kg/ha in
soills having depth ranging 15-30 and 30-45 cm,

respectively compared to <15 cm depth. The influence of
s0il depth on pigeonpea was highest in 1984 and
1995 dué to better distribution of rainfall. The seed
yields of sunflower and pigecnpea in intercropping

" system was significantly influenced by deeper soif .
depth of 30-45 cm; while the yields with shallow and -

medium soil depth were statistically on par (Tahle
1). Significant increase in seed yields of chickpea,
soybean and sorghum, pearl millet and castor were
noticed due to variation of soil depth due to higher
moisture and nutrient use efficiencies (Piara Singh
et al., 1999).
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Table 1 Influence of soil depth on yield of sunflower and pigeonpea in sole and intercropping systems

Sunfliower seed vield (kg/ha)

Pigeonpea seed yield (kg/a)

1952 1993 1994 1995 Mean 1992 1993 1894 1995 Mean

Sole erl D, 178 312 470 401 341 130 145 318 830 356
| 0, 281 1126 1300 677 845 200 180 741 . 1222 588

D, 375 1845 1694 950 1211 350 206 890 . . 1986 858

Intel'cro?as O, 143 204 277 260 221 105 120 202 440 217
D, 203 909 1204 435 437 162 145 475 856 410

D, 259 1314 1462 630 916 220 162 523 © 1283 547

CD (P=0.05) 18 62 52 . 44 NS &8 39 41 70 NS
Depths 22 76 63 54 288 60 - 33 36 61 199

Crops x Depths ;’J! 31 109 NS 76 NS 104 66 71 122 NS

(ntercropping of sunflower and pigeonpea recorded higher
sunflower seed equivalents at all soil depths compared to
sole crops over the years. At shallow soil depth (<15 cm)
sunflower and pigeonpea intercropping systems produced
higher sunflower seed equivalents of 37 and 16%, 35 and
74% in medium soil depths (15-30 cm) and 27 and 58%
in deeper soils (30-45 cm) than sole crops of sunflower
and pigeonpea, respectively. In 1992, sunflower seed
eguivalents were significantly higher in intercropping than
sole crop at all scil depths while in 1993 intercropping of
sunflower and pigecnpea seed equivalents were on par
with respective sole crop seed equivalenis at all soit
depths. However, in 1995, where the rainfall distribution
was favourable to both sunflower and pigeonpea,
sunflower seed equivalents in sole pigeonpea and
intercropping were higher compared to scle sunflower at
all soit depths (Table 2}, This was due to better seed yield
of sunflower and pigeonpea in intercropping because of
their temporal complementarity (Gouri et al., 1997).

Nitrogen uptake: The nutrient uptake in different
cropping systems showed that nitrogen uptake in seed of
sunflower and pigeonpea in sole and intercropping
systems increased with increase in soil depth. Sole
sunflower grown at D; recorded higher nitrogen uptake by
305 and 53% compared to the sole sunflower at D, and [,
soil depths respectively; while sole pigeonpea recorded
higher nitrogen uptake by 217 and 87 % compared fo sole
pigeonpea grown at soil depth ranging < 15cm and 15-

53

30cm, respectively. Among the intercropping systems,
sunflower+pigeonpea (2:1) raised at D, recorded 295 and
56 % more nitrogen uptake than that of system raised at
shallow (D) and medium soil depth (D,) respectively.

Rainfall use efficiency: Intercropping of sunflower+
pigecnpea (2:1) at shallow soil depth increased RUE of
seed by 9 and 58 % compared to sole sunflower and
pigeonpea. At medium soil depth, intercropping system
(sunflower+pigeonpea 2:1) recorded higher RUE of seed
by 14 and 146 % compared to respective sole crops of
sunflower and pigeonpea. At deeper soil depth, increment
of RUE of seed was noticed by 22 and 86 % in
intercropping system when compared to sole crops of
sunflower and pigeonipea system. (Nam et al, 1893).

Yield and Monetary advantages

Net returns: Sunflower+ pigeonpea (2:1) in sole and
intercropping systems provided increased net returns/
hectare with increment in soil depth over the years {Table
2). The sole sunflower raised at 30-45 cm soil depth
increased the net returns/hectare from Rs. 670/~ to Rs.
8600/- per ha as compared to the crop raised at <15 cm
(D;) and 15-30 cm (D,), respectively. On an average
intercropping of sunflower+ pigeonpea (2:1) recorded
higher net returns/ hectare (Rs. 8483/ha) as compared to
sole crops of sunflower (Rs.4856/ha) and pigeonpea
(Rs.3731/haj.
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Table 2 influence of soif depth on sunflower seed equivalents, B retyrms an d RUE in sole and Intercropping systems

Sunflower seett equivalents (kgrha) Net returns (Rs/ha) RUE (kg/ha/mem)
Treatment
1992 1993 1984  tges 1995  Mean
1993 1994 1955 Mean | 1992 1993 1994
Sole Sunflower
) 178 312 476 4pt , 80 077
’ MO g5 g0 i 670 047 081 148 08
1 126 1300 677 . 135 1.90
e MO B 004 10000 4447 5208 077 219 330
375 1845 1694 050 y;ag 190 288
B 8 12760 1304 7450 8600 099 358 430
Soie Pigeonpea
D, 172 145 318 979 404 %0 o406 1s0 5205 896 028 024 048 133 053
D, . 266 190 74Y 1442 ggg 400 480 4410 10497 3507 043 032 142 166 088
D, 466 206 890 2343 976 ggq -352 500 20813 6790 075 040 30 270 170
Sunflower +
Pigeonpea (2:1)
D 283 324 479 779 486 oy 9  qp00 5300 5884 061 060 . 101 112 084
D, 418 1049 1678 1445 1148 4 5832 1360 11841 7759 088 201 377 203 217
D, N B52 1476 1985 2144 1530 B4 9308 15350 zo781 11808 145 282 450 462 327
CD (P=0.05) Crops 30 48 40 62 NS 180 354 255 82 NS o8 A27 oM co9 065
Depths 30 48 W 82 368 180 384 188 782 2858 008 027 0f1 009  0BS
Crops x Depths 52 83 68 tog NS NS 585 670 1501 NS NS 047 018 016 NS
——

Land Equivalent Ratio { LER}): LER values worked out on
the basis of corresponding soil depth indicated that,
intercropping of sunflower with pigeonpea (2:1) on an
average recorded higher yield advantages by 42 %
compared o the sole cropping of pigeonpea and
sunflower over the years. The yield advantages with
intercropping system increased with increment of soil
depth upto 30cm and decreased from D, sail depth. At
shallow soil depth, the yield advantage based on
corresponding soil depth was highest in 1992 followed by

1993 At medium (D) and higher (Dy) soil depth, the
Yield agvantage was highest during 1993 and 1994.
Onsidering the maximum soil depth, intercropping
of sunflower+pigeonpea (2:1) at 30-45 cm only gave
fe yieid advantage to the tune of 39% compared to
® sole crops of sunflower and pigeonpea. At
Shallow (D,) and medium soit depth (D) sole
€rOpping systems were found to be advantageous .
than intercrop system (Fig 3).
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Abstract

A field experiment was conducted taking ‘Morden’
variety of sunflower {Helianthus annuus L)) in

vertisols of Jabalpur (MP) during winter season 1995-

96 and 1996-97 to evaluate the appropriate irrigation
schedule for increased water use efficiency (WUE)
and seed yield. Results revealed that irrigation
scheduling based on crifical phenological growth
stages of crop was better than the other criteria like
WWICPE ratio and depletion of soil moisture. Crop
irrigated thrice at 8-9 leaf, flowering and grain filling
stages (applied at 30,55 and 75-day stages) resultfed

in higher WUE and seed vield. Missing irrigations at -
8-9 leaf and flowering stages resulted in more

" reduction of WUE and seed yield.

Key words:  irrigation schedule, phenclogical growth
stages, soil moisture deptetion, MW/CPE
ratio

Introduction

Sunflower (Helianithus annuus L.) acreage is increasing in
Madhya Pradesh, particularly as winter crop under
irrigated agro-ecasystem. Scheduling of irrigation for a
particular crop can be decided on the basis of several
appreaches tke critical phenological growth stages of
" crop of IW/CPE ratio or soil moisture depletion pattern for
efficient utilization of water {Hegde, 1988, Venkanna et al.,

. 1994 and Vivek et al., 1984}, Not much work on winter

~sunflower in relation to irrigation scheduling has been
reported. Thus, the present study was aimed to find out

an appropriate and efficient irrigation scheduie for .

increased seed yield.

Materials and methods

The field experiments were conducied on sunflower cv.
‘Morden’ during winter season of 1995-96 and 1996-37 on
vertisols of Jabalpur (MP). The soil of the experimental
field was clay-loam in texture, near neutral in reaction {pH
7.5) having low available N (228 kg/ha)P,0; (15 kg/ha)
and medium avaitable K,0 (421 kgrha) contents. The field
capacity and permanent wilting paint of sait at 0-3G cm
soil profile was 33.6 and 20.1% respectively. The crop
during its growth period received a rainfall of 215 and 68
mm in the first and second years, respectively. Twelve
treatments consisied with three criteria for deciding
wrigation schedule and four irrigation frequencies were
tested in randomized block design with four replications. .

First criterion of scheduling irrigation was based on

depletion of available soil moisture (ASM) as 20, 30, 40 /
and 50 % depletion of ASM. Second criterion was based
on IW/CPE as 1.0, 0.8, 06 and 04 IW/CPE. Third
criterion was based on moisture stress at phenological
growth stages as three irrigations at 8-9 feaf (E} +
flowering (F) + grain filling (G} stages, 2 irrigations at E +
F. 2 irrigations at B+ G; and 2 iigations at F + G.
Measured gquantity of irrigation water was applied in each
piot as per treatments by using a V-notch of 50 mm size
in the irrigation channels. In first irrigation, 75 mm water
was applied and then subsequent irrigations received 50
mm water 25 per Weatments. The number of irrigations
applied and seasonal consumptive use of water as per
procedure of Dastane (1972) under different treatments
are given in Table 1. A uniform dose of 80 kg N + 60 kg
P,0; + 40 kg K,O/ha was applied to each treatment
through urea, single super phosphate and muriate of
potash, respectively. Full quality of P and K fertilizers and
half quantity-of N was applied as basal and remaining half
quantity of N top dressed immediately after first irrigation

! Agriculture Extension Officer, Department of Agriculture, Govi. of MP.

Prafessor, Agronomy, JNKVV, Jabalpur (M.P)

Professor and Head, Department of Biosciences, Dr. H.S. Gour University, Sagar (MP}
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as per treatment. During first year, top dressing of N was
done immediately after rains at 25-day growth stage.

Results and discussion
Seed yield. Seed yields were almost comparable with

various irigation frequencies which were decided on the
basis of three different criteria of scheduling irrigation

crop season of this year nullified the effect of
irrgation schedules. Butin secand year, the lowest
irrigation _frequency (only one irrigation) at 50%
deplefion of ASM or 0.4 IW/CPE produced the
lowest seed yields which increased by increasing the
irrigation frequencies at 40,30 and 20% depletion of
ASM or at 0.6, 0.8 and 1.0 YW/CPE with non

during first year (1995-96) except 2 or 1 irrigation given at significant  differences between the closer
30 or 50% depletion of ASM (Tabfe 1). The rainfall during frequencies.
Tabte 1 Seed yield and water use efficiency of sunflower under different irrigation schedules
Head size Seeds/ead 100-seed Seed yield Seasonal consumplive use
Treatnr_:'ent lem)y (Mo weight (g) (Kgiha) {mm/ha)
{lrrigation scheduling)
1096-07 190798 | 1996-97 195708\ 1996-97 199798 [ 1995-96 1996.97 Mean | 1995-56 1996-97 Mean
20 % SMA (%) 1220 1320 438 470 4400 4825 821 1145 083 299 327 313
o 7 2.74) (350 312
S
30 % SMA, (2) . 1240 1290 421 463 - 4335 4500 698 1015 856 208 283 290
A 234y (361) (297
40%SMA (3) .0 1280 1255 410 436 4425 445D  Bos 858 851 306 234 270
T (276)  (366)  [3.21)
50 % SMA (4) boli4220 0 1052 a2 366 4350 4250 630 596 613 257 188 223
C {245 (3147 {289
1.0 IWIGPE (1} ;'\ 1305 1282 429 465 4450 4525 813 1651 932 294 328 391
L (2.76)  (3.20) (2.9
0.8 IW/CPE (2) ! 1290 1235 422 A59 4475 4475 @73 931 502 297 282 289
; ; ; (2.94) (330 (312
0.6 WICPE (3) 1280 1201 421 439 4425 4450 804 862 833 aqz 238 269
e ! (288) (385  (3.15)
0.4 WICPE (4) " 12.80 5 1050 434 373 4400 4350 834 650 744 304 189 248
i (275) (3.44)  (3.00)
E+F+G @ ~ L1320 1315 433 488 4515 4500 808 1108 952 301 279 290
o L (2.68) (396) (332
F+Gi{2) © 1270 1244 430 436 4500 4450 863 857 860 304 230 267
i (283]  (373)  (3.28)
E+G(2) 1 THE qaqg 1zt 433 436 4550 4525 867 853 860 207 232 269
e (2.82) (368  {3.25)
E+F () 13,50 1255 471 457 4375 4450 808 926 867 308 237 273
' (271 (330} (3.30)
SEme ool 0.72 0.72 4.5 14 0.73 9.29 036 2 -
CD (P=0.05) NS 2.06 12,8 40 NS 0.84 103 82 -

1 = £-8-9 leaf stage, £ - Flowering, G - Grain filling, SMO - Sait moisture depletion, W/CPE - Irrigation water } Curnulative pan evaporation ratia.

2 = Number of irrigation appiied under different reatments was one in 1995-36 except to treatment No. 4 where no irigation was given but number of irrigation
applied under different treatments during 1996-87 are given in parenthesis

3 = Data in parenthesis under CUW column are waier use efficiency (kg/hafmnm)

Crop irfigated at all important phenological growth stages
(E+F+G) produced significantly maximum seed vyield
which reduced by missing the irngations at any one of
these stages during second year only. The reduction in
seed yield was more pronounced by missing irrigation at
8-9 leaf (E) or flowering (F) stages that of grain
development (G) stage. !mproved yield atiribuling
characters viz. head size, number of seedsfhead and 100
- seed weight under higher irrigation frequencies than
lesser irrigation frequencies attributed to increased seed
L S

!
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yields. Similar results have been reported by several
workers from different regions of the country (Choudhary
and Patel, 1994; Sharma, 1994; Reddy and Kumar,
1997).

Water use efficiency (WUE): The seasonal consumptive
use of water (CUW) and WUE were simular under all
irrigation schedulings during first year except to irigations
scheduled at 50% depletion of ASM, which had lesser
values, But during second year, higher irrigation
frequencies needing more irrigation water than lower
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frequencies resutted into higher CUW and WUE. On the
basis of two year mean data, three irrigations applied at
important growth stages (E+F+G) resulted to higher WUE
than other irrigation scheduling with the same frequencies
or even four irrigations given at 1.0 W/CPE or 20%
depletion of ASM. The increased seed yields with
irrigations applied at all critical growth stages resulted to
highaer WUE due to efficient utilization of irrigation water.
These resuits are in close conformity with the findings of
Nimbat and Doddamani (1993).
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Abstract

Azotobacter chroococcum HT54, a high temperature 4

resistant mutant was tested as an inoculant on four
cultivars of Indian mustard, Brassica juncea viz.
Kranti, RH 30, RN 393 and Varuna under semi arid
environmental conditions during 1996-97 and 1997-98
at CCS HAU Regional Research Station, Bawal.
Among the various yield parameters studied, data
" with regard to grain yield, oil content and oil yield
were found to be significantly higher due to
.inoculation. As a whole, variety RH 30 was found to
/ show best response, followed by Kranti and RN 393.
However, yield obtained during the year 1997-98 was
poor under both inoculated and uninoculated
conditions as compared to those of 1996-97 due to
severe cold and fog conditions.

Key words:; Azotobacter chroococcum, Brassica
Juncea, biofertilizers, semi-arid tropics,

thermotolerant
Introduction

Indian mustard [Brassica juncea (L.) Czern & Coss] is an
economically important oilseed crop. In India, so far,
emphasis has been put on the development of high
yielding, ferlilizer responsive varieties, The potential of
Azotobacter chroococcum as a biofertilizer to increase
crop productivily of various cereals, oilseeds - and
vegetables has been known since long (Subba Rao, 1982;
‘Narula and Yadav, 1989; Pandey and Kumar, 1989;
Lakshminarayana ef al., 1992). lts usefulness has been
largely attributed to a number of characters like nitrogen
fixation, ammaonia excretion, production of vitamins and
growth hormones (Shende ef al., 1977, Martinez-Toledo
et al.. 1988); antifungal substances {Sharma et al., 1986);
siderophores (Suneja and Lakshminarayana, 1995).

In major parts of Rajasthan and South-Western Haryana,
Indian mustard is cultivated as a rainfed crop. Present

day high yielding varieties require high levels of N
fertilizers which may ultimately deteriorate soil health. Use

" of microbial inoculants such as Azofobacter suitably

developed for the arid crops can increase the crop yields
while contributing towards soil health and sustainabhility of
agriculture. Higher amount of sunlight available under
tropical conditions generally favours higher photosynthetic
rate of plants leading to greater excretion of the root
exudates and thus favouring proliferation of various
rhizospheric bacteria (Odu, 1977).

Studies carried out in our laboratory on metabolic
analogue resistant mutants of A. chroococcum have
revealed that a methyl ammonium chlcride resistant
mutant (Mac 27) and methyl alanine resistant mutant
(Mala 27) increased grain yields in Indian mustard over

unincculated control under irrigated conditions (Narula ef

al., 1993). As a pait of improvement of the performance
of A. chroococcum as biofertilizer, we developed high

. temperature (42°C) resistant mutants and tested on

different crops including bajra. One of the high
temperature mutants (HT 54) was tested on Indian
mustard under rainfed conditions at CCS Haryana
Agricultural University, Regional Research Station (RRS),
Bawal during rabi seasons of 1996-97 and 1997-98.

Materials and methods

HT 54, used in the present studies, a spontaneous
resistant mutant capable of growing at 42°C to 45°C, was

i procured from the culture collection of Department of
 Microbiclogy, CCS HAU, Hisar. it was derived from Mac

68, a mutant spontaneously resistant of methy!
ammonium chloride, a derivative of high nitrogen fixing
ammonia excreting local soil isclate of A. chroococcum
(Anand et al., 1998). It was grown in Jensen N free broth
for four days at 30°C to get maximum growth (108 to 10
cells/m).Carrier based culture was prepared by mixing
the broth to charcoal powder. The culture packets were
then stored in a refrigerator.

! Department of Micrebiclogy, CCSHAU, Hisar-125 004, Haryana.
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Seeds of Indian mustard, B. juncea var. Kranti, RH 30,
RN 393 and Varuna were treated with the culture following
standard procedure. Uninoculated controls were treated
with fine charcoal powder alone {not having culture
inoculant). Experiment was conducted at RRS, Bawal
under All-india Co-ordinated Project (AICRP) Trials. The
geographical focation of Bawal is latitude- 28 1°N,
longitude-76°35'E and height above MSL is 266 mts. It
was done in randomized block design (RBD) with three
replications of each with and without the inoculant. Plot
size was 4.5 x 5.0 m and spacings between row to row
and plant to plant were 45 and 15 om, respectively. Basal
fertilizer dose at the time of sowing was 40 kg N and 20
kg P205/ha. Five plants were randomly sefected for
recording the data on days to 50% flowering, number of
primary and secondary branches/plant, siligua length
{ems) and number of seeds/siligua, days to maturity, seed
yield (kg/ha), 1000-seed weight (g), 0il content (%) and oil
yield (kg/ha) were determined. Oil content was determined

from the bulk seed of individual entry by Nuclear Magnetic
Resonance (NMR) technique using MK Hi A Newport
Analyser. Rhizospheric scil samples were collected at the
time of flowering and viable count of A. chroococcum was
determined by dilution plate technique using Jensen agar
plates.

Results and Discussion

All the four cultivars of B. juncea, namely Kranti, RH 30,
RN 393 and Varuna responded to inoculation in both the
years. in general, all the four varieties gave better
response with A. chroococcum (HT 54) inoculation
{Table1 and 2} in terms of yield attributes viz. days to
50% flowering, number of primary pranches and
secondary branches, days to maturity, siliqua length,
seedsfsiliqua and 1000-seed weight. Although resuits
were not significant in same cases, they were significant
in terms of grain yield, oil content and oil yield during both

. the years.

Tabie1  Effect of inoculation of Azolobacter chroococum {HT54) on growth, morphotogical and yield attributes of different cultivars of indian
mustard (Brassica juncea) under rainfed conditions
Days to 50% Na. of primary No. of secandary . " .
Cultivar flowering branches pl branches pl Days of maturity Siliqua length {em} Seeds/ sifigua
1956-87  1897-98 1996-97 1997-98 1996-97 19097-68 | 19956-97 1997-68 1996-97 1997-98 1996-97 1997-98
Kranti 51 T4 6.6 7 14 g 145 142 4.4 48 14 12
(521 (73.0) (6.8) (6.4) (15.0) (8.0 (146.3) {1440 4.2) (4.9) (12.1) {11.8)
RH 30 A7 70 6 5] 11 8 148 142 4.5 59 13 "
(48.0} (71.5) (4.8) (5.4) (10.9) 8.2) (150.1)™ (1436} (4.3) (5.8) (11.8) (lag)
RN 393 51 74 2] 5 11 8 150 144 4.8 57 15 12 f-’
(5.17) (74.0) (4.4) (4.8) 6.4) (7.6) (151.3)  (1455)  (4.4y™ (5.5) (13.9) (11.9)
Vauna 47 71 6 5 a8 8 150 145 48 49 13 10
{49.6} (72.7} 5.1 (4.8) (10.2) (7.4} (152.0)  (145.0) (4.7) (4.9) (13.7) 8.2)
SEmzt 0.46 0.79 044 0.38 1.92 0.38 0.87 0.32 0.11 0.09 041 0.36
CD {P=0.0%) 1.46 253 1.40 124 8.45 122 277 102 0.33 0.21 1.3 1.16
CV (%) 1.85 2.18 1587 13.46 34.90 9.45 1.17 0.44 4.51 3N 6.05 6.43

* Each value is a mean of three replications
** Result in parenthesis indicates control value
** Represents sighificant value

Table2  Effect of inoculation of Azotobacter cfirooceccum (HT 54) on seed yield and oil content of different cultivars of Indian mustard (Brassica
juncea) and survival count of inoculant bacteria
. . : Survival of the bacteria at
H o,
Cultivar $000 seed weight (g} Seed yield (kg/ha) Oil content (%) Qil yield {kgtha) Slowering Stage
1996-97 1987-98 1996-97 1997-98 1996-97 1997-98 1996-97 1897-98 19596-97 1997-98
Kranti 373 357 1037 827 . 424 36.1 4405 2266 1.7x10° 2.1x10°
(340" (3.42) (pogy (B4 1 (39.5P™ (36.0) {394.9) {194.5) (74x10%  (87x10Y
RH 30 6.69 4 61 877 599 C 430 368 3774 2198 2.3x10° 2.7x10°
(6.40) (4.40) (706)** 19 ! @a7ye (36.0)** (2807}  (187.4)*  (5.9x10%  (7.3x10%)
RM393 4.26 3.55 1000 587 39.8 369 398.9 210.6 2.9x10° 3.4x10°
(3.34)™* (3,41 (881)™* (503)** (38.8)** (35.4)  {342.3)™*  {178.4)™*  (6.8x10% (6.5%10%
Varuna 6.41 4.28 850 867 ~_ 40.7 367 3725 2083 3.4x10° 37x10°
(5-98) (4.20) [L:2:2) i (494) - {39.1)** (36.9)™* {359.0) {178.0)** {7.1x10% {5.9x10%
SEm# 0.19 0.09 11.39 665 055 0.184 0.3 2.01
CD (P=0.05} 0.6t 0.31 36.40 21.40 176 0.56 1576 6.41
CV (%) 7.45 4.82 8.41 2.33 2.71 0.87 7.73 1.92

* Each vajue 15 a mean of thyee replications
** Result in parenthesis represents control value
*** Represenis significant valee -
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The mean data in terms of yieid during both the seasons
showed that Kranti exhibited best response out of four
cultivars faken under inoculated as well as under
uninoculated conditions (Table 2). As awhole, RH 30 was
found to be the besi, fallowed by Kranti and RN 393.
Varuna showing least response io inoculation. The
performance of four cultivars in 1997-98 was slightly
inferior as compared 1o that of 1998-57 owing o severe
cold damage and fog as well as attack of white rust and
Alternaria blight. Counts of A. chroococcum showed
variation in inoculated and uninoculated plols, as shown
in the Table 2.

Narula ef al. (1993) observed 44 to 89 % increase in seed
yvield in B. juncea cv., Kranti after ingcutation with different
mutants of A. chroococcum under irngated conditions
atong with decreased disease incidence. Experiments in
terms of N economy conducted in mustard and wheat
revealed that A. chroococcum can seive as a useful
inoculant (Lakshminarayana, 1993). The present field
experiment conducted on mustard have shown that a high
temperature resistant mutant of A. c¢hiroococcum
increased the seed yield under semi-arid environment.
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Abstract

A field experiment was conducted during the winter
season of 1996-97 and 97-98 at NRCRM, Bharatpur to
study the effect of different levels of irrigation and
nitrogen on the yield and cil content of indian
mustard (Brassica juncea). Two irrigations at 30 and
60 days after sowing increased growth characters and
seed yield significantly than one or no irrigation.
Application of nitrogen showed linear increase of
qrowth, yield attributes and seed yield up to 120 kg
N/ha. However, significant effect was noted up to 120
kg N/ha.

Key words: Mustard, Brassica juncea, irrigation,

nitrogen level
Introduction

Scheduling irrigation at an appropriate time is ane of the
most important factor for proper nutrient ufilization and
realization of high yield of mustard crop. Besides this,
most economically viable nifregen dose at 2 given
irrigation level also needs to be worked out. Hence an
experiment was conducted to study the effect of irrigation
scheduling and nitrogen on yield and oil content of
mustard.

Materials and Methods

A field experiment was conducted during the winter
season of 1996-97 and 1997-98 at the Research Farm of
NRCRM, Bharatpur, Rajasthan. The soil was sandy loam
with pH 6.5, organic carbon 0.31 % and had available N,
P.QO; and K,O status of 221, 92 and 311 kg/ha,
respectively. The experiment was {aid out in spiit-plot
design with three replications. The treatments comprised
four levels of irrigations {no irrigation, one irrigation at 30
DAS, two irigations at 30 and 60 DAS and three
irrigations at 30, B0 and 90 DAS) as main-plot and five
levels of nitrogen (0, 40, 80, 120 and 160 kg N/ha) as
sub-plot treatments. Mustard variety PCR-7 {Rajat) was
sown on 20™ October during both years at 30cm x 10cm
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spacing with fertilizer dose as per freatments. To maintain
the plant to plant distance (10 cm) thinning was done at
25 DAS. Nitregen and phosphorus were applied as basai.
All other recommended cultural practices and plant
protection me¢asures were followed. Observations on plant
height and yield attributes (siliquae/plant, seeds/siliqua

" and 1000-seed weight) were recorded. The seed and

straw yield were also recorded and-il vield was calculated
using oil content and seed yield data.

Results and discussion

The growth parameters and seed vield were higher in
the second year (1996-87) than in the first year due to
favourable temperature and less infestation of insect
pesi and diseases.

Irrigation: The differential irrigation treatments exhibited
significant effect on yield attributes as well as seed yield
of mustard during both the years. Two irrigations (30 and
80 DAS) and three irrigations (30, 60 and 90 DAS) did not
show any -significant difference in seed yield, but had
significant superiority to one or no irfigation in both the
years. During 1996, significantly lowest seed yield was
recorded with no irrigation. Thus, two jrrigations out
yielded one and no irrigation. This may be ascribed to
increased  branches/plant, siliquae/piant, seed/siliqua
(Table 1). Yadav ef al. (1999} observed the highest seed
yield of mustard with two irrigations at pre-flowering and
seed development stages. The beneficial effect of
irrigation on growth and vyield of mustard was also
reported by Singh et al. (1994). Irrigation levels were non
significant for oil content, highest oil content was recorded
in ne irrigation treatment followed by one, two and three
ifrigations.

Nitrogen: Application of nitrogen significantly increased
the seed yield of mustard up to 120 kg/ha. All the yield
attributes except the siliqgua length in the second year
(1997-98) increased significantly with increasing levels of
nitrogen up to 120 kg/ha, which ultimately resulted in
significant increase in seed yield. Similar observations
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were also reported by Singh and Singh (1998) and
Sharma (1994). Oil content gradually decreased with
increase in rate of nitrogen fertilization.

nitrogen management on arid soils. ihdian Journal of
Agronomy,39 (3) : 426-431.

Singh, R.P. and Yashwant $ingh.1998. Performance of rainfed
Indian mustard (Brassica juncea) varieties at varying levels of
nitrogen. Indian Journal of Agronomy, 43 (4) : 709-712.

Yadav,K.5., Rajput, R\ and Agarkar, M.5.1999. Efiect of sewing
dates and irrigation schedules on yield and water yse
efficiency of Indian mustard {Brassicajuncea}. indian Journal
of Agronomy, 44 (1) - 148-150.
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Table 1 Effect of levels of nitrogen and irrigation on growth and yield attributing characters of Indian mustard

Branches/mant

No. of siliquae/plant

Seeds/sitiqua

Seed yield (kgina)

Oil content {%}

Harvest index (%}

Treaiment
96-97 97-98 Mean

96-97 97-98 Mean

96-97 97-98 Mean

95-97 97-88 Mean

96-97 97-08 Mean

96-97 97-98 Mean

Irrigation levels

10 10 108 10.6

1 9 181 145 "o 53 022 774 367 406 383 2381 2433 240
: (188) (415) (301)
Sk go13 11 12 194 490 192 118 117 117 1318 3150 1234 359 405 3B2 2618 2527 D257
/, it (473} (468) (469}
L, 15 12 14 196 193 195 18 118 118 1742 1275 1508 35% 397 378 2701 2805 263
/c (625) (508) (565)
L, | 18 13'[_ 15 198 194 196 122 120 121 1806 1338 1571 356 397 376 2696 72600 265
J R {643) (530) {588)
-
CD(P=005) 1.9 10 - 2.2 1.7 - 0.5 0.2 - 82 63 - NS NS - 08 1.03 -
. (4N (60)
Nitrogen levels (kg/ha)
Ny 9 10 10 176 181 178 113 115 114 683 900 798 365 406 385 2523 2459 249
(253) (365) (309)
Neo 12 1 10 191 tgg 189 1.6 116 117 1259 1087 13173 362 404 383 2588 2519 255
il (456) (439) (447)
Ny 14 ‘12 13 194 191 193 118 117 118 1449 1222 1335 359 400 379 2671 2562 262
(520) (489} (504)
Miag 15 i2 14 198 194 196 120 119 119 1641 1384 1502 3565 390 377 2099 2608 265
(584) (544) (5654)
MNyso 18 12 14 109 195 197 118 119 118 1687 1406 1564 352 396 374 2631 2567 260
(594) (557) (575)
CD{P=0.05) 14 0.6 - 1.5 11 - 0.2 02 - 102 134 - NS NS Q27 180
(61) (52)

1; - No irrigation; 1, - one irrfigation at 30 DAS: |, - two irrigations at 30 and 60 DAS and 1, - three irrigations at 30, 60 and 90 DAS
Figures in parenthesis indicates oi! yield (kg/ha).
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Abstract

Evaluating the efficacy of planting and weeding
equipments for rainy season groundnut in a sandy
locam soil overall performance of groundnut planter
was remarkably better than sowing of seeds behind
the plough in terms of germination. The overall
performance index of wheel finger weeder {2304) was
the highest compared to that of rotary peg weeder
{976), fork weeder (674) and manual hand weeding
{571) in groundnut.

Key words;,  Groundnut, performance index,

weeding, equipment

Introduction “/
Groundnut is grown popularly in western undulating zone
of Orissa in medium lands and sandy soils of river banks
during rainy season as a rainfed crop. But its production
is low in comparison to coastal zone dug to difference in
soil type and poor crop management. Farmers generally
sow the seeds behind the plough which lead to poor
germination, scattered plant population, higher weed
density and ultimately poor crop yield.

Similarly weed management, though one of the important
production factor, is neglected by farmers due to non
availability of manual fabour at the time of weeding or the
higher cost involved with it. This crop is exposed to
maximum weed competition during early growth stages
due to tate emergence and establishment (Kutandaivelu
and Morachan, 1981). Therefore this experiment was
planned to evaluate planting and weeding equipments for

Germination percentage -
Field capacity -
Weeding index (%) - W, -W,AW, x 100
Where W, -
- W, -
Performance index (P1) - -

groundnut in this region to maximise the productivity and
profitability.

Materials and methods

Field experiment was carried out in a Split Plot Design at
Regional Research and Technology Transfer Station,
Bhawanipatna, Orissa during rainy season of 1994, 1995
and 1996, with two planting methods {main plot) and four
weeding methods (sub-plot).

The sail of the experiment site was sandy loam. The test
crop groundnut CV.JL-24 was sown during last week of
June and Harvested during last week of October for alithe
three years of experimentation. An uniform fertilizer dose
of 20:40:40 kg NPK/ha was applied at the time of sowing.
Weeding operation was carried out at 25 DAS. The
groundnut planter used in this experiment was a two-row
hand drawn type having cup type seed metering
mechanism. The furrow opener are of shovel type and
row to row spacing was 22 cm. Similarly, the rotary peg
weeder was a ,manually operated push-pull type single
row weeder having the pegs on the rotor. The fork weeder
was a manual puli type weeder having five numbers of
fingers and suitable for upland row crops whereas the
wheel finger was a manual push-pull type single wheel
weeder having five numbers of tyhes which uproot and cut
the weed in upland row crop.

Observations on germination, field capacity of various
equipments, weeding index, damaged plants,

-performance index of weeding equupments and crop yield

were recorded: //
’ J '

Number of seeds germinated out of 100 seeds sown,
Actual rate of coverage of a equipment in a particular time expressed in hathr,

no. of weeds per unit area before weeding
na. of weeds per unit area after weeding
it is a measure of functianal effectiveness of the tool which is directly proportional to

the quality, quantity and inversely proportional to the power requirement (Biswas,

1980).

" Scientist Agranomy, RRTT?.Semiliguda. PO Box-10, Sunabeda-763 002, Koraput, Orissa.
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= axexqlp
Where,

a - Field capacity of a particular tool in ha/hr.

g - 100 - percent crop plants damaged by operating the tool.
e - Weeding index in percent
p - Power requirement of the tooi in Ps,

{Here it was assumed the power fequirement of all the manual weeders as 0.05 Ps))

The data was statistically analysed and the Least
Significant Difference {LSD) was worked out at 5% level
of probability where 'F’ test exhibited significant difference
(Chandel, 1978}

Results and discussion

The germination i.e. 95.3 % was more in case of sowing
with planter because the seeds were dropped at an
optimum depth of 4.23 cm. However, in case of sowing
behind the plough the germinations was 83% as the
seeds were dropped by a person at different depth and not
in an uniform manner depending on the furrow depth
ultimately resulting in lower germination (Table 1).

Table 1 Germination (%) of Groundnut and field capacity

{ha/hr) by different sowing methods

Germination (%) Field capacity (ha/hr)

Year
P, P, P, P,
1994 84 26 0.033 0055
1995 81 94 0.037 0.054
" 1996 84 96 0.038 0.055
Mean 83 853 0.038 0.085
Operational Cost (Rs./ha) P,-106.18 {Sowing batind the plough)
P, - 254.84 {Sowing by planter)

: \.\

Moreover, the groundnut planter had better land coverage
(0.055 ha/hr j compared to sowing behind the plough
(0.038 hahr ). Therefore, during labourer scarcity period
the groundnut planter could be used in this region for
better germination and rapid land coverage.

Similarly, evaluating different weeding equipments, it was
observed that the actual field capacity was highest in case
of wheel finger weeder followed by rotary peg weeder and
fork weeder (Table 2). The field capacity of wheel finger
weeder was found higher due to its design i.e. movement
of a single whee! with five tynes attached. But in case of
manual weeding the field capacity was lowest because of
the cumbersome nature of uprooting weeds by hand.
Weeding index was highest with manual weeding as less
number of weeds were left in the field and among
mechanical weeders the wheel finger weeder was the best
as it moved between rows smoothly than other weeders.
Similarly, least number of plants were damaged through
manual weeding as maximum care was taken during the
operation followed by wheel finger and rotary peg weeder
because of smoothness in operation between the rows.
From the overall performance index (P} it was concluded
that wheel finger weeder was the best with 2304 followed
by rotary peg weeder i.e. 976 Pl. The operational cost
was alsg lowest in case of wheel finger weeder and
highest in case manual weeding.

- Table 2 Relative performance of different weeding implements (av. of 3 years}
) Treatment Fieid capacity Weeding Plants Perfprmance Operational
(hafhr) index (%) damaged (%) index cost (Rs./ha)
g W, - Hand weeding 0003 97.86 278 571 3120
W, - Weeding by Fork weeder " 0008 73.16 7.86 674 2623
\\ W, - Weeding by Rotary Peg weeder . 0.007 7414 | 594 976 2464
‘ “W, - Weeding by WHEEL Finger weeder t 0.015 80.02 4.02 2304 2158

Groundnut seeds yield was significantly affected due to
both the planting and weeding eguipments. The average
seed yield was significantly increased by the use of
groundnut planter over sowing behind the plough in 1994
and 1996, however it was at par during 1995 (Table 3).
This higher seed yield associated with groundnut planter
might be due to better germination, plant growth and

maintenance of optimum plant population compared 1o
sowing behind the plough. Among weeding treatments

- fork weeder recorded significantly lower seed yield (av.

695kgrha) compared to other methods as it damaged
maximum number of plants and allowed more number of
weeds to compele with crop plants. Rotary peg weeder
though recorded higher seed yield than fork weeder, it was



Performance evaluation of planting and weeding equipments for rainy season groundnut

significantly lower than hand weeding and wheel finger
weeder both of which were at par. This was attributed to
less damage tc crop plants and less crop-weed
competition. The interaction effect was found to be non
significant.

It was conciuded that sowing by groundnut planter and
weeding by wheel finger weeder was not only time saving
but also produced higher seed yield, cost effective and
can be used by the farmers of this region.
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Table 3 Effect of planting and weeding equipments on seed yield of groundnut (kg/ha)

1994 1995 1996 Mean
Grand
Treatment
mean
PI PE P1 PZ P| P2 P'l P2
W, - Hand weeding 1195 1324 1342 1348 1218 1354 1252 1342 1297
W, - Weeding by Fork weeder 646 758 688 788 600 690G 644 745 695
W, - Weeding by Rotary Peg weeder 1006 1054 1084 1075 972 950 1021 1026 1024
W, - Weeding by Wheel Finger weeder 1141 1276 1424 1482 1129 1251 1231 1336 1284
Mean L o 997 1103 1134 1173 980 1061 1037 1112 . [
o i
CD (P = 0.05) \ 1y :
: ’ . . ' g P
Main plot (P} o T 082 0.65 051 | 0.62 |
Sub plol (W] T S 108 1.56 1.20 113 !
tnteraction (P x W) . NS NS T NS NS b
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Abstract

The results of a field experiment conducted during
kharif 1999 on performance of groundnut under
different cropping systems with integrated nutrient
management revealed that significantly higher pod
yields were recorded under alleycropping systems
with Daltbergia(1158 kg/ha) and Leucaena {1148 kg/ha)
under sole cropping of groundnut (1002 kg/ha).
Though green leaf manuring and 20 kg N/ha produced
higher vyields independently but conjunctive
application of green leaf manure at 20 kg N/ha
resulted in significantly higher yield (1442 kg/ha) than
application of 40 kg N/ha alone {1128 kg/ha). Both
drymatter production and crop growth rate were
found significantly higher under alleycropping
systems. Much increased values of drymatter and
crop growth rate were recorded at 20 kg N/ha with
green leaf manuring. Alleycropping systems, green
feaf manuring and combined application of green leaf
manuring with 20 kg N/ha resulted in lower diffusive
resistance and better transpiration rate of groundnut
which led to increased stomatal conductance and
promoted the growth of the groundnut.

Key wards: Alleycropping, Dalbergia, Leucaena,

green leaf manuring
Introduction

Groundnut is the principal oilseed crop in India,
predominantly grown in dry lands. However, its
productivity is far below in india compared to world
average. impoverished soils with low efficiency of applied
fertilizers and poor management practices are the
bettlenecks for low productivity of groundnut. Use of green
manures and other organic sources to meet the nutrient
requirement of crop would be an inevitable practice in
years o come for sustainable agriculture in dry lands.
Availability of eco-friendly tree leaves in conjunction with
inorganic fertilizers also have the immense potential of
supplementing a part of nitrogen and other nutrient

through efficient mineralization to the associated crops in
tree based cropping systems {(Subba Reddy et a/., 1991).
However, the integration of groundnut in assaciation with
Datbergia and l.eucaena based cropping systems is not

fully exploited, hence the present study was initiated.

Materials and Methods

A field experiment was conducted at Student's Farm,

- College of Agriculture, Rajendranagar, Hyderabad during

rainy season kbarif of 1999 to study the performance of
rainfed groundnut under different cropping systems to
organic and inarganic sources af nitragen. The experiment
was laid out in a double split plot design with three
replications (Table 1). The site of the experiment was
under 10 years old plantations of Dalbergia and Leucaena
spaced at 4 x 3 m, which were poifarded at an height of 3
m and designated as alley cropping system. Afier
poilarding, the entire area of each plantation was divided
into two equal halves of three alley each and one was
incorporated with respective pollarded foliage (GLM),
whereas the second half was not applied with green leaf
materials (NGLM). An equal open area {without tree) was
selected nearby which was applied with GLM of respective
species and without GLM and designated as sole cropping
systems i.e., SCD and SCL. Simultaneously phosphorus
at recommended dose of 60 kg/ha was applied for better
decomposition of applied tree foliage. The nitrogen
fertilizer was applied as per the treatments through urea
after two weeks of germination for efficient utilization.

- Gypsum at 500 kg/ha was applied with first flower
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appearance for better peg penetration and pod filling. The
50l of the tree area was medium to high in organic carbon
{0.73-0.81 %), medium in available N, P and K {290, 29.1
and 219 kg/ha, respectively) while the open area was low
n organic carbon (0.29 %) and available N (150 kg/ha).
The plot size was 4 m x 6 m. Groundnut crop variety cv.
Vemana (K-134) was sown by hand dibbling in lines at a
spacing of 30 x 10 cm on 10th July, 1899 and harvested
on 28th October, 1999.
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Results and Discussion

Dry matter production {(kg/ha): All the treatments
under study effected the dry matter production of
groundnut significantly (Table 1). DAC recorded
higher dry matter production as compared to LAC
however, both treatments were superior to SCD and
SCL. Much tess dry malier production was found
under sole cropping without green leaf and fertilizer
application. High drymatter under DAC and LAC
could be due to increased leaf area and LAl coupled
with less soil compaction. Dry matter production of
groundnut increased by 36.1 % with green leaf

manuring over without green

leaf manuring.

Improvement of soil physical conditions with better
nutrient status due to green leaf application could be
the reason.

Nitrogen application of 40 kg/ha resulted in much
higher dry matter production compared to N5yq and
Ng. The increased leaf size due to increased N
supply might be potential sousce fof greater
photosynthesis and better growth of groundnut.

In interaction between cropping systems and green
leaf manuring, maximum dry matter production was
recorded under DAC with green leaf manuring
foliowed by LAC.

Table 1 Dry matter production (kg/ha), crop growth rate {g/m?/day) and pod yield {kgfha) of groundnut at different stages as
influenced by cropping systems, green leaf manuring and nitrogen levels
Dry matter production Crop growth rate Pod yield (kg/ha)
Treatment 90 DAS 60-90 DAS
N,y N, Ny Mean N, Nag Neo Mean N, N.q Nio Mean
DAC GLM 2787 4189 4886 39573 200 3.02 364 2.90 998 1515 1380 1298
NGLM 1803 2904 3592 27663 138 267 2.84 223 801 1032 1225 1019
Mean 2300 3547 4236 33628 164 2.89 324 2.66 900 1273 1303 1158
LAC GLM 2510 3697 4396 35343 210 3.12 3.76 3.00 970 1519 1355 1281
NGLM 1754 2673 3367 25980 168 1.64 2.44 2.00 797 1040 1210 1016
Mean 2132 3185 3882 3066.2 1.84 2.53 3.15 2.57 884 1280 1283 1148
8CD GLM 2364 3341 3916 3207.0 201 267 3.35 269 810 1373 1226 1170
NGLM 1510 2481 3165 23643 1.01 1.84 2.67 1.80 601 864 1039 835
Mean 1937 288Q 3541 27867 157 2.21 2.91 220 756 1119 1133 1002
SCL GLM 2320 3141 3895 31197 178 2.45 293 2.32 933 1359 1211 1168
NGLM 1510 2418 3165 23643 100 1.84 267 1.80 601 864 1039 §35
Mean 1915 2780 3530 27425 134 210 285 216 767 1112 1125 1001
Means of N levels 2071 3098 3798 29897 167 2.41 3.00 232 826 1196 1211 1078
Mean of GLM 24978 35920 42733 3454.3 1.93 2.86 3.47 2.97 953 1442 1293 1229
Mean of NGLM 1644.3 26033 33223 25233 1.21 2.15 261 2.00 700 950 1128 926
SEm: (P=C0|.305) SEms (PS(?.OS) SEms (PzCOE.JOS)
Between cropping system (F,) 1443 3530 0.10 0.23 2507 6135 _
Between green leaf manures (F,) - 18.44 4252 06 - 0.14 11.85 28.02 ) s
Between nitrogen levels (F.) ' 3381 6805 0.13 0.28 2711 5508 . I'.
Between F, x F, 3688 7530 012 025 2369 NS R
Between F, x F; 6763 13810 0.27 0.55 54 .21 NS N
Between F, x F, 47.82 NS 0.18 NS 3833 7789
Batween F, xF, x Fy 95 64 NS 0.38 0.78 76.66 NS

DAC = Daibergia alley cropping
LAC = Leucaena alley cropping

SCD = Sole cropping with Dalbergia green leaf manuring
SCL = Sole cropping with Leucaena green leaf manuring
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GLM = Green leaf manuring
NGLM = No green leaf manuring
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Crop growth rate ( Imzlday): Significantly higher crop
growth rate 2.66 gfm</day was observed undet DAC over
SCD and SCL, however, it was comparable with LAC (2.5
glmzlday). CGR was recorded less values for LAl under
control, indicating advantage in ailey cropping resulting
higher dry matter due to improved site conditions (Table
1). Likewise application of green leaf manuring resulted in
significantly higher crop growth rate of over without green
leaf manuring which could be due to higher plant dry
matter resulting from increased mineralization of nutrients
and better nitrogen use efficiency.

Similarly, nitrogen application of 40 kg N/ha produced
CGR of groundnut with an increase of 24 .06 and 90.44 %
over Nyq and Ng respectively. More dry matter with
increased uptake of nutrients could have resulted in higher
CGR at higher doses of nitrogen.

Among the interactions, green leaf manuring with 40 kg
N/ha produced maximum CGR under LAC and DAC,
however, it was comparable with CGR produced at 20 kg
N/ha with green leaf manuring under these alley cropping

systems, indicating the advantage of conjunctive use of

organic and inorganic nitrogen fertilizers coupled with site
improvement under alley cropping systems. Present
findings are in confirmity with Pandey et al. (1998).

Physiological parameters: The physiological parameters
under study (Table 2) were significantly influenced by
cropping systems. Leaf temperature (LT) under DAC and
LAC were significantly higher than SCD and SCL. This
could be due to optimal use of resources in alley cropping
might have resulted in higher photosynthesis activities
and evolving of heat energy in mesophyll of groundnut
leaf. Relative humidity was superior under Dalbergia alley
cropping (45%) as compared toc all other cropping
systems. Lower bulk densily and better aggregate slability
under Dalbergia alley cropping with increased water
retention capacity are the reasons ascribed. However, the
values of diffusive resistance were found less (0.432 and
0.438 S/cm) while transpiration rate was more (32.95 and
32.83 ug/Sfem?) under DAC and LAC respectively as
compared to SCD and SCL. The reason might be due to
normal stomatal opening for better exchange of gases.
Similar findings was observed by Kanchana (1998).

Table 2 Physiological parameters of groundnut at 60 DAS as influenced by cropping systems, green leaf manuring and nitrogen

levels

Treatment LT {°C} RH (%) DR (sfcm} TR (ug/sfcm?)
GLM 34.52 46 0.404 3473
DAC ~J- NGLM . 33.40 43 0.460 31.28
.74 Mean 7N 3396 45 0.432 33.05
GLM 34.26 a4 0414 34.67
LAC ) NGLM 33.25 42 0.463 31.19
¥ Mean ' : 33.76 43 0.438 32.83
! GLM ' 3373 41 ' 0.417 33.26
SCD ; NDLM 32.22 37 0.503 28.45
. Mean 32.97 39 0.460 30.86
“ ST GM 33.92 41 0.417 33.40
SCL ,:': . NGLM , ; 3222 37 0503 2845
', i
' Mean ' 33.07 39 0.460 30.98
Mean of GLM 34.11 43 0.413 34.00
NGLM 3277 40 0.482 29.70
SEMt CD{(P=0.05) SEm: COD(P=0.05) SFm: CD(P=005) SEmz CD(P=0.05)
Between cropping systems (F,) 0.09 0.21 0.18 0.44 0.003 0.008 0.18 0.44
Belween green leaf manures (F,) 0.05 0.12 016 0.37 0.003 0.008 0.16 037
Between nitrogen levels {F,) 0.09 0.19 0.14 0.28 0.006 0.012 0.14 0.28
Between F, x F, 010  0.21 0.32 0.65 0.007 0.014 0.32 NS
Between F, x F, . 019 ¢ NS 0.28 0.57 0012 NS 0.28 NS
Between F, x F, 0.13 0.27 0.20 0.40 0.008 0.017 0.20 NS
Between F, x F, x F; 0.26 NS 0.39 0.80 0.016 0.033 0.39 NS

.
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Green leaf manure application had contributed to maintain
narmal temperature (34.1°C) and relative humidity (43 %)
over withaut green leaf manuring (32°C and 40 %
respectively). Similarly transpiration rate was also found
to be higher under green leaf manure application.
However, the values of diffusive resistance (DR) were
found much less with green leaf manure (0.413 S.’cm‘1)
as compated to without green leaf manure. Better values
of all these parameters with green leaf manuring might be
due to nonmat growth of groundnut with better
photosynthetic activity. The results are in accordance with
the findings of Bheemaiah et af. (1998a and b).

Pod yield {kg/ha): Pod yield of groundnut was influenced
significantly by all the treatments under study, Cropping
systems with values of 1159 kg/ha in DAC, 1149 kg/ha in
LAC found higher than SCD {1002 kg/ha) and SCL. Green
leaf manuring at 5 tonnestha resulted in significantly
higher pod vield of 1229 kg/ha over no green feaf
manuring (926 kg/ha). Nitragen at 20 kg/ha produced pod
yield of 1196 kg/ha, which was on par with 40 kg Nfha
(1210 kgrha) and significantly higher when compared to
0 kg N/ha (926 kg/ha).

‘Application of 20 kg Nfha with GLM produced superior
yield of 1442 kg/ha over Nyq with GLM (1293 kg/ha) and
without GLM (1128 kg/ha). |

N

70

References

Bheemaiah, G., Madhusudhan, T., Subrahmanyam, M. V. R.
and Syed Ismail. 1998a. Effect of green leaf manuring
and nitrogen application on growth and yield of rainfed
castor alley cropping with white popinac (Leucaena
feucocephala). Indian Journal of Agricultural Sciences
68(11): 722-725.

Bheemaiah, G., Subrahmanyam, M.V.R., Syed Ismail, Sri Devi,
S. and Radhika, K. 1998b. Effect of green leaf manura
and fertilizer apphication on growth and yield of summaer
groundnut under different cropping systems. Indian
Journal of Dry land Agricultural Research Division, 13(1)
- 50-52.

Kanchana, SMN. 1998, tEffect of ndrogen and phosphorus
fertilizatian on growth and yield of groundnut intercropped
with Faidherbia albida, under different cropping systems
in dry {ands, M.Sc. (Ag.} Thesis, Acharya N. G. Ranga
Agricultural University, Rajendranagar, Hyderabad.

Pandey, C.B., Pandya, K.5., Singh, G.R. and Sharma, R. B.

- 1988. Effect of Leucaena leucocephafa pruning oa the
' growth ang production of maize (Zea mays) in an zlley
cropping. Range Management and Agroforestry, 19(2)
4179-185, ’

Swbba Reddy, G., Venkateshwarly and Shankar, G.R.M. 1991,
\ Green ieaf manuring as an alternate nitrogen source for
™ castorbean onmarginal soils of India. American Journaf

" of Alternative Agricufture, 6(3) : 132-138.



J. Dilseeds Res., 19(1): 71-72 (2002)

Quality studies of some sesame (Sesamunt :ihdicum L.) seeds : oil, protein

and fatty acids

Santosh Kumar Diwakar;'mdhu Vajpeyi and P.K. Singh

S ‘

Depariment of Agril. Biochemistry and Linseed Research Station, Mauranipur, CSAUA&T, Kanpur-208 002, UP

(Received: Februaryr, 2000; Revised: December, 2001, Accepted: January, 2002)

Abstract

Seeds of eight sesame genotypes namely RY-274,
TKG-21, RS-160, 0S-10, 0S-18, ORM-17, JTS-8 and
TC-25 were studied for some nutritional constituents
viz,, 1000 seed weight, protein content, oil content
fatty acid composition of the oil, ol stability index
and nutritional quality index. TKG-21 was the hest for
most of the quality characters. Oil content was higher
in JTS-8 {56%) and TC-25 (56%). The hest guality oil
was of TKG-21, with 54% oil in its seeds. This
genotype was having the most stable {OSI = 1.199}
and nutritionally best (NQI = 4.99) quality oil besides
having 41.3% protein in its meal,

Key words:  Oil, protein, fatty acids, sesame

Introduction

Sesame {Sesamum indicum L) is perhaps the oldest
oilseed known and used by man (Joshi, 1961 and Weiss,
1971). The orop has a large diversity in cultivars and
cultural systems (Sharma, 1997} Sesame seed is a
valuable nourishing food and is also used as a flavouring
agent. Sesame oil has desirabie fatty acid composition
and excellent stability against oxidative rancidity. Sesame
has been described as the "Queen of Oilseeds” because
of the excellent qualities of the seed, oil and meal (Wealth
of India, 1968). The seed samples of sesame wese taken
from the Advance Varietal Trial of At India Coordinated
Research Project (Sesame). Since these entries were
found promising in respect of other characteristics viz.,
grain yield, resistance to diseases and pests, an aftempt
has been made to assess the biochemical composition in
terms of oil content, cil guality and protein content.

Materials and methods

Eight sesame entries namely RT-274 (white}, TKG-21
(white), RS-160 (white), 0S-10 (black), ORM-17"black),
JTS-8 (white) and TC-25 (white) were sown in randomized
block desigr in three replications during kharif 1999 at the
Experimental Farm of Linseed Research Stafion,

Mauranipur, Jhansi of Chandra Shekhar Azad University
of Agriculture and Technology, Kanpur. After the harvest
of the crop seed samples were collected from all the three
replications. The chemical estimations were done in
triplicate and average of the three values was taken.
Thousand seed weight was recorded.

Oil content in seeds was estimated by Soxhlet extraction
procedure (ADAC,1970). Fatly acid composition of the oil
was done by Gas Liquid Chromatography using DEGS

. column and FID detector. Methy! esters of the oif were

[a

prepared by the method of Luddy et al. (1968). Oil
Stability index (OS1) and Nutritional Quality Index (NQI) of

- the oil were calculated from the fatty acid composition of

the oil as per Carpenter ef al. (1976), Nitrogen contentin
defatted cake (meal} was anaiyzed by Kjeldahl method
{AQAC, 1970}, It was then multiplied by the factor 5.30 to
get protein percentage.

Results and discussion

The variation in the 1000 seed weight amongst sesame
genctypes has been found to be nen-significant. However,
the test weight varied from 2.70 - 3.27 g and the entry RS-
160 recorded highest test weight of 3.27 g (Table-1). A
variation in test weight has alsc been reported (Wealth of
India, 1968). Likewise protein content in defatted meal
varied significantly within the genotypes, the range of
variation being 41.30 - 42.03%. The genotype ORM-17
(42.03%) gave highest protein content (Table-1) A
variation in protein content has been reported (Patil et al,
1994, Rajeswari and Ramaswamy, 1994, Lee and Lee,
1995). Sesame protein constitutes a valuable supplement
to pulse proteins, which contain adequate amount of
lysine put are normally deficient in sulphur containing
amino acids.

A significant variation of 46 to 56% in oil content was
observed (Table-1). Among the genotypes the highest
value exhibited by the entry JTS-8. A wide variation in oil
content in sesame has also been reported by several
workers (Tashiro ef al, 1990; Rajeshwari and
Ramaswamy, 1994; Patil et al., 1994).



Quality studies of some sesame seeds : Oil, protein and fatfy acids

Sesame is nutritionally important as it contains high
lincleic acid, which is an essential fatty acid. The
genotypes under study were found to have high nutritional
value containing high oleic {36-50%) as well as linoleic
{35-42%) acids in oil. The genotypes viz., ORM-17, 08-10
and TKG-21 had high linoleic acid /.e., 40% and above,
TKG-21 was found to be the best in respect of oleic acid
content (50%). High content of oleic and lincleic acids in
sesame oil have also been reported by several workers
(Nagraj, 1991; Muralidharadu, 1994; Lee and Lee, 1995;
Baydor, 1996, Bakhali ef al., 1998).

The data revealad (Table-1} a significant variation (1.003
to 1.99) in Qil Stability Index (OSI). The genotype TKG-21
showed highest O/l ratio. The Nutrifional Quality Index
(NQl} also varied significantly from 1.33 to 4.99, the
highest value being given by the genolype TKG-21.
Hence, the best ol from nutrition point of view was found
to be from the genotype TKG-21. TKG-21 had the best
quality characters. Although, the entries JT5-8 and TC-25
gave highest oil content but the best guality oil was given
by TKG-21. This genolype also yieided most stable and
nutritionally best quality oit than the others. However,
ORM-17 yielded highest protein content in its meal,
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Table 1 Quality characteristics of seed and oil of some sesame genotype

Entries 1000 Profein Qil 03y NQU Fatty acid composition

seed wt content content 18:1/18:2 18:2/8at almiic Stearc ool Cnoleie

[15)) (%Y (%) F.A.

RT-274 3.0 35.12 54 1.199 2.05 11,186 5.98 44 55 3721
TKG-21 32 35.02 54 1.189 4.99 6.21 213 5(0.00 41.64
R&-160 33 35.40 53 1.193 1.69 15.28 595 42 BB 35.90 )
05-10 27 35.54 “~ 46 1.101 - 275 11.47 3.24 44.71 4058
05-18 2.8 . 3526 ~.. 48 1.130 W2.05 - 15.92 265 4321 3822 '
ORM-17 27 3564 ™~ 45 1.047 3.50 9.18 3.06 44.90 42 86
JTS-8 3.0 3523 55 _l}‘ 1.003 133 17.05 10,19 3649 3636
TC-253.3 33 34.81 56 \ 1.066 1.77 i7.54 3.90 40.55 18.01
Mean 2.99 35.25 516 11417 251 12.47 475 43.42 38.85
SEmt NS 0.153 Q.72 G001 0.043 0.845 0.200 14.23 0.782
CO (P=0.05) - .398 1.54 0.003 0.052 1.812 0.428 265 1.675

Note - G8t = Oil Stability Index, NQI = Nutritional Guality index
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Abstract

An investigation was carried out at Jabalpur (Madhya
Pradesh} to determine the integrated nutrient
management in sesame cv. TKG-22 during kharif

season of 1999 and 2000. Application of 50% N -

through urea + 50% N through FYM + 50% P and 100%
K through fertilizers + Phosphorus Solubulizing
Bacteria (PSB) @ 500 g/ha produced the highest seed
yields mainly due to superiority in growth parameters
(plant height, branches/plant) and yield attributing
characters (capsules/plant, test weight of seeds and
seed yield/plant}. It also fetched the highest monetary
returns with maximum benefit : cost ratio.

Key words:  Farm yard manure, compost, biofertilizer,

net monetary returns, sesame
Introduction

Sesame {Sesamum indicurn L) Is mostly grown on
marginat and submarginal lands of Madhya Pradesh with
very low productivity (247 kg/ha). Integrated use of
organic manures, inorganic fertilizers and biofertilizers
proved quite promising for sustainable high productivity
by improving soil physical conditions (Subba Rao, 1994).
Available infarmation o this subject is scanty for the agro-
climatic area of the Kymore Plateau Zaone of Madhya
Pradesh. Present investigation has been undertaken to
find out the suitable integrated nutrient management for
increased and sustainable productivity of sesame in this
Tegion.

Material and methods

Field experiments were conducted on sesame cv. TKG-22
at the research farm of J.N.Krishi VishwaVidyalaya,
Jabalpur during kharif season of 1999 and 2000. The soils
of experimental field was clay loam, neutral in reactiar
{pH) and low in organic carbon (0.19), available N {220
kg/ha), available P,0, (7.85 kg/ha), available suiphur (6.8
ka/ha) and high in available K,O (345 kg/ha). The rainfall
was 1740 and 1059 mm during the crop season in the
two consecutive years. Twelve trealments consisted with
controf were tested in randomised black design with three
replications (Table-1). The Compost and FYM were

.

TN

#

applied at the time of final seed bed preparation as per
treatments. Azotobactor and Azospirifium were applied
through seed inoculation whereas, Phosphorus
Solubulizing Bacteria (PSE} was applied (500 g/ha) at the
time of sowing. Sowing was done in rows 30 cm apart on
July 15", 1999 and July 6%, 2000. The data on yield
attributes and seed yield were recorded at harvest and
finally economics of the freatments was warked out.

Results and discussion

Two years data and pooled mean indicated that seed yield
significantly varied due ta different treatment (Table 2).
All treated plots gave significantly higher seed yields than
confrol mainly due to significant superiority in growth
parameters viz., plant height and branches/plant and yield
attributes viz., capsules/plant, seed yield/plant and test
weight of seeds (Table-1). Among various integrated
;nutrient management practices, 50% N through urea +

.. 50% N through FYM + 50% P and 100% K through
__ fertilizers + PSB (T,) produced the highest seed yields

~among all the treatments.

Integrated use of 50% N

” through urea + 50% N through compost or FYM along
- with recommended P and K fertilizers (T3 and T4) gave

" PSB.

almost comparable seed yields to 100% NPK through
fertilizers {T2). Thus, 50% of recommended N through
fertilizers could be substituted through FYM or compost
without sacrificing the seed yield of sesame. Integration
of Azospirillum or Azotabactor inoculants with 50% N and
100% P, K fertilizers (T, and T,) significantly gave lesser
seed yields than T, (100% NPK). The seed yields were at
par between T, and T, when 50% and 100%
recommended P was curtailed with the inoculation of
It indicated the beneficial effect of PSB in P
deficient soils {Arunachalam and Venkatesan, 1984).
Inaculation of two or three biofertilizers with 50% each of

- N,P and 100% K fertilizers under T, T, and T, produced

the seed yields equivalent to those obtained with T, (100%
NPK). Thus, nearly 50% N and P could be derived with
the inoculation of effective biofertilizers. Similar beneficial
effect of biofentilizers in sesame have been reported by
Mondal et af., (1992), Balasubramanian and Palaniappan
(1994) and Reddy and Sudhakarababu, (1996).
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Integrated nutrient management in sesame (Sesamurm indicum L.) for kymore plaleau zone of Madhya Pradesh

Table 1 Growth parameters and yield attributing characters as influenced by integrated nutrient management in sesame

Plant Height at Number of Number of T .
estwl Seed yieid/plant
Treatment Harvesi (em} pranches/plant capsuiles/pant (@ yieidiplani(g)
1999 2000 Wean 1998 2000 Mean 189% 2000 Mean 1999 2000 Mean 1998 2000 Mean
Contro! {No nutrient application) B 108 846 288 7240 263 3 45 395 25 28 27 40 50 4.5
100% NPK (60:40:20 kg/ha) B89 121 1050 246 308 326 52 49 505 2B 31 2.9 47 5.8 52
50% N*+50%N Through FYM+PEK 88 129 108.5 366 300 333 45 58 515 26 31 28 4.8 8.6 &7
recomended
50% N*+50%N Through cormpost+P&K B89 420 1040 350 300 330 50 5 5.5 286 34 28 45 55 51
recommended
50% N*+ Azolobactor +P&K recommended 86 127 1035 366 273 319 46 55 505 286 KN 2.8 47 5.5 5.1
50% N+ Azotobactor+ P&K recommended 87 125 1060 353 286 309 45 58 5815 28 KE¢] 2.8 47 5.5 51
100% N*+PSB+50% P and 100% K 86 123 1045 340 3533 340 47 g 585 26 3.1 28 49 59 54
recommended
50% N*+ Na P and 100% K recommended 88 129 {075 3.33 353 343 52 61 56.5 286 31 2.8 4.7 5.8 53
50%N*+50% N through FYM+PSB+60%, P 0] 136 1130 366 360 363 54 73 B35 27 3.2 2.9 5.3 6.1 57
ang K recommended
50%N*+ Azospirilium+ Azotobactor 85 122 1035 326 308 316 44 66 550 26 3t 28 47 58 53
+PEB+50% P & K recammended
SN Azotobactor +P5B+50% P and 400% 82 118 A005 34D BIAT OIW & 52 15 2% A 28 47 LR 53
K recommendad
50%N"+ Azospirifum+ Azotodactor 85 124 1045 343 30 6324 37 54 505 28 31 28 48 5.8 53
+PSB+50% P & K recommended
SEmz 37 6.1 0.26 022 36 48 015 0.07 002 023
CD(P=0.05) NS NS 075 084 106 136 044 019 NS 067
* N through urea
Table 2 Seed yield and economic returns of sesame as affected by integrated nutrient management
Seed :yie'd (kgiha) Net Return (Rs/ha) l B:C ralio
T, Puoiled
reatment —_—
1998 2000 ean 1999 2000 Meani 1999 2000 Mean
Control {No nuirient application) 305 520 412 1850 6150 4000 143 244 193
100% NPK (80:40:20 kg/ha) 891 1297 1064 12150 20270 16210 314 4,57 3.85
50% N*+50%N Through FYM+P&K recommended 942 1487 1214 12850 23750 18300 3.14 4.95 405
50% N*+50%N Through compost+P&K recommended 1047 1340 1183 14930 20790 17860 3.48 445  3.96
50% N+ Aratobactor +P&K recommendad {802 1133 867 10530 17150 13840 2.91 411 3.51
50% N*+ Azptobactory P&K recommended ; 813 1170 291 10750 17800 14320 295 4.24 3.59
i
100% N*+PSB+50% P and 100% K recommended { 967 1370 1168 13570 21630 17600 3.35 474 4.04
100% N*+PSB+No P and 100% K recommended l 911 1293 1402 12960 20600 16780 3.48 4.91 418
S0%N*+50% N through FYM+PSB+50% P and K recommended 1071 1560 1315 15510 25290 20400 3.62 527 444
S50%N"+ Azospirifum+ Azotobactor+PSB+50% P & K recommended Bi2 1213 1012 10880 18900 14890 3.03 4.52 377
50%N"+ Azotobactor +PSB+50% P and 100% K recommended 725 1217 a71 9160 19000 14080 271 4.55 3.63
50%N*+ Azospintium +PSB+50% P&K 746 1287 1046 9580 20400 148980 279 4.82 3.80
SEmz# 39 36 50
CO{P=0.05) 120 104 155

* N through urea, Sale price of sesame R3.20/kg
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Treatment T, (50% N through urea + 50% N through
FYM} fetched the highest net monetary return (Rs.20,400)
and profitability (4.4) on the basis of pooled data of both
years. Other freatments like T,, T,, T, and T, also proved
superior to T, {100% NPK) in this regard. Reduction in
cost of cultivation without sacrificing in the seed yields
with the integration of bictertilizers resulted in better
economic refurns to that of T, (100% NPK).
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Abstract

Response of rainfed safflower ¢v. Bhima to different
level and sources of sulphur was investigated during
1996-97. Applied sulphur significantly increased the
seed and oil yield of safflower over control . Among
" the levels , sulphur application at 45 kg/ha, produced
significantly higher seed yield than that of 15 kg/ha.
Sulphur application through ammonium sulphate,
recorded significantly higher seed yield as compared
to other sources viz.,, single super phosphate,
elemental sulphur and gypsum . Applied sulphur
brought significant improvement in the heat soluble
sulphur content of the soil.

Key words:  Suiphur, seed and off yield, safflower,

rainfed
Introduction

Safflower (Carthamus #nctonius L) an imporiant rabi
oilseed crop is grown on either conserved of residual soil

moisture. For centuries, it has been under cultivation in -

India either for its orange red dye (Carthamin) extracted
from its colored florets and its much valued oil. Besides
its adaptability to dryland condition, safflower produces oil
rich in polyunsaturated falty acids (linoleic acid 78%)
which play an important role in reducing the cholesteral
level in the human bload. Safflower yield is improved but
has not reached the potentiality. Fertilizer is one of the
important inputs for increasing safflower yield (Sharma,
1993; Mane and Jadav 1994). Global reports of sulphur
deficiency and consequent crop response particularly in
oilseeds led to find out the effect of different levels and
sources of Sulphur application to rainfed safflower grown
particuiarly in salt affected area of Bhal and Ceastal Zone
of Gujarat.

Materials and methods

A field expernment was faid out in factorial randomised
block design with three replications at Regional Research
Station, Guijarat Agricultural University, Arnej during
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winter season of 1996-57 to 1998-99 to find out the effect
of sources and levels of sulphur on seed and oil yield of
safflower grown an conserved soil moisture.

The treatments consisted of three levels of Sulphur (15,
30 and 45 kg/ha) and four sources viz, Ammonium -
Sulphate (24% 5), Single Super Phosphate (12% 8),
Elemental Sulphur (commercial grade 86% S) as well as
Gypsum {15% S) and the control. In all 13 treatments
were tried and statistical analysis was carried out as per
factorial concept using control v/s rest technique.

The soif was clay in fexture with 220 kg/ha available
nitrogen, 21 kg/ha available P,O,, 775 kg/ha available
K,O and 11 ppm Heat Soluble Sulphur. The soil was .
alkaline in reaction with EC 0.31 ds/m and pH 8.49. The .-
rains received during monsoon 1998, 1997 and 1998
amounted 563, 995 and 768 mm distributed in 37, 44 and -
36 rainy days respectively.

Results and discussion

Application of Sulphur to Safflower brought significant
increase in seed and oii yield in second and third year of
the study as well as on pooled basis. Among the sources
of sulphur, ammonium sulphur remarkably increased the
seed and oil vield over the other sources in all the years
of the experimentation (Table 1). In pooled data of three
years, ammonium sulphate was found significantly
superior source in respect of seed and oil yield
improvement. This might be due o water soluble and
readily ayailable sulphate from ammonium sulphate. The
other sources of sulphur viz, single super phosphate,
elemental sulphur and gypsum remained at par in their
effect on production of seed and oil yield of safflower
during individual years as well as on pooled basis.

The data presented in table 2 indicated significant
improvement in oil content of seeds due to sulphur
application over control in 1997 and 1998 as well on
pocled basis. Singh and Sahu (1986) also recorded
increased oil content in oilsead by increased S-application
as a result of glycosides which on hydrolysis increased oil
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content, However, none of the sources of sulphur showed
significant effect on oit content in safflower,

Determination of sulphur status of soil in terms of heat
soluble sulphur, applied sulphur brought significant
improvement over no suiphur application. None of the
sources of sulphur application showed its superiority
(Table 2).

Sulphur levels: Sulphur applied at 45 kg/ha significantly
increased the seed yield over the lower levels during .

second and thitd year of the study. In the pooled data,
sulphur application at 45 and 30 kg/ha found equally

effective in increasing seed yield but produced higher *-

seed yield than that of 15 kg/ha. These findings are in
agreement with Kar and Babulkas (1999). Sulphur
application at 45 kg/ha recorded significantly the highest

yield over the lower levels during second and third year of

the study as well as on pooled basis.

Different levels of sulphur, did not bring significant change
in oif content of safflower seeds (Table 2). Higher leve! of
sulphur significantly improved the heat soluble sulphur
content of soil over the lower fevels in 1996. In second
year, the higher and middle level remained at par but
significantly improved the heat soluble sulphur status of
soil over the lower level. Similar trend was observed in
pooted data.

Economics: Among different levels, 45 kg S/ha showed
the highest additional profit of Rs. 4485/ha with net ICBR
vatue of 1:14.42 (Table 3). On the other hand the highest

value of net ICBR (1:26.26) was obtained with the lower
tevet of sulphur i.e 15 kg Stha.

Among the various sources, Ammonium sulphate secured
the highest additional net profit (Rs. 5214/ha) whereas
Gypsum showed the highest value of net ICBR (1:45.67).

It is therefore concluded that sulphur application had a
marked effect on seed yield of safflower. Among the
levels, 45 kgfha recorded the highest sevd yield but
remained at par with 30 kg/ha in pooled resuits. Among
the various sources, Ammonium Sulphate recorded
significantly highest seed yield and additional net profit.
Gypsum realised maximum return per rupee invested
being a low cost input.
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Tabie 1 Effect of levels and sources of sulphur on seed oil yield of safflower

Seed yieid (kg/ha) Cil yield {kg/ha)
Treatment 1996 1997 1998 Pooled 1997 1998 Pooled
Control vs. Sulphur :
Control 1338 508 753 896 161 203 182
Suiphur _ 1631 986 1116 1244 269 310 290
F-test = NS Sig. - Sig. Sig. Sig. Sig. Sig.
Sulphur level (kg/ha) {L}
15 i ‘ 1528 .- 903 - 1027 1153 . 246 284 265
30 ‘ 1667 986 1092 1248 269 303 286
45 1698 1068 1230 1332 293 342 317
SEm+ 86 . 25 24 31 7 7 5
CD (P=0.05) - NS 74 72 87 18 20 13
Sources of sulphur (8) |
AS 1784 .« 1137 1269 1397 313 354 333
SSP e 1561 C934 1087 1193 255 302 278
ES IAT 1884 =~ 948 1053 1194 258 291 275
Gypsum b 1594 929 1056 1193 252 292 272
SEmz A 99 29 28 35 8 8 5
CD (P=0.05) - B NS 85 83 101 22 23 15
L x S interaction NS NS NS NS NS NS NS
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Table 2 Effect of levels and sources of sulphur on oil content of safflower and heat soluble sulphur content

(ppm)
Seed yield (kgfha) Qil yield tkg/ha

Treatment 1996 1557 Pooled oo 19(9:;.!L : Pooled
Cantrol vs. Suiphur
Control - " 26.92 26,98 26.85 7.48 5.47 747
Sulphur 27.33 . 2774 - 27.54 " 1368 015 . 1191
F-test ' Sig. - Sig. . . Sig. Sig. Sig. Sig.
Sulphur level (kg/ha) (L) 4 ‘ '
15 2730 2767 2748 1110 758 . 934
30 27.27 27.75 27.51 13,33 1156 12.44
45 ©27.41 2779 - 27.60 16.61 11.30 13.96
SEm+ 0.08 0.10 D.06 _ .91 - 097 0.65
CD (P=0.05) A ©ONS NS 7 NS 266 . 284 189
Sources of sulphur (S) _ : : ‘
AS ‘ 27.31 27 .86 - 2768 14 .26 11.25 12.75
SSP 27.38 2775 - 27,56 13.63 8.38 11.00
ES - ' 27.24 27.68 27.46 13.92 11.79 12.86
Gypsum - . 27.17 27.66 \ 27 .41 12.90 9.17 11.03
SEmzt - e (.09 g1z * o7 ¢ 105 112 Q77
CD (P=0.05) ' NS NS NS NS : NS NS
L x S interaction NS NS NS ' NS NS NS

Table 3 Economics of different sources and levels of suliphur

Treatment Seed yield  Addl. yield Addl. Add!. cost  Addl. profit ICBR
(ko/ha) {kgiha) zrécsoﬁrg (Rstha) (Rs/ha) Groes Net
Control 896 - L - ) - - - -
Sulphur levels (kg/ha) ST
15 1153 - . 257 - 2827 C 10369 0 2723.31 1:27.26 1.26.26
30 1248 . 352 _ 3872 207.38 ' 3664.62 1:18.67 1:17 .67
45 1332 T 436 4796 31107 448493 11542 1:14 .42
Sources of suiphur
AS 1357 501 5511 29712 5213.83 1:18.55 1:17.55
sSSP 1133 297 3267 180.00 ~ 3087.00 1:18.15 114715
ES 1194 298 3278 28240 299580 1:11.61 1:10.61
Gypsum 1193 297 3267 — 70.00 3197.00 1:46.67 1:.45.67
Price of produce : Safflower seed Rs. 11.00/kg ‘
Cost of sources AS {(Ammonium sulphate) Rs. 4 .06/kg
85P {Single super phosphate) Rs. 3.08/kg
ES (Elemental sulphur) Rs. 8.00/kg
Gypsum B Rs. 0.35/kg
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Abstract

The investigations were carried out on Alfisols of
Semiliguda {Orissa), Haplustalf at Kanke {Jharkhand)
and Vertisols of lgatpuri (Maharashtra} and
Chhindwara (MP) to study the response of niger to
inorganic fertilizers with farm yard manure (FYM) and
biofertilizers during 1998-99 and 1999-2000. Results
revealed that application of 100% recommended N
through wurea integrated with PSB inoculation
recorded maximum seed yield at all locations except
at Chhindwara where application of 50% N through
urea + 50% N through FYM gave the highest yield.
Former treatment proved to be more remunerative
than others at all locations.

Key words:  Farm yard manure, Inorganic fertilizers,

Biofertilizers, Niger
Introduction

Niger is an imporiant oilseed crop cullivated mainly in
tribal areas of Madhya Pradesh, Orissa, Maharashtra,
Bihar and Andhra Pradesh. It is mostly grown in hill tops,
stopes and in marginal, submarginal lands with negligible
input leading to very low productivity (Sharma, 1993).
Nutrient stress is one of the most important factors for its
low productivity, because several workers have reported
the positive response of this crop to fertilizers (Mamatha
ef al., 1994), organic manure (Ram et a/,, 1892} and even
to biofertilizers (Haldar et al., 1997 and Hegde, 1998).
Hence, a multifocation investigation was undertaken in
different soil types of the country to see the influence of
inorganic fertitizer with the integrated use of FYM and
biofertilizers on the performance of niger under rainfed
conditions.

Materials and methods

A multifocation study was undertaken under Ali india
Coordinated Niger improvement Project at four locations
in different soil types viz; Alfisol at Semiliguda (Orissa),
Haplustalfs at Kanke (Bihar), Vertiscl at Igatpuri
(Maharashtra) and Chhindwara (Madhya Pradesh). The
experiment was conducted during kharif season for two
years {1998-99 and 1999-2000) at Semiliguda, Kanke,
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(gatpuri and oaty one year (1999-2000) at Chhindwara.
The characteristics of soils for different locations are give
in Table 1. Twelve treatments comprising of control {no
fettilizer), recommended dose of N,P, Kthrough fertilizers
and combination of recommended 50 or 100% N through
urea + FYM, seed treatment with Azotobactor, Asopiriflum
and soil application with phosphorus solubilizing bacteria
{PSB) were tested in a randomised block design with
three replications. The recommended dose of P and K
fertilizers was applied to all plots on the basis of
reconmendead doses of N. The varieties used were GA-10
at Semiliguda, IGP-76 at Igatpuri, Birsa Niger-1 at Kanke
and CHH-5 at Chhindwara. Economics were warked out
over Z-year yield data except one year data of
Chhindwara.

Table 1 Characterisation of experimental site

Location

Characterisation Chhindwara  Kanke  Semiliguda  Igatpud

(MP} (Bihar) {Orissa) {MS)
Sail taxonomy Hapiustalf  Haplustalf  Haplustalf  Hapiustaif
Soil texture Sandy clay Sandy clay Sandy loamto Sandy

loam siit clay loam leam
pH 74 6.3 52 58
Organic C (%) 0.60 0.48 . 025 g0.22
EC. (Ds/m) 0.26 0.43 0.20 0.20
Availabla N {kg/ha) 240 104.0 L2130 120
Avaitabie P (kg/iha} 7.0 22.8 8.0 8.0
Available K (kg/ha) 422 306 208 2i0

Results and discussion

Seed yields: Seed yields of niger significantly varied due
to different treatments at all the locations {Table 2). Seed
yields were maximum with 100% recommended nitrogen
through urea + soil application of PSB(T;) on Alfisol of
Semiliguda {468 kg/ha), Haplustalf at Kanke (499 kg/ha),
and Vertisol of Igatpuri (423 kg/ha) which were at par to
100% recommended NPK (T,} at all the locations.
Application of 50% N through urea +50% N through FYM
{Te) or inoculation of seeds with Azospirifium (T,)
Azotobactor (T;) also proved equally good to it at
Semiliguda. All treatments receiving 100% N through urea
alone ot in combination with other biofertilizers or FYM
were also comparable to it for seed yields at Kanke and
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lgatpuri . But an Vertisof at Chhindwara, the highest seed
yield (546 kg/ha) was noted under recommended 50% N
through Urea+50% N through FYM (T} and closely
followed by 100% recommended N through Urea+Soil
application of PSB {T,} 532 kg/ha and 100% NPK through
fertilizer (7,) 498 kg/ha. Treatments receiving phosphoriis
solubilizing bacteria {PSB) increased the availability of
phasphorus in the soils which resulted in increased seed
yields almost at all the locations. Similar results were also
reported by Tomar ef al. (1398) and Dubey (1997).
Appiication of 100% recommended NPK (T,) gave almost
similar seed vyield to those obtained with 50%
recommended N through urea+seed inoculation of
Azospinflum or Azotobactor (7, or T,) at all the locations.
These results indicated the beneficial effects of bacterial
inoculation and confirmed the views of Haldar et al.
(1997).But supplementation of PSB with seed inoculations
over T, and T; under T,; and T,, resulted in declining
trend of seed yields at all the locations except at
Chhindwara.

Heavy fertilization as 100% N through urea+ 50% N
through FYM (T;) did not show remarkable increase in
seed yield over 100% recommended NPK (T,; at all
locations and even a significant reduction was noted at
Semiliguda. Excessive N supplied to crop under T,
resulted in less seed yield due to poor seed ssetting.

Economics: Maximum net returns of Rs 3592/, 4413/,
40724 and 5910/- per hectare and higher benefit; cost
ratios of 276, 2.12, 2.78 and 3.68 were recorded at
Semiliguda, Kanke, lgatpuri and Chhindwara centres,
respectively. The net profit varied among the locations for
each treatment because of differences in seed yields and
value of produce at different locations. The order of

[}

treatments was almost similar for seed yields at different

locations the rang of profit was minimum under each-
treatment of Semitiguda because of lesser market value

of produce . On the contrary , the rang of profit for each

treatment was maximum net return and benefit: cost ratio

was recorded under 100% recommended dose of nitrogen

through urea along with soil application of phospheorus

solubilizing bacteria (PSB) at all the focations.
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Abstract

Adaptability analysis for seed yield and other seven
yield components was studied for twelve genotypes
of Niger, Guizotia abyssinicas Cass over six
environments. Significant differences were observed
for genotypes and environmeni, suggesting
presence of substantial variability among the
genotypes and environments studied. Genotype x
environment interaction was observed for all
characters studied. However, the linear components
has contributed major share. The genotypes viz; IGP-
76 and 1GPN-28 were found responsive and stable for
seed yield, days to fiower, days 1o maturity and
branches/plant. The correlation among stability
parameters indicated that they appeared to be under
the control of different gene or genes in combination
in Niger.

Key words:  Stability, G x E interaction, niger

Introduction

The Niger (Guizotia abyssinica Cass), minor oilseed crop
of india is gaining importance in Indian oilseeds scenario
due to its export value. During 1995-G6 Niger was
exported to the extent of 9300 MT with a vaiue of Rs.
21.35 creres (Shrivastava, 19993 The varietal adaptability
to the environmental fluctuations is important for
stabilization of crop productien, both over locations and
seasons. Thus, stability reflects the suitability of a variety
for general culfivation over wide range of environments. In
the evolutionary terms, the breeders’ objective is to
produce populations / varieties that are better adapted in
a given environment (Simmaonds, 1962). Therefore, efforts
are required to increase production and productivity of
Niger crop acrass the diverse environments by providing
seed of suitable varieties.

Materials and methods

The experimental material comprised of twelve genotypes
of Niger. They were evaluated in randomised block design
with three replications over three locations in Maharastra
and three micro-environments at Igatpuri. Three sowing
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dates at an interval of one month with first sowing in July
constituted the micro-environments. Thus, their
performance was studied over six environments under
rainfed condition during Kharf 1998-98. Each plot
consisted of six rows of 5 m length at 30 cm apart.
Recommended package of practices were followed to
raise healthy crop. The data on yield parameters and cil
content were recorded and subjected to stability analysis
as per Eberhart and Russel {1968).

Results and discussion

The highly significant differences of variances due to
genctypes and environments indicated the presence of
substantial genetic variability {Table 1). The maan square
due to environment + (G x E) was highly significant for all
characters. The highly significant mean square due te
environment linear indicated difference between
environments and their considerable influence on all
characters, Baoth linear and nonlinear components of G x
E interaction were significant for all traits. Howsver, linear
component was higher in magnitude suggesting the
differential yield potential of genotypes in different
environments and feasibility of stable performing varieties
ofNiger across the envirenments. Preponderance oflinear
G x E interaction was in general agreement with those of
earlier workers Verulkar and Upadhyay (1989), Upadhyay
(1993), Kumar et al,, {1993) and Patii and Purkar (2000),
However, Upadhyay (1993) have reported importance of
nonlinear G x E interaction for days to flower and
maturity, On the contrary Kumar ef &/, (1983 and 1994)
have reported significant role of nonadditive component of
G x E’interaction for days to flower. Similarity Joshi and
Patil {1982) have reported significant nonadditive
component of G x E interaction for seed yield. The
significant pooled deviation was observed for all
characters except branches/plant and capsules/pant.

All the parameters of stability for ali characters studied are
presented in Table 2. Qut of 12 genotypes studied, eight
genotypes were significant for regression coefficient and
two were significant for deviation fram regression for seed
yield, suggesting the preponderance oflinear components
of G x E interaction; indicating that the prediction can be
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possible over environments. Genotypes IGP - 76, IGPN -
9510 AND IGPN - 9628 were found responsive and better
adapted (average stability) across the environments.
However, the genotypesi.e., IGPN-8629, Phule-4 and Un-
4 were observed specifically adapted {o rich epvironment
{below average stability). Whereas, the genotypes GA -
10 and IGPN - 9605 were specifically adapted to poor
environment (above average stability).

Stability parameters for plant height suggested that nine
genotypes showed affinity with linear component of GXE
interaction, indicating predominant role of additive

Table 1 ANOVA for stability in Niger

component in the inheritance of this trait, as was

also reperted by Verulk: © and Upadhyay (1989},

Upadhyay (1993) and Kumar et a/., (1993, 1994 and

1898). Therefore the genotypes 1IGP - 76 and IGPN -

9628 were most responsive and better adaptedto all .
environments (average stability}. While the

genotypes Phule - 4 and IGPN - 9605 were
responsive and adapted to favourable environment

(below average stability). Whereas, the genotype

IGPN-8611 was found adapted to unfavourable .
environment (above average stability).

Mean sum of square
Seurce df Seedyield Plantheight Daysto Daysto Branches/ Capsule/ Seeds/  Oil
{g/ha) {em) flower maturity plant plant Capsule content (%)

Genotypes 11 o1.72* 169.79** 177.96* 157.76* 006.00" 0179.45** 0190.50" 026.75"
Environments © 05 ‘ 15.65*" 022.84* 870.46** 2134.00* 023.83** 1310.11** 0288.42** 084.39*
Genotype x Environment 55 00.36" 032.73" 018.16*  0020.21*~ 000.42* 0C11.97* 001585 007.31*
Environment + (G x £} &0 01.63* 72715 08g.18™ 0196.36" 00236 0120.15**00038.66** 013.73"
Environment finear . ) i 01 :' 78.25" 418,28 00043 0106,70"* 118.19* 6550.00 144212* 4219~
G x E linear g / 1 ---:; 01.14* 033.09* 054.21* 0042.32** 000.90 0O17.17* 0050.44** 029.28*
Paoled deviation 4 ' 0015 02g.92* 00838 0013.45** 000.27 0009.78 0O006.72* 0O1.67*
Pocled error 132 00.03 009.26 000.91 0001.49 00012 0004.47 000258 000.29

" Significant at 5 % and 1 % level respectively.

With regards to days to flower eight and four genotypes
were significant for linear and nonlinear component
respectively, as was also reported by Verulkar and
Upadhyay (1989). However, Kumar of a/, (1993, 1994
and 11998) have reported importance of nonlinear
component of G x E interacticn for this trait. The
genotypes viz., IGPN - 9628, iGPN - 9610 and IGP - 76
were found most responsive and better adapted across
the environment (average stability). While the genctypes
viz., IGPN - 9628, Phule - 4 and UN-4 were found
responsive and adapted to rich environment (below
average stability).

With regards to days to maturity, nine and five genotypes
were significant for linear and nonlinear component
respectively, suggesting predominance of linear
compenent of G x E interaction Verulkar and Upadhyay
(1989) and Kumar st al., (1993. 1994 and 1998), Hegde
et a/.. (1999 a, b and 2000} and Patil et a/, (2000) also
reported the simitar results. However, Upadhyay (1993)
has reported predominance of nonlinear component of G
% E interaction. Considering the individual parameters of
stability, it revealed that the genotypes viz., IGPN - 9628,
IGPN - 9810 and IGP - 76 were found most responsive
ang adaptable to all environments {average stability).
Whereas, the genotypes viz, IGPN - 8629, Phule-4 and
IGPN - 9811 were found respensive and specifically

adapted to favourable environment (below average
stability). The genotype DHL-1 was found specifically
adapted to unfavourable environments (above average
stability).

For branches/plant, capsulesiplant and seeds/capsule,
nine and four were significant for linear and nonlinear
companent of G x E interaction respectively. This
indicated the major role of additive gene action in the
inheritance of these component traits. Verulkar and
Upadhyay (1989) and Upadhyay {1993} have also
reporied {he same type of resuffs. Considering the
individual parameter of stability, it was evident that the
genotypes i.e, 1GP - 76 and IGPN - 9628 were most
responsive and adaptable to all environments (average
stability) for these component traits. The genotype GA -
10 was found responsive and adapted to rich environment
far branches/plant, while it was responsive and adapted to
poor environment for seeds/capsule. The genotype IGPN -
8629 was found responsive and stable for rich
environment for all these component traits. The genotype
UN - 4 was found responsive and stable under poor
envirenmenta) condition for branches/plant,

Nine genotypes for linear component and three genotypes
for nonlinear component were significant for oil per cent
suggesting preponderance of linear component of G x E
interaction for oil content. This indicated that the
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prediction can be possible across the envirenment. Thus,
these results are in line with Upadhyay (1993}, Kumar et
al, (1993, 1984 and 1988), Patil and Purkar {2000) and
Patii et al, (2000) On examination of individual
parameters of stability, it revealed that the genotypes
IGPN - 9628 and IGP - 76 were most responsive and
stable (average stability); whereas, k the genotypes
Phule-4, IGPN-9811 and GA-10 were found responsive
and stable (below average stability) under rich
environment conditions.

Simple correlation coefficient among alf three parameters
of stabitity for all characters was calculated and presented
in Table 2. Significant positive correlation between mean
performance and regression coefficient was observed for
all characters except days to maturity and branches/plant
. suggesting that the genotypes with high mean value for
these traits were in general responsive to favourable
environment . The mean performance was significantly

Table 2 Estimates of different stability parameters in Niger

and negatively carrelated with regression coefficient for
days to maturity, indicating that the early maturing
genotypes were responsive to favourable environment,
Non-significant correlation of regression coefficient with
deviation from regression for all characters were indicative
of the fact that the nonlinear component of G x E
interaction of a genotype was independent of its linear
response. Accordingly, stability parameters appeared to

be governed by different gene or genes in combination in
Niger.

it is concluded that the Niger genotypes IGP-76 and
IGPN-9628 were most responsive and stable for all
characters across the environments while, IGPN-9610 for
seed yield, days to flower days to maturity and
branches/plant. Thus, these genotypes can be utilized as

parents in breeding programme for converging the
stability character.

Seed yield (q/ha} Plant height {cm) Days to flower Days to maturity
Genotype
X bi Sdi X bi s4di X bi s2di X bi S
IGPN-9628 29 09y 028 896 103 279 589 , 0% 028 955 098 0.14
IGPN-9629 18 118+ 001 912 097" 1017 645 \104* 047 1012 102 022
Phule-4 15 107" 009 893 105 494 610 130~ 063 977 117 0.39
UN-4 18 118+ 00 967 085 485 S7.3 145~ 047 942 123 0.34
IGPN-8611 18 128" 006 909 088 193 645 099 0% 1012 1.04 0.33
IGPN-9610 22 102 007 926 088 656 640 094 i\ 017 1013 098 0.28
DHL-1 :'2.0 143 014 865 111" 1814 668 069 =“--\-10_11‘ 1042 084 1.22¢
NO-71 1.1 040 122 925 105* 2705 639 049 2380 1003 057 342
GA-10 14 082 003 951 107 1845 695 0¥3 1102* 1053 090 177+ -
IGP-76 17 03 002 1010 080" 192 725 097 046 1084 089" 0.35
IGPN-9605 18 085 011 809 103 728 537 081 023 911 087 1.04*
' 1GPN-9612 08 076 008 857 144 1985 571 159  o75  lgas  13g+ 204 |
Mean .7 1.01 100 1.00 62.81 100 993.6 1.00 '
SEmz ‘ R st
Correlations \‘ ‘ ‘ ;A‘
X . 07 018 - ™ 088 028 - 08¢ 05 -  08° 070 -
by - - -0.20 | - ' - -0.19 - - -0.40 . - 0.62 |

*™ Significant at 5%, and 1% level respectively.
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Table 2 contd....

Branches/plant Capsulesiplant Seeds/capsule OH content
Genotype
X bi S4di X bi S X b S4i X bi S
IGPN-9628 653 095 001 35 101 008 276 098 0008 416 Dos 0.98
(GPN-9629 458 127+  -001 261 104 028 158 137" 0028 401 1.54* 1.48
Phule-4 492 143 049" 219 096 36.14* 192 110" 0114 415 139 0.43
- UN-4 398 068 024* 184 127+ 2498 132 155" 1392 368 188" 201
IGPN-95611 417 106* 001 184 116" 410 284 131" 0410° 388 198" 1.02
IGPN-9610 453 083" 006 207 125 747+ 225 123" Q717" 385 239 369
DHL-1 385 123 008 247 100 242 205 AA7* 0242 397 057 129
No.71 384 075 068" 137 064 417* 209 109 0417 361 025 300
_ GA-10 434 124 008 153 087 203 189 08 0203 370 176~ 0.16
|GR-76 523 083 008 211 101* 102 224 094 0492 429 095 0.02
. IGPN-9605 390 103 003 157 095 345 156 048 0252 378 078 1.49
/ |GPN-9612 233 086 071* 108 086 252 88 023 0345 394 105 - 094
/' Mean 430 100 194 100 200  1.00 392 1.01
" sEma
Correlation .
X - D8y 024 - 078 042 - 080 - 0B D28 028
bi - . 020 - - 024 - - 046 - - 024
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Abstract

To study the rote of different weather parateters on
bopulation huild up of mustard aphid, Lipaphis
erysimi {Kaltenbach) experiments were conducted at
Pulses and Oilseeds Research Station, Berhampore,
West Bengal, India during rabi season for three
consecutive years, i.e., 1992-93 through 1994-95. The
Population of mustard aphid was recorded in yellow
Coloured iron tray placed on four corners of
experimental field throughout the cropping season.
The correlation coefficients between different weather
Parameters and aphid population were cbserved to be
non-significant for three years. The stepwise
regression analysis showed that temperature and
relative humidity have played an important role for
appearance of alate aphid in field.

Key words:  Weather parameters, population,
mustard aphid, regression

Introduction

Oilseed crops play a vital role in national economy of

India. Rapeseed-mustard are the second most important

edible oilseed crops after groundnut in India which
account for nearly 27.5% of the total oilseeds production
and 13% of the gross cropped area in the country. The
present production scenario of edible ocilseeds has
immensely helped the country to save the valuable foreign
" exchange. However, the situation is alarming in the state
. of West Bengal. Presently the state's production of
Oilseeds can meet only 42% of her own requirement.
Rapeseed-mustard alone command 75% of total oilseed
area and 81% of total oilseed production in West Bengal
and ranked first in hectarage and production.

Among the piotic stresses, the insect-pests and diseases
Cause maximum damage to the yield potential of
rapeseed-mustard crops (Bakhetia and Sekhon. 1989).

"~ seasons of 1992-93,

Out of more than 30 insect pests found to be associated
with rapeseed-mustard crops in India, mustard aphid
Lipaphis erysimi (Kalt.) s reported to be serious (Rohilia
et al., 1987: Bakhetia and Sekhon, 1989).

Environment plays an important role in influencing the
multiplication of mustard aphid. The multiplication of the
aphids had been observed to be favoured by the moist
and cloudy weather. Consequently with the occurrence of
favourable weather conditions for a longer period of time,
a severe autbreak of aphids could be apprehended (Brar
and Sandhu, 1978). Of the various climatic factors fog,
frost, rain, severe cold and heat weave have reported to
be impartant natural mortatity factors of the aphids. In the
present article, efforts have been made to assess the
impact of different weather parameters on poputation
dynamics of mustard aphid L. erysimi.

Matenrials and methods

The experiment was conducted at Pulses ‘and Oilseeds
Research Station Berhampore, West Bengal during rabi
1993-94 and 1994-95. The
population of aphid was recorded by using yellow
coloured iron tray filled with water of 43 cm x 30 ¢cm x 10
cm in size and placed at a height of 152 cm in the four
corner of the experimental plot throughout the crop
season. The population of aphids alates was counted and
the tray was refilled with fresh water for new catches
everyday. The different weather parameters were obtained
from the meteorological observatory of the Research
Station.

The stepwise linear regression analysis was done to
predict the contribution of different weather parameters to
maximum per cent of variability. The package on which
the analysis was done is BMDP 1998 Statistical Software,
inc., Los Angeles, U.S.A.

—
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Results and discussion

During 1992-93: The poputation of aphid is the one and
only effect (univariate) and possible causes are
environmental variables, i.e., temperature (maximum and
minimum), relative humidity {morning and evening),
rainfall (mm), cloud intensity and sunshine hours
(muitivariate} which were correlated and found that all of
them had non-significant impact on aphids population.
Considering the causes individually relative humidity
(moming) affected the aphid number the most with
multiple “R" square value being 0.42. Eliminating the
effect of relative humidity {morning) from aphid
population, partial correlation was computed (Table 1).
This indicated that important factor in presence of relative
humidity (morning) was rainfall. These two variables
together recorded R? value of 0.54. Next important factor
temperature (maximum) in the presence of relative
humidity (morning) and rainfall jointly gave the muttipie R
value of 0.61. Similarly sunshine hours in association with
all the factors affected the aphid number least with R?
value of 0.85.

- During 1993-94: The relative humidity (evening) affected
the aphid numbers appreciably with R* value of 053
(Table 2). Next the sunshine hours in the presence of
relative humidity (evening) contributed R? value of 0.54. It
is evident from the table that next important factor was
rainfall and in the presence of relative humidity (evening)
and sunshine hours jointly gave the multiple R? value of
0.58. The same value of R? was obtained with. above
variables and relative humidity (morning). Relative
humidity {evening}, sunshine hours, rainfall and relative
humidity {morning) along with temperature {maximumj)
recorded R? value of 0.60 which was also same when
temperature (minimum} was included in it.

During 1994-95: The R? value of 0.12 was recorded when
temperature (minimum) affected the aphid number the
most (Table 3). Next important factor in the presence of
temperature (minimurm) was relative humidity {morning)
and both these variables presented R? value of 0.42.
Sunshine hours affected the aphid population least which
all the variables recorded R? value of 0.99.

It is further revealed that refative humidity {morning) was
positively correlated with the development of mustard
aphid population on Brassica cultivars and the relative
humidity (evening) on the other hand was negatively
associated with mustard aphid development in all the
years of observations (Tables 1,283). The relative

humidity (morning), temperature {(maximum), rainfall and
cloud intensity were the four components that appeared to
have comparatively effective contribution in determining
growth of mustard aphid in plants over other components.
The present findings are in complete agreement with that
of Ram and Gupta (1987} who observed that the
development of mustard aphid was favoured by
temperature {maximum and minimum) and relative
humidity (morning). Mild showers and overcast weather
resulting in an increase of mustard aphid population
corroborates the findings of Atwal et al. (1971); Saharia
(1984); Jaglan ef af. (1988); Bakhetia and Sekhon (1989)
and Bishnoi et al. (1992).

Acknowledgement: The authors are thankiful to the Joint
Director of Agriculture, Pulses and Oilseeds Research
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to carry out the experiment,
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Role of weather parameters on population build up of mustard aphid Lipaphis erysimi {Kaltenbach)

Table 1 Stepwise regression for estimating effects of weather parameters on mustard, aphid during 1992-33

Variables entered g'-.ls"cﬂ:re Regression Equation Partial correlation with remaining variables
. . 3.015 X3 Xs X, X, X - X, X,
0.644 0392 -0.253 D015 0.397 0.238 -0.234
X, 0.42 58.762-0.602"X, Xs X, X, X X, X,
D.459 0.384 0.061 -0.348 0.438 -0.289
X, Xs 054 53.002+0 581X, +4.997* X, X, X, X % X,
0.404 0.085 -0.283 0.349 -0.378
o XXy 0.61 48.087 ) 598" X,+4.778" X;+0.268° X, y s X,
-0.661 0,527 0.528 -0.428
Ko X, Xy Xp 0.78 40.278+0 608" X,+3.716* X+ . Xe X X,
1.048" X, -0.8217 X, N N 0.536 -0.299 N 0.312
Y M
XaXs X X X 0.84 40.215-0.802* X,+ 5.033" X + \‘ *s X,
2.356" X,-2.603" X, + 3.086" X \\ 0023: 0815
\\_ ,'/ -
Ko Ko X Ko o X, 085 38.614-0.783" Ky + 5.086" X, + 2.372" X, - X,
2620 X, + 3.016" X, -0.072" X; 0.679
* If relative humidity (evening) is introduced within regression equation, the reliability of the effect of temperature {minimum) is uncertain
Tabie 2 Stepwise regression for estimating effects of weather parameters on mustard, aphid during 1993-94
. Multiple . - . ] . -
Variabies entered R-Square Regression Equatien Parbal correlation with remaining variables
- 2183 X, X, Xs X X, X, Xg
-0.731 0.344 0.701 0.446 -0.533 0.199 -0.702
A
X, 0.53 -4.165 + 0.146"X, X Rs Ay *, %, ¥
i - 0.153 0.177 0138 0.020 0.008 -0.134
XXz Q.54 -4.355+0.138%X,+2.226" X, Xs Xs X, Xz X
0.158 0.085 -Q.108 -0.123 -0.068
XoXa Xs 0.58 -2700+0.088" X,+0.279" X,+0.2568" X / \ X, X, X, X
R 0.231 -0.023 -0.06% 0.381
KXo o Xy 0.58 -24.024-0.173" X,-0.016* X+ X, X, %,
0.615" X, +0.275* X, | 0.222 -0.185 0.314
\
XoXr Xp Xg X, 060 -26.572-0.089* X,+0.100* X, +. ‘ %, X,
' 0.589" X +0.483" X, - 0.528" X; 1 -0.038 0.288
X KXo Xy X, X, 060 -25.038 + 0.119" X, + 0.089" X, + 0.583" X, X,
0513 K, - 0722 X, 015847 X, 0.291
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Table 3 Stepwise regression for estimating effects of weather parameters on mustard, aphid during 1992-93

Variables enered ﬂf‘s”gﬁ:re Regression Equation Partial carelation with remaining variables
. - 3.486 X, X, % X A5 %, X
-0.355 0.348 0.229 0278 0182 -0.256  -0052
X, ! 0.12 10.633-0.583"X, Xa Xz Xs Xs X, X,
0.583 0.119 0.043 0.248 -0.148 0.146
i ’-“

X2 X .42 -97.477+1.006"%,+1.231* X, - X, Xq X X, X,
0535 -3.378 0.437 Q.191 0.133

X5 X0 X, a.59 -133.145 -2.212% X,+1.703” X,+3.934* X%y X Xs X, X,
H - 0782 -0.117 -0.093 0.581

Koy X K D.84 -206.277-2.797* %,#2 202" K+ Xs X, X,
11.228* X; +2.854* X, 0.854 -0.101 0.100

X X0 X X X 096  -204791-0B48° X,+ 1.839* X, ¢ < X X,
6.555% X, +4 558" X+ 27697 X, -0.835 0827

Ko XaXo X Xs X, 098 -186.817-0.520" X, + 1.617* X, + 6.541* X, X,
+4.848% X, + 3.307* %, -0.129" X, -0.320

X0 Ko Xy Xe X X X, 0.99

-196.001-0.0717X, + 1.674"X, + 6.342°X, +
5.619"K, + 3.610%%;- 0073, - 0.3417%,

X, = Temperature®C (maximum), X, = Temperature®C (minimum), X; = Relative humidity% {morming), X, = Relative humidity% (evening),

X, = Rainfall (mmAveek), X, = Cloud intensity, X, = Sunshine hours {hr/day)
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Abstract

The economic threshold level (ETL} of mustard aphid
Lipaphis erysimi | Kaltenbach) was determined on
rapeseed-mustard at Pulses and Ojlseeds Research
Station, Berhampore, West Bengal during rabiseason
of 1992-93, 1993-94 and 1994-95. Two varicties from
Brassica juncea (RW white flower glossy stem and
T6342) and one from Brassica campestris var.
Yellow sarson (B 9) were taken in the experiment and
oxydemeton methyl (0.025%) was used as the
protectant against aphids. The average yield loss due
to aphid infestation with respect to varieties RW white
flower glossy stem, B 9 and T6342 varied between
3.0% to 44.8%, 3.6% to 53.9% and 2.5% to 50.5%,
respectively. The loss in yield increased as the
exposure period to aphid infestation increased.
Highest yield of 1454 katha was obtained with
completely protected treatment irrespective of
varieties. The ETL of four spray schedule of mustard
aphid was found to be 18.7, 256 and 37.9
aphids/plant for the varieties RW flower glossy stem,
B9 and T6342, respectively.

Key words: Economic threshoid level, mustard

aphid, rapeseed any mustard
Introduction

Yield loses in rapeseed mustard dus to aphids ranged
between 24 to 90% in different mustard growing areas of
the country. Since there was variation in intensity of aphid
attack, the timing of insecticide application has to be
location specific (Bakhetia and Singh, 1992). Threshold
levels of any pest are likely to be influenced by number of
factors i.e., variety and stage of the crop, biolegy and
behaviour of the target pest, dose of pesticide, prevailing
price of pesticides and the produce, weather conditions
etc. (Newson et af., 1880; Singh et al., 2000). The EIL of
mustard aphid ranging between 8.4 to 13.3 aphids and
15.2 to 23.5 aphids/15cm long terminal shoot on mustard
was reported for oxydemeton methyl at 0.025 and 0.05 %
{Misra and Singh, 1986). However Singh and Malik (1998)

-
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reported 20.4 and 15.4 aphids/plant on mustard as EIL
and ETL, respectively. Similarly Kumar et al.(2000)
reported EIL of 28.3 and ETL of 15.6aphids/plant in
variety Varuna. In this study efforts have been made to
determine ETL against mustard aphid in West Bengal.

Material and methods

The studies were conduclted at Pulses and Oilseeds
Research Station, Berhampore, West Bengal during rabi,
1992-93 through 1994-95. Three varieties of rapeseed-
mustardi.e. two from B. juncea {(RW-white flower glossy
stem and T 6342) and one from B. campesfrs, var.
yellow sarson B-9 were used in the experiment. The
experiment was sown on November, 20" in all the thrae
seasons in split plot design with varieties in main plot and
schedule of oxydemeton methyl 0.025% in sub-plots.
Population of mustard aphid was recorded prior to and
after each insecticide treatment from 10cm central twig of
ten randomty selected plants in each replication. The ETL
of mustard aphid was calculated as per (Stone and
Pedigo, 1972; Singh and Singh 1887).

Results and discussion

The average yield loss due to different exposure periods
of aphid infestation varied between 2.5 to 53.9% for the
three varieties {Table 1). In general yield loss increased as
the exposure period to aphid infestation increased. A
pooled analysis over three varieties and three years
indicated highest cost-benefit ratio of 1.9.02 with (T)
Table 2. Highest yield of 1454 kg/ha was obtained with
(T,) irrespective of varieties.

Determination of economic threshold level {ETL): The
impact of mustard aphid on yield of rapeseed mustard
genotypes through regression analysis (Y = a+bx)could be
determined as follows :

v, v, Vs
Constant (a) 12.22 12.70 13.71
Standard error 1.09 1.35 1.43
R? 0.78 0.80 0.77
*  Coefficient (B) | -0.08 -0.05 -0.03
Standard error of coefficient ' 001 0.01 0.01

WV, Y =1222-0.06x V,Y=1270-005x%; V,Y =13.71-0.03x
Grain threshold (GT) = 1.18 :
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Cost of plant protectionma (labour+pesticides) 1152 and cost of 1 q of
produce (market price) 980

E.lL. = GT/Regression coefficient. (Stone and Pedigo, 1972)

EIL for V, = 1.176/0.063 = 18.7 aphids/plant {10 cm fong bwig)
EIL for Vi, = 1.176/0.046 = 25.6 aphids/ptant (10 cm long twig)

ElL for V; = 1.176/0.031 = 37.9 aphids/plant {10 cm long twig)

The present findings cofioborate with (Singh and Singh,
1887; Singh and Malik,1998; Atwal and Singh,1990) who
observed 8-50 aphids/plant as ENL of mustard aphid.

Table 1 Average aphid population and yield of three varieties of rapeseed-mustard

Treatment Average aphid populationfplant for Average yield (kg/ha} (pooled average Yield loss

three years {pooled average) over three years) (%)

v, v, v, v, A v, v, v, v,
T, 0.1 0.1 01 1352 1459 1555 - - -
T, 0.1 g2 - 0.3 1311 1402 1516 3.0 3.6 25
T, 05 22 1.8 1254 1297 1422 7.2 10.9 8.6
T, 13 82 . 5.4 1198 1165 1333 11.4 192 14.3
T 31 17.5 137 1149 1066 1252 - 150 26.7 18.5
T, 9.1 295 363 10.76 9.12 1146 20.4 373 263
T, 236 805 816 9.48 8.85 1055 .25.9 39.2 32.2
T, 75.7 117.9 174.6 877 746 896 35.1 457 42.4
Ty 88.2 146.1 195.3 746 670 769 44.8 53.9 50.5

V, = RW white flower glossy stem; V, = B-9; V,=T 6342

T, = Comglete protection (control; four sprays};

T, = Two weeks exposure to aphid infestation followed by three sprays
T, = Four weeks exposure io aphid infestation fallowed by two sprays
T, = Six weeks expostre to aphid infestation followed by one spray

T, = Complete exposure to aphid infestation (no spray)

Table 2 Economics of aphid control at different levels of
population on three rapeseed-mustard varieties
Average Aphid  Noof  Yield Yield Cost
Treatment Popufation/ Spray (kg/ha) Loss benefit
Plant (%) ratio
T, 0.1 4 1454 - 147
T, 01 4 1408 3.08 143
T, » 1.4 3 1324 8.94 15,3
T 50 3 1232 1526 1:4.3
T, 10.1 2 1756 2045  1:58
R
To .. 224 1 1045 2810 1:9.0
Ty wul. 7 567 1 963 3376 1564
i
Te ., .~ . 1038 1 B4AQ 4222 1:2.5
L EELN
Ty 127 9 - 728 49.93 -
Cost of the produce Rs. 980/q
Insecticide Rs. 220/litre

Three labours for spraying one hectare @ Rs. 30/day

References

Atwal, A.S, and Singh, B. 1890. Pest population and assessment
of crop losses. indian Councit of Agricullural Research,
pp 131.

Bakhetia, D.R.C. and Singh. J. 1992,  The mustard
aphid—-economic threshold and assessment of yield
losses. In Mustard Aphnd (ed. Kurl, S.P. and Rajendran,
T.P.}). Aphidciogical Society of India.

b 3 A

T, = One week exposure 1o aphid infestation followed by four sprays

T, = Three weeks exposure to aphid infestation followed by three sprays
T, = Five weeks exposure to aphid infestation followed by one spray

Ta = Seven weeks exposure 10 aphid infestation followed by one spray

Kumar, J., Singh, 8.V. and Malik, Y. P. 2000. Population
dynamics and economic status of Lipaphis erysimi on
mustard, Brassicajuncea. indian Journal of Entornology.
62 (3) 253 - 258,

Misra, D.S and Singh, W. 1986. Estimation of mustard yield and
aphid, Lipaphis erysimi (Kall.) infestation relationship and
optimum protection. Proc. 2™ Nat. Symp. Recent Trends
in Aphidological Studies, Modinagar, pp. 319-326.

Newson, L.D., Kogan, M. Miner, F.D., Rahi, R.L., Turnipseed,
§.G. and Whitecomb, W.H. 1980 General
accomplishments towards better pest controlin soybean.
In New technology of pest control (Ed. C.B. Huffakar).
John Willey and Sans, New York, pp. 51-98.

Singh, B. and Singh, B. 1987. Population dynamics of mustard
. aphid, Lipaphis erysimi (Kalt.) on Brassica genotypes.
- Proc. Nat. Con. Key.Pests of Agricuitural Crops. C.S.

Univ. of Agril. & Tech., Kanpur, pp. 117-123.

Singh, S.V. and Malik. V.P. 1998. Population dynamics and
economic threshold of Lipaphis erysimi on mustard.
Indian Journal of Entomology, 60 (1), 43-48.

Singh, S.V., Kumar, J., Malik, Y. P. and Bishen , R. S. 2000.
Determination of econemic status of Lipaphis erysimi on
mustard cultivars. Indian Journal of Entomology, 62 (2):
196 - 202

Stone, J.D. and Pedigo, L.P. 1972, Development of economic
injury ievel of the green cloverworm on soyabeart in lowa.
Journal of Economic Entomology, 65 197-201.



_J. Oilseeds Res., 19(1): 92-94 (2002)

Screening of Brassica germplasm for resistance to mustard aphid, Lipaphis

erysimi (Kalt.)

D.R.C. Bakhetia, B.S. Sekhon, Ramesh Arora, P.K. Arora, Harish Chander and Sukhwinder Kaur

Department of Entomology, Punjab Agricultural University, Ludhiana-141 004, Punjab

{Received: August, 1995; Revised: December, 2001; Accepled:; February, 2002}

Abstract

Screening of 2270 lines of Indian mustard {Brassica
Jjuncea L.) for their resistance to the mustard aphid,
Lipaphis erysimi (Kaltenbach} was carried out at
Ludhiana and Bathinda in Punjab on the basis of
aphid infestation index (A.LL), aphid populatien/ plant
and percentage or plants harbouring aphid colonies.
None of the entries registered the least susceptible
group on the basis of all the three parameters at
either location. However several genotypes were
graded in the resistant group on the basis of two
parameters in either year or one parameter in both the
years. The entries showing low to moderate level of
resistance to the mustard aphid included: JMG 134,
JMG 293, JMG 386 CSR 61, CSR 128, CSR 136, CSR
147, CSR 148, CSR 1055, CSR 1244, B 89, DN 379, CS
404 at Ludhiana and CSR 1086 and R 7006 at
Bathinda. These lines can be used in the breeding
programmes aimed at developing resistant varieties
through the conventional and/or novel approaches of
breeding for pest and disease resistance.

Key words:  Lipaphis erysimi, Brassica juncea, host

plant resistance, Indian mustard
Introduction

The mustard aphid, Lipaphis erysimi (Kaltenbach) is a
serious pest of Brassica oilseeds in all the agroclimatic
zones, wherever these crops are grown in India (Bakhetia,
1991 Arora, 1999). ftinflicts heavy yield losses ranging
from 8-95 % in different varieties of rapeseed-mustard
depending on various biotic and abiotic factors in different
years and locations. A limited number of genctypes
possessing low to moderate level of resistance to the
mustard aphid have been identified so far (Sekhon and
Ahman 1992; Bakhetia and Singh 1993; Chander 1993,
Bakhetia and Arora 1995; Arora 1999; Singh 2000). Thus
large scale screening of the germplasm for tapping the
good sources of aphid resistance, assumes a great
significance especially for a breeding project aimed at
developing aphid resistant varieties of Indian mustard.

-
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Materials and methods

The studies were conducted at Ludhiana and Bathinda
centres of Punjab Agriculturat University. A total of 2270
genotypes of Brassica juncea received from the Project
Coordinator (rapeseed-mustard) under All India
Coordinated Research Project on Qilseeds (ICAR) located
al Haryana Agricultural University, Hisar {Now at
Bharatpur, Rajasthan) were sown in.unreplicated single
rows of 4 m length during late November at Ludhiana and
5 m tength during first fortnight of December at Bathinda
in 1991-1992 and again in 1992-93. Out of these, 1836
and 2229 lines showing good germination during 1891-92
and 1992-93, respectively, were evaluated for aphid
resistance at Ludhiana. At Bathinda 1523 lines in the first
year and 1914 during second year were evaluated. At
both the locations, observations were recorded on aphid
infestation index (A.l.1.) by scoring the aphid injury in
plants on a 0-5 scale (Bakhetia and Sandhu, 1973). Each
plant was observed and given a definite grade; 0 referred
to plants free from aphid infestation and 5 to severe
stunting of plants curling, crinkling and yellowing of
almost all leaves, no flowering and pod formation, plants
full of aphids. The weighted mean of the score of ali the
plants in each genotype was taken as the ALl of that
genotype. At Ludhiana, additional data on aphid
popuiation per 10 cm top portion of central shoot, and the
percentage of plants harbouring aphids were also
recorded based on five randomly selected plants in each
entry (Bakhetia and Sandhu, 1973). The data were
collected during February and March, when there was
moderated to heavy infestation of the aphid in the field.
The genoctypes were grouped into 4 categories on the
basis of each of above stated three parameters, with a
view to identify more promising tines from all angles,

Results and Discussion

During 1991-92, the aphid incidence remained low almost
throughout the season, except, a fairly good infestation
late in the season i.e., near maturity of the crop. Hence
observations were recorded during the second week of
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March. There was variability in L.erysimi infestation in
different genotypes between years as well as between
locations. However, the number of entries falling under
class-1, representing the least susceptible group, was less
than 10 % of the total entries showing ALl upto 1.0 at
Ludhiana are given in Table 1. Of these, 30 entries had
AL below 1.0 and ancther 49 entries had the ALl of
1.0. The lowest A.1.1.(0.2) was scored by CSR-70.

Table 1 List of genotypes of indian mustard {B.juncea) showing
aphid infestation index {A.l.1.} Up to 1.0

Genotypes showing A Ll below 1.0 Genotype showing A.l.l. as 1.0

Acc No. Entry AL Acc. no Entry
8 JMG-12 043 22 MG 55
9 IMG-14 073 30 MG 69
27 IMG-85 0.71 31 MG TO
51 IMG-95 0.86 33 JMG 74
66 IMG-112 0.7 63 JMG 109
121 JMG-200 080 71 JMG 121
144 IMG236 060 17 JMG 195
148 IMG-240 080 121 JMG 200
177 MMG-281 961 122 IMG 201
179 IJMG329 040 127 JMG 208
220 IMG-386 040 129 JMG 210
248 IMG-415 080 133 JMG 217
275 CSR-12 06 150 JMG 244
287 CSR-40 08 178 JMG 293
301 CSR-61 0.8 219 JMG 285
308 CSR-70 02 314 CSR 79
310 CSR-73 06 321 CSR 92
317 CSR-82 04 338 CSE 127
322 CSR-94 0.8 363 CSR Y64
323 CSE-96 06 366 CSR 168
az5 CSR-10¢ 08 431 CSR 274
331 CSR-115 06 434 CSR 270
139 CSR-127 06 500 CSR 427
340 CSR-128 038 505 CSR 443
341 CSR-170 08 518 CS5R 472
434 CSR-279 0.8 519 CSR 474
440 CSR-287 08 547 CBR 530
1878 - . RC-822 0.8 781 CSR 1034
1909 .,  SRM-29 0.8 851 CSR 1162
- ; 058 B 447
s 1273 B 8907
: 1282 RLC 1036
1352 EC 287711
1567 €S 336
1650 RC 125
1656 RC 134
1801 RC 412
1808 RC 412
1809 RC 420
1821 RC 422
1833 RG 442
1864 RC 1674
1992 AC 808
2072 RC 955
2105 RC 1053
2229 RC 1269
2229 RC1378
= 2250 RC 1457
7 2255 SRM 45

During 1992-93, the population build-up of the mustard
aphid on different genotypes was noticed early i.e., during
January-February. Only 14 entries showed an A1l up to
1.0 {Table 2). The lowest A.l.l. (0.6) was recorded in two
genctypes namely, CSR 147 and RH 8701. The only
entry registering the A.|.l in category during both the years
was CSR-128 which scored the values of 0.8 and 1.0 A |}
during 1991-92 and 1992-93, respectively.

Based on aphid population data, 125 entries harboured up
1o 25 aphids/plant during the first cbservation recorded on
February 12-14, 1993. But at the time of second
observation {(March, 1993 only 7 entries harboured up to
50 aphids/plant. The minimum of 20 aphids/plant were
recorded in JMG-135 followed in ascending order of aphid
population on B-379, RSM 58, RC 1156, RC1237, RC 818
and JMG 130.

Since none of the genotypes could register in the least
susceptible group on the basis of all the three parameters
employed during either year, it is summarised that not
even a single genotype out of the evaluated germplasm of
Indian mustard possessed a high level of resistance to the
mustard aphid. However, the genotypes (JMG 134, JMG
293, JMG 386, CSR 61, CSR 128, CSR136, CSR 147,
CSR 148, CSR 1055, CSR 1086, CSR 1244, B 89, DN
379, CS 404, R 7006) falling in the lowest category on the
basis of two or three parameters in either year or even
one parameter in both the years were considered as mare
promising. These entries showed low to moderate level
of resistance against the mustard aphid, which needs
further confirmation through testing under attificial
infestation in the screen-house. There is a dire need to
pool the resistance sources identified earlier (Weising et
al., 1988; Arora 1999; Singh, 2000} along with those
identified in the present studies and utilise them in
developing aphid resistant varieties through the
conventional and novel approaches.
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Ahstract

Bioassay studies conducted on the nine populations
of tobacco caterpillar, Spodoptera litura {F.) collected
from different areas of the pesticide use history of
Northern Karnataka, Honnavar population was highly
susceptible to all the four insecticides studies.
Dharwad population showed high resistance ratio of
32.72 folds to monocrotophos compared to Honnavar
population. Whereas other populations recorded 1.47
to 10.67 folds resistance to monocrotophos. Similarly,
resistance to endosulfan was more in Manvi
population and it ranged between 2.09 and 7.43 folds.
Resistance to quinalphos was of moderate level and
it ranged from 1.49 to 2.67 folds. Cypermethrin
resistance ratios ranged from 1.08 to 1.96 folds when
compared with Honnavar population and was the
least among all the four insecticides studied.

Key words:  Spodaptera lifura, resistance,
monocrotophos, quinalphos,

endosulfan, cypermethrin
Introduction

Tobacco caterpillar, Spodoptera litura (F) is one of the
major defoliater pests of groundnut in india under irrigated
situation.S.fitura is the first lepidopteran pest to develop
resistance to insecticides in India (Srivastava and Joshi,
1965). Added to this, in recent times the situaticn has
further worsened as it has developed resistance to
commonly used insecticides (Ramakrishan et al., 1984;
Mayuravalli ef al., 1987; Armes ef al., 1997). Even though
the control failures and resistance problems were not
encountered by the farmers of North Karnataka till middle
of nineties, monocrotophos, the insecticide which is used
to a greater extent in groundnut and other crop
ecosystems was found to be ineffective in controlling the
pest {Anon., 1999). With this background, a study was
made in the Depantment of Agricultural Entomology,

College of Agriculture, Dharwad during 1998-99 cropping
seasens on resistance levels in the nine populations of
S.litura collected from groundnut growing areas of
Northern Karnataka.

Material and Methods

Groundnut growing areas of Northern Karnataka were
divided into three regions based on the insecticide
consumption viz., high (five to six sprays), medium (three
to four sprays) and low (one to two sprays) pesticide
usage areas. Sufficient numbers of egg masses were
collected from these areas seprately, on hatching, the
larvae were reared on castor leaves in the plastic tubs (45
cm X 15cm) covered with a muslin cloth. Larvae were
reared up to third instar which were used for bioassay
studies.

Four commonly used insecticides were selected for
determining the resistance viz.,, moonocrotophos,
endosulfan, quinalphos and cypermethrin. The commercial
grade formulations of above insecticides were serially
diluted in AR grade acetone in volumetric flasks to obtain
a range of concentrations that gave mortalities ranging
from 20-80%. :

The toxicant solutions were applied topically on the
thoracic dorsum of third instar larvae (each larva weighing
35-42 mg) using Arnold’s microapplicator. One micro litre
(uhof toxicant was applied for each larva. Acetone blank
served as a control. Thirty (third instar) larvae were dosed
for each concentration. After dosing, larvae were
maintained on castor leaf discs in peti dishes (10cm x
1.5cm). The mortality was recorded daily for six days and
final mortality assessment was made for each
concentration and corrected mortality was computed as
per Abbot's (1925). Dose mortality regressions were
computed by Probit analysis (Finney, 1952) using MLP
{Most Likelihood Program) software (Ross, 1987). The
resistance ratios (RRs) were calculated at LD;, by taking
the Honnavar population as the reference population in

: Part of M.Sc. (Ent) Thesis of senior author.
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the absence of a standard susceptibie population, as it
showed lowest LD,, values for all the four test insecti-
cCides.

Results and discussion

Data on the intrinsic toxicity of test Insecticides against
nine ectotypes of S.#itura are presented inthe Tables 1,2,3
and 4.

Resistance fo monocrotophos. Dharwad population
exhibited highest resistance ratio (32.72 folds) with LDy,
of 77.04ug/g body weight of larvae followed by Manvi
(25.12). Belgaum {23.74) and Hospet (17.31) with
corresponding RRs of 10.67, 10.08 and 7.35, respectively.
LD, values of populations from low pesticide pressured
areas did not vary much (Table1)

The resistance ratio to monocrotophos in Dharwad
population (32.72) was very high compared to 3.6 and 9.4
folds in Guntur strain (Surendra Reddy and Reddy, 1984
and Reddy and Devaprasad, 1991) and 1.7 folds in
Bapatia strain (Mayuravalli et al., 1987). In support of the

our findings Armes ef al (1897) has reported 2 to 362
folds resistance to monocrotophos in 22 strains colfected
from Andhra Pradesh. The present levels of resistance
can also be compared with 4 to 29 folds resistance
reported in 10 strains collected from cotton ecosystem
(Kranthi et af., 2001)

Resistance to quinalphos: There was no distinctive
difference in the RRs among the populations of S.litura
(Table-1). However, highest LD,, value of 5.01 pg/g body
weight of larvae was receorded in Hospet population (RR
2.67) followed by dharwad, Ankola and Manvi
poputations. The LD, values and Rrs of rest of the
populations ranged from 1.88 to 3.42 ug/g body weight of
tarvae and 1.49 to 1.49, respectively.Likewise Surendra
Reddy and Reddy (1984) noticed 2.1 fold resistance to
quinophos in Guntur strain. Resistance levels of 1-20
folds in comparison to a susceptible strain from Bangalore
in 10 strains of S./ifura collected from cotton ecosystem
(Kranthi et al., 2001) can be compared with the present

" findings.

Table 1 Toxicity of menocrotophos and quinalphos to different ecotypes of 8. fifura (F.)

Monoctetophos Quinalphos
: 95% Fiducial limits 5% Fiducia!
Population LDsor/g body 1 Slope ::n’:t‘; RR*  LDggfgbody  limits wgly  Slope ::;Z[g .
weight (o)) o (at LDy, weight [{a)) 5 (at L0y
Lower  Upper ) Lower  Upper )
a Honnavar 2.35 0.97 3.685 140 755 1.88 1.21 2.47 2.52 2.82
a Karwar 346 266 4.28 3.17 2.80 v 147 3.42 2.40 4.51 2.07 3.80 1.82
& Ankola Lo 4.00 2.66 4.94 223 326 R W 428 322 543 249 249 2.27
a Kumta 3.97 3.35 5.08 3.9.7; 2.88 1.68 3.37 243 4.38 225 3.19 1.80
a Bhatkal 5.01 3.87 6.26 2.89 1114 213 3.22 2.32 416 2.30 2.04 1.71
b Dharwad 7704 - 1512 152.27 1.05 13.83 3272 4.34 3.42 534 3.24 1.02 3
b Belgaum 2374 17.43 31.34 2.09 7.05 10.08 279 1.92 3.83 230 2.40 1.49
cHospet 17.31 1369 21.88 3.23 1.75 7.35 5.01 392 617 3.20 9.08 267
¢ Manwvt 2512 19.33 31.45 2.50 202 10.67 4.11 308 513 2.94 218 AL
* Resistance ratio = LDy of X population/LDg, of Hohnavar population

a = Low pesticide usage area {one to two sprays)

b = Madium pesticide usage area (Three to four sprays)

[ = High pesticides usage area {four to six sprays)

Resistance to endosulfan: There was a moderate level
of resistance to this insecticide (Table-2). In Manvi
population, the LD, was highest 37.73 ug/g body weight
of larvae with RR of 7.43 folds followed by Hospet {(23.84
and 4.70) and Ankola (16.52 and 3.26) populations Rest

of the populations had mild level of resistance {2.08 to .
2.31 foid). Present resuits are agreement with the findings
of Surendra Reddy and Reddy (1984), Wehereas Reddy

and Devaprasad {1991) reported 14.3 foid resistance in
the Guntur strain. Armes ef al. (1997) has reported 1 to
29 fold resistance to endosulfan. High levels of 85 to 91
folds resistance was reported in Tenali  strain

{Ramakrishan et al., 1984) and 85.94 folds in Bapatla
strain (Mayuravalli et af., 1987} This variation may be due
to the enormous quantity and indiscriminate use of these
insecticides in Andhra Pradehs, where farmers
experienced the control failures in groundnut ecosystems
{Ramakrishnan et al.. 1984) which is not noticed in
Northern Karnataka.

Resistance to cypermethrin: Marginal differences inthe
LDy, values were observed among the populations to
cypermethrin  {Table-2). However, Manwvi population
recorded highest LD, value of 1.53 pg/g body weight of
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larvae with RR of 1.96 closely followed by Dharwad (1.44
& 1.84; population. Earlier Mayuravalli et al. (1987) has
reported 1.64 folds resistance in Bapatla strain. While,
0.2-197 folds resistance was reported in 22 strains
collected from different parts of Andhra Pradesh during
1991-96 (Armes et al., 1997)
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Table 2 Toxicity of monocrotophos and quinalphos to different ecototypes of S. ftura (F.)

Monoctotophos Quinaiphos
. 85% Fiducial limits 85% Fiducial
. Hetero- - L - >
Population LDsyiglg body 9/g sope SO RRT Dwigigbody imisugg  Slope (o
weight ) c (atLDg,  weight wy 9N wip,,
Lower  Upper x) Lower  Upper 9
a Honnavar 577 3.30 8.63 249 3.63 - 0.78 0.52 1.06 1.87 1.38
a Karwar 10.54 8.37 13.10 2.82 5.84 2,08 - 0.8% 0.61 1.57 2.87 3.93 1.08
a Ankola 16.53 13.38 19.42 3.83 542 3.26 o 093 0.69 1.19 241 2.00 1.19
a Kumta 10.91 8.37 13.10 3.62 584 215 0.93 0.25 1.42 230 1.41 1.19
a Bhatkal j 12.14 8.75 12.54 2.58 4.85 2.39 . 1.38 0.41 242 1.25 1.98 1.76
b Dharwad i 11.73 8.96 14.94 2.48 4.81 2.3 ‘ .; 1.44 .31 1.86 2.74 2.40 1.84
i ) o
b Belgaum : 10.54 6.78 13.63 233 4.08 2,08 1.21 0.43 1.80 1.81 2.82 1.54
cHospet 23.84 18.47 2977 2.83 1.91 470 1.24 0.54 1.76 2.14 241 1.56
c Manvi 37.73 28.21 49.96 2.07 2.82 7.43 1.53 0.41 2.42 1.25 1.98 5.96
* Resistance ratio = LDy, of X poputation/LD,, of Honnavar poputation

a = Low pesticide usaga area (one to two sprays}

b = Medium pesticide usage area (Three to four sprays)

c = High pesticides usage area {four to six sprays)
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Ahstract

Investigations were carried on foxicity of 13
insecticides to egg parasitoid (Trichogramma chilonis
Ishii} and larval parasitoid (Microplitis macdlipennis
Szepligate) of castor semilooper, Achaea janata Linn.
in vitro and in situ conditions at the University of
Agricultural Sciences, Dharwad, HKarnataka.
Fenvalerate {dust and spray), phosalone,
monocrotophos, profenofos and acephate proved to
be relatively safer to developmental stages of
T.chilonis,(54 to 86% adult emergence) while methyl
parathion, carbaryl and guinalphos were harmful
Phosalone, carbaryl, profenofos, acephate
Jfenvelarate (spray and dust), were relatively safer (70
to 85 % adult emergence) from treated cocoons
whereas methyl parathion (5.0%), alphamethrin
(11.7%) and quinalphos{33.3%) were highly toxic to
M.maculipennis. All insecticides were highly toxic to
adult parasitoids of both T.chilonis and M.
maculipennis.

Keywords: Castor, Achaea janata,
Trichogramma chilonis,

Microphitis maculipennis, toxicity
Introduction

Castor semifooper, Achaea janata Linn is one of the major
defoliators of castor crop.M is attacked by a good
number of natural enemies. Among them, egg parasitoid,
Trichogramma chilonis 1shii, larval parasitcid, Microplitis
maculipennis Szepligate and some of the micrabial
agents exert greater biological resistance in the
succession and population dynamics of the pest.
FParasharya et al{1988) reported 82.2 % parasitisation of
eggs of castor semilooper by T.chifonis and Telenomus
sp at Anand, Gujarat. Similarly, Gaikwad and Bilapate
(1992) reported B68.2 and 77.31 % parasitisation by

M.maculipennis in  Maharashtra. Though many
insecticides  have been evaluated against castor
semilooper the information on ioxicity io it's bio control
agents is lacking. In this direction the present
investigations were aimed at evaluating commonly used
insecticides against castor semilooper in castor
ecosystem so as to identify safer insecticides for its
parasitoids.

Materials methads

Thirteen insecticides were evaluated for their
toxicity against parasitoids of castor semlcoperin
the laboratory as well as in the field conditions
{Table 1),

Mass production of parasitoids: The cultures of
T.chilonis |, Mmaculipennis , A. janata and Corcyra
cephalonica were maintained at 27+1°C and 60+5 % RH.
T. chilonfs were multiplied on eggs of C.cephalonica
cultured on broken jowar following the well laidout
procedure. The adults of M.maculipennis emerged from
field collected parasitoid cocoons served as initial stock
culture. Twenty five [l instar larvae of A. janata in group,
along with castor leaves were provided for parasitisation
1o 15 parasitoids in a glass lantern cage provided with 10
% haney. After four hours exposure the larvae were taken
out and reared in a plastic container till cocoon{pupa)
formation stage of the parasitoid. Cocoons were then
placed in lantern glass cage with 10 % honey for adult
emergence.

Toxicity to parasitoids: Contact toxicity of
insecticides to newly emerged adults of 7.
chilonis and M.maculipennis was determined by
dry film method. Fifty adults of 7. chilonis and
ten adults of M. maculipennis were used for
each treatment with three replications. Mortality
counts were taken at 12 and 24 h after exposure.
Insecticides were evaluated by using 1, 3and 7

Part of Ph.D Thesis, Department of Entomology, University of Agricultural Sciences, Dharwad.
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days old T. chilonis parsitised C.cephalonica
eggs and five day old coccons of M.
maculipennis. The toxicity of insecticides to bio
agents in the field was also assessed by
observing adult emergence from 50 parasitised
eggs and 20 cocoons of M. maculipennis collected
from insecticides treated castor plots and
untreated check. Field experiments were

conducted at MRS, UAS, Dharwad during 1995 on’

castor variety RC-8 raised at 60 x 45 ¢m spacing
over 3.6 x 3.6m size plots following recommended
package of practices except plant protection
measures. Experiments were conducted in RED
with three replications. Data were analysed after
arc sine transformation and subjected to
Duncan’s Multiple Range Test (DMRT).

Results and discussion

Toxicity to egg parasitoid T. chifonis: All insecticides
were harmful to adult parasiteids at 12 h. in the next 12
h adult mortality increased to 100% in all treatments
(Table.1). Further, the toxicity of these chemicals on

different developmental stages indicated that as the stage

advanced from day old to seven days after parasitisation,
the emergence per cent in all cases increased except in

fenvalerate, phosalone, quinalpheos, methyl parathion and
endosulfan. In field treated parasitoid eqgs, the parasitoid
emergence per cent varied from 19.3 to 753 % as
compared to 97.3 % in control. However, fenvalerate,
phosalone ,menocrotophos, profenofos and acephate
were found safer in conserving parasitoid (54.0 to 86%
adult emergence) compared to methyl parathion,
quinolphos and carbaryl. Psesent studies are in line with
those of Lingappa et al. (1972); Patil ef af. {1890) and
Prem Chand ef al. (2001) who expressed that ,generally
larval and pupal stages of parasitoids are more tolerant
than adult stages.

Toxicity to larval parasitoid M. maculipennis:
All the test insecticides were found to be highly toxic after
24 hr as the mortality was 100 % in all treatments
({Table 2) However emergence of adult parasitoids from
laboratory and field treated cocoons varied from 5 to
83.3and 11.7 to 85.0 %, respectively. Methyl parathion
was highty toxic with least adult emergence both in
laboratory  (5%) and field (11.7%) followed by
alphamethrin (11.7 and 5.0%), quinalphos (33.3 and
33.3%) and endosulfan (35.7 and 36.7%). The present
findings got support from the observations of Powell and
Scott, 1985, Bull et af., 1987; Elezen ef al., 1989.

Table 1 Effect of insecticides on egg parasitoid 7. chifonis under iaboratory and field conditions

Laboratory

Field

Taxicity to adults

Adult emergence from

Treatment : _’ Adult emsrgence
(% moniality) parasitised eggs (%) from parasitised
eggs (%)

12 h 24 h 1 day old 3 day old 7 day old
Endosulfan (0.07%) 927¢c 1000 a 23.3fg 38.0 de 22.01 34.04¢
Methyl parathion (0.05%) 1000 a 100.0a 16.7 fg 26.0f 47] 19.31
Monocrotophos (0.05%) 947b 100.0 a 553 cd 38.3 de 78.0¢c 58.0d
Profenofos (0.05%) 1000a = 1000a : &.44'7 def 38.0de 60.0e 453e
Quinolphos (0.05%) e 100.0 a 100.0a 20.0 gh 28.7f 6.0j - 247h
Acephate (0.075) ., 1000a  100.0a .. 433de 407 d sa0f  a73e
Fenvalerate (0.01%) ' 1000 a 100.0a 38.0f 78.7b 65.3d 63.3¢c
Fenvalerate D (0.04%). ' 1000a - 4000a 693k 84.0b B60b 7531
Alphamethrin (0.01%) ~--... 100.0al 100.0 a 3001g 347e 51.3f 38.0f
Mixture of profencios + 10002 1000 a 340f 353e 4209 ‘ 367 fg

cynermethrin (G .025%) o .
Methomy! (0.006%) . 1000a . 1000a 14.0 hi = 18.3q 21.31 240h
Carl;aryl {0.168%) 100.0 2 100.0 a 8.71 18.3 ¢ 22,01 247 h
Untreated check 404 73b 97.3a 96.0a 94.7 a 973a

In columns the means followed by same Ie\ie( do not differ significantly as per DMRT,

.
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Table 2 Effect of synthetic insecticides on larval parasitoid M. maculipennis under laboratory and field conditions

Laboratory Field

Toxicity to adults (% mortality) Adult emergence Aduit
Treatment from treated cocoons ~ emergence from
i2h 24 h (%) treateczoz?coons
Endosulfan (0.07%) 7 900b 1000 a 357h 3674
Methyl parathion {0.05%) 100.0 2 10002 50 17h
Monocrotophos (0.05%) 96.7 a 10004 483 ¢ 500f
Profenofas (0.05%) 100.0 a 100.0 a 717 ¢d 76.7 cd
Quinolphos (0.05%) 1060 a 100.0 a 333h 333g
Acephate (0.075%) 100.0a 100.0 a 66.7 de 71.6d
Phasalone (0.07%) 83.3'c 100.0a 833b 850b
Fenvalerate (0.01%) 733¢ 1000 70.0 cde 70.0 de
Fenvalerate dust (0.4%) 83.3¢ 1000 a 70.0 cde 73.3d
Mixture of profencfos + cypermethrin 100.0 a 1000 a 1171 15.0h

(0.025%)

Methomy! (0.006%) 100.0 a 100.0a 56.7 f 61.7e
Carbaryl {0.168%) 106.0 a 100.0 a 76.7¢C 81.7 be
Untreated check 0.0d 0.0b 100.0a 98.3 a

In columns the means followed by same letter do not differ significantly as per DMRT.
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Abstract

The biochemical components viz., HCN, polyphenols,
nitrogen, phosphorus and total sugars in the leaf
tissues of 20 linseed cultivars including 19 from
Linum usitatissimum L. and a highly resistant
ornamental species, Linum grandiflorumwere studied
witth respect to resistance against major diseases.
The resistant varieties namely, Ayogi, BAU-610, Kiran,
KL-178 and L.grandiflorum contained high percentage
of HCN, polyphenols and phosphorus. While leaves of
susceptible lines viz., C-429 and Chambal contained
higher nitrogen and sugar. These components were
higher in pre-infection stage than post-infection
stage. Higher amount of HCN, polyphenols and
phosphorus in resistant varieties imparted disease
resistance in linseed.

Linseed, disease resistance,
biochemical components, bud fly

Key words:

Introduction

The correlation between biochemical components and
disease resistance has been investigated in several crops
(Reddy et al, 1984; Singh and Parashar, 1984;
Chattopadhyaya, 1989; Gupta et al, 1990). Similar
studies were conducted by Kakkar (1966) and Pandey et
al. (1981) in linseed crop with respect o rust and powdery
mildew diseases. The present investigation envisages the
role of biochemical constituents viz, HCN, poly-phencls,
nitrogen, phosphorus and total sugar contents in linseed
varieties and the resistance against three major diseases
viz.. wilt, powdery mildew, Alternaria blight and linseed
pudfly.

Material and methods

Qut of the 20 genotypes, 19 were from Linum
usitatissimum and one from L. grandifiorum. They were
grown during three successive crop seasons (1993-1995)
under the same agronomic parameters. Leaf samples
were collected every year from each variety at 60 DAS for
pre-infection stage and 110 DAS for post-infection stage.
The randomly collected samples at each stage were
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mixed together to make a composite sample. The leaves
were dried in oven at 70°C. They were then ground to fine
powder in pestle and mortor, which were analysed for
HCN, ACAC (1970), polyphenols, nitrogen {Swain and
Hillis, 1959), phosphorus (Jackson, 1958} and sugar
{Hedge and Hofreiter, 1962) contents.

Results and discussion

The resistant cultivars namely, Ayogi, Linum grandiflorum,
KL-178 and Kiran were having higher HCN content (Table
1). On the contrary susceptible varisties viz., C-429 and
Chambal had very low HCN content in leaf tissues (2.28
and 2.55 mg/100g} dry weight, respectively. A negative
correlation between HCN content and powdery mildew
was observed by Pandey et al. (1981} in linseed varieties..

Polyphenol content was also higher in resistant cultivars
viz, Linum grandiflorum (2.66 mg), BAU-610A (1.932 mg),
KL-178 (1.89 mg) and Ayoqgi (1.8 mg) and lowest in highly
susceptible variety C-429 (1.22 mg). Gupta et al. (1992)
have also reported higher phenols in tolerant groundnut
cultivars. Phenolic compounds are considered as one of
the most important biochemical parameters responsible
for disease resistance {(Bashan, 1986; Chattopadhyay,
1989; Gupta et al, 1990). The oxidation product of
naturally occurring phenols are reported to inhibit
pectinolytic enzymes (Prasad and Shambulingappa,
1986). The total polyphenols were higher in preinfection
than post infection stage in the present study. The
decrease in polyphenols in second stage might be due fo
oxidation of polyphenols into quinones. The polyphenols
act as hydrogen donors/acceptors in oxidation-reduction
reactions and their involvement in resistance by oxidation
to quinones, which are more toxic to microorganisms as
per (Bajaj ef al., 1983). Arora (1983} in Vigna radiata
infected with Rhizoctoria solani and Gupta et al. {1990) in
mustard against Alfernaria leaf spot reported higher
concentration of phenolic compounds in healthy than
diseased leaves. However, in some studies phenolic
contents have been found to increase after infection
{(Sridhar and Ou, 1974; Vidyasekharan, 1974; Sharma et
al., 1983).
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A similar relationship was found between phosphorus
content and disease resistance. The resistant cultivars
namely, BAU-610A, Flake-1, R-552 and Linum
grandiflorurn contained higher phosphorus content. Itis in
support of the findings of Gupta et a/. (1992) in groundnut
leaves. Although phosphorus content was higher in pre-
infection stage than post-infection stage, the difference
was very narrow. On the contrary, inverse relationship
was observed between nitrogen and sugar content with
disease iolerance. In the present investigation higher
nitrogen content was recorded in susceptible varieties, C-
429 (7.7%), Chambal (7.0%) and moderately resistant
variety Shubhra (6.1%) whereas a highly resistant line i e.,
Linum grandifiorum contained lowest nitrogen content
(2.4%). Qur findings are in agreement with the findings of
Gupta et al. (1992} who reported that nitrogen content
was lower in tolerant than susceptible groundnut cultivars,

which decreased after infection of leaf spot. The reduction
in N content after infection might have occusred due to
disruption of cell structure coupled with enhanced activity
of proteclytic enzymes (Nayudu and Walker, 1961).
Prasad and Shambulingappa (1986) found almost same
quantity of nitragen on resistant susceptible cuitivars of
Helianthus annuus in relation to rust. Nagaraj et al. (1989)
reported higher protein content in leaves of resistant
groundnut cultivars. Sugar content was also higher in
susceptible varieties C-429 (5.2%) and Chambal (4.5%)
than resistant varieties and the highly resistant variety
Linum grandifiorum contained lowest (2.9%) sugar
conient. Sugar content also decreased in second stage.
tower sugar content in leaves of tolerant groundnut
cultivars than susceptible ones has been reported by
Gupta et al. (1992).

Table 1 Biocherical constituents in leaves of linseed genotypes {Average of three seasons, 1933 to 1995}

\éi:—zfy g;siijﬁance HCN;%:?\ZL%;&;WDQ Polyg?g:;’n\ﬂ!?ﬁ{?%g Nitrogen Content % | Phosphorus content Sugar (%)

Ist Stage lInd Stage] Ist Stage lInd Stageq Ist Stage lind Stage| Ist Stage llnd Stagd Ist Stage lind Stage
NP (RR) 65 W 2.95 2.06 1.56 1.98 4.75 3.61 027 0.22 33 2.8
R-552 w 3.89 297 1.73 1.43 5.00 3.52 0.40 0.31 29 21
Kiran W, PM 4.04 3.05- 168 141 541 403 033 .26 30 28
Jawahar-23 w 2.75 1.61 1.60 1.10 5.64 425 024 0.14 - -
Ayogi HR 4.94 an 1.81 1.25 4.91 3.62 0.27 0.18 37 27
BAY-6T0A AB M 3.91 237 1.93 165 3.53 278 0.20 [V & 35 27
ES-44 AR PM 318 2.23 1.50 1.04 545 418 027 022 28 2.2
ACC 2921 AB. PM 2.57 1.92 1.73 1.27 5.68 4.30 0.26 0.17 25 1.3
KL-168 AB 312 245 1.69 t.29 538 4.33 0.20 0.15 26 13
KL-178 PM, R 4.1 3.39 1.89 1.56 476 3.83 057 0.32 29 1.6
LCK-8778 Pt 267 202 1.60 1.24 488 2.9 0.28 £.1¢ 31 28
A-4-3-2 PM 3.10 2.30 1.58 1.20 4.61 4.00 0.33 0.25 28 2.3
Flake-1 PM 27 255 .41 1.1 540 4.11 0.38 0.32 32 27
KL-1 AB R 2.55 2.27 1.61 1.19 472 3.69 0.27 Q18 - -
Garirma R 3.07 252 1.36 1.16 5.18 3.92 027 .22 3.2 29
Neela B.fly 2.94 247 1.51 1.12 524 4.30 0.29 0.18 29 2.5
Shubhra MR 2.80 2.03 1.57 1.25 6.10 503 0.25 0.23 3.5 3.0
C-429 HS 228 161 1.22 1.00 7.79 571 0.28 021 52 4.3
Charmnbat HS 2.55 1.75 1.18 0.96 7.00 5.71 0.22 0.20 4.5 25
Linum grandifforum HR 4.70 3.23 2.66 1.71 243 1.97 0.34 0.26 29 22

W = Will; PM = Powdery mildew; AB = Alternaria blight; R = Rust; B.fly = Budfly, HR = Highly resistant
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Abstract

Castor {Ricinus communis L.} pistillate line VP-1, is
generafly sown in summer to induce environmentally
sensitive, temperature dependent{>32°C} interspersed
staminate flower {ISF} character for its maintenance,
which is not cost effective. Hence, an experiment was
conducted for two years during kharif 1996 and 1997
to induce ISF character in normal kharif season by
physiological manipulation of sex expression with
growth regulators and chemicals. The growth
regulators/ichemicals included were gibberellic acid
(GA 25, 50, 75, 100 ppmj and silver nitrate (25, 50, 735,
100, 250, 500, 1000 ppmj, urea (2%). These chemicals
were sprayed at primary (18 Days after emergence)
and secondary spike initiation stages (50 DAE). The
studies indicated that ISF production was mere with
application of GA and silver nitrate up to 100 ppm in
secondary, tertiary and quarternery spike orders
turing October, November and December months.

Key words: Sex expression, GA, silver nitrate, I1SF,

castor, Physiological ménipulation
introduction

The development of pistilate line of castor (Ricinus
eommuyunis L.}, VP-1 (S-type, environmentally sensitive) in
mid 70's has not only resulted in dramatic breakthrough
on varieta! front, but also led to spectacular improvement
in area, production and productivity of castor in the
country, especially in Gujarat. The pistillate character,
which is polygenically controited, is highly unstable.
Depending on management levels, time of planting,
nutrition and other environmentat factors, it can revert at
any stage to monoecism.

Until recently, castar breeders in the country had no other
alternative but to consciously retain 20-25% monoecists
in the female population to provide unrestricted polien
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supply to the pistillate line, thereby leading to problem of
high percentage of monoecists, early revertants (40-65%)
in seed production piots and associated/attendant
problems such as frequent rouging, low genebic purity,
nigh cost of production, low yields, high risk of rejections
ete.

The refined/modified seed technology developed at
Directarate of Oliseeds Research by Ramachandram and
Rao (1988) utilizing environmentally sensitive gene {s) far
interspersed staminate flower {ISF) character pravided
very high recovery of pistilfate piants {90-100%) in the
seed production plats as compared to 40-65% observed
in the conventional method.

Unlike conventional method, where both the female and
hybrid seed preduction are organized in the normal crop
season i.e. khanf or rabi, the modified method of seed
production for pistitlate tine should be taken up in summer
when the day temperatures are above 32°C which allows
maximurm expression of environmentally sensitive gene for
ISF.

Cne of the disadvantages of the above method, however,
is its dependence for the production of nucleus, breeder
and foundation seed in summer season which otherwise
entails relatively mare costs/unit of produce than regular
season. There are problems of irrigation avallability, high
temperatures, desiccating winds, iow yields etc.

Simple methods/systems, which coutd induce at will,
directed sex reversion in the main/regular season but yet
give high recovery of females (95% and above)
comparable to that of refined systems woutd therefore be
highly welcome.

Available literature suggested that appiication of growth
regulators can aiter the sax expression in cucurbits (Yang
et al, 1985} and in castor (Lazika, 1859; Shifriss, 1961).
Hence experiments were conducted to study the influence
of exogenous application of growth regulators and
chemicals on praduction of ISF in VP-1 during normal
kharif season.
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Materials and methods

An observation trial was conducted with VP-1 during
1995-96 at the research farm of Directorate of Cilseeds
Research, Hyderabad with two dates of sowing, different
growth regulators at different concentrations and at
different stages of crop growth. Better production of ISF
was ohserved when the crop was sown during the first
fortnight of July and spraying at primary {18 Days after
emergence) and secondary (50 DAE) spike initiation
stages. Based on these results, a replicated tria! with
three replications was conducteg during khanf 1986 and
1997. The treatmenis were imposed on one row plots
having 10 plants at a spacing of 90 x 60 cm. Different
growth requlators/chemicals i.e. gibbereliic acid @ 25, 50,
75, 100 ppm, silver nitrate @ 25, 50, 75, 100, 250, 500
ppm and urea 2% were sprayed at primary {18 Days After
Emergence) and secondary (50 DAE) spike inifiation
stages. Staminate flower number was recerded an 10
plants in each replication at 10 days interval. Number of
ISF preduced during the entire crop growth period was

added and fotal number of 1SF in 10 plants as mean of
two years (1996-97 and 1997-98) is presented.

Results and discussion

Total number of ISF produced was more with application
of GA and silver nitrate up to 100 ppm (Table.1). No. of
spikes showing I1SF and average number of ISF/spike
which showed SF is also more with application of GA and
silver nitrate up 1o 100 ppm. As the sexual differentiation
is closely associated with harmonal and genetic
programmes, the realization of this depends on a
combination of endogencus and environmental factors.
Masculinization by GA was associated with increased
growth rate (e stem elongation (Khrayanin and
Chaitakhyan, 1988). Silver ions block the action of
ethylene in plants or react with ethephon to prevent
ethylene evolution or may have inhibited the absorption of
ethephon by plants {Beyer, 1976}. ISF production is more
in secondary, {ertiary and quaternary spike orders
compared to primary and pentenary spike orders.

Table 1 Effect of growth requiators/chemicals on 1SF production on VP-1 pistillate line of castor

Tolal no, No, of spikes Average Increase in |SF (%)

Spike orders

Treatment of ISF  showing ISF lsr;c;gg‘ . aver control Pty Secondany Terlary Guaremery Pentenary
GA-25 ppm 126 20 6 152 10 31 77 8 R
GA-50 ppm 183 22 8 232 - oo 118 45 21

GA 75 ppm 139 16 9 248 7 -+ 55 136 33 B
GA-100 pprn 1 o138 14 10 288 30 62 14 30 -
AGNO,25ppm Iyt 234 a4 8 204 - 16 58 126 34
AgNO, 50 pm , l f 308 28 14 488 51 179 98 15 55
AgNO, 75 ppm i :7‘! 124 19 7 280 4 21 26 51 22
AgNO,100ppm y 151 23 7 164 '3 ] 77 44 18
AgNO,250 ppm 1. 57 13 4 76 10 12 16 19 -
AgNO, 500 ppm T S8 s {"‘ 5 80 - 10 3 5 )
Urea 2% 80 18 4 78 2 3 24 21 19
YWater 56 4 - 4 : 60 7 o] 25 20 4
Controi 0 4 3 3 4 2 - 1
Mean 32 - 170 7.0

SEms 455 161 0.8

C.D (P=0.05) 1327 459" 2.4
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Similar response was noted by Ram and Sett (1980} in
castor with application of silver nitrate and cobalt chloride.
Silver nitrate and GA are recommended for masculinizing
plants in the course of hyhtid seed production in
cucumber (Tarakanov et af; 1985). They increased the
pollen production and improved the guality of poilen.
AgNO, @ 300 ppm produced male flowers when sprayed
at weekly intervals starting from 1 leaf stage in the crop
(Kasrawi, 1588).

Though mean lemperatures were iess during October,
November, Oecember compared to August and
September, [SF production was more during ihese
months which showed the respense to growth regulators
in manipulation of sex expression during low temperature
period.

Therefore, it is concluded that sprays at primary and
secondary spike initiation stages in July 1% fortnight sown
crop increased the production of ISF in castor. Application
of GA and silver nitrate up to 100 ppm showed better
response. [SF production was more during October,
November and December months.
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Treatment Aug. Sept. Oct. Nov. Dec.
GA 25 ppm - 2 41 70 13
GA 50 ppm - - &1 77 45
GA 75 ppm - - 78 a7 17
GA 100 ppm - 30 52 43 "
Ag No, 25 ppm - 16 55 93 70
Ag No, 50 ppm 50 7 154 118 69
Ag ™o, 75 ppm - - 73 42 9
Ag No, 100ppm - 8 100 66 35
Ag No, 250ppm - 1 20 8 28
Ag No, 500ppm - . - 10 - 8
Utea 2% . 6 26 22 26
Water - - 21 27 8
Control 3 4 . 2 1
Temp. (°C) |

Max. 292 w8 29.5 29.7 28.3 L.
Min. 2341 219 203 15.2 134
Mean 26.1 26.3 24.9 228 207
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Identification and characterisation of crop varieties/
genotypes is fundamental to several aspecis of seed
trade. The traditional methods usually recording of
morphofogical characters or descriptors. Sometimes due
to environmental influences the expression of morpho-
logical characters is not proper. Moreover, it may be
difficult to distinguish closely related varieties by
morphological characterisation alone. The use of protein
electrophoresis is a well established and reliable method
for varietal identification(Pathak and Chattopadhyay,
1989). Therefore the present investigation was conducted
to assess the electrophoretic variation in 24 varieties of
soybean, which are under active seed production chain.

Pure seed of 24 soybean varieties {Table 1) was obtained
from breesders of different stations. Twenty-five seeds of
each variety were grounded in a mortar and pestle after
remaving their seed coat and defatted by a mixture of
Chigroform, Methano! and Acetone in 20111 rafio
respectively. One mi Tris-Glycine extraction buffer (pH
8.3) was added to 0.1 g of defatted powder and left over
night. After extraction the mixture was clarified by
centrifugation at 10,000 RPM for 10 minutes at 4°C. The
clean suspension obtained was taken out and 10% SDS
(10) and mercaptoethanol {10) with pyronine-G {tracking
dye) was added to it. 10 ul of this suspension was loaded
into discontinuous SDS polacritamide (SDS-PAGE) gel
having a constilution of 5% stacking and 12.5% running
gel {Dadlani and Varier, 1993). Coomassie brilliant blue
(0.1%) stained gels were scored for presence and
absence of bands for each variety for comparison. The
protein bands were numbered from cathode end and their
Relative mobility (RM) and Similarity index {8 between
two samples were measured.

Total 24 bands were gbtained in 24 SDS-PAGE
electrophorogrames (Table 2, Fig 1). It was recorded that
five bands (1=0.3260. 2=0.3586, 10=0.5869, 11=0.6304
and 17=0.8043) were common to all varieties under the
study. These bands can serve as a source of reference for
intar-gel or witer [aboratory comparison. Besides it was
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interesting to note that band 7 (0.4565) was present only
in three varieties, JS 71-05, MACS 13 and MACS 57,
whereas, band 19 (0.9347) was found in JS 72-280, NRC
2, NRC 7 and NRC 12, these two bands can be used in
discriminating the above varieties from the others.

Table 1 List of varieties used In the study with their

parentage and source

Variety Parentage Source
Bragg Jackson X D 49-2491 USA
JS71-5 Seiection from Lee type JNKVV (MP)
JS 72-280 EC 14437 X Bragg JNKVY (MPY
J8 75-46 Improved pelican X Semmes  JNKVV (MP)
J5 80-21 JS 71-5 X PK 73-94 JNKVV (MP)
JS 335 JS 7877 X J871-5 JNKVV (MP}
KB 79 Hardee X moretta Banglore
MACS 13 Hampton X EC 7034 Pune {MS}
MACS 57 JS 2 X improved pelican Pune (MS)
MACS 58 JS 2 X Improved Pelican Pune {MS)
MACS 124 JS 2 X Improved Pelican Pune (MS)
MACS 450 Bragg X MACS 111 Pune (M5)
MALIS 2 Selection from SH 84-14 Pune (MS)
MAUS 47 PH 73-7 X Hardee Pune (MS)
Monetta EC 2587 USA

NRC 2 Induced mutani of Bragg Indore {MP})
NRC 7 Selection from S 69-98 Indere (MP)
NRC 12 Mutant 95-10 (Pacent Bragg) indore (MP)
NRC 37 Gaurav X Punjab 1 Indore {MP)
PK 416 UPSM 534 X S 38 Pantnagar
PK 472 Hardee X Punjab 1 Pantnagar
PK 564 (UPSM 534 X S 38) Bragg Pantnagar
PK 1024 PK 308 X PK 317 Pantnagar
PK 1029 PK 262 X PK 316 Pantnagar







