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Review Article

Sesame improvement - Present status and future strategies

A R G RANGANATHA, R LOKESHA™, A TRIPATHIL, AASFA TABASSUM, S PAROHA AND M K SHRIVASTAVA

Project Coordination Unit (Scsame & Niger), JN.X. V. V. Campus, Jabalpur-432 004, Madhya Pradesh
"University of Agricultural Sciences, Dharwad, Karnataka

B

ABSTRACT 9‘0

Sesame (Sesamum indictm L.} 18 one of the ancient oilseed crops cultivated extensively in several countries of
Asia and Africa. However, the seed yicld levels of sesame are continued to be low under difterent agro ecological
niches. India has been favoured 1o be the centre of origin for sesame. Genetic resources have been conserved and
evaluated for utilization in the sesame improvement programmes. The analysis of genetic diversity exhibited the
presence ol a wide variety of plant types with greater adaptability to various agro-production sitvations. In spite of
large germplasm collections, gaps exist at secondary and tertiary gene pool levels. The wild species are utilized
through inter specific hybridization for the transfer of desirable characters. Sesame being cultivated under diverse
agro climatic situations, appropriate plant types have been developed through various breeding techniques to suit
specific situations. The strategies for exploitation of hybrid vigour have been critically reviewed, with greater
emphasis on heterosis breeding and stable cytoplasmic male sterility (CMS) system development. Sesame being
sensitive to various biptic {diseases and inscct pests ) and abiotic stresses { drought and water logging). the approaches
for resistance breeding have been presented. The role of mutations in sesame improvement has been discussed. The
potentials for new markets are high. hence quality parameters have been considercd for sesame improvement.
Further, for the development of superior varieties of'sesame, the biotechnological approaches have been emphasized.
To break the yield barriers and for the quanium jumps in the productivity levels. the strategics for future
improvement have been outlined based on the SWOT analysis of sesame breeding.

Keywords: Biotechnology, Hybrid, Mutation. Quality, Resistance breeding and Wilt species

~General scenario

Sesame (Sesamum indicum L. Syn. S. orientale L) is one
of the oldest crops known to humans. There were
archeological remnants of sesame dating back to 5,500 BC
in the Indian subcontinent (Bedigian and Harlan, 1986). It is
one of the crops under cultivation from ancient times {Joshi,
1961; Weiss, 1983; Bist ¢f al., 1998). Majority of the world
area is found in developing countries with largest in India,
- Myanmar. China, Sudan, Nigeria, Ethiopia, Uganda and
Turkey. In general, the paler varieties seem to be more
valued, while the black varietics are prized in the Far East.
Sesame is found in tropical, subtropical and southern
temperate areas, particularly in Asia, South America and
Africa. Asia in general and India, in particular. has been

tasaured w be the eentre ot origin (Bedigian. 20035,
Sesame is cultvated in 7.8 million ha area with a
production of 3.83 million t. world wide (Anonymous.
2010). The average yield in India has increased from 150
kg/ha during 1966 to around 400 kg/ha and the world's
average productivity is 470 kg/ha. The average vield varies
from a highest of 1175 kg in Egypt to a lowest of 152 kg/ha
in Sudan. Asia and Africa together contribute about 95% of’
the total production. The comparison between China, India
and Ethiopia indicated that India has the lowest yield.

- J Qilseeds Res., 29(1) 1 1-26, June, 2012

Sesame s grown under environment stress with low
management by resource poor small hoiders (Cagirgan, 2006
and Bedigian, 2010). Sesame production is below
expeclation and the potential 1s higher if cultivated under
favourable conditions. Sesame is grown in different seasons
in India and covers all agro ecological zones. India is a
leading country in export of seed; white sesame has highest
market and carns a sizeable foreign exchange (2000 cr).
Both domestic and international demand has witnessed a
substantial growth.

Sesame is predominantly an autogamous crop with out
crossing between 8 and 15%. The flowers are bell shaped,
campanulate corolia with four anthers inserted at the base
and this is called epipetalous condition. Anthesis takes place
carly i the mornmyg betveen 6 and 9 AM and ambers age
long viable (>24 hrg) and stigma remains recepiive for more
than 48 hrs. Sesame has a long history of autogamy with little
out crossing and has been subjected to selection and
rccombination. Thus, majority of the traits has a history of
predominance of additive genctic variance,

Sesame produces quality oil that is not only edible but
also used in biomedicine. Sesame oil with 85% unsaturated
fatty acids 15 highly stablc and has reducing effect on
cholesterol. The cxcelient nutritional, medicinal, cosmetic
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and cooking qualities of o1l made it queen of oils. Owing to
the presence of lignans and locopherols, sesame oil has
remarkable antioxidant function. The seeds are rich in quality
proteins and essential amino acids. The sced is a rich source
of linoleic acid, vitamins E, A, B, B,, niacin and minerals.
Sesame is also substitute for mother's milk.

The history of medicinal usage of sesame is intimately
linked with the history of humankind. Ayurveda, the mother
of all the systems of medicine has used sesame oil as a base.
From the earliest times, tribal priests and medicine men used
various plants to cure diseases. Over 6000 vears ago, the
ancient Chinese were using sesame for medicinal purposes.
In India, the Ayurvedic systern has been in vogue for over
3000 years, The medicinal work of Charaka Sambhita and
Susruta Samhita are venerated even today as a treasure on
medicinal uses of the plants.

Sesame has played a major role in diverse health
traditions. In this land of saints, it is amazing that our ancient
people had incredible knowledge of the medicinal value of
sesame, Through the ages, sesame became an integral part of
the religion, culture and agriculture. Charaka, the great
medical authority has said that, of all the oils, the sesame oil
is the best. The oil is also used as a substitute for olive oil.
The dark colour and nutly taste of unrefined oil makes it
good for cooking also. The importance of sesame lics in the
guality of the oil, its antiquity and usc in religious rituals. For
the development of superior varieties and 1o break the yield
barriers for quantum jumps in productivity levels, the
breeding strategies have been discussed in detail,

Origin and domestication

Most of the species occur mainly in the tropical Africa
comprising Nigerta, Sudan, Mozambique, Angola, Congo,
SW. Africa, East Indies, Uganda, Upper Guinea and
Somalia. Only seven authentic wild species have been
reported to occur in India and have been contirmed by
recollections from different parts. These are the cultivated S,
indicum, its closest wild relative S. malabaricum, an
 intermediate species complex, 5. mulavanum (all 2n=26); S.
laciniatum, S. prostratum, S. alatum and S. radiatum.
However, the other three species viz, §. occidentale, §.
trifoligtum and §. schenkii that have been reported to occur
in India could not be collected in explorations. The
cultivated sesame (2n=26) is a member of the order
Tubiflorae. tamilv Pedaliaceac, which comprises 16 genera
and 60 species of which several can be crossed with §.
indicum (Ashri, 1998; Nayar and Mehra, 1968). Authentic
number of Sesamuni species, in cxistence, is still obscure as

they have not been examined in detail, Even the chromosome

mumbers of some recognised species of African origin are yet
w be confirmed. The major problem tn conducting basic
studies is nonavailability of seed material of an authentic
specithens of the species outside the country of origin,

J. Oilseeds Res., 29(1) . 1-26, June, 2012

Weiss, (1983) presumed that sesame originated in Africa
and later spread through West Asia to India, China and
Japan. which became secondary centres of diversity.
However, Bedigianand Harlan (1986) contested this concept
based on evidence from archeology, botany and Vedic
scriptures { [000 B.C.). The recovery of charred sesame secd
at the Indus valley civilization site of Haruppa dating back (o
3050-3300 B.C. and the fact that not a single seed of scsame
had been found in the Near East from earliest [slamic times,
led Bedigian and Harlan 1o conclude that India 1s the centre
of origin. The evidence suggests that sesame was later
introduced to Mesopotamia from india and then it spread to
other regions such as Babylonia, Egypt, China, Greece by the
first millennium B.C. The hypothesis of earlier evidence
from Mesopotama is linguistic only and that possibly the
Dravidian word for the crop eflu was transterred from the
Indian subcontinent to Mecsopotamia, Nevertheless, the
caexistence of abundant distribution of S. malabaricum, the
closest wild relative of cultivaled sesame and S. mulayvanum,
the intermediate species complex, coupled with immense
diversity of cultivated forms observed in the collections,
further supported the findings of Bedigian and Harlan (1986)
that the centre of origin is India, possibly the Western ghat
region where all the wild species, inclrding the intermediate
species complex and rich diversity in cultivated forms occur.

The momphological delineations of sesame by Nohara,
(1933), Ashri {1998) and Bedigian (2010) offercd details of
the respective pgeographic areas they drew trom the former
Soviet Union, Japan and India, respectively. The wvast
diversity m Sudan's Nuba Mountains (Bedigian, 1981, 1988,
1991, 2010: Bedigian and Harlan, 1983) should be viewed a
micro centre or secondary centre of diversity, The molecular
studies (Abdellatef er af., 2008; Ali et af.. 2007; Bhat ¢ af.,
1999; Laurentin and Karlovsky, 2006) also characterise these
differences.

Genetic studies indicate that cultivated sesame derives
from wild populations native to the Indian subcontinent, i.e.,
the western Indian peninsula and parts of Pakistan. Bedigian
(1984 through 2003b) and associates (Bedigian ef af, 1985,
1986 Bedigian, 2010) showed that sesamc's progenitor is a
taxon named §. orientale var. malabaricum Nar. [t displays
close morphological, genetic and phytochemical affinities to
the culttvar. 1t remained obscure ¢ven among Indian
botanists. N.C. Nairnamed @ svin. S middeovanmn Nair (1963
unaware of the previous designation (Bedigian, 2003a. b;
Nair pers. corumn,, 1979,

Sesame and the wild forms share the same diploid
chromosome number, 2n= 26 (Mitra and Biswas, 1983;
Thangavelu, 1994; Hiremath and Patil, 1999; Kawase, 2000;
Annapurna Kishore Kumar, 2003; Annapurna Kishoere
Kumar and Hiremath, 2008) and the criterion of
domestication, feriile hybrid products of reciprocal crosses
(Harlan, 1992), were achieved (Bedigian, 1984, 1988,



SESAME IMPROVEMENT - PRESENT STATUS AND FUTURE STRATEGIES

2003a, b, 2010; Bedigian and Harlan, 1986). Independently,
Hiremath and Patl, (1999), Kawase, (2000), Bisht et «/.,
(2004) and Annapurna (2003). Annapurna and Hiremath
(2008) repeated those crosses, and cach team found the
offspring of these reciprocal crosses to be fertile. Agreeing
with Bedigian (fieldwork, 1979, 2003a,b} and Kawase,
(2000), Annapurna is convinced that they are a single taxon
from side-by-side morphological comparisons of specimens
named S. orientale var. malabaricum and S.mulavanum.
Additionally, Bhat er al. (1999) and Nanthakumar er af.
(2000) using RAPD markers, demonstrated proximity
between S. indicum and the progenitor.

New results from molecular phylogeny analysis, using the
two chloroplast DNA regions that have been widely used in
the Lamiales: ndhF and trnLF, with material determined by
Bedigian, confirm that S. indicum and §. orfentale var.
malabaricum are most closely related (Bedigian, 2010;
Olimstead pers. comm., 2010). These tests and independent
results provide unassailable evidence of the domestication of
sesame.

Bedigian performed the identical tests at the same time
(1984, 1988, 2003a, b 2010, Bedigian ef al., 1985) to assess
S latifolium Gillett, 2n= 32, the African progenitor proposed
by Ihlenfeldt and Grabow Seidensticker, (1979). Repcated
attemnpts to make reciprocal crosses (Bedigian, 1984, 1988,
2003a, b 2010 and Sudanese scientists M. Hassan, pers.
comm.; Khidir, 1972) were unsuccessful, yielding only a few
shriveled seed. Since the diploid chromosome numbers ofthe
two species are mismatched, this is not surprising.
Investigation of sesamum lignans showed qualitative
differences between those two species (Bedigian, 1984,
1988, 2003a, 2006, 2010; Bedigian ef «l.. 1985) too.
Whereas both lignans, sesamin and sesamolin are present in
the crop as well as the designated progenitor, the absence of
sesamolin in S. larifolivm (Bedigian er al., 1985; Bedigian,
2010) casts additional doubt about its proximity to
domesticated sesamc.

While it is accurate that most species of scsamurm and
genera of Pedaliaceae are native to Africa, no botanical study
has ever substantiated an African progenitor from which
Sesame arose. Secking a correct answer, not wedded to any
view, Bedigian (2010) has reviewed the literature for
decades without finding a shred of scientific work to support
domesnication in Africa, A distinguished deviation from the
generaiization that cultivars with the white seed contain
higher oil, is the renowned red sesame of Kordofan grown
lf}rouzghout the Nuba Mountains of Sudan, prized for its high
oil content, substantially greater than local white seeded
cultivars (Bedigian and Harlan, 1983). A study of sced
colour inheritance in sesame sums up the complex nature of
the expression of this trait. Results also indicated that plants

with the same seed colour might be under different genotype
constitution.

J. Oilseeds Res., 29(1): 1-26, June, 2012

Plant genetic resources

The first sesame collection was established in India in
1925, Later, large world collections were established in the
Soviet Union and subsequently in Venezuela and the USA.
A classification of the world collection from the Russian
expeditions revealed presence of 11 types among the 500
lines. Indian cultivars comprised of 68 different types. The
diversity could be summariscd in terms of distinet forme of
cultivars observed from various countries. This indicated the
presence of a wide variety of types with greater adaptability
to diversity of environments { Ashri, 1990; Ashri, 1998; Bisht
et al., 2004; Bedigian, 2010; Azeez et al., 2011).

The variation available in the world collections from the
major countries indicated that sesame from all regions often
revealed remarkable similarities, which can often be directly
retated to the paths of human migration or exploration. Thesc
studies indicated the greater variation for specific traits from
different regions. The cultivars from Russia and
Transcaucasia were uniform for plant type with single
stemmed; resistance to mildew and Fusarium wilt. The
Central Asian region had a greater range of plant types with
ecotypes adapted to wider environments. The Tadzhik area
was rich in local types resistant to Fusarium. The oil content
was greater in varieties from Eastern Mediterrancan and
lowest in the Far East {Japan) region. Tetracarpellate
capsules were common in the Japanese types. (reater
resemblance of collections from South America with Indian
and Ethiopian cultivars.

The Indian region has been reported to be rich in
diversity, especially in the cultivated forms. The sced colour
varied from black to pure white. National Bureau of Plant
Genetic Resources (NBPGR) has in its collection, a total of
about 10,000 accessions, including a large number of
duplicates. A study of the collection was undertaken with a
view to form a core set and recorded wide variation and a
multivariate analysis resulted in classification into discrete
clusters. )

Exploration and cotlection efforts started very early and
NBPGR has been engaged in collecting diversity in the form
of primitive cultivars, land races and the wild species. The
collaboration with IPGRI led to collect and document the
variability of adjoining regions. The indigenous collections
include 4178 accessions of local cultivars, 2322 accessions
of world hase collection and nearly 200 aceessions el the six
related wild species. As a result of 22 explorations of
IBPGR, a total of 1978 collections were made with passport
information {(Duhoon ef ai., 2004).

Sesame introduction first initiated in 1940 was made
from Cyprus and 12 others from USA. Since then, 2522
exotic collections have been introduced from over 37
countries. To broaden the genetic base of sesame, collection
got impetus and an addition of 1996 accessions was made
particularly from the global sesame collection of Israel,
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through IPGRI. Out of 2283 introductions, 674 have been
received from Singaporce, 493 from lsrael and 372 from
USA, among others Bulgaria (77). Bangladesh (71), Korea
(68), Italy (65) and Japan (63). NBPGR has maintained
inventories of the introductions,

In the North Eastern region of Assam, North Cachar and
adjoining plains, locally called Ahu types and Sali types were
collected. Both white and black seeded are common but local
people prefer black types. In Central Zone, bold white types
arc preferred. Black secded types were lanky with profuse
branching, seed bolder and bearing high number of mostly
tetralocular capsules. In the ard and semi-arid regton, the
local types arc highly adapted to drought, brackish/saline
conditions. In Deccan plateau, black types are cultivated and
the white types were rare. [n Southern Zone, black types
were predominant and medium sized tetralocular capsules
were most frequent. The distribution of variation pattern of
landraces envisaged the occurrence of several distinet types
in varying proportions (Ashri, 1998; Bedigian, 2010).

In spite of the large collections in India, gaps exist at the
primaty, secondary and tertiary gene pool levels. Collections
from China and Venczuela deserve special mention in the
primary gene pool, as significant diversity is cither present or
have been collected in these areas (Zhang et @l 2000).
However, important is the scarce representation of the
secondary and tertiary genc peol. Of the 34 wild species in
the genus Sesamurn, only few are reported to occur in India
viz., §. alatum, S. laciniatum, S. mulayanum, S. occidentale.
S. malabaricum, S. prostratum and S, radiaium. It is
necessary to acquire other species of sesame, particularly
from the East and West Africa to make the represcntation of
diversity for biotic and abiotic stresses as well as for
phylogenetic relationships. Trait specific germplasm may be
acquired for tolerance to biotic and abiotic stresses from
China, Israel, Venczuela and African countries, and bold
white seed types from Egypt, Ethiopia, Korea and USA.

NBPGR regional centre at Akola has been identificd as
the main active collection site. A lotal of 6523 collections
has been maintained. Thrissur and Jodhpur stations of
NBPGR are serving as the duplicate sites with the holdings
of 3305 and 2135 collections. It has become important for
the diversity of rich countries to protect its wealth. Work has
been initiated to fingerprint using RAPD and AFLP to
characterize the core collection and for phylogenctic
relationships (Pham of of.. 2009),

So tar, no efforts have been made to conserve germplasin
using in sity stralegy in India. Nevertheless, Western Ghats
hotspot for biodiversily has some of the wild species and
therefore, can be proposed for in situ conservation, The
National Gene Bank has 3635 accessions comprising 31353
Indian and 502 exotic collections stored, ex sifw at -20°C. A
total of 177 accessions has been cryopreserved- S
indicum-137; 8. alawum-1, 5. laciniatum-5; 8. malabaricum-
100 8. mulavanum-17; 8. prostaratum-4 and 8. radiatum-3.

J. Ollseeds Res., 29(1) : 1-26, June, 2012

The cryopreserved germplasm included mainly the wilg
relatives and a part of the core collection.

The morphological variation observed in the accessiong
maintaincd  has been  documented. The Germplasm
Management Unit (GMU)Y at Project Coordination Unit,
AICRP (Sesame and Niger) Jabalpur has documented
germplasm lines in four catalogues. Besides, two catalogues
have been published by the NBPGR from the evaluation daty
of 1393 accessions. Utilization of the PGR led to the
development of 58 improved varieties. Among the 3%
varietics developed so far: 28 have come through straight
selections. Since 1996 over 2000, diverse germplasm have
been utilized for heterosis in over 4000 cross combinations.
For example, one of the parents for the cvs. TC-25 and
TC-289 namely EC-7 and EC-4619. respectively were cxotic
collections.

The diversity in cultivated types includes important land
races namely Kari Ellu, Thodde Ellu, Chatko long. Turai
Nuvvly, Pyru Nuvvlu, Bhori, Gopya and Gherd from parts of
Karanataka, Madhya Pradesh, Andhra Pradesh and
Maharashtra. Under IPGRI programme. a joint exploration
for collection was undertaken and 70 accessions were
collected from 12 districts of Bangladesh. The diversity was
represented by red, black and white seeded types, varying in
four, six to eight capsules/axil. Red to brown seeded
collections of sesame collected from the saline belt of
Khulna district may have useful traits for salinity tolerance.

In sesame, dwarf and less dehiscent lines viz., PI 189082,
P1 189229, PI 210687, Pl 481875 and PI 481876 were
collected from USA. Collections with high oil content (EC
303295-314, cx. USA), early maturing, high yielding
accessions (EC 310417-454, ex. Bulgaria), varieties such as
Scowan; Remier and Danbackggo from Korea; Arawasa,
Piritu and Aceitera from Venezuela were some of the
promising introductions. Six accessions (EC 327447.452, ex.
Sudan) were promising inlroductions for drought resistance
and high oil content. Two black and high yiclding accessions
(Ec 355666-667) were introduced from Thailand. Further,
the promising lines were identified for various economic
traits like carly maturity (EC-89112, ILSE-1, 6, 8, SI-938&,
EC-37037, EC-370392), dwarf type (EC-891 1 2 and JS-468),
high oil types (AT-13, HT-6, AT-9, S1-1930. S1-3315,
TMY-4yand for phytopthora wolerance (T8-67. RIS-73 " and
KI5-358).

Sesame has large variability in many parts of the world
and farmers have also not touched the breeder developed
sesame. Many of the plant breeders and farmer selectors have
difterent views of the ideal architccture and the diverse
environments also have an effect. Evaluation of germplasm
should consider the region from which the cultivars that
show the greatest morphological distinctiveness are derived-
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Any barrier to gene flow ( altitudc,.rainfall. sgil, tcmperature,
social and political isolation) permits populations to fragment
and accumulate genetic differences between the sub-
populations (Harlan, 1970). When a location is isolated in

space and time, a secondary center of diversity has time to

avolve (Harlan, 1975).

Wild species and species relationships

The generic name Sesamum for sesame was taken by
Hippocrates from the Arabic semsin. The genus Sesamum
has a wide distribution in nature in tropical Africa,
Madagascar, Arabia, India, Ceylon, tropical Australia and a
few of the eastern islands of the Malayan Archipelago.
Kobayashi (1981) studied the distribution of Sesamum
species and their salient features (Table 1).

In India, besides cultivated sesame, two wild species S.
prostratum Retz. and S. faciniatum Klein has been described
in Hooker's flora and other Indian floras. Abraham (1945)
collected wild Sesamum plants in Travancore in India and on
the basis of cytological studies of cultivated sesame, the wild
plants and the sterile hybrids between the wild plants and
cultivated sesame. considered it to be a distinct species:
hence referred to this species as S. grandiflorum. There is
also a record of another species S. malabaricum from the
same region in Index Kewensis. Wild sesame of Malabar was
considered as a variety of the cultivated scsame and
designated it as S. orientale var. malabaricum. They also
used this type in breeding new varieties.

Anew species, S. larifolium Gillett, from East Africa was
described and the species has been included in the flora of
Tropical East Africa. Also examined the three species S.
schenckii Aschers. S. grandiflorum Schinz and S. gibbosum
Bremek and Oberm. Further, it was found that in lcaves,
flower and fruit characters the three species were very much
alike and the minor differences were not sufficient for
specific distinction and hence, suggesied that the three
SPeCif_?S were synonymous. Flora of Tropical Africa gives the
des.cnption of §. schenckii only. The flora of Tropical East
Affica, mentions that S. sabulosum A. Chev. is a syn. of 3.
aia{“m Thonn; 8. baumii Stapf is a syn. of 5, angustifolium
(QIW-) Engl., 8. macranthum Oliv. is syn. with §. angolense
Wcr‘_"_ Much work has not heen done on the taxonomy and
classification of Sesamum. The basic chromosome number of
;’::}f;i‘;z;sgcis }l]las been reported and pthers n.eed.to be
S e.c : t ;n:ugh CytO—taxonon-nc examination of
of the nuﬁberes? t eg‘cn‘us mayresul.t in further reduction
Prabhakaran (1936 SP;ZC]eh recorclied in Sels:amz_m: genus.
wild Sesamuy fi— ) also sunjlmanze.:d genetic dlversn.y of

' om South Indian region through collections.

J- Oilseeds Res., 29(1) - 1-26, June, 2012

Interspecific hybridization: S. /indicum crosses with 5.
malabgricum has been reported successfully and pollen
tertility was up to 93.6%. The reciprocal cross was also
reported with low crossability. Furthermore, S. indicum
crossability with S. prostratum and S. laciniatum was
reported with low pollen fertility. The 2n= 26 of 5. indicum,
S. alatwm, S. grandiflorum, S. malabaricum, S capense and
S. mulavanum inter-specific hybrid was reported. Further,
inter specific crosses among 2n=32; S. lacinatum, S.
prostratum are fertile, but S. angolense, 8. latifolivm, S.
prostrgtum and S. latifolium are sterile. Also crosses between
2n= 64; 8. radiatum x §. occidentale; S. occidentale x 5.
radiatum, are fertile with bivalents. However, crosses
between S. indicum x S, prostratum and 8. indicum x 8.
latifolium arc sterile. Among 2n=26; S indicum x §.
radiatum reciprocal and 8. indicum X 3. occidentale crosses
were attempted by some workers, Also between 2n= 32 and
2n=64; S. occidentale x 8. lacinatum reciprocal and S
occidentale X 8. prostratum  crosses are  attempted.
Ramalingam ef al. (1994) reviewed crossability relationships
and homology in sesame.

The scope for utilization of few wild specics for transfer
of desirable characters like hardiness, profused flowering,
resistance to phyllody and drought tolerance into cultivated
sesame i possible, [nterspecific  hybridization among
different chromosomal groups was carried out (Ramanujam,
1944; Ramanujam and Joshi, 1951). [t is evident that (i) post
fertilization barrier exists in 2n = 26 group speciesm {ii)
partial barrier to get F, in crosses occurs between 2n=26 and
2n=32 groups which might be due to endosperm embryo
imbalance, (1ii) both the pre and post-fertilization barriers
prevail in 2n=26 and 2n=64 groups and (iv) post-fertilization
barrier occurs in crosses between 2n=32 and 2n=64 groups.

Cytogenetical work could throw light on the inter-
relationships between species of sesame. A high frequency of
bivalents and pollen fertility was observed in hybrids of 5.
indicum x S. malabaricum which suggests strong genomic
similarity between these species, whereas the low frequency
of bivalents and high frequency of univalents (0-16) in
hybrids of 8. indicum x S, prostratum and S. indicum x S.
laciniatum suggests the distinct nature of S. indicum genome
from the other two species. Thus, these observations
corroborates the cartier observations (Ramalingam et al..
1994), On the basis of high crossability and chromosome
pairing in F, it is suggested that S. indicwm is closer to S.
malabaricum than S. laciniatum and S. prostratum. Failure
of fruit setting in other crosses indicated their disiant
relationships. This indicates the post fertilization barricrs and
it is thercfore, inferred that in vitro techniques could be
attempted to overcome these barriers (Ashri, 1998; Bedigian,
2010).
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Table 1 Distribution and salient features of sesamum species

Sesarmum species 2l QuowTence Crossability with S indicum Salient features
8. indicum 26 Wide spread from tropical o Fis highly fertile Cuyltivated, erect, simple or branched, Jeaves vaniable, corolla
temperate zone cotnpanulzie, whitish to pink, nectary, sessile, sced coloured to
white, smooth, cdible
S, indicwm 52 Inddia, U.S.A L Japan, Venczuela Autotetraplowd
S. malabaricum 26 India, (Malabar coast), Africa, Some sterility observed, fortile in - Wild, partialfy cultivated
crusses with S. indicum
S. mulavanum 26 Indian subcontinent Fls highly fertile Wild, similar to 5. idicum in plant morphology. corolla pink.
Gertide in crosses with S indicum
S fuciniatunt 32 India (Kerala, Tamil Nadu, Shriveled seeds Wild, pariially cultivated, prostrate, accurs In rocky habitat, dark
Deccan hiils ), Africa pink corolla, simple, serrate leaves
5. prostratum 32 India (Kerala, Tamil Nadu, Fls sterile, amphidiploids, viabie  Tartially culiivated. prostrate, occurs in rocky habitar, dark pink
Maharashtra, Madras), Africa seeds, corolla, simple, serrute leaves
S aluimm 26 Nigeria, Sudan, Mozambique,  Fruit normal, seeds healthy Wild, erect, branched, leaves foliolate, corolla pink to carmine.
india nectary sessile, sced winged. blackish
S. radiatum 64 India, (Maharashtra), Africy,  Shriveled seeds Partially cultivated. erect, simple or branched, leaves entire.
Upper Guinea, 5ri Lanka corolla violet-purple, nectary sessile, short capsule, seed blackish,
smooth rugose,
5. schenckii 26 8.W. Africa, India Fls with end period ferility F2s Wild, erect, intermediate, feaves 5-7, partite, corolla purple, sced
{8, grandiflorum) {Travancore), East Indies, reporied winged,
S. capense 26 South Africa Shriveled nonviable secds Wild, erect, branched, leaves foliate, corolla violet purple, nectary
sessile, seed winged, blackish,
5. angolense 32 Angola Wild, erect, simpie or branched, leaves entire, corolla violet
purple, nectary sessile, long capsule, seed hlackish. rugose.
S angustifolinm 32 Congo. Mozambique, Uganda Partjaily cultivated, ereet, simple or branched, leaves entire,
corolla rosed, necrary sessile. long capsule,
5. occidentale 64 Alvica, Sri Lanka, India Parually cultivated
5. mombazense unknown Congo. Wild, evect, branched, leaves entire, corolla purple. long capsule,
S antirrhinoides unknewn Angela Wild, crect, branched, leaves entire, corolla purple, nectary
stipitate, seed narrowly winged
S. schinzianwm unknown S.W. Africa (Damaraland), East Wild. erect, branched, leaves oblong-lanceolzte, corolla palerosed,
indies long capsule, fectary stipitate. seed large
5. pedaioides unknown Angola Wild, erest, branched, leaves entire, sessile, seed narrawly winged
8. ealvciup unknown Angola, Mozambigue Partially cultivated, erect. branched, leaves lanceolate entire,
’ corotla rosed, nectary sessile, small capsule,
5. baumii urknown Angola Partally culuveied, erect, skender, teaves entire, coroila pale
rosed, nectary subsessile, seed rugose
S heudelotii unknown Upper Guinea Wild, prostrate, leaves lanceolate obleng, fruit unknown
S. repens unknown Lower Guinea Wild, prostrate, lcaves sessile entire, corolla rosed, long capsule,
seed Hat
S marlothii unknown 5.W._Afica, East Indies, Wild, ercct, lower leaves 3-foliolate, nectary sessie. seed hlackish
Australia.
S, rigidum unknown Angola Wild, ercet, branched, leaves entire, corolla pale rosed, sced
oblique flat or convex
S. brasifiense unknown Brazil Partialy cultivated
S blapiculatum unknown Corgo Wikl
5. caillei unknown New Guinea, Wild
8. digttaloides unknown Africa Wild
5. denmterii unknuwn Africa Wil
8. latifolium unknown East Africa Wik
S. lepidotum unknown Africa Wild
5. microcarpum unknown Afiica Wild
5. sabulosun unknown Sudan Wild
S. somaiense unknown Somalia Wil
5. talhotii unknown Nigeria Wild
S, thonnerii uphtan Atlica Wild
S. triphvifum unknown Africa, East Indics Wild
S. trifoliatum unknown [ndia Wild
X ligitavides unknown Afiica Wild
8. auricufatim unknown Crete Partially cultivated
S, indicatum 58 India Partially cultivated, experimental, amphidiploid of S. orientale
M =13y % 5. proseratum (n=18)
Ceratothecg (U sesqmoides) 32 Africa Partially cultivated, related genus to Sesamum
Anthadenia (A. sexamaides)  unknown Aftrica Bartially cuitivated, retated genus 1o Sesamum

Volbumerin (V._sesamoides)  uaknown Aftica

Partally cultivated, related genos ta Sesamum
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Development of ideal plant types for different situations

Qesame is an ancient oil seed plant endowed with certain
desirable characters. Nevertheless, systematic intensive work
has not been done. This is mainly because sesame is a crop
of developing countries where funds are scarce and
continuous breeding efforts are not pursued. Further, sesame
is not mandated to any ofthe CGIAR International institutes.
The polientials of sesame have been amply demonstrated in
tropical Venezuela (Mazzani 1985), in South Korca where
sesame is a high input crop (Kang, 1994} and in summer,
preduction areas m India (Sharma, 1994) and in China
(Zhao, 1994).

The objectives are higher yicld, improved plant
architecture and resistance to diseascs and insect-pests,
whereas specific objectives vary with the regional
requitements. [ndeveloping countrics, sesame is grown with
low inputs, while in developed couniries, such as the United
States and South Korea, it is grown with reasonable or high
inputs. Sesame fits into various cropping systems either as a
main or second crop and also it is grown often as intercrop.
Nonshattering cultivars are needed for combine harvest in
developed countries and modcrate types are adjustable
clsewhere (Ashri, 1998: Bedigian, 2010).

Quality and markcting aspects influence breeding
objectives. The confectionery market or the oil mills have
different requirements. Seed size, shape, coat texture, colour
and sweet taste are 0ot so tapartant to the ol industry, but
these characters arc critical for the confectionery which is
increasing globally with the growing health concerns. In
Venezuela, growers had to switch cultivars in recent years
when the main market changed from oil to confectionery
use. In India, white seeded is preferred for export and
domestic use in Northern plains and platcau region. Whereas
brown or black seeded are preferred by domestic consumers
in Eastern coast and black seeded in the South coastal
region.

Specific breeding objectives in sesame are as follows:
Seed characters: Large or medium large, well filled, shape
and colour to satisfy market demands, especially for
confectionery. Seed coat rough or brittle, casily removable
by dry decortication; short (a few months) seed dormancy
appropriate; higher oil content, above 50%:; higher lignan
content for longer shelf life!

Seedling characters: Fast. vigorous germination and
cmergence with strong hypocotyl elongation 1o ensure better
emergence; rapid growth in the early stage to overcome
weed§ and to result in better stand establishment: ability to
germnate and withstand lower temperature in early stage of
growth in temperate arcas. '
Roots: Rapid root growth, deep tap root penetration with a
well distributed secondary root system,

Leaves: Medium to broad at the base and narrow lanccolate
toward the apex to permit maximum light penetration; short
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petioles; abscission early and complete at maturity for clean
threshing,

Stem: Moderately branched. under low input conditions,
short internodes with corresponding adjustment of capsule
angle.

Growth habit: Determinate with uniform and short
flowering or moderately determinate with a prolonged
ripening period according to the farming system. Under high
input conditions, the first would be preferable

Flowers: To start 20-30 em from the soil surface: number of
flowers per leaf axis - one.

Capsules: Setting start from base, Bicarpellate (4 locules)
for larger seed size, long capsule, one per leaf axil, upright
angle, appressed, full sced set, without aborted ovules.
effective sced retention, sutable for machine harvest or
through delayed capsule indehiscence type.

Physiological characters: Neutral day length responsc and
thermo-insensitivity:  improved  harvest index: higher
efficicney in nutrient uptake; tolerance to waterlogging,
drought, salinity, and other abiotic stresses: potential to
respond to apphication of festilizers and/or irrigation; high
and stable seed yield under a wide range of environments
{Rajan, 1981).

Higher oil content will be an important objective. In
addition to increasing sced yield, increasing oil yield
simultaneously is very essential. Modification of the fatty
acid composition is needed for specific market niches.
Further, protein content and amino acid modifications may
be considered. Higher lignan content could expand the use
of sesame oil as an antioxidant. The value addition through
the development of varieties with sweet taste and low anti
nutritional factors (oxalic acid and/or phytic acid} present in
the seed coat will be desirable for global competitiveness.

Introduction

The use of introductions directly or after minimal
selection was common. Subsequent cfforts for specific need
required programmes based on recombination. In sesame,
introduction sometimes followed by mass or single plant
selection was efficient, The Veneczuelan cultivar Morada,
selected from an introduction from Zaire (Republic of
Congo}, proved well adapted to Tanzania. The introductions
from which some improved varieties selected in Venezuela
were originated in China, Congo. Nicaragna, Colombia. and
Ethnopia. The improved sesame cultivars grown in Ethiopia
originated as introductions front India, Uganda, Sudan and
Egypt and the popular cultivars in Ethiopia were
introductions. The Mexican cultivar Yori 77 performed
better in Northern Australia {lnrie, 1995). Early Russian
introduced from Texas to South Korea served as a basis for
the intensive cultivation of sesame {Ashri, 1998; Bedigian,
2010).

It appears that no recommendations can be given on the
promising, geographical sources of introductions on a
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national basis. Ashri ef al. (1991) and Ashri {1994) showed
that oil content and protein content in South Korea could
predict performance in Israel and vice versa. It is observed
that introductions can be useful in breeding. ln some cases,
introductiens may be adopted directly or usced as the source
of genes. Two major traditional sesame growing countrics,
China and India. have cnhanced their germplasm
introduction and collection efforts (Zhao 1994; Duhoon et
al., 2000) and some of the commercial cultivars are dircct
introductions.

Selection

Phenotypic selection within the local germplasm has
been practised. Both mass and single plant selection has
been important in developing improved varietics, Mass
selection was aimed at the elimination of the less desirable
genes leading to better adaptation. Single plant selection has
produced successful varietics and there is scope for
selection, when new variability is created. In India, 85
varieties are released (Table 2) so far and among this, 28
were developed by selection from local material, 32 by
pedigree method, 4 by induced mutations and 21 by other
methods (Ranganatha ef a/., 2012). In China out of 36
varieties, 17 werc developed by selection from local
material, 18 by pedigrec method, and one from induced
mutation {Zhaa, 1994}, In South Korea out of 18 varieties,
one variety was developed through dircet introduction, one
by selection from introduced material and three from local
material, eight by pedigree method and five by induced
mutations (Kang ef al.. 1993). At Venezuela, 19 varicties
have been developed, out of this seven are from
introductions, six by pedigree method and three by other
methods (Ashri, 1998). The breeding efforts at South Korca
increased seed yicld levels from 650 kg/ha (suweonl!,
pungnycon) to 1000 kg/ha (pangsan, seedun).

Hybridisation

The penetic variability has to be generated from planned
crosses. Pedigree method has been used in hybridisation.
Backcross, multiple crosses, bulk populations and
population improvement with or without male sterility are
less common. The crosses were usually between two
cultivars, but sometimes more complex crosses are effected.
Modifications of the pedigree method, such as single seed
descent have been mitated. Pathirana (1995) compared
breeding progress in five crosses using pedigree, bulk, single
secd descent and modified single seed descent methods.
Further, concluded that the bulk method, which is less
expensive, could be used with the same amount of success
as the other methods. Srinivas er al, (1992) compared the
effectiveness of the bulk and single capsule descent methods
and found that the bulk method was superior to the single
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capsule descent in four crosses, but was less successful in
two crosses, where the parents were closely retated. Early
generation testing was studied by Ranganatha er al. (1994a)
and Pathirana (1995) and concluded that it was ineffective,
The results indicated that simple bulk methods may be used
with cqual success like pedigree, SSD or early generation
testing (Ranganatha and Virupakshappa, 1993; Ranganatha
et al., 1994b). Ashri (1981, 1995) created a highly
heterogeneous population by bulking F, sced from crosses
of a wide range of cultivars with the determinate mutant.
Seeds of advanced gencrations of this population were
sharcd with researchers in many countries. The back cross
has been used in a limited way in sesame, 1t has been used to |
incorporate desirable traits such as indehiscence and transfer
of male sterility genes into adapted types. Its use will no
doubt expand as better and more productive cultivars are
developed with identification of additional sources of useful
loei.

Inheritance studies

The genetic control of various traits in scsame was
studied by various rcsearchers (Nohara, 1933; Langham,
1945a, 1945b, (946, 1947a, 1947h). The studies on
inheritance mechanisms in scsame were also reviewed by
Joshi (1961), Weiss (1971, 1983), Brar and Ahuja (1979},
Ashri (1998) and Bedigian (2010). The rcsearch attention
has been devoted to yield components, heritability, and
related biometrical research. The reports reviewed by Brar
and Ahuja (1979) dealt with monogenic or digenic traits
with major genes. Polygenic control was cited only for five
out of 71 traits. The known modes of genetic control for
some characters that influence yield, as reviewed by Brar
and Ahuja (1979) are as follows,

Branched vs. unbranched, one gene (Nb, nb); Normal vs.
fasciated stem, single or duplicate genes (F, f), F., £}
Single vs. multiple (2-3) flowers and capsules/leaf axil, one
gene (T, 1): Fertility vs. complete male and female sterility,
one gene (Sc, sc); Fertility vs. male sterility, one gene (Ms,
ms); Bicarpellate vs. quadricarpellate capsuies, one gene (Tc
tc), Dehiscent vy, indehiscent capsules, one gene with
pleiotropic effoct (1d, id), or two complementary gencs.;
Normal vs. paper shell capsule, iwo coinplementary genes
{P., p,. Po. o) Capsule length, polygenic.: Photoperiod
response, polygenic; reststance (o Addicrnaria - monogenic
dominant; resistance to phyllody - digenic with
complementary gene interaclion (cultivated) or duplicate
dominant genes (wild); The traits whose mode of inheritance
was elucidated can serve as marker in crosses and can be
used i linkage studies (Table 3). The linkage was reported
and in plants that are idid, the cotyledons and leaves ar¢
cupped, apparently a pleiotropic effect or an extremely close
linkage.
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Table 2 Selected released varieties of sesame m [ndia

; igree . Y r Days t O1l cont
Variety Pedigree Breeding method cara s 1o ! (:Sn et Average yield Salient Fealure, Recommended areas
reicuse maturily (%)
TMV-3 [.ocal x Malabar Pedigree 1948 X0-82 48-50 600-650 Black seed, rainfed and irrigated areas
wild of Tamil Nadu and Karnataka, Tolerant
ta leal minor
TMV (Sv)}-7 81250 X ES22 2009 85-90 50-52 Rainy Tamil Nadu, AP, Kurnataka,
season 750 Cosmopolitan variety suited for all
Summer 820 seasons, brown testa, tolerant to root rot,
suitable for confectionery
T-4 T-10x T-3 Pedigree 1960 85-90 48-51 600-650  White seed, for alluvial sotls of UP
Amrit X1-2 X Krishna Pedigree 2006 80-85 43-46 750-850 Light brown seed, rainy scason ratnfed,
winter season, surmmer irrigated, AP,
TN, CG, WB and MP
TC-25 EC-7 x TS-24-1  Hybridization and 1978 80-85 50-53 750-800 White seed, Punjab, Vidarbha region
s¢lection (MS), MP and Rajasthan
Pratap (C-50) Selection from local Pure line 1968 95-10G 48-52 600-65¢  Dull white seed, heavy soils of
collection of Rajasthan, resistant to Macrophoming
Kota district
RT-35) NIC-8409 x RT-127 Pedigree 201G £3-90 48-50 750-9G60  Rajasthan, Gujarat, UP, Maharashtra,
Haryana, Punjab HP, Karnataka and
V&K, Tolcrant to Mecrophomina, leaf
curl, phyllody, moderately resistant to
Cireospara and capsule bover
Purva-| Selection from local Pure [ine 1968 95-100 48-50 700-750 Reddish brown seed, . Gujarat..
material of Gujarat Moderately resistant to powdery mildew
Gujarat Til-2 Gujarat Til-1 x Pedigree 1994 88-92 48-52 750-800 White seed, Gujarat. Moderately
TC-25 resistant to Macrophomina
E-8 Selection froti local Pure line 1989 95-160G 47-50 350-600 Creamy white seed, Northern
material of Northern Kamataka, Resistant to powdery mildew
Karnataka and bacterial leaf biight-
Thilathara CST-785x B-14 Mybridization and 2006 84-88 48-52 600-650 Blackish brown sced, rainy season,
sclection Onattukara region of Kerala Summer
rice lallows, Resistant to powdery
mildew
LT-408 Padma x Yuzi-3 Pedigree 2010 20-85 51-53 T00-800  White sced. rainy season, Assured
rainfall zone of Khandesh and
adjoining arcas of Vidharba,
Marathwada region, Moderately (olevant
to leaf roller/ capsule borer, Tolerant to
zaltfly, Moderatety resistant 10 phyliody,
Cereospora, Alternaria Mocrophonina
and powdery mildew
~adhavi Selection 1rem local Pure ling 1978 75-80 46-4% 03M-T00 Light brown seed. Andhra Pradesh
material
Hi .
ma No.5039 x AT-1 Pedigree 2006 75-80 48-50  Rainy scason  Shiny white seed, Late rainy season,
700-750 winiter season and semi-winter sgason,
Summer Andhra Pradesh field telerance to
1I00-1200  Alternaria Yea¥ spot
TKG-22 HT-6 x JLT-3 di ; 5 i ‘
X JLT-: Pedigree 1995 §2-85 50-34 600-700 Whilte seed, Eastern UP, MP, Bihar,

Orissa, West Bengal and NE stales,
Tolerant to Pinvrophthora Blight
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Table 3 Genetics of important traits in sesame

Number of genes

Trait - —— -
Monogenic Digenic Polygenic
Growth habit 1 -
Seedling traits 4 1
Leaf traits 11 2 1
Stem traits 5 1 1
Flower traits 23 7 -
Capsule traits 7 2 1
Seed traits 4 2 _
Photoperiodism 4 - 1
Seed composition 1 2 {
1 2

Physiological

Figures given comprise only indicative samples of literature

Of these, in five cases there are scparale reports on
monogenic or digenic control for the same trait, in different
genetic backgrounds. Seed colpur is controlled by several
loci, one of which is epistatic. The homozygous recessive Xx
prevents pigment formation and exhibits white secds.
Yukawa er al. (1996) investigated the structure and
expression of two seed-specific cDNA clones encoding
stearoylacyl carrier protein desawrase (SACPD).

Seed yield and yield components

Sesame seced yield and harvest index are often low.
Higher seed yield is a major breeding goal and many
researchers (Weiss 1971 and 1983; Brar and Ahuja 1979; Tu
et al., 1991; Ray and Sen 1992; [nrie 1995; Ashri, 1998;
Bedigian, 2010) evaluated the relative importance and/or the
genetic control of the different yield components and harvest
index. The studies were conducted by Kang, 1994 and
Baydar, 2003 to detcrmine the ideal sesame plant type or
ideotype for different situations. The low amounts of solar
vadiation, often caused during the monsoon period due to
short days and cloudy skies, could be partly responsible for
the lower yield. lnrie, (1993} stressed that yield is the
product of intercepted photosynthetically active radiation
and conversion efficiency. Cultivar differences in leaf arca
were found (Kang, 1994). When the vield components and
the sink is considered, they should be viewed in conjunction
with the prevailing agronomic practices such as pure or
mixed stand, Jow or high plan density and low or high
inputs.  For cxample, plant stand density would affect
branching, while planting date will affect the height of the
first capsule. The number of capsules/leaf axil is controlled
by a single gene (T=1 capsule/axil and =2 or morc
capsules). Rheenen, (1981a) showed that cultivars with one
capsule/axil and cultivars with three capsules/axil are grown
n the same regions, neither types taking over the whole area.
Tt may be concluded that the problem is in the production of
the photosynthate-the source and not the number of
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capsules-the sink (Durga et al., 1997). Similarly, Rheenen
(1981b and 1981c¢) found that cultivars with long vs. short
capsule and cultivars with four vs. muttilocular capsules
were cultivated in the same area and nonc of these types had
a competitive yield advantage.

Kim and Lee (1981) in South Korea found that out of
1401, local landraces examined, 75% had one bicarpellate
capsulesaxil (4 Jocules); 20% had one quadricarpellate
capsule/axil and 5% had three bicarpellate capsules/axil.
Similarly, in Venezuela, 17 improved cultivars studied,
about half were unbranched and the others were mixed in the
three maturity groups, short, medium and late. In South
Korea, where sesame is grown with high inputs, improved
cultivars were releascd with one capsules/axil. There are
various reports on correlations of the yield components, path
cocfficients and heritabilities, e.g. Lee and Chang (1986),
Osman {1989}, Ashri (1998) and Bedigian (2010). Their
findings vary and are valid only for the particular genotype
and environment and it is difficult to draw generalisced
conclusions.

Seed shattering

A limitation of sesame is that the capsules dehisce upon
maturity and shatter the seeds. Mutations for sced retention
were critical in the domestication of seed producing crops.
The mechanisms involved differ, but generally, they are
controlled by few major genes. Thus, 1t is possible that such
a desirable mulation occurred in sesame. but was ot
noticed, or it was noticed but disregarded by growers, vrthat
it did not occur. An indehiscent spontaneous mutant was
discovered in 1942 by Langham (1946) in Venczuela, which
was reported to be monogenically controlled. Later, digenic
control was encountered in some crosses {Nafie 1980) and
also modifiers (Ashri and Ladizinski 1964). In the
homozygous recessive idid plants, the capsules are
indehiscent due to structural changes in the mesocarp (Ashri
and Ladizinski 1964). The idid plants have reduced seed

|
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set, lower seed yield, higher susceptibility to discascs and
other undesirable features. Despite cfforts by many
researchers, the desired indehiscence could not be separated
from the undesirable side cffects, suggesting pleiotropism.
The capsules of the idid indehiscent plants proved loo
difficult to thresh. Therefore, Culp (1960} proposed to breed
indehiscent plants with the papershell trait (monogenic), but
that also did not eliminate the difficulties.

Mutaticns for improved seed retention could affect
capsule opening or produce stronger placenta. The need for
good seed retention is considered even in some developing
countries where manual labour is becoming scarce at harvest
time and is essential for mechanized harvesting. For this
reason, the FAQ/1AEA has sponsored a research programme
on induced mutations. The objective of the programme was
to obtain non-shattering mutatnts. The participants reported
inducing four indehiscent mutations in three Turkish
cultivars (Cagirgan 1996, 1997), but their breeding value
and undesirable effects are unknown. Semi-shattering
mutants were also induced in Thailand (Mancckao er al.,
1997). The Sesaco company in thc United States, founded
by Langham and associates concluded that the crop must be
harvestable by combine. They embarked on large scale
breeding efforts with the /did allele and with stronger
placenta, but these approaches proved unsuccessful. Sesaco
breeders then developed cultivars whose capsules are more
appressed, pointing upward, dehisce only part way from the
tip and retain most of their seeds even when inverted due to
stronger placenta attachment. The Sesaco cultivars 517 to
S22 are of this type.

A recessive mutant (gsgs) termed seamlcss; whose
capsules do not dehisce was observed by Langham and
Langham (Ashri 1998; Bedigian, 2010). Capsules of gsgs
plants appear to have only one carpel, although they have 4
rows of seeds. Unfortunately, in this mutant the stamens
gﬁen abort and the plants have lower seed set. In addition;
it was difficult to break open the capsules to seperate the
SéedS. Improved gsgs lines were developed; however their
yield potential remained too low. Continued search for
productive mutants by treating diverse cultivars with various
mutager_ls and doses, should be a long-term cffort. Large M,
pOPUl'fIIIOHS should be screened at maturity for seed
fetention. The idid materials might be mutagenized to
eliminate the undesirable effects, However. since the latter
tllf]; Probubly pleiotropie manifestations of the idid genotype,

probability of success is low.

Mechanization

manf?ltalll)reisl?lh the majority of the sesame is harvested
there wai, . g world: In sevgra!l international meetings,
mechanized (}0n:11'0vcr31a! prediction that unless sesame i
will decreasem-'l e next few decadcs., its world production
from the p| Stgnificantly. In some lines, the seeds abscise

placenta and in other lines, they arc attached. The
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original placenta attachment discovered in Venezuela in
1956 was very fragile. Yermanos (1984) felt that it was too
weak (o provide shatter resistance. This character had been
incorporated into Kinman lincs and was present in 503 and
S07. Through crossing lines with different placenta
attachment genes and selection pressure, the placenta
altachment has been strengthened enough to hold the seed to
the combine. The lines primarily from Thailand, Myanmar
and China have a hole in the membrane in the lower part of
the capsule. In working towards a capsule split Lo expose the
membrane, this lower hole can allow the seed to exit. This
character of a hole at the bottom has been bred. The plant
characters of consideration for mechanization are, height of
plant, height of first capsule, branching and lodging
resistance.

Plant types for stress intensive agriculture

Traditionally, sesame is grown extensively in drylands.
It has a lot of inherent and acquired tolerance for the
vagaries of monsoon and climate and hence, emerged as a
potential choice for risk and uncertainties in tropical
agriculture. The crop experiences moisture stress to varying
degrees in different stages of crop growth, Sesame during its
evolution and domestication acquired large number of
agronomically inferior characters, which were essential for
the sesatne plant species survival. In the light of the advent
of superior plant types for stress intensive conditions, the
situation warranted the breeders to come in aid of the
sesame. The efforts in reconstruction ot plant types have led
to the isolation of desirable types. The cssential teatures of
the plant types recommended for stress intensive agriculture
arc as follows. (a} medium/long duration {90-105 days),
however, very late types arc undesirable. (b) branching types
(2-4 branches). (¢) high degree of tolerance to leaf spots,
powdery mildew and moderate tolerance to phyllody. (d)
moderate tolerance to Antigastra and gall fly. (¢) better
adaptability and high regencrative growth after moisture
stress. () fairly good tolerance to waterlogging. (g)
medium/tall plant type. (h) less number of immature
capsules and (i) fairly good synchrony in maturity. In the
traditional arcas in India, cultivars like Phule til-1, TC-289,
IT-7, Gauri, Rajeshwari, D8S-9, CO-1 and types with
introgression of local germplasm arc recommended. The
straight derivatives of exetic tvpes should be advocated only
after testing for the adaptabitity. Henee, mdigenously bread
stocks, possessing these featurcs arc the choice to the
farmers.

Plant types for input intensive agriculture

A three-fold increase in average productivity was
recorded in West Bengal, Andhra Pradesh, Tamil Nadu and
Odisha in the nontraditional areas. Still higher potentials are
demonstrated and also realised elsewhere (high yield range
of 15-20 g/ha). At present, considerable area is coming up in
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different states in winter and summer seasons. The present
day local type is a total misfit for input intensive agriculture
due to the poor responsc to higher levels of management.
The agronomic features of the plant types for input intensive
agriculture arc as follows. (a) short duration (75-85 days).
{(b) dwarf plant types. (¢) photo and thermoinsensitivity. (d)
higher response to added inputs and irrigation. (e} short
internodal length and higher number of effective capsulcs.
if) perfect synchrony in maturity and {g) high harvesl index.
In the non-traditional areas for input intensive agriculture
cultivars like RT-125, RT-127, TKG-21, TKG-22, TKG-55,
Madhavi and HT-2 are the appropriate choice for the
farmers, Selection of appropriate types for rainy, winter and
summer seasons in diffcrent agroclimatic regions will
enhance the productivity to a great deal, Hence,
poputarization of these ideal plant types is the pre-requisite
for realizing a breakthrough in sesame productivity in
different agro-production situations,

Exploitation of hybrid vigour in sesame

Hybrids combine characters from two parents with high
adaptability associated with resistance to various biotic and
abiotic stresses, low genotype x environment interactions
and uniformity in yieid. This concept led to the development
of hybrids for exploitation of hybrid vigour. Male sterility in
sesame was reviewed by Yermanos and Osman (1981),
Weiss (1983), Osman (1985), Ashri (1998) and Bedigian
(2010}. The earlier accounts described sterility {male and
female) or incomplete male sterility or only during the early
part of the growing scason. The genctic male sterility allele
originated as a sponfancous mutation in Venezucla. Sesame
lines with the male sterility allcle were supplied by Mazzam,
Venezucla to Yermanos at the University of California
(Osman and Yermanos 1982}, The male sterility proved to
be monogenic and recessive (ms) in environments tested
{Osman and Yermanos 1982; Ycermanos 1984; Wang et af.,
1993; Tu et al., 1995). When pollinated, the male sterile
plants indicated seed yicld that are comparable to male
fertile plants (Osman and Yermanos 1982); The anthers of
the male sterile plants are green and translucent, which
facilitates identification of the male sterile plants in the bud
stage, three to four days before anthesis. Gao ef af. (1992)
reported that in msms plants, the non-vacuolated
microspores break down at the tetrad stage. China developed
first zenctic male sterile hybrid. The hybrid technologies for
exploitation of heterosis are : (a) manual emasculation and
pollination; (b) use of chemical hybridizing agents; (o)
development of genetic male sterile [ine and (d)
development of the cytoplasmic genetic male sterile line.

Manual emasculation and pollination

The flower of sesame is bell-shaped, campanulate with
2-3 ¢m long corolla with five epipetalous stamens, hence,
removal of petals ensures emasculation easier. The anther
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dehices depending upon season and location; anthers are
long viable (24 hrs); the stigma has very long viability (48
hrs). Floral biology is such that out crossing per cent ranges
between 5 and 15%. However, a spiit corolla line identificd
has very high out crossing to the tune of 70%, thus, makes
outcrossing casier and can be maintained by selfing. Long
flowering duration, high pollen density and onc healthy male
flower can pollinate 3-4 femalc flowers, High number of
secds/capsule (60) and low sced rate makes manual hybrid
production easicr. As the cmasculated female line does not
have any pollen in the flowcrs, the inscct activily is minimal
in female line, makes hand pollination system easy for
preduction of hybrid seed. Still, other schools considers
manual production of hybrid is laborious, time-consuming
and uneconomical. The yield potential of hybrid is very high
and in India, potential yield of 20-25 g/ha has been
observed, whereas in China hybrids recorded yield ot 23-30
g/ha.

Gemetgceides

Manual emasculation of female line is time consuming,
hence, use of a gametocide is considered as means of hybrid
sced production. However, it has been observed that the
application of a gametocide normally adversely affects ovule
fertility and many of the morphological traits viz., plant
height, number of branches, capsules/plant, seeds/capsule
and seed yield of male sterility induced female plants. It is
therefore, important that while selecting gametocide and
dose it must least affect the ovule fertilily and plant
motphology adversely (Sudhir Kumar and Reddy, 2005).
Application of sodium 2, 3 dichloro isobutyrate 1000 mg/kg
bud initiation stage followed by two sprays at 10 days
interval was found effective. Whereas, application of
Mandok 0.05% at bud initiation followed by two sprays at
10 days interval produced better pollen sterility in the female
line without affecting ovule fertility. Chemical emasculation
of sesame by growth regulators such as dalapon, FW 450 (2,
3 dichioro methyl propionic acid sodium salt) and sodium 2,
3-dichloropropionate was reviewed by Osman (1985). In
China, Zhao (1994} rcported that the gametocides cavsed
hypertrophy of the tapetal cells with Fw450 atso found
effective. However, found the best time for application to be
Jjustafter PMC formation, this treatment is not applicable for
indetcrminate lines. Annamalai-1 variety of scsame was
treated with [% EMS for 2 hirs and selected plants with =
60% sterility were advanced. Out of 15200, only three plants
viz., MSBA, MS14A, and MS15A were comparatively more
stable for malc sterility, however, these lines were weak for
morphological and yield associated traits, The sib mated
progenies produced more male fertile plants revealing
departure from 1:1 ratio indicating thatmale sterile line have
not aftained stability for the trait. Physical and other
chemical mutagens have been reported by various workers.
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Development of a genetic male sterile line .

Male sterility is expressed under homozygous recessive
conditions and msms lines are maintaincd by crossing with
heterozygous male fertile plants. The male fertile plants not
linked with genetic marker are rogued at Rowering stage,
but, the marker linked plants are removed on expression of
the character at secdling stage. However, effort for the
development of stable male sterile lines through mutagenesis
is in progress. Breeding lincs containing the above ms allele
has been distributed by Mazzani and Yermanos. Male
sterility trait reported in a line of Venezuela, has been
utilized into the materials adapted to diverse conditions, e.g.
Catlifornia (Yermanos and Osman, 1981) and China (Wang
et al., 1993; Wang et al., 1995; Tu ¢t al., 1995). This male
sterility gene has been vsed in production of hybrids in
China,

Development of the cytoplasmic genetic male sterile line
Development of the cytoplasmic genetic male sterile line
is a stable means for production of hybrid. The crossing
between S malabaricum and 8. indicum followed by
genomic substitution of 8. irdicum resulted in development
of CGMS lines (Prabhakaran et a/., 1996 and Bhuyan and
Sharma, 2003). The CGMS lincs were developed through
substitution of nuclear genome in genotypes TMV-3,
TMV-4, TMV-6 and Co-1 and developed CMS T3, CMS
T4, CMSTé and CMS7. Out of 70, hybrids tested Co-
I/TNAU-11 indicated a standard heterosis of 182.6% for
secd yield. Identification of a suitable pollen parents for
exploitation of heterosis for producing standard hybrid is
essential. Male sterility has been obtained in the cross of S.
malabaricum x S. indicum, however, not in the reciprocal
cross (Thangavelu, 1994), suggesting that inter specific
crosses may produce genetic cytoplasmic male sterility.
Cross CMS Cl/Payur-1,CMS T4/Payur-1 and CMS
T4/S{ 1525 exhibited high heterosis for seed yield followed
by the number of capsules and oil content, while cross CMS
Cl/ Payur-1 and CMS T6/Payur-1 revealed heterosis for
capsules. However, CMS T6/Si 1528 and CMS T4/SVPR-1
revealed high heterosis for test weight. In another study,
CMS T6 / SVPR [ revealed high heterobeltiosis for
Dheno}ogical traits. The characters days to flowering and
Maturity showed negative heterosis indicating development
Qfearly maturing hybrids. Several erosses revealed heterosis
for seed yield, oil comtent, test weight and numiber of
capsules. Heterosis to the tune of [52% was observed for

seed yield followed by 1000 seed weight, number of
branches and capsules,

Hybrid seed production technologies

i The slm_zv progress inincreasing the yield ofcultivars and
¢ high yield increments (50%) of some hybrids have

f}t]reﬂgthe_ned the sesame hybrid approach. Cross pollination
rough insects of male sterile plants presents no problem
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and cach female plant can produce thousands of seeds. Tu
{1993) calculated that seed preduced on one ha of field can
supply sufficient F, seed for 60-80 ha. Further, ¢stimated
that in China's conditions, F, hybrid could be produced
economically by using the available genic male sterility and
manually rouge out the male fertite plants from the female
rows. The hybrid cultivar Yeti No. 9 (ms 86-1 x Danback)
developed by Tu was covered by 6000 ha. in 1995 in China.
Another approach being tested in China, farmers who grow
small plots of scsame arc supplied with the sced of the
parents and trained to produce their own hybrid seed. The
self labour, reduces the cost of the hybrid seed, and the
increased F, yield, could make this option attractive to small
holders. In India, it is proposed to produce hybrid sesame by
hand emasculation and pollination because stable male
sterile lines have not been developed (Thangavelu, 1994b;
Manivannan and Ganesan, 2001}).

For hybrid seed production by hand emasculation and
pollination, one school considers prices are the limiting
factor. The hand emasculation and subsequent pollination
can be followed to produce the hybrid seed. The cost of
hybrid seed production by this method is of concern.
Manivannan and Ganesan (1993) estimated that an average
of 2500 flowers may be produced from 440 plants/40 M?,
Male flowers collected from 10 m’ may be enough as a
pollen parent. The effective Nowering period extended upto
15-18 days. The estimated production of hybrid seed was 2.5
to 3 kg/40 m* with the cost of about T 200/kg seed. The
estimated cost of hybrid seed produced by hand
emasculation and pollination at Jalagon (AICORPQO, 1993)
involving hybrids Tapi x HT-24, ATPT-85-6 x Tapi and
Tapi x CST-785 was worked out to be ¥ 1218/kg seed. In
China, two hybrids were cultivated by hand emasculation
and pollination method with a yield of about 3000 kg/ha.
The number of capsules, seeds/capsule, 1000 seed weight
seed yield and oil content are the important traits as they
revealed a high degree of heterosis and also observed
economic traits for hybrid production. Seed yield, number of
seeds/capsulc and 1000 seed weight with high sca indicated
possibilities for exploitation of heterosis.

For production of hybrid seed, emasculation of
appropriate flower bud is done in previous evening by
holding the corolla between the index finger and thumb and
smoothly slipping out by a gentle pull. As the stamens are
epipetalous, they get themselves simultancously removed
along with the corolla. On an average, an individual can
emasculate 2500 to 3500 flowers in a period of three hours.
The following morning, healthy and rabust flowers of amale
parents are collected by smooth slipping of the corolla
column and brushed on stigma of the emasculated flowers.
tour flowers of a female parents can be pollinated by a
single male flower. The process of dusting is attended
between 6 and 9 AM. During this period, dusting of
800-1000 tflowers could be completed. The care is taken to
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emasculate and pollinate all the flowers produced on a
particular day. Any leftover flowers that missed
emasculation are removed. The per cent of capsule set is as
high as 80 (Manivannan and Ganesan, 1993}, At Riverside
(California), experience showed that emasculation and
pollination could be done simultancously in the green house
and in the ficld (Yermonos, 1980). Seed sct was also
reported to be high (Osman, 1985).

Although sesame is largely self-pollinated, substantial
ievels of heterosis have been reported for certain hybrid
combinations from various countrics. High yield of F,
hybrid, than those of the better parent have been reported by
Murthy (1973), Brar and Ahuja {1979), Maxzani et a/.,
{1981), Osman and Yermanos {1982), Yermanos (1984),
Osman (1989), Zhan et al., (1990}, Tu (1993), Murthy
(1994), Durga et al., (1994), Quijada and Layrisse (1995),
Ashri (1998), Solanki and Gupta (2000}, Duhoon (2001),
Sumathi and Muralidharn (2009 and Bedigian (2010).
Several sources of genetic male sterility are reported in
sesame (Ashari, 1998; Bedigian, 2010). All these originated
as mutations and are controlled by recessive gene(s).

In Venezuela, the preliminary trials with F 1 hybrids were
conducted by Mazzani ef @/ (1981). Further, evaluated a
hybrid in the semi-commereial ficld which excelled at five
locations. The F, sced were produced using male sterility.
Commercial production of hybrid was tested in China. High
hetcrosis encouraged to produce hybrids, but the lack of
male sterility was a constraint; thercfore, it was also
suggested that F, populations of eertain combinations would
be useful with low inbreeding depression. Zhao (1994)
reported that there was residual heterosis n b,

Gencrally, high level of heterosis was noticed, when the
parents of hybrids were from divergent origins, There were
also marked differences in the F, hybrid vigour between
reciprocals (Ray and Sen, 1992; Tu, 1993}, thus, a
cytoplasmic component may be involved. General and
specific combining ability were assessed in different hybrid
combinaiions by various authors; their relative impact
varied. Some authors considered additive gene action to be
more important (Ibrahim ef @/, 1983; Dharmalingam and

Ramanathan, 1993; Inrie, 1995), white others considered the
nonadditive components to be more important (lmrie, 1995.
Quijada and Layrisse, 1995). The impact of additive v
nonadditive gencs is expected to vary from one hybrid
combination to the other.

In view of the difficulties encountered in producing
hybrid seed with the avatlable genic male sterility, F, hybrids
with residual heterosis were proposed in China (Zhao,
1994}, but this approach was not adopied (Y. Li, pers,
commun.j. It is a problem, because of the loss of uniformity
and the reduced vigour of the F, hybrid (Sodani and
Bhatnagar, 1990). Use of the split corolla mutant, which
reduces selfing as the maternal line is an alternate approach
for the production of hybrid sced. If the crossing blocks are
in isolated areas without other flowering plants around,
insect pollinators will produce a high percent of out-crossed
secd. Even if the cross pollination rate is only 50%, the yield
increase will be considerable, provided the parents have high
combining ability, An advantage of this system is that the
split corolla maternal parent can be maintained by selfing,

Resistance breeding

Cultivars resistant to discascs, insect-pests, and abiotic
stresses would be important, specially because in developing
countries other means of control are scarcely used.
Macrophoming is destructive and wide-spread. Phyllody,
caused by phytoplasma transmitted by leaf hoppers, induces
vegetative proliferation of the flower buds and is destructive.
Screeming is difficult since it depends on field conditions,
vector population and disease infestation levels. The
development of methods for inoculation and rapid disease
identification, as well as better screening approach is also
required.

Biotic Stresses

Sesame suffers from various diseases caused by fungi,
bacteria, phytoplasma and virus. The 1DM is structured to
use of resistant varieties, cultural practices, surveiltance and
need based chemical control of the regions {Table 4).

Table 4 Host plant resistance against major discases

Disease Causal organism

Status of resistance

Stem and voot Tot
Phytephthora blight
Hiernaria Yeat bhght
I'hyllody

Wilt Fuarium axysporun

Macraphomina phaseolinu
Phytophthora parasitica
Hreriaria sesenn
Phytoplusma
Cercospora leal spot Cercospora sesami
Powdery mildew
Bacterial leaf spot
Bacterial blight
Leaf curl Tobacco mosaic virns

Leveillula taurica
Pseudomonas syringae
Xanthomonas campestris

4 and 5, Cultivated and wild species
4 and 5. Cultivated and wild specices
4 and 5. Cultivated and wild species
4 and 5, Cultivated and wild species
3, Cultivated specics

4 and 5, Cultivated and wild species
4 and 5, Cultivated and wild specics
4, Genetic variation reported

4, Gienete variation reported

3}

4:Pastial resistance in permplasm; 5:Resistance present in wild species; 6:Not known
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Phyllody and powdery mildew are the major discases.
No source of resistance is currently available in the varietal
germplasm. However, wild Sesamum species have shown
resistance to insect-pests and diseases (Parani et a/., 1996,
Ashri, 1998). S. malabaricum has been reported o be
resistant to shoot webber, powdery mildew and phyllody.
Resistance to phyllody and Phytophthora blight has also
been reported in S. alatum and 8. radiatum. Among 11
major diseases of sesame, for nine diseases germplasm
exhibited partial resistance and for five diseases, wild

species recorded high resistance. As varietal replacement
can provide a spatial and temporal discontinuity against the
pathogen, use of resistant varieties has been the main
approach. The use of resistant varieties is the cheapest and
effective means of controlling diseases (Lee et al., 1983a).
However, in sesame levels of resistance/ toferance 1s very
low (Table 5). There arc lines varying from tolerant/resistant
to extreme susceptibility to root rots, bacterial leafblight and
drought.

Table 5 Resistant/tolerant reaction of varieties to major diseases

Varicty Ph Msr Bls

Blb

Alt Cer PM Phyll l¢

IT-21

TKG-22

TKG-55 + +

STS-8 + +
RT-46
RT-34
RT-103
RT-125
RT-127
Sekhar
Gawtama
Usha
TSS-6

+ o+ 4+ o+

+ +

+
+
+ o+ o+ o+

+

+

+ +

Pb: Pitvtophthara blight; Msr: Macraphomina stem/root rot;  Bls: Bacterial leaf spot; Blb: Bacterial leafblight; Alt: Alternaria leaf spot; Cer: Cercospora leaf spot; PM: Powdery

mildew; Phyll: Phyllody; Le: Leaf curl

Antigastra accurs regularly in the sesame growing areas
and damage the crop in all the stages. The pest has been
reported to cause up to 50% yield loss. Partial resistance was
found for leaf webber and capsule borer in germplasm as
well a5 in wild species. RT-46, RT-54, RT-103, RT-125,
RT_-!ZT,TKG-ZLTKG—SS,TKG-ZZ,Usha, Sweta Til, Tapi,
Krl'shna, N-32, JTS-8, MT-75, Hima, SI-250 and TMV-3
varieties showed field tolerance against leaf roller/capsule
borer. RT-46, Sweta Til, RT-103, RT-125, OMT-26,
RA_USS-17-4 and N-32 varieties have shown tolerance
against gall fly. RT-46, RT-103, Sweta Til, RT-127 and
N-32 for Antigarstrq and Asphondviia. MT-75 and showed

tolerance against bud fly and RT-127 for gall fly and mites,
respectively,

Abiofic stresses: Sesame faces various stresses such as
waterlogging, fluctuations in temperature, photoperiod, salt
CO"L‘_er?tra_tion and drought, The climatic factors such as
brecipitation, humidity and soil factors will influence the
g!’rewth. Sesame is considered to be a dronght resistant than
?;33132 ;)ltheT crops. R(_:Sistance to droug.ht 15 associated with
the of Orl‘gln and high root shogt ratio. However, during

plant establishment phase, it is susceptible 10 moisture
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stress. Drought resistance has shown negative correlation
with the resistance to the toxicitics of potassium chloride,
permeability and rate of water absorption. Varieties having
low water absorption rates in conditions of high temperature
were tolerant to water stress. A comparison of dehiscent and
indehiscent types showed that water conductance under
irrigated conditions in dehiscent types was higher than in
indehiscent types. Thus, there were greater leaf water
deficits in shattering than in nonshattering types due to faster
transportation in hot weather. Thus, indchiscent types secem
to be better suited to water stress. Single stem types are
reported to have more rapid root elongation than branching
types, but root spread in branching types is greater. The
root/shoot ratio Is generally higher in dry region types.
Therctore, reot depth and elongation rate. rather than the
root/shoot ratio may be used as selection ¢riteria. Among the
wild species. Sesame angustifoluim is drought resistant as it
shows a high per cent of the capsule set (89%) during the
dry season. The adaptive features of this species are fleshy
roots, small Jinear leaves, a large number of stomata located
only at the adaxial surface; hairiness and high capsule set in
the dry season. This species has the potential of donating
valuable genes for resistance 1o drought.
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Sesame normally requires fairly high ternperature.
Temperatare for optimum growth from seedling te flowering
and fruiting is in the range of 27-33°C. Constderable
genotypic  variation to temperature has been found.
Temperatures of 40°C or above at flowering will affect
fertilization and seed set. On the other hand, if temperature
falls below 20°C for long time, permination and seedling
growth are delayed and these processes are inhibited at
temperatures below 10°C. However, lots of genotypic
differences were noticed.

Sesame i3 very sensitive to waterlogging: however,
varieties show tolerance to the considerable extent. Some
wild types with resistance to watcrlogging have been
reported. Some varieties from Venezuela have been reported
tolerant to varying duration. Sesame 1s betieved to be
susceptible to salt concentration; however, variability among
cultivars has been reported. Sesame variety TMV-1 hasbeen
found 1o be tolerant to sca watet. Since, a lot of variability
is reported, there is scope for breeding varieties suitable for
high salt concentrations, Sesame has been reported sensitive
to boron. Phosphorus concentration was found to change the
salt tolerance.

There appears to be negative hinkages between the yicld
ang stress 1olerance. Attempts have been made to understand
the response of plants to siress. The genes have been
tdentified that are down regulated in response to stress, The
response of genes is monitored following a change in the
environmental conditions, be i dehydration, salinity, heat
and cold. It is expected that penc knockout and RNA{
techmques will help in understanding the role of other
unknown genes. The studies should involve approaches to
understand the basis of stress toierance and an integrative
approach towards stress tolerant transgenic plants,

Mutation breeding

Sesame has a wide range of genetic variability; however,
certain desirable traits have not been found mncluding
resistance against major disgases and better seed retention,
These needs promoted investigators 10 initiate mutation
programmics. FAO Expert Consultations (Ashri, 1981, 1983
and 1987) recommended that induced mutations be used to
enhance the genetic variability, that can be easily identified
in larse populations, e.g vesistance to major diseases,
fnsect-pests, seed relention and plant architccture.

Sesamie has been treated with radiations, mainly gamma-
rays and chemical mutagens, mainly with ethyl methane
suifonate and aiso with sodium azide. Sesame seeds proved
less sensiive phystologically to the various mutagenic
agents; therefore higher doses can be used { Ashri 1982). The
higher doses result in additional undesirable mutations that
may cause masking effect on the desired mutants. Therefore,
reported genotypic differences i sensitivity to the mutagens,
Ashrt (1982} reported that some cultivars recorded good
germination in M, population after treatments with $.4% and
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0.5% EMS. Mutations recorded low germination and M,

plants were sterile and stunted. Further, demonstrated

genotypic differences to gamma-rays, Venezuelan cultivars

were tested for the gamma rays and cven for the sensitive

cultivars, the LD 50 was 630 Grey {Gy.) and for the resistant
it was 800 Gy (Ashri, 1998; Bedigian, 201 0). Also noticed

differences in cultivar tolerance to seed trvadiation, M 13 was

more tolerant to gamma-rays than M 12, although both were

tolerant. Kamala and Sasikala (1985) found widely differen

sensitivity levels berween cultivars. The three selection
procedures following gamma irradiation, indicated that
single plant selection from M, rows was best. The M, plants
m bulk growing of cultivars is a geod alternative (Ashri,
199%; Bedigian, 201,

Pioneering investigations on induced mutations were
conducted by Kobayashi (1965) who reported both
motrphotogical and developmental mutants. A wide range of
mutants was tound (Murthy, 1994 as in other crops. Some
of the induced mutations had agronomic valtue as markers in
genetic and molecular studies, The nonshattering trait was
obtained through mutation, since it was absent in
germplasn, Cagirgan {1996, 1997} in Turkey induced threc
such mutants with breeding affinity to the jdid alicle. In
Thailand, Wongyai er ol {1997) reported a delayed
shattering mutant. Further, developed semi shattering
mutants in sesame {Ashri, 1998; Bedigian, 2010).

A monogenic recessive, determinate mutant with a
unigue plant architecture and clustered capsule was induced
by Ashri with gamma rays (500 Gy) in the Israeli cultivar
No. 45 (Ashri, 1988, 1995). Typically, five to seven
capsules are arranged at the tip of the main stem and the
branches and the internodes are small with reduced plant
height. The mutant termed di. 45 has larger seed than the
source cultivar {Ashri, 1988; Brigham and Khan, 1989)
which contains the same amount of oil and protein as the
originat cuitivar (Brigharm ef al., 1999 Khan er af., 1991)
and was bred into diverse genetic backgrounds. Pungsan was
relcased in South Korea in 1996, resutted from incorporation
of dt. 45 into a locally adapted cultivar (Kang et al., 1993,
Kang 1997). The Sesaco programme, with crosses involving
dt 45, produced several promising lines, with desired
branching pattern and disease resistance (Ashri, 1998;
Bedigian. 2010}, Brigham attemnpted crosses with dt. 45 in
Vexas and selected promising lines. A sinular mutant was
induced in Turkey. Short flowering period mutations leadmg
to uniform maturation were induced with EMS and ganuna-
rays in Thailand (Wongyai e al., [997).

The genetic male sterility mutants have been reported. A
nasurally occurring male sterile mutant found in Venezuela
was used in breeding. Using gamma-rays {3D0-600 Gy.»
four male sterile mutations were induced in India (Murthy,
1997 but some were also female sterite. Six male sterile
mutations were induced in China (Li, 1997) and three were
used in Turkey (Cagirgan, 1997). Male sterile mutations
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were induced by Rangaswamy and Rathinam (1982) and by
Ramanatham ef al. (1992) with lower gamma ray doses.

A polypetalous mutant, with the split corolla tube
(known also as the star flower}, reduces the opportunity for
self-poilination was discovered by Langham {1947b} in
Venezuala. ft was alse induced with gamma-rays by Murthy
and Oropeza (1989) in Venezuela and with fast neutrons by
Murthy and Bhatia (1990} n India. Induced disease
resistance mutants have been reported in scveral regions.
Lee et al. (1984} induccd a mutation that resulted in
moderate resistance to Fusarivm and Rhizoctonia and
resistance to Corvrespora and Phytophthora. This mutant
line was released as Ahnsan. In Sri Lanka, mutations were
induced for resistance to Phytophthora and one of them was
released as the cuttivar ANK-82 { Bedigian, 2010}, Variation
for fatty acid content was induced by gamma-rays (Lee et

al., 1984) and by sodium azide (Kang, 1997) in South
Korea. These efforts culminated with the release of Seodun,
which has higher oleic content with better tolerance to
FPhitophthora. Heterosis was observed in hybrids between
mutants originating from the same cultivar {Murthy, 1979).

Varietics developed through mutation breeding

The varietics have been developed through the use of
induced mutations in some countries { Table 6}, of which 3
varietics have been developed through the direet use of
mutations and twe through hybridization {Ashri, 1998).
Ahnsan variety, relcased in South Korea with improved
diseasc resistance was a major cultivar, grown in 1996 on
30% of the sesame area. Uma, Prachi, Nirmala and Usha are
important in India, while the other cultivars cover smatl
areas in the countries of their origin.

Table 6 Sesame varicties developed from induced mufations

Country Variety Year Mulagen Main character
Egypt Cairo white 8 1992 Cramena rays MNon-branching
Sinari white 48 1992 Gamma rays Seed colour
India Kalika 1980 EMS Shart
Uma 1990 Chemical mutagen Uniform maturity
Usha 1990 Chemical mugaten Higher yicid
Nirmala 2002 Diseases resistance
Prachi 2002 Diseases resistance
Iraq Babil 1992 Gamimit rays Earliness
Rafiden 1992 Gamma rays Earliness
Eshtar 1992 (GGanyma rays Capsule size
South Keorea Ahnsan 1985 X-rays Disease resistance
Suweon 1991 Cross with mutani Lodging and diseases resistance
Yaung back 1995 Sedium azide Higher oil content
Pangsan 1996 Cross with mutant Determinate habit, sced retention
Seedurt 1957 Sodiutit azide Higher cleic acid, Phvrophtbora toletance
Sri Lanka ANK-2 1995 (Gamma rays Discase resistance.

Breeding for quality attributes
Se§ame oil plays an important role in Ayurvedic
medicine. It is rubbed imto the skin during abhyanga, to
remove the impurities from the body. Sesame oil also has a
feputation as a sedative in medicine. In Chinese system of
medicine, dry flowers are used in curing frostbite and
constipation. It is also used 1o cure common wart and
fI““CTS Of warts, which are usually found in folk of China
::gsfah:c\::d jl good result. Sesame seed contains unique
(© 2 grou ,S;Eamm a}ld sesamolin. Th§se substances belong
are - gé)og ﬁencﬁmal fibers called hgnan_s. Sesame se_eds
Phosphoreo at_)urcg of copper aqd calcium, also high,
2 g00d 4 S ZINC, 1ron gnd magnestum, The sce.ds alsohave
in i fuount of vitamin B 1. tryptophan and dictary fibers
1fferen1 genotypes. .
c 0‘“?\2::12??; and fatty acid composition are the important
T quality breeding (Were er al., 2006b). Ol
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content generally ranges from 35 to 38%, with oil in most of
the commercial cultivars hovering around 50%. Sesame oil
primartly comprises oleic acid, linoleic acid, palmatic acid
and steric acid. Genotypic variation was observed for the
proportion of fatty acids, but in general oleic acid and
linaleic acids account for a predomimant proportion (Lee ef
al., 1984; Ashri, 1998 Bedigian. 2010). Oleic acid in Indian
germplasm generally ranged trom 39 w 48% while for
linoleic acid the genotypic variation was from 30 to 45%.
Higher level of palimatic acid (9.4-14.6%) is a matter of
concern and its reduction appears a tangible breeding goal.
Genotypic variation for protein content was noticed with a
range of 19 to 30%, Sesame oil is unigue in possessing
lignans antioxidants as well as tocopherots. Cultivated types
generally contain four lignans. These include sesamin,
sesamolin, 2~ episesalatin and sesangolin. These lignans
prevent oxidation of sesame oil, impart stability and help
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wncreasing the shelflife. Sesame companents serve as viable
natural sources of antioxidants for food and non food
applications. To breed high quality types, the total phenolic
content, trolox cquivalent antioxidani capacity assay, free
radical scavenging capacity, inhibition of low density
lipoprotein cholesterol and metal chelating capacity of
extracts of whole black and whole white sesame seeds and
their hull fractions in aqueous ethanol were investigated.
Results demonstrated considerable antioxidant activity of
sesare products tested specially black sesame hulls. A good
free radical scavenging capacity ot antioxidants from sesame
cake extracts has also becn indicated. Therefore,
. consumption of sesame rich In lignans results in
physiological activity to alter lipid metabolism n a
beneficial manner. With the growing health consciousness,
the international demand and export of sesame are
continuously increasing {Ashri, 1998; Bedigian, 2010). The
pesticide residues was the major problem in the promotion
of sesame cxport.

For breeding superior quality types, evaluated the genetic
stocks in sesame (Ranganatha et «f., 2012). 'The genotypes
are evaluated over the years and at different locations for
quality attributes. During 2009. the lowest of FFA 0.80%
was recorded in Tarun, followed by HT-1 (0.83%), T-13
{0.96%), TKG-21 and AKT-64 {0.97%}. The oxalic acid
content ranged from 0.49% in RT-103 1o 1.87% in Prachi.
Thirty varieties recorded less than 1% oxalic acid content.
The oil content ranged up to 533.7% in Purva-1. The other
entries exhibiting higher oil content tncluded Tarun (50.8%;),
RT-346 (50.4%), JTS-8 (50.3 %) and TC-289 (50.0%).
During 2010, the lowest FFA of 0.65 to 0.69% was recorded
in AKT-64, Swetha Til and Shekhar. Oxalic acid ranged to
the lowest of 0.49% in Swetha Til and 0.50 in AKT-101.
Thirty three varieties recorded less than 1.0% oxalic acid.
The entries with high oil included TKG-22, AKT-64 and
Phule Til-1. During 2011, the lowest value of 1.07% FFA
was recorded in DS-1. followed by T-13 (1.15%) and Rama
{1.37%) and also other 26 varieties recorded less than 2.0%
FFA. The oxalic acid ranged to the lowest of 0.66% in DS-1
and 0.70 in RT-127. Fifteen varietics recorded less than
1.0% oxalic acid. Based on the mean over locations and
years, AKT-64, TC-289, TKG-55, RT-127, RT-346, Swetha
Til. AKT-101 and TKG-21 were identified as desirable
varieties for quality aitributes.

Evaluation of Viemamese and Combodian collections
revealed oil content 0f 47.2 to 55.6%, and mean oleic acid of
37.65% linoleic acid of 45.67% in the germplasm (Pham,
2011). Were et al. (2006 B) reported oleic acid of 31.6 to
41.9% and linoleic acid 42.9 to 53.9% in the genetic stocks,
Uzun and Cagirgan (2009) identified molecular markers
linked to determinate growth habit in sesame. Genotypic
variation for fatty acid composition and oil content was
noticed in the determinate and indeterminate types of sesame
(Uzun et a/., 2009). Further, indicated indeterminate types
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accumulated higher oil content than determinate types.
Biatechnological approaches for sesame improvement

Tissue culture technology has been cimployed for crop
improvement. However, little information is available on
sesame. Sesame is found to be recalcitrant in nature. The
first study on tissue culture in sesame was that of Lee ef al.
(1985b). George ef al. {1987) have established tissue
cultures from diffevent paris, Kim er al. (1987) studicd the
effect of explants and hormone combination on callus
induction. Chae and Park (1987) have established herbicide
tolerant cell lines without achieving the plant regeneration,
Lee eral (1988) and Kimand Bycon (1991) investigated the
effect of growth regulators on callus induction and
organogenesis from different explants. Micropropagation
has been achieved from shoot tip (Rao and Vaidyanath,
1997}, nodal (Gangopadhyay ez al.. 1998) and leaf {Sharma
and Pareek, 1998) cultures. Somatic embryos have been
obtained from zygotic embryos (Ram et al., 1990) and
seedling derived callus (Mary and Jayabalan, 1997; Xu et
al., 19973 with low frequencics in callus cultures. Indirect
adveititious shoot regeneration from hypocotyl andior
cotyledon explants has been reported but at low frequencies
{Rao and Vaidyanath, 1997b; Takin and Turgut, 1997,
Younghee, 2001). Bhasker and Jayabalan (2006) reported
reproductble micropropagation, callus induction protocol
and morphogenesis. Were ef al. {2006a) reported influence
of nuirients, plant growth hormones and genotypes on
adventitious shoot regeneration from cotyledon explants.
Seo er al. (2007} reported the high frequency plant
regeneration through direct adventitious shoot formation
from deembryonated cotyledon segments, Chattopadhyaya
et al. (2010) obtained an efficieni protocol for shoot
regeneration from internodes using the transverse thin cell
layer culture method. Abdellatef (2010) evaluated the in
vitro regeneration capacity of sesame cultivar exposure (0
culture media containing ethylene inhibitors such as cobalt
chloride and silver nitrate and found growth promotive
effect due to reduction in ethylene concentration of
inhibition of ethylene action.

Embryo culture procedures were developed for rescuing
interspecific F, hybrids. Qu er al. (1994} have described 2
successful embryo culture. The embryos of 8. schinzianum
x S indicum were cultured 9 to 13 days after pollination.
The embryos that germinaied were transferred © MS
mediut suppletnented with 0.2 mg BA/L for two wueks and
then to MS medium supplemented with 0.5 mg NAA/L.
Initial studies on anther culture in arder to obtain haPIO‘_d
plants was reported by Kang (1994). However, haploid
plants could ot be produced. Vikas Kulkarni ez af. (20] 1
have used embryo rescue method in intcfSP"*Clﬁc
hybridization between Sesamum indicum with S. mulayani™
to develop male sterile lines. It is reported that a Iimff
success has been achieved. Protoplast isotation and fusiof
protocol for sesame was investigated by Bapat et al. (1989)'
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The sesame vield potential is lower when compared with
major oilseed crops duc .to_ early senescence gnd
susceptibility to biotic and abiotic stress factqrs, lr}c[udmg
photosensitivity (Rao e al., 2()02!. Wlld species _of sesame
possess genes for resistance 10 biotic al?d abiotic stresses
(Brar and Ahuja 1979; Weiss 1983; Ashri 1998; Tf)an etal.,
2011). However, introgression of usctul genes from wild
species into cultivars via conventional breeding has not been
successful due to post fertilization barriers. The option is to
wransfer genes from other sources through genctic
transformation. However, the obstacle to  genetic
transformation is the recalcitrant nature of sesame to in vitro
regeneration. Hairy root cultures using Agrobacterium
rhizogenes have been established (Ogasawara ef al., 1993;
Jin et ai., 2003). Sesame has been shown to be susceptible
to A. tumefaciens, but no transformed shoot/plant was
recovered (Taskinef al., 1999). Yadav et al. (2010) reported
conditions for establishing an A. rumefaciens mediated
transformation protocol for generation of fertile transgenic
Sesamum indicum plants. This was achieved through the
development of an efficient mcthod of plant regeneration
through direct multiple shoot organogencsis from cotyledon
cxplants and the establishment of an optimal selection
system. Using hypocotyl and cotyledon of sesame seedlings,
Chun ef al. (2009) established hairy root cultures and ¢cDNA
coding for a peroxidase was cloned from the roots. The
frequency of hairy root formation was higher in hypocotyl
than cotyledon. The “sesame peroxidase gene  was
differentially expressed in different tissues.

DNA markers provide a tool for the marker assisted
breeding and specially for cultivar identification. Among the
different types of molecular markers, RAPD markers are
usetul for the assessment of genetic diversity. RAPD
markers have been used in several crops. Abdellatet et al.
(2008) used RAPD markers to characterize germplasm
collections from Sudan. Diversity estimates provide a
ratlon?lc for conservation and support the selection of
Eir;i:g]il Vfgr breeding. Laurentin (2.008) -as_scsscd metabolic
the rela?ioy:'m largeted metaboh‘c profiling and ei}lcidmc
and Observnijgj‘ between InctabOI}c.and genome dwcrsny
and metab?) y lflferent patierns of diversity at _thc genoimic
Signifios mllc .evels lndicatlpg t_hat lselecuon p!ays a
Karlovey ("!0% 71n the mf.ttabohc diversity. Laurentin and
APl p lL; d; ) ) f_md All et ul (2007) _succcssfully usqd
relationshi sh guish cultvars 1o clucidate the genetic

Si‘lhl Ps among genotypcs.
library 0?’5‘-1;5 (§£03fd().btamed 3328 ESTs from a cDNA
gene expression y old immature sesamc seed. T‘o compare
non profiles during development of green and
, Breen seeds, o comparative analysis was carried out

elweer developing sesame and Yo o
Analysis of these tu -fi ?En Arabidopsis seeq F_S’F’s.
similar ang different ge;eeLe ST‘.sets helped lO'ldCl‘ltlfy
evelopment ang g identity xpression pl’Of‘llC\S during seed
a large number of sesame seeds
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specific genes. They identificd EST candidates for genes
possibly involved in the biosynthesis of lignans, sesamin and
sesamolin and also suggested a possible metabolic pathway
for the generation of cofactors required for synthesis of
storage lipid in nongreen oilseeds. Seed specific expression
of several candidate genes was confirmed by northern blot
analysis.

Sesame oil contains a high percent of linoleic and oleic
fatty acids that is mostly used as food. The successful
foreign gene transfer to a plant using genetically
manipulated strains of Agrobacterium fumefaciens was
reported. fr vitro regencration ( Taskin and Turgut, 1997}, /n
vitre propagation {Ceorge et al., 1987), shoot tips culture
(George ef al., 1987), protoplast culture (Bapat efa/., 1989)
and naphthaquinone production (Ogasawara efal., 1993) has
been reported (Ashri, 1998; Bedigian, 2010). Taskin et af.,
(1999} reported the susceptibility of a cultivar to
Agrobacterivm  tumefaciens. Screening studies  on
susceptibility to infection by Agrobacterium by using
cotyledon explants showed that tumers induced by the
succinamopine strain A281 were extensive than by the
octapine strain A136 NC, resulting in stable T-DNA transfer
at a low frequency. However, o shoot regeneration was
obtained. This was attributed to the low regeneration ability
of sesame. The determination of genetic differences among
genotypes has become the primary need to gramt patent and
the protection of PBR. Sharma er al. (2009) employed
RAPD and ISSR markers for the characterization of sesamc
genotypes and suggested that putative varicty specific RAPD
and [SSR markers could be converted to Codominant
SCAR/STS markers to devclop robust variety specific
markers,

Futurc perspective

+ For sesame to be competitive, it should produce higher
yield more reliably. Hence, it is essential to enhance the
position of sesame in relation to other crops. Breeding
high productive cultivars  will assure  continued
production in the traditional growing areas, maintaining
present crop options. Furthermore, for cultivation in
better situations to provide new arcas (Rabi- summer
irrigated). Breeding programmes aimed at transgressive
segregants for higher yield should be the priority.

» India will remain the leadmmg country lor sesame
production and it will remain an important oilseed crop
in the world, particularly in Asia. Efforts should be
intensified to enhance germplasm resources, including
filling the gaps with detailed investigations on wild
species. Future collection and evaluation efforts should
be closely coordinated. There should be enhanced
networking and better exchange for rapid gains from
genetic resources. The significant issue is the scarce
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representation of the secondary and tertiary genepool in
the PGR.

The areas so far unexplored for plant genetic resources
and diversity in landraces concentrated need to be
considered. Wild species are rich source for resistance to
stress. Only fow species are represented with an
insufficient number of samples. The situation warrant
collection through specific explorations. The germplasm
of wild species of African origin need to be assembled
either through collaborative explorations or through
mutual exchange.

Biosystematic studies and the genomc analysis of
sesamuim species is required. Documentation of all the
germplasm is imperative to facilitate better utilization.
Registration of candidate germplasm with distinct
characters nceds to be attendcd on priority to avoid 1IPR
conflicts.

The wild species have been reported to possess desirable
genes like resistance to Antigastra, powdery mildew,
wili, bacterial blight, drought resistance, tolerance to
heavy rainfall, erect branching, long capsules, tleshy
roots and more seeds per capsule. The desirable
characters are high yield potential coupled with harvest
index, seed retention, uniform maturation through
determinate habit. Future efforts for acquisition should
focus on obtaining donors for the desirable traits.

Special efforts are needed to establish and refinement of
core collection and investigations on interspecific
relationships for gene transfer.

The important characters for brceding are high oil,
protein, high sesamin, sesmolin, reduced anti nutritional
factors, large sced size, well filled, shape, colour, seed
coat rough and easily removable.

The seedling characters are fast vigorous germination
and emergence with strong hypocotyl elongation, rapid
growth in early stage, ability to germinate and withstand
lower temperatures.

The rapid roots’ growth, deep tap root penetration with
the well distributed secondary root system. The leaves
medium to broad at base, narrow lanceolate towards
apex, short petiole and higher photosynthetic efficiency.
Capsules with full secd set, short internodes, height
varying with conditions and seasons.

Determinate growth habit with a uniform and short
capsule ripening period. Non shattering suitable for
machine or traditional harvest. '

An improved harvest index should be stressed, thus
reducing unproductive biomass. In sesame, harvestindex
varies from 15 to 20% and possibilities exist to double
with improved plant types.
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Resistance to waterlogging, drought, salinity, non-
todging under high fertility and uniform maturity.

The heteresis breeding should receive highest priority
with emphasis on development of stable cytoplasmic
genetic male sterility system or linked markers. The
cvtoplasmic male sterility is likely to be developed
through inter specific crosses. In countries where the
land holdings are small, farmer produced hybrids may be
cxplored, preferably with hand c¢masculation and
pollination. Development of suitable CGMS hybrid with
diversification of lines for stability and resistance to
stress may be undcrtaken using alicn germplasm.

Genetically superior divergent malerials should be used
in breeding. The backecross and induced mutation
approaches should be employed for specific goals. It is
very essential to consider the factors responsible for the
lower seed yield under specific situations.

Genotypes or hybrids with the potential to respond to
added nputs should be developed. The efforts to
discover with good seed retention should be continued.
Attention should be paid for resistance to all ablotic
stresses including salt resistance.

Commonly cultivated varieties in sesame lack defensive
traits against major diseases and inscct pests lcading to
significant loss and instability in productton. The rich
source of resistant germplasm and wild species has not
been cffectively utilized in developing agronamically
acceptable resistant varicties. Wherever damage is
severe and the resistance is too low or absent, it should

" be augmented with transgenic sources. Modern tools like

molecular markers should be employed for enhancing the
efficiency of resistance breeding to make oilseed
production more sustainable.

Majority of sesame varicties arc sensitive to photo and
thermo periods, hence limits cultivation across seasons
and regions, Therefore, breeding for wider adaptation is
important.

Breeding of special types for various export markets is
very important. Hence, white, bold, high lignans and low
free faity acid, oxalic acid and phytic acid types are
required.

Sesame 1s used very widely for medicinal purposes and
meeting the growing demands is essential. through better
focus on  germplasm  uulization and combining
conventional and non conventional approaches of
sesame improvement,

Studies todevelop reproducible sereening techniques for
the diseases and inscct-pests are requited. Some of the
major diseases to be addressed are Macrophomina,
phyllody, Alternaria, Cercospora, powdery mildew,
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through various breeding approaches. A breakthrough
for resistance 1o phyllody will have a significant ctfect
on sesame yield specially in Southeast Asia.

« Biotechnology for sesame improvement will play an
important role for the development of transgenics
resistant to biotic and abiotic stresses. Sesame has the
comparative advantage in quality aspects, which so far
could get little attention. There is scope for value
addition and nutritional improvement. Breeding etforts
need 1o be intensified in order to facilitate marker
assisted selection. A combination of in vitre studies,
DNA manipulations and improved conventional
breeding is required for sesame improvement.
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ABSTRACT

[n a mutation experiment, popufar high yielding groundnut (Arachis ivpogaea L.} variety TPG-41 was used as
an initial matcrial. Well developed dry seeds were treated with 250 10 450 Gy of Gamma rays, Tn the M2 mutagenesis
population, several variants were observed which bred truc in M, and M, generations. They were designated as
Western Research Groundnut Mutants (WRGM). Among them, WRGM-19-1 with short ped and astractive seed
colour, WRGM-76 and WRGM-11-1 both with small ped were isolated. All mutants had higher oil content and
reduced maturity period compared to the parent, In the yield cvaluation for four seasons with parent variety
WRGM-76 and WRGM-11-1 were found superior for pod and kernel yield. The performance of WRGM-19-1 which
was renamed as ‘Western Varadan® was comparable for both pod and kernel yield. In the Random Amplified
Polymorphic DNA (RAPD) analysis ‘Western Varadan® showed differentiating banding pattern compared to the

parent.

Keywords: Groundnut, Mutation, Yield

In India, farmers prefer to grow carly maturing varicties
suited well in varied agro-climatic conditions both in rainy
and winter/summer seasons. Mutation breeding technique has
been successtully utilized to bring about desirable changes
leading to the development of 2,252 mutant varieties in all
crops across the world (Maluszynski er «f., 2000). Mutation
work done in groundnut {Arachis hvpogaea L.) in India was
reviewed (Chandra Mouli er af., 1989; Kale er af., 2000).
Out of 130 groundnut varieties belongs to different plant
habit groups released so far in India (Ratankumar et al.,
2010), Spanish type groundnut occupics more than 50% of
the groundnut arca. A Spanish type variety TPG-41 released
for cultivation (Kale e/ al, 2004) has large pod and
medium-late maturity period, Farmers have been exploiting
the genetic potential of this variety by producing pod yield
up to 7,200 kg/ha (Murty et al., 2007). In view of its high
yleld potential and wider adaptability, it was used in the
mutation experiment with an objective to improve further
productivity and agronomic traits. In the preseint
communication, the isolation of mutants, their agronormical
P’alts and yield performance arc reported.

MATERIALS AND MITTHODS

i Ea.rlier 250-350 Gy doses of gamma rays were found
effective to induce beneficial mutants (Chandra Mouli et af.,
198?). In this experiment, well developed dry seeds of
TPG-41 were irradiated at Bhabha Atomic Rescarch Centre
(BARC), Trombay, Mumbai with 250 to 450 Gy gamma rays
from a Co® source. Pedigree method was followed in the
€xperiment. The M, and subsequent generations were grown
in hoth rainy (July to October) and winter/summer (February
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to May) seasons at the research farm, Western Agri Seeds
Ltd. (WASL), Gandhinagar, Gujarat. The variants observed
in M, generation were harvested individually and advanced
to M, and M, generations to study the breeding behaviour of
the variants. ‘

The procedure of recording plant height, leaflet size, pod
characteristics and agronomical traits were recorded as
reported earlier (Patil 1966). Mutation for pod size was
confirmed on the basis of measuring length and breadth of
each 10 pods and seeds. In addition, 100 kernel weight
(HK W) was recorded and compared with the parent variety.
True breeding mutants were designated as Western research
groundnut mutants (WRGM) and yield tested aleng with
parent varicty by using randomized block design with three
replications having unit plot sizc of 10 m* and 15 m and
spacing 30 cm x 10 ¢m and 40 em x 10 cm in three
winter/summer and one rainy seasons, respectively. The
uniform size seed sample was used for oil and fatty acid
analysis. The seed oil and o] fatty acid estimation was done
at Gujarat Laboratory, Ahmedabad by following IS:
3579-1966 solvent extraction and AOAC 999.06 methods,
respectively. The RAPD fingerprint screcning was done at
the SGS Pyt Lid, Ahmicdabad by using ten types of primers
for the generation of stable RAPD profile (i.c. RPI T to 10,
procured from Banglore genei, Pvt. Ltd. India, car No.
116688) as a primary primer.

RESULTS AND DISCUSSION
Decreased survival of plants and increased sterile plants

with increased dosc in M, gencration was obscrved (Table
1), In 450 Gy treatment there was no survival of plant
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indicating that it could be a lethal dasc for TPG-41. In M,
population, among 103 and 46 plant progenies in 230 and
350 Gy (reatments, respectively, 23 variants were observed
for plant height, leaflet size, pod size and type, seed colour,
gic. Of these, 21 variants bred true for their mutated
characteristics in subsequent generations. Among the ruc
breeding mutants, *Western Varadan® and WRGM-11-1 from
250 and 350 Gy treatmenis, respectively bred true in M, and
WRGM-T76 from 250 Oy 1n M, generations.

In morphological studies (Table 2} "Western Varadan’
had dwarf growth habit (Fig. 1), smaller leaflet size, higher
harvest index, short pod type, attractive grayish red seed coat
colour, roundish seed shape and large hilum size. WRGM-76
and WRGM-1!-1 had reduced plant height, smaller leaflet
and pod size. All mutants matured in 105 te 110 days in
rainy and 110 to 115 days in winter/summer seasons thus,
tnaturing 5 to 10 days earlier compared to the parent.

The data on economical traits (Table 3) shows thal
Western Varadan had short pod type resulting in smaller seed
size (Fig. 2), improved shelling percentage and higher oil
content in both rainy and winter/summer seasons. WRGM-76
and WRGM-11-1 both had smaller sced size (Fig. 2) and

higher oil content in bath rainy and wintet/summer seasons.

In the vield evaluation (Table 4), WRGM-76 showed
significantly higher pod and kemel yield w 2010-11
winter/summer season and WRGM-11-1 in 2008-09 and
2010-11 winter/summer seasons. The performance for pod
and kernel yield of all the mutants was comparable with
parent W rainy season. in pooled mean for 4 seasons,
WROGM-76 and WRGM-11-1 both gave each 9 % and 10 %
more pod and kernet yield, respectively over the parent.
“Western Varadan® was comparable with the parent for pod
and kernel (>2%) vield.

In molecular studies for RAPD finger print between
“Western Varadan’ and TPG-41, out of ten types of primers
{i.e. RPL | to 10), one primer 1.e. RPI No. 4 (AM 773769)
showed good banding pattern and differentiating result with
single band. It was considered for final analysis. After
completion of RAPD Polymorphic Chain Reaction (PCR)
amplified products on 4% agarose gel along with 100bp
ladder; a 90bp band was missing in the varicty TPG-41 while
the same band was clearly visible in the *“Western Varadan’
(Fig. 2). This 90bp band distinguishes both mutant and
parent varicty.

Table [ Effect of gamma rays on plat population of TPG-41

Gieneration M, M. M. and M,
Dose Seeds sowi Survivafl at harvest _ Progenies grown _Seeds sown  Variants identificd Mutants isvlated
Control 150 130+0* - 100 - --
250 Gy 150 103+1 103 308 23 20
350 Gy 150 46+19 46 869 2 !
450 Gy 150 - - - - -
* Figures indicate sterile planis
Table 2 Comparative data on morphoelogical characteristics of WRGM
Characteristic TPG-4] Western Varadan WRGM-76 WRGM-11-1
Plant Height (cm)} 619 383 524 47.8
Harvest Index (%) 520 59.0 527 52.3
Leaftes Size (em) 6.8 x 3.0 56x2.4 6.0x2.7 63x238
Flowering On stem Present Present Present Present
On branches Scquential Sequential Sequential Sequential
Pad Constriction Medium Medium Medium Medium
Reticulation Medium Medium Medium Medium
Size cm 10 pods Length 357 339 32.0 328
Rreadth 14.2 14.7 13.0 (3.1
Kernel Colour Tan Grayish red Tan Tan
Shape Spheroid Roundish Spheroid Spheroid
Size em Length 17.8 16.2 5.0 15.7
10 sceds Breadth 1.6 1.4 (4.3 10.0
thilum size mm - Length 3.2 4.7 -- -
Breadth 1.5 2.0 - -
Dormancy {Days) 30 30 25 30
Oit Oleic Actd % 64.0 62.0 383 58.9
Linoleic Acid % 19.3 222 254 27.0
Maturity {(Days) Rainy FE5-120 105-110 105-110 105-110
Winter/summer 124 -125 110-115 110-115 1i0-115
J. Oilseeds Res., 29(1) : 27-30, June, 2012 2%



INDUCTION OF PROMISING MUTANTS

Table 3 Comparative data on economical traits of WRGM

IN GROUNDNUT CULTIVAR TPG-41

Scason TPG-41 Westem Varadan WRGM-76 WRGM-11-1
Shelling %
. 2009 70.9 70.0 72.2 68.%
Ramy 2010 710 738 73.0 729
Mean 71.0 72.4 726 70.9
2008-H9 73.0 74.7 69.9 72.6
Winter/summer 2009-10 731 73.1 724 70.3
2010-11 72.0 ' 74.1 2.0 737
Mean 72.7 74.0 _ 714 72.2
HKW (g)
2008 78 70 : 54 58
Rainy 2009 76 68 52 64
2010 76 64 54 64
Mean 76.7 67.3 533 62.0
2008-09 74 60 60 64
Winter/summer 2009-10 64 59 46 53
2010-11 84 72 62 68
Mean 740 63.7 56.0 61.7
0il %
_ 2010 52.4 542 33.9 532
Rainy 2011 528 55.2 536 530
Mean 52.6 54.7 53.8 532
_ 2009-10 54.2 55.9 55.9 549
Winter/summer
2010-11 53.4 55.2 54} 55.0
Mean 53.8 35.6 55.0 55.0
Table 4 Comparative yield performance of WRGM
Season TP(G-41 Wester Varadan WRGM-76 WRGM-11-] €D (P=0.035)
Pod yield (kg/ha)
2008-09 winter/summer 4760 4520 5370 5520 * 637
2009-10 winterfsummer 4868 5095 5215 4993 666
2010-11 winter/summer 4567 4563 5302 * 5199+ 401
Mean 4732 4727 5296 3239
2010 Rainy 4565 4595 4625 4750 322
Pooled mean 4690 4694 5128 5117
% increase over parent o E— ] 9 —
' Kemel yicld (kg/ha)
2008-09 winter/summer 3474 3376 3754 3940 * 450
2009-10 winter/summer 3489 3658 3774 3513 458
2010-14 winter/sumimer 3215 3310 I818* a83* 293
Mean 3393 3448 3782 3761
2010 Rainy 3245 1191 3377 1462 212
Pookd mean 3356 3424 3681 3080
S eve paren 2 10 10 —

“indicate significan superiority over the parent

Thus, it is possible to
Trpi'ovmgﬁ_lrthereconomica

generate useful variability by
T I traits inanestablishcdvariety.
'ased on the trials conducted so far WRGM-76 and

oil yicld/ha is expected to be more. Early maturity by 5 to 1(
is an advantage. ‘Western Varadan’ has attractive seed
colour and shape and also showed differentiatin,

g banding

YRGM.| 1-1 showed higher yicld polcntial conpared to the
arent variety in winter/summer and comparable in rainy
asons, In addition, duye to higher oil content in the mutants,
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pattern compared to the parent. Further cvaluation of all
WRGM will be done in multi-location trials in near future.
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Fig. 1. Parent variety (TPG-41) (Left) &
Murant (Mestern Vardanaj (Rightj
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S K THAKUR AND R K REDDY

7ZARS, Chandangaon, Chhindwara, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur-482 004, Madhya Pradesh

(Received: November, 2010; Revised: January, 2012; Accepted: February, 2012)

ABSTRACT

Nature and magnitude of association among eight quantitative traits and their contribution towards seed yield
was carried out in nine pre-release high yiclding genotypes of niger (Guizotia abyssinica Cass. ). The results revealed
that days to maturity, plant height, number of sceds/capitulum and 1000 seed weight had significant positive
association with seed yield. However. the negative relationship of seed yield with number of productive
branches/plant and number of productive capitula/plant was also observed. Among the yield components, significant
positive association was obscrved for days to maturity with plant height, number of productive branches/plant and
number of productive capitula/plant, plant height with 1000 seed weight; number of preductive branches with
number of productive capitula/plant and seeds/capitulum and number of productive capitula/plant with
seeds/capitulum. Path analysis revealed that 1000 secd weight has been an important trait to influence seed yield

directly.

Keywords: Cocfficient, Correlation, Niger, Variability, Path analysis

Niger (Guizotia abyssinica Cass.} is widely grown due
to its increased demand and lower cost of cultivation. It has
great elasticity of adaptation under various stresses and
considerable potential for domestic and industrial uses. Seed
yield is a complex character influcnced by other traits hence,
it cannot be improved by dircet selection. Knowledge of
heritability and correlation among components of
productivity are valuable in selection hence, information on
variabitity for seed yicld and its attributing traits is very
essential. Path analysis of yield components brings out the
relative importance of their direct and indirect influence and
hfblps in understanding their association with seed yicld. In
mger, such type of studies on yield and yield components are
meagre therefore, the present study was undertaken to
analyze the variability and correlations of components of
Productivity in niger crop.

MATERIALS AND METHODS

Field experiments were conducted utilizing of nine
}[:re~release high yielding genotypes of niger at Research
C?::m of the JNKVY. Zonal Agricultural Research Station.

c}ndan_gaon, Chhindwara, M.P., in sandomized block
g?‘s;golz);wth two replications in two successive rainy seasons
Obaern EO9 and 2009-10 with full pacl.(age of practices,
ﬂOWeria lons were recor‘_:ied, on plot b.ams for days to 50%
plant h:gr }flays to maturity anq sced yle.ld (kg/ha) whereas,
nUmbes 1g tf(cm), nur_nber of producllve branches/plant;
Secdor, o productive capnt.ula/plant, number of

S'caprtulum and 1000 sced weight were recorded on five

J Ot
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randomly selected plants from each genotype/replication,
The data was subjected to statistical analysis for genetic
paramcters. The character association was estimated from
varianice and covariance components as given by Fisher
(1954) and Al-libouri ez al. (1958) and the direct and
indirect effects on seed yicld were measured by path analysis,
as per Dewey and Lu (1959).

RESULTS AND DISCUSSION

Analysis of variance revealed highly significant
differences among treatment for all the characters except
days to maturity and number of productive branches/plant.
Estimation of genotypic coefficient of variation indicates the
presence of higher amount of genetic vanability among the
cultivars. The highest magnitude of genotypic coefficient of
variation was obtained for sced yield followed by number of
capitula/plant and number of productive branches/plant
which indicated the presence of high amount of genetic
variability in these traits. Low values of genetic cocfficient
of vanation was estimated for days to maturity and plant
height indicating the presence of lower genetic variahility for
these traits. Moderate genetic variability was obtained for
days to 50% flowering, number of sceds/capitulum and 1000
seed weight. The results arc in agreements with the findings
of Sahu and Patnaik (1981).

Days to 50% flowering had highest heritability followed
by 1000 seed weight (80.4) whereas it was lowest for plant
height (13.8). High variability for flowering was reported by
Borole and Patil (1997). The highest genetic advance was
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observed for sced yield (82.0) followed by capitula/plant
(5.89) and dayste 3% flowering. High heritability coupled
with high genetic advance was observed for days to 50%
flowering and mmber of capitula/plant indicating the
predominance of addiive gene action for these two
characters. For 100 seed weight high heritability coupled
with low genetic advance revealed predominance of non
additive gene action. Moderate heritability with low genetic
advance was obened for number of productive
branches/plant Suggesting that environment played major
role i character expression (Borole and Patil, 1997).

Seed yieldplant exhibited significant and higher
genotypic comelationsin the positive direction with days to
maturity, plantheight number of seeds/capitulum and 1000
seed weight. However, itwag negatively corrclated with days
to 50% flowering number of productive branches/plant and
number of preductive capitula/plant.

In general, genotypic correlations were higher in magnitude
than their respective phenotypic correlations, indicating that
selection for the correlated characters could give a better
yield response than would be expected on the basis of
phenotypic correlations, The present results were in
agreement with Goyal and Kumar (1993).

Days to 50% flowering had significant positive
correlation with days to maturity, plant height, number of
productive branches/plant and number of productive
capitula/ plant. Days to maturity had significant positive
correlation with plant height, number of productive
branches/plant and number of productive capitual/plant.
Plant height had negative association with number of
productive branches/plant and number of seeds/capitulum.
Negative associations of number of seeds/capitulum were
also observed with days to 50% flowering and days to
maturity.

Table 1 Genetic parameters for seed yield and its components in niger

Mecan

Range

Character ] o 0 o A%
e Y = GOV % PCV % Hy % GA
Days to 50% flowenng 5315
0.5 552 48.7 34 36 91.7 36
Days to maturin .
Y : 7“7 '7(’ 787 76.2 0.6 Ll 26.9 0.5
Mant height (cm) 1 ].8 6 )
3 1‘ 125.5 113.5 1.7 4.8 138 1.6
No of productive branch plap .
P ]]2']4 14.5 11.5 5.3 9.6 30.9 7
No of productive capiubym: .
Pk plang 4525 537 315 10.6 16.9 39.7 5.8
No. of sceds/capitulum ;f 7
'2 2 35.0 30.0 3.0 8.0 20,6 1.1
1000 seed weight{g) 4.7
’ 4.9 4.5 33 3.7 80.4 0.2
‘ 0.2
Seed _vield 451.1
; 517.5 3050 11.8 15.9 55.2 82.0

0.7

T(}CV = Gienotypie coefficients of variance; PCV = Phenotypic cocfficients of variance; HBS = Heritabilily in broad sense; GA = Genetic advance;

* = The selection differential (K) uged was 2.6 at 5% selection intensity

S

\“haruclcr
T

\\l—)ays o

@ [0 Mlow cring
LDiays 10 maturity

l§>lanl height {em)

ko of productive
,}}Vranchcsf"plam

o of productive
;\&\“ﬂpitulux’plam

“No. of sceds/capiah

I*] 000 seed weightigy

7

Table 2 Correlation coefficients between seed yield and yield contributing characters in niger

Comelation Days to 50%  Days to Plant No. 0! No. 0.f‘ No. of I‘(N)O d
coefficient  flowering  maturity  height productive — praductive sceds/capitula seed Sced yiel
" _branches/plant capitulaiplant ™ weight

r 1.000 (1665 0277 1404 Y76 -0.193 -(2.567 -0.082
9] 1,060 PARDEE (L ONTEe [ERIRE 0089 S AT (1,2 RIRGTE
B 1000 0.371 (1225 0185 U043 0311 (.04
G 1.000  093]** (.844%* 0.324* -1.O09** -0.629%** 0.452%
P 1.000 0.253 0.006 0.380 -0.022 0.442
G 1.0:00 -0.456%* 0111 -1.772% (1.335% 1.961%*
P 1.000 0.523 0336 -{1.564 -0.067
G 1.000 1.298** G750% -1.093** NN X hid
P 1.000 0.128 ).449 0,044
G 1.000 1.163%* -(0.751%* -0.655*
P 1.000 0.015 0.014
G 1.000 0.021 0.812%*
P 1.000 0.450*
G 1.000 (1.755*

o
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< **Significant® %oand 1% level of probability, respectively; P=Phenotypic correlation coclficients; G=Genolypic correlation coefficients
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Table 3 Dircet and indirect effect of different characters on seed yield in niger

Daysto S0% Daysto  Plant pri‘l’l:t'ive l:d‘tc‘iif\dc No. of l‘:&? Seed
Character Mowering  maturily  height branchesplant cfpitula;‘planl sceds/capitula weight yield
Days to 50% flowering 0.35 0.11 0.21 .19 0.02 0.08 -1.08 -0.09
Days to maturity 0.36 11 0.20 0.1% 0.10 0.23 -0.98 (.45
Plant height {cm) 0.35 10 022 -0.10 0.03 0.41 0.52 1.96
No of productive branches/plant 0.2% 0.09 010 0.23 0.40 -0.17 -1.71 -1.03
No of productive capitula/plant 0.03 0.02 0.00 -0.11 0.27 -0.04 -(0.30 -0.66
No. of seeds/capitula -0.12 0.00 0.21 -0.07 0.03 -0.39 -0.01 0.81
1000 seed weight (g) -0.05 -0.03 -0.01 0.12 -0.12 0.01 0.67 0.76
Residual-0212

Number of productive capitula/plant and number of REFERENCES
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and both the characters had significant positive corrclation
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ABSTRACT

The phenotypic stability for nine pre-release high yielding genotypes ofniger (Guizotia abvssinica Cass.) grown
over three successive rainy seasons, was studied for seed yield and seven yield contributing traits. Both linear and
non-linear components of GxE interaction were found important for stability for seed yield and its components.
Genotype INS-28 was found to be stable for number of preductive branches/plant and number of productive
capila/plant. Genotype INS-107 showed stability for number of productive capitula/plant. Genotypes INS-203 and
JNS-204 were found (o be stable for 1000 seed weight, Genotypes JINS-28 and JNS-1G7 exhibited below average
stability and were identified for higher seed vield in favourable environments. Only genotype INS-119 was found

to be stable for seed yieid,

Keywords: Environments, GxE interaction, Regression coefficients, Stability -

Niger (Guizotia abyssinica Cass. ) is grown in India in an
arca of 3.9 lakh ha with a production of 1.2 lakh t and
productivity of 298 kg/ha (2008-09). The crop has becen
known for its adaptability to rainfed conditions on marginal
and sub marginal lands in tribal, hilliop and sloppy arcas. it
is mainly grown in Madhya Pradesh, Chhattisgarh, Odisha
and Maharashtra where as, to a little extent it is being
cultivated is Kamataka, Bihar and Andhra Pradesh also. In
general, genotypes interact with the environment, hence
stability studies help m the identification of genotypes
suitable for wider adaptation or for specific environments.
Significant genotype x environment interaction in niger has
been reported by Kumar er af. (1994), Hegde ef ol (1999)
and Patil et al. (2000},

The information available on stability analysis is meagre
in niger, hence the present study was undertaken to estimate
the stability parameters for sced yield and its components
traits in niger.

MATERIALS AND METHODS

Field experiments were conducted at Research farm of
the  INKYY S Zonal  Agricoliural Rescarch Station,
Chandangaon, Chhindwara, M.P., during three successive
rainy seasons of 2007-08, 2008-09 and 2009-10. The
cxperiment comprised of nine pre-release high yielding
genotypes, identified from station varietal trials of the
Research Station. The experimental material was grown in
randomized block design with two replications providing
recommended  cultural  practices.  Each  enlry  was
accommodated in plots containing eight rows of 4m length,
R-R and P-P spacing were 30cm x 10-{5 cm, respectively.
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Observanons for plant height (cm), number productive
branches/plant, number of productive capitula/plant, number
of seeds/capitium and 1000 seed weight (g) were recorded
on five randomly selected plants from each genotypes where
as, observation on days to 50% flowering, days to maturity
and seed yield (kg/ha) were taken on plot basis. Considering
cach year as a separate cnvironment, the data was subjected
to statistical analysis for stability parameters as per the model
proposed by Eberhart and Russell (1966).

RESULTS AND DISCUSSION

The mean squares due to genotypes were significant for
all characters (Table 1) except days to 50% flowering,
number of seeds/capitulum and 1000 seed weight whereas,
mean squares due to environments were significant for all
character except number of productive branches/plant,
number of capitula/plant and number of seeds/capituium,
suggesting presence of variability in the genotypes as well ag
in the environments for these characters. The mean squares
due to E + (GxE) were significant for all characters except
number of productive branches/plant and 1000 seed weight.
The significant portion of these interaction were due 1o the
fincar components. Significant mcan squarcs of cnvironmeni
(linear) due to all characters except number of productive

"branches/plant indicated differences between environments

and their considerable influence on these characters.
However, the mean squares due 10 GxE {linear) were
significant for days to 50% flowering, days to maturity and
plant height only indicating that variation in the performance
of genotypes over environments could be predicted. These
results are in accordance with the findings of Patil et al.
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(2000). Significant variances due to pooled deviations for all to their stability suggesting that performances of varietics
characters except plant height and number of productive were predictable. These results are in conformity with the

branches/plant indicated that genotypes differed with respect results of Hegde er af, (1999},

Table | Analysis of variance for seed vield and yield contributing traits in niger

Mean squares

Source of d.f. Daysto30%  Daysto ‘ No of praductive No of productive No. ol 1600 secd .
variation ﬂ):)wering mal'urily Plant height branfhcs:"planl ca_pit?ﬂafglanl secds/capitula weight { )] Sced yield
Varietics (V) 8 i B.37% 7181 15.83% 5223% 887 0.04 7787.04%
Env.{E) 2 4.06% 125.03** 477 22%* 0.75 65.12 18.69 0.33* 42948 16F*
Gx E 16 B.74% 15.57%* 87.27%* 2.13 62.08% . 34.08%* 0.09 6027.05
Eav. + GxE 18 g22* 23.73** 130,57%* 2.00 62.42*% 32.37% 0.12 1t 26 40%*
Env. Linear l g.13* 250.05%* 954 .46+ 1.50 130.24 37.39* (L66* B3.696.30%*
GxE linear 8 3.02% 24, 19%% 135.08** 2.75 17.3( 13.75 0.05 31837.29
Pooled Y 12.85% 6.18% 35.02 139 94.99* 48.37%+ 0.12% 7303 84*
deviation

Pooled error 24 .20 Lol 3801 163 26.67 [2.16 (.5 3624.46

= ** Sianificant at 5% and 1% level, respectively

Table 2 Stability parameters for sced yield and yield contributing traits in niger

Genotypes Standard Days to _50“/" Days to P];_mt No o I‘prod’ucliVE Noof pl‘ocﬂluclive No. of 1000 seed Seed yield
parameters flowering matarity height branches/plant  capitula/plant  secdsfcapitula weight
JNS-26 X 52.33 78.00 122.00 13.00 44.83 32.33 4.52 421.67
bi 0.63 0.39 6.07 4.50 a.17 -2.72 0.75 090
S°di : 16.61 1.78 63.86 a3 224.24 26.40 .01 19461.43
INS-2% X 52.33 78.00 117.00 13.00 35,50 2783 483 16017
bi 3.12 017 -0.54 1.00 0.99 -(1.82 -0.05 1.41
Sdi § .44 13.20 35.11 0.50 32.25 52.40 0.01 56.99
JNS-30 X 52.33 CT79.00 115.50 11.33 39.50 29.17 4.58 403.33
bi 0.93 0.38 0.82 5.50 0.28 1.75 1.82 (.88
S3di 7.38 7.53 42.17 0.13 6%.35 L2442 028 3155885
INS-107 ° x 52.83 78.50 119.33 [1.67 . 33.67 - 2933 4.60 454.17
bi 0.23 0.05 0.67 5.00 1.05 1.20 1.35% 122
Sdi 8.62 3.43 1.96 2.00 1.17 6.53 0.18 ROKBR.22
INS-116 X 32,33 7947 1917 1317 4347 2933 442 320.83
bi 0.32 0.59 -0.20 5.0 2.92 0.70 1.88 1.59
Sdi 30038 1.40 12.28 0.30 112.87 26,16 0.03 2158.2%
JNE-119 X 5017 1.7 122,33 12.00 43.50 2937 4.68 358.33
bi - 2.90 1.71 1.51 0.50 (1L56 332 1.64 1.08
S%di 7.56 11.67 3.55 . 0.12 94,92 5447 0.01 846928
INS-263 x S1.83 81.83 136.00 11.17 38.33 ©2800 453 430.00
bi 1.92 1.70 2.09 012 0.79 221 107 1.12
! Sdi 21.85 3.9 72.43 0.50 107.56 51.77 0.24 ‘ 14204.1]
NS-204 % 5143 ®2 00 12867 11.33 32.33 2583 4.58 425.00
I 1.6} 20 TN 150 AR 133 (.08 1.27
8°di 21.85 6.21 41.67 012 8117 28.34 .31 4099.58
N3-251 X 52.67 81.33 122.83 11.50 35.33 29.00 4.55 344.17
bi . 3.16 2.24 [.75 a.12 2.7 097 -0.45 -0.57
Sidi 10.83 8.19 37.08 4.50 13237 101,59 002 4437 80
*. mean 5224 79.89 121.87 11.89 38.54 28.89 4.59 402.96
:erhit 377 0.47 0957 289 2.56 3.41 1.29 0.87
e 2.53 175 418 0.83 6.89 19 025 60.43
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Table 3 Stability of niger genotypes for seed yield and its different traits

Character CGenotype identitied for
Stability Poor environments Rich environments
Days to 50% flowcering - IJNS-30 INS-204
Days to maturity INS-i1 INS-116 INS-2G3
Plant height - JINS-30 INS-119
INS-107
Number of productive branches/plant JNS-28 - : -
Number of productive capitula/plant INS-28 INS-230 - -
JNS-107 ‘ _ ¥
Number of seeds/capitulum INS-251 ' INS-116 INS-107 :
1000 sced weight INS-203 INS-26 INS-30
INS-204 INS-107 .
Seed vield INS-119 INS-26 INS-28 Z
INS-30 INS-107
INS-203

For the characters days to 50% flowering, days to maturity
and plant height, none of the genotypes found to be stable.
Genotypes JNS-204 (1.61) JNS-203 (1.70) and INS-119
{1.51) were found below average stable where as JNS-30
{0.93), INS-116 (0.539) and INS-107 (0.67) were found
average stable for these characters. Genotype INS-28 (1.00)
had stable performance for number of productive
branches/plant and number of productive capitulum/plant, as
possessed unit regression coefficients and deviation values
not much deviated form zero, Only JNS-107 was found to be
stable for number of productive capitula/plant.

Fornumber of seeds/capitulum genotype INS-251(0.97)
had stable performance. Genotypes JNS-116 (0.70) and
INS-107(1.26} exhibited below and above average stability,
respectively indicated better performance in poor and rich
environments, respectively. For 1000 seed weight genotypes
INS-203 (1.07) and JNS-204 (0.98) had unit regression
coefficient and non significant deviation, had stability for
this characters. Whereas, genotype JNS-26 (0.75) showed
above average stability and suitable even for less favourable
environments. Genotypes INS-30 (1.82)yand INS-107 (1.35)
which exhibited below average stability had high seed
weight in favourable environments only.

For seed yield, higher yiclding genotypes JNS-107 and
INS-203 had regression coefficients 1.22 and 1.12,
respectively their higher values of deviation from regression
indicated sensitivity to fluctuating environments; small

J. Oilseeds Res., 29(1) : 34-36, June, 2012

changes in the environments register large changes in seed
yield, where as regression coefficient 1.41 and less deviation
from regression of high yielding genotype JNS-28 suggested
its suitability for rich environments only. Only genotype
JNS-119 had unit (1.08) regression coefficient and less
deviation from regression and was hence, found to be stable
for secd yield. Other two high yielding genotypes INS-26
{0.90) and INS-30 (0.88) had regression coefficients just
below the unity with high deviation values indicating that
these genotypes would perform better even in less
favourable environments. The results are in agreement with
the findings of Kumar et al. (1994).
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ABSTRACT

A field experiment with 10 crop sequences was conducted during 2001-2005 at Cropping System Rescarch,
Centre, Junagadh Agricultural University, Junagadh (Gujarat). Alt these cropping sequences were evaluated for their
production potential, calonfic value. production efficiency, land usc efficiency and economics. Groundnut ped
equivalent yicld (9993 kg/ha), calorific value (38483 K cal), gross (¥ 173535/ha) and net realization (3 66544/ha)
were recorded maximum through groundnut-onion-green gram crop sequence, while highest groundnut haulm
equivalent yield {10256 kgtha) was produced under groundnut-pearlmillel-cowpea crop sequence. Higher production
efficiency (¥269.8/ha/day) and B:C ratio (1.11) were observed under groundnut-wheat-fallow crop sequence.
Numerically higher land use efficiency of 87.7% was mcasured in soybecan-fenngreck-groundnut crop sequence.

Keywords: Crop sequence, Production efficiency, Production potential

Intensive agriculture in the last few decades resulted in
the depletion of natural resources especially, land, water and
nutrients. On the other hand for mecting the food
requirements of ever increasing population, the available
land has to be intensively cultivated for augmenting
agricultural production. Diversification of cropping system
is necessary to get higher yicld and retumn, to maintain soil
health, preserve environment and mcet daily requircments of
* human and animals. Thus, not only the number of crops but
the types of crops included in the cropping sequence are also
important. For this, exhaustive cereals crops need to shifted
to other crops like oilseeds, pulses, vegetable and fodder
CTops. A study was therefore conducted to asscss the
possibility of increasing the cropping intensity by introducing
short duration pulses, vegetables and ollsecds in the cropping
Systems and to increase the productivity and income of the

farmers of the Saurashtra region through suitable cropping
systems,

MATERIALS AND METHODS
initiﬁtf:ldd e.xperimen.t with 10 types of crop sequences was
Tepiic:t' uring 2001 in randomized block design with threc
mmccul:_ﬂfs‘. The experiment  was conducted for 5
-]l'ﬂ;wid}nt ,VC?.i_TH at the ( mppmg Swstem Rescarch Centre,
lﬂi‘tia;i‘l 1 f?‘c’allculluml_ University, Junagadh  (Gujarat),
dS/m sz-;(')ll had organic carbon 0.28%, pH 7.8, EC 0.3}
kg/ha’ ang‘(abl‘f; nitrogen 191.0 kg/ha, available P,O; 33.0
crop Seque:\;al-‘ ab}:e'[go_ 173.0 kg/ha. Details of different
rate ang recoeh’ their varicties, spacing, sowing time, seed
lable 1. (o mmended dose o'f fertilizers were fumished in
Practices PrPS were grown 'tmth recommended package of

+ PTe-Sowing irrigation was applied to ensure good

.]. .
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germination of winter and summer crops. The total rainfail
received during the years 2001, 2002, 2003, 2004 and 2005
was 853, 537, 1275, 971 and 1197 mm with 51, 22, 42, 43
and 41 rainy days, respectively. To compare crop sequences,
the vield of all crops were converted into groundnut pod
equivalent on price basis and data of different scasons and
years were pooled and analyzed statistically. Land use
efficiency was obtained by taking total duration of crop in
individual crop rotation divided by 365 days. The production
efficiency values interms of Ttha/day were calculated by net
returns of the rotation divided by total duration of the crop in
that rotation (Tomar and Tiwari, 19903, The crop energy (K
cal/100g) was calculated as follows: Groundnut [567),
pearlmillet (361), soybean (432), onion (50}, wheat (346),
garlic (145), fenugreek (333), coriander (288), greengram
(334), blackgram (347) and cowpea (323) based on data of
IASRI, New Deihi.

RESULTS AND DISCUSSION

Main product: Different crop scquences cxerted their
significant influcnce on groundnut pod equivalent yield
during all the seasons and on pooled data basis except,
during summer season (Table 2). During the rainy season
vroundnut-wheat-fallow  crop  sequence (T,) recorded
stgnificantly higher pod cquivalent yield of 3592 kg'ha
followed by groundnut-onion-greecngram crop sequence (1,),
groundnut-wheat-blackgram (T), groundnut-garlic-fallow
(T,,) and groundnut-pearimillet-cowpea crop sequence (T).
The lowest groundnut pod equivalent of 448 kg/ha was
realized in pearimillet-wheat-fallow crop sequence (T,).
Whereas in winter season, soybean-onion-groundnut crop
sequence (T,) registered significantly the highest groundnut
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pod equivalent yield of 5506 kg/ha which remained at par
with groundnut-onion-greengram crop sequence (T,). The
groundnut pod equivalent vield of tenugreek when raised
after soybean (T,) was the least (621 kg/ha). Narwal and
Malik ( 1987) reported beneficial effects of legumes or green
manuring on succceding crop. Onion grown after soybean
recorded higher groundnut pod equivalent yield as compared
with that after groundnut. Jamwal (2000) reported that wheat
crop give higher yield in greengram-wheat crop sequence
than other crop sequences.

When data were pooled over years and seasons, the
highest groundnut pod equivalent yield of 9993 kg/ha was
recorded under groundnut-onion-greengram crop sequence
{T,), followed by soybean-onion-greengram crop sequence
(T,). The lowest groundnut pod equivalent was produced in
soybean-fenugreek-groundnut crop sequence (T;). The
highest groundnut pod cquivalent under groundnut-onion-
greengram crop sequence might be due to higher vield of

onion. Samui et al. (2004} reported the highest rice
equivalent yield under rice-potato-groundnut crop sequence.
By-preduct: Groundnut-haulm equivalent  vield was
significantly influenced by different crop sequences during
all the seasons and in pooled results {Table 2). During rainy
season, groundnut-coriander-groundnut crop sequence (1)
recorded significantly higher groundnut haulm vield of 5441
kg/ha and found comparable with rest of the crop sequences
except, soybean-onion-groundnut crop sequence (7)),
soybean-fenugreek-groundnut crop sequence (T,). Whereas
in  winter season, groundnut-pearlmillet-cowpea crop
sequence (T,) registered significantly the highest groundnut
haulm equivalent yield of 4705 kg/ha. During summer
season, pcarlmillet-coriander-groundnut  sequence (1)
recorded significantly higher groundnut haulm equivalent
yield of 3412 kg/ha, followed by soybean-omon-groundnut
crop sequence (T,).

Table 1 Experimental treatment details

:]"; Season Crop Variety Row( ;[;d)un[, S(e;;/ }T.Z;e S Fcrt:hze}r) {kg/ha) -
T, Rainy Groundnut GG-20 60 (00 25 25 a0
Winter Wheat GW-496 22.5 120 12 60 00
Summer Fallow - - - - - -
T, Rainy Pear] millet GHB-558 60 4.5 80 40 00
Winter Wheat , GW-496 225 120 12 60 . Do
Summer Fallow ) - - - - - -
T, Rainy Groundnut GG-20 60 100 12.5 25 00
Winter Onion Ag.F.Red 10x15 10 75 60 50
Summer Green gram GG-2 45 25 20 40 00
T, Rainy Soybean Guj.-1 60 60 30 60 00
Winter Onion Ag F.Red 10x15 10 75 66 50
Summer Groundnut GG-2 45 100) 25 50 00
T; Rainy Groundnut GG-20 60 _ 100 12.5 25 00
Winter Wheat - GW-49¢6 22.5 120 12 60 00
Summer Black gram T-9 45 25 20 40 00
T. Rainy Pearl millet GHB-558 60 4.5 80 _ 40 00
Winter Corniander Guj.-2 45 20 20 10 00
Summer Groundnut GG-2 45 100 25 50 00
T, Rainy Soybean Guj.-1 6 60 30 60 0o
Winter Fenugreek - Guj.-1 45 20 40 25 00
Summer Groundnut : GG-2 45 100 25 50 00
T: Rainy Pearl millet (GHB-558 60 4.5 80 40 00
Winter Garhe Guy.-3 [N 00 S0 S0 Rl
Summer Fallow - - - - - -
T, Rainy Groundnut GG-20 60 100 12.5 25 00
Winter Pearl mllet GHB-558 60 4.5 80 40 00
Summer Cowpea GC-4 45 25 20 40 00
T,, Rainy Groundnut GG-20 60 100 12.5 25 00
Winter Garlic Guj.-3 10x135 700 50 50 50
Summer Fallow - - - - - -
J. Oilseeds Res., 29(1) : 37-40, June, 2012 38
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Table 2 Influence of cropping sequences on main and by-product of various crops (Mean of 5 years)

Yield (kg'ha)

Croundnut pod equivalent

Groundnut havim eguivalen

Treatment Main product By-product

Rainy Winter Sumimer Total Rainy Winter Summer Total
T,: Gnut - W- Fallow 3592 2478 0 6070 5039 2453 0 8392
T.: PM-W-F 448 2446 0 2894 5075 2519 0 7714
T: - G'mut -O- GG 3333 5120 1540 9993 4572 1] 906 5478
T'4 - §-0- G'nut 1431 5506 940 7877 1317 0 3233 4550
T,: G'nut- W-BG 3282 2364 836 6481 4672 2338 743 7753
T;‘: M - Cor- G'nut 499 1880 998 337% 5441 1332 3412 10085
T, : $-FG- G'nut 1287 621 734 2644 1285 1229 2445 4959
T,: PM- G-F 492 2965 0 3457 5141 0 0 5141
T,: Gaut- PM-C 3089 1404 1112 5605 4239 4705 1262 10256
T,,: Gnut - G-F 3144 2953 0 6097 4194 ] 0 4194
CD (P=0.05) 929 1811 NS 1923 1749 1034 741 2080

Statistical analysis of summer scason and by product of winter season was calculated with six treatments. G'nut=Groundnut, PM—Pearlmilict.
GG=Greengram, BG—Blackgram, C—Cowpea, Cor.=Coriander, FG=Fenugreek. W=Wheat, G=Gurlic. O—Onion, $=Soybean, F=Fallow

Table 3 Influence of different crop sequences on ddnd use efficiency, produceion efffcrency, total caforics and ceonemics (Five year meanj

Duration Land use Pmdl.u:l]on Ebf’;imlw Total calories B:C
Treatment e N efficiency a) X

{Days) cificiency (%) (F/haiday) Gross Cast ot (K cab) ratio
TI : (G'nut - W- Fallow 215 58.9 269.8 110131 52129 58002 31226 .11
T2: PM-W-F 150 52.1 90.6 60445 43231 17214 22063 0.40
T3 : G'nut -0- GG 2K0 76.7 237.7 173535 106991 66544 38483 0.62
T4 5-0- G'nut 310 849 121.8 146001 108234 37767 34644 0.35
T5: G'nut - W-BG 300 822 130.6 116597 77406 39191 32038 0.51
T6: PM - Cor- G'nut 285 78.1 -17.4 71105 76073 -4968 14820 -0.07
T7: S-FG- G'nut 320 87.7 -94.6 50164 80433 -30269 13368 -0.38
T8: PM- G-F 245 67.1 -48.6 57765 69464 -11899 12022 -0.17
T9: G'nut- PM -C 300 82.2 G52 109315 80746 28569 29599 0.3s5
T10: G'aut - G-F 205 72.6 821 100790 79045 21745 18613 0.28
CD (P=0.05) . 5681

G'nut=Ciroundnut, PM=Pearlmillet, GG=Greengram, BG=Blackgram, C=Cowpea, Cor.=Coriander, FG=Fenugreek, W=Wheat, G=Garlic, 0=Onion,

S=Soybcan, F~Fallow

In terms of total groundnut haulm equivalent yield over

season, groundnut-peartmillet-cowpea crop sequence (T,)
obtained significantly maximum groundnut haulm equivalent
vield of 10256 kg/ha which was comparable with
pearlmillet-coriander-groundnut  sequence (T,) and
groundnut-wheat-fallow sequence (T,).
Land use and production efficiency: Land use efficiency
of all 10 sequences revealed that highest land utilization
efficiency of 87.7% was observed in soybean-fenugreek-
groundnut crop sequence (T.), follawed by sovbean-onion-
groundnut ¢rop sequence (T.). because these scquences
tccupied the ficld for longer duration (320 days). It was
least (52.1%) in T, i.e., pearlmillet-wheat-fallow sequence
(190 days). Tomar and Tiwari (1990) and Jamwal (2000)
also  reported higher land wusc efficiency under
Plgeonpea-wheat and clusterbean crop sequences and
groundnut-taria-wheat sequence, respectively  which
occupled the field for longer duration.

Highest production efficiency of¥269.8/ha/day (Table 3)
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was obtained through groundnut-wheat-fallow sequence
(T,), followed by groundnut-onion-greengramsequence {T,).
The results confirms the findings of Yadav ef /. (2005) and
they reported that rice-what crop sequence having highest
production cfficiency in terms of T/ha/day.

Energy value: Significantly maximum calorific values of
38483 K cal {Table 3} was obtained in groundnut-onion-
greengram crop sequence (T;) this indicates that
groundnut-onion-greengram crop sequence have higher
value, high quality produce with highest biological efficient
crop sequence. follewed by sovbean-onien-groundnut
sequence (1,). Yadav er ol (2003} also observed highest
energetic values in maize-potato-sunflower crop sequence.
Economic analysis: Among all 10 crop sequences, the
highest gross realization (¥ 173535/ha) and net return (3
66344/ha) were recorded with groundnut-onion-greengram
crop sequence (T,), It was owing 1o higher total sequence
productivity among the rest of the crop sequences (Table 3),
tfollowed by soybean-onion-groundnut crop sequence (T,)
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and groundnut-wheat-blackgram sequence (T.). Whereas,
groundnut-wheat-fallow crop sequence stand in second
position with realizing net return of T 58002/ha. The benetit
cost ratio was more in groundnut-wheat-fallow sequence
(T,). followed by groundnut-onion-greengram (T,). It
showed that groundnut-onion-greengram or soybcan-
onion-grouncinut (T,) rotation is input responsive crop
rotations resulted with higher gross return/ha.

Thus, groundnut-onion-greengram or soybean-onion-
groundnut sequence is more biologically efficient crop
sequences having more calorific values and cash ensuing
crops. However, the farmers still prefer groundnut-wheat or
groundnut-wheat-blackgram crop sequences because of
better stability and assured government procurement policy
with greater remunerative profit margins than
groundnut-onion-greengram sequence which is most risky,
price fluctuation is more and less assured crop sequences in
Saurashtra region of Gujarat,
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ABSTRACT

A field experiment was conducted with soybean [ Glyeine mex (L.) Merrill] - wheat [ Triticim aestivion L. emend.
Fiori and Paol.] cropping system during 2006-07 to 2008-09 in Vertisol of Sechore, Madhya Pradesh with the
objective to maximize the productivity of system and physicochemical properties of soil. The treatment consisted
of combination of four organic sources in main plots were applied to soybean in rainy season and three fertility levels
in subplot to soybean and wheat both. Application of soybean residues (SR 5 t/ha + farm vard manure {FYM) 5 t/ha
+Zn 5 kg/ha to soybean increased the yield attributes and grain yields ofboth the crops and soybean equivalent yield
(SEY). The SEY was cnhanced by this weatment 23.3%, 13.6% and 3.5% over control (no residues), FYM 5 t/ha
and SR 5 t/ha alone, respectively, besides build-up in organic carbon and N content in soil. Application of
recommended dose of fertilizer (RDF) to both crops components without deterioration of soil properties increased
the yield parameters and grain vicld of soybean and wheat and significantly increased the SEY by 46 % and 31.97
% over control {no fertilizer) and 50 % RDF. The energy use efficiency and energy productivity was higher in alone
application of FYM 3 t'ha. The net returns, B:C ratio, uptake of NPK and protein content were also higher with 5
t/ha each of soybean residues and FYM along with Zn 5 kg/ha among organic nutrient sources and RDF among
fertility levels in cropping system.

Keywords: Farm yard manure, Recommended fertilizer dose, Soybean residues, Soybean-wheat system

Significant efforts have been made to cconomise the use
of fertilizers in field crops through application of
biofertilizers and organic matter. Long term fertilizer
experiment shows that application of fertilizer alone has a
deleterious cffect on soil health and crop productivity
(Behera er al.. 2007). Integration of various sources of
organic and inorganic fertilizers is more suitable because this
reduces the application of chemical fertilizers and cost of
cultivation, besides being an cnvironmental friendly
approach (Ram and Mir, 2006). The beneficial cffect of
organics with chemical fertilizers was also reported by Gupta

-et al. (2006) and Sharma ef af. (2007). Combined use of

organic and inorganic sources of fertilizers increases the
production and profitability of field crops and helps in
maintaining the fertility status of the soil. Organic manure
and biofenilizers along with inorganic fertilizers are better
for yield and good soil health (Singh et al., 2007). The
present investigation was taken up to study the effect of
Itegrated utrient management on system productiyity of
soybean-wheat cropping system since limited information is
available.

MATERIALS AND METHODS
The field experiment was carried with soybean-wheat

System during 2006-07 to 2008-09 at Sehore, Madhya
Pradesh on typic chromusterts The soil had pH 7.5, organic
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carbon 0.35% and available N, P, K and Zn content 208,
15.8,308 kg/ha and 0.5 mg/kg, respectively. Four treatments
of organic manures viz,, soybean residues (SR) 5 t/ha, farm
yard manurc (FYM) 5 t/ha, SR 5 t/ha+ FYM S t/ha+7Zn 5
kg/ha and the controf (no organic manure) were applied to
soybean in rainy season as main plots and three fertilizer
levels L.e., rccommended dose of fertilizer (RDF), 50% of
RDF and the control {no fertilizer) were given in sub plot to
soybean and wheat both. The experiment was conducted n
a fixed plot for three years. All the treatments were replicated
thrice in a split plot design. The recommended dose of
fertilizer for soybean and wheat was 20, 26.6, and 16.6 and
100, 26.6 and 33.2 kg N, P and K/ha, respectively. The half
of N to wheat was applicd as basal and the remaining at the
time of first irrigation. Soybean crop was sown as rainfed and
wheat crop was grown with two irrigation at crown root
initiation and tillering stage. Urea, single super phosphate
and murtate of potash were used as sources of N, P and K,
respectiyely.

Soybean cv. IS 335" was sown at 45 ¢m row spacing on
28, 30 and 28" June and harvested on 10, 14 and 2™
Qctober of 2006, 2007 and 2008, respectively. Whereas,
wheat cv. "Sujata’ was sown on 28,-30 and 27" October of
2006, 2007 and 2008 and harvested on 6, % and 5 March
2007, 2008 and 2009, respectively keeping row distance 22.5
cm. The NPK contents of SR and FYM were 1.8, 0.2, 1.2
and 0.72, 0.4, 0.52%, respectively. The cnergy budget of
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treatments was calculated by using the conversion factors for
inputs, outputs and cultural activities (Panesar and
Bhatnagar, 1994).

RESULTS AND DISCUSSION

Growth and yield: Based on the mean data of three years,
the pods/plant and test weight of soybean and grain/spike and
test weight of wheat were recorded significant differences,
while plant height gave non-significant differences in both
the crops (Table 1). Incorporation of organic sources
improved the yield of soybean and that of wheat over the
control (no organic manure). Application of SR 5 tha+FYM
5 t/ha+Zn 5 kg/ha proved superior in enhancing the yields of
both the crops in the system. However, differences in wheat
and soybean yield and soybean equivalent yield due to
incorporation of SR 5 t/ha + FYM 5 t/hatZn 5 kg/ha and
FYM 5 t/ha remained at par. The lowest yield was recorded
in the control (no organic manure). The maximum vield in
SR 5 tha+FYM 5 tha+Zn 5 kg/ha might be due to the
beneficial effects of FYM and SR by way of regulated
liberalization and balanced supply of nutrients, tilting
microbial dynamics in favour of crop growth and creation of
salutary soil environmental condition for crop growth. These
results are in agreement with those of Billore et al. (2006).
The yield enhancement in soybean yield due to incorporation
of FYM along with fertilizers and Zn was also reported by
Jain et af. (2005).

The RDF recorded significantly higher yield of soybean,
wheat and soybean equivalent vield than 50 % of RDF and
control (no fertilizer), Similar results were reported by
Billore et af. (2006). Interaction effect of organic sources

and fertility levels was recorded non significant.

Energy budget: The highest energy input was recorded in
SR 5 tha+FYM 3 t/ha+Zn 5 kg/ha treatment followed by SR,
FYM and control in that order (Table 2). The highest gross
energy out put was also associated with SR 5 tha+tFYM 5
ttha+Zn 5 kgsha. However, maxinmim net energy out put was
recorded in the sole application of FYM 3 t/ha, the difference
in net cnergy produced by SR 5 tha+FYM 5 t/ha+Zn 5 kg/ha
and control (no organic manure) was found to be non-
significant. The highest encrgy use efficiency and energy
productivity were recorded with FYM 5 t/ha, while sole
application of SR 5 t/ha was found to be mest energy
intensive, These differences may be due to differences in
energy input and out put. In general, highcr cnergy input
resulted in lower energy use efficiency and productivity,
Vyas et al. (2006) reported the similar results.

In case of application of fertilizers, the total cnergy

output and gross output were observed with RDF followed
by 50% of RDF. However, fertility level of 50% RDF
recorded higher energy usc efficiency (1.36) and cnergy
productivity (92.66 g/MI).
Nutrient uptake: Organic sources were significantly
influenced the NPK uptake in soybean and wheat (Table 3).
The higher uptake of NPK 90.26, 8.08 and 50.20 kg/ha by
soybean and 42.7, §.0 and 63.1 kg/ha by wheat, respectively,
were recorded by application of SR 5 t/ha+FYM 5 thatZn
5 kgtha. Application of RDF recorded significantly higher
NPK uptake in both the crops than 30% RDF and control,
Similar results were also reported Jain et al. (2005) and
Ramesh ef al. (2009).

Table | Effect of integrated nutrient management on growth, yield attributes, grain yield of soybean and
wheat and soybean equivalent yicld (pooled data of 3 years)

Saybean

Wheat

- — — Soybean
Treatment Plant height ~ Pods/ Test Gram Plant height  Grains/ Test - Grain - equivalent yield
(em) 4 plant welglht yield (cm) spike weight  yield {(kgha)
(g) (kg/ha) (2) (kptha)
Organic source
SR @ 5t/ha 52.8 202 81.3 1136 78.1 347 42.1 1874 2542
FYM @5tha 55.3 221 86.5 1317 78.7 35.0 422 1966 2792
SR @ 5 tha+ FYM @ 5 t/ha + Zn 5 kg/ha 56.3 24.7 89.1 1465 792 35.8 42.5 2077 3023
Controt {ne organic manure) 56.5 18.6 79.3 1098 75.4 32.2 41.8 1812 2457
SEm + 0.9 0.6 1.5 37 1.1 1.1 04 51 108
CD(P-0.03) NS 2.1 33 116 NS 3 1.3 154 322
Fertility level
RDF 57.4 23.6 90.1 1464 82.2 356 45.7 2237 3142
50 % of RDY 338 22.3 - 85.9 1331 76.8 348 433 2012 2840
Control {no fertilizer) 49.4 183 76.2 994 73.1 325 42.8 1544 2152
SEm + 0.9 04 1.2 34 3.1 0.88 0.38 84 77
CD (P=0.05) 2.7 1.2 35 114 NS 2.70 1.20 254 235
SR = Soybean residues; FYM : Farm yard manure
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Table 2 Effect of integrated nutrient management on cnergy usc cfficiency, productivity and intensiveness of
soybean and economics of system {pooled data of 3 years)

Lnergy (MJ/ha) Energy anrgy. ' En‘t_:rg’y Co_sl' gf' Net Return B: C
Treatment Input  Gross Net use productivity lntenmvfmcss cultivation (Tha) ratio
outpul _outpui efficiency (p/MD) (M) (T/ha)
QOrganic source
SR @ 5 tha 32126 37367 3241 1.16 79.12 (.64 16450 23652 243
FYM @ 5 t'ha 20623 41042 11419 1.38 94,25 0.53 16950 27514 2.62
SR @ 5tha+FYM @35 tvha+Zn35 ke/ha 35126 44438 9312 1.26 86.06 0.59 17450 29900 271
Control (no organic manure) 27615 36118 R503 1.31 88.97 0.57 15950 20808 2.30
SEmt 707 105§ 385 0.03 0.68 0.02 153 532 0.03
CD (P=0.05) 2114 3220 1140 0.11 210 0.07 470 1618 0.09
Fertility level
RDF 36570 46187 9617 1.26 R5.92 0.58 17050 32888 2.92
50 % of RDF 30650 41748 11098 1.36 92.66 0.54 16700 27392 2.64
Controk (no fertilizer) 26036 31634 5598 1.21 82.65 0.60 16350 20018 2,22
SEm= 632 1013 317 0.02 0.53 0.01 106 572 0.04
CD (P=0.05} 1890 3020 956 0.08 1.60 0.04 324 1748 0.12
Table 3 Effect of integrated nutrient management on total NPK uptake and protein content of soybean and wheat
(pooled data of 3 years)
Total NPK uptake (kg ha} .
Treatment Soybean Wheat Protein content (%)
N P K N P K Sovbean Wheat
Organic source
SR @ 5 tha 802 7.1 46.6 351 6.8 532 167 10.2
FYM @ 5 t/ha 789 7.2 458 6.7 72 S1.1 6.4 10.0
SR @ 5tha+ FYM @ 5 vha + Zn 5 kg/ha 90.2 8.0 502 42.6 79 631 37.9 10.8
Controf (no organic manure) 61.5 5.4 381 27.4 4.6 43.5 345 9.9
SEm+ 34 0.8 1.9 30 0.7 2.7 0.0 0.2
CD (P=0.05} 10.2 24 6.0 9.3 2.2 g2 0.2 0.8
Fertility leve]
RDF 110.2 9.8 60.5 58.1 8.1 75.6 384 11.6
50 % of RDF 85.1 7.7 47.1 40.7 6.3 59.2 359 10.2
Centrol (no fertilizer) 72.6 5.5 40.1 28.6 4.2 46.6 35.1 92
SEm= 32 0.8 2.0 34 0.6 2.5 0.1 03
CD (P=0.05) 9.5 2.6 6.3 10.4 L9 7.8 0.2 0.9
Table 4 Change in physico-chemical properties of soil duc to different treatments after 3 years experimentation under
soybean-wheat cropping system
T . Organic Available
reatment Soil pH carbon (%) N (kg/ha) P (kg/ha) K (kg/ha) Zn (kg/ha)
’ Actual Change Actual Change Actual Change Actual Change
Organic source
SR @5 tha 7.50 0.37 218 10 158 00 311 03 0510 0010
FYM_@ 5 t/ha 7.50 0.4 232 24 157 -0 320 12 0510 0010
SR @ 5 tha + F'YM @ 5 t/ha+ Zn 5 kg/ha 7.50 042 236 28 158 0.0 322 14 0560 0.060
Centrol ino orvanic manure) T A 0.3s 208 00 146 -1.2 305 -03 0460 -0.040
Fertility leve|
?(;)f 7.50 G.38 222 14 16.2 04 314 06 0410 -G.090
7o of RDF 7.50 0.37 216 08 156 -02 312 04 0430 -0.070
Control {no fertilizer) 7.40 035 207 -01 148 -10 306 -02 0450 -0.050
Initial Status 7.50 0.35 208 15.8 308 0.500
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Protein content: The protein content of grain was higher
under the SR 3 tha + FYM 5 t/ha + Zn 5 kg/ha than SR 5
t/ha and FYM 5 t/ha ailone treatment in both the crop.
Application of RDF rccorded significantly higher protein
content than 50% RDF and control (no fertilizer).
Physico-chemical properties: After completion of 3 cycles
of continuous soybean-wheat cropping sequence, application
of FYM 5 t/ha alone and SR 5 tha + FYM 5 t/ha + Zn 5
kg/ha improved organic carbon and N contents of soil over
their initial status besides unchanged P, K and Zn status of
the soil (Table 4), Similar beneficial cffect of organic
manure were reported by scveral workers in soybean-based
cropping systems {Shivakumar and Ahlawat, 2008; Ramesh
et al., 2009). The chemical fertilizer did not influence the
soil propertics viz,, soil pH, organic carbon, N, P, K and Zn
content from their initial status in sotl but the values of N, P
and K content in soil were correspondingly towards lower
sides with lower fertilizer doses. These results arc in close
agreement with the findings of Patel er al. (1995).
Economics: The data on overal]l economics of soybean -
wheat cropping system indicated that SR 5 tha + FYM 5
t/ha + Zn 5 kg/ha was the mos! profitable by recording net
returns of ¥29900/ha and B:C ratic of 2.71 followed by
FYM 5 t/ha (net returns T 27514/ha and B:C ratio 2.62) and
SR 5 t/ha (net returns ¥ 23652/ha and B:C ratio 2.43),
Application of RDF gave the highest net returns (%
32888/ha) and B:C ratio (2.92). Shivakumar and Ahlawat
(2008} also reported simular findings.

The results indicated that in Vertisol of Vindhyan plateau
of Madhya Pradesh integrated nutricnt application of
soybean residucs @ 5 t/hatFYM 5 t/hatZn 5 kg/ha to
soybean crop along with application of recommended
fertilizer levels to both the crop in soybean- wheat cropping
system found to be the most productive and remunerative.
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ABSTRACT

A field experiment was carried out to find the appropriate management techniques in delayed sown groundnut
during rainy season of 2007-08 to 2009-10. The treatments consists of two main plots i.¢., rainfed and supplemental
irrigation and five sub plots i.e,, no fertilizer (control), recommended dose of fertilizer application (RDF), leaf
webber control (LWC) | late leaf spot control (LLSC) and ieaf webber + late leaf spot control (LWC + LLSC).
Higher number of filled pods/plant were recorded with leaf webber + late leafspol control treatment and comparable
with leaf webber control alone. 100 kerncl weight and shelling percentage were higher with leaf webber control ,
which was at par with lcaf webber + late lcaf spot control treatments and significantly superior than rest of the
treatments. Higher pod and haulm yield was recorded with leaf webber control (quinolphos @ 2 ml/! of water) +
fate [eaf spot control (hexaconazole @ Z misf of waterj, which was significantly superior to other freatments, Higher
net returns were rcalized with leaf webber control (32936), which was closely followed by leaf webber + latc leaf
spotcontrol (Y2713).The highest B:C ratio was realized with leaf webber control (1.36), which was closcly followed
by leaf webber + late leaf spot control (1.31), while B:C ratio was lowest with control (0.97),

Keywords: Delayed sowing, Groundnut, Leaf webber, Late leaf spot

Groundnut (Arachis hypogaea L.) is onc of the most
important oilseed crops in India, occupying and contributing
nearly 30% of'the total area and production of oilseeds in the
country. The productivity level of groundnut in Anantapur
district (595 kg/ha) of south India is far below the India
average of 1112 kg/ha mainly becausc it is predominantly
grown as a rainfed crop (80% of the total acerage) under
various biotic and abiotic constraints that limit crop yield.
Low rainfall and prolonged dry spells during the erop growth
period were reported to be main reasons for low average
yiclds (Reddy et af., 2003). Anantapur district has the largest
groundnut area (8.5 lakh ha) among all the districts of
Andhra Pradesh and receives the lowest quantum of rainfall
(553 mm) and second lowest in the country after Jaisalmer in
Rajasthan. Anantapur district is drought prone district where
crop failure due to failure of monsoons, erratic and scanty
rain fall is a phenomenon as the district is located in the
scanty rain fall zone and is rain shadow district. Rainfall is
the most significant climatic factor affecting groundnut
production. Analysis of rainfal} from 1876 to 2009 indicates
that 23 years the onsct of monsoon raintali falls in the month
of August. Past rainfall data reveals that 10-70% arca was
Sown m the month of August resulting low yields, Besides
abiotic stresses, biotic factors have been recognized as the
Major factors limiting groundnut production under delayed
Sowings, Among defoliators, groundnut leaf miner

I' - . . . .
E-mail: bsrk_ctr@iyahoo.co.in: malliswararcddy(@yahoo.co.in
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(Aproaerema modicellu) and among foliar diseases, late leaf
spot (Phacoisariopsis personata) are the two important
biotic stresses m late sown groundnut. The green [eaf miner
(GLM) reduces yields by feeding on leaves, there by
reducing the photosynthetically active leaf area. Yicld losses
duc to GLM were reported 1o be >50% in Tamil Nadu
{Logiswaran and Mohanasundaram, 1985), In India, losses
in yield due to the leaf spots have been estimated 15 to 59%.
Based on this, an experiment was conducted to know the
effect of management practices under delayed sowing.

MATERIALS AND METHODS

A field experiment was carried out under delayed sown
groundnut for three years during rainy scason from 2007 to
2009 at Agricultural Research Station, Anantapur in rainfed
Alfisols. The soil texture was red sandy loam, near neutral in
reaction (pH 6.8). The initial seil fertility was low in organic
carbon (0.28%), low in available nitrogen (60 kg N/ha), high
in available phosphorous (110 kg P.OJha} and low in
available potassium (95 kg KO- ha). The treatments consists
of two main plots i.e., rainfed and supplemental irrigation
and five sub plots i.e., no fertilizer, recommended dose of
fertilizer application (RDF), leaf webber control (LWC), late
leaf spot control (LLSC) and leaf webber + late leaf spot
control (LWC + LLSC) were tested in split plot design with
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four replications. "K-6' variety of groundnut was sown with
a spacing of 30 em x [0 ¢m. Recommended dose of 2 N- 40
P.O; -50 K0 kg/ha was applied as per the treatment. Entire
dose of fertilizer was applied as basai. Plant protection
chemicals i.c., quinofphos @ 2 ml/ of water to control the
leaf webber, hexaconazole @ 2 ml/l of water to control the
fate feaf spot. Two (2007) to three sprays (2008 and 2309)
was given to groundnut at 30 to 70 DAS based on intensity.
Two supplemental irrigations were given to crop whenever
dryspell occurs more than [0 days. Groundnut crop
experienced two dry spells in 2007 and three dry spells
during crop growth period in years 2008 and 2009, Whereas,
in the year 2008, crop experienced wet spell. Groundnut crop
particulars and weather parameters during crop growing
period were given in table 1.

RESULTS AND DISCUSSION

Yield attributes: Three years pooled data results revealed
that, yield attributes of groundnut did not show any
significant difference by giving supplementary irrigation to
late sown groundnut. The vield attributing characters such as
filled pods/plant, 100 kernel weight and shelling percentage
were favourably influenced by taking appropnate plant
protection measures against leaf webber and late leaf spot.
Higher number of filled pods/plant were recorded with leaf
webber + fate leaf spot control treatment and comparable
with leaf webber contro! alone, where as lowest with control
and recommended dose of fertilizer (RDY) treatments. 100
kernel weight was higher with leaf webber control, which

was at par with leaf” webber + late leaf spot control
treatments and significantly superior to rest of the treatments,
Higher shelling percentage was recorded with feaf webber
control, which was statistically comparablc with feaf webber
+ late leaf spot control treatments {Table 2). This might be
due to higher photosynthetic arca of groundnm fcaves leads
to transiocation of biosynthates from source to sink achieved
by control of leat webber and late lcaf spot.

Pod and haulm yield: The normal crop of groundnut if sown
after August 15” due to delayed onset of monsoon gencrally
results in crop failure or low net returns. Groundnut pod
vield varies largely from year to year in Anantapur district.
Farmers grow groundnut even beyond August mainly for
fodder (haulms) requirement for their livestock., Under
normal sown conditions (June to July), district average
groundnut pod vield was 1259, 88 and 225 kg/ha in the years
2007, 2008 and 2009, respectively (Hand Book of Statistics,
2009). Gadgil (2000} observed that the variation in
groundnut yield of Anantapur district arises to a large extent
from the variation in the total rainfall during the growing
season. The pod yicld was drastically reduced during the
year 2008, due to wet spell occurs at 10 DAS leads 10
luxurious vegetative growth which in turn leads to sparse in
first flush of tlowering. Owing 1o lanky growth of the crop,
second flush of flowers were turned out in 1o aerial pegs.
During 2009, out of three dry spells, two supplemental
irrigations were given. The third dry spell occurs at pod
development stage and supplemental irnigation was not given
mainly due to non available of water. Hence, pod and haulm
yield was drastically reduced,

Table 1 Groundnut crop particulars and weather parameters during crop growth period

Particulars 2007-08 2008-09 2009-10
Date of sowing 30-8-07 31-8-08 24-8-09
Date of harvest 22-12-07 28-12-08 19-12-09
Rainfall during the crop period (mm) 392 267 250.8
Rainy days during the crop period 16 21 18
Relative humidity during crop growth period (%) 67 RO &6
Mean maximum temperature during crop growth period (°C) 31.3 3.7 312
Mean minimum temperature during crop growth period (°C) 17.9 193 208
Mcan sunshine hours during crop growth period 6.5 75 7.0
Nooof supplemental treigations 2 2 2
No. of spravs given (or contro] of Teaf webber 2 3 3
No. of sprays given for contro} of fatc feaf spot 2 3 3
Uy spells (& 10days) P 3 3

Wet spell (Continuous 7 rainy days)

'
]

Groundnut crop sown under delayed conditions
responded well to controt of leaf webber and fate leat spot.
Higher pod and haulm yield was recorded with leaf webber
conirol (quinotphos @ 2miA of water) + late (eal spot
control (hexaconazole @ 2ml/l of water), which was
significantly supcrior to other treatments (Tabic 3).
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Quinolphos + hexaconazole treated plots gave §6% highet
pod yield and 66% hauim yicld over the control. fadeja ev
(1999) stated that, hexaconazole treated plots gave 71%
higher pod yicld and 66% higher fodder yield compared @
controi with the highest net returns of T 9793/ha. Higher pﬂd
yield attributed with increased photosynthetic area and
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reducing the lesion formation. [t was obscrved that whenever
relative humidity was high (>80%) late leaf spot incidence
is severe and whenever dry spell (14 days) occurs, then leaf
miner incidence was high. Late Jeaf spot incidence was low
during the year 2007 mainly due to low relative humidity
(67%), whereas, severe incidence of leaf spot was observed
whenever relative humidity was high (> 80%] during 2008
and 2009 (Table 1). In the Anantapur region, leaf miners
emerge during drought perieds with no rainy days for more
than 21 days during 35-110 days of the cropping period
(Narahari Rao ef «l., 2000). Ranga Rao ef of. (1997) also
observed it to be severe during moisture stress conditions.
The conditions favourable for the leaf miner growth are long
dry spells resulting in high temperature and low humidity, At
Anantapur under late sown conditions, the groundnut leaf
miner inctdence was significantly and negatively correlated
with rainfall and minimum temperature and positively with
sunshine hours (AICRPAM, 2001).

Economics: Net returns and B:C ratio was higher with
chemically treated plots rather than untreated plots (Table
4). Higher net returns were realized with leaf webber control

{2936), which was closely followed by leaf webber + late
leaf spot control (273}, Where as, negative net monetary
returns were realized with control (- 283). The highest B:C
ratio was realized with leaf webber control (1.36), which
was closely followed by [eaf webber + fate leaf'spot control
(1.31), while B:C ratio was lowest with control (0.97y{Table
4}.

Rain water use efficiency: Higher rain water use efficiency
was noticed with supplemental irrigation (1.03 kg/ha-mm)
when. compared to rainted (0.80 kg/ha-mm). Where as,
higher rain water use efficiency was recorded with leaf
webber control + late leaf spot control (1.05 kg/ha-mm),
which was closely followed by leaf webber control (1.00
kg/ha-mm), respectively. While minimum rain water use
cffictency was observed in control (0.58 kg/ha-mm).

Thus, two to three sprays based on intensity at 30 to 70
DAS with quinolphos (@; 2 ml/l + hexaconazole @ 2 ml/] of
water effectively controls late leaf spot and leaf webber
leads to get higher vield, maximum net returns and B:C ratio
in late sown groundnut under rainfed Alfisols of Anantapur
region.

Table 2 Filled pods/plant, test weight {g) and shelling percentage as influenced by late sowing groundnut

Treatment Filled pods/plant 100 kernel wi, (p} Shelling (%)
2007-08 200809 2009-10  Pooled | 200708 2008-09  2009-10  Pooled | 2007-08  2008-09 200910  Pogled
Main plot '
M, : Rainfed 5.7 35 2.7 3.9 302 320 3.7 315 72.0 71.1 67.5 70.4
m,lg;fg;p' 54 3.0 33 4.0 32.0 327 28 326 T34 710 659 70.0
CD (P=0.05) NS NS NS N§ NS NS NS 0.8 NS NS NS NS
Sub plot
T, : Congrol 48 24 2.1 31 3R 38 32.4 305 735 68.9 674 69.3
T,: RDF 5.8 2.9 2.8 3.8 314 205 30.9 29.5 734 69.0 63.4 67.9
To: LW 55 3.7 39 4.3 285 4.8 339 343 69.8 732 69.4 7.6
T, LLsC 6.5 35 32 44 306 37 314 314 72.9 714 4.8 69.2
T LWC + LLSC 6.4 38 3.0 44 335 342 32.6 33.7 73.7 727 068.5 721
CD (P =0.05) 0.9 0.8 1.1 0.4 4.8 2.1 2.6 13 N§ 2.7 4.0 L4
RDF: Recommended dosc of fertilizer, L'WC: Leaf webber conirol; 1.LSC: Late leat spot control
Table 3 Pod and haulm yield (kg/ha) as influenced by late sown groundnut
Treatmen; Pod yield (kg/ha) Haulm yicld (kgha)
2007-0% 2008-09 2009-10 Pooled 2007-08 2008-09 2009-10 Pooled

Main piot
M Rt a2 (04 g R o3 ERN a3 13
M Suppl. Irrigation : 155 140 137 224 675 360 321 452
€D (P-.05) NS NS NS NS NS NS NS NS
Sub plot :
? Ei;)nl:rol 261 92 92 148 531 84 . 265 327
7. ) LW ' 279 127 146 184 667 254 343 - 422
T Lisc 349 183 186 239 616 367 34| 442
T, LW + Lig 168 185 130 228 698 370 359 475
% 435 273 120 276 793 546 327 543

75 44 28 29 90 £9 57 43

RDF: Rogg
Recommended dose of tertilizer. LWC: Leaf webber control; LLSC: Late leaf spot control

J 0
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Table 4 Economics {¥/ha) and rain water use efficiency {RWUE) as influenced by late sown groundnut

Treatment (ross returns (3 'ha) Nt returns (Téhad B:C ratio RWUEF. (kgsha-mm)
Main plot

M, : Rainfed 8686 -264 1.07 0.80

M. : Suppl. Irrigation . 10942 2077 1.31 1.03

Sub plot

T, : Control ’ 7240 -285 0.97 0.58

T, :RDF 8534 409 1.05 0.76

T, LWC ) 11261 . 2936 1.36 - L1

T,: LLSC 10697 2272 1.26 1.00

Te: LWC + LLSC 11338 2713 1.31 1.05

RDF : Recommended dose of fertilizer; LWC : Leaf webber control; LLSC : Late Icaf spot control
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Gadgil S 2000. Farming strategies for a variable climate-An Indian

case study, In: Proceedings of the International firum on

Climare Prediction, Agriculture and Development, April

26-28,2000, International Research Institute for Climate Ranga Rao G V. Reddy D and Shanower T 1997, Status of
Prediction, New York, USA, pp.27-37. groundnut leaf miner in Peninsular India: Management
Hand Book of Statisties 2009, Anantapur District published by options, Meeting Abstracts of Pest management Rescarch
Chief Planning Officer. Unit, United States Department of Agriculture (USDA).
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Efficacy of four triazole fungicides in the control of leaf spots responses of groundnut (Arachis hypogaea L.) to drought

stress and s amelioration: A critical review, Plant Growth

and rst of groundnut. fndian Phytopathoelogy, 52:421-422.
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Direct and residual effect of fertility on mustard productivity in
pearl millet (Pennisetum glaucum) + urdbean (Phaseolus mungo) - Indian mustard
(Brassica juncea) crop sequence
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ABSTRACT

A ficld experiment was conducted in rainy and winter seasons during 2004-07, at Bharatpur, to evaluate the
residual effect of fertility levels in pearl millet (Pennisctum glaucun) — urd bean (Phaseolus mungo) cropping
system on succeeding crop of Indian mustard (Brassica juncea). Application of {00 kg N + 33.3 kg P/ha during
rainy scasen significantly increased the grain yicld of pearl millet and urd bean, but the cffect on mustard
productivity was at par with 75 kg N + 25 kg Ps/ha. which indicated a net saving in 25% of N and P during rainy
season. The direct application of N, P and S to Indian mustard also enhanced the growth, yield attributes and seed
vield, Application of 100 kg N+27.8 kg P+ 40 kg S/ha increased seed vield by 33.1% over 100 kg N +27.8 kg P.
This treatment also gave higher mustard seed equivalent yield (3240 kg/ha), total nutrient uptake {124.5kg N, 22.0

kg P and 24.2 kg S/ha) and net return (¥ 35650/ha),

Keywords: Crop sequence, Fertility levels, Indian mustard, Net returns, Residual effect

Rajasthan is a leading statc for the production of Indian
mustard ( Brassica juncea), which contributes 45.7% of total
production in the country (Anonymous, 2010). The soils are,
generally, light in texture, low in organic carbon, medium in
phosphorus {P) and deficient in sulphur (S) duc to either by
adoption of mono-cropping or extensive use of S free
fertilizers, The § requirement of rapeseed-mustard is the
highest (1.6 kg S/q of seed) among crop plants (Singh and
Sahu, 1986). Indian mustard is an integral part of cropping
systern and being grown after pearl millet, cluster bean and
urd bean (Sinsinwar et al., 2002 and Premi et af., 2006).
Further, the productivity of the pearl millet - mustard crop
sequence increased by the inclusion of urd bean in paired
rows (Sinsinwar ef al., 2005). Presently, fertilizer application
is based on nutrient requirement of individual crop and the
carry aver effect of fortilizer applied to preceding crop is
generally ignored. The information regarding residual effect
ofpearl millet + yrd bean and chemical fertilizers on mustard
s meagre. With this view, the present investigation was
carried out to asscss the effectiveness of residual and direct
effect of fertilizers applicd to mustard on its productivity and
s0il fertility,

MATERIALS AND MEETHODS

A field experiment was conducted at Directorate of
Rapeseed - Mustard Rescarch, Bharatpur, Rajasthan during
2004-05 10 2006-07. The soil was sandy loam, with pH 8.2.
tontaining 0.24% organic carbon , 125 kg/ha available N, 5.7
kg/ha available P and 26.5 kg/ha available S. The treatment
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consisted of three main-plots in rainy season and six
sub-plots 1n winter scason. Duning rainy season pearl millet
I urd bean was grown with three fertility levels, viz., 100%
recommended fertility: 100 kg N+ 33.3 kg P/ha (N g Pyas)s
75% recommended fertility:75 kg N + 25 kg P/ha (N, P,,),
30% recommended fertility:50 kg N + 16.7 kg P/ha (Ng,
P, in main plots. During winter season, each main-plot
was divided into six sub-plots and fertility levels, viz., 100 kg
N +27.8 kg P/ha (N, P.;.), 75 kg N + 20.8 kg P/ha (N
Poyi), SO0k N+ 13.9 kg P/ha (N Pyy), 100 kg N +27 8 kg
P +40kg S/ha (Nygy Pyry Si). 75 kg N+ 20.8 kg P+ 40 kg
S/ha (Nos Poge Sao), S0 kg N+ 139 kg P+ 40 kg S/ha (N,
P, 8,) were allotted to mustard. The experiment was
conducted in split- plot design, replicated four times. The S
was applied through gypsum (250 kg/ha). The rainy season
crop pearl millet ev 'HHB 92" and urd bean'T9' were planted
at 40 cm x 15 cm in paired row (2:2) in first fortnight of July
in all the three years. Only the pearl mitlet crop was fertitized
with recommended fertility level (as per treatment). The
rainy season crops were grown under irrigated conditions. In
winter season., musiard cv 'Rohini' was sown in sub-plots on
first week of Octaber every year. Seeds were sown 10 Tows
A0 e apart and plant-to-plant distance was maintained at 10
¢m by thinning at 25 days atter sowing. Half'ofthe N and full
dose of P and S (as per trecatment) were applied as basal and
remaining dose of nitrogen was top-dressed after first
irrigation i.c., 35 days after sowing (DAS). The, N, P and §
were applied through urca, di-ammenium phosphate and
gypsum, respectively. Second irrigation was given to the
crop at 65 DAS. The recommended package of practices for
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mustard was followed. The soil samples were collected at
0-15 ¢cm depth at the time of sowing and crop harvest to
estimate organic carbon, available N, P and S content.
Economic analysis was made considering the prevailing
market costs of inputs and prices of out-put. Growth and
yield attributes were recorded on five randomly selected
piants, The soil samples for different nutrients werc analyzed
by using standard procedurc. Analysis of variance was
performed to determine the residual and direct effects of
fertility using WINDOSTAT version 8.0 (Hyderabad, India).

RESULTS AND DISCUSSION

Growth and yield attributes: Plant height, effective
tillers/plant, ear length of pearl millet varied significantly
with fertility levels (Table 1), Application of 100 kg N +
33.3 kg P/ha resulted into maximum mean plant height,
effective tillers/ plant, ear length and grain yield followed by
75 kg N + 25 kg P/ha. The superiority of these treatments
over 50 kg N + 16.7 kg P/ha might be due to higher
availability of N and P. These results are in close conformity
with those of Choudhary and Gautam (2007) and Guggari
and Kalaghatagi (2005). The productivity of pearl millet was
also higher in subsequent years, might be due 10 residual
fertility effect of mustard.

Plant height, pods/plant, 1000 secd weight and sced yield
of urd bean increased significantly with increasing fertility
level in all the three years. The higher growth and maximum
. grain yield were observed with the application of 100 kg N
+ 33.3 kg P/ha, but at par with that of 75 kg N + 25 kg Prha,
indicating that direct and residual effect of P enhanced grain
filling, as also observed by Nandal et af. (1987).

The residual effect of ferulity levels was evident on
growth and yield attributes and the seed yield of mustard.
Application of 100 kg N + 33.3 kg P/ha to the preceding
pearl millet crop significantly increased plant height, primary
and secondary branches/plant, siliquac/plant and seed vield
over that of 50 kg N + 16.7 kg P/ha. Pearl millet + urd bean
cropping system might have improved nutrient availability in
the soil, for the mustard crop (Table 3). Mishea and Giri
(2004) also recorded the similar findings. However, higher
fertility level (N, Pi33) in preceding crop, significamly
reduced mustard oil content,

Direct application of N, P and S significantly increased
plant height, primary and secondary braches, sitiquae/plant,
scedsssiliqua and 1000 seed weight( Table 2). Anapplication
of 100 kg N + 27.3 kg P/ha resulted in significantly taller
plants with more branches and higher [000 seed weight than
50 kg N+ 13.9 kg P/ha. In addition to N and P levels, 40 kg
S/ha produced stil]l taller plants with more number of
branches. Thus, application of 100 kg N +273kgP+40kg
S/ha gave the highest plant height, branches, siliquae/plant,
seeds/siliqua and 1000 seed weight.

The N and P application to Indian mustard significantly
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increased the seed yield as it is directly correlated with
growth and yield attributes. The highest seed yield was
recorded with 100 kg N + 27.8 kg P/ha during first year, but
this treatment was at par with 75 kg N + 20.8 kg P/ha, which
might be due to residual effect of rainy season crops. O an
average this treatment recorded 8.6% and 20.9% higher sced
yield over 75 kg N + 20.8 kg Prha and 50 kg N + 13.9 kg
P/ha, respectively. Addivion of40 kg S/hatwo 100kg N +27.3
kg P/ha further increased seed yield by 33%. Oil content was
significantly higher under 50 kg N + 13.9 kg P + 40 kg S/ha,
but at par with other fertility levels along with S fertilization.
Kumar er . (2002} and Premi ef @l (2004) also reported
increase in oil content and seed yield of mustard duc to
application.

Nutrient uptake: Fertilization of rainy season crops with
100 kg N + 33.3 kg P/ha significantly increased the N and P
uptake but was at par with 75 kg N + 25 kg P/ha. The fertility
levels to preceding crop significantly affected the N, P and
S uptake by mustard (Table 3). Application of 100 kg N +
33.3 kg P/ha to the preceding pearl millet + urd bean
removed higher N (21.1%), P (32.0%) and S {20.2%)
compared to 50 kg N + 16.7 kg P/ha but was at par with 75
kg N + 25 kg P/ha. This could be due 1o differences in
fertility levels. Direct application of different levels of N, P
and S to Indian mustard also affected the nutrient uptake
significantly. An increase in fertility level led to increase in
N, P and S uptake by mustard. The highest uptake of N (98.1
kg), P (15.4 kg) and 5(23.9 kg) uptake/ha was recorded with
100 kg N +27.3 kg P + 40 kg S/ha over other fertility levels.
Total N, P and § uptake by pear! millet + urd bean - mustard
sequence was higher under recommended fertility level (N,
P;.,) but was at par with 75% fertility level (N,; P,;). The
mustard crop receiving 100 kg N +33.3 kg P+ 40 kg S/ha
removed 124.5,22.0 and 24.2 kg N, P and S/ha, respectively.
This might be due to higher yields of crops.

Residual soil fertility: After three years, the residual effect
of fertility levels significantly influenced the available N, P,
S and organic carbon content of the soil. Available P status
showed marked improvement with recommended fertility
level. The improvement in available P by residual P from
pear] millet + urd bean afier mustard harvest was because the
P applied to pearl millet was not fully utilized by both the
crops in the system. On the contrary, a sharp decline in
organic carbon conient, available N and S over its initial
status was obscrved with cach increment in fertility level
{ Table 3).

The increasing fertility lcvels to muwstard caused
corresponding unprovement in available N, P and S after
three years of experimentation. The trend was reverse in case
of organic carbon content, which was significantly higher at
low fertility levels (N, Py, and Ng, Py S,). However, -
organic carbon content, available N and available S declined
over its initial status. This may be due to more mineralization
at higher fertility and higher uptake by the crop.



DIRECT AND RESIDUAL EFFECT OF FERTILITY ON MUSTARD PRODUCTIVITY

Table 1 Effect of fertility levels on growth, yield attributes and vicld of pearl millet and urdbean (Pooled data of three years)

Pearl millet Urdbean
Treatment Yield attributes Yield atributes
Plant height ffective Car length (j_rain Slrif“':inILI (}l'ﬂin;yicld Plant height  Pods/ Sceds’ 1000 seed (imin: yicld
Fertility level {em)  tillers/plant  (em) weight/ (hgha) tkgtha) {cm) plant pod weight {g) hetha)
ear (g}

Ny Piss 2025 2.31 23.0 22.1 4530 1953 314 24.2 4.8 307 150
Ny Pas 175.7 2.06 216 21.3 4317 1893 293 218 4.6 30.5 133
Ny Pz 163.2 1.93 20.4 19.8 4143 1850 26.5 18.6 4.2 30.2 103
SEm+ 5.3 0.05 0.3 0.2 58 11.4 07 0.5 0.1 Q.l 8.5

CD (P=0.03) 18.2 0.19 1.1 0.6 186 38 24 2.8 0.3 0.2 20

Table 2 Effect of fertility levels on yield attributes, yield and oil content of mustard in pear] millet + urdbean-mustard sequence
{Pooled data of three years)

_ Plant — Primary = Sec.  Gioier Seedst SR 000 ced  Ofl content  Protein Seed yield

Treatment height  branches!  branches! lant sitiqua length weight (g) (%) content (%) (kgsha)
(emy plant plant P 4 {cm) ENis L

Fertility level to pearl millet + urdbean (Rainy season)
Nyg Paaa 173.4 5.5 4.5 155.3 13.6 49 4.8 41.1 202 1310
N Pag 1723 5.3 4.0 154.6 13.8 4.9 4.6 42.4 19.9 1260
Nio Pros 166.9 5.0 37 149.4 13.7 4.8 4.6 438 19.8 1100
SEm+ T4 o 0.} 1.2 0.2 0.1 0.2 0.5 0.1 30
CD(P=0.05) 4.7 0.2 0.2 4.1 NS NS NS 1.8 0.2 100
Fertility level to mustard (Winter season)
Ny Paza 170.3 5.6 4.6 151.2 13.7 49 48 413 19.9 1240
Nys Pagy 1723 5.2 4,0 150.8 13.6 4.9 4.7 41.8 19.8 1140
Ny Pjag 167.1 5.0 38 145.7 13.5 4.6 4.6 419 19.7 1030,
Ny Pre Say 175.9 5.6 4.5 168.6 14.1 49 49 431 20.6 . 16350
Ny Py S 170.0 5.3 39 151.9 13.7 4.9 4.6 434 202 . 1200
Ny Pias S 169.4 4.9 3.7 150.2 13.6 4.9 4.6 43.5 20.2 1090
SEmz 1.0 0.1 0.1 1.8 0.1 0.2 0.1 0.5 0.1 60
CD(P=0.05) 29 0.3 0.3 5.2 0.2 NS 0.1 1.5 0.4 160

Table 3 Effect of fertility lovels on nutrient uptake and availability in pearl millet + urdbean-inustard sequence
(Pooled data of three years)

Nutrient uptake by Pearl millet +  Nutrient uptake by Mustard Total nutrient uptake Soil nutrient availability

Treatment urdbean (kghaj [ku/hal (kg'haj (kg'ha)

N P S N P S N P S 0.C (o) N P S
Fertility level to pear] millet + urdbean (Rainy season)
Ny Py 244 62 0.4 82.0 128 19.0 106.4 19.0 19.4 0.22 1024 86 211
NPy, 22.4 58 0.3 76.8 115 17.5 99.1 17.3 17.% 0.25 09.1 77 238
Ny Py 20.7 5.5 0.2 67.7 9.7 15.8 88.4 152 16.1 0.26 932.8 7.5 245
SEm# 0.6 0.1 - 21 0.5 0.5 2.4 0.6 0.8 0.0 1.7 0.3 0.3
-D(P=0.05) 2.1 05 NS 7.3 16 16 B3 .19 26 0 002 59 10 12
Fertility level to mustard {Winter season)
Vit Pag 248 [ 0.3 793 121 17.8 104.G 18.5 1%.1 0.22 s R6& 208
Nos Pax 219 R 0.3 693 {13 133 G1.2 10.0 15.0 ([ PR I I B
Vg Py, 19.0 5.1 0.2 619 9.0 138 80.9 14.2 14.0 0.25 23.7 76 220
™ Prix Sy 264 a.7 0.4 98.) 15.4 239 124.5 22.0 24.2 0.22 1003 87 246
Vs Pas Sa0 24.0 0.1 .3 78.3 121 19.1 102.2 18.2 19.5 0.25 97.1 8.0 252
YoPus S, 20.9 53 0.3 67.0 107 179 878 - 160 17.3 026 963 7.5 259
iEmt 0.8 0.2 - 4.4 a9 12 19 03 17 0.01 1.7 03 0.4
LiP=0.05) 2.3 0.6 NS 2.4 25 3.8 1.2 2.3 4.4 0.02 48 09 1)

\ ¢ Nitrogen; P - Phosphorus; 8 : Sulphur; OC : Organic carbon
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Table 4 System productivity and economics of production (Pooled data of three years)

Economics

Treatment Mustard seed equivalent yield (kg/ha) Cost of valtivation (3ha) Net returm (ha) BC ratio
Fertility level to pearl millet + urdbean (Rainy season)
Nign Paya 2780 19.210 28,30 {46
Ny P25 2640 16,710 28,260 1.69
Ngy Pior 2420 14,230 26,950 1.89
SEm* 30 - - -
C{P=0.05) 170 - - -
Fertility level to mustard (Winter)
N Prrs 2,730 18.960 27,790 1.47
Nas Py 2480 16,470 25,750 1.56
Nz Piag 2220 13980 23,730 170
Nygo Pars Sap 3240 19460 35,650 183
- Nag Pys Suy 2650 16940 28,140 1.66
Ny Pizs Sa 2260 14480 22,860 1.58
SHm: 70 - - -
CD{P =905 220 - -

System productivity and net retwrns: The system
productivity measured as mustard seed equivalent yield
(MSEY) and net returns were influenced by direct and
residual fertility levels (Table 4). The MSEY of fertility
levels during rainy season showed the maximum
productivity (2780 kg/hay with 100 kg N + 33.3 kg P/ha but
was al par with 75 kg N + 25 kg Prha. The higher MSEY
was duc to higher yield of both crops. Application of {60 kg
N+ 278 kg P + 40 kg S/ha to mustard gave the highest
MSEY (3240 kg/ha) which was 18% higher over same
fertility level without S application. The economic analysis
of different treatments showed that residual effect of
application of 75 kg N + 25 kg P/ha to pear] millet + urd
bean proved superior and recorded maximum net return
(T28260/ha). However, B:C ratio was higher with 30 kg N
+16.7 kg P/ha (Table 4). These higher values were obtained
due to low input cosi. Among direct fertility levels,
maximum net retumn (T35650/ha) and B:C ratio (1.83) were
recorded with 100 kg N + 27.8 kg P + 40 kg S/ha, which
may be due to higher seed vield.

It was concluded that application of 75 kg N + 25 kg
/ha 1o peart millet followed by [00 kg N+ 27.8 kg P+ 40
kg S’ha to mustard proved highly productive and
remunerative system under semi-arid region of Rajasthan,
also resulied into a net saving of 25 kg N and 8.3 kg P/ha in
pearl millet + urd bean-mustard eropping system.
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ABSTRACT

To evaluate the selectivity and efficacy of pre-emergence herbicides on weeds and the productivity of sesame
{Sesamum indicum L.), licld experiments were conducted during rainy season of 2004 to 2006 at Punjab Agricultural
University, Ludhiana, Punfal {{ndia). All the weed control treatments significantly reduced the population and dry
weight of weeds and increased the secd yield of sesame over weedy check. Scason long weed competition reduced
the seed yicld by 38.9% in comparison to recommended practice of one hand weeding [3 weeks after sowing
{WAS}]. Herbicidal based weed management (irrcspective of herbicide) increased the seed yield of sesame by
41.8-59.8% in comparison to weedy check. Among herbicides, pre-emergence application of alachlor (@ 1.5 kg/ha
resulted in significantly higher seed yield (593 kg/ha) with 10.6 and 12.7% yield superiority over pre-cmergence
application of fluchloralin (@ 1.0 kg/ha and trifluralin (@ 1.0 kg/ha, respectively. Integration of hand weeding with
herbicide application irrespective of dose though resulted in higher seed yield, but the nct income and B:C ratio were
lower when compared with sole application of herbicide. The highest net income (T 4.99 x 10//ha} and benefit: cost
ratio (1.53) were recorded with pre-cmergence application of alachlor @ 1.5 kg/ha and this treatment was found to
be as effective as manual weeding. This study identifics cost cffective herbicide based weed management through
pre-cmergence application of alachlor @ 1.5 kg/ha as an alternative option to manual weeding in scsame. The
research results were further validated through farmers' participatory field demonstrations conducted during 2007
where atachior {1.5 kg'ha) treated plots excelled by 43.5 and 3.0% in comparison to unweeded control and hand

weeding 3 WAS, respectively.
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Weed infestation is one of the major biological
constraints in realizing potential production of sesame
(Sesamum indicum L.} crop sown during rainy scason.
Prevalence of high temperaturc coupled with high relative
umidity and frequent rainfall favours luxuriant weed growth
which not only smothers crop by restricting its growth
particularly during early growth stages but also offers severc
weed competition for essential natural and man made
resources during the entire crop season. Several annual
grasses and broadieat weeds invade this crop causing heavy
yield losses (Grichar ef al., 2001). Aninitial period of 15-20
days is very critical {Venkatakrishnan and Gnanamurthy,
1998) and season long weed competition has been found to
reduce sesame yield to the extent of 50-75% depending the
E}fpe and intensity of weed flora (Dungarwal ef al., 2003).

amers rely predominantly on manual weeding as a
aditional method of weed control in oilseeds in general and
esame in particular, Though the conventional methods of
veed control are very cffective but thesc are cxpensive,
Wbour intensive and time consuming and most often
Totracted rains do not allow or delay the weeding during the
tical weeding season. This necessitates for an alternative
Ost-effective economically viable weed management
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practicc that can serve as a substitute for manual weeding.
Use of dinitroanilines herbicides have been found effective
in controlling wecds and increasing the seed yicld of sesame
(Grichar er af., 2001 ; Grichar and Dotray, 2007). However,
information regarding chemical weed control in sesame
under rainfed conditions is lacking. In view of the above
rationale, an attempt has been made to work out an effective
weed management strategy based on herbicides applied alone
or in combination with hand weeding under semi arid sub
tropical conditions of Punjab.

MATERIALS AND METHODS

Field experiments were conducted for three years during
the rainy seasons of 2004, 2005 and 2006, to evaluate the
cfficacy of some pre-emergence herbicides for weed control
in sesame at the Oilsceds Roscarch Farm of Punjab
Agricultural University, Ludhiana (India) located at 30°5¢'
N latitude and 75°52' E longitudc. The soil of the
experimental sitc was characterized as loamy sand in texture
with pH 7.3, total nitrogen 0.30 + 0.03 g/kg, organic matter
0.2840.03% and Olsen P &.1+£1.2 mg/kg. The experimental
region represents semi-arid climate with an average annual
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rainfall of 400-700 mm (73-80% ot which is received during
July to September), minimum temperature of () to 4°C in
January, maximum temperature of 41 to 45°C in June. The
experiment consisted of different doses of herbicides viz.,
fluchloralin (basalin 45 EC) @ 1 kg/ha, alachlor (lasso 50
EC) @ 1.5 kg/ha and trifluralin {treflan 45 EC) (@ 1.0 kg/ha
applied alone or in combination with hand weeding (4
WAS), hand weeding once (3 WAS) and a weedy check
making a total of eight treatment plots (Table 1) laid out in
a randomized block design with three replications. All the
herbicide treatments were applied in 450 L of water/ha using
the conventional knapsack sprayer with flat fan nozzle. The
field was well prepared by having two-three ploughings
followed by planking. Afier seed bed preparation, sesame
variety 'TC 289" was sown in the first fortnight of July by
using 2.5 kg secd/ha at 30 cm row spacing. Basal fertilizer
application of 35 kg N/ha in the form of urea was done as a

common practice to all the treatment plots. Adcquate plant
protection measures Wwere undertaken to keep the
insects-pests under check. Each year, the gross plot size was
kept to be 23.1 m? by accommadating 14 rows cach of 5.5 m
length, whercas the net plot size remained 16.5 m* by leaving
2 rows on either side. Weed density and dry weight was
recorded with the help of a quadrant (0.5 m x .5 m) placed
randomly at two spots at maturity of the crop. Weed
seedlings within these quadrants were counted, and the
efficacy of different weed control treatments was evaluated
by comparing the density with the unweeded control. The
data on weed populations were subjected to square root
transformation prior to statistical analysis. Weeds were cut to
the ground level, washed with tap water, sun dried, and then
oven dried at 70°C for 48 h, and then weighed. The weed
control efficiency (WCE) was calculated by using the
following formula (Tawaha er ¢f., 2002):

Weeds drymatter in untreated plot - Weeds drymatter in treated plot

WCE= -

x 100

Weeds drymatter in untreated plot

At harvesting, five plants were selected randomly from each
plot for measuring agronomic parameters including number
of capsules/plant, secds/capsule and 1000 sced weight.
Treatment wise net plot was harvested to determine the seed
yield which was expressed in kg/ha. The data thus obtained
were analyzed statistically using analysis of variance
technigue and significant means were separated using least
significance difference test (LSD) at 3% significance level
for comparing the treatment means. The monetary benefits
in terms of gross returns, net returns and benefit: cost ratio
were also worked out for different weed control treatments
by using the prevailing market prices of the produce and the
inputs used. To further validate the research results under
farmers' management conditions, the farnmiers’ participatory
demonstrations were conducted during rainy scason of 2007
at 17 locations in six sesame growing districts of Punjab
state by taking recommended practice of one hand weeding
(3 WARS), pre-emergence application of alachlor @ 1.5
kg/ha (best treatment) and unweeded check as the treatment
plots along with research trial at PAL, Ludhiana.

RESULTS AND DISCUSSION

Effect on weeds: The dominant weed flora in the field was
Cyrodon dactvion and Eleusine aegvpriacum in grassy
weeds, while Commelina henghalnesis and {gera arvensis
werc armongst the main broadlcal weeds. In sedges, Cyperus
rotundus was the pre-dominant weed {Table 1). On an
average, broadleaf weeds (43-51%) and sedges (41-46%)
were observed to be the dominant weed species in different
years of experimentation while grasses accounted only to the
extent ot 6-12% of the total weeds population. Irrespective
of weed species, overall weed population was comparatively
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higher in the year 2006 as compared to 2004 and 2005,
During all the years (2004-2006), diffevent weed contro!
treatments including herbicidal bascd weed management
practices applied either alone or in combination with hand
weeding significantly reduced the species wise
(grassy/sedges/broadleaf} weed population compared to the
weedy check {Table 1). In general. application of
fluchioralin or trifturalin, irrespective of the dose provided
better control than alachlor against grassy weeds during |
early stages of crop growth, however. reverse was the case
for the cffectiveness of these herbicides against sedges as
well as broadleaf weeds where alachlor was found more
effective. All the weed management practices significantly
reduced the population and dry weight of weeds at harvest
as compared to unweeded control in individual years as well
as in pooled analysis (Table 2). Hand weeding (3 WAS)
significantly reduced the weed density than weedy check and
caused 78.3% reduction in mean dry weight of weeds in
comparison to season long wced competition.
Pre-emergence application of either of the herbicides
(irrespective of dose) applied alone could not compete with
the manual weeding (3 WAS) in respect of weed
management and caused only 41.4 to 72.0% reduction in
mean dry weight of weeds as against the 78.3% in case of
later (lable 21 Pre-emergence application of all the
herbicides irrespective of the dose proved to be significantly
superior to weedy check. Among  herbicides, sole
application of alachlor @ 1.5 kg/ha was found significantly
superior in terms of reduction in density and dry weight of
weeds when compared with fluchloralin and trifluralin both
applied @ 1.0 kg/ha. Integration of one hand weeding (4
WAS) with pre-emergence application of either of the
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herbicides resulted in significant improvement in reduction
of weed density and their dry biomass when compared with
respective sole application of herbicides. Improvement in
weed control efficiency fo the tune of 14.6 to 30.4% was
recorded with the highest under alachlor and lowest in case
of trifluralin when one hand weeding was integrated with
respective sole application of herbicides. The lowest weed
density and weeds dry weight and highest weed control
efficiency was observed with integrated application of
alachlor @ 1.5 kg/ha with one hand weeding (4 WAS).

Effect on crop: The data on growth (plant height,
branches/plant), yicld attributing characters {(capsules/plant,
seeds/capsule, 1000 seed weight) and oil content for the
three years were combined together for pooled analysis as in

each case therc was no interaction effect of treatment and the
year. There was a significant improvement in plant height,
capsules/plant and sceds/capsule due to different weed
management practices in comparison to weedy check {Table
3). However, branches/plant, 1000 seed weight and oil
content were non-conspicuously influenced by these
treatments. Application of alachlor @ 1.5 kgha in
combination with one hand weeding (4 WAS) resulted in
significantly taller plants (131.2 ¢cm) and more number of
capsules/plant  (54.2); however, highest number of
sceds/capsule (47.5) were found to be significantly higher
under hand weeding (3 WAS) among different weed
management practices. Unweeded control resulted in lowest
values of all the growih and yield atrtbuting characters,

Table | Effect of weed control treatments on the species-wise density of weeds at harvest

Weed density (No./m®) at harvest

Treaiment 2004 2005 20116

Grasses  Sedges Broadleaf  Grasses Sedges Broadleaf  Grasses Sedges Broadleaf
Unweeded control 19(5.2) 62(37.8) 2.7(413) 2.6(59) 57(G18) 64(39.6) 46(200) 88(77.3) R2(72.0)
Hand weeding 3 WAS (HW)* 1.7(4.1) 5.1(253) 1.9(189) 1.7(2.1) 3.0(8.1) 2.7(6.3) LO0.0Y  44(19.0y  4.1(157)
Fluchioralin | kg/ha 16(25) 63082 2101760 16016 S3(269)  35{115) 2353 §2{667  5.6(32.0)
Fluchloralin | kg/ha + HW 4 WAS 1.6(2.1) 43 (176) 2.2(222) 1.7 (1.9} 3.1¢8.3} 38138 1.0 {0.0) 2.1¢4.m 3.1093)
Alachlor 1.5 kg/ha 16(3.5) 53(269) 20(296) 16(1.5) 30(%1)  28(7.1) 27(120) 3.1(10.7% 3.3(10.7)
Alachlor 1.5 kg/ha + HW 4 WAS  1.5(1.6) 4.7(214) 1.7(16.2) 1.4 (0.8) 2.7 (6.1) 2.0{3.0} 1.0 (0.0 2.506.7) 1.040.0)
Trifluralin 1.0 kg/ha 18(1.8) 52265 29(399) 2134 53502970 54(282) 2240} 54(280% 7.1(50.7)
Trifluralin 1.0 kg/ha + HW 4 WAS 1.6 (1.5) 4.4(¢18.1} 23(21.6) 1.6(1.6)  45(19.60) 44(18.8) 1.0 (0.0) Je(l20y 370133
LSD (P=0.05) 0.07 0.4 0.1 0.2 0.6 0.5 0.4 1.0 0.7

*Recommended practice: WAS- Weeks after sowing; PE-Pre-cmergence; Figures in parentheses are the means of original values. Data subjected to

square root transformation.

Table 2 Effect of weed control treatments on the total weeds density and dry weight of weeds at harvest

Total weed density (No./m?”) at harvest

Weed dry weight (g/m’)

Weed control

Treatment .

2004 2005 2006 Meun 2604 2005 2006 Mean  Stficiency (%)
Unweeded control 92(843) $8(77.3) 13.0¢1693) 105(116.3) 1543 813 58.5 58.1 -
Hand weeding 3 WAS (HW)* 7.0(483) 42(167) 59{347) 58&(332) 327 10.0 210 212 78.3
Fluchloralin | kg/ha 77(583) 64(40.0) 102({1D4D) §3(674) 497 22.0 349 © 355 63.8
Fluchloralin t kg/ha + W 4 WAS "6.5 (41.9) 5.0(240) 38(13.3)  53(26.7) 313 10,3 6.9 16.2 834
Alachlor 1 2 Ly TRGO01 4201670 AT 60 (3eF) 3R 1.6 3. 27A 720
Alachlor 1.5 kg/ha « HW 4 WAS 6.3 (39.2) 33(10.0)  25(6.7)  44(186) - 32.0 4.7 25 13.1 86.6
Trifluralin 1.0 kg/ha £3(68.2) 7.9(61.3) 9.1(82.7) 0.2(841) 773 58.3 36.6 574 11.4
Trifluralin 1.0 kg/ha + HW 4 WAS 6.5 (41.2) 6.4(400) 5.0(253) 6.0(355) 393 35.7 8.2 217 718
LSD (P=0.05) 0.4 0.6 11 0.8 30.4 17.3 12.1 1.6

* - . . B M A N -
Recommended practice; WAS- Weeks after sowing; PE-Pre-emergence. Figures in parentheses are the means of original values. Data subjected to

Square root transformation.
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Table 3. Yicld and yield attributing characters of sesame in relation to different weed control wreatments

Seed yield (kg/ha) il Plant  Primary y L1000 Cost {x 1"3 INR/ha)
Treatmem ) contenl  height  branches! Capls ulteg., -Sce.dslf‘ soed Wl enoee Not L
2004 2005 2006 Mean  (ug) (cm) plant planl  capsule () returms Teturns B:C ratio

Unwecded control 417 414 282 371 46.5 1251 34 429 389 2.64 9.0 17 .04
Hand weeding 3 WAS (HW)Y* 563 602 655 607 AR2 130.3 3.9 5t3 47.5 310 15.9 520 1.38
Fluchloralin 1 kg/ha 488 469 650 536 474 1279 37 473 434 279 13.0 - 344 .36
Fluchloralin 1 kg/ha = HW 4 WAS 593 314 719 609 479 127.7 38 48.5 46.2 2.84 14.8 314 1.27
Alachlor 1.5 kg/ha 588 508 683 593 483 125.1 7 486 45.1 3.07 14.4 4.99 1.53
Adachlor 1.3 kgsha + HW 4 WAS 638 563 - 732 651 482 131.2 3.9 54.2 46.9 314 16.2 4.72 1.41
Trifluralin 1.0 kg/ha 348 483 546 526 47.) 121.4 3.5 48.3 433 3.08 127 330 1.35
Trifluralin 1.0 kg/ha + HW 4 WAS 638 515 623 592 483 1264 4.0 50.7 442 3.04 144 2.63 1.24
LSD (P-=0.05) 87 92 128 36 NS 38 NS 5.8 4.2 N§ -

*Recommended practice; WAS- Weeks after sowing; PE-Pre-emergence

Application of herbicides (irrespective of dose} have no
phytotoxic effect on the crop. Season long weed competition
reduced the mean seed yield of sesame by 38.9% in
comparison to recommmended practice of one hand weeding
(3 WAS) (Table 3). Significant improvement in seed yield
of sesame was observed with all the weed control practices
when compared with unweeded control. Irrespective of
herbicide and dose, herbicidal based weed management
increased the seed yield of sesame by 41.8-59.8% in
comparison to weedy check. This might be due to decreased
crop-weed competition for sunlight, nutrients and space
resulting in significant improvement in growth and yield
attributing components which ultimately contributed to
higher seed vyield in sesame. Among herbicides,
pre-emergence application of alachior @ 1.5 kp/ha resulted
insignificantly higher mean seed yield (393 kg/ha) with 10.6
and 12.7% vicld superiority over pre-emcrgence application
of fluchloralin @ 1.0 kgsha and trifluralin (@) 1.0 kg/ha,
respeetively. This treatment was found to be at par with
manual weeding (3 WAS). Application of both fluchloralin
and trifluralin was statistically at par with each other in this
respect. These resuits corroborate with the findings of
Grichar et al. (2009) and Dungarwal ef o/, (2003). The data
further revealed that integration of one hand weeding (4
WAS) with pre-emergence application of each of the
herbicide significantly improved the seed yield of sesame
when compared with their respective sale apphication. Yield
enhancement to the tune of 9.8, 12.5 and 13.6% was
recorded when one hand weeding (4 WAS) was integrated
with pre-emergence application of alachior @ 1.5 kg/ha,
trifluralin @ 1.0 kg/ha and fluchloralin @ 1.0 kg/ha,
respectively, This is because many weeds, especially sedges
and broadleat weeds though initially controlled to some
extent by sole application of pre-emergence but might have
germinated later during the crop growth peried causing
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significant vield reduction. However, integration of hand
weeding (4 WAS) along with pre-emergence application of
herbicides might have provided better control of weeds for
longer crop growth period resulting in better yield advantage
compared to sole application of herbicides. Similar
beneficial cffect of integrated approach for better weed
control and higher yicld have also been reporied by
Dungarwal er a/. (2003). Highest mecan seed yield of 651
kg/ha was recorded with pre-emergence application of
alachlor (@ 1.5 kg/ha in combination with onc hand weeding
(4 WAS) and was statistically at par with pre-emergence
application of fluchloralin (@ 1.0 kg/ha in combination with
one hand weeding done at 4 WAS (609 kg/ha) and one hand
weeding done at 3 WAS (607 kg/ha) (Table 3). This
treatment resulted in 7.2 and 75.5% higher seed yield as
compared to hand weeding (3 WAS) and weedy check.
respectively. The application of fluchloralin @ 1.0 kg/ha
was found to be most inferior among all the weed control
practices in terms of sced yield, which was due to poor
control of weeds provided by this treatment. Seced yield of
scsame was negatively correlated with the dry matter of
weeds. The secd yield decreased exponentially as the weeds
dry matter increased and the weeds accounted for 953%
variation in seed yield of sesame.

Economics: Implication of any of the weed management
practice resulted in better monetary returns when compared
with weedy clieck. Unweeded coatrol culmiiaied i lov st
gross retums (9.0 x 10°/ha), net returns (31.77 x 107/ha)
and bhenefit: cost ratio (1.04). Integration of one hand
weeding (4 WAS) with any of the herbicides (irrespective of
dose) significantly improved the seed yield of sesame for
getting better gross returns from the crop, but the increased
cost of production in licu of higher wages of the labour
might have contributed towards comparatively lower nel
returns and benefit: cost ratio when compared with their
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respective solc application of the herbicides. Herbicidal
pased weed management through sole application of alachlor
@ 1.5 kg/ha resulted in highest net returns (T4.99 x 10%/ha)
and benefit: cost {1.53) ratio among different weed control
treatments {Table 3},

Table 4 Comparative performance of alachler in on-farm trials during
rainy scason of 2007

Seed yield (kg/ha)

Locatton Unweeded  Hand weeding  Alachlor 1.5
control 3 WAS* kg/ha
Gurdaspur {2} 195 380 385
Hoshiarpur (3} 279 503 487
Sangrur (3} 315 382 43]
Nawanshahr (3) 417 139 465
Ropar (4) 315 437 415
Ferozepur (2) 3137 487 550
Weighted mean (17) 315 439 452

*Recommended practice: Figures in parentheses are the number of locations

Validation: The research results were further validated
through farmers’ participatory approach by conducting
on-farm trials under field conditions. The results revealed
that pre-emergence application of alachlor @ 1.5 kg/ha gave
434 and 3.0% higher seed yield as compared to unweeded

control and hand weeding (3 WAS), respectively (Table 4).
Similarly, at research farm herbicide based weed
management through alachlor (@ 1.5 kg/ha {pre-cmergence)
was as good as the recommended practice of hand weeding
{3 WAS) for effective weed control and achicving similar
yield levels (Table 5). However, it gave 58.9% higher yicld
when compared with scason long weed competition {(weedy
check). This treatment resulted in highest benefit; cost ratio
of 1.57 as against the 1.4] for hand weeding (3 WAS) and
1.16 for unweeded control (Table 5). Overall, the results of
4 rescarch trials conducted at PAU, Ludhiana and on-farm
trials conducted over | 7 locations elucidated that weeds can
be effectively managed with pre-emergence application of
alachlor (@ 1.5 kg/ha. This treatment recorded similar yield
levels as obtained under the recommended practice of hand
weeding (3 WAS), however, it excelted by 43.7% when
compared with unweeded control {Table 6).

Based on the results ofresearch and adaptive trails, it can
be concluded that herbicide based weed management
through alachlor @ 1.5 kg/ha (pre-emergence) provided
cffective control of weeds and could be used as a cost
effective economically viable alternative to the farmers in
sesame as the manual weeding is un-economical as well as
tedious, time and labour consuming practice.

Table 5 Comparative performance of alachlor in research trial conducted at PAU, Ludhiana during rainy scason of 2007

Treatment Weed density Weed dry weight Seed yield Net returns B:C

(No./m*} {g/m) (kg/ha) (x 10° T'ha) ratio
Unweeded contrel 103.8(10.2) 734 414 1.32 1.16
Hand weeding 3 WAS* 21.6(4.7) 15.8 678 5.58 1.41
Alachlor 1.5 kp/ha 34.8 (5.9} 18.2 653 6.28 1.57

*Recommendced practice; WAS- Weeks after sowing; PE-Pre-emergence

Tablc 6 Comparative performance of alachlor 1.5 kg/ha in research and on-farm trials

Trial No. of trials Unweeded control  Hand weeding SWAS# Alachlor ¢& 1.5 kg/ha
Research trials 4 382 625 608

On-farm trials 17 315 439 452
Overall weighted mcan 21 334 480 432

Per cent increasc over unweeded control ~ 437 +44.3

Per cent increase over hand weeding - 0.4

* Recommended practice
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Need of I'TK based rainfall analysis for safflower (Carthamus tinctorius 1..)

sowing under climate change situation in Maharashtra
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ABSTRACT

Rainfall data for tast five decades of Salapur {1951-2005} were collected at Dry Farming Research Station,
Solapur and used for rainfall analysis. Rainfall analysis of southern part representing Solapur revealed the highest
probability (>50%} of rainfal! »20 mm in 38 to 40 MW with less variability (CV. 86 to 110%) and winter season
dominance. Sowing of rainy season crops are possible in 25 MW and 26 MW at Solapur. The variabihty of raintal}
was less in these weeks (97 to 98%). The monthly rainfald variability showed that the pre-seasonal rains in the month
of April and May increased wish high instability in the amonnt, The rainfall in the month of June, September and
Octoberrecorded less variability as compared to the rernaining month. The nakshatrawise rainfall variability showed
that the good amount of rainfall 0 Mrugshira, Punarvasu and Uttara nakshira indicated that the sowing of rainy
and winter crops can be under taken in Mrugshirg and Purva, Uttara. By knowing this experiment on sowing date
and varieties in winter season safflower (Carthamus tinctorius 1) was conducted during (2006-07 to 2008-09). The
three years data were considered for analysis and from average values it was concluded that the safflower sown in
first fortnight of September (MW 36) (i.e.. Uttara Nakshira) (S,) produced significantly maximum grain yield (954
. kg/ha), and total monetary returns (¥ 18568/ha) over rest of the sowing dates. However, variety 'Kusuma' produced
more grair vield (649 kg/ha) and total monctary retumns. (3 11994/ha), The positive association of rainfall at
emergence indicated better germination, GDD and T min positive association at rosctie showed with increase n
temperature better development of rasette in safflower, At branching GDD is positively correlated indicating again
maximum temperature favours the branching and bud initiation. Further, HTU at bud initlation indicating the
maximum hours of BSS is favourable for budding ot safflower. The aphids/plant in relation to minimum temperature
during the growing period of safflower showed a potynomial relationship . The minirmum temperature beiow 16°C
was found to be optimum for higher attack of aphids/plant. Beyond this fimit aphid's popufation/plant decreases.

Keywords: Agrometeorological indices, Nakshirawisc rainfall, Pest, Yield

Safflower (Carthamus tinctorius L) is a member of the
Compaositae or Asteraceae family , cultivated mainly for its
sced which is source of otl and bird feed. In India, safflower
production remained stagnant at about 554 thousand t. In
India, Maharashtra is the highest producer of satflower
(63%) from the largest growing area (67%) followed by
Kamataka (32% in production and 27% in arca).
Nakshatrawise (ITK Method) rainfall pattern for the scarcity
zone of Maharashtra was earlier reported by Jadhav ef al.
(1997). The available imformation on climatic parameters
i.e., rainfall is essential to analyze the potential of particular
paramcicr which altect the erop production and distribution.
Suitability of a sowing date to a place is generally referred in
context to the annual rainfall and its distribution during the
crop growth or crop growing season is a far more important.
Hence, the rainfall normal of the Solapur in the scarcity zone
for annwal, monthly, seasonal, weckly and nakshatra penod
(ITK method) are worked out and presented in this paper to
decide the sowing window of saffiower crop. Keeping this in
view att experiment was conducted with following objectives
to study {1} growth of safflower under different agro-climatic
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conditions, (ii) the incidence of pest under different
agro-climatic conditions and (iii) to develop the relationship
between weather parameters and incidence of pest.

MATERIALS AND METHODS

Field experiments were conducted at research farm of
dryland, Maharashtra at Selapur from 2006-07 to 2008-09.
It is situated at [7°41N [atitude, 75°-45E [ongitude at an
altitnde of 476 meters above sca level. The treatments consist
of

Date of sowing (4):

S, = MW 36 -37 (Sept 03-Septl o),
S, = MW 38-39 (Sept 17-Sept 30),
5= MW 40-41 {Oct. 01- Oct 14),

S/~MW 42-43 (Oct.15- Nov.28),

Untara nakshaira
Hasta nakshatra
Chitra nakshatra
Swati nakshalra

Sub-treatments Two varictics
(V, = Bhima, V, = Phule kusuma)
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and Sub-sub treatment : Two
(T, = Unprotected, T,=Protected (Recommended insecticide)

The treatments were replicated thrice in split plot design with
dates of sowing in main plots genotypes of safflower in
subplots and plant protection measures in sub-sub plots.
Crop was grown using appropriate package of practices.
Observations on different phenological stages such as
emergence, Tossete termination, branch imitiation, bud
initiation, flower initiation, 50% flowering, ccssation of
flowering and physiological maturily stages were recorded.
With the help of this meteorological data following agro
meteorological indices viz., growing degree days (GDD),
growing degree days accumulated for attaiming ditferent
phonological events were calculated with base temperature
as 8°C following Hundal ¢ a/. (2004). The incoming photo
synthetically active radiation was then calculated by
multiplying solar radiation by 0.45 (Rosenthal ¢f af., 1991).
Thermal interception rate was calculated as per the procedure
adopted by Ong and Squire (1984) and Radiation usc
efficiency (RUE, /M1 of safflower cultivars during
different phonological stages was computed. Before this the
rainfall data at Dry Farming Research Station, Solapur was
used for the Nakshatrawise rainfall probability and
variability analysis.

RESULTS AND DISCUSSION

Decadal analysis of Solapur: Annual average rainfall
{731.8 mm) and its vanability in Solapur district which
comes under scarcity zone of Maharashtra. The available
rainfall data of the center was further used for decadal
analysis by considering the first year of a decade.
Accordingly, the analysis of rainfall for Solapur centre was
worked out as annual, monthly, seasonal, weekly and
nakshatras. (ITK based). The initial wet (w) and conditional
(w/w) probabilities of the weekly rainfall for getting >20 mm
rains and nakshatrawise initial rainfall probabilitics for
getting >20 mm and 40 mm rains were worked out. The
vatiability of anmual rainfall and its deviation from the
normal rainfall in various decades for Solapur center of
scarcity zone js presented below.

The nakshatrawise rainfall variability showed that the
good amount of rainfall in Mrugshira, Punarvasu and Uttara
nakshatra indicated that the sowing of rainy and winter
SL:ason crops can be under taken in Mrugshirae and Purva,
Lntara, tespectively. Further, it also indicates that Pushya
”‘ak_shatra having higher probability followed by Purva and
Chitra nakshatra. From the result of the study following
conclusions could be drawn for rainfall analysis. The
mf)mh_ly rainfall variability showed that the pre-seasonal
Tains in the month of April and May increased with high
glstabxl:ty m the amount. The rainfall in the month of June,

Cptember and October recorded less variability as compared

4. Oilseeds Res,, 29(1) : 58-64, Jupe, 2012

59

to the remaining month. In scasonal rainfall variability, the
Seuth-West monsoon showed the variation in the rainfal)
from 442.6 to 675.4 mm with less vaniability (CV 15 to 38),
The contribution of rains from North-East monsoon was in
the range of 11.6 to 20.6% of total with CV. range from 47
to 75%. The weekly rainfall vanability for most of the
decades showed the less variability in 25, 28, 30, 31 and 32,
36, 38 to 40 MW. The 30 and 31 MW can be considered for
contingency crop planning. The rainfall in 36 MW indicaied
that, the early sowing of some winter crops (i.e., sunflower)
can be under taken. The normal sowing of winter crops can
be under taken in 38 to 40 MW. The weekly rainfall
probability 30 and 31 MW had the higher initial probability
(mid season) followed by higher conditional probability of
wet followed by wet week indicted that the sowing of
contingency crops can be undertaken during these weeks.
The MW 38 te 40 in winter season had the highest
probability for sowing of crop like sorghum, safflower and
chickpea. The nakshatrawise rainfall vanability showed that
the good amount of rainfall in Mrugshira, Punarvasu and
Uttara nakshatra indicated that the sowing of rainy and
winter season crops can be under taken in Mrugshira and
Purva, Uttara (Table 1).

The safflower sown 1n first fortnight of September (MW
36) (S,) produced significantly maximum grain yield (954
kg/ha), and 1otal monetary returns (3 18368/ha) over rest of
the sowing dates. However, variety 'Kusuma' produced more
grain yield (649 kg/ha) and total monetary returns
(T11994/ha) (Table 2).

The consumptive use of moisture (2933 mm) and
moisture usc efficiency (4.05 kg/ha/mm) was higher in crop
sown at MW 36. Among the variety 'Bhima' recorded
highest values of CUM, MUE days to attain maturity, GDD
over variety 'Kusuma' (Table 3 and 4). All the varieties took
7 to 14 more days to atiain maturity in first scason than in the
sccond season. Possible reason for difference in crop
duration in all the varieties and sowing dates in two crop
seasons could be due to the prevalence of higher temperature
during most time of crop growth in the second season as
compared to first season. Morcover iess rainfall and less
number of rainy days in the second crop season enable the air
temperature to raise more which ullimately conributed to
reduction of crop growth duration. The duration of different
phonological events was in good agreemcnt with those
reported by Dhingra et al. {1995). Further. crops sown on
carly dates accumulated higher GDD oy attaining any
phonological event as compared (o late sown crop in both
seasons. All the varieties consumed less amount of thermal
units for attaining physiological maturity in the sccond crop
scason which might be attributed to shortening of the crop
duration in this scason due to prevailing high temperature
and dry weather as compared to the first crop season. These
results are in agreement with Debosthali ef af. (2007) and
Singh ef al. (2007).
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Table | Decadal nakshtrawise rainfall {mm) and rainfall variability (CV%) at Solapur

195t-60 1961-70 1971-80 1981-90 1991-2G06 200{-05

MNakshatra

RF cv RF CV RF v RF v RF UV RF cv
Krithika 26 95 16 144 10 238 27 122 12 176 29 152
Rehini 50 57 34 67 38 103 50 88 3K 68 24 93
Mrugashira 47 80 47 60 47 7 56 98 48 75 28 66
Aridra L4 56 47 88 - 47 118 46 81 85 66 19 64
Punarvasu a7 50 30 87 30 59 G 92 35 70 35 75
Pushya 104 £4 84 65 o %5 b4 6% 46 16 66 59
Aashlesha 54 138 40 68 58 86 12 86 48 177 59 76
Magha 77 105 59 %0 77 %2 51 155 51 9% 0% 96
Purva 100 61 59 50 30 94 67 - 67 71 101 77 72
Uttara 51 105 71 82 82 a7 141 64 a2 80 48 90
Hasta 16 64 56 17 94 92 83 55 83 101 53 126
Chitra 37 77 1N 132 33 156 17 216 54 69 44 80
Swati 23 203 24 126 25 130 22 125 14 210 ! 200
Vishakha 9 155 7 208 20 170 1 207 15 145 0 200
Anuradha ] 238 2 200 14 224 2. 205 2 200 ] ]

Radiation use efficiency (RUE) from different treatments arc
presented in table 5. Initially the RUE values were low and
it increases up to 70 DAS e, up to 50% flowering stage
further it decreases in all most all the sowing dates and
treatments. Sompal (1999) found that RUE aleone explained
70% variability in wheat yield. Based on the above results,
it was concluded that radiation and beat use efficiency were
dircctly correlated with growth and yield parameters. Heat
use cfficiency explained the maximum variability in grain
yield ie., upto 95% variation in safflower crop under
drytand situation of Maharashtra.

Correlation studies: The weather parameter influence their
contribution and performance of winter scason safflower
Crop sown at various sowing dates were asscssed in tenure
of phase wise correlation,

Bhima: Rainfall showed positive correlation at emergence
stage, which was helpful for better germination. T min
showed positive association at rosette stage RH-I showed
positive association and BSS and E pan showed negative
association at flower inibation stage. This indicale low BSS
and E pan and high humidity is favourable for flower
initiation.  The positive association of HTU at 50%
flowering indicates the increase in temperature s helpful for
secd setting. However, the negative association of GDD and
HTU means decrease in temperature at cessation of
flowering is helpful. The negative association of T max and
positive associalon o RE-T and REH-1T at maturity indicaie

low temperature 1s required for maturity to increase vield of

Bhima (Table 6).

Kusuma: Positive asscciation of T min, RH-I, RH-II at
emergence indicate more moisture was available in the
atmosphere. Atrosette stage GDD was positively corrclated
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indicate high temperaturc was favourable tor development
of rosette. Positive association of T min and RH-II and
negative association of BSS at flower inifiation stage
indicated the low BSS and high RH-II was helpful for
initiation of flower. The negative association of RH-1 at 50%
flowering indicated with decrease in RH-[ the yield
decreases, The positive association of E pan indicated the
maximum use of moisture at cessation of flowering stage of
the crop. The negative relation of T max, T min and E pan
showed decrease in lemperature at maturity decreases the
yield. However, the positive relation of RH-1 indicated the
more morning humidity was favourable for increase in vield
of 'Kusuma' variety of satflower {Table 7).

The positive assoctation of rainfall at emergence

indicated better germination, GDD and T min positive
association at rosette showed with increase in temperature
better development of rosette in safflower. At branching
GDD in positively correlated indicated again maximum
temperature favour the branching and bud initiation. Similar
results were found by Agrawal and Upadyay (2009), Singh
et al. (2003) and Mallick er al. (2006).
Pest weather relationship:  Fromthe studies between aphid
population and their natural enemies, the positive correlation
was observed under both normal and late sowing. However,
the negative correlation between aphid population and
maximum and mintmum temperature under normal sov
condition could be worked out, The parasitization (1%0)
under normal sown (SSE-702) condition was obtained on
46" to 1™ MW. The activity of predator i.e., 1 LBB/plant
also recorded during the same period under normal sown
conditions, whereas, both the natural cnemies were found
active on 47" 10 1% MW under late sowing.

60
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Table 2 Grain yield and total monetary returns by different treatments in safflower (2006-07 to 2008-09)

Parcticulars Averupe prain yield (kypfha) Total monetary return (Xrha)
A) Sowing dates x varieties

Bhima P. Kusuma Mean Bhima P. Kusuma Mean
S, 902 1006 954 17653 19483 18568
S, 658 697 677 12004 130496 12350
S, 479 507 493 §204 3867 8535
S 386 389 387 6340 6530 6435
Mean a6 6dy 11050 11994

SFm CD (P=0.05) SEmz CD (P=0.05)
Sowing dale 42.0 130.8 B34 2750
Variety 22.7 ®O.H 398 1520
§.D.x Varieties 71 N.5. 1571 N.S.

B) Sowing date t Treatments
T, T, Muoan T T, Mean

5 1029 276 932 20757 1637% 18367
S, 717 638 674 13780 11260 12520
5, 552 434 493 8936 8135 8535
S, 419 356 387 6749 6120 6534
Mean 674 576 12555 10473

SEm= CD (P=0.05) SEmi CD (P—0.05)
Sowing date 42.0 13018 851 2750
Treatment 45.7 130.0 420.3 13.75
5.D.x Treatment

C) Variety x treatment
T, T, Mean T, T, Mean

v, 597 536 566 11146 9398 10272
V, 733 644 689 13964 11548 12756
Mean 666 590 12535 1473

SEm D (P=0.03) SEmz CD (P=0.05)
Treatment 457 130.0 420.3 13.75
Variety 22.7 80.6 398 1520
Treatment x Variety 558 N.S. 645.0 N.S.

Table 3 CUM and MUE as influenced by different treatments in safflower (2006-07 to 2008-09)

Treatment CUM (mm) MUE (kg/ha/mum) Treatiment CUM {mm) MULE (kg/ha/mm)
S,V,T, 307.1 3.95 sV T, 29¢.1 3.26
S,V.T, 307.1 4.94 sV, T, 290.1 1.81
SV.T, RERIN 378 VT 260, 353
ST, 283.5 4.09 SV, 269.% 4.02
5, V.T, 294, 3.59 S ¥, T, 270.5 352
S,V,T, 204.1 4,31 8.V T, 270.5 3.77
S,V.T, 276.3 3.53 8.V, T, 259.3 3.47
8.V, T, 276.3 4.14 8.V, T, 259.3 3.66

———
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Table 4 Growing degree days by different treatments in safflower (2006-07 to 2008-09)

Phenological stages

Treatment Emergence  Rosette Branch Bud Flower 30 % Cessation of  Physiological
stage stagre initiation initiation initiation flowering flowering maturity
SVT&T, 125 356 167 197 462 146 118 324
Cumulative 125 481 648 845 1307 1453 1571 1895
SV, T&T, 108 322 151 167 419 155 L16 301
Cumulative 108 430 581 748 1167 1322 1438 1739
SVT&T, 116 362 165 167 424 108 138 295
Cumulative 116 478 644 810 1234 1342 1480 1775
S,V.T\& T, 100 330 148 160 393 104 152 278
Cumulative 100 429 578 737 1131 1234 1386 1664
S,V,T,& T, 118 346 129 140 386 104 161 285
Cumulative 118 464 593 733 1119 1223 1384 1670
5V,T&T, 101 313 123 124 365 93 152 280
Cumulative 101 415 538 661 1026 1119 1271 1551
SVT&T, I6 319 127 152 336 103 164 300
Cumulative 16 435 362 714 1050 1154 1317 1617
S5,V.T&T, 100 294 111 138 325 94 138 281
Cumulative 100 394 505 643 968 1062 1200 1480
Table 5 Periodical radiation use efficicncy (RUE gm/myj) in safflower (2006-07 to 2008-09)
5, S, S, S,
MW D:Qy\i;f;cr Bhima Kusuma Bhima Kusuma Bhima Kusuma Bhima Kusuma
36 S0 SOwW 50w - - - - - -
38 14 0.33 0.27 SOwW SOW - - - -
40 28 0.68 0.53 0.29 0.22 SOwW SOw - -
42 42 1.56 1.42 0.64 (.49 0.24 0.21 SOW SOwW
44 56 1.98 1.87 1.52 1.38 0.59 0.39 0.21 0.19
46 70 3.15 2.78 1.89 1.79 1.47 1.32 0.55 0.33
48 84 3.05 2.71 3.09 2.68 1.83 1.69 1.38 1.27
50 98 2.85 2.67 298 2.59 3.02 2.56 1.77 1.55
52 112 2.73 242 2.79 2.54 2.88 245 2.85 243
2 126 2.65 - 2.67 2.38 2.71 239 2.77 237
4 140 - - 2.55 - 2.54 2.23 2.65 224
6 154 - - - - 2.48 - 2.47 -
Fig. 1 : Aphids V/s Tminin Saffiower
100 L
¢ y=-2417x2 + 78.46x - 572.2
80 1 . R*=0.189
*
73 60 - *
=
Q. *
e 40 A
20 A
O L} T ¥ Ll L] T ‘ T _’ L3
11 12 13 4 15 16 17 i8 19 20 21 22
Tmin{Oc) +  Aphids Paly. (Aphids) l
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Table 6 Correlation coefficient between grain yield with weather parameters/agrometeorological indices and phenophases
of safflower cv. Bhima and Kusuma (2006-07 to 2008-09)

Phenophase
Met. Indices Emergence  Rosette Branch Bud Flower 50 % Cessation of  Physiologic
stage stage initiation __initiation _initiation _flowering flowering __ al maturity_
T max Bhima -0.01 -0.72 0.76 0.80 0.12 0.92 0.25 -0.95%
Kusuma -(.62 -0.14 0.67 0.56 0.23 0.71 0.75 -0.99*#
T min Bhima 0.73 0.99** 0.90 0.50 .94 0.86 -0.72 -0.92
Kusuma 0.90** 0.72 0.80 016 097%* 0.47 0.16 -0.90%
RHI Bhima 0.80 0.88 -0.05 -0.49 0.93 -0.29 0.57 0.95%*
Kusuma 0.98* 0.41 -0.17 0.39 0.68 -0.96* 0.04 0.97*
RHII Bhima 0.64 093 -0.20 -0.27 0.99** -0.70 -0.84 0.97+*
Kusuma 0.97* 0.42 0.21 -0.21 0.95% -0.12 -0.70 .80
WwWDS Bhima 0.22 0.43 -1.23 0.87 0.33 0.21 -0.54 -0.70
Kusuma 0.39 -0.01 0.06 8.81 -3.02 .19 -0.73 -0.94
BSS Bhima -0.45 -0.94 0.51 0.35 -0.96* 0.24 0.59 0.80
Kusuma -0.75 -0.32 -0.32 0.41 -(.99*#* -0.32 (148 0.70
Rain Bhima 0.99** 0.58 -0.42 0.10 0.89 0.00 0.00 0.00
Kusuma 0.50 -0.18 0.22 0.09 6.75 0.00 0.00 0.00
E pan Bhima 0.25 -0.81 0.46 0.64 -0.99%* 0.47 0.34 -0.92
Kusuma -0.46 -0.25 0.32 0.52 -0.83 -0.02 0.96* -0.98%
GDD Bhima 0.87 0.69 0.88 0.95*% 0.93 0.93 -0.99** 0.82
Kusuma 0.36 0.98* 0.88 0.50 0.89 0.43 6.02 0.23
HTU Bhima -0.32 -0.84 0.80 0.80 0.06 0.9%* -0.96* 0.89
Kusuma -0.64 018 0.30 0.59 0.29 0.55 013 0.48

The aphids/plant in relation to minimum temperature during
the growing period of safflower showed a polynomial
relationship as depicied in fig 1. The minimum temperature
below 16°C was found to be optimum for higher attack of
aphids/plant. Beyond this limit aphid's population/plant
decreases (Anonymous, 2009).

Experiment on sowing date and safflower varicties in
winter season was conducted during 2006-07 to 2008-09.
The three years data were considered for analysis and from
average values it was concluded that the safflower sown in
first fortnight of September (MW 36) (i.e., Uttara Nakshira)
(S)) produced significantly maximum grain yield {954 kg/ha)
and total monetary returns (T 18568/ha) over rest of the
sowing dates. However, variety 'Kusuma' produced more
gram yield (649 kg/ha) and -total monetary returns
R11994Ma). The positive association of rainfall at
toergence indicated better germination, GDD and T min
positive association at rosette showed with increase in
temperature better development of rosetic in safflower. At
bran.ching GDD in positively correlated indicated again
MaXimum temperature favour the branching and bud
rnltlgtion. Further, HTU at bud initiation indicated that the
Maximum hours of BSS is favourable for budding of
safflower. The aphids/plant in relation to minimum
temperature during the growing period of safflower showed
apolynomial relationship . The minimum temperature below
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16°C was found to be optimum for higher attack of
aphids/plant. Beyond this limit aphid's population/plant
decreases. '
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Bio-Efficacy of newer insecticides on castor capsule borer,
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ABSTRACT

Field experiments were conducted at Tapioca and Castor Research Station, Yethapur, during rainy season of
2004 and 2003, to assess the efficacy of newer insecticides on capsule borer. The castor (Ricinus commusis L) '
hybrid TMVCH | was sown in plots of 5.4 m x 6.0 m with the spacing of 90 cm x 60 cm. The experiments were
conducted in a randomized block design with ten treatments and three replications. Treatments were imposed twice
at 15 days intervals when the pest pepulation crossed the economic threshold level, The results revealed that foliar
application of profenaphos .05% recorded the maximum reduction of defoliation after two foliar sprays. Regarding
the capsule damage, spinosad 0.018% registered the lowest capsule damage. Foliar application of spinosad 0.018%
was found te be on par with profenophos 0.03% in the management of both the defoliators and capsule borers.
Since, spinosad 0.018% is a costly chemical: profenophes 0.05% can be effectively atilized in the management of
castor defoliators and capsule borer. Percent reduction in parasitisation by the natural enemies namely, Microplitis
ophisuae and Cotesia sp. was observed to be maximum in thiodicarb 0.075% spray. The maximum seed yicld was

recorded in profenophos 0.05% treatment.

Keywords: Bio-efficacy. Capsulc borer, Castor, Newer insecticides

Castor (Ricinus communis Linn.) is an umportant non-
edible vilseed crop cultivated throughout India. Intensive
cultivation with castor hybrid has picked up both under
irrigated and rainfed condition in Tamil Nadu. But the
production and vyield of the crop is affected by insect pest
complex from carly stage to maturity (Rai, 1976). Among
them, the capsule borer, Dichocrocis punctiferalis Guenee is
very serious pest, which attacks the inflorescence and mainty
bores the capsules and causes direct seed yicld loss which
in-turn reduces the net returns to the farmers. The capsule
damage was nearly 30 ta 20% in castor growing arcas at
Salem and Namakkal districts of Tamil Nadu during the
rainy season of 2004-2005. Only few chemicals are used for
the management of castor pests which are less effective
during the pest out break. There is a need for evaluating
newer insecticides which may give better solution for the
management of castor capsule borer. Hence. this study was
cenducted to find out the bio-efficacy of newer insecticides
for the management of castor capsule borer.

MATERIALS AND METHODS

Fieltexperinents were conducted it Tapioca and Castor
Research Station, Yethapur during the rainy season of 2004
and 2005 to assess the cfficacy of newer insecticides on
capsule borer, The castor hybrid TMVCH | was sown in
Plots of 5.4 m x 6.0 m with the spacing of 90 cm x 60 cm.
The experiments were conducted in a randomized block
design with ten treatments and three replications. Treatments
were imposed twice at 15 days intervals when the pest
Population crossed the economic threshold level.
Observations were recorded on the total aumber of capsules
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and damaged capsules/spike before imposing the treatments
and at the titme of harvest and per cent damage was worked
out. Seed yield was recorded and benefit : cost ratio was
worked out. The data were subjected to statistical analysis |
{Pansc and Sukhatme, 1978). The imposed treatment details
are presented in table 1.

RESULTS AND DISCUSSION

The results of first year wial conducted during the rainy
season of 2004 revealed that foliar application of spinosad
0.018% and profenophos 0.05% registered the lowest
capsule damage of 1.8% and 2.7%, respectively. followed by
indoxacarb (.015% (3.2%) and thiodicarb 0.075% (3.4%),
as against 17% in the untreated control. Application of
acephate 0.075%, deltamethrin 0.003% and monocrotophos
0.05% were found to be on par with cach other in the
management of capsule borer. The maximum seed yield of
1081 kg/ha and the benefit: cost ratio of 2.30 was recorded
inprofenophos 0.05% treatment as against the minimum seed
vield of 339 kg/ha and the benefit: cost ratio 1.49 in
untreated control (Table 1).

Results of the second vear (2003) revealed that spinosad
(.018% registered the lowest capsule damage of 6.9% as
against 21.8% in the untreated control. Foliar application of
spinosad 0.018% was found to be on par with profenophos
0.05% in the management of capsulc borer. The
maximum seed yield of 1138 kg/ha with the B:C ratio of
2.42 was recorded in  profenophos 0.05% treatment as
against the minimum seed yield of 712 kg/ha in untreated
control (Table 1),



Table 1 Bio-efficacy of newer insecticides on capsulc borer and seed yield of castor

SUGANTHY

Capsule damage (%)

Seed yield (kg/ha)

B:C Ratio

Rainy scasen,

Rainy season,

Treatment 2004-05 2005-06 Rainy season, Rainy scason, Rainy season. Rainy season,
Before Al Betore Al 2004-05 2005-06 2004-05 2005-06
treatment  harvest  treatment  harvest
Thiodicarb 0.075% 12,8 3.4 18.6 1014 303 048 1.63 1.71
Spinosad 0.018% 13.6 1.8 21.4 6.9 957 1045 1.47 1.60
Indoxacarb 0.0£5% 11.7 32 20.8 87 940 992 1.40 1.48
Novaluron 0.01% 143 6.3 19.3 14.1 w41 889 1.33 1.26
Profenophos (0.05% 15,) 2.7 24.5 7.5 108] 1138 2.30 2.42
Acephate 0.075% 11.8- 4.9 22.4 11.3 1030 913 2.23 2.2
Dehamethrin 0,003% 16.4 35 18.7 1049 1046 1073 2.15 221
Monocrotophos (.05% 123 5.5 23.1 14.6 967 992 210 215
B”“gg;’Ch;‘;’ngeg;;]"zglk’;ﬁj:“k’ N 13.7 9.1 1985 16.4 923 $97 1.92 1.92
Tiq - Untreated centrol 18.0 18.2 20.7 21.8 559 712 1.49 1.87
CD (P=0.05) 7.32 1.61 4.34 3.12 247 124 - -
DAT - Days after treatment
Patel er al (1987) reported that application of REFERENCES
monocrotophos 0.053% and endosulfan 0.07% were more
effective and economicatl for the control of this pest. Studics Anonymous  2001-02.  Annual  Progress  Report-Castor.

on capsule borer management at Directorate of Oilseeds
Research, Hyderabad also revealed that the treatments with
decamethrin 0.003% resulted in the lowest capsule damage
(12.2%) followed by acephate 0.075% (12.3%),
monoc¢rotophos  0.05% (14.0) and fenvalerate 0.02%
(14.5%) as compared to 28.6% capsule damage in untreated
control. Similarly, the results of the experiments conducted
at Tapioca and Castor Research Station. Yethapur during
2001-02 also revealed that the insecticides viz., decamethrin
(0.003%), profenophos (0.05%) and monccrotophos
(0.05%) were effective in controlling capsule borer (21.7 to
227%) when compared to  botanicals (Anonymous,
2001-02). In both the trials, spinosad 0.018% and
profenophos 0.05% performed better, which is in accordance
with the earlier report (Anonymous, 2004-05 and 2005-06).
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ABSTRACT

Among 35 common weed species collected from surrounding areas of sunflower fields, natural infection of virus
causing sunflower necrosis disease (SND)} was detected in twelve weed species viz., Digeria arvensis, Achyranthus
aspera, Lagasca mollis, Parthenium hysterophorus, Acanthospermum hispidum, Ageratum conyzoides, Commeling -
bengalensis, Euphorbia geniculata, Phyllanthus niruri, Malvestrum coromandelianum, Abutifon indicum and
Physalis minima by back inoculation on assay host, cowpea cv. C-152 and further confirmed by DAC-ELISA. Under
artificial inoculated conditions, Ageratum convzoides, Gomphrena globosa and Physalis minima minima produced
both local and systemic symptoms of the twelve weed species tested. Studies on the cffect of different dates of
sowing of sunflower ¢cv. Morden on thrips population and SND incidence revealed that thrips infestation was high
in June followed by July sown crops. The disease incidence was more in July and less in November and December
sown crop. Thrips population was at peak level in the initial stages of crop growth and declined gradually at
senescence stage. Maximum temperature had significant positive impact on thrips population, while significant
negative correlations were found with relative humidity and rainfall. Incidence of SND was positively correlated with

relative humidity and rainfall.

Keywords: Date of sowing, Sunflower necrosis disease, Thrips, Virus, Weather parameters, Weed species

Sunflower (Helianthus annmuius 1) 1s an important edible
oilseed crop in the country next to groundnut and soybean.
In recent years, the crop is affected by sunflower necrosis
disease (SND) which hampercd its cultivation. The disease
was observed for the first ime in the country during 1997 at
Bagepalii village of Kolar district of Karnataka , where, 80%
disease incidence in seed production plots was reported
(Singh er af., 1997} which later spread to the major
sunflower growing regions of Andhra Pradesh, Karnataka,
Maharashtra and Tamil Nadu. The causal agent of SND was
identified as Tobacco streak virus of flar virus group (Ravi
etal.,2001). Initial studies on survival of sunflower necrosis
virus revealed the presence of virus throughout the year on
several weeds viz., Parthenium hysterophorus, Tridax
procumbens, Phyvilanthus spp., Euphorbia geniculata and
Digeria arvensis (Anonymous, 2002). Information on
sources of survival of causal virus including prevalence of
thrips fauna and weed flora is inadequate with special
reference to predominant sunflower growing regions of A.P.
The incidence of thrips in relation to weather parameters,
effect of different sowing dates. on thrips incidence and
disease occurrence was not studied in depth. Keeping these
points i view, detailed investigation on epidemiology of
sunflower necrosis disease was undertaken during 2009-10
and 2010-11.

MATERIALS AND METHODS

Nafm’al host range: To identify sources of virus inoculum,
various weed plants found in and around sunflower fields

werc tested for the presence of the virus by inoculating the
sap obtained from the lcaves of weed plants to the assay host
cowpea cv. C-152 (Prasada Rao ef al., 2003). The weed
specics were identified based on the key characters given by
Kondap ef al. (1985) and with the help of an Agronomist,
Weed Control Scheme, ANGRAU. The plants were kept
under observation for a period of 40 days for the
development of discase symptoms under glass house
conditions.

Experimental host range: To identify the weed species
which serve as source of inoculum, weed plants grown from
sceds were sap inoculated with freshly prepared standard
extract of virus at fourth leaf stage. The planis were labeled
and kept under observation for a period of 40 days for the
development of disease symptoms.

The presence of the virus in the inoculated weed samples
was tested by Direct antigen-coatcd enzymc linked
immunosorbent assay (DAC-ELISA). The assay was
performed in 96 well polystyrene microtitre plates. The
extractions of infeeted leaf samples of weed species were
made in carbonate buffer. The test samples @ 200 pl/well
were dispensed into ELISA plates and incubated at 37°C for
[h, The plates were washed three times by allowing 3
minutes between each wash with phosphate butfer saline
tween (PBST). Cross adsorption of antiserum with healthy
leaf extract was done by grinding the healthy cowpea leaves
in antibody buffer, which was preparcd by adding 100 ml
PBST, 2.0 g polyvinyl pyrrolidine and 0.2 g ovalbumin to
give 1:20 dilution and then diluted to 1:1000 in antibody

" Senior Scientist, Dircclorate of Oilsceds Research, Rajendranagar, Hyderabad-500 030, Andhra Pradesh
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buffer. This was dispensed @ 200 pl/well into ELISA
plates. The plates were incubated at 37°C for | h and washed
three times with PBST. To each well, 200 ul of anti rabbit
immunoglobulin conjugated with alkaline phosphatase,
diluted to 1: 500 in antibody buffer was added and the plates
were incubated at 37°C for | h. Afier washing the plates
three times with PBST, 200 pl of P-nitrophenyl phosphate
substrate was added to each well. The plates were then
incubated at room temperature for 30- 1 20 min. Development
of vellow color indicates positive reaction and the
absorbance values were recorded at 405 nm using ELISA
reader. Healthy leaf samples of the same weed species served
as control.

Further, seedlings of sunflower cv. Morden and cowpea

cv. C-152 were back inoculated to confirm the presence of
virus.
Effect of dates of sowing on thrips population and
necrosis discase: To determine the effect of staggered
sowings on the incidence of SND, sunflower cv. Morden was
sown at monthly intervals during 2009-10 and 2010-11. The
tmal was carried out at College farm, Rajendranagar,
Hyderabad in a randomized block design with 10 dates of
sowing as treatments with three replications. At each datc of
sowing, seeds of sunflower ¢cv. Morden were sown in 7 rows
with spacing of 60 ¢m x 30 cm in 4.2 m x 3.0 m plots.
[ncidence of SND was rccorded in all the treatrnents, plot
wise at weekly intervals starting from 4 weeks after sowing
up to 9 weeks after sowing. If disease severity is more than
10%, then plants are considered to be infected with necrosis
disease, Similarly population of thrips was also recorded at
weekly intervals, from 10 randomly tagged plants (terminals)
in each treatment. Mocteorological observations on
temperature, relative humidity and rainfall were also
recorded during the period of experimentation. The mean
aata of three replications was statistically analyzed. To
establish the influence of weather parameters on thrips
population and disease incidence, the data was subjected to
simple correlation and multiple regression analysis
(Rangaswamy, 2000).

RESULTS AND DISCUSSION

A total of 35 weed species were observed in surrounding
arcas of sunflower ficlds during the survey and around the
experimental fields (Table 1). Among them, Parthenium
hysterophorus, Commeling  bengalensis, Euphorbia
geniculata, Achyranthus aspera, Digeria arvensis, Abutilon
indicum and Trianthema portulacastrum were predominant
in the fields, When the sap from 35 weed species  werc
inoculated to cowpea assay host{cv. C-152), only 12 specics
viz., D. arvensis, A. aspera, Lagasca mollis, £
hysterophorus, A. hispidum, A. conyzoides, C. bengalensis,
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E. geniculata, P. niruri, Malvestrum coromandeflianum, 4.
indicum and Physalis minima found infected by the virus and
produced necrotic local lesions on cowpea (cv. C-152),
Three weed specics viz., P. hysterophorus, P. nivuri and C.
hengalensis were symptomless carriers, which were further
confirmed by DAC-ELISA using polyclonal antiserum of
TSV.

Of the twelve weeds species tested for their reaction to
SND by sap inoculation only A. conyzoides., Gomphreng
globosa and P. minima revealed both local and systemic
symptoms, whercas, L. mollis, A. aspera, C. bengalensis E.
geniculata and A. indicum showed only systemic infection,
Four weed spp., viz., Amaranthus viridis, Euphorbia hirta,
P. hysterophorus and T, portulacastrum did not express
visible symptoms. Conspicuous local lesions surrounded by
red border were noticed on G. globosa 8-10 days after
inoculation followed by sysiemic veinal necrosis. Chlorotic
lesions appeared on F. minima 8-10 days after sap
inoculation followed by mottling after 20-25 days of
inoculation.  All the weed species, except £. hirta gave
positive reaction in DAC-ELISA. Though A. viridis, P.
hvsterophorus and 7. portulacastrum looked apparently
healthy, they exhibited chlorotic lesions when indexed on
cowpca cv. C-152 and also reacted positively for
DAC-ELISA test, indicating them as symptomless carrers.
The findings are in accordance with reports of Anonymous
(2002), wherein, the survival of sunflower necrosis virus
{SNV) was reported through out the year on several weeds
viz., P. hysterophorus, T. procumbens, Phyllanthus spp., E.
geniculata and D. arvensis. Prasada Rao er al. (2003) also
confirmed natural infection of TSV in D. arvensis, A. aspera,
L. mollis, P. hysterophorus, A. convzoides, C. bengalensis
and E. geniculata by DAC-ELISA test. Ajith Prasad and
Nagaraju (20052 and 2005b) detected SNV in seven weeds
and six crop plants by serological diagnosis.

Effect of dates of sowing on the incidence of sunflower
necrosis disease: The disease appeared in all the treatments
between 25-30 days afier sowing i.e., 4" week after sowing.
In general, the disease incidence increased with the age of
the plants and recorded maximum incidence at 9 weeks after
sowing {WAS). Necrosis discase incidence was maximum i
the crop sown during July followed by June and minimum in
December and March sown crop. The perusal of data
revealed that there were significant differences among the
ditlerent dates oF sowing, Discase ingidence recorded - Tuly
sown crop was significantly highest (16.0 %) compared to all
other dates of sowing at @ WAS during 2009-10 (Table 2).
Lowest disease incidence (2.0%) was recorded in the crop
sown during March which was on par with December sown
crop. Incidence of SND in August (8.3 %), September
(6.3%) and October (7.3%) sown crops was significantly
higher than remaining treatments and on par with each other-
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Table 1 Detection of virus causing SND in weed plants collected from surrounding sunflower ficld using assay host, cowpea cv. C-152

veracular Name Family Botanical nume Field symptoms  Transmission
Galijeru Azioaceac Trianthema portulacastrunm L. Nil .
Pogantikoora Amaranthaceae Alternanthera sessilis 1. Nil -
Thotakoora - Amaranthus spinosus L Nil -
Chenchalikoora . Digeria arvensis Forsk vC +
Uttareni " Achyranthes aspera L. M +
Sickle leal Asteraceae Lagascu mollis Cay. St +
Vayyaribhama " Pal;thenium hysterophorus L. SL +
Hispid starburr ,, Acanthospermum hispidum DC. NL +
Marulamathanji . Xunthium strumorium L. Nil -
Goat weed " Agerarum conyzoides 1. NL +
Gaddi chamanthi “ Tridax procumbeny L. Nil -
Guntakala-vasaka \ Folipta alba Hassak. Nii -
Amruthakada Commelina-ceae Commelina bengalensis L. Nil +
Kukkavaminta Capparaceae Cleome viscosa L. Nit -
Errananabalu Euphorbiaceae Euphorbiu geniculata L. M +
Nanabalu » Euphorbia hirta L. M -
Nelausiri - Phyllanthus niruri Auct SL +
Muripindaku - Acalypha indica L. Nil -
Tantipa Fabaccae Cassia servata L. Cl -
Neclajentuana - Clitoria ternatea L. Nil -
Vempali - Tephrosia purpurea Pers. Nil -
Kukkathulasi Labiatae Ocimum canum Sims. Nil -
Tummi " Leycas aspera Willd. Nil -
Vishaboddi Malvaceae Sida acuta L. M -
False mellow - Mualvestrum coromandelianum Garcke vV . +
Adavibenda - Abutilon indcium Sweet. M +
Peddapayala-kura Portulacaeae Portulaca oleruceae L. Nil -
Koopanti Solanaceae Phvsalis minima L. Cl +
Kamanchi-chettu - Selanum nigrum L. Mo . -
Prickly poppy Papaveraceae Argemone mexicana L. Nil -
Perintakoora Tiliaceae Corchorus olitorius L. Nil -
Nettle leaf Verbenaceae Stachyterpeta indica L. M -
Rylukampa . Lantana cameru L. Nil : -
Garitakarma Vemuoniaceac Veronia cinerana L. Wil -
Pullery Zypgo-phyllaccae Tribulus terrestriv L. Ni -

Symptoms - Cl- Chlorosis; — Mosaic; Mo- Mottling: NL- Necrotic lesions; SIASymptomless infection; St- stunting; VC- Veinal chlorosis;
Transmission 10 assay host: (+) positive transmission, (-) negative transmission

The results indicated significant variation in the incidence of
SND at different dates of sowing {Table 3) during 2010-11.
Observauons on per cent disease neidence revealed
maximum disease incidence in July sown crop (19.0 %) a1 9
WAS, followed by June (15. 33 %), while 11.66 % diseasc
ln(:ldence was recorded in August showing similar trend as
In previous season. Low discase incidence was observed in
November and October sown crops.

Effect of different dates of sowing on thrips incidence:
The populaion of thrips in sunflower rccorded at weekly
intervalg during 2009-10 (Table 3). The results revealed that
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there were significant differences among the treatments.
Thrips infestation was highest in June sown crop with an
averapge of 5.0 thrips/plant followed by July (3.40
thrips/plant). Signiticant difference in thrips infestation was
clearly observed between different stages of the crop. The
mean population was low at 4 WAS and increased
progressively upto 7 WAS to reach the peak level coinciding
with flowering of the crop.

During 2010-11 season also significant interaction was
observed between dates of sowing and population of thrips
{Table 4). Mean thrips infestation was highest in June sown
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crop (2.46 thrips/plant) followed by July sowing, which
recorded an average of 1.65 thrips/plant. The mean
population of thrips was low at 4 WAS and reached peak
level at 7 WAS when the crop was at flowering. Thereafter,
thrips population decreased gradually.

In the present study, increased SND incidence was
observed when the crop was sown during July month
compared to other dates of sowing. Similar findings of high
incidence of SND were reported in July sown sunflower
crop {Chander Rao ef af., 2003; Shirshikar, 2003). Further,
it was reported that disease incidence was less in November-
Decemnber sowings, which supports present findings.
Increased thrips incidence in July sown crop may be
anributed to an increased activity of thrips. This is in
agreement with the findings of Harvir Singh (2005) who
recorded maximum population of thrips on June and July
sown crop, which may be due to flared incidence of thrips
owing to dry weather and moderate temperature resulting in
increased incidence of SND. Katti ef al. (2009) reported that
maximum population of thrips rested on June 9™ to July 23"
sowings indicating higher population of thrips during rainy
season.

Correlation and regression studies: The correlation
analysis for thrips population with weather parameters
indicated positive correlation of thrips with maximum
temperature, minimum temperature and wind speed, while
negative correlation was recorded with rainfall, morning and
evening relative humidity during 2009-10. The correlation
analysis indicated significant and positive correlation with
maximum temperature (0.497%), minimwmn temperature
{0.316%) and wind speed (0.465%). However, it was
negatively correlated with morning relative  humidity
{-0.397*) and significant, whercas it was negatively
correlated with evening relative humidity (-0.086) and
rainfall (-0.069) and non significant. The correlation analysis
for SND and weather parameters indicated positive
correlation  with  maximum temperature, minimum
temperature, morning and evening relative humidity, raintall
and wind speed. It was significant and positively correlated
with minimum temperaturc (0.603%¥), evening relative
humidity (0.510%*), rainfall (0.572%*) and wind speed
(0.298**), whereas it was significant and negatively
correlated with sunshine (-0.532**) during 2009-10.

Table 2 Effect of staggered sowings on incidence of SNI in sunflower cv. Morden during 2009-10

Per cent disease incidence® at WAS

Datc of
sowing** 2009-10 2010-11
4 5 [ 7 8 9 4 5 6 7 8 9
June &40 8.00 8.30 12.00 12.30 12.70 10.30 10.30 1{L66 11.00 12.33 15.33
(14.15) (16.41) (16.74)  (20.26) (20.54) (20.88) (18.72y (18.72) (19.06) (1937 (2054) (23.04)
July 9.30 15.00 15.30 15.67 15.67 16.00 15.00 15.33 16.33 17.33 18.66 19.00
(17.7%5) (22.78)  (23.03)  (23.31y (2331} (23.58)  (22.79)  (23.04) (23800 {(24.57) (2558  (25.83)
August 4.30 7.30 7.70 8.00 8.30 8.30 0.66 0.66 [.33 3.66 8.00 [1.66
(11.97) (1567 (16.11)  (16.43) (16.74)  (16.74) (5.18) (5.18) (6.54) (10.96)  (16.35) (19.90)
September 3.30 4.60 4.60 5.00 5.00 6.30 0.33 0.66 1.66 2.00 2.66 413
(10.34) (1242y (1242 (1275 (12.7%) (1451 (4.62) (5.18) (7.33) (B.13) (9.36) (12.00)
October 1.30 3.85 6.00 6.70 7.00 7.33 0.33 0.33 0.66 1.00 1.66 1.66
(6.54) (11.28)  (14.05) (4.85) {1534y (15.57) (4.62) (4.62) (5.18) (5.97) (7.33) (7.3
November 2.30 2.30 3.33 3.67 3.67 3.67 0.33 0.33 0.33 0.66 0.66 0.66
(8.74) (8.74) (1049 (1096) (1096}  (10.96) (4.62) {4.62) (4.62) (5.18) {5.18) (5.18)
December 1.33 1.33 1.66 2.00 2.00 2.33 0.66 0.66 1.00 1.33 1.66 2.00
(6.54) (6.54) (7.33) (7.95) (7.95) (8.560) {5.18) (5.18) (5.74) {6.54) (7.33) (8.13)
January 233 233 2.66 3.00 3.33 3.33 1.33 1.66 2.33 4.33 4.66 4.66
(8.74) (8.74) (9.36) (9.97) (10.49)  (10.49) {654 (7.33) (R.74) {12.0) {12.46)  (12.46)
February 2.00 2.33 3.00 3.33 3.00 5400 1.60 2.33 3.33 5.00 5.33 533
(7.94) {8.74) (9.88) 9.27) (11.48)  (12.75) (7.33) (8.74) (10.49)  (12.88) (13.34) (13.34)
March 1.33 1.33 1.66 1.66 200 2.00 1.00 1.33 1.66 2.00 2.33 2.66
{6.54) (6.54) (7.33) (7.33) (8.13) (8.13) (5.74) (6.54) (7.33) (8.13) (8.74) {9.36)
SEm+ 0.890 0.821 0.775 0.903 0.878 0.743 0.620 0.690 0.658 0.890 0.689 0.587
CD (P=0.05) 2.646 2.440 2.303 2.685 2.608 2.209 1.843 2.051 1.955 2,645 2.049 1.746

Figures in parentheses are angular transformed values; WAS: Weeks afier sowing; *Mean of three replications; ** Date of sowing ( 1* day of second
fortnight of cach month)
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Table 3 Cftect of staggered sowings on thrips population in sunflower cv, Morden during 2009-10

No. of thrips/plant* at WAS

Date of sowing ** n 3 G = z 5 Mean
June 2.00 7.66 8.43 .00 1.50 1.36 5.00
(1.5%) (2.86) (2.99) (3.08) (1.41) (137 (220
July 2.13 1.67 2.30 4.45 5.70 4.20 3.40
(1.62) (1.47) (1.67) (2.22) 12.48} (2,163 (1.97)
August 3.50 1.96 1.26 1.54 2.00 1.30 1.90
(1.99) (157 (1.33) (1.41) {1.59) (1.34) {1.54}
September 1.20 1.23 0.80 1.46 0.83 1.03 - 1.09
(1.30) (130 (1.14) (1.40) (.15 {1.24) (1.26)
Qctober 0.13 i.20 1.29 1.43 0.83 0.46 (.90
(0.79) (1.33) (L34 (1.38) (1.15) (0.98) (1.16)
Novermnber 043 0.26 0.36 0.36 0.27 0.36 0.34
(0.96) (0.87) (0.93}) (0.93) (0.87) (0.93) (0.92)
December 0.03 0.03 0.06 0.13 0.17 0.23 0.11
(0.73) (0.73) {0.75} (0.79) (0.82) (0.86) (0.78)
January 023 027 (.36 0.43 0.46 0.40 0.36
{0.85) (0.87) (0.93) {0.96) (0.98) (0.95) (0.93)
February 0.27 033 0.36 0.73 0.56 0.46 0.45
0.87) (091} {0.93) (111} (1.03) {0.98) 0.97)
March 0.13 .13 .20 0.20 0.23 027 0.19
(0.79) (.79 (0.83) {0.83) (0.86} (0.87) {0.83)
Interaction SEm+ CD (P=0.05)
Month 0.0150 0.042
WAS 00116 0.032
Month x WAS 0.0367 0.103

Figures in parentheses are square root transformed values: WAS: Weeks after sowing: ¥*Mean of three replications; ** Date of sowing (1" day of sccond
fortnight of each month)

Table 4 Effect of staggercd sowings on thrips population in sunflower cv. Morden during 2010-11

Nao. of thrips/plant™ at WAS

Date of sowing **

4 5 [ 7 ] 9 Mean
June 0.86 2.26 3.90 316 ' 2.93 1.66 2,46
(1.17) (1.66) (2.10) (1.19) (1.91) i1.47) (1.70)
July 2.40 1.56 1.50 1.56 1.47 1.40 1.65
(1.70) (1410 (1.41) (1.44) (1.40) {1.38) (1.46)
August 0.00 0.00 0.00 1.56 1.06 0.30 0.49
(0.71) (.71 (0.71) (1.44) (1.25) (0.89) (095}
Scptember 0.00 0.00 1.13 0.63 0.26 0.13 0.21
: 0.71) (O.71) (0H0) (1.06) {B.87) (1.06) (0.84)
October 0.00 0.00 0.00 0.06 0.16 0.06 0.05
©.71) (0.71) (0.71) (0.75) {0.82) (0.75) {0.74)
November 0.03 0.30 0.00 0.06 : 0.03 0.03 0.03
0.73) 90.73) {071 C0.75) (0.73) S 073 (0.73)
December : 0.00 0.00 0.03 0.03 0.06 0.13 0.04
071y - ©.71 (0.73) (0.73) (0.75) (0803 {0.74)
January 0.06 K 0.20 8,16 023 010 018
(L75} (U.8uUy [LURSY] {0,953 (1) By .77 (1R
February 0.16 .23 0.33 0.46 0.23 .06 .24
(0.82) {0.86) 0.910) (0.98) {0.86) {0.75) (0.86)
March 0.13 0.16 0.36 0.50 0.10 0.06 0.22
(0.80) (0.82) (0.93) (0.99) ©.77 (0.75) - (0.84)
Source of variation SEm+ CD (P=0.05)
Mouth 0.123 0.0345
WAS 0.009 0.0267
Month x WAS 0.003 0.0847

Figures in parcriheses arc square rool transformed values; WAS: Weceks after sowing: *Mean of three replications; ** Date of sowing (1™ day of second
fortnight of each month)
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Regression analysis of thrips population and weather
parameters indicated that maximum temperature and wind
speed could explain 46% of total variation in thrips
infestation. The multiple linear regression equation afier step
down climination was =-3385+ 119 X, + 051 X,
indicating an increase in onc unit maximum temperature
increased thrips by 1.19 units and one unit increase in wind
spced increased thrips population by 0.51 units keeping
other parameters constant. Regression analysis of SND and
weather parameters revealed that 48% variation in SND
incidence has been explained by a linear function involving
maximum temperature, rainfall and sunshine. Among the
parameters studied, maximum temperature and rainfall had
positive impact, whereas sunshine had significant negative
‘impact. The multiple linear regression equation after step
down elimination was Y = -16.66 + 0.965 X, + 0.064 X, -
1.091 X, indicating an increase of one unit of maximum
temperature  increased SND by (1,965 units and one unit
increase in rainfall increased the disease by 0.064 units. On
the other hand, one unit increase in sunshine decreased SND
by 1.09 units.

There was positive correlation of thrips population with
maximum temperature, minimum temperature, wind speed
and negative correlation with rainfall, RH I and sunshine, Of
these weather parameters, significant positive correlation
existed between thrips population and minimum temperature
(0.428*) during 2010-11. The correlation analysis for
sunflower necrosis disease incidence and weather parameters
indicated positive correlation with maximum temperature,
minimum temperature, morning and cvening relative
humidity, rainfall and wind speed. While. negative
correlation existed between SND and sunshinc. The analysis
also revealed significant and positive correlation with
minimum temperature (0.676%*), evening relative humidity
(0.617**)and rainfall (0.626**). However, it was significant
and negatively correlaled with sunshine (-0.716*%) during
2010-11.

Regression analysis of thrips population and weather
parameters indicated that minimum temperature, cvening
relative humidity and rainfall explained 54% of total
variation in thrips infestation. The multiple linear regression
equation after step down elimination was Y = - 9370+
0.5480 X, +0.06832 X, - 0.08713 X, indicating an increase
of one unit minimum temperature and evening relative
hunudity increased thrips population by 0,348 units and
0.0683 units, respectively. While, one unit increase in
rainfall decreased thrips population by 0.087 units.
Regression analysis of SND and weather parameters
revealed that maximum temperature, evening relative
humidity and sunshine explained 63% of variation. Among
these parameters, maximum temperature and evening
relative humidity had significant positive impact, while
sunshine exerted significant negative impact. The multiple
lincar regression equation after step down elimination was
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Y =-20.9616+0.909 X, +0.123 X, - 0.929 X, indicating
an increase of one unit minimum temperature and evening
relative humidity increased SND by 0.909 units and 0.123
units, respectively. While, one unit increase in sunshine
decrcased SND by (.929 units. The multiple lincar and
correlation analysis on thrips population studies with growth
stage and weather paramcters indicated that the crop growth
stage and weather parameters affect thrips population.

In the present study, significant positive correlation
existed betwcen thrips population and minimum and
maximum temperature. The overalt results revealed that the
weather parameters like maximum temperature favour build
up of thrips population and their activity resulting in spread
of SND during initial stages of crop growth under field
conditions. On the other hand, rainfall and relative humidity
affect the thrips activity resulting in reduced incidence of
SND under field conditions. The studies indicated the
involvement of varions weather parameters in thrips
fluctuation during different growing seasons. A similar study
by Shivasharanayya and Nagaraju (2003) explained
successful correlation between thrips population, SN
incidence and weather factors. Further, positive correlation
between thrips population and maximum temperature and
negative correlation with rainfall and relative humidity were
also reported by Halakeri (2006). Upendhar ef al. (2006}
reported that relative humidity, temperature and rainfall
affect thrips and the vector ability in the field, resulting in
SND incidence under natural conditions.

Thus, several weed species were found fo actas reservoir
of sunflower neerosis virus which may help in perpetuation
and further spread of SND under field conditions. A positive
correlation of SND  with maximum and minimum

temperaturc, relative humidity and rainfall existed showing

the involvement of these parameters in fluctuation in the
disease incidence.
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ABSTRACT

The inheritance of resistance to Afrernaria blight in insced (Linum usitatissimunt L.) was studied in the fourteen
crosses involving seven resistance donors (BAU 610A, EC 384154, JRF 3, JRF4, Polf 34, H 22, H 25) and four
susceptible varieties {(Padmini, Parvati, Shubhra and LCK 3003). The F|, F, and back cross generations were grown
during winter season 2005-06 and screened under high humidity ficid condition along with infector rows and
infector hedge of susceptible check “Chambal’. Observation on disease incidence was recorded on lcaves and on
buds. Resistance was recessive in all the crosses as cvident from F, reactions and appeared to be governed by single
recessive gene in twelve crosses and by twe independent non-allelic genes exhibiting complementary epistasis for
susceptibility with F, digenic ratio of 9:7 in the remaining two crosses i.e., BAU 610 A x Parvati and BAU 610 A

x Shubhra.

Keywords: Alternaria blight, Inheritance, Linseed, Resistance

Alternarig blight is the most challenging discase of
linseed and known to occur in almost all the major linseed
growing areas of India. Dey (1933) first time reported
Alternaria leaf spot disease of linseed caused by Alrernaria
fini from Kanpur in Uttar Pradesh. Alternaria lini Dey
perpetuates through the contaminated seeds and infected
plant debris and found predominantly in Indian
sub-continent.

The disease 1s characterized by aerial infection of plant
parts i.e., leaves as well as buds. This disease is recurring
every season with different degrees of intensity which leads
to wide fluctuation in the production and productivity of the
crop every ycar. Although, some chemical control measures
in the form of seed treatment and foliar spray has becen
recommended yet, it would be effective only when chemical
sprayed at appropriate time. However, host resistance would
be the most effective and an economic alternative to manage
this disease. Identification of different sources of resistance
is an important pre-requisite which has been achieved
through multi-location field screening trials. Therefore, the
present investigation was undertaken to clucidate the
irtheritance pattcrn of Alternaria blight resistance in linseed.

MATERIALS AND METHODS

The experimental materials comprised seven resistant
donors of linseed identified on the basis of multi-location
disease screening trial conducted over years under AICRP
(Linsced) and four agronomic bases showing susceptibility
o Alternaria blight. Seven selected Alternaria blight
resistant and four susceptible lines were crossed in line' x
tester fashion during winter season 2003-04. Sufficient F,
seeds were produced in each cross. Parts of the F|s were used

for generation advancement and back crossing and the rest
part was retained for screening. Floral traits and plant types
of the parents were used as markers to check the trueness of
F, plants. Back crossing of Fs with their respective
susceptible parents and advancement of F, generation were
carricd out simultaneously during winter season 2004-05,
The parents F|, F, and back cross populations (F, x
susceptible parent) of 14 selected crosses were grown during
winter scason 2005-06 in single 3m row length with 30 cm x
5 cm crop peometry following infector rows and infector
hedge of susceptible check *Chambal'. Each of the parents
and F\s were sown in a single row while F, and back cross
populations were sown in five and three rows, respectively.
Frequent irrigations were applied and furrows made all
around the plot to create humidity for proper discase
development. Discasc reactions on leaves were recorded in

0-3 scale (Anonymous, 2610y whereas, area of {eaves/bud .

infection was recorded in per cent. (0= no disease HR; 1=0

to 10% R; 2=10.1 to 25% MR; 3=25.1 to 50% MS; 4=50.1 -

to 75% S; 5=above 75% HS). The goodness of fit to
mendelian segregation of resistant/susceptible plants was

tested by Chi square test, whose significance was tested |

against the table valuc with (n-1) degrees of freedom where
n is the total number of segregating classes (Stansfield,
1986).

RESULTS AND DISCUSSION

Inheritance of Alternaria blight reaction was studied ir
all the fourteen crosses under natural condition and the
results presented in table | revealed that all the 14 F s wert
susceptible indicating the susceptibility to be dominant over
resistance. Similar observations on the susceptibility t

'Part of Ph.D. Thesis submitted to C.8. Azad University of Agriculture and Technology, Kanpur in 2009
*Project Coordinating Unit (Linseed), C.8. Azad University of Agriculiure and Technology, Kanpur-208 002, Uttar Pradesh
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Alternaria blight being under the influence of dominant
genes have been reported in studies involving crosses of
resistant X susceptible linseed genotypes by Kalia e al.
(1965). The F, scgregation pattern of the resistant x
susceptible crosses revealed digenic ratios of 9 susceptible :
7 resistant for two crosses involving resistant parent BAY
610A with susceptible parents Parvati and Shubhra. In
contrast, a monogenic scgregation ratio of 3 susceptible : 1
resistant was obfained in remaining 12 crosses involving
resistant parents EC 384154, IRF3, JRF 4, Polf 34, H 25 and
H22 with susceptible parents Shubhra, LCK 3003, Padmini

and Parvati. The back cross progenics segregated into IR: [S
with acceptable chi square value confirming the F,
hypothesis that resistance is governed by a single recessive
gene. The resistant parent BAU 610A thus, appear to differ
from the susceptible parents Parvati and Shubhra in respect
of two gene pairs while the resistant parents EC 384154 JRF
3,JRF 4, Polf 34, H 25 and H 22 differed from susceptiblc
parents Shubhra, LCK 3003, Padmini and Parvati in respect
of a single gene pair. Nagaraj et al. (2004) also reported a
vartation among diffcrent crosses in the number of gencs
governing resistant to sterility mosaic disease in pigeonpea.

Table 1 Segregation of field reaction to Afternaria blight in F,, .F., and back cross populations of linseed

No. of observed

Segregation

Expected ratio

Cross Generation  usCentl a ikl Susceptible :
plants No. otpsl:;c[.:ptlb]e No. (;fI;;:;stdnt Res?stant Chi square ‘p’ range
BAU-610A x Parvati F, 37 37 - - - -
F, 297 161 136 9:7 0.50 0.80-0.70
BC, 182 182 0 - - -
BAU-610A x Shubhra F, 41 4] - - - -
F, 314 174 140 9:7 0.089 0.95-0.90
BC, 176 176 0 § - y
EC-384154 x Shubhra F, 43 43 - - - -
F, 318 232 86 3:1 0.585 0.80-0.70
BC, 179 179 0 - - -
EC-384154 x LCK-3003 F, 40 40 - - - -
F, 290 210 80 3:1 0.843 0.70-0.50
BC, 184 184 0 . ; -
JRF-3 x Shubhra F, 33 38 - - - -
F. 299 221 78 3 0.169 0.95-0.90
BC, 169 169 0 - - -
JRF-3 x LCK-3003 F, 39 39 - - - -
F, 283 217 60 31 0.240 0.90-0.80
BC, 173 173 0 . . -
JRF-4 x Padmini F, 44 44 - - - -
F; 287 219 68 3:1 0.26 0.95-0.90
BC, 175 175 0 . . .
JRF-4 x Shubhra F, 40 40 - - - -
F, 286 212 74 30 0.116 0.95-0.90
BC, 178 178 0 . . .
Polf-34 x Shubhra F, 39 39 - - - -
F, 295 225 70 3:1 0.164 0.95-0.90
BC, 169 169 0 y . -
Polf-34 x LCK-3003 F, 42 42 - - - -
F, 284 217 67 3:1 0.30 0.90-0.80
BC, 176 176 0 - - -
H-25 x Padmini F, 36 36 - - : - -
F; 279 204 75 3:1 0.526 0.80-0.70
BC, 177 177 0 - - -
H-25% Shubhra F, 48 48 -
F, 307 235 72 3:1 10.3%) 0.90-0.80
BC, 182 182 0 - - B
H-22 x Parvati F, 42 42 - - - -
F, 302 222 80 3:1 0.408 0.90-0.80
BC, 178 178 0 - - -
H-22 x LCK-3003 F, 39 39 - - - -
F, 299 220 79 3:1 0.321] 0.90-0.80
BC, 175 175 0 - - -
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Knowledge about the number, naturc and diversity of
genes controiling resistance 1s very much nceded for the
explottation of resistant cultivars in the breeding
programme. The crosses involving resistant parents EC
384154, JREF 3, JRF 4, Polf 34, H 25 and H 22 segregated
for one of the genes and a monogenic ratio of 3 susceptible
. 1 resistant was obtained. However, when parent like BAU
610A differ by two genes, a digenic ratio of 9 susceptible
7 resistant were obtained indicating the complementary
nature of two dominant genes for susceptibility. Similar
results have been reported by Sinha er al. (2006) in durum
wheat. W is therefore, postulated that resistance against
Alternaria blight in the parent BAU 610A is under the
control of two independent loci exhibiting complementary
gene action. When locus 1 or 2 or both occur in homozygous
recessive state, resistant reaction occurs while dominant
alleles at both loci would be necessary o result in disease
susceptibility.

The presence of different resistant gene(s) in the two
categories of resistance sources will be very uscful in
breeding for durable resistance by the diversification of
resistance sources and gene pyramiding. However, more
detailed studies including F, generation would have to be
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conducted to analyses the virulence spectra and diversity in
the pathogen population through controlled experiments with
cach of these genes,
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ABSTRACT

Farmers approach different sources and channels for acquiring information pertaining to improved agricultural
practices. Therefore il is neeessary to identity the different sources and channels of communication pertaining to
improved production technologics as preferred by the farming community. A study was conducted to assess the
communication behaviour of castor {60) and sunilower (60) frontline demonstrations (FLD) farmers in
Mahabubnagar district of Andhra Pradesh. FLD farmers, contact farmers { Adarsha Rythu) and input dealers were
the para professional sources that provide scope for extending technology transfer support for castor and sunflower
production technologics, while Doordarshan (DD), private television channcls and news papers were the major
impersonal cosmopolite sources. 1t was found that only informal/casual method of information cvaluation and
storage methods were followed by the sunflower as well as the castor FLD farmers. The use of FLD farmers as
resource persons to share their expertences in field days/ campaigns/exhibitions/group meetings/training programmes
are 10 be promoted, since the effect of group contact methods will be better compared to that of mass methods.
Efforts are needed by the radio and television channels to use FLD farmers as resource persons in various
agricultural programmes with effective modes to encourage farmers further to utilize farm programmes as
information sources. Based on the communication behaviour of castor and sunflower FLD growers, a strategic
communication technique was suggested for effective transfer of improved production technologies of sunflower
and castor with multiprogned strategy at various levels,

Keywords: Castor, Communication behaviour, Communication model, FLD farmers, Sunflower

An important pre-requisite for the adoption and diffusion
of an innovation within the social system is the cffective
communication of information pertaining to the innovation
involved. Farmers have their own information networks,
through which they get information about agricultural
practices and solutions to their problems. Howcever, in many
farming  poputations, the access to information is often
variable, due to differences among circumstances, ability to
adopt technological options and availability of extension
communication infrastructure. Hence, a farmer may rely on
a few information sources and reject many others. To be of
benefit, information must be communicated 1o and
internalized cffectively by its intended beneficiaries (FAQ,
2003). Therefore it is nccessary to identify the different
‘sources and channels of information pertaining to improved
production technologies as preferred by the farming
comraunity, . '

Many studies were  conducted to  assess  the
communication behaviour of tarmers. Bahykumari er ol
{1999) opined that opimicn leaders could be an effective
source of information pertaining to improved agricultural
practices for farmers and farm women. The study conducted
by Escalada and Heong, (2004) concluded that mass media
could effectively transfer somec
knowledge-intensive pest management practices. Mass media
played a meager role in provision of information needed by

clements of

livestock growers in Iran in order to tackle the problems of
low access to and use of printed media (Fami ez al., 2006),
The beneficiary farmers of watershed devclopment scheme
in Central India had better access to information sources than
the non-beneficiaries (Krishna ez af., 2007). Localitc sources
like neighbours, friends, progressive farmers and opinion
leaders were playing important role as personal localite
sources of information pertaining improved
rapeseed-mustard production technologies. Scientists and
agricultural officers were considered as credible information
sources but less accessible to rapesced-mustard growers
(Sharma ef al. (2008). Sendilkumar, (2010} found that therc
were distinet pattern of information sources utilized by
soybean growers with respect to personal cosmopolite,
personal localite and impersonal cosmopolite sources. These
results confirm the diversity of communication behaviour of
farmers.

Among the various oilseeds grown in Andhra Pradesh,
castor and sunflower are  important as  the valuable
componcnts of cropping sequences and systems of the State.
Sunflower has been grown in an area of 4.19 lakh ha with
3.26 lakh t. production and 778 kg/ha productivity, while
castor has been cultivated in 1,59 lakh ha area with 0.81 lakh
t. production and 509 kg/ha productivity (Venkattakumar and
Hegde, 2010). Directorate of Qilseeds Research (DOR),
Hyderabad, which has sunflower and castor as its mandaic

'Principal Scientist, Directorate of Qilsceds Research, Rajendranagar, Hyderabad-500 030, Andhra Pradesh
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crops apart from safflower, intended to develop and
disseminate improved sunflower and castor production
technologies for the needy oilsced growers including those
from Andhra Pradesh. DOR, Hyderabad employs many
transfer of technology strategies to disseminate the improved
sunflawer and castor production technologies including that
of frontline demonstrations (FLDs). Such FL.Ds are being
laid out in Mahabubnagar district of Andhra Pradesh
(strategic jurisdiction) with the help of intcrested farmers.
These FLD farmers are supposed to act as the information
sources for fellow farmers. Hence, it was decided to assess
the communication behaviour of castor and sunflower FLD
farmers, with the following objectives:
= To assess the information seeking, cvaluating, storage
and dissemination behaviour of castor and sunflower
FLD farmers
To suggest a strategic communication technique to
effectively disseminate improved sunflower and castor
production technologies

MATERIALS AND METHODS

To assess the communication behaviour of castor and
sunflower FLD farmers, a survey was conducted during
May-August, 2010 at Mahabubnagar district of Andhra
Pradesh, wherein the improved sunflower and castor
production technologies were demonstrated through FLDs by
farmers’ participatory mode. The farmers involved in
demonstration of technologies during the period between
2005 and 2009 were contacted so that a total of each 60
castor and sunflower FLD farmers would be the sample of
the study. The data was collected through a structured
interview schedule through personal interview method. The
miformation pertaining to information seeking behaviour was
collected in a four point continuum representing the
frequency of contact of information sources {Always-20;
Frequently-15;, Rarely-10; Never-5), whereas that of
information evaluation, storage and disscmination behaviour
were collected in a two point continuum representing their
agreement {yes-1/no-0). The information seeking
behaviour/source utilization behaviour was collected in four
different parts like personal cosmopolite (professional,

para-professional), personal localite (professional,
para-prafessional).  impersonal  cosomepolite  and
non-protessional  sources.  The  protessional  personal

cosmopolite part had 13 sources, whereas para-professional
personal  cosmopolite, personal  professional  localite,
personal para-professional localite and non-professional
parts had 6, 3, 5 and 4 sources, respectively against which
the castor and sunflower FLO farmers had to give their
opmion based on ther experience. The information
evaluation and information storage parts had cach five
methods  apainst which the farmers had to  reply.
{nterpersonal, group and mass contact methods of
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information dissemination behaviour had 7, 3 and 4 methods,
respectively against which the FLD farmers had to respond.
The collected data were coded, tabulated and analysed using
percentage analysis, simple corrclation and multiple
regression measures. The results of the analysis arc being
discussed hereunder.

RESULTS AND DISCUSSION

Communication behaviour of sunflower FLD farmers:
Researchers, scientists of Srate Agriculural Universities
(SAUs) and Indian Council of Agricultural Research (ICAR)
institutes, agricultural fairs and exhibitions, ficld days/
canipaigns/ meetings and extension officers of the banks
were the major professional and personal cosmopolite
sources from where the sunflower FLD farmers sought
informatijon pertaining to sunflower production technologies
{Table 1). These results are in conformuty with that of
Sharma et al. (2008) and Sendilkumar (2010). Input dealers,
previous FLD farmers and contact farmers of neighbouring
villages were the para-professional personal cosmopolite
sources for sunflower FLD farmers, while ficld days,
campaigns and meetings organized in the own villages were
the personal localite sources to seek information periaining
to sunflower production technologics. Family members,
neighbours and friends were the non-professional sources of
information, while private television channels, DD and
newspapers were the impersonal cosmopolite sources utilized
by the sunflower FLD farmers. These results were
contradictory to that of Fami et af. (2006).

Discussing the usefulness of the acquired information
with family members, weighing the ment of information
based on the past experience and discussing the information
with extension professionals were the major methods of
information evaluation behavior utilized by sonflower FLD
farmers (Table 2). Memorizing the information,
communicating the information to family members and
asking them to remember and relating the new informatior to
old one for easy remembrance were the major information
storage methods used by sunflower FLD farmers. The results
pertaining to information evaluation and storage methods
used by sunflower FLD farmers were contradictory to that of
Babykumari  (1999). The sunflower FLD  farmers
disseminated the information pertaining to improved
sunilower production wehnology known 1o them thror:
personal contact methods like discussing with fellow farmers
friends, relatives, neighbours, by replying through phon
calls, and through informal chats during social functions
Their usc of mass contact methods to disseminate th
information pertaining to sunflower production technologie
was observed low.

The relationship between communication behaviour ¢
suntlower FLD farmers and their socio-economic profile ar
given in tabic 3 (correlation analysis) and 4 (regressio
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analysis). Educational status of the sunflower FLD farmery
had direct and significant relationship with overall
communication behaviour as well as all the individual
components. Gross cropped area, gross irrigated area,
monthly income, membership in social or credit/marketing
organizations, approximate monthly expenditure on mobile
recharge and number of visits to nearby village/mandal/
town/city were the factors that had direct and significant
relationship with overall communication behaviour of
sunflower FLIY farmers. Educational status of the sunflower
FLD farmers contributed their information seeking
behaviour, while experience in agriculture, nature of
agricultural participation, gross cropped area, approximate
monthly expenditure towards bus/share taxi charges
contributed towards information evaluation behaviour, No
factors contributed towards, information storage and output
behaviour of sunflower FLI farmers. Educational status of
them contributed towards their overall communication
behaviour pertaining to improved sunflower production
technologies. The above results conclude that there is a need
to train the sunflower FLD farmers towards effective
information storage and evaluation methods and using mass
contact methods for disseminating information. Sunflower
growers with higher cducational status may be selected as the
FLD farmers for demonstrating improved sunflower
production technologies.

* Communication behaviour of castor growers: Officials of
non-governmental  organizations  (NGOs), researchers/
scientists of research institutes or SAUs and agricuttural
fairs/ exhibitions were the major personal cosmopolite
sources from where castor FLD farmers sought information
pertaining to improved castor production tcchnologies,
whereas input dealers, demonstration  farmers  and
progressive farmers were the para-professional sources.
These results are in conformity with that of Sharma er a/.
(2008) and Sendilkumar (2010). The castor FLD farmers had
similar personal localite professional sources as that of
sunflower FLD farmers. but with different order of
preference, FLD farmers, contact farmers and input dealers
were the para-professional personal localite sources. Private
television channels, DE» and newspapers were the major
impersonal cosmopelite sources utilized by castor FLD
farmers, They evaluated the. information pertaining to
improved castor production technologies acquired through
Varous resourees by weighing the merit of the mformation
on the light of past expericnce, discussing the usefulness of
the information with family members and para-professional
extension personncl. The results pertaining to information
evaluation and storage methods utilized by castor FLD
farmers were contradictory to that of Babykumari.
(1999} They had similar information storage method as that
9f sunflower FLD farmers. They disseminated the acquired
formation through interpersonal channels like friends/
relatives/neighbours, fellow farmers and discussing with
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professional or para-professionals. Their group as well as
mass contact channels for dissemination of improved castor
production technologies was similar that of sunflower FLD
farmers.

The relationship between communication behavieur of
castor FLD farmers and their socio-economic profile are
given in table 3 (correlation analysis) and 4 (regression
analysis). Educational status of the castor FLD farmers had
direct and significant relationship with overall
communication behaviour as well as all the mdnidual
components. Gross cropped area, monthly income,
approximate monthly expenditure on mobile recharge,
approximate monthly expenditurc on petrol/diesel for
vchicles and number of visits to nearby village/mandal/
town/city were the factors that had direct and significant
relationship with overall communication behaviour of castor
FLD farmers. Experience in agriculture and monthly
expenditure on mobile recharge contributed towards
information sceking behaviour of castor FLD farmers. Age,
educational status, experience in agriculture, monthly income
and membership in organizations contributed towards their
information evaluation behaviour. Experience in agriculture,
gross cropped area and approximate expenditure on transport
charges contributed towards information storage behaviour,
whereas age, educational status, experience in agriculture
and monthly income contributed towards information
dissemination behaviour of the castor FLD farmers.
Educational stalus, experience in agriculture and
approximate expenditure on transport charges ¢ontributed
towards overall communication behaviour of the castor FLD
farmers. The results indicate that there is a need to train the
castor FLD farmers towards cffective information storage
and evaluation methods and using mass contact methods for
disseminating information. Castor growers with higher
educational status and experience in castor cultivation may
be selected as the FLD farmers for demonstrating improved
castor production technologics.

FLD farmers, contact farmers (Adarsha Rythu) and input
dealers were the para professional sources that provide scope
for extending support in transfer of castor and sunflower
production technologies. Capacity building and effective as
well as planned utilization of such sources definitely will add
strength to the transfer of technology activities (Table 5). As
far as planning for impersonal cosmopolite sources is
concerned. the target group has w be calegorized based on
their litcracy rate, educational and socto-cconomic status, so
that pragmative approach can be followed in effectively
utilizing print and television media (Fami ¢f ¢/, 2006). The
castor and sunflower growers must be trained on judging the
information based on environmental conditions, social and
techno-economic feasibility and available resources. In
addition, they must be reinforced about the importance of
recording’  documenting  the information pertaining to
improved production technologies in permanent note books
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or diaries so that they can refer back whenever need arises
(Babykumari et of., 1999). Special programmes/projects
targeting FLD farmers o use mabile phones for transfer of
improved production technology on free of cost may be
organized by the development departments, The research
institutes may take-up pilot/ full fledged research projects to
assess the effectiveness and impact of mobile communtication
for transfer of improved production technotogy. The use of
FLD farmers as resonrce persons 1o share their experiences
in group conmact methods like field days/campaigns/

Table 1 Information sesking/input behaviour

exiubitions/graup meetings/training programmes are 1o be
promoted, since the effect of group contact methods will be
better compared (o that of mass methods (Table 5)
{Babykumari e of., 1999), Efforts are needed by the radio
and television channels to use FLD farmers as resource
persons in various agricultural programmes with etfective
modes to encourage the farmers to utilize farm programmes
as information sources (Babykumari, 1999, Escalada and
Heong, 2004, Fami e al., 20063

IN=120)

Suttftower (=60} Castor (n=60}

Total Seare Rank Total Score Rank
A. Personal cosmopolite
a. Professional sources
Assistamt Agricullural Olficer 370 7 410 55
Agricultural Officer 395 5 410 5.5
Assistant Direclor of Agricufture 264 . it 27 it
Agriculture Extension Officers of hanks 400 . 35 390 7
Researchers/Scientists 320 ! 1 520 2
KVK professionals 250 13 : 263 13
Officials of NGOs 255 12 685 !
Representatives of private input companias 325 9 270 tH
Media persormet 270 0 : 270 it
Field iripsdouts 380 o 360 8S
Figld days/campaigns/mectings 406 33 43¢ 4
Agricultural fairs/exhibitions 420 2 460 3
Training programmes ' 356 8 360 8.3
b. Para-professional sources
Demonstration farmers of nearby villages 375 2 355 2
Comtact farmers {Adarsha Rythu) of nearby villages 340 3 345 4
Panchayat leaders/well known progressive farmers 300 5 330 3
Office-bears of farmers’ organizasions a8 4 300 5
Self-help groups and members 265 6 265 6
Inpret dealers 430 1 S0 l
B. Persona) localite
a. Professional sources
Field days/ campaigns/ meetings in own village 360 ! 400 1
Agriculiural fairsi exhibidons in own village 345 2 300 3
Training programmes in own village 330 3 320 2
b. Pava-professional sources
FLD farmers of own village 560 [ 545 )
Coniact farmers { Adarsha Rytho} of own vitlage 435 2 4G5 2
Input dealers of own village 306 4 340 3
Local leaders 235 3 315 4
SHGs of own village 270 5 23 3
N ¢. Non-professional sources
Neighbours k 440 2 586 2
Friends 405 15 515 3
Fanub members 5458 1 70 t
Relatnies J05 35 4704 4
L. hmpersopal cosmopalite
Radio 263 ] 258 sl
Television {DD) 493 2 620 z
Private television channels 625 ) 670 {
Agricultural magazines 360 4 290 4
News paper 383 3 405 3
[eaflets/folders/notices 310 7 345 53
Booklets/bullering 295 8 330 73
Wall painungradvertiscments 335 6 345 5.3
Display boards/hoardings 340 N 330 7'5‘
Filim shaws 250 0 255 10.
Getting repuifar mobije advisory serviees 290 2 205 b2
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Table 2 Information processing (evaluation and storage) and dissemination methods
{N=1200
Sunflower (N=060) Castor (N=603
%y Rank %% Rank

I. Evaluation method

Weighing the merit of informalion on the light of past experience 92 2 98 1
Discussing the usefuloess of information with family members 96 1 96 2
Discussing the us¢filness of information with professional extension personnel 78 3 80 4
Discussing the information with para-professional extension personnel 74 4 86 3
Judging the information based on cuvironmental conditions, socio-econeric and technical feasibility and available 61 - 63 5
resources
Accepting the informatien as such 3 ) 0 6
IL. Storage method
Memorizing the information as such 98 i 100 1
Relating the new with oid idea for casy recalling . &8 3 gz
Conveying the information o farnily members asking them to remember 94 2 92 2
Maintaining the note books! diary 1o record the information 2Q 4 6 5
Preserving the printed literature and referring whenever needed 14 5 6
II1. Dissemination method
a, Interpersonal contact
Infortning to friends/ relatives/ neighbours 94 2 96 1.5
Dhiscassing with feftow fammers at farm premises 26 1 96 1.5
Replying phone calis 62 3 47 4
Replying/ communicating through fetters 4 7 0 7
Exchanging/ supplying lterature 14 5 & 5
Discussing with either professionals or para-professionals 46 4 82 3
Giving information through mabile $MS 6 6 2 .6
b. Group contact ]
Sharing expertence in freld days' campaigns’ exhibitions : 12 3 20 2.5
Sharing experience in group meetings/ training programmes 4 2 20 23
Through informal chats during social functions . ) 66 i R4 i
¢. Mass contact
Giving talks/ participation in radio programmes 6 2 10 1
Giving talks/ participation in programuncs of DD private channels 10 1 10 2
Writing for magazincs . 2 is 0 35
Writing for news papers 2 35 i) 35

Table 3 Relationship between communication behaviour of sunflower FLD farmers and their personal characteristics

IN=120)
Behaviour Porsemal Charactorisbes
rategory AGE £S LA NAP GOA GlA M} MSO K. AMR APV ABC NMM
Sunflower {n=60}
188 CLI8INS 0818 G I4TNS  GUSINS  0481* | 042]% 0542+ (1.350% OUINS D612 pIegH (LIEINS 0309w
I£B O04BNS  O430%  0.329NS  GIITNS  GORINS  O0SINS  O20INS  014ANS  00IINS  D27INS  020ONS  0.230NS  O.I5INS
it CIINNS A G NS RN (RS hoanse IR RELL (IR EURRIANCN (IR f13%* 0hRINS 1. 2Rp
OB SOUBSNS  OA3R™  UKMNS G OKINS 0341t G42IeT Qa3 p2I8NS GIINS 60370 DA QNS ol
B SOUSINS  0.654%%  QURINS  G.U4TNS  GATE*  G43d*r Q3407+ 0357 LDUSSNS 0.633% 0435%% 0RENS  0.408%*
Castor(n o0}
IsB SEIGANS  03560%% W0 i4ENS GO38NS  G.336*  0.258NS G.366%%  O0UTINS -D08SNS 0.524% 0,343*  D.DSRNS 0357+
lER S0023NS U370%F 0096NS  OO2ZINS  (T35NS  (LGIANS  (LITINS  -0L1ISNS  -0DISNS  0223INS 022INS DOA2NS  0.209NS
1sM BTI6NS  ¢448e*  00ZINS  00IINS  (.301*  OG.0RONS  GU6INS  Q090NS  O058NS  DI75NS -D0TINS  D270NS (HIRRNS
loa SG.065NS  0.483%  (.03SNS  (0SONS  (L372%%  G.425%%  (G.536%F  G.SNS  -0056NS  D.589%F  0.465%*  D.P9INS  (I3R2*x
B S0.TT6NS  0.585%  _0077INS  O.039NS  0.346% 0.247NS  G367*%  GIIONS  -H.065NS .51+ 0340%  D.0GSNS 0366+

J .
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Table 4 Factor contributing communication behaviour of FLI farmers

[N—12()
Behaviour calegory
Personal characteristic Sunflower (n=60) Castor {n 6th
ISB 1E£13 1SM 108 B 1SB 1EB 1SM 108 B
freteecemt 0.300NS (596NS 0.91INS DO2INS D37INS QO07INS 0.378NS DASINS D.EBOENS DOSONS
Age 0.438NS (L059NS (0L948NS 0.530NS 0.82INS 0124NS  0.020%  Q.86INS  0.045*  D.05INS
Educational status 0.034*  0.017* 0130NS (LI25NS 0.009%  0.013*  0.002*% 0011 0047+  0.002%*
Experience in agricylture 0.504NS  0.043*  DOIRNS 0.262NS DB4ONS 0 159NS 0.001%* 0.73INS 0.004%+  0.025*
Nature of agriculture participation 0.36INS (G9TENS U.629NS 0.740N5 G41INS (.900NS (.988NS (G.930NS (G.EIGNS 0.94INS
Gross cropped area 0.658NS  0.037% N298NS 0.144NS D425NS 0.0R3NS 0317NS 0.012*  0.953NS D.0TONS
Gross irrigated area 0.428N5 (L839NS 0.733NS 0.199NS 0.458NS 0528NS D469NS (LISINS (0L33RNS O464N5
Maonthly income 0.594NS (h672NS 0.788NS G.698NS 0.636NS 0.644NS  0.011* (Q.783INS 0.737NS 0.31INS
Membership in social/ credit marketing orpamzations 026TNS 0.666NS 0.304NS 0.665NS 0335NS 0.209NS 0.009** 0.418NS D176NS 0.073NS
Farhily labours (Noj O212NS O900NS .269N8 G.500NS 0.199NS G.ol6NS O434NS GL177NS 0.569NS §.435NS
Approximate monthly expenditure on mohile recharpe 0.100NS 0462NS 0441NS 0.33INS 0.093NS  0.039* 0.226NS (.105NS  0.031*  0.024*
Approximate monthly expenditure on petrol/ diesel vehicles 0787NS (.273NS 0.945NS 0.196NS 0.788NS 0. 116NS 0.23INS  0.004%* 0.398NS 0.244N5
Approsumate monthly expendinare on bus/ share-taxi charges 0.645NS  (.009** 0.697NS 0.836NS 0.284NS 0.146NS 0427NS 0.079NS 0.3T1{NS (314NS
Number of visits (o nearby village/ mandal/ wowny city 0.89INS 0.438NS D.E44NS 0.756NS 0.862NS 0,156NS 0.895NS 0.063NS 0.736NS 0.20INS

ES -Educational status; EA-Experience in agriculture; NAP=Nature of agriculture participation; GCA=Gross cropped area;

MSO=Mcmbership in socialf ¢credit/ marketing orpanizations; FL= Family labonr

GIA=Gross irrigated area; MI=Monthly income;

AMR--Approximate menthly expendilure on mobile recharge; APV Approximate monthly
expenditure on petrol’ diesel for vehicles; ABC= Approximate monthly expenditure on bus/ share-taxf cliarges: NMM =Number of visits to nearby villags’ mandal’ town/ city;
ISB=Information seeking behaviour, IEB=Information evaluation behaviour; ISM-= Information storage methods; LOB -Information output behaviour; CB=Communication behaviour;
*= Significant at 5% level of probability; **=Significant at 1% level of probability; N§ -Non-significant

Table 5 Strategic communication model to transfer sunflower/castor production technologies

Stakeholders involvedsstrategies District

Mandal

Village

Organizers ATMA, KVEK, NGOs

KVKs, NGOs

NGOs, contact farmers, mput dealers,
AAOs

Facilitators SAUs, Research institutes SMS of KVKs, NGOs and AOs SMS from NGOs, AAQs, FLD farmers
input dealers, progressive farmers
Beneficiaries FLD farmers, cortact farmers, FLD farmers, contact farmers, Castor/ sunflower growers
progressive farmers, SMS of KVKs  progressive farmers. /nput deaters
and NGOs, AOs/AAOs input dealers
Strategies Training programmaes Fairs/ exhibitions/ training programmes Campaigns, training programmes,

Overall strategy

FLDs ficld days

Financial empowerment; adequate administrative approval on priority basis, coordination of effosts; convergence with

government programmes and schemes with effective strategies for mass media publicity

Based on the communication behaviour of castor and
sunflower FLD growers, it has becn suggested that the
effective transfer of oilseed production technologies with
special reference to sunflower and castor needs a
multiprogned strategy at various levels {Table 5). At the
districtievel, Agriculiurnl Technology Management Agency
(ATMAY, Krishi Vigyan Kendra (KVKs) and NGOs may
take initiatives to collaborate with SAUs and research
institutes to organize training programmes on improved
castor and sunflower production technologies targeting
subject matter specialists (SMS} of KVKs and NGOs, FLD
farmers, contact farmers, progressive farmers, agricultural
and assistant agricultural officers (AOs/AAQSs)
agricultural department, input dealers, so that they can serve
as the sources of information at mandal and village levels.

J. Oilseeds Res., 29(1) . 77-83, June, 2012
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KVKs and NGOs sheir respective SMS, and AOs may
facilitate fairs/exhibitions/training programmes on improved
castor and suntlower production technologies for FLD
farmers, contact farmers, progressive farmers, /input dealers,
sa that they can serve as the sources of information at village
Jevels. Simutarly, NGOs, contact farmers, input dealers,
AAOs at village level may organize campaigns, 1aing
programmes, FLDs and respective ficld days through SMS
from NGOs, AAOs, input dealers, progressive farmers as
resource persons for the benefit of castor/sunflower growers.
For all these programumes to become ficld-level reality ther¢
is a nced for financial empowcrment; adeguate
administrative approval on priority basis: coordination of
efforts; convergence with government programmes and
schemes with effective strategies for mass media pubficity:
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Castor (Ricinus communis L.) frontline demonstrations in Jodhpar district of

Rajasthan : An impact study
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ABSTRACT

Jodhpur is one of the major castor growing districts in Rajasthan, One hundred and sixty ninc frontline
demonstrations {FLDs) were conducted by Regional Agricultural Research Station {RARS}, Mandor in Jodhpur
district of Rajasthan from [997-98 10 2006-07 to demonstrate the improved castor production technologies suitable
for eco-system. An attempt was made'to analyze the impact of the demonstrations in vertical and lateral spread of
the technologies and the resultant improvement in yield and income of the castor growers. Twenty-five FLD and the
corresponding non-FLI) castor growers were sclected through proportionate random sampling procedure. There was
no significant difference between the FLD and non-F LD farmers in their knowledge, adoption and yield levels. This
shows the impactof FLDs in lateral spread of the improved technologies of castor crop. The castor area of'the district
has increased by about five times and production by about six times during the period 2002-03 to 2006-07. The
FLDs had an overall expost-facto impact of 26% increase in yield and T12620/ha in net returns. The B:C ratio was
3.5 with improved technelogy is higher as compared to farmers practicc which was 2.8. There is a vast scope
available for increasing the yield levels of castor in the district and the reservoir was projected. Non-availability of
quality seeds is the major constraint for the castor growers of the study area. There is a need for intensive extension
efforts by department of agriculture, through constructive collaboration with Agricultural Research Station, Mandor,
Krishi Vigyan Kendras and local Non-Governmental Organizations to improve the yield and the production levels
of castor in Jodhpur district,

Keywords: Castor, Frontline demonstrations, Impact study

In India, castor (Ricinnus communis L) crop is grown in
an area of 8.7 lakh ha, with a production of 11.7 lakh t and
productivity of 1352 kg/ha (Damodaram and Hegde, 2010).
Gujarat, Andhra Pradesh and Rajasthan are the major castor
producing states. Castor in Rajasthan is mainly grown as sole
irrigated crop, in somc pockets as rainfed crop and
sporadically as border crop/ intercrop in the fields of chilly
as a shade crop. The districts namely Jalore, Sirohi, Barmer,
Jodhpur and Pali are important in their contribution to the
increase in area and production of castor in Rajasthan.
Development/identification of superior castor hybrids,
generation of production technology and dissemination of
improved technology through FLDs resulted in enhancement
of castor area, production and productivity in the last five
years (Anonymous, 2008). However, area, production and
productivity of castor in Rajasthan are fluctuating widely,
which could be understood from table 1.

One hundred and sixty nine FIDs were conducted in
Jodhpur district of Rajasthan from 1997-98 to 2006-07 to

demonstrate the improved castor production technologics

that arc suitable for that particular eco-system. The
concurrent impact of such demonstrations is given in table 2,
An attempt was made to analyze the impact of the

demonstrations in vertical and lateral spread of the
technologies and the resultant improvement in yield and
income of the castor growers, with the following objectives:
(a} to document the profile characteristics of castor growers;
(b) to assess the knowledge and adoption level of castor
growers in Jodhpur district of Rajasthan as an impact of
FLDs; © ro assess the impact of frontline demonstrations on
vicld and income obtained by the oilseed growers; (d) to
delineate the constraints encountered by the castor growers
in Jodhpur district of Rajasthan and (e} to suggest strategies
to improve the castor cultivation scenario in Rajasthan,

MATERIALS AND METHODS

Locale of the study: Jodhpur district of Rajasthan was
sclecied as the locale of the study area and Regional
Agricultural Rescarch Station (RARS), Mandor, conducted
the FLDs on castor, Geographically, Todhpur 1s situated i1
between 26 15'N to 26 45'N latitude and 73°E 10 77°2%9Lb
longitude in the west. Average annual rainfall ranges from
100 min in the western part to about 300 mm in the eastern
part. Maximum temperature in the month of June remains
around 40°C and minimwm temperature in the month of

'Principal Scientist, NAARM, Rajendranagar, Hyderabad-500 030, Andhra Pradesh

“Agricultural Research Station, Mandor, Rajasthan.

J. Oilseeds Res., 29(1) : 84-88, Junc, 2012

84



CASTOR FRONTLINE DEMONSTRATIONS IN JODHPUR DISTRICT

January is around 8°C. In general soil types are alkaline
loamy but free fromhazards of salinity. The fertility status of
the soil is poor for nitrogen (0.15 to 0.3 % organic carbon),
medium in phosphorous and high in potash availability.
Sampling design: The study villages were namely,
Sambadia, Khariamitapur and Umaidnagar where FLIs were
conducted during 2003-04 to 2005-06 and the corresponding
non-FLD castor growers were selected through proportionate
random sampling procedure. The final sample of the study
included 25 each FLIJ and non-FLD castor growers,

Data collection and statistical tools: A well-structured
interview schedule was utilized to collect the data from the
selected respondents with the help of the key mformants of
the respective villages and the scientific team from RARS,
Mandor. The collected data were analyzed using standard
statistical tools viz., mean standard deviation, pereentage and
t-test analyses. to have meaningful interpretation of the data.

RESULTS AND DISCUSSION

Profile characteristics of the respondents: Majority of the
FLD and non-FLD castor growers were middle aged (35 to
55 years). Majority the FLD castor growers werc illiterate to
middle school level cducated, whereas non-FLD castor
growers were illiterate (Table3.). The farming experience of
the FLD farmers was low to medium, whereas that of the
other category was medium. Both the FLD and non-FLD
castor growers had medium level of castor cultivation
experience. Majority of the FLD farmers werc possessing
semi-medium to medium size of farm holdings, whereas
majority the other category farmers had semi-medium size of
farm holdings, As far as the area under castor cultivation is
concerned, the FLD and non-FLD farmers were small and
marginal to small in nature.

Factors responsible for castor cultivation: Suitability of
the crop to the prevailing environment of the study area is the
foremost factor that contributed for the initiation and spread
of castor cultivation. There are other crops like mustard,
vegetables, bayra, etc., are grown n the study area and this
crop according to the respondents has less cost involved,
which is the second important factor that contributed for
* castor cultivation. Also. the damage due to pests and discases
is comparatively lower and that forms third important factor
that contributed for castor cultivation. Local availability of
market and processing facilitics for the castor seeds are the
turther impaortunt contributing factors that enhance the further
growth of castor cultivation in the study area. Availabilily of
credit facilities for borrowing loans for incurring the
cultivation cost and possibility of having castor based
cropping systems also the factors that contributed to the
castor cultivation in the study area,
Concurrent impact of the frontline demonstrations: A
total of 169 FLDs were conducted by the RARS, Mandor
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during the period of 1997-98 to 2006-07 on whole package
technology, improved hybrids, recommended dose of
fertihizers and plant protection measurcs. The impact of
whole package technology on the seed yicld increase was 22
and 26% under rainfed and irrigated situations, respectively,
with corresponding additional net returns of T 8746 and ¥
7436/ha. Similarly, the seed yicld increase was 26, 16 and
33% for improved hybrids (GCH-4 and RHC-1),
rccommended dose of fertilizers and plant protection
measures, with corresponding additional returns of’ T 4861,
5104, 572VVha, respectively (Table 2).

Expost-facto adoption behaviour of the respondents
{lateral spread of the technelogics): Majority of the FLD
and non-FLD castor growers were medium in knowledge and
adoption level of recommended castor cultivation practices
and the resultant yield level of their castor crop. FLI farmers
and non-FLD farmers were compared with respect 10 the
adoption, knowledge and yield levels by employing t-test.
The results indicated that there was no significant differcnce
between the FLD and non-FLD farmers in their knowledge,
adoption and yield levels. This shows the impact of FLDs in
lateral spread of the improved technologies of castor crop
(Table 4). The overall such impact is mamly dve to the faster
spread of the technologies in Khariamitapur and Umaidnagar
villages (Table 5).

Vertical growth of the erop: The vertical spread of castor
in Jodhpur district of Rajasthan could be visible very well
from Table 1. The castor area of the district increased by
about five and production by about six times {Table 1)
during the period 2002-03 to 2006-07. However, the overall
productivity of the district is a matter of concern and there is
a vast scope for further improvement of the same (Table 1).
Expost-facto impact of FLDs in yield and economics: It
could be understood from Table 5 that the sced yield
increase, as an impact of FLDs obtained by FLD farmers in
Khariamitapur was 25% more than that of the non-FLD
farmers and the additional net returns obtained by the tormer
was ¥ 12214/ ha. The B:C ratio was 3.5 and 2.8 for F1.D> and
non-FLID farmers, respectively. In Sambadia village also, the
sced yield increase obtained by the FLD farmers was to the
tune of 85%, with an additional net returns of ¥ 25280/ha.
Here, the B:C ratio was 3.1 and 1.7 for FLD and non-FLD)
farmers, respectively. Contrastingly, in Umaidnagar village,
the seed yield incrcase obtained was less than 1%, with
meager additional net returns of T 365/ha. The B:C ratio was
3.9 for both FLD and non-FLD farmers showing that the
Lueral spread of the technology was betier in Umaidnagar.
followed by Khanamitpur. This may be because reason that
the Umaidnagar and Khartiamitapur villages are located on
the main road and have casy approach for the development
personnel and researchers to visit there frequently and impart
the improved castor cultivation practices.

Constraints in castor cultivation: Non-availability of good
qualtity seeds, inadequate electricity supply for trrigation are
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the major constraints for the castor growers. Higher cost of
the labour and their unavailability, frost injury during the
mid-December to mid-January period and occurrence of
more male flowers in the genotypes grown arc some of the
constraints that follow the major constraints as felt hy the
respondents. Erratic rainfall pattern, fluctuation in the market
price, high cost of nputs and the poor quality of the
irrigation water are the next important constraints, Damage
due to sucking pests, termites and wild animals are the biotic
stresses that affect castor cultivation in the study area. Wilt
damage was also a concern in the study area apart from
extension constraints like unawareness towards improved
production technology, lack of sufficient subsidy
programmes and wider extension personnel, farmers ratio are
to be overcome to improve the castor caltivation in the study
arca.

Suggestions to improve the castor cultivation:

« The existing castor seed production and supply system
in the study area was not meeting the demands of castor
growers and farmers have to depend on the outside seed
supplying agencies. The hybrid RHC-1 developed at
Mandor need to be included in the seed supply chain.
There is wide scope for production of hybrid RHC-1 in

collaboration with the DOA, National seeds
corporationfNSC) and Rajasthan  State Seeds
Development Corporation (RSSDC) which cnsures the
timely supply of quality seed to the castor growers of the
area,

intensive training progrrammes need to be organized for
the farmers particularly on efficient water management,
castor production technology and hybrid seed production
by the scientists of RARS, Mandor in co-ordination with
DOA will greatly improve the knowledge level and
skills  of the farmers there by increasc in castor
cultivation area and productivity.

DOA should also take advantage of the expertise of
KVKs and other voluntary orgamzations for
disseminating  the improved castor production
technologies like integrated package for management of
insect pests and diseases, integrated nutrient management
and frost injury that affect castor crop. So that the
collaborative efforts will reduce the extension gap
between the farmers and cxtension personnel and better
dissemination of technologies.

Table | Castor area. production and productivity in Rajasthan and Jodhpur

Area Prockectian Productivity
Rajasthan Jodhpur Rajasthan Jodhpur Rajasthan Jodhpur
2002-03 26173 1792 21911 1018 837 368
2003-04 63633 4835 89846 3799 1412 786
2004-05 109717 9079 103782 7234 946 797
2005-06 127941 16187 101409 9045 793 559
2006-G7 78514 11892 104426 6812 1330 573

Table 2 Coneurrent impact of frontline demonstrations on castor in Jodhpur district of Rajasthan (1997-98 to 2006-07)

Mean seed yield

Cost of cultivation Giross returns

a . . ;

Technelogy Situation ;i‘;“:): {kg'ha) incrfaae (R/ha) (/ha) Ar:t(zllr:? BiC e

" L m vickd I P IT ep R

Whole package Irrigated 118 3239 25602 26 10974 9799 48903 38928 8740 45 4.0

Rainfed 15 3000 2453 22 17464 15607 51000 41707 7436 29 27

Hybrids [rrigated 27 2033 1609 26 8764 8022 28312 22709 4861 32 28

Fertilizer Irrigated 7 2759 2374 16 (1254 9685 38K 32145 Fio4d 34 33

Plant protection Irigated 2 2601 1952 33 10519 9171 28331 21263 5720 27 23
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Table 3 Distribution of respondents according to their socio-personal characteristics

Category

FLD farmers (%)

Non-FLD farmers {%6)

Age (years)

Young {<35)

Midgle (35 1o 55)

Oold (»53)

Educational status

1literate

Primary level (up to 5th STD)
Middle tevel (6-8th STD})
High level {(9-10TH ST
Secondary level {11-12th STD)
College level

Farming experience (years)
Low

Medium

High

Mean

SD

Castor cultivation experience (years)
Low

Medium

High

Mean

SD

Farm size

Marginal (< 1 ha)

Srnall {1-2 ha}

Semi-medium (2.01-5 ha}
Medium (5.01- 10 ha)

Large (> 10 ha)

Area under castor

Marginal {< | ha)

Small {1-2 ha)

Semi-medium (2.01-5 ha)
Medium (5.01- 10 ha}

Large (> 10 ha}

12.00
84.04)
4.00

32.00
12.00
8.00
28.00
12.00
.00

36.00
48.00
16.00
19.34
8.15

4.00
52.00
44,00

6.82

2.50

0.00
16.00
36.00)
48.00
0.00

20.00

52.00

28.00
0.00
0.00

16.00
80.00
4.00

36.00

2400
0.00
16.00
.00
4,00

20.00
6000
20.00

8.00
68.00
24.00

.00
8.00
60.00
24.00
3.00

16.00
44.00
40.00

0.00

0.00

Table 4 Distribution of respondents according to their adoption behaviour and yield

Category FLD farmers (%) Non-FLD farmers (%)
Knowledge level

Low §.00 20.00
Medium 76.00 64.00
High 16.(H) 16.00
Mean 17.44

SD 3.44

‘t" value 0.0079 NS

Adgption level

Low 8.00 36.00
Medium 72.00 40,00
High 20.00 24.00
Mean 31.56

SD 3.00

‘" value 0.2290 NS

Yield level

Low 0.00 A0.00
Medium 76.00 60.00
High 24.00 0.00
Mean 28.56

3D 8.99

I valye 64272 E-11 NS

J. Oilseeds Res., 29(1) : §4-88, June, 2012



Table 5 Impact of fronttine demonstrations in Jodhpur district

PADMAIAH £T AL,

Cost of cultivation

Ciross Telums

Vilage Mean sced yield (kg'ha} o4 increase in @/ha) Ztha) Additional net B:C Ratio
i yield returns {¥/ha)
FLD NFLD FLD NFLD FLD NFLD FL.D NFLD
Khariyamitapur 3389 2768 25 17393 17350 6l0G7 48750 12214 3.5 2.8
Sambadia 3060 1655 85 17617 17591 55088 29782 25280 31 1.7
Umaidnagar 3B46 3819 0.7 17950 17828 69225 68738 365 LR 3.9
Overal 3432 2727 26 17653 17590 61773 49090 12620 35 2.8
REFERENCES Damodaram T and fegde 3 M 2016, Qilseeds Sttuation-A

Anonymous 2008. Research Review Report {2002-03 jo 2006-07).
AICRP on Castor. Agricultural Research Station. Mandor,
Jodhpur, Rajasthan,
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Development of an efficient plant regeneration system
in groundnut (Arachis hypogaea L.)
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ABSTRACT

A simple, cfficient and reproducible regeneration protocol was developed for groundnut (Arachis hypogaea L)
cv. LGNI which become mandatory for genetic transformation studies. The explant embryonic axis was used for
in vitro regeneration of groundnut. The highest number of shoot regeneration (90%) was observed on MS basal
media fortificd with 1.0 mg/l BAP. The combination of 1.0 mg/l GA,, 0.1 mg/l BAP and 0.1 mg/1 NAA showed
good response for shoot clongation. Rooting was observed in elongared shoots in half MS basal medium
supplemented with 0.7 mg/l NAA and 0.5 mg/l kinetin with the highest frequency of root induction (70%). The well
grown rooted shoots were successfully hardened in plastic pot containing cocopit and subsequently transferred o
carthen pot containing sand, soil and FYM in 1:1:1 proportion in a green housc,

Key words: Embryonic axis, Groundnut, Plant regeneration, Transformation

The major breeding objective of the groundnut (Arachis
hypogaea L.} programme is to develop high yielding
varieties with distinguished features including earliness,
resistance to major pests, diseases, drought, salt and cold as
well as high protein and oil content. Conventional methods
were found inadequate for achicving these objectives and
improvement of this crop (Murthy and Reddy, 1993).
Gencetic improvement of groundnut through transgenic
development would able to sort out these shortcomings. The
most essential requircment for the production of transgenic
groundnut 1s the availability of simplest reproducible
regeneration protocol. The ir vitro culture in groundnut have

~ been carried out by scveral researchers, especially Maria and
- Alberto (2000), Palanivel and Jayabalan (2000), Matand and
O kash {2007}, Shan er /. (2009} and Alam and Khaleque

f in vitro rcgeneration (37-91.5%) and varied from
enotype to genotypes.

Hence, present study was initiated to develop simple,
fficient protocol of groundnut regeneration via direct
Tganogenesis which is a prerequisite for transformation
tudies.

Seeds of groundnut (Arachis hypogaea 1) cv. LGNI
vere of Ciined  from Oilsced  Rescarch Station. Latur,
Aarathwada Krishi Vidyapeeth, Parbhani, India. Seeds were
bitially rinsed in a solution of Tween 20 for 5 min followed
'y three times rinsing with sterile distilled water; further
tmoved the traces of detergent. Secds were subjected to
urface sterilization by 70% ethanol (v/v) for 5 min, followed

2 . .
E-mail: richavhangagmail.com
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by 0.01-0.1% mercuric chloride treatment for 5 min.
Subscquently the seeds were rinsed three times in sterilc
distilled water. The sceds were inoculated in a tube
containing half M basal medium, kept in dark condition for
2-3 days for germination, The germinated seedlings of 2-3cm
height were used for explant preparation. The cmbryo was
aseptically extracted by removing shoot apex and roet pole
carcfully. It has been referred as mature embryonic axes and
used as explant for regeneration of groundnut. The mature
embryonic axes was cultured on full strength MS medium
{Murashige and Skoog, 1962) supplemented with growth
regulator BAP (0,5-3.0 mg/l) alone or in combination with
IAA (0.5 mg/l) and 3% sucrose, gelled with 0.8 % agar agar
for standardization of regeneration medium (SIM1-SIM10)
for shoot inittation (Table 1}. The control set was maintained
with devoid of any plant growth regulator. The pH of media
was adjusted to 5.8 and autoclaved at 121°C for 20 min. The
cultures were incubated at 25  2°C for a 16 hr photoperiod
of 80 pE/m’/s' light intensity. Each treatment of | ( cxplants
were used for initiation of shoot and repeated twice, to
maintain the accuracy of experiment. Data of regencrated
shoot were exploited to calculate regencration percentage of
cultures for each treatment.

The regenceraled shoots were then transterred on shoot
elongation medium. The various concentration of GA,
(0.5-2.0mg/1}, BAP(0.1-0.5 mg/ 1 and NAA (0. 1-0.5 mg/ 1)
with MS basal medium were tested to standardize the best
combination for shoot elongation medium (SEM).
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The elongated shoots were transferred on to root
induction medium (RIM) containing half strength basal MS
medium supplemented with various concentrations of LAA or
NAA (0.5-1.0 mel/1) and kinetin (0.5 mgl/1) (Table 23.

The rooted plantiets were transferred on primary
hardening medium comprising sterile Cocopit treated with
Bavistin  (0.1%) for acclimatization and survival of
completely developed plantlets. These well established
plantlets were subsequently transferred to the secondary
hardening medium comprising sand, soil, and FYM in
propartion of 1:1:1 at greenhouse.

The present study reveals a sitaple protocol for i vitro

regeneration of groundnut cv. LGN 1,
Shoot injtiation and efongation: Shoot initiation was
observed on MS basal medium supplemented with varying
levels of BAP alone or in combination with IAA. Maximum
shoot initiation from mature embryonic axes was ohserved in
SIM2 medium comprising 1.0 mg/l BAP alone or in
combinatipn with 0.5 mg/} JAA (Table 1) within 3 weeks of
inoculation {Fig.1).

The medium SIMZ gave 90% regeneration response from
embryonic axes of groundnut while medium  SIM7
comprising (1.5 mg/l TAA gave 80% regencration responsc,
These results were found i contrast with the carlier reports
stating that NAA (0-2.69 uM) is needed for shoot initiation
by using various explants (Shan et al., 2009; Alam and
Khaleque, 2010), Maria and Alberto (2000) reported that
shoot bud induction was observed on M3 medium
supplemented with BAP (5.0 mg/1) in peanut whereas (Alam
and Khaleque, 2010) reported that among different growth
hormone BAP (2.0-2.5 mg/l) was found merc suitable for
regeneration compare to 2,4-D and NAA. This indicates that
the effect of growth regulators depend not only on applied
concentrations but also on their interaction and 1t is varied
from genotype to genotype. Also the higher concentration of
BAP was found inhibitory tor shoot elongation{ Verma et al .,
2009). The present investigation described low levels of
BAP (1.0 mgl/1) found suitable for induction of shoot bud in
groundnut cv. LGN

Table | Comparative study of effect of various concentrations of BAP alone and in combination with
0.5 mg/ HAA on shoot initiation of genotype LGN

Growth regulator mg/] No. ot explants

No. of explants respond 10 shoot

Explanis forming shoots Days of shoot

Medium BAP [AA cultured induction (%) induction
SiM 1 0.5 - 10 6 60 9-140
SiM 2 1.0 - 1¢ 9 90 9-10
SIM 3 1.5 - 10 5 50 [1-12
SIM 4 2.0 - 10 5 50 11-12
SIM 3 2.3 - 10 3 30 11-13
SIM 6 3.0 -~ 1G 2 20 13-15
SIM 7 1.0 0.3 10 8 80 12-13
SiM § 1.5 0.5 10 6 60 12418
SIMY 2.0 0.5 10 4 40 i2-15
SIM10 2.5 0.5 19 2 20 12-15

Table 2 Percentage of root induction from regenerated groundnut shoots on MS media supplemented with different concentrations of
IBA and NAA in combination with 0.5 mg/l KIN

Growth regulasor

No. of explants respond to root

Explants forming roots

Medium SAA PN induction (%) Days of rooting
RIM | 0.3 0.5 3 50 15-20
RiM 2 0.7 0.5 7 70 10-15
Rin 3 1.0 0.3 4 40 20-25

IBA KN
RiM 4 0.5 0.5 5 K 1> .
RimM 5 t.0 0.5 3 30 16-22

Shoot clongations of regenerated groundnut plants were
observed on MS medium fortified with combination of
growth regulators GA; (2.0 mg/1), BAP (0.1 mg/1), NAA
(0.1 mg/1). Many reseatchers have utilized GA, for
elongation of shoot buds (Shan et al., 2009; Elavazhagan et
al., 2009). Elongation of shoots was observed on shoot
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elongation medium within threc weeks of subeulture (F ig.Zz
Root induction: The root induction medium-RIM <
comptising haif MS medium supplemented with NAA (0.
mg/1) and kinetin (0.5 mg/1) has shown quick and goo<
response for root induction. Roots were emerged from the
cut ends of the shoots in all cultures within 15-20 days (F18






