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Genetlc improvement in Spanish type groundnut Arachis hypogaea L.

varieties in India over the years
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Abstract

Groundnut area in India has increased gradually from
2 & m.ha in the early 1930s to nearly 8.0 m.ha in the
early 1990s and tha production from 2.5 m. tonnes to
around 7.5 m. tonnes duwring the same period. Though
a number of niche-specific varieties have been
released coupled with development of suitable
improved production technologies, the improvement
in average productivity is not quite visible. in order to
assess the genetic improvement in Spanish type
groundnut varieties, which occupy more than 50% of
groundnut area in India, a field study was conducted
for two seasons under irrigated conditions using 4%
varieties released during 1905-2002, and the
increments in pod and kernel yields and component
traits over the years were studied. An annual increase
of 9.4 kg/ha in pod yield and 6.2 kg/ha in kernel yield
was observed. The {rend in improvement was greater
with 241 kg/ha pod yield increase when the pod yield
in the best variety released during each decade of
development was analysed. The enhanced pod yield
has resulted mainly from improvement in number of
podsiplant, pod and seed weight. Improvement in
shelling and sound mature kernel percentage was not
significant. Availability of sufficient variability in the
germplasm for quality traits, pest resistance, drought
tolerance, etc., should enable the breeders to
incorporate these traits into breeding programmes
and develop varieties endowed with higher yield
potential in future,

Key words: Arachis hypogaea, genetic improvement,
Spanish groundnut

Introduction

Groundnut {Arachis hypogaea L) is one of the most
important oilseed crops in India, occupying and
contributing nearly 30% of the total area and production of
oilseeds in the country. India stands first in terms of area
(7.5 mha) among mare than 100 countries where
groundnut is grown, with a share of around 20% (7.8 m.
tonnes) in the world production, next only to China (FAQ,

2007). The productivity leve! of groundnut in India is far
below the world average of 1400 kg/ha mainty because it
is predominantly grown as a rainfed crop (80% of the total
acreage) under various bictic and abiotic constraints that
limit crop vield.

It is believed that groundnut was introduced into india in
the first half of 16" century by the Spaniards (Krapovickas,
1968). Purposeful introduction of improved varieties of
groundnut in India was made towards the end of 19"
century. In 1884, the Mauritius variety was introduced to
Pondicherry and Madras from Mauritius. During 1901-02,
the Bombay Department of Agriculture introduced
Pondicherry groundnut Mauritius from Madras, Spanish
and Virginia from America, and Small Japan and Large
Japan from Japan. New introductions fared better than the
local cultivars and the area under cultivation began to
increase rapidly. Three of these cultivars gradually spread
over the various parts of the country with variant names
viz., Peanuts, Spanish Peanuts (variants of Spanish),
Coromandal, Mauritius, Mozambique (variants of
Mauritius), and Bold (variant of Big Japan)} and formed the
basis for groundnut improvement and research in India
{Seshadri, 1962). The first improved variety, Spanish
improved, a pure-iine selection from Spanish groundnut,
was released in 1905 from Dharwad of Karnataka State.
From 1806 to 1860, nearly 16 varieties were released thai
were developed either through mass-selection or pure-line
selection from the local and intreduced varieties. A special
umbrelta project, All India Coordinated Research Project
on Qilseeds (AICORPQ) was established during 1967 to
address the research needs of improving the production
and productivity of nine vilseed crops including groundnut.
Special emphasis on groundnut research was laid with the
establishment of the National Research Centre for
Groundnut (NRCG) in 1978 at Junagadh, Gujarat.
Groundnutimprovement was further strengthened through
a mission mode approach with the launching of
Technological Mission on Qilseeds (TMOP) in May 1986.
Groundnut was detineated from the AICORPO and was
given a separate project status as'All India Coordinated
Research Project on Groundnut' during 1992. Increased
momentum  in groundnut  varietal development
programmes has resulted in the release of more than 130

.
Directorate of Sorghum Research, Rajendranagar, Hyderabad-500 030, Andhra Pradesh.
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groundnut varieties belonging to different habit groups. At
present, the Spanish type groundnut occupies more than
50% of the groundnut area in India. The main Spanish
type groundnut growing states are Andhra Pradesh,
Karnataka, Maharashtra and Tamil Nadu. in the present
paper, an attempt has been made to highlight the genetic
improvement achieved over the years in yield and related
traits in Spanish type groundnut varieties developed in
India since the release of the first improved variety,
Spanish Improved.

Materials and methods

Figld evaluation of 49 Spanish type varieties (Table 1) was
conducted at the National Research Centre for Groundnut
(presently Directorate of Groundnut Research), Junagadh
(70.36°E longitude and 21.31°N latitude, 60 m above
MSL) in the summer seasons of 2002 and 2004 under
assured irrigation and management. The evaluation trial
was laid out in a Completely Randemised Block Design
with three replications.

Table 1 Name, pedigree, origin, year of release and mean performance of 49 Spanish groundnut varieties

Yearof _Mean performance (kg/ha)

Name Padigree Place of arigin release Fod Ketnel
Sp. lmproved Selection from Spanish Peanut Dharwad 1405 904 574
AK 12-24 Selection from a local variety Akola 1940 1034 728
TV 2 Mass Selection from Gudhitham Burnch Tindivanam 1840 1047 693
J 1 Ah 4218 x Ah 4354 Junagadh 1964 11219 795
SB X| Ah 4218 x Ah 4354 Jalgacn 1965 1184 789
TMV 7 Selection from Tenesse White Tindivanam " 1667 794 490
S 206 Selection from Manvi Local Raichur b 1969 1068 §60
Jyothi Selection from Exotic 7 Khargone ) 1971 1200 733
DH 3-30 Spanish Improved x US 4 Dharwad : 1975 757 417
MH 1 Selection from Faizpur 1-5 Hissar 1975 888 551
JU 24 Selection from £C 94943 Jalgaen 1978 6820 378
TMV 12 Pure line selection from Ugandan culture Tindivanam 1973 1124 730
Co 1 Ah 6279 x TMV 3 Coimbatore 1979 1061 720
Kisan Spanish lmproved x 8 31 Chiplirma 1980 1114 737
KRG 1 Selection from Argentina Raichur 1981 1138 743
TG 17 Oark Green Mutant x TG 1 Trombay 1982 1040 644
co2 EMS mufant of Pollachi 1 Coimbatore 1983 1128 o7
GG 2 J 11 xEC 16659 Junagadh 1983 1654 1112
Jawan - J 11 x Asiriya Mwitunde Chiplima 1983 1011 645
DH 8 Selection from RS 144 Dharwad 1584 843 518
TG 3 Mutant of Spanish improved Trombay 1985 1146 713
ICGS 1 Selection frem Rebut 3341 Hyderabad 1886 1242 803
56 84 ' Selection from ICGS 1 Ludhiana 1986 1397 885
Gimnar 1 : X 14-4-8-19-B x NCAcC 17080 Junagadh 1988 1676 981
ICGS 44 Selection from Robut 33-1 Hyderabad 1988 1498 923
VRi 2 JL24xCO 2 Vriddhachalam 1988 980 606
RG 141 Rebut 33-1 x NCAc 2821 Durgapura 1989 1344 1248
Tirupati 1 Selection from £C 106983/3-1 Tirupati 1689 1320 929
ICG (FDRS) 10 Al 65 x NCAc17080 Hyderabad 1990 1238 695
ICGS 1 Selection from Robut 33-1 Hyderabad 1990 1326 911
YRI3 411 x Robut 331 Vriddhachalam 1880 1308 914
GG 3 GAUG 1 x UL 24 Junagadh 1991 1143 783
ICGV 86530 X 14-4-B-19-B x P1259747 Hyderabad 1991 1499 884
TAG 24 . TGS 2 (TG 18 x M1 xTGE 1 Trombay 1491 2335 1564
Tirupati 2 GAUG 1 x NCACFLA-14 Tisupat 1991 1337 928
TG 22 Rebut 33-1 x TG-17 Trombay 1992 1528 987
GG 4 CGC 3 x Chico Junagadn 19983 1622 1081
K 134 Kadiri 3 x JL 24 Kadiri 1993 1772 1156
TKG 194 TGI1TXxTG 1 Trombay 1993 1112 703
TG 26 BARCG 1 x TG 22 Tromtay 1895 1703 4104
Tirupati 4 JU 24 x Ak 316/5 Tirupati 1995 1027 654
GG 5 2751 xJL 24 Junagadh 1996 1219 BO7
ALR 2 Selection from iICGV 86011 Aliyarnagar 1997 1418 g79
Kadiri 4 Dh 3-30 x NCAc 2230 Kadiri 1997 1807 1237
R 9251 JL24 x TG 23 Raichur 1997 1562 1048
GG6 CGC 3 x FESR-5-P6-B1-81 Junagadh 1999 1561 1106
JL 220 JLBO X VG 77 Jalgaon 1999 1190 737
GG 7 5206 x FESR 8 Junagadh 2001 1917 1250
AK 159 JL 24 x CGC 4018 Akola 2002 1487 916
CD (P=0.05) 631 429
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Individual plots were two rows, 3 m long and 90 cm wide
with a row-to-row distance of 45 cm. Plant-to-plant
distance of 10 cm was maintained wntfm a row. The sail
type of experimental site was medium bla_ck and
calcareous. The varieties were grown following the
recommended production practices (25 kg N/ha anq 50kg
P,0/ha as basal dose) for the Saurashtra region of
Gujarat. At maturity, 10 plants were selected at random
from each replication and observations on pod and kernel
yields and related traits were recorded. Pod yield was also
recorded on net plot basis and expressed in kg/ha.
Observations on shelling outturn, 100-nod weight (HPW),
100-seed weight (HSW) and sound mature kerne! (SMK)
percentage were recorded from the bulk of the randomly
selected plants in each variety and replication,

Statistical analysis: Analyses of variance were conducted
for each season and over the seasons. The mean values
for different traits of the varieties grouped according to
decade of release were plotted to obtain the general trend
over the years. Linear regressions of pod yield of 49
varieties and that of the best variety for each decade were
warked out to determine the trends in yield and value
attributable to geneticimprovement. Yield advantage inthe
best variety of each decade over a high yielding variety
released prior to 1960 was calculated. Genetic
improvement in yield component traits over the years was
also calculated.

Results and discussion

Analysis of variance indicated significant differences
among the varieties for all the traits studied. The means of

the 49 varieties for pod and kernel yields are shown in
Table 1. Variety TAG 24 released in the year 1991
recorded the highest pod and kerne! yields, while TKG 194
had the highest 100-seed weight of 49.4 g. The shelling
outturn was the highest in GG 6 (71%), and so was the
recovery of sound mature kernels (92%). The varigties
were grouped into six classes based on the year of release
viz., varieties released before 1960 (<1960), between
1961-1970, between 1971-1980, between 1881-1990,
between 1991-2000 and varieties released after 2001
(»2001) (Table 2). The general trend over the years for
pod and kemel yields, nod weight, seed weight, shelling
outturn and recovery of SMK are depicted in Fig. 1. All
the traits except shelling outturn exhibited a general
increasing trend. In the case of sheliing outturn, there was
a slight declining trend over the decades as shelling is a
complex trait that varies depending upon solil, climate and
genetic factors. The pod and kemel yields showed a
steady increasing trend starting from the early 1980s when
the breeding emphasis was focused an sefection fram
exotic germplasm, incorporation of potential germplasm
into the locally adapted genotypes, and generation of
variability through hybridisation followed by yield based
selections. The release of improved varieties during this
decade also led to added productian of groundnut in the
faliowing decade. As the present study included varieties
released for different agro-climatic zones of India, results
from a multi-location evaluation trial in Spanish growing
areas, instead of a single location trial, would have been
more interesting and informative.

Table 2 Mean performance of 49 Spanish groundnut varieties grouped according to year of release

Year of release Pod yield (kg;’_ha) Kernel yield 1Q0—pod 1OQ—seed Shefling  Sound mature
Mean Highest tkgihay weight {q) weight {q) autturn (%} kernels (%}
Before 1580 995 1047 (TMV 2) 665 73.1 326 667 85.5
1961-1970 1042 1184 (8B X 8683 74.5 333 64.4 832
1971-1980 966 1200 (Jyothi) 605 72.2 31.3 62.6 834
1981-1990 1254 1844 (RG 141) 800 81.5 35.0 63.9 86.0
1991-2000 1480 2335 (TAG 24) 985 258 376 6.0 873
After 2001 1702 1917 {GG T 1083 378 36.4 63.6 89.1

The best variety in terms of yield performance, released
prior to 1960 was TMV 2 with a mean pod yield of 1047
kgiha. The best variety released between 1961 and 1970
was found to be SB XI while for the next decade it was
Jyothi. RG 141 and TAG 24 were the best varieties
released during 1981-90 and 1991-2000, respectively.
Only twa varieties released after 2000 were used in the
Study and GG 7 was found to be the best. The percentage
'mprovement in yield of the best variety released during
each decade over TMV 2, released in 1940, was
calculated. The pod yield superiority in SB XI, Jyothj and
RG 141 was to the tune of 13%, 15% and 76%,
respectively. The highest ytelder TAG 24, released in
1991, recorded more than $00% improvement aver TMV
2 with nearly 123% pod yield advantage. TAG 24, a
cor'npac_;t and dwarf plant type has high harvest index due
toits high partitioning ability (Badigannavar et a, 2002)

and water-use efficiency. Duncan ef a/. (1978) had also
reported that in order to improve groundnut yield in future
genotypes having higher partitioning efficiency should be
devetoped. Out of two varieties released after 2000, GG 7
recorded pod yield advantage of 83% over TMV 2. Many
high yielding varieties have been released in the recent
years after the release of GG 7 and study of superiority in
these would give a beiter picture of improvement made
during the current decade.

Genetic gains were estimated between 1.3 to 3.2% per
year under rainfed cultivation in India (Nigam ef al,, 1994).
Improved yield levels through concerted breeding efforts
in groundnut have also been reported elsewhere. Duncan
et al. (1978) reported significant improvement in runner
cultivars in Florida since the start of the breeding
programmes in 1928 They reponted as much as 100%
vield increase dueto cultivar changes when comparing the
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first cultivar released to the latest release. Wynne and
Gregory (1981) reported yield increases of 3, 12 and 18%
when comparing an improved variety released during the
1850s, 1960s, and 1970s, respectively, to a land race (NC
4) grown in North Carolina. Mozingo et al (1987)
undertook a study to determine the genetic improvement
in yield, market grade, and value of large-seeded Virginia
groundnut cultivars released since the establishment of
breeding programmes in the Virginia-North Carolina
production area. The highest yielding cultivar developed
during the 1850s, 1960s, and 1970s had an average yield
increase of 3.4, 10.2, and 18.5%, respectively, over the
standard, NC 4. They opined that the cultivars released
during the 1980s could not surpass the cultivar with the
highest yield developed during the 1970s because of the
emphasis placed on pest resistance and quality
acceptance during the 1970s,

Plotting pod yields of the 49 varieties vs. year released
(Fig. 2) showed an upward trend. Linear ® = 0.483, P
<0.01) regression calculated was highly significant with a
9.4 kg/ha yearly increase in pod yield. Plotting the kernet
yield against year of release also gave highly significant
regression ® = 0.453, P <0.01) with an annual increase of
6.2 kg/ha. By plotting the pod yields of the best variety
released for each decade of development {Fig. 3), the
trend in improvement was greater with a 24.1 kg/ha yearly
increase ® = 0.873, P < 0.05). This improvement should
be more representative of the genetic improvement
accomplished as each of the variety used in the analysis
represents the variety with the highest yield potential for
that decade. Comparing the best yielder for each decade
with the land race NC 4, Mozingo et al. {1987} reported
that the genetic improvement had accounted for yearly
yield increase of 14.7 kg/ha in the Virginia-North Carolina
groundnut production area. The genetic improvement
achieved in the Spanish type groundnut cultivars in India
thus appears more promising.

The genetic improvement achieved for pod and kernef
yields must have come through active breeding efforts
aimed at improving one or more of the yield components.
From the trends depicted in Fig. 1 one can make out that
the average HPW and HSW of varieties released in the
mid-1980s recorded a steady jump compared to the
previous decade. The shelling outturn remained almost
constant during this period but showed a slight increase
and declined subsequently. Manivel et al. (2000) attributed
HSW to be one of the important factors that contributed to
the yield improvement in Indian groundnut varieties and
indicated that shelling percentage is a fess stable yield
component as it showed year-to-year variation. Apart fram
pod and seed weight the number of pods/plant as well as
pod vield/plant could also be a major factor deciding the
gain in yield potential of the varieties. Phenotypic selection
praclised by the breeders in the segregating generations
place greater emphasis on the number of pods/plant with
uniform maturity foliowed by the pod size and pod

characteristics like shape, reticulation, constriction etc.

tn arder to examine the genetic improvement in yield
related raits like pod number, pod weight, etc., the mean
values of the varieties for these traits were plotted against
the year of release. The pod yield per plant showed a very
strong finear regression ® = 0,505, P < 0.01). The linear
regression of number of pods/plant (Fig. 4) was significant
& = (0.367, P < 0.01) indicating the genetic gain that has
occurred over the years from this trait has contributed
towards enhanced pod yields. Incorporation of important
germplasm like EC 94943, Ah 6279, EC 16659, Asiriya
Mwitunde, Robut 33-1, NCAc 17090, etc., in the breeding
pragrammes during 1970s and 1980s had centributed in
development of variaties with high yield potential than the
existing cultivars (Basu and Reddy, 1987). Breeding
techniques like mutation has also paid rich dividends in
groundnut in modifying the plant architecture like reducing
the plant height, enhancing the number of pods. etc.
Varieties, TAG 24 and TG 26, developed through
mutagenesis followed by recombination breeding at the
Bhabha Atomic Research Centre (BARC), Trombay,
recorded the highest number of pods/plant, and TAG 24
eventually had the highest pod yield alse among the
varieties studied. Both TAG 24 and TG 26 are early
maturing, semi-dwarf varieties with high pod growth rate,
high harvest index and greater parditioning efficiency
(Badigannavar et al, 2002). A rapid expansion
phenophase, a short podding phenophase, a long filling
phenophase and a high partitioning of assimilates to pods
were considered to be the physiological criteria
responsible for higher yields by Mc Cloud ef al. {1980).
Varieties TAG 24 and TG 26, with high yield potential
nearly satisfy these criteria and thus substantiate Mc
Cloud et al. (1980Q) conclusions.

It is believed that varictal improvement in mos{ peanut
grawing states in india was brought about through
progressive improvement in pod size especially up to
1980s (Reddy, 1988). For example, among the Spanish
varieties, the pod weight increased from 72 g in AK 12-24
{1940)to 75 g in SB X{ (1965), 119 g in JL 24 (1978) and
120gin TG 17 (1982} in Maharashtra: from 77 g in S 206
(1969) to 88 gin Dh 3-30 (1975) in Karnataka and from 76
gin TMV 2 (1940) to 91 g in TMV 7 (1967) and 92 g in
TMV 9 (1970) in Tamil Nadu. tn the present study, genetic
improvement in pod and seed weight was also warked out
through plotting the mean values vs. year of release. The
HPW showed significant improvement ® = 0.3, P < 0.05)
over the years (Fig. 5). However, the magnitude of annual
gain was only marginal. The genetic gain in seed weight
(Fig. 6) was also significant ® = 0.288, P < 0.05), but with
only a marginal gain over the years. Limited availability of
sufficient variability for pod and seed size among the
Spanish germpiasm collection could be one of the reasons
in non-realisation of highly significant improvements for
these traits through conventional breeding approaches,
whereas Virginia germplasm holds more promise for pod
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and seed size improvements. Moreover, the yietd per se
was the prime consideration by the breeders and not pod
qumber or increased pod or seed size in isolation.
physical mutagenesis at the BARC has resulted in
d evelopment of a number of mutant lines with enhanced
od and seed weight (Murthy et al., 2004). Mutation and
ecombination breeding at the BARC succeeded in
r veloping ceveral large-seeded genatypes of which TG1,
?’T(G 19A and Somnath (TGS 1) were released for
Jltivation in india (Kale et ai., 2000). In the present study,
iKG 194, and TG 22- anothes cioss defivative developed
t the BARC recorded high HSW (49.4 g and 454 ¢,
a spectively). Other mutant lines with large pod and seed
ree regularly being used in the groundnut improvement
aiogra mmes aimed at developing large-seeded groundnut
arieties. [n the year 2004 a new confectionery and
rge-seeded groundnut variety, TPG 41, was released for
fommercial cultivation (Kale ef &/, 2004).

he quality gharacters on which emphasis is laid in the
srietal develapment in India are shelling percentage and
i{ content because they directly influence the oit yield per
Onit area. High shelling lines like Ah 7148, C 246, C 156,
gC 24425 and EC 24444 were included as donor parents
” " the hybridization programmes faunched under
i 1CORPO groundnut centres (Reddy, 1988}. In spite of
nhanced emphasis on improving the shelling outturn and
ser quality attributes like SMK over the years, the
O ovement in these traits were not appreciable as
lmv,%enced in the present study. Though a shight
© aovement in shelling outturn was obsered in the
coundnut varieties released over the years (Basu and
athnakumar, 2004}, int the 48 Spanish varieties studied
are the shelling outturn remained nearly constant over
years. The regression calculated was non-significant
the 0.051, P =0.73). fn case of SMK percentage also the
ression indicated non-significant @ = 0.217, P = 0.134)
r grovement. This may be due to applying high selection
gssure on number of pods than the seed weight alone.
50, it can be hypothesized that as the Spanish types, in
peral, are determinate in growth habit with nearly
iform maturity, significant improvementin SMK could not
ized through conventional breeding approaches.

=

0
pe read!
jimitation often greundnuf breeders put forth to increase
oundnut productivity is the availability of relatively low
netic variability inthe germplasm commeonly used in the
eeediﬂ g programmes. However, very littie of the large
netic variability inthe germplasm accessions has been
3.“2 ed in  crop improvement programmes. The
! mational Crops Research Institute for the Semi-Arid
pics (ICRISAT) holds in trust in excess of 15000
0 gssions of cultivated groundnut but very few have been
a ':‘d in the improvement programme (Upadhyaya et al.,
u 33) suggesting that most groundnut cultivars have a
20 narrow genetic base. Though there are examples
ueﬁ’f ¢ plant breeders have effectively exploited the exotic
¥ h:r'tp'a sm forincorporation of disease resistance or other
[ !

single gene controfled traits (Staiker, 1980), use of exotig
germplasm in improvement of quantitative traits is rare.
Halward and Wynne (1991) opined that groundnut
improvement programmes aimed at rapid cultivar
development rely mostly on established cultivars and elite
breeding lines in developing breeding matenals, rather
than using exotic germplasm. With the availability of
information on core collection or mini-core collection that
captures most of the variability in the germplasm
(Upadhyaya et al., 2002; Upadhyaya, 2003) groundnut
breeders should be able 1o incorporate more germplasm
accessions in breeding programmes in future.

To conclude, resulis from the study show that progress
has been made in genetic improvement of the Spanish
type groundnut since organized breeding programmes
began in India. As Spanish type varieties contribute mare
than 50% of the total groundnut production of the country
the genetic improvement gained in yield potential is really
a commendable achievement for the groundnut breeders.
The atterations in plant architecture with reduced height,
erect growth habit, more number of pods, ete., are the
main landmarks in the Spanish groundnut improvement.
Progress in improvement of other characteristics like
quality, shelling outturn, pest resistance, drought
tolerance, etc., should be more focused in the breeding
programmes in future in order to further consolidate the
yield gains in groundnut. Utilization of large genetic
variability contained in the germplasm accessions has to
be given priority. The farmers' preference for erect,
spreading or semi-spreading habit type waould atso decide
the magnitude of emphasis to be placed in the
improvement of Spanish type groundnut.
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Genetic variation and trait relationships in summer groundnut, Arachis

hypogaea L.
H.R. Met2 and B.A. Monpara'

Deparime"t

(Rec

phstract ,
Fifty elite genctypes of hunch groundnut, Arachis
i

aca (L) were evaluated in summer season to
hYPDche extent of genetic variability, nature and
k!’IOW.t de of association among the yietd traits and
magn! -uect and indirect effects on pod yield. High
their ¢I1:r,de of GCV and PCV for pods/plant, kernel
njagm‘t'unt and pod yield/plant indicated large extent
yield/p atic variability for these traits in the material.
of gene ritability was accompanied by high genetic
High he for plant height and 100 pod weight,
advance moderate heritability was associated with
w.hereasétic advance and high GCV for pods per plant
high ge':nel yieldiplant, indicating involvement of
and %€ ene actian for these traits. Pod yietd/plant
addntweegd high genetic advance with low heritability,
express its high magnitude of GCV suggested the
howeve?pod yield improvement. Pod yield/plant was
scopeloted strongly and positively with kernel
a-ssomf at, podsiplant, shelling outturn and oil
yneidip:‘bu’t its correlation was significantly negative
°‘,’"te?m pod weight, days to 50% flowering and days
with 1 rity. Podsiptant manifested maximum direct
to sl ards pod yield/plant followed by 100 pod
effe.ect-‘; nd 100 kernel weights. Pods/plant and kernel
V‘fe'gh |ant also contributed major share to pod
y!e!dlplant indirectly through other traits. Thus,
yleldn’p]ant and kernel vyield/plant would be the
pods/p ‘:‘ L componenttraits of pod yield and should be
im:z:izred as selection criteria for enhancing yiefd in
to

summer groundnut.

- Arachis hypogaea, variability, correlation,
Key words: path effects

[ntroduction

_ndnut (Arachis hypogaea L) is one of the most
+ oilseed crops, commercially popular due to its
- ality of edible ofl and protein. It has a wide
supernor qdaptabilit}’ in varying agro-climatic conditions
range 9f aAmong the groundnut growing states, Gujarat
andk?#it in productien and second in area in the country.
ran

The gro
jmportaﬂ
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In Gujarat, summer groundnut (bunch type} is usually
IUWn urdes Wigeked cordifons and hies edh Pigher
productivity than kharnf groundnut. As a resuit, it gives
large profits despite the high cost of production thar the
kharif season.

Since the econamic part of groundnut known as pod is
developed under the soil, prediction of its performance
based on aerial morphologicaf characters is almast difficuft
(Weiss, 2000). As it is a highly self-pollinated crop, the
variability observed within the habit groups reported to be
very low. In fact, genetic variability is of greater interest to
the plant breeder as it plays a vital role in framing a
successiul breeding programme. Further, correlation and
path anatysis is helpful to determine the magnitude of
association among the variables and relative contribution
ot them on yield. Such information in groundnut especiaity
under summer condition is limited. Therefore, present
study was undertaken to know the extent of variability,
nature and magnitude of relationships among yield traits
and their direct and indirect effects towards pod yield in

- summer groundnut.

Materials and methads

The experimental material comprising of 50 genotypes of
bunch groundnut was laid out in a randomized block
design with three replications at the Main Oilseeds
Research Station, Junagadh Agricultural Uriversity,
Junagadh under irrigated condition during summer, 2005.
Each entry was accommodated in a single row of 3m
length with a spacing of 30 cm x 10 cm. Guard rows on
both side of every nine lines and also surrounding the
experiment were provided ta avoid barder effects.

All management practicrs invayes for swmmer sultivation,
were followed for reaping good crop. The observations
were recorded on five randomiy selected plants in each
entry for 13 agronomic traits and the average vaiues were
used for statistical analysis. Phenotypic coefficient of
variation (PCV) and genotypic coefficient of variation
(GCV) were estimated. Heritability in broad sense and
genetic advance as percentage of mean were calculated.
Genotypic correlation coefficients and path coefficients
were estimated.

! Associate Research 5¢l

8
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Results and discussion

There was a considerable role of environmental factors in
expression of all the traits as depicted by higher values of
PCV than corresponding GCV (Table 1). It was noted that
the magnitude of GCV and PCY was high for podsfplant,
kernel yield/plant and pod yield/plant, moderate for plant
height, 100 pod weight, 100 kernel weight and branches/
plant and low for days to first flower, days to 50%
flowering, days to maturity, shelling out turn, SMK% and
oil content. Our findings are in close agreement with the
results reported by Golakia et al. (200%). On the other
hand, Jower magnitude of variability for sheliing out turn
and oil content as observed in the present study
suggested that large number of germplasm lines needs to
be screened for identifying genotypes with high shelling
and oil (Bhagat ef al., 1986).

The estimate of heritability in broad sense varied from
18.30% for SMK% to 88.60% for shelling out tumn.
Similarly, genetic advance as percentage of mean
observed to be minimum for days to first flower to the
maximum for pods/plant. However, it is evident from the
data that magnitude of heritability was high for shelling out
turn (68.80%), plant height (66.30%), 100 pod weight
{65.40%) and days to maturity (64.40%). Likewise, high
magnitude of genetic advance was observed for
podsiplant (44.33%), kerne! yield/plant {33.66%), plant
height (30.33%}), pod yield/plant (26.13%) and 100 pod
weight (24.74%).

High heritability coupled with high genetic advance and
maderate GCV was noted for plant height and 100 pod
weight, indicating involvement of additive gene action and
scope of improvement of these characters through
selection. Economically important characters like pod and
kernel yield/plant showing low to moderate heritabitity
along with high genetic advance and high GCV suggested
that these characters should largely be under the controt
of additive gene action and lower estimates of heritability
may be due to larger influence of environmental factors.
In many instances including pod and kernel yield/plant,
high estimates of heritability were not associated with the
high values of genetic advance and vice-versa. This might
be due to iower or higher values of phenotypic standard
deviation which determines the value of genetic advance.
In such a situation, variability in base populations would
be more useful than the rmagnitude of heritability alone for
selecting better genotype (Johnson et af., 1955). Similar

observations have also been reponied by Venkataravana
et al. (2004).

The genotypic correlation coefficients (Table 2) obtained
amang 13 characters revealed most striking association
of pod yield/piant with kernel yield/piant and pods/plant.
These findings are in accordance with the results obtained
by Golakia et af. (2005), Venkateswarlu et a/. (2007) and
Parmeshwarappa et al. {2008). Kernel yield/plant and
Pods/plant were observed to be associated significantly

and positively between themselves as well as with sheliing
out turn. There was a significant positive association
between shelling out turn and pod yield/plant. However,
100 pod weight showed significant negative correlation
with pod yield/plant, sheliing outturn and 100 kernel
weight. This indicated that selection for smaller pod size
would increase pod yield, shelling cutiurn and kernel size. .
Many of the earlier studies indicated strong association
between shelling outturn and pod yield (Hoque ef al., 1993
and Dashora and Nagda, 2002). Pod yield exhibited
moderate positive association with SMK% which was in
agreement with the results obtained by Parmeshwarappa
et al. (2008).

Pod features like filled pods and better kernel recovery are
desirable to attract both consumers and producers A
positive association of shelling out turn with SMK% and
100 kernel weight indicated that an increase in shelling out
turn would be responsible for higher SMK% and 100
kernel weight. Days to 50% flowering and days to maturity
had significant and negative association with pod and
kernel yield/plant, and pcds/plant. This indicates that
selection for higher yielding early genaotypes with
increasing pods/plant is possible. The genotypes having
uniform kernels normally fetch premium value. Significant
positive relationship between SMK% and 100 kemel
weight indicated that it may be possible to isolate large
seeded genotypes with higher proportion of uniform
kernels. Parmeshwarappa et al. (2008} have reported
similar observations. '

High oil content in groundnut is econcmicafly desirable
characteristic. Its significant and positive association with
pod and kernel yieid/plant and days to maturity and
significant negative association with days to 50% flowering
revealed that there is a need to develop genotypes which
can flower early and mature as late as possible so that
maximum duration prevail for oil formation leading to
higher pod yield.

Pods/plant had the highest direct contribution (2.27)
towards pod yield followed by kernel yvield/plant (-0.89),100
kernel weight (0.66) and 100 pod weight {0.83) (Table 3}.
It was further noted that though the direct effects of kernel
vield/plant was negative, its positive indirect influence
through pods/plant (1.99} supported positive association
with pod yield. On the contrary, 100 pod weight and 100
kernel weight also expressed high positive direct effects,
buttheir negative indirect contributions through pods/plant
(-1.687 and -0.77, respectively) should be responsible for
significant negative and non-significant correlations with
pod yield, respectively.

Direct contribution of days to 50% flowering and days to
maturity towards pod yield/plant appeared to be fow, but at
the same time their negative indirect influence (desirable)
through pods/plant was considerable. Pods/plant observed
o be major indirect contributor towards pod yield through
most of the characters studied. Second most important
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character contributing indirectly was kernel yield/plant. A
situation like this where few characters shared a major
responsibility in enhancing the yield potential in groundnut
was reported by peshmukh et al. (1986} and

Parmeshwarappa et al. (2008). Present study, thus,
indicated that prime emphasis should be given to
pods/plant and kernel yield/plant in summer groundnut
breeding programme.

Table 1 Phenotypic (PCV}and genotypic (GCV) coefficients of varfation, heritability (h*) and genetic advance (GA) for various
characters in summer groundnut

Character PCV {%) GCV (%) h (%) GA as % mean
Days to firat flower 5.39 2.34 18.90 200
Days to 50% flowering 9.18 6.36 47.90 5.00
Days to maturity 3.02 242 64.40 4.02
Plant height {cm) 22.33 18.18 66.30 30.53
Branches/piant 15.85 11.65 54.10 17.70
Poads/piant 36.20 29.05 5480 44.33
100 pod weight (g) 18.13 1547 65.40 24.74
104 kernel weight, () 25.97 13.67 2770 12.61
Shelling outturn (%) 931 7.7 68.60 13.16
SMK % 8.9 3.81 18.30 3.36
Qi (%) 4.54 2.60 32.80 3.07
Kernel yield/plant (g) 36.01 24.24 4530 33.66
Paod vield/plant (g) 34.61 20.92 36.80 26.13
Table 2 Genotypic correlation coefficients among various characters of summer groundnut
s Plant Shellin ’ Kemel Pod
Character g o :g';l‘g height B'g""a‘i’fs’ Pads/piant W1E?§h‘t"(’g) :v%?gﬁr(';e)i pp ?"2;( (8:; vieldioian  yield
flowenr§ lem) %) (@) plant
Days to first fiower 0.99% 0.45™ -0.05 0.65** -0.31" 0.25 0.16 -0.307 -019 -024 -g.47™  -0.36%
Days 1o 50% flowering 051  -02g¢ 0.49™ -0.44™* 010 -0.14 A2 003 042%™ 064" 054
Days to maturity -0.21 0.44™ -0.37*" 0.20 0.08 -028 -0.05 026" -0.42*%  -0.41*
Ptant height {cm) 0.14 0.1 0.15 0.34" .17 028 035 027 0.25
Brachesiplant -0.43 0.52 0.47* -0.34 -0.05 039 -0.38" 033"
Pods/plant -0.74* -0,34* 0.55™ 0.13 0.25 0.8 0.90*
100 pod weight (g) 079" 037" 023 024 040" -040™
100 kernel weight (g} 016  0.84* 027 c.12 0.01
Shelling outturn (%) 065" -0.11 073* 0.51%
SMK % c.o7 0.4 0.34*
Oil (%) 028" 040"
Kernel yield/ plant (g} 0.6
" significant at 5% and 1% level. fespectively
Table 3 Direct {diagonal} and indirect {non-diagonal) effects of various characters on pod yield in summer groundnut
Uays to Plant 100 pod 100 Sheliin: ) Kernel  Correlation
Character ﬁiﬁf@% . 5§%_ ﬁi‘{ﬁr}g height Bra&:&eﬁ F;?;’:: Wi kemel cutium S(f,‘f;( 8/‘:) yield! with phd yield!
owering fem) gy weight{g) (%) plant (g)  plant (g)
Days to first flower 0.0t 011 0.01 0.00 -0.26 -0.72 -0.15 -0.15 0.00 0.02 002 0.42 -0.36"
Days to 50% flowering o0 0.11 X -D.02 -0.20 -1.00 0086 0.00 -0.09 000 003 057 -0.54*
Cays to maturity 0.0 0.05 Q.02 -0.02 -0.18 -0.83 013 0.0C 0.05 0.0t -002 037 041
Plant height {cm) 000 -0.03 -0.01 007 -0.05 0.24 o110 0.23 0.00 3403 002 -G24 0.25
Branches!plant o.M 0.05 0.01 0.071 -0.40 -0.97 0.33 0.31 0.00 001 -003 035 -0.33*
Pods/plant o0 -0.03 .01 0.01 -0.17 227 046  -0.22 000 -001 002 -078 0.80*
100 ped weight (g) 0.00 0.01 0.01 0.01 -0.21 -1.67 063 0.52 0.00 -0.02 -0.02 035 -0 40"
100 kernel weight (g) 0.00 -0.02 0.00 -0.02 -0.20 077 0.50 0.68 0.00 007 002 0N 0.01
Sheting outturn (%) om Q.08 -0.01 001 0.14 124 023 011 2.01 007 0 065 Q.51
SMK % 000 0.00 0.00 0.02 0.02 0.26 0.14 042 0.01 011 -001  -0.41 034"
Qil (%) 0.00 -0.04 0.01 0.02 -0.16 0.56 0.15 0.18 0.00 -0.01 -007 -0.25 0.40%*
Kermel yield/ plant (g} 01 007 -0.01 0.02 0.16 189 025 007 001 005 002 -0.89 0.96**

** significant at 5% and 1% level eSPectively;

Residual effect = 0.03
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Abstract

A field experiment was conducted during 2000-01 to
2006-07 on medium black calcareous clay soil at
Junagadh to evaluate the effect of integrated nitrogen
management in groundnut {(Arachis hypogaea) var.
GG-20 - wheat {Tritictirn aestivum) var. GW-496 crop
sequence. The study revealed that significantly higher
pod yield {2000 kg/ha), nutrient uptake of NPK by
groundnut pod, available N and K in soH after harvest
of groundnut and available K after harvest of wheat
were observed under 100% recommended dose of
nitrogen of each crop applied through FYM.
Significantly higher grain (4034 kg/ha) and straw yield
{4680 kg/ha) of wheat were registered when both the
crops received fertilizers as per soil test basis.
Significantly higher uptake of NPK by groundnut
haulm, wheat grain and straw, higher gross (Rs.
85396/ha) and net returns {Rs. 58168/ha) as well as
B:C ratio {3.14) were realized when each crop was
fertilized as per soil test basis.

Key words: Groundnut, wheat, INM, RDN, FYM, crop
sequence

Introduction

Continuous use of chemical fertilizers alone is reported to
deteriorate soil health and reduce crop productivity. The
crops grown in a sequence may require differential
application of fertilizer nutrients than those grown as
individuals (Mishra and Vyas, 1992), Groundnut-wheat is
the most popular cropping system in Saurashtra region of
Gujarat. However, the yield of groundnut is very low and
inadequate and imbalanced use of fertifizers is one of the
several reasons. Information on nutrient requirement for
this cropping system particularly when the nutrients are
supplied partially through organic and inorganic sources
is limited. Sustainability of higher yields coutd be achieved
through integrated nutrient management (Singh et al.,
1990). Therefore, the present experiment on integrated
nitrogen management in groundnut-wheat crop sequence
was conducted in the south Saurashtra region of Gujarat
with main objectives wiz., to study the effect of organic
sources of nitrogen on yield, uptake and nutrient status of
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soit in groundnut-wheat crop sequence and to find out the
econamically viable dose of organic and tnorganic source
of nitrogen for groundnut-wheat crop sequence.

Materials and methods

A field experiment was conducted with groundnut in the
rainy season followed by wheat in the winter season from
2000-01 to 2006-07 at, Juragadh Agricultural University,
Junagadh (Gujarat). The soil was medium biack
calcareous clayey in texture, having pH 7.9, organic
carbon (O.C.) 0.63%, rich in available N 210.8 kg/ha, high
in availahte P 48.4 kg/ha, low in available K 242.0 kg/ha.
and medium in available S 10.2 mg/kg. The ten treatments
comprising of combinations of manures and chemical
fertilizers in different proportions were tested in
randomized block design with 4 replications. Treatments
were: T,-FYM (100% RDN), T,-FYM (75% RDN) + castor
cake (25% RDN), T,-FYM (50% RDN) + castor cake (50%
RON), T,-FYM {25% RDN} + castor cake (75% RDN),
T.-Castor cake (100% RDN), T,-Organic fertifizer (25%
RON, of which 50% N each from FYM and castor cake} *
inarganic fertilizers (75% RDN), T,-Organic fertilizer (50%
RDN of which 50% N each from FYM and castor cake) +
inorganic fertilizers (50% WN), T,-Organic fertilizer (75%
RDN, of which 50% N each from FYM and castor cake) *
inorganic fertitizers {25% N), T -inorganic fertilizers (100%
as per soil test) and T,,-Inorganic fertilizers (100% as péer
recommendation). In treatments 1 to 8, N was applied as
per recommendation instead of soil test and no P and K
doses were applied. The groundnut cv. GG-20 and wheal
cv. GW-496 were sown with recommended agronomic
practices, except nutrient application. All the organic
manures and chemical fertilizers were incorporated i
individual plots in the previously opened furrows at 60cm
for groundnut and 22.5cm for wheat crop as Pé’
treatments before sowing the crop. Soil samptes collected
from each plat from 0-15cm depth in the begirning of
experiment and after harvest of crop every season were
analyzed for O.C., available N, P, Kand S. Observations
onyields were recorded for each treatment and economics
was worked out using current market prices of produce
and inputs used.
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Results and discussion

Groundnut

rs pooled results presented in table 1 revealed
that highest groundnut pod yield (2000 kg/hoa) was
registered in 100% recommended dose of N (100% RDN)
applied through FYM to both_ the crops and waos
comparable with 75% RDN applied thrgugh FYM +_25 7o
RPN applied through castor cake and mgmﬁcantly higher
than rest of the treatments. Jmprovement in pod yield due
to application of RDN through FYM was ta the tup_e of
10.2% over 100% N applied through inorganic fertilizer.

Seven yea

Table 1 Effect of different treatments on yield and economics of groundnut

This particular benefit may be attributed to the effect of
FYM on physical properties, moisture conservation and
augmenting the soil availability of K. Similar benefit was
also observed by Kathmale ef al. (2000} and Singh (1999).
Significantly higher haulm yield (3607 kgiha) was
produced when QFQU”dHUt was fertilized with incrganic
fertitizers as per SOIl'fES_t value. However, this treatment
was at par with application of 100% RDN through FYM
and 75% RON through FYMand 25% RDN through castor
cake. Similar results were also reported by Dudhatra et al.
(2002) and Malavia et al. (2000).

.wheat Crop sequence (mean of seven years)

Yield {kg/ha) Econormics (Rs./ha)
heat . .
Treatment Groundnut - W fncome  Returns B-C ratio
Pod Haulm Grain Straw
4430 86710 587
T,-100% FYH 2000 3525 3605 cocn o 8731 2.89
T,-75% FYM +25% CC 1835 3559 3465 y 50923 269
T, 50% FYM +50% CC 1711 3162 3401 08 77484 47075  2.55
T, 25% FYM +76% CC 1726 3094 3179 3889 75579 44955 247
T, 100% CC 1656 3063 3500 3939 76855 46017 249
Te- 12.5% FYM +12.56% CC+75% 1685 3188 3569 4109 77407 50394 286
inorganic say urea 412
T,-25% FYM +25% CC+50% inorganic 1683 3193 3678 " 3 79418 51071 280
T, 37.5 FYM +37.5% CC+25% inorganic 1679 2989 3643 55 78521 49263 268
T,- 100% inorganic {soil test bases) 1757 3607 4034 4830 85396 58168  3.14
T~ 100% inarganic 1536 3028 3571 4291 74501 47792 257
CD (P=0.05) 229 205 295 222

Wheat

In succeeding wheat, grain and straw yields differed
significantly with treatments. The highest grain (4034
kgiha) and straw (4680 kg/ha) yields were obtained with
application of 100% N as inorganic fertilizers as per soil
test value to both the crops, which was 13 and 9% higher
as compared to crop fertilized as per recommended dose
of fert.iiizers, respectively. Kathmale et al. (2000) and
Golakiya et af. {2000) aiso reported similar trends.
Upadhyay et al. (1997) noted that wheat was not
influenced by the residual effect of fertitizers applied to

groundnut.
Economics of Cropping system

;P;?Cz?zgct):ms of yaripus lrt_aatments presented in table 1
o5t b at apph_cah_on of inorganic fertilizers as per soil
- resultedin hlghgst gross (Rs. 85396/ha) and net

urns (Rs. 58168/ha) with 3.14 benefit : cost ratio.
Nutrient uptake

Groundnut
The uptake of Np

phenomenally among
Uplake af N (56 9 kg/

K by pod and haulm varied
the treatments (Table 2). The higher
ha), P (5.2 kg/ha) and K (10.2 kg/ha)
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by pods was associated with 100% RON applied through
FYM to each crop was on par with FYM (75% RDN) +
castor cake (25% RDN}, FYM (25% RDN) + castor cake
(75% RDN) and inorganic fertilizers (100% on  soil test
basis). Application of _ferhlizers on soil test basis to both
the crops registered highest N (63 5 kgiha), P (5 4 kg/haj
and K (156 ka/ha) uptake by haulm which was
able with FYM.(100% RDN) and FYM (75% RDN)

compar 25% RDN).

+ castor cake {

Wheat

NPK uptake by wheat grain and straw was significantly
affected by various treatments. (Table 2). Significantly
highest N uptake of 75.4 and 31.1 kg/ha by grain and
straw, espectively were recorded when both the crops
were fertiized on soil test basis. Same treatment also
registered higher P uptake {1.0._3 kg/ha) and (2.1 kg/ha) by
grain and straw and was statistically at par with rest of the
treatments except FYI\/_‘I‘(25% RDN) + castor cake (75%
RON) and organic fertilizer (25% RDN of which 50% N
each from FYM and castor cake) + inorganic fertilizers
(75% RDN) in case of P uptake by grain and with castor
cake (100% RDN), organic fertilizer (50% RDN of which
50% N each from FYM and castor cake) + inorganic
fertilizers (50% N} and inorganic fertilizers (100% as per
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recommendation) in case of P uptake by straw. Maximum
Kuptake by grain {13.3 kg/ha) and straw (41.8 kg/ha) was
found under same treatment which remained at par with
FYM {100% RDN), crganic fertitlizer {(50% RDN of which
50% N each from FYM and castor cake) + inorganic
fertilizers (50% N) and orgarnic fertilizer (75% RDN, of
which 50% N each from FYM and castor cake) + inorganic
fertilizers (25% N} for K uptake by grain and with FYM
(100% RDN}, FYM (75% RDN) + castor cake (25% RDON}
and FYM (50%RDN) + castor cake {(50% RDN) for K
uptake by straw.

Post-harvest soil fertility after groundnut and whe__

Available NPK, O.C. and sulphur from soil wera
determined after completion of each crop. Mean data of |
seven years given in table 3 indicated that at the end of |
the experiment, different treatments had nonsigniticant 1
influence on nutrient status after harvest of each crop |
except availabie K afier groundnut and wheat and N after
groundnut wherein maximum available K and N were |
observed when 100% RDN to each crop was applied
through FYM.

Table 2 Effect of different treatments on uptake (kg/ha) of N, P and K by groundnut-wheat sequence {seven years pooled]

Nutrient uptake (kg/ha)

Treaiment Groundnut Wheat
{Recommended dose of mtrogen} Pad Hauim Grain Siraw
N P K N P K N P K N P K
T,-100% FYM 569 52 102 568 53 14.6 619 102 125 253 18 411
T15% FYM +25% CC 544 50 97 574 54 149 8149 95 120 231 18 414
T.-50% FYM +50% CC 465 4.8 g2 566 49 13.9 61.3 8.2 1186 268 15 382
T-25% FYM +75% CC 493 540 35 5885 48 135 595 g5 141 224 15 388
T 100% CC 457 45 85 534 48 12.9 641 94 18 242 1.9 361
T ‘"fo";‘;/; ;:';“a;ﬁf:" CCH75% 477 45 87 560 48 135 664 87 114 244 17 343
T-25% FYM +25% CC+50% inorganic 455 46 86 554 5.1 13.8 67.6 9.5 t22 260 20 379
T, 37.5 FYM +37.5% CC+25% inorganic 466 4.6 90 552 48 13.86 63.5 g5 123 251 17 372
T¢ 100% inorganic (soil test bases) 521 47 93 835 54 15.6 754 103 133 311 21 418
T.- 100% inorganic 443 41 83 520 51 14.0 67.5 8.7 122 281 1.9 356
CO{P=0.05y 8.4 06 1.2 6.1 0.4 1.3 7.3 1.1 1.1 35 0.3 3.7
Table 3 Effect of different treatments on soil nutrient status after harvest of groundnut and wheat {(mean of seven years)
oc Available nutrients after groundnut s oc Available nutrients after wheat s
Treatment o ikgtha) (mafkg) %y {kg/hay (morkg)
N P,0, K,Q N P,0q K,Q
T, 0.78 2428 66.¢ 2126 109 Q.74 2302 87.7 120.9 1140
T, 0.77 2389 67.2 209.0 11.3 0.74 228.3 675 184 6 186
T, a.75 2419 87.1 2024 117 0.71 2241 67.1 1824 11.8
T, 0.77 2385 67.7 202.0 11.3 0.74 228.0 691 180.4 1.8
T, 0.74 2351 &7.1 1998 1.2 Q.70 2231 68.4 176.3 118
Ts 0.74 236.4 67.1 200.8 11.7 074 2242 67.0 168.9 114
T, Q.75 2338 &7 1 196.3 17 0.72 2241 68.4 1727 121
T, 077 2311 66.8 193.8 11.8 0.78 2236 £8.0 1757 11.4
T, 0.74 231 ¢ €92 191.7 18 Q.73 2229 689 1702 122
T 0.76 2323 67.5 i82.2 11.8 072 2255 68.1 164.0 121
C0 {P=0.G5) NS 7.68 NS 7.84 NS NS NS NS §.50 NS
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Abstract

The studies were conducted in summer season with
15 promising groundnut, Arachis hypogaea L.
genotypes on clay soil at Main Qilseeds Research
Station, Junagadh Agricultural University, Junagadh
for yield assessment of promising bunch groundnut
genotypes with fresh seed dermancy. Genotypes
K-1375, BHG-9802 and TG-50 were significantly
superior in pod yield along with 25, 15 and 4%
germination after 15 days of harvest, respectively. The
genotypes JALW-26, 5G-99 and ICR-24 possessed
less than 30% germination and were better than other
genotypes. Genotypes AG-2238, JB-1077, JB-1073,
Dh-101, JALW-09, ICR-48 and ICGV-92121 were least
darmant against the genotypes K-13175, BHG-9802,
TG-50, JALW-26, SG-99, and ICR-24 which were the
most dormant and high yielding.

Key words: Groundnut, genotypes, intensity,
dormancy, yields

Introduction

Groundnut is grown on 26 m. ha worldwide. India is the
second largest groundnut producing nation in the world,
harvesting 7.0 m. metric tonnes in 2006-07{Verma ef a/.,
2009}. In Gujarat, the Saurashtra region which is one of
the most drought prone areas, contributes 85 and 81% of
the area and production, respectively to groundnut,
Groundnut genotypes lack fresh seed dormancy.
Therefore, testing for fresh seed dormancy in groundnut
is an important activity in environments, where rains may
occur at maturity time. Gur objectives in this study were (1)
to assess yield performance of promising genotypes
originating from Spanish x Spanish crosses, (i) to
estimate the degree of darmancy of advanced genotypes
and (i} to estimate the duration of their fresh seed
dormancy and rank them using the scale of Landfort ef al.
(1985).

Materials and methods

During 2001-04 periad, 208 Spanish bunch advanced
breeding lines ware screened for presence of frash seed
dormancy (FSD). Entries having less than 30%
germination were selected for evaluating FSD. Promising
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genotypes were maintained in a nursery and repeated
tested for dormancy during summer and kharnf seascns.
Out of these, 15 promising genotypes were sefected,
These 15 genctypes were compared with released
variefies used as check. The released varieties GG-2,
TG-26 and GG-7 are commonly cultivated in Gujarat state
and are early maturing (95 days) but without fresh seed
dormancy and most susceptible to in situ germination. The
experiment was conducted in kharnf at Main Qilseeds
Research Station, Junagadh Agricultural Universily,
Junagadh during year 2005-06 to 2008-09. The
experimental design was a randomized complete black
with three replications. The soil of the experimental plot
was clayey in texture and slightly alkaline in reaction. The
soil has an organic carbon content of 0.54 % and was
medium in available nitrogen, potash and sulphur, low in
phosphorus. The entire dose of fertilizers, 12.56 kg N/ha
and 25 kg P,Osha was applied basal as per
recommendations. Normal cultural practices were followed
during the growing season. At harvest, a sample of mature
pods was randomly collected from each entry for the fresh
seed dormancy test. The pods were shelled and encugh
caution was taken to preven! any damage of the seed
components (testa, cotyledons and embryo). Since apical
seeds are known to be less dormant than basal seeds
(Ketring and Morgan, 1970). All the tests in this study were
performed using apical seeds.

Concurrertly to the field test, a test was performed in
petri-dishes in laboratory using incubator at 35/27°C.
Hundred seeds randomly selected were sown in a
petri-dish using filter paper moistened with distilled water
and replicated four times. The filter paper was maintained
moist by adding distiled water every day and the
experimentation fasted 7 days. Seed dormancy is
characterized by its intensity and duration. These
parameters were estimated as per Kumar et 2/ (1991).
The duration of dormancy was measured by the number
of days taken to attain 30% of germinated seeds. Duration
of dormancy was calculated by the foliowing formula:
Degree of dormancy = No. of days taken to less than 30%
of germination. The scale devised by Landfort et al. {1985}
was used to rate the degree of dormancy. It was
performed on data collected from the investigation.
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Results and discussion

The highest pod yield was recorded by K-1375 followed by
BHG-9802, JALW-28, TG-50, 5G-99, ICR-48, ICR-24,
cGv-82121 and GG-2, while significantly highest hautm

yield was recorded in BHG-9802 genotype. However, it |

was at par with Dh-101 JALW-26, SG-99 and
(CGV-92121 genotypes (Table 1). Significantly highest
biological yield was recorded by BHG-9802(4666 kg/ha),
which was comparable with JALW-26, TG-50, K-1375 and
ICGV-82121. Likewise, highest Hl was recorded in TG-26
followed by JALW-268, TG-51, TG-50, K-1375, ICR-48 and
ICR-24. The genotype, JALW-26 recorded the highest
shelling per cent which was statistically at par with the
K-1375, ICR-48, ICR-24, ICGV-92121, GG-2 and GG-7.

The lowest percentages of germinated seeds were
observed with genotypes JALW-26, TG-51 and TG-50
(Table 2). The genotypes BHG-9802, JALW-26, TG-&1,
TG-50, SG-99, K-1375, ICR-48 and ICR-24 have shown
Jess than 30% of germinated seeds at 7 and 15 days after
harvest.

The genotypes JALW-26, TG-51 and TG-50 showed the
highest intensity of dormancy at 7 and 15 days after

harvest. While the non-darmant genotypes wiz.,, Dh-101,
JALW-09 and ICGV-92121 exhibited the lowest intensity
of dormancy.

Genotypes BHG-9802, JALW-26, TG-51, TG-50, 5G-99
and ICR-24 were persistenily more dormant genctypes
(Table 1). Their duration of dormancy was more than 15
DAH. These results are consistent with the findings of
many authors Pandya and Patel (1986) and Wadia et al.
{(1987). Actually, more the intensity of dormancy, the
longer was the dormancy duration meaning that these
genofypes showed sftrong and long duration seed
dormancy. As the intensity of dormancy, the duration of
dormancy for a given entry varied more or less over
seasons due to non-genetic factors. Earlier, Kumar ef al.
{1991) reported that seed dormancy is influenced by
environmental conditions.

When the scale of Landfort et al. (1965) was used,
ABG-2238, JB-1078, JB-1077, Dh-101, JALW-09, ICR-48,
{CGV-92121 and check varieties (GG-2, GG-7 and TG-26)
formed the group in which entries were non-dormant. The
remaining genotypes were dormant.

Table 1 Effect of different genotypes on shelling, harvest index, yield, germination and intensity of dormancy of groundnut

{Poocled data of 2005, 2007 and 2008 years)

Genatype Pod yield Fodder yield Totat biomass ﬂig’:}f‘ Sheiling Germination (%) _Intensity of dermancy (%)
(kg/ha)  (kg/ha) (kg/ha) (%) (%) At7 DAH At 15 DAH At7DAH At 15 DAH

AG-2238 521 2472 3392 275 64 5 38 55 82 45
JB-1077 934 2350 3284 284 683 54 54 46 16
JB-1078 1085 2456 3542 31.8 650 62 85 a8 15
Dh-101 1126 2513 2740 291 677 79 89 21 S
BHG-5802 1470 3198 4666 30.1 629 11 15 89 85
JALW-26 1301 2836 4137 319 708 4 7 96 93
TG-£) 1054 2201 3256 32.4 5 3 1 7 o9 03
JALW-09 771 1838 2609 305 627 84 g5 16 5
JALW-27 1121 2437 2559 315 65 5 3 35 97 65
TG-50 1314 2195 3508 369 64.4 0 4 100 96
5G-g3 1256 2649 3905 216 656 g 19 91 a1
K-1375 1480 2511 3991 36.5 59 4 12 25 88 75
ICR-48 1417 2448 3865 360 £9.9 23 29 78 71
ICR-24 1410 2377 3788 370 £3.8 14 20 868 80
ICGV-g2121 1189 2975 4164 292 689 60 94 40 8
GG-2 1176’ 2573 3739 29.7 682 45 73 55 27
1G-28 899 1736 2654 382 65 4 76 87 24 13
GG-7 931 2337 1079 23.4 68.9 72 90 28 10
SEmz 108 210 265 23 1.3
5'3 (P=0.05) 315 605 763 6.6 3.9
gEm*_ 45 86 108 0.9 06

D (F=0.05) 129 247 312 2.7 16
YxT
2%"‘;_0 95 215 252 a0 08
=D (P=0.05) 266 603 707 8.5 25
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Abstract

Field experiments were conducted during rabi 2007
and kharif 2008 to study the maximization of
sunflower productivity (Helianthus annuusL.) through
integrated nutrient management in the coastal rice
fallow system with the organic sources, viz,
vermicompost, enriched farm yard manure {FYM) in
combination with inorganic nutrients and
Azospirillum. The experimental results revealed that
application of 100% recommended dose of NPK +
vermicompost @ 5 tha + soil application of
Azospirilium (T} gave the highest yield. The
integrated application of organic and inorganic
manure gave 29% higher yield than the recommended
dose of NPK.

Key words: Sunflower, integrated nutrient management,
vermicompost, enriched FYM, biofertilizer
and NPK

Introduction

India, being one of the countries with large cultivated area
ynder nilseeds in the world, has been chronically deficient
In per capita supplies of fat and oils. One of the critical
factors for low productivity of oilseeds is imbalanced use
of plant nutrients. This necessitates judicious use of
fertiizers and manures and adoption of appropriate
agronomic practices. Vermicompost, which is produced by
the fragmentation of organic wastes by earthworms, has
afine particulate structure and contains nutrients in forms
that are readily available for plant uptake. In view of the
escalgting prices, high demand and supply gap of
phemlcal fertilizers, there is a growing need to adopt
IMegrated nutrient management (INM) by judicious
fCOW_tJlnatioq of organic manures, inorganic and bio
erilizers to Improve soil health and sunflower productivity
(Kale‘ et .al., 1992). In this context, INM halds great
il::g:;;e In meeting the growing nutrient demands of
ata fa:\rfle agrlculture and maintaining the crop productivity
taker v yt igh level. Hence, the present investigation was
ol P to develop an INM package for sunflower in rice
OWs in the coastal deltaic areas of Tamil Nadu.
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Materials and methods

Field experiments were carried out at experimentat farm,
Annamalai University, Annamalai Nagar during rahs 2007
and kharif 2008 to avaluate the integrated effect of organic
manures, inorganic and biofertilizers on sunflower
productivity in rice-fallows. The experimental soil had
207.5, 21.5 and 34Q.8 kg of available N, P,O, and K,O/ha
with a pH of 7.6 and organic carbon of 0.62%. The
treatments consisted of a combination of NPK,
vermicompost, enriched FYM and biofertilizer applied at
different times (Table 1). The treatments were replicated
thrice in a randomized block design. Sunflower hybrid
KBSH-1 was sown with a spacing of 60cm x 30cm during
both the seasons.

The enriched FYM was prepared by incubating 750 kg
FYM with the recommended level of single super
phosphate for 1 month, As per the treatment scheduie,
enriched FYM @ 750 kg/ha was applied just before scwing
and thoreughly incarporating into the soil. Nutrient content
in the FYM, enriched FYM and vermicompost were 1.38,
6.24,067,0.72,0.61,0.81 and 1.85, 1.30,0.55% N, P,O,
and K,O, respectively.

The recommended dose of 90 kg N, 60 kg P,C, and 60 kg
K,O/ha was applied. Fertilizer N and K were applied in 3
equal splits at sowing, 25 and 55 days after sowing
through urea and muriate of potash, respectively. The
entire quantity of P was applied as basal, either through
single super phosphate or enriched FYM depending upon
the treatment schedule. Soil application of Azospirilum @
2 kg/ha was done at the time of sowing as per the
treatment schedule. Initialirrigation was given immediatety
after sowing of sunflower seeds with adequate care to
avoid excess soaking of water. While life irrigation was
given on fifth day after sowing and the subsequent
irrigation was given as per the crop requirement. A total
rainfall of 20 mm (2 rainy days) was received for rabi 2007
and 165 mm (9 rainy days) for kharif 2008. Growth and
yield attributes were recorded at maturity stage.
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Table 1 Effect of integrated nutrient management on growth and yield attributes of sunflowet

Ptant height Leaf area Drymatier production Capitulum Test weight Seed vield
Treatment (cm) index fkg/ha) diameter {cm) Q) (kg/ha)

2007 2008 Mean [ 2007 2008 Mean| 2007 2008 Mean |2007 2008 Mean|2007 2008 Mean|2007 2008 Mean

T, 14033 18060 1455 108 137 12 2648 2405 28765 11.00 1142 111 333 420 376 1087 1085 1081

T, 13982 14982 144 8 096 1.25 71 1376 2981 21785 10.08 10.30 10.2 330 405 375 870 928 899

Ts 144,84 15943 152.1 1.38 1.74 16 3485 3747 36060 13.12 1412 136 342 433 387 1431 1458 1444

T, 14160 15352 1478 115 147 1.3 2834 3329 30815 1194 1246 122 338 426 381 1183 1234 1208

T 14534 18069 153.0 142 183 16 3468 3748 3608.0 1342 1424 138 343 434 388 1460 1480 1475

Ts 14212 15602 1499 124 180 145 30B& 2534 33100 1246 1323 128 339 430 384 1250 1411 1330

T, 15223 16418 158.2 164 212 1.2 3952 3933 38425 1494 1586 154 413 461 437 1667 1689 1678

T, 14965 162.58 1561 165 1.99 1.8 3835 3860 38475 14.18 1509 146 4.01 4.47 424 1518 1540 1528

T, 184 47 1BB.3Y 166.4 200 248 23 #1%2 4204 41980 1372 1785 172 450 SOUD 475 2092 2920 2908

T 157.04 16564 1813 175 228 20 4062 4193 41275 1564 1685 162 432 474 453 1895 1951 1623
SEmx 0.42 876 004 004 137 167 827 030 a8t 001 18 A7
€D (P=0.05) 0.84 152 0.08 0.09 275 335 054 060 0.0z 0.02 33 34

T, - 100% RD of NPK/ha, T, - 75% RD of NPK/ha, T, - 100% RD + EFYM @ 730 kg/ha, T, - 75% RD + EFYM @ 750 kg/ha, Ts - 100% RC + VC @ 5 tha,
To-T5% RO+ NG @ S Uha, T, - 100% RD + EFYM @ 750 kgiha + soll application of Azospiriium @ 2 ka/ha, T,- 75% RO + EFYM @ 750 kg/ha  + sail
application of Azospiritum @ 2 kg/ha, T, - 100% RD + VC @ 5 tha + scil application of Azospiritfum @ 2 kgiha, T\g - 75% RD + VC @ 5 tha + sail
application of Azospirilum @ 2 kg/ha; RD-Recommended dose; FYM-Farmyara manure: EFYM-Enriched farmyard manure; VC-Vermicompast

Resuits and discussion

Growth and yield attributes: The data pooled over the
years (Table 1) indicated that growth and yield attributing
characters of sunflower viz., plant height, LAI, drymatter
production, head diameter, test weight and seed yield
were favourably influenced with the integrated use of
organic manures and inorganic fertilizers. These
characters were significantly higher with 100%
recommended dose of NPK + vermicompost @ 5 tha +
soil application of Azospiriffum @ 2 kg/ha in comparison to
other treatments. This was followed by (T,,) 75%
recommended dose of NPK + vermicompost @ & ¥ha +
soil application of Azaspirillum @ 2 kg/ha. Application of
NPK increased plant vigour due to the synergistic and
cumulative effect and production of photosynthates
through increased ieaf area and chiorophyil content of
leaves (Bhowmik ef al, 1994). Vermicompost or
earthwaorm casts were reported to possess biological
faciors viz., gibberfiins, cytokinin and auxins which play an
impartant role in rooting and plant development that also
facilitates easy availability of plant nutrients and uptake by
crops as opined by Dodamani (1997). The differences in
growth responses could be due to fundamental differences
between the composting and vermicomposting processes
which use quite different microbial communities, with
composting tending to result in the release of mineral
nitrogen in the ammonium form, whereas vermicomposting
releases most of the nitrogen in the nitrate form, which is
readily available for plant uptake The use of organic
amendmerds to soil has long been recognized as
providing a more balanced and better timed source of
nutrition for plant growtnh, through tne gradual
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decomposition of the organic matter by microorganisms,
and slower mineralization and release of nutrients that it
contains. The favourable nutritional environmentin the root
zone thus created a conducive environment for sunflower
crop to maximize is yield under rice-fallows {Krishnakumar
and Vireshwar Singh, 1995 and Sankara Reddy et al,,
2000).

Seed yield: The sunflower crop responded well to
additional application of vermicompost and Azospinifum
combined with the recommended doses of NPK fertilizers.
Application of vermicompost might have imparted distinct
improvement in soil physical properties of texture,
structure amalgamate of humified earthworm feces and
organic matter, stimulated plant growth beyond that
produced by mineral nutrients because of the effects ofthe
humic substance present in the vermicomposts or due 10
plant growth regulators associated with the humic acids. in
addition, the presence of plant growth influencing
substances, such as plant growth hormenes and humic
acids in vermicomposts has also been suggested as a
possible factor contributing to increased yield (Muscolo et
af., 199%). Integrated application of 100% recommended
dose of NPK + vermicompost @ 5 t/ha + soil application of
Azospiriflum @ 2 kg/ha (T,) produced significantly higher
mean seed yield of 2105 kg/ha due to the constant release
of N from the organic manure vermicompost when
supplemented with NPK fertilizers to satisfy the demand of
the nutrients by the sunflower crop at all stages of growth.
This has been responsible for obtaining higher seed yields
of sunflower. The results are in agreement with the
findings of Chinnamuthu and Venkatakrishnan (2001),
Kademani et al. (2003) and Nandnagopa) ef al. (2003).



Rajeswari ef al,

References

Bhowmik, N.N., Sarkar, R.K. and Raud, N.M. 1934, Response
of sunfiower to phasphorus and potassium application.
Indian Journal of Agricuiture, 38(2).141-143,

Chinnamuthu, C.R. and Venkatakrishanan, A.S. 2001. Effect
ofintegrating inorganic fertilizer with vermicompost and
Vesicular Arbascuiar Mycorrhizae (VAM) on the
productivity of sunflower. Madras Agricultural Journal,
88 (7-0):424-427.

Dodamani, V. 1997. Integrated nutrent management in
sunflower. M.Sc.{Ag.) Thesis, University of Agricultural
Sciences, Dharwad, Karnataka.

Kademani, M.B., Radder, B.M. and Hebsur, N.S. 2003. Effect
of organic and inorgani¢ fertilizers on availability and
uptake of nutrients by sunflower in vertisols of
Malaprabha command. Karnataka Journal of
Agricultural Science, 18{1): 48-53,

Kale,D., Mallesh, B.C., Banokubra and Bagyaraj, D.J. 1992.
Influence of vermicompost application on the avajtable
micro nutrients and selected microbial application in a
paddy field. Soif Biofogy and Biochemistry,
24:1317-1320.

21

Krishnakumar and Vireshwar Singh. 1995, Effect of nitrogen,
phosphorus and spacing on growth and yield of
sunflower, Haryana Journal of Agronomy. 11(1). 76-77.

Masciandaro, G., Ceccanti, B. and Garcia, C. 1997. Soil
agro-ecclogical management. Fertigation and
vermicompost treatments. Bioresource Technology, 59:
199-208.

Muscolo, A, Bovalo, F., Gionfriddo, F, and Nardi, S. 1999.
Earthworm humic matter produces auxin - like effects
on Daticus carofa ce!l growth and nitrate metabolism.
Soif Biclogy and Biochemistry, 31. 1303-1311.

Nandhagopal, A., Subramanian, K.S., Jayakumar, R, and
Balasubramanian, A. 2003. Integrated nutrient
management for hybrid sunflower {Helianthus annuug
L.). Madras Agricultural Journal, 90 (1-3): 66-73.

Sankara Reddy K.V., Chandrika and Munedra Babu, A, 2000.
Effect of nitrogen, Azolobacter and Azospiriflum on the
growth and yield of sesamum (Sesamum indicumy.
Andhra Agricuftural Journal, 47(3 & 4).181-184,



J Oilseeds Res., 27(1) : 22-25 (2010)

Large-scale evajuation of Fruit boost and Bee-Q in enhancing the seed
yield of sunflower, Helianthus annuus L.

Shashidhar Viraktamath and K. Manjunath

Department of Agricultural Entomology, University of Agricultural Sciences, Dharwad-580 005, Karnataka

{(Received: June. 2006; Revised: November, 2009; Accepted: April, 2010)

Abstract

Fruit boost 8 een mandibular pheromone based
commercial bee attractant was evaluated on a field
scale for the fisttime in India for its influence on
pollinators visits and yield parameters of sunflower
along with Beed.2food-based attractant during rabi
season of 200203 Sunflower (cv. Agsun ) was raised
in an area of 24 ha, which was divided into three
plots, eachof g&hatoaccommodate three treatments
namely, appiittion of Fruit boost and Bee-g, and
unsprayedwhichserved as a control. Both attractants
significantly enhanced the visits by Apis dorsata, A.
meliifera, A. ceranaand other pollinators up to 3 days
after appfication Application of Fruit boost was most
beneficial withsitnificantly highestyield of 1155 kgia
followed by Beeg {1002 kg/ha) accounting to an
increase of 25.14and 8.56% over control that yielded
923 kg/ha. Consequently, there was a net returns of
Rs. 2390 and Rs.835tha due to spray of Fruit boost
and Bee-q, respectively. Increase in the yield was
obviously duetofigher head weight, seed filling and
seed weight. APplication of bee attractant also had
beneficial influencesnseed germination, shootiength
and seedling vigour

Key words Fultoost, Bee-g, sunflower, honey bees,
pallinators

Introduction

Sunflower being@highly cross-pollinated crop, adequate
pollination is Vi fr any significant increase in seed
production. Thoudh goed management practices yield
fevels can be NCtased fo an extent of 45 to 60%
(MelnichenkoandKhalfman  1960). The flowers produce
abundant quantly fnectar and pollen which attract large
number of honey 225 Bee pollination resuits not-erly in
increase of yield bl dlso improves their quality. However,
if the bee density 51w 07 the weather conditions are not
suitable for bes vty or the crop is unattractive fo the
bees, pollinaiontfetiopis adversely affected resulting
in poor yields. Uneersuch situations bee attractants which
have received the atention of scientists and farmers
worldwide, play 2 rdle in maximizing the bee visits on
the target crop 31¢ tus ensuring optimum yield. Many
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commercial bee attractants like, Bee here, Bee scent, Bee
scent plus, Bee-y and Fruit poost etc. have been
employed at farm level in the United States of America,
Canada, Australia and United Kingdom. Hence, the
present studies were made on the field scale evaluation of
two commercial bee attractanis namely, Fruit boost and
Bee-q for the first time in India, and the results are
presented in this paper.

Materials and methods

This experiment was carried out during rab/ season of
2002-03. Two commercial bee attractants namely, Fruit
boost and Bee-q were oblained from Phero Tech Inc,
Canada and Excel Industries Limited, India, respectively.
Fruit boost is a queen mandibular pheromone-based
attractant while Bee-q a food-based attractant. Sunflower
(cv. Agsun ) was raised in 2.4 ha by following the
recommended package of practices. The crop was
sprayed with HaNPVY @ 250 LE/ha at flower initiation stage
to manage Helicoverpa armiigera Hub. The total cropped
area of 2.4 ha was divided inte three blocks each of 0.8
ha, thus each block representing a treatment, resulting in
total of three treatments.

The treatments involved were as follows:

T, = Spray of Bee-q at 50% flowering @ 12.5 g/l
T, = Spray of Fruit boost at 50% flowering @ 1 i
T, = Control (no spray)

Six colonies each of A. melfifera and A. cerana were kept
in the centre of the cropped area at 10 % flowering of the
crop. In each treatment, eight spots were selected
randomly which were considered as eight replicaticns and
observations on different pollinators {Apis dorsata F., A.
mellifera L., A. cerana F. and other pollinators) visitation
was made on five flower heads from each spot.
{Observations were made a day before spray of attractants
ahd 1, 2, 3, 4 and 5 days after spray at 0800 &, 1000 h,
1500 h and 1700 h of the day. The observation means of
different hours of the day were pooled for different species
of pollinators and subjected to +1 transformation and then
to 't test using MSTATC programme. Duration of the time
spent by A. melfifera on sunflower head was recorded by
abserving 5 flowers in each replication of the treatment
during their peak active periods and such observation
means were later subjecied to 't' test. Observations were
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alsa made on the yield parameters vi;., head weight|
number of filled and unfilted rowsfhead, filed and unfilled
seeds/head, weight of filled and unfilled seeds, per cent
chaffiness, 100 seed weight and seed yield. Qualitative
parameters like oil content, per cent germination of seeds,
shoot and root length, and seediing vigour were also

recorded.
Results and discussion

influence on pollinators visits: The pollinators that
visited sunflower heads were Apis mellifera L., A. cerana
F., A. dorsata, non Apis bees and other insects

Observations made on a day prior to the application of
Fruit boost and Bee-q revealed no differences in
pollinators' visitation among the treatments (Table 1).
However, a day after the spray of attractants. Fruit boost
and Bee-q treated crop attracted significantly more
potlinators (6.31 and 6.25 pollinators/5 flawers/min} than
the control (5.65 pollinatars). Similar trend was observed
on second and third day after spraying of aitractants. Both
the commercial attractants were equally effective on the
first three days after application. But on fourth day only,
Fruit boost was able to attract more poliinators {563
pollinators) than Bee-q and control. Fruit boost was as
good as control on the fifth day.

Efficacy of Fruit boost in enticing higher pailinators to
sunflower could be attributed to the presence of gueen
mandibular gland pheromone that stimulates the foraging
activity of workers. Increased recruitment induced by
queen pheromone sprays on the crop could operate by
heighiening perceptions of foragers by way of an increase
in number of dance circuits ultimately resulting in longer
waggle dance.

A mellifera bees stayed significantly for longer time on
flowers consequent to the application of Fruit boost and
Bee-g up to two days affer spraying (Table 2). Bee-q was
abletoretainits superiority over control up to the third day
also. However, both attractants were as good as control
four days after application.

Influence on quantitative parameters: Influence of
spraying of attractants on quantitative yield parameters is
presented in tables 3 and 4. Fruit boost and Bee-g
Spr_ayed treatments significantly increased the head
weight to the tune of 28.42 and 18.88 % over control. Fruit
boOS! sprayed treatment enhanced the filled seed rows
significantly by 7.14 % where as Bee-q spraying was as
goold as contral. Increase in filled seed rows was
obviously attribyted ta visiting of mare pollinators and aiso
more time spent on the sprayed crop which has ensured
adequate polfination. There was no variation in unfilled
Seed rows among the treated and control plots.

However, ﬁllgd seed weight was significantly enhanced by
;pray Sf Fruit boost and Bee-q to the tune of 40.29 and
1.39 % respectively, over control. There was no impact
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onunfilled seed weight, per cent chaffiness among various
freatments.

Fruit boost sprayed treatment recorded significantly
heavier seeds (4.66 g vs. 4.38 g/100 seeds in confrol)
resulting in an increase by 6.39% over control. But
application of Bee-q did not enhance the seed weight
significantly over the contral. Heavier seeds from Fruit
boost sprayed treatment is attributed to the higher number
of poliinators attracted to treated heads, more time spent
by bees and the vigorous polien received by such heads
ultimately increasing the weight of seeds.

Spray of Fruit boost produced significantly highest yield of
1155 kg/ha followed by Bee-q {1002 kg/ha). Crop which
did not receive attractants produced lowest yield of 923
kg/ha. Thus, application of Fruit boost and Bee-q
enhanced vyield by 25.14 and 8 56%. Results of these
studies emphasize that application of attractants can
increase vield of sunflower due to increase in activity of
the pollinators causing deposition of polien on to stigma at
righttime. Higher efficacy of Fruit beost could be attributed
to the cumulative effect of enhanced pollinators’ visitation
and more time spent on the flowers which ultimately
resufted in enhancement of seed yield. Increased
sunflower yield due to honey bee pollination is also
reported by many workers (Bhosle et aj, 1992 and
Williams, 2001} and the present results aiso endorse
these reports.

An incremental bernefit of Rs. 2390 was obtained from
Fruit boost sprayed treatment and Rs. 635 from Bee-q
sprayed treatment. Present findings corroborate the eartier
reports of VWinston and Slessor {1993) who reported
increase in benefits up to 60 % due to spray of Fruit boost
and other bee attractants on Fruit crops and sunfiower.

Influence on qualitative parameters: The effect of spray
of Fruit boost and Bee-qis presented in table 5. There was
no significant variation among various treatments in il
content. It is likely that oil content depends on genetic
factars rather than pollinators’ visitation in sunflower.
However, seeds obtained from the Fruit hoost sprayed
freatment exhibited 525% increase in germinafion
compared 1o 4 02% increase in Bee-g treatment over
control. Root length was unaffected by the spray of
attractants whereas, shoot length was significantly
increased by 24 28% due to spray of Fruit boosl.
Consequently, there was significant increase in seedling
vigour due to spray of Fruit boast to the tune of 30.43%
over cantral while it was nonsignificant in Bee-q sprayed
plot (6.85%).

Acknowledgements: This study was funded by the |CAR,
New Delhi under National Agricultural Technology Project
on "Promotion and development of apiary for improving
the productivity of cross-pollinated oilseed crops” (Project
No. ROPS - 9)
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Table 1 influence of Fruit boost and Bee-q on total pollinators’ visitation on sunflower

Number of polinators™/5 flowers/min,

Treatrent 1 DBS 1DAS _ 2DAS___ 3DAS 4DAS 5088
Crop sprayed with Fruit boost @ 1 miA 5725 831 &6.25 581 563 544
Crap sprayed with Bee-g @ 12 5 g# 534 525 6.19 5.94 544 538
Grap withgut any spray {Coatral) 5.19 565 538 5.9 525 531
Y’ value

Significance {comparisan hetween 1 & 3) NS 3.0728° 4.5086% 3.1954" 2.9795" NG
Significance {comparison between 2 & 3} NS 3.2070*  3.5885% 37974 NS NS
Significance {comparison between 1 & 2) NS NS NS NS N3 NS

* Pottinators included: Apis dorsata; A. meliifera; A. cerana and other poliinators; NS = Non-significant;
* = Gighificant at 0.05 tevel, DBS = Days before spraying, DAS = Days after spraying

Tahie 2. Average time spent by Apis melflifera on sunflower heads

Time spent by one beeflower (min}

Treatment 108S 1 DAS 2 DAS 30AS 4 DAS 5 DAS
Crop sprayed with Fruit boost @ 1 mlA 0.37 043 0.47 0.43 0.34 0.36

Crop sprayed with Bee-g @ 12.5 g/ 0.39 0.45 0.51 048 0.40 0.37

Crop without any spray {Control) 0.38 0.30 0.34 0.36 0.34 0.35

‘t' value

Significance (comparison between 1 & 3) NG 30569* 25901 NS NS NS

Significance {comparison between 2 & 3) NS 27205 31189 2,9775* NS NS

Significance (comparison between 1 & 2) NS NS NS NS NG NS

NS = Non-significant. * = Significant at .05 level, DAS = Days afler spraying, BDBS = Days before spraying

Table 3 Influence of Fruit hoost and Bee-q on yield components of sunflower

o
% increase te Filed % increase Unfiled % decreask

0,
%increase ..o Unfiled  decrease

Head

wely e S o S om e o
Crop sprayed with Fruit poost @ 1 mi 87.82 28.42 30.00 714 428 2248 56 48 4029 1.55 26.18
Crop sprayed with Bee-g @ 12.5 g/ 81.11 18 88 28 90 321 457 1508 4887 2139 1.85 11.90
Crop without any spray (Control) 68.23 28.00 550 40.26 2.10

P values

Significance {compariscn between 1 8 3) 3.3664* 2.0000" NS 3.5027" NG
Significance {comparisan hetwean 2 & 3y 2.4288* NS NS 22731 NS
Significance {comparison between 1 & 2) NS NS NS NS NS

NS = Non-significant, * = Significant at 0.05 lavel

Table 4 Influence of Fruit boost and Bee-q on yield components of sunflower

Treatment % % decrease 10Q-seed %o iNCrease Seed yigld % increase  fncremental benefit
chalfiness  over control  weight (9} over control {kg/ha) over control  cost returns (Rs./ha)

Crop sprayad with Fruil boost @ 1 mift 24.07 8.0 486 6.39 1185 2514 2480

Crop sprayed with Bae-q @ 12.5 gl 2198 1612 4.58 457 1002 856 1185

Crop withaut arty spray (Control) 26.18 . 4.38 923

‘' values

Significance {comparison between 1 & 3) NS 2.5200* 23424

Significance (comparison between 2 & 3) NS NS 4 9738"

Significance {comparison between 1 & 2) NS NS 2.3424*

* - Significant at 0.05 level; Price of sunflower seeds (Rs. 1500/q), NS- Non-significant
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Table 5 influence of Fruit boost and Bee-q on qualitative pal’arl'Ie(Qr.s o+ g M

werr

% increase

oul
. h . ;gou over
e Shoot % jncrease \-':.,dex control
Gil . % icrease pef o length e
% increase Yo Reot i ™ {em) trol
" percen- e over . K con 0 3043
Treatmen tage  Overcontral gemmination cantroy SNl £ 2669 5
(cm; P ;’fﬁ 1167 24 28 |87 o0 6.85
Crop sprayed with Frut boost @ 1 min~ 40.04 0.03 94 20 525 Tom 1! o 8.67 2.98 *O 4670
Crop sprayed with Bee-q @ 12.5 gl 40.16 .32 9310 alz 9.39
Crop without any spray (Contrl) 40.03 84.50 1350 225837
t’ values 2,844~ NS

Significance (comparison between 1 & 3} NS B.512*
Significance (comparison between 2 & 3) NS
Significance (comparison between 1 & 2) NS

NS NS

*- Significant at 0.05 level ; NS- Non-significant
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Abstract

Fourdiverse genotypes i5L-025, IS5L-026, Morden and
180-08 were treated with 20 and 30 Kr of gamma rays
to induce genetic variability for tolerance to Alternaria
leaf blight in sunflower. Significant variability was
observed in disease index in M, and subsequent
generations in all the treatments. In general, the
higher dose produced lower mean percent disease
index (PDI) scores and higher variability at all the
three stages of disease scoring. There were also
significant variations in the response of genotypes to
mutagenic treatments. I'n general, the progenies
derived from mutagenic treatments of genofypes
ISL-025 and ISL-026 had lower PDI values compared
to Morden and 180-08. The genotypes with higher
level of tolerance produced more number of progenies
with low PDI scores. A number of pregenies in M, and
M; generations showed significantly lower PDI vaiues
over the check Morden. There was significant
improvement in the resistance of the progenies
derived through mutagenic treatment. Twenty-two
progenies showed not only lower PD) values but also
superior seed yield over check.

Key words: Mutation, Alternaria leaf blight, resistance,
Helianthus annuus L., variability

Introduction

Sunflower (Helianthus annuus L) was introduced to India,
in early 1970s and within a short time it occupied a
significant area in the country. Presently, it is grown over
an area of 2.07 m.ha. producing 1.25 m.t. with average
productivity of €04 kg/ha (Anonymous, 2004}
Concomitant with increase in area and production in the
country, there has been an increased incidence and
severity of sunflower diseases also. Altemaria leaf blight
caused by Altemaria helianthi (Hansf) Tubaki and
Nishihara has been considered as a potentially destructive
disease in India and elsewhere, causing more than 80%
of yieid loss under severe disease conditions (Hiremath ef
al., 1990). In-built genetic resistance would be the most
economic means of reducing yield losses in sunflower.
However, studies so far indicated that high degree of
resistance to Alfernaria helianthi is not reported in
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Helianthus species (Shobharani and Ravikumar, 2003).
Onily partial resistance is avaifable in the sunflower gene
poo! which is reported as polygenic{Ravikumar et al.,
1995). The usefulness of such resistance to develop
resistant varieties/ybrids for commercial exploitation is
uncertain. Further, Alternaria leaf and stem blight
resistance appearsto be additive and only moderate gains
can be expected by selection (Keong et al., 1998).
Therefore, induced mutations were proposed to develop
high level of resistance to ieaf blight in sunflower (Kong e
al., 1896). Alarge number of genotypes resistant to funga
diseases have been developed through induced mutation:
in different crops such as will in ¢otton (Bazhanova et af.
1990), Cercospora leaf spot and rustin groundnut (Patil e
al., 1995). However, it is not easy to detect mino
polygenic changes for quantitative traits. In the presen
experiment, four genotypes were treated with mutage:
and selections were made in M. and subseguen
generations to confirm the resistance.

Materials and methods

The present investigation was carried out at Mair
Agricultural Research Station, University of Agricultura
Sciences, Dharwad, Karnataka, India over six season:
from 1898 to 2003. Dharwad is a hot spot for Affermari
leaf blight of sunflower particularly during rainy seasor
with more number of rainy days, moderate temperature:
and high humidity prevailing throughout the rainy seasons

Four diverse genotypes viz., [SL-025 (SL-026, Moerder
and 180-08, were selected for this study. ISL-C25 ant
iSL-026 were interspecific derivatives of H. petiofars anc
H. argophyllus respectively, while Morden is a popula
variety and 180-08 is a breeding line. Abcut 500 seed:
from each of these four genotypes were exposed U
gamma ray treatment at Nuclear and Agriculture Division
BARC, Trombay, Mumbai. The M, generation was growr
during summer 1999 and all the plants were selfed. Equa
quantity of seeds from all the plants in each treatmen
were mixed to form M, generation. Each M, populatior
was grown in a plot size of 20 m x 4.5 m during khari
2000. About 150-175 superior plants from each M, wer¢
scored for PDI as given below. From the plants scored
30-40 plants for each M, were selected to grow M
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progenies. The plant to row progenies (M.} of selected
plants were grown during summer 2000 and the best
plants of individual progenies were selfed during post
rainy 2000 to advance them to the M, generation.
Altogether 227 M, progenies from seven treatments were
evaluated during kharf 2001 in three replications. Each
progeny was grown in a row length of 4m. Five
plants/progeny/replication were selected for recording
abservations on PD at 3 stages as given below along with
seed yield/plant. Further, five uniform plants in each
progeny were seffed for advancing to M; generation. The
M, progenies were tested for disease reaction at three
stages and seed yield in three replications during kharif,
2002.

Data on disease severity was assessed using 0-9 scale

and PDIwas calculated as given below (Mayee and Datar,
1986).

¥ Observations
x 100

PDI =
No. of observations x Maximum grade value

The data collected on different M, populations was
subjected for statistical analysis. Genetic parameters such
as mean, range, variance and coefficient of variation (CV)
were calculated. The phenotypic and genotypic coefficient
of variation (PCV and GCV), heritability, genetic advance
as percent of mean (GAM) were calculated in M, and M,
progenies. Further, the variation was partitioned into total
mutants and genotypes. The variation in genotypes was
again partitioned into three components viz., mutation
doses (20 and 30 kr) and interaction "components
{Sharma, 1998),

Results and discussion

Attempt to identify sources of resistance to Altermaria leaf
blight in Helianthus species had revealed onfy partial
resistance controlled by polygenic system. As high lavel
of resistance is not available in cultivated gene poal,
attempt was made to induce variability for resistance
through mutations. The frequency and spectrum of
Mutations reported for quantitative traits including seed
yield in several crops attracted attention of sunfiower
W_Grkers. A large number of genotypes resistant to fungal
d}seases have been developed through mutations in
different crops such as wilt in cotton (Bazhanova et al.,
1990), Cercosporaleaf spot and rust in groundnut (Patil et
al, 1995). The present study elucidates the usefulness of
Physical mutagens inducing variation for resistance to
Alternaria helianthi in sunflower. Further, the study also

9enerate information on effectiveness of mutagen on four
92notypes.

The effect of polygenic mutations for guantitative
Chqracters was studied in M, generation in the form of
their mean, range, variance and CV.
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The mean PDIfor Alternaria leaf blight was decreased with
increase in dosage of gamma rays at all the three stages
(Table 1}. Among M, poputations, the highest mean PDI
was observed in 180-08 (20 kr) and the least was in
ISL-026 (30 kr) in all the three stages. The CV was also
increased with increase in dosage. The CV was highestin
ISL-026 (30 kr), while it was least in 180-08 (20 kr}. The
above findings are also in accordance with the findings of
Yadav et al. (2001), who observed decrease in mean PDI
and increase in variability with increased dose of mutagen
against Alfernaria brassicae in mustard. Overall, ISL-026
(30 kr) and ISL-025 (30 kr) exhibited low disease mean
amaong seven M, populations. Among the genotypes,
ISL-025 and I1SL-026 had lower mean values in their M,
compared to other genotypes. Such genotypic differences
for mutagenic treatment has been reported earlier in
sunflower and other crops (Venkatachalam and
Jayabalan, 1887} In mutation breeding programme
particularly for a specific trait fike disease resistance, the
choice of genotype to be treated is very important since
different genotypes differ in their response to disease and
mutagenic treatments, It is reported that the moderately
resistant genotypes produce higher frequency of resistant
mutants compared to susceptible ones. Therefore, it is
suggested to use moderately toierant genotypes for
mutation instead of susceptible genotypes for generating
desirable variability for resistance. Higher dose of mutagen
produce more variability in sunflower (Yadav ef al., 2001).

Twe hundred and twenty seven M, progenies were
selected from all the seven treatments. The analysis of
variance indicated significant differences among the
progenies at all the three stages of disease scoring
suggesting significant variability among the progenies.
The progenies of individual freatments also showed
significant variability for PD1 at all the stages in both M,
and M, generations except in progenies of 180-08 {20 kr),
which was non-significant in M, (Table 2). (tis evident from
the results that the mean PDI of the progenies derived
through mutations was lower than the check Marden in
both M, and M, generations. For example, the mean PDI
of total mutants was 15.2 as against 24.4% in check
variety Morden at stage-|. Similarly, at stage-|l it was 45.2
against 46.6% and at stage-Il it was 73.6 against 78.8%
in check in M, generation (Table 3). Such improvement in
resistance of the progenies due to mutagenic treatment
has been reported in other crops alsa (Pathirana, 1992;
Yadav ef al., 2001).

The analysis of mutagenic doses indicated in general the
higher dose produced lower mean PDI scores and higher
GCV and PCV value at all the three stages. Therefore, it
is desirable to use 30 kr gamma irradiation instead of 20
kr. Similarly, the pregenies derived from mutagenic
treatments of ISL-026 (30 kr) and ISL-025 (30 kr) had
lower mean PDI values compared to Morden and 180-08
in M, and M generations (Tables 3, 4). The sensitivity of
the genes to mutagenic treatment also depends on the
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genetic background {Smutkupt et af., 1988). Further, the Similar to the M, generation, the genotypes |SL-026 anc
polygenic traits depend on many component traits and 151.-025 which produced all the progenies with low scores
sterations could be at different component level. The leading lower mean PDIl compared to Morden.

genotypes may vary for their component traits leading to
dferential response for the same mutagenic treatment.

Table 1 Genetic variability parameters for per cent disease index (PDI) in M, progenies of sunflower

Cnaracter Treatment Mean Range Variance Ccv
POl at flowering 180-08-20Kr 27.3 13.3-22.2 10.8 12.0
180-08-30Kr 246 11.1-31.1 20.0 18.2
Morden-20Kr 246 14 4-333 250 203
Morden-30Kr 22.6 11.1-32.2 387 26.8
1SL-025-20Kr 23.7 13.3-311 296 229
1SL-025-30Kr 222 12.2-289 315 252
1SL.-026-30Kr 21.2 33211 329 270
Pl at 15 days after flowering 180-08-20Kr 771 44 4-87 6 703 10.8
180-08-30Kr 701 42 2-84 4 110.0 149
Morden-20Kr 690 44.4-855 1121 153
Morden-30Kr 68.0 47.7-86.6 108.7 153
1SL-025-20Kr 686 46 6-86 6 1375 17.0
ISL-025-30Kr 66.9 45 5-84.4 165.0 18.2
1SL-026-30Kr 648 38.8-81.1 1703 201
]ﬂatphysiglogical maturity 180-08-20Kr 93.8 72.2-98.8 16.2 43
180-08-30Kr 9.6 8§1.1-97.7 39.8 7.0
Morden-20Kr a7.7 71.1-98.8 36.0 68
Morden-30Kr 872 71.1-968 278 6.0
ISL-025-20Kr 88.4 68.8-97.7 426 7.3
1SL-025-30Kr 86 4 72.2955 3386 &7
1SL-026-30Kr 84.6 71.1-986.6 33.6 6.8

v =Coefficient of variation

Table 2 Analysis of variance for per cent disease index (PDI) in M, and M, progenies of sunflower

MSS far the character

SN Trent X M, progenies M, progenies
No. reatmen
PDI at 50% PD;;;WSSOE/?S phyzglozgical PDI at 50% E;?,f‘sa;f:ei phy‘:g:oﬁical
_ flowering flowering maturity flowering 54, flowering _ maturity
1. Tetal mutants 226 47.5* 158.6™* 1167 64.2%* 1417 103.1*
2 180-08 {20+30kn - 33 247 7. 19.57 240" 41.6™ 31.5
180-08 (20Kr) 9 17.4 493 17.3 20.6™ 40.7** 27.2*
180-08 {30Kn) 23 21.8* 27.3" 19.8* 24 2% . 233" 23.3*
c  20Krvs 3QKr 1 156.0™ 176.4** 34.3 47.3* 471.6** 260.4*
3 Morden (20+30Kr) 74 34.1™ 82 1* - 50.2* 350" 81.2* 486.7™
Morden (20Kn) 34 27.1* 26.1™ BTG R 26.5% 326" 30.7*
Morden {30Kr} 39 28.2* 35.2* 50.7* 27.7* 41.0*" 49.6**
20Kr vs 30Kr 1 5782 3816.8* 613.2% 610.3* 32952+ 4817
4 ISL-025 (20+30Kr) 74 28.4** 64 3* 40.7** 34.9™ 46.9* 59.7*
a 18L-025 (20Kn 33 27.5™ 22.3 226" 356.9* 22.2* 37.4™
I151.-025 (30Kr) 40 25.8"* 256 331 27.2* 29.7** 422
20 Krvs 30 Kr 1 162.3* - 2999.4" 944 9™ 276.5™* 1550.3"* 1496.2**
5. ISL-026 (30Kr) 42 25.0* 27.9™ 69.0*" 15.6™ 31.7 85.2**

#35ignificant at 1 per cent level: * = Significant al 5 per cent level
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Table 3 Genetic variability parameters for per cent disease index (PDI) at different stages of M, and M; progenies
of sunflower

No. of M, Generation M. Generation

Character Treatment progenies  Mean PCV GCcvV Mean PCV GCV
Total mutants 227 152 287 24.9 227 211 GOV

PDI at 50% flowering 180-08-20Kr 10 222 16.4 88 284 9.8 19.8
4 80-08-30K 24 175 198 13.2 284 a9 23
Morden-20Kr 35 18.2 20.7 13.8 259 13.4 85
Morden-30Kr 40 15.0 225 18.0 226 14.7 10.3
ISL-025-20Kr 34 16.0 217 17.2 23.0 16.4 1286
iSL-025-30Kr 41 14.3 220 19.3 20.8 152 - 145
ISL-026-30Kr 43 10.0 321 27.0 17.0 151 14.0
Check 24.4 36.5 12.3
Total mutants 227 42.2 17.9 16.8 452 15.8

PDI at 15 days after 50% flowering 180-08-20Kr 10 54.2 105 5.2 58.2 8.0 14.9
180-08 30Kr 24 51.4 7.7 46 543 54 52
Morden-20Kr 35 438 7.4 52 509 70 47
Marden-30Kr 40 40.5 9.5 7.8 433 94 6.1
1SL-025-20Kr 34 44 4 7.2 54 46.8 6.9 8.0
ISL-025-30Kr 41 371 9.2 7.0 416 8.4 51
ISL-026-30Kr 43 326 10.8 8.5 36.3 9.8 71
Check 45.6 63.4 84
Total mutants 227 736 9.0 8.1 781 8.1

PDI at physiological maturity 180-08-20Kr 10 78.8 4.5 1.8 770 45 7.4
180-08-30Kr 24 778 4.6 23 813 38 3
Morden-20Kr 35 78.3 49 3.8 798 4.5 31
Morden 30Kr 40 75.0 6.5 48 769 58 36
1SL-025-20Kr 34 76.3 4.4 20 79.8 5.8 49
1SL-025-30Kr 41 721 55 40 748 55 37
I1SL-026-30Kr 43 6306 - 85 71 7.4 82 4.7
Check 78.8 79.7 7T

Table 4 Superior M, mutant lines for Afternaria leaf blight resistance and seed yield in sunflower

Number of mutant lines superior over check

Teamen  PDlmse OGS NS seyen SRR e

flowering maturity generations

M, M, M, M, M, M, M, M,

180-08-20Kr <) 10 - 2 - 2 . . —
180-08-30Kr 19 15 6 12 4 10 - - —
Morden-20Kr 11 35 g 30 8 11 4 6 26,38.102 and107
Marden-30Kr 40 49 19 40 15 10 7 9 143,632,087 122 andt 43
ISL-025-20Kr a2 34 15 34 30 8 2 6 57 and115
ISL-025-30K: 41 41 21 41 41 41 7 11 66.90,81,92,155,158 and 165
18L-026-30kr 43 43 43 43 43 43 8 8 46,52 and 79
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Inherently the genotypes Morden and 180-08 are more
susceptible compared to ISL-025 and ISL-026. Therefore,
it can be inferred that for a palygenic trait like Alternaria
helianthi resistance, the genctypes with lower PDI values
produce more number of progenies with lower PDI vaiues
compared to the genotypes with higher susceptibility upon
mutation. Hence, it is suggested to use the genotypes with
higher level of resistance for mutation to improve
resistance to Alternaria leaf blight in sunflower. Hundred
and fourteen progenies showed consistently lower disease
values compared to popular check Morden at all the three
stages in both M, and M, generations. From this study, 22
mutant lines were identified with combination of low PDI
values and high seed yield. The lines are four progenies of
Morden (20 kr), six progenies of Morden (30 kr), two
progenies of ISL-025 (20 kr), seven progenies of ISEL-025
(30 kr) and three progenies of ISL-026 {30 kr) {Table 4).
The lines are fairly homozygous and true breeding. Hence
these lines can be utilized in the leaf blight resistance
breeding programmes of sunflower. They may also form
the base material for synthesizing leaf blight resistant
populations for further improvement.
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Abstract

An experiment was conducted with six generations
(P,, P, F., Fs BC, and BC,} of five inter-varietal
crosses, TMV 4 x KS99037 (C,) TMV 4 x K§990812{C)),
TMV 4 x KS990813 (C,), TMV 4 x KS889153 (C,) and
TMV 4 x Cordebergea (C;} to study the components of
variance and degree of dominance for days to first
flowering, days to maturity, plant height, primary
branches, capsulesi/plant, capsule length,
seeds/capsule, 100 seed weight and seed yield/plant.
The degree of dominance was greater than unity in
TMV 4 x K899153 for days to first flowering,
seeds/capsule and 100 seed weight, TMV 4 x KS
990812 for capsules/plant and TMV 4 x KS 990813 for
100 seed weight indicating over dominance for the
respective traits. Hence, it is suggested for adoption
of heterosis breeding for these crosses in sesame.
The traits, plant height, number of branches/plant and
seed yield/plant were largely controlied by both
additive and non-additive genetic variance. The
pedigree or recombination breeding followed by
selection in fater generations would improve these
characters. The traits, capsules/plant and capsule
length were controlled by additive genetic variance,
simple selection or simple recurrent selection wouid
be effective in these crosses for these traits. The
environmental variance for capsules/plant, capsule
length, seeds/capsule and 100 seed weight revealed
that the environment factors play an important role in
the expression of these traits.

Key words: Sesame, components of varance, degree
“of dominance

Introduction

E&‘ts;lgwe occupies a place of prominence among oilseeds,
other pllroduction has been n_alativety low as compared to
moct 0:‘seed crops_. Th‘e major constraints identiﬂgd for
el o Ithe countngs including India are, instability in
*Sync;h ack of vwder adaptability, drought, non
of Sesaronous matun!y etc. F orbreakfng such yield barrier
t dem.e and evolving yanehes with high yield potential,
divers sirable to combine the genes from genetically

€ parents. The success in identifying such parents

3

mainly depends on the gene action that confrols the trait.
The choice of plant breeding methodology for upgrading
the yield potential largely depends on the availability of
reliable infarmation an the nature and magnitude of gene
effects present in the population. The developments in
statistical genetics have made possible to study the
various facets of quantitative genes and to use this
information in formulating appropriate breeding strategy to
effect genetic improvement of a particular trait. The
present siudy, therefore, was aimed at studying the
genetics of important guantitative characters including
seed vield, so as to formulate suitable breeding strategy.

Materials and methods

The experimental material consists of six generations, viz.,
P, P, F,, F, BC, and BC, derived from five inter-varietai
crosses TMV 4 x KS99037 {C,) TMV 4 x KSG90812 (C,},
TMV 4 x KS990813 (C.,), TMV 4 x K§99153 (C,) and TMV
4 x Cordebergea (C;), were raised at Department of
ailseeds, Tamil Nadu Agricultural University, Caimbatare
during rahi 2004. The parents and F,s were planted in four
rows of 6 m length. The BC, and BC, were planted in 6
rows of 7m length, while the ¥, of each crosses were
raised in 12 rows of 7m length. The inter and intra row
spacing was maintained at 30 cm x 30 cm. Recommended
agronomic practices and plant protection measures were
adopted to raise a successful crop. Fifty plants each from
parents and F,s, 100 plants from BC, and BC, generations
and 250 plants from F, populations were randomly
selected for recarding various observations (Table 1). The
variances estimated from different generations were
partitioned intc different genetic components of variation
following Mather and Jinks (1877).

Results and discussion

The variance due to environment was lower than the
additive and dominance variance in all the five crosses for
days to maturity: C,, C, and C; for days to first flowering;
all crosses except C, for plant height; C,, C, and C, for
number of branched/plant and C, and C, for 100 seed
weight. Hence, these crosses were not much influenced
by the environment. The days to first fiowering showed
positive additive variance for all the crosses except C,
(Table 1) and high dominance variance in all the five
CrOsSses.
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Tahle 1 Estimates of various genetic components of variance for different characters in sesame

Cross EW D H F [H/Dl%
Days to first flowering

TMV 4 x KS89037 177 28.28 -48.48 894 -
TMY 4 x K5990812 10.60 50.44 -67.92 -0.64 -
TMV 4 x KS990813 6.90 -2.28 13.04 -4.2 -
TMY 4 x KS38153 13.35 2.44 28.32 -0.74 347
ThiWaxCordebergea 9.4 25.14 -55.36 -0.21 -
Days to maturity

TMY 4 x KS99337 3969 125.42 -181.16 3417 -
TMY 4 x K5990812 3537 -79.76 22268 -117.32 -
TV 4 x KSB%0813 2259 -59.5 132.24 4971 -
TMV 4 x K589153 36.83 -41.3 167.56 16.33 -
TMV4 x Cordebergea 24.01 85.66 -163.12 -4.43 -
Plant height

TMV 4 x K586037 ' 24210 -71.8 -63.24 68.44 0.94
TV 4 x K3S580812 183.17 287.52 262.32 -27.148 -
TV 4 x KS930843 235.43 -564.Q7 -302.64 -162.88 0.73
TMV 4 x KS99153 266.12 -688.9 1430.96 122.51 -
TMV4 x Cordebergea 48213 §533.28 -2587.64 -4.8 -
Number of branches/plant

TMV 4 x KS95037 245 -1.0 6.12 07 -
TMY 4 x KS930812 2.41 -5.82 1544 -1.83 -
TMV 4 x K5390813 2.44 7.84 712 -2.12 -
TMV 4 x KS99153 2.56 -8.04 19.36 © - 258 -
TMV4 x Cordebergea 2.87 0.66 -D.44 _ -3.05 -
Number of capsuiesiptant

TMV 4 x KS98037 90207 -288.05 313.36 -109.96 -
TMY 4 x KS990812 81952 3185 867.36 ‘ 88.85 1.65
TMV 4 x K§990813 82063 1786.42 -2463.04 -604.05 -
TV 4 x K$59153 8449.01 451.4 -334.72 78.6 -
TMV4 x Cordebergea 854.14 2031.34 -32876 232.35 -
Capsule length

TMY 4 x KS98037 , 0.63 0.14 -0.14 -0.014 -
TMV 4 x KS890812 0.114 010 -3.8 0.05 -
THMY 4 % KS980813 ' .05 0.20 -0.22 0.01 -
ThV 4 x K589153 G.061 -0.048 0.068 -0.082 -
TMV4 x Cordebergea 0.063 -0.05 0.036 0007 -
Number of seeds/capsule

TMV 4 x KS99037 63.35 0.9 1174 . -56.43 11.42
TMV 4 x KS3390812 87.42 34.48 -68.58 -51.76 -
TV 4 X KS990813 68.13 661 -70.48 35.29 -
TMV 4 x KS99153 76.05 0.88 -64.92 -21.82 -
TMV4 x Cordebergea ] 52.41 -151.96 237.24 68 52 -
100 seed weight {g)

TMV 4 x KS99037 0.003 -0.0G1 -0.001 0.0001 1.00
TMV 4 x KS350812 0.008 -6.28 0.59 0.1500 -
TMV 4 x KS990813 0.0023 0.0038 0.0076 -0.0007 141
TMV 4 x KS98153 0.002 -0.001 0.004 -0.001 -
T4 x Cordebergea 0.0021 0.0008 -0.0024 -6.0013 -
Seed yield/plant .

T 4 x KS99037 1.03 294 -1.64 o1 -
TMV 4 x K8990812 1.76 -1.92 50 -2.5 -
TMV 4 x KS990813 214 -2.54 6.28 =247 -
TMY 4 x KS89153 1.83 18 -34.43 -0.68 -
TMV4 x Cordebergea 1.90 -1.32 0.72 -0.38

Qil content (%)

TMV 4 x K§99037 48.04 -97 58 41.12 -36.57 -
TMV 4 x KS980812 16.56 -62.2 133.84 17.0 -
TMV 4 x KS390813 1817 354 -66.2 -4.68

TMV 4 x K§99153 17.21 -45.2 92.48 -20.18 -
ThW4 ¥ Cordebueiges 3064 47 .06 -122.08 (.63 -

E - Non heritable variance due to environment; D-Fixable variance due to additive genes; H- Non fixable variance due to dominance;
F-Co variance of additive and dominance effects, H/ Ola - Dominance ratic
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Besides, the addilive variance was paositive in C, and C,
for days to maturity, C, and C; for plant height; C, and C,
for number of branches/plant and 100 seed weight, all the
crosses except G, for number of capsulesiplant; C,, C, and
c, far capsule length; all the crosses except Cg for
number of seeds/capsule; C, and C, for seed yield/plant
and C, and Cs for ofl content. Additive gene action for
seed yield/plant was reported by Devasena ef al. (2001).

While, the dominance variance was positive in C,, C, and
C. for days 1o maturity and 100 seed weight, C, for plant
height; C,, C, and C, for number of branches/plant; C, and
C, for number of capsules/plant, C, and C, for capsule
length; C, and C, for number of seeds/capsule and C,, C,
and C, for seed yield/plant. Dominance gene action was
reported by Senthit Kumar ef al (2004) for seed
yield/plant, Godawat and Gupta {1985) and Ramesh el al.
(2000) for days to first flowering. The covariance of
additive x dominance was positive C,, and C, for days to
maturity, plant height, number of branches/piant; C,, C,
and C; for capsule lfength, C, and C; for number of
seedsicapsule and C, and G, for 100 seed weight; only in
C, for seed yield/plant and C, and C, for oil content. These
indicate the presence of more of dominant alleles in the
parents, in the respective crosses for the respective traits.

Inthe present study, the degree of dominance was greater
than unity in TMV 4 x KS89153 for days to first flowering,
seeds/capsule and 100-seed weight, TMV 4 x KS 990812
for number of capsules/plant and TMV 4 x KS 990813 for
100 seed weight showed over dominance for the
respective traits. Hence, it is suggested for adoption of
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heterosis breeding for these crosses in sesame. The plant
height, number of branches/plant and seed yield was
largeiy contrciled by both additive and non-additive genetic
variance. The pedigree of recombination breeding followed
by selection in later generations would improve these
characters. The capsules/plant and capsule length were
controlled by additive genetic variance, simple selection or
simple recurrent selection would be more effective inthese
crosses. The environmental variance for capsules/plant,
capsule length, number of seeds/capsule and 100-seed
weight revealed that environment plays an important rale
in the expression of these traits.
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Abstract

Field experiments were conducted on sesame
{Sesamum indieum L.}ev. TKG-21in clay loam soils of
Jabalpur during kharif season of 2002 and 2004. Ten
redtments consisting of three sources of sulphur viz.,
single super phosphate (SSP), elemental sulphur (ES)
and gypsum {GY) and three levels of sulphur viz., 15,
30 ad 45 kg/ha and one control {no sulphur
application) were tested in randomised block design
with_ thrge replications. The results revealed that
applicationof § through different sources significantly
increased the seed and oil yields. Among three
sodrces. ES proved to be superior than other two
soUrceS at all Jevels of S application. Every
incemental dose of S application correspondingly
increased the seed and ofl yield up to 45 kg S/ha, with
ill sources, except with application of S beyond 30 kg
Sha was Not promising when it was applied through
GY. Application of 15 kg S/ha through ES fetched the

maxinum net monetary returns (Rs. 11427/ha) with
the BC ratio of 2.47.

Key Words: Sesame, sources. sulphur levels, oil
content

Introduction

ssare (Sesamum jndicum L) is an important rainy
52880 Uiseeq crop of Madhya Pradesh. It is grown in
ghout 1 5 lakh ha with the average productivity of 319
igha. [Lis Mmostly grown in marginal and sub-marginal
ands Uder rainfed conditions with little or no use of
fertieers s congidered as a high value crop of lowinput
use The 'ole of sulphur on yield and quality improvement
of #¥54Me is well established, as sulphur is the key
crstMent of oilseed and directly involved in the
Mepon of fatty acids in oil compounds. Continuous
coepng of sesame with the use of sulphur-free fertilizers
¢z S8MMmonium phosphate and urea under intensive
cop S€dlences and removal of sulphur from soils is
susng e wide spread deficiency of sulphur in sesame
gwind areas of the state resulting in  declining
pnuduﬂi‘v‘fy- Sharma and Kakate (1993} reported that
seed 78l of sesame increased from 25 to 30% with the
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application of sulphur. Sulphur application with an efficient
source can improve the sesame vyield. The present
investigation was undertaken to evaluate the efficiency of
sulphur and determine the optimum sulphur requirement
in sesame for different parts of the Madhya Pradesh state
under rainfed cenditions.

Materials and methods

Field experiments were conducted at the research farm,
JNKVV, Jabalpur during kharif season of 2002 and 2004
The soil of the experimental field was clay loam in texture.
neutral in reaction {pH) and low in organic carbon (0.39%).
available N (220 kg/ha), available P,0O, {7.85 kg/ha)

available sulphur (6.8 kg/ha) and high in available K,C
(345 kg/ha). The rainfall received was 1218 and 1165 mm
during the crop season in the two experimental years.
Sesame cv TKG-21 was sown with 5 kg seeds/ha in rows
30 c¢cm apart on July 27 and 5 during the year 2002 and
2004, respectively. The intra row spacing of 10 cm was
maintained by thinning. Ten treatments consisted of three
levels of sulphur (15, 30 and 45 kg/ha), three sources of S
{(single super phosphate, elemental sulphur and gypsum)
and one absolute controi {no suiphur appticatior} which
were tested in randomised bilock design with three
replications (Table 1}. Gypsum {GY} and single super
phosphate (SSP) wee applied at the time of sowing,
whereas, elemental sulphur (ES) was applied 15 days
before sowing. The recomrended dose of 50 kg N, 40 kg
P.0, and 30 kg K,O/ha was given through urea,
diammonium phosphate and muriate of potash,
respectively. The quantity of N and P was adjusted
through these fertilizers by considering the quantity of P
applied through single super phosphate as pertreatments.
The oil content in the seeds was recorded and the oil
yields were computed. Data on seed yield were recorded
in the respective years and economics of the treatments
was warked out on the basis of the pooled mean for seed
yield over the years.

Results and discussion

The seed yield was almost mare than doubie during first
year of experimentation under all treatments than the



Deshmukh et al.

second year mainly due to variation in distribution of
rainfall {Tabte 1). Though the rainfall was higher during
first year, the heavy rainfall at early growth stage of crop
in second year resulted in low plant population and poor
growth of plants and ultimately gave lower seed yield. All
the treated plots receiving S-application through different
sources at varying rates significantly produced higher
seed yield than control (no sulphur application) in both
years. Every incremental dose of S as 15, 30 and 45
kg/ha through SSP and ES correspondingly increased the
seed yield in both years, but variations between different
S rates were not significant when it was applied through
ES, whereas application of S through gypsum significantly
increased the seed yield upto 30 kg S/ha and then
drastically declined the yield with further increase in S at
45 kg/ha during first year, but seed yield significantly
increased upto 45 kg S/ha during the second year. Among
different sources of 3, ES led to register significantly
higher seed yield than SSP and gypsum with the same
level of S-application. These results are in close
conformity with the findings of Nagavani ef al. (2001) and
Duhoon et al. (2005). Oil content in seeds did not differ
significantly due to different rates of $ application through
various sources during first year, but application of 15 kg
and 30 kg S/ha through all the three sources significantly

had higher oil content over control. Consequently all S
treated plots significantly produced higher oil yield than
controf. Unlike seed yield, oil yield also showed increasing
trend with increasing rates of S apphcation upto 45 kg
Stha, but it reduced beyond 30 kg S/ha when gypsum was
the source of §. The oil yield was maximum with
application of S through ES at afl levels than the other two
sources.

Net monetary returns (NMR) and profitability (B:C ratio) of
application of different fevels of sulphur was found
profitable over control. Application of 15 kg S/ha through
ES fetched maximum NMR of Rs. 11427/ha closely
followed by 45 kg S/ha through SSP (Rs. 11336/ha), 30 kg
S/ha through ES (Rs. 11263/ha) and 30 kg S/ha through
gypsum {Rs. 11191/ha). The NMR was minimum (Rs.
7011/ha) with control, while remaining treated plots
fetched the NMR above to Rs. 10000/ha except with 15 kg
S/ha through SSP (Rs. 8626/ha). B:C ratio was the lowest
{2.08) in control which increased in S treatments from 2.16
to 2.56. The highest B:C ratio (2.56) was recorded with 30
kg S/ha through gypsum. Similar results in sesame have
been reported by Nageshwar Lal ef al. (1995), Sarawagi
et al. (1995) and Duhoon et al. (2005).

Table 1 Effect of different levels and sources of sulphur on seed yield, oil yield and economics of sesame at Jabaipur

Treatment Seed yield (kg/ha) Qil (%} Qil yield (kg/ha} Economics
2002 2004 Mean 2002 2004 Mean 2002 2004 Mean| NMR" B:C ratio
T, 15 kg S/ha through S8P 1094 507 801 54 .4 52.3 53.35 585 265 430 8626 216
T, 30 kg S/ha through SSP 1285 521 803 558 52.3 54.05 717 272 485 10321 2.33
T, 45 kg Stha through SSP 1372 570 971 56.2 512 53.7¢ 771 292 532 11336 2.40
T, 15 kg S/ha through ES 1302 616 959 559 52.0 53.95 728 320 524 11427 2.47
Ts 30 kg Stha through ES 1349 823 986 565 52.8 54 .65 762 329 546 11263 2.33
Ts 45 kg S/ha through ES 1361 638 1000 55.8 52.6 54.20 759 338 548 10839 2.18
T, 15 &g S¢ha through GY 1233 498 866 557 525 54 .10 887 261 474 10221 2.43
Ts 30 kg Stha through GY 1302 532 917 550 52.0 53.50 716 277 496 11191 2.56
Ty 45 kg S/ha through GY 1198 582 890 549 51.3 53.10 658 299 478 10601 2.47
T, Contral (No sulphur) 955 400 678 558 51.0 53.45 533 204 368 7011 2.08
SEmz 27 7 - 065 0.24 - - - - - -
CD (P=0.05) 84 22 - NS 0.71 - - - - - .-

SSF = Single super phosphate; ES = Elemental sulphur; GY = Gypsum; NMR = Net monetary returns; ™ = Pooled mean basis for 2002 and 2004
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Abstract

Afielg experiment was conducted to study the effect
of integrated nutrient management practices on the
growth and yield of castor. Maximum growth in terms
of plant height and drymatter production was
tbserved with 75% recommended dose of nitrogen
(RDN) + 25% N through poultry manure. Substitution
of 25% RDN with poultry manure alsc resulted in
i““.fitEr;;;riman,r and secondary spikes; more number of
Primary, secondary and tertiary spikes/plantand more
Number of capsules/spike. Integrated use of inorganic
fffl'tilizers with organic manures recorded seed yield
Similar to that of 100% RDN. Though, seed oil content
did not vary significantly due to INM practices, oil yield
¥as highest with application of 75% RDN + 25% N
through poultry manure.

Xey words: Castor, integrated nutrient management,
growth, yield

Introduction

Castor (Ricinus communis L.) is an important non-edible
diiseed crop fetching sizeable amount of foreign exchange
10 the country. It is the second most important oilseed
&0 of Andhra Pradesh next to groundnut. In Andhra
Pladesh, castor occupies an estimated area of 249
housang ha with a production of 114 thousand tonnes
and a productivity of 456 kg/ha. It is grown under rainfed
@nditions in Andhra Pradesh. The poor agro-ecological
0urces in traditional castor growing areas of Andhra
Pradesh - Telangana region characterized by shallow
sandy loam soils, undulating topography, low soil fertility,
'UW' and uneven rainfall distribution had made its
Witvation less remunerative during khanf Improved
aitivars, biological pest control, efficient management of
bnd and water resources and integrated nutrient
Management are some of the means to achieve increased
¥oductivity. Among them, nutrient management must be
s0und for achieving production target on sustainable
2asis. Although use of chemical fertilizers is the fastest
%3y of counteracting the pace of nutrient depletion, the
88 rising energy cost and fimited input availability
tupled with many other factors deter farmers from using
Meseinputs in balanced proportions and in recommended
Qantities. From technical, econamical, logical and
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environmental considerations, the best option is t
practise integrated nutrient management. Keeping this |
view, the present study was conducted to evaluat
integrated nutrient management (INM) options fc
maximising the productivity of castor in souther
Telangana zone of Andhra Pradesh,

Materials and methods

A field experimen! was conducted at College Famr
Callege of Agriculture, Rajendranagar, Hyderabad durin
kharif, 2005. The soil of the experimental field was sand
clay loam in texture, slightly alkaline {pH 7.4) with mediur
organic carbon (0.5%), low available nitrogen (172.
kg/ha) and phosphorus (22.6 kg/ha) and high potassiur
(235.0 kg/ha) contents. Treatments were laid out i
randomised block design with three replications havin
plot size 6 m x 4.5 m. The treatments consisted of eigt
nutrient management practices viz., control {no fertilizers
(T,), 100% recommended dose of nitrogen (RDN) (T,
75% RON + 25% N through FYM (T}, 50% RDN + 50% !
through FYM (T,), 75% RDN + 25% N through poulir
manure {Tg}, 50% RON + 50% N through poultry manur
(Ts), 75% RDN + 25% N through castor cake (T,) and 509
RDN + 50% N through castor cake (T,). Castor seed
were hand dibbled at a depth of 4-5 cm by adopting .
spacing of 60 cm x 45 cm. PCS-4 {Kranthi} cultivar wa
used in the study. The recommended dose of fertilizer €
80N + 40 P,0; + 30 K,T kg/ha was applied in 100% ROt
treatment. Entire dose of P and K and 1/3 of N wen
applied basally and the remaining 2/3 N was applied in tw
equal split doses at primary and secondary spike initiatiol
stages. In case of INM treatments, NPK content of organi
manures were initially analysed and quantified to suit th
scheduled quantity of N substitution as per the treatmer
and incorporated in the soil at the time of final ploughing
Nitrogen, phosphorus and potassium in chemical fertilize
treatments were applied in the form of urea, single supe
phosphate and muriate of potash, respectively.

Results and discussion

Growth characters of castor wviz, plant height an
drymatter production did not vary significantly at earl
stages (30 DAS) with INM practices due to not
competitiveness for resources like maisture, light am
nutrients owing to its slow initial growth rate.
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The crop growth in terms of plant height increased
progressively upto 90 days after sowing and thereafter,
the rate of increase was meager {Table 1). Maximum plant
height during the entire crop growth period was observed
with 75% RDN + 25% N through poultry manure {T).
Better performance of this treatment with respect to plant
height might be due to lesser C:N ratio of poultry manure
which resulted in mineralisation and increased availability
of nitragen to the plant throughout the crop growth period.
Owing to highast plant height, drymatter production of
castor was also maximum with 75% RDN + 25% N
through poultry manure (T;) treatment at alt the crop
growth stages which proved superior to all other
treatments except with 75% RDN + 25% N through castor
cake (T,) (Table 1). These results are in conformity with
the findings of Babulkar ef a/ (2000) in soybean and
Talashilkar et al. (1997) in groundnut,

Observations on length of primary and secondary spikes
{Table 2) revealed that significantly longer spikes were
obtained with 75% RDN + 25% N through poultry manure
(T,) compared to other treatments (Table 2). Better growth
of the plant coupled with adequate availability of nutrients
from poultry manure might have resulted in the production
of lengthy spikes as compared to other sources of
nufrients. However, tertiary spike length did not differ
significantly due to different INM practices, but based on
mean data it was comparatively greater with 75% RDN +
25% N through poultry manure {T.). These results are in

accordance with the findings of Raa and Shaktawat {2002}
in groundnut.

The number of spikes/plant and capsules/spike is an
index of final yield as they are the significant contributory
factors for seed yield in castor (Ramji Bind and Patil,
1997). In the study, the total number of spikes/plant
recorded by 75% RDN + 25% N through poultry manure
(T5) was significantly higher compared to other treatments.
Integration of incrganic nitrogen fertilizer with organic
nitrogen source (poultry manure) has resuited in more
number of spikes/plant compared to control (no fertilizer)
(T,) and 100% RDN (T,) (Table 2).

The number of capsules/primary spike was significantly
greater with 75% RDN + 25% N through poultry manure
(T.) as compared to other treatments (Table 2).
Combination of two different sources of nitrogen (organic
and inorganic) might be responsible for continuous and
prolonged accumulation of photosynthates which in turn
resulted in production of more number of filled
capsules/spike. Similar results were observed with the
application of poultry manure in groundnut (Rao and
Shaktawat, 2002).

Secondary spikes contributed more to final seed yield as
compared to that from primary spikes because the seed
yield from primary spikes was less due to the incidence of
grey rot disease.

Table 1 Plant height and drymatter production of castor as influenced by INM practices at various stages of crop growth

Plant height (cm) Drymatter production {kg/ha}

Treatment 30 60 86 120 At 30 &0 80 120 At
DAS DAS DAS DAS havest DAS DAS DAS DAS harvest
T, : Contral (No fertilizer) 171 306 716 758 B81.0 300 312 920 1530 2451
T:: 100% RDN (60-40-30 N-P,0,-K,0 kg/ha) 223 556 912 99.0 1085 341 396 1362 1842 3207
T;: 75% RDN + 25% N through FYM 165 426 807 627 878 305 360 1160 1750 3160
T.: 50% RDN + 50% N through FYM 183 422 733 805 872 319 346 1080 1620 3042
T;: 75% RDN + 25% N through poultry manure 243 650 1022 1120 1188 328 422 1490 1920 3275
Te: 50% RDN + 50% N through poultry manure 226 504 878 960 1026 366 375 1208 1811 3172
T;: 75% RDN + 25% N through castor cake 225 569 914 1065 111.0 315 411 1452 1883 3233
Te  50% RDN + 50% N through castor cake 195 450 828 884 906 352 356 1140 1722 3075
SEmy 25 309 92 55 72 28 09 138 224 1408
<D (P=0 05) NS 94 276 167 210 NS 302 428 679 4272

NS = Non-significant

Seed yield contribution from primary spikes (250 kg/ha),
EECondaw spikes (285 kg/ha) and tertiary spikes (178
8/ha) to the total seed yield (713 kg/ha) revealed that
Seed yield recorded by 75% RDN + 25% N through poultry
Tég‘ol/-lre (Ts) was found higher and was comparable with
500, ; gDN (T2), 75% RDN + 25% N through FYM (T),
throz h N+ 50% N through FYM (T,), 50% RDN + 50% N
Casto? Poultry manure (T,), 75% RDN + 25% N through
ot cake (T.T) rfmd 50% RDN + 50% N through castor
€ (Ta) but sigriificantly superior to control (T,} (Table 3).

a
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The significant increase in seed yield under INM
treatments was due to beneficial effect of organic manures
on growth and yield parameters through increased supply
of nutrients with increased mineratisation and improvement
of physico-chemical properties of the soil. These results
are in accordance with the findings of Jagdev Singh and
Singh (2000}, Rao and Shaktawat (2002) and Reddy
(2005). On the other hand, INM practices did notinfluence
the oil content (Table 3) to a significant level but have
shown favourable effect in the improvement of ol yield. Oil
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yield obtained with 75% RDN + 25% N through poultry
manure {T.) was significantly higher compared to rest of
the treatments which is in agreement with the findings of
Baby Akula and Bapi Reddy {1998).

Thus, integrated nutrient management practices were

found as efficient as that of application of 100% RDN
through inorganic fertilizers with improved growth and yield
attributes. Among different organic sources, substitution of
25% RDN with poultry manure was found best with higher
seed and oil praductivity.

Table 2 Yield attributes of castor as influenced by INM practices at various stages of crop growth

Spike length {em)

L No. of spikes/plant 7 No. of capsules/spike

Treatment

Primary Secondary Tertiary Secondary Teriary  Total

Primary Secondary Temiary

T, : Control {No fertilizer) 20.60 14.6 12.8 3 2 6 10 15 11
T, : 100% RDN (60-40-30 N-P,0,-K,C kg/ha} 28.0 19.0 13.0 4 4 9 21 16 13
T,: 75% RDN + 25% N through FYM 254 16.5 134 4 4 10 17 15 12
T, : 50% RON + 50% N through FYM" 24.0 16.0 13.0 4 3 9 15 15 12 -
T5: 75% RODN + 25% N through poultry manure 32.0 20.5 16.4 5 4 11 27 18 16
Te . 50% RDN + 50% N through poultry manure 26.5 17.7 136 4 4 9 20 16 13
T, : 75% RDN + 25% N through castor cake 30.2 16.6 15.0 5 4 10 23 17 14
T, : 50% RDN + 50% N through castor cake 255 17.0 134 4 4 10 13 15 12
SEmx 1.7 0.9 1.59 [t 0.1 0.2 19 .99 1.85
CD (P=0.05} 5.4 2.9 NS 0.4 NS 0.5 57 NS NS
* One primary spike was added to the total secondary and tertiary spikes
Table 3 Seed yield, oil content and oil yield of castor as influenced by INM practices
Treatment Seed yield {kg!ha) Oif cantent Qi yield
Primary  Secondary  Teftiary Total (%) (kg/ha)
T, Controt (Mo fertilizer) 128 148 91 365 477 174
T; : 100% RDN (60-40-30 N-P,0,-K,( kgrha) 232 264 165 662 456 apz
T,: 75% RDN + 25% N through FYM 226 258 161 644 46.4 299
T, : 50% RDN + 50% N through FYM 210 240 150 800 452 271
T, : 75% RDN + 25% N through poultry manure 250 285 178 713 473 337
T, : 50% RDN + 50% N through poultry manure 222 252 159 633 47.4 300
T,:75% RDN + 25% N through castor cake 243 277 174 694 46.3 321
T, : 50% RDN + 50% N thraugh castor cake 224 285 160 639 454 296
SEm+ 18 15 11 38 1.3 4.4
€D (P=0.05) 55 46 43 118 NS 10.9
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Abstract

The present study was an attempt to assess the
impact of WTQ on area, production and productivity of
oilseeds in Andhra Pradesh by estimating the patterns
of growth and magnitude of instability, assessing the
explanatory variables’ affects and forming clusters of
districts based on different criterion. The time series
data for the period 1985-86 t0 1994-95 and 1998-99 to
2007-08 on area, production and productivity were
collected from various publications of the Bureau of
Economics and Statistics, Government of Andhra
Pradesh. Hierarchical and K-Means Clustering,
Compound growth rate, Coppock's Instability Index,
Decompeosition of change in average production were
employed for achieving the objectives.

The results revealed that growth performance of
oilseeds production was higher during pre-WTG
period than post-WTO period. Butitwas accompanied
by high degree of instability. Decomposition analysis
revealed that area effect was higher than the
productivity effect on the production differential in
Coastal Andhra and Telangana regions, where as, vice
versa was noticed in Rayalaseema. So, growth in
production should mainly come from area attributing
factors like assured supply of farm inputs and
provision of remunerative prices etc., in Coastal
Andhra and Telangana regions, where as, in
Rayalaseema it should be through yield attributing
factors like input use efficiency and technology.

Key words: Oilseeds, clustering, growth, instability,
decomposition analysis, Andhra Pradesh,
Coastal Andhra, Rayalaseema and
Telangana

Introduction
India is the one of the largest producer, consumer and

ggpmer of oilseeds in the world. In India, during the year
07-08 (estimated), oilseeds were grown on 26.54 million

ha with a production of 28.83 million tonnes and

; r‘l’d‘{cﬁ‘fﬂv of 1086 kg/ha. The nine maijor oilseeds grown
a ndia are groundnut, castor, niger, sesamum, rapeseed
nd mustard, linseed, safflower, sunflower and soybean.

Andhra Pradesh ranks fifth in cilseeds prodisction with
2.24 (8.45%) million ha of area, 1.36 (5.6%) million tonnes
of production and 609 kgha productivity during 2006-07.
Pal Suresh and Sirohi (1989) has stated that in post-green
revolution period (1967-68 to 1983-84) not only vilseed's
yield was stagnant in most states but average vyield
decreased in some crops including state of Andhra
Pradesh. Further, increase in area was large enough to
offset the stagnant yields Studies by Hazell {1984) and
Jayadevan (1991) revealed that the growth in crop
praduction during the post-green revolution period has
been accompanied with increased instability and yield
fluctuation turned out to be the major source of production
instability. With this background to find out causes for
fluctuations along with growth in Andhra Pradesh during
pre and past WTO periods, an attempt has been made in
the present study with the following specific objectives:

1. To study growth rates in area, production and
productivity.

2. To examine the extent of instability in production.

3. To assess the change in average preduction caused
by exploratory variables

4. To identify the productivity clusters

5. Toidentify the growth and instability clusters based on
production.

Materials and methods

The study pertains to state as a whale, three geographical
regions of Andhra Pradesh viz., Coastal Andhra,
Rayalaseerna and Telangana and ait districts i.e., 22
districts (Because data for Hyderabad district is
regiigible). Here, the oilseeds means surmming up of nine
major oilseeds wiz., groundnut, castor, rapeseed and
mustard, sunflower, safflower, soybean, niger, castor and
linseed. The time series data for the pre-WTO period
(1985-86 to 1994-95) and post-WTO period (1998-99 to
2007-08) on area, production and productivity were
collected from various publications of the Bureau of
Economics and Statistics, Government of Andhra
Pradesh. In the data, four years break was given between
two periods to allow the WTO impact percolate down to
effect penultimately on area and productivity and in tumn

1 .
Scientist (Ag. Economics), Experiments on Cultivator's Fields Scheme, Regicnal Research Station, Warangal, AP.
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effect ultimately on production. Analysis was conducted
separately for each period.

Analytical tools: Apart from budgeting techniques
following analytical techniques were employed fo achieve
the objectives.

Estimation of growth rates: Compound growth rates
(CGR) were estimated by fitting an exponential function of
the following form.

Y=Ab'
LogY¥=LogA+tloghb
Where,

Y = Area/preduction/productivity; A = Constant; b = (1+r),
r = Compound growth rate; t = Time variable in years (1,

The value of antilog of 'b’ was estimated by using
LOGEST function in MS-Exel. Then, the per cent
compound growth rate is calculated as below:

CGR (%) = [LOGEST (¥, : Y5} - 1] x 100

Estimation of extent of instability: For the calculation of
extent of instability, Coppock's Instability Index (Cll) was
employed. It is a close approximation of the average
year-to-year percentage variation adjusted for frend. In
algebraic form:

Cll = {AntilogVlog V - 1] x 100
[Log (X,./X) - m J*

LogV =
N-1

Where,
Xt = Arealproduction/productivity in the year 't'; N =

Number of years; Log V = Logarithmic variance; m =
Arithmetic mean of difference between the logs of X,,,, etc.

Decompaosition of change in average production:
Change in average production between the periods arises
from changes in mean area and mean yield (productivity),
interaction between changesin meanyield and mean area
and change in yield-area covariance (Hazell, 1984).
The change in average production AE (P} between the
periods can be obtained as follows:

AE(P) = A AY + Y. AA+ AR AV + ACov{AY)
Where,
ALAY Y AAAA AYand ACov (AY) 4ve

change in mean area, change in mean yield, changes in
mean area and mean yield and changes in area and yield
covariance respectively
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Clustering: Cluster analysis is a multivariate procedure
ideally suited to segmentation application. Clustering is the
technigue, which groups the objects of inferest based on
the proximities of the concerned character. Two-stage
clustering technique was employed by using the
Hierarchical and K-Means Clustering technigues (SPSS
15 trial version). Hierarchical Clustering gives the number
of groups to be formed, where as, K-Means Clustering will
decide the membership in each cluster.

Based on productivity: Hierarchical cluster analysis
given three clusters of districts based on yield (kg/ha).
These clusters were named as low (< 750), medium
{750-1000) and high (= 1000},

Based on growth vis-a-vis instability: Hierarchical
cluster analysis classified the districts into three clusters
viz., low (< 0%), medium {0.1-2.0%) and high (> 2.1%),
based on the production growth (CGR), similarly into three
clusters viz., low (< 10%), medium (10-20%) and high
(>20%) based on production instability (Cll). Then, these
three clusters each in growth and instability were cross
tabulated and resulted in nine clusters wiz., L-L
{Low-Low) L-M L-HM-L M-M M-HH-L H-M, and H-H
{High-High) clusters, and presented in the form of 3 x 3
tables (Tables 6 and 7). Further, analysis was carried for
the both periods.

Results and discussion

Growth rates: During the pre-WTO period, state as a
whole, growth rate was negative in productivity (- 1.67%),
where as, growth rate in area {4.26%) was high ard
production {2.52%) was moderate (Table 1}. So, growth in
area contributed more towards growth in preduction than
by growth in productivity. Among the regions, ranges of
growth rates in area varied between 1.40% (Coastal
Andhra) and 5.89% (Rayalaseema), in production they
were from 1.24% (Coastal Andhra} to 4.78% (Telangana)
and in productivity varied between - 3.47% {Rayalaseema)
and 1.71% {(Telangana). Growth rate in area was highest
in Rayalaseema, in production and productivity was in
Tetangana. Lowest growth rate in area and productivity
were noticed in Coastal Andhra, in production was noticed
in Rayalaseema. Growth in area cantributed more towards
growth in production in all regions. Among the districts,
range of growth rates in area was between -15.31% (East
Godavari) and 9.73% ({Nizamabad), in preduction the
lowest was - 15.02% (East Godavari} and the highest was
11.13% (Medak}, in productivity growth rates varied from
-5.63% (Kadapa) to 12.38% (Nalgonda). East Godavari
recorded the lowest growth rate in area and productiorn,
whereas, highest growth rates in all variables were noticed
in among the districts of Telangana. Out of 22 districts,
three {all belong to Coastal Andhra) in area, four (three
belong to Coastal Andhra) in productivity and 11 (five
belong to Coastal Andhra) in production has showed
negative growth rates. During the pre-WTQ period, in all
variables districts of Coastal Andhra performance is
dismal.
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During the post-WTO period, among the districts, highest
growth rate in area (11.40%), and production (10.74%)
was recorded in Nizamabad and in productivity (5.91%)
was recorded in West Godavari. Lowest growth rates
in area (- 8.13%), production (- §.68%) and productivity
{-8.62) were noticed respectively in  Khammam,
vVisakhapatnam and Nellore districts. Lowest growth rates
in production and productivity were observed among the
districts of Coastal Andhra region, while highest in area
and production was noticed in districts of Tetangana.
Further, 11, 11, 10 districts registered with negative
growth rates in area, production and productivity
respectively. Among the regions, growth rates in area
varied between -0.94% (Coastal Andhra) and 1.36%
{Rayalaseemay), in production varied from-0.84% (Coastal
Andhra) to 5.78% (Tefangana}, in productivity varied
between -2.65% (Rayalaseema) and 5.14% {Telangana).
Growth in area contributed more towards growth in
production than growth in productivity in Coastal Andhra,
whereas, vice versa was noticed in Rayalaseema and
Telangana. Similarly, state as a whale, growth in area
(0.88%) contributed more fowards growth in production
(3.40%) than hy growth in productivity {- 0.51%).

Pal Suresh and Sirohi (1989) has stated that there was
poor growth in oilseeds production during 1950-51 to
1983-84. In post green revolution period (1967-68 to
1983-84) not only yield was stagnant in most states but
average yield decreased in some crops inchuding state of
Andhra Pradesh. Further, stated that, increase in area
was large enough to offset the stagnant yields. Present
study revealed that growth in area and production were
declined during post-WWTO period {1998-99 to 2007-08) in
comparison with pre-WTO period {(1985-86 to 1994-95),
whereas, vice versa was observed in productivity. After
starting technology mission in oilseeds in 1980's there
was ingrease in growth, as noticed from present study
4.26 and 2.52%, respectively in area and production
during the pre-WTO period. But this was not sustained in
Post-WTO period as it is evidenced in area {0.88%) and
production (0.40%) had less growth rates. But, negative
growth in productivity was declined in post-WTQ period
(-0.51%} than during pre-WTQ period {-1.67%). itis good
sign that on production, effect of productivity increased
during post-WTO period. The downtrend during post-WTQ
Period may be same as stated by Rama Rao and Raju
12005) import liberalization on oil, increasing cultivation of
oll paim, lack of improved technologies to sustain the
'Mpetus presented by Technology mission on oilseeds,
INovation of synthetic products which are substitute for

oilseeds in other than dietary purposes, natural vagaries,
etc.

Extent of instability: Among the districts, during the
Pre-WTO period, the lowest in area (5.57%), production
(13.42%) and productivity (8.62%) were recorded in
Visakhapatnam. Highest instability in area (60.61%)
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production (67 38%) and productivity (66.07%) were
noticed in East Godavari, Kadapa and Kadapa
respectively {Table 2). Lowest in all variables were noticed
in Visakhapatnam. During the post-WTO period, the
lowest area (7.19%), production (16.13%) and productivity
{8.09%) were observed in Mahaboobnagar, Ranga reddy
and Vizianagaram respectively. Highest instability in are
{69.69%;), production (86.78%) and productivity (37.90%)
were registered respectivety in Nizamabad, Nizamabad
and East Godavari. In 13 out of 22 districts, contribution of
instability in productivity in relation to variability in area
was more towards production fluctuations.

Amongthe regions, during the pre-WTO period, the lowest
instability in area (5.05%), production (10.18%) and
productivity (6.88%) were recorded in Coastal Andhra,
while, highest instability in area (18.16%), production
(21.47%) and productivity (19.07%) were recorded in
Rayataseema. Contribution towards production
fluctuations was more by variability in productivity in
Coastal Andhra and Rayalaseema, whereas vice versa
was in Telangana. During the post-WTO period, the lowest
instability in area (8.12%) was noliced in Rayalaseema,
while, in production (25.58%) and productivity (10.35%)
were recorded in Coastal Andhra. While, the highest in
area (18.54%) was noticed in Coastal Andhra, where as,
in production (30,90%) and productivity (22.27%) were in
Telangana. Contribution towards production variability was
more by area variability in Coastal Andhra and by
instability in productivity in Rayalaseema and Telangana.

State as a whole, during the pre-WTO period, area
variability (12.77%) had more influence on production
fluctuations (15.05%) than by instability in productivity
(10.97%). Whereas, during the post-WTO peried,
instability in productivity {13.31%) had more influence on
production variability (22.70%) than by instability in area
(9.25%). Inter period comparison revealed that instability
in area, production and productivity during the period ||
was more than period |,

Kaushik {1993), in his study on growth and instability of
ailseeds in India aver the period 1968-69 to 1991-92, has
stated that fluctuation in productivity was the main cause
of fluctuations in production. But, results of present study
revealed that, during the pre-WTO period (1985-86 to
1994-G5) in Andhra Pradesh, fluctuations in area {(12.77%)
had higher effect on production fluctuations (15.05%) than
fluctuations in productivity {10.97%). Where as, during
post-WTQ period (1998-99 to 2007-08), yield variability
(13.31%) had higher effect on production instability
(22.70%) than area instability (9.25%). Reasons behind
high variahility in total cilseeds may be same as stated by
Rama Rao and Raju (2005) that majority of oilseed crops
were grown under rainfed conditions, low farm input
efficiency, higher spacio-temporal variability in yields by
same variety of particular crop or different crops, etc.
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Clustering based on productivify

From the tables 4 and 5 it is clear that in pre-WTQ period,
32.74, 49 .47 and 17.79% of state average praduction was
in high, medium and low cluster groups, respectively.
Whereas, in post-WTO period, a8 good amount (52.23%})
was in low cluster group. That shows the definite decrease
in the productivity levels of seme districts over the time. In
the districts where productivity was decreased the
magnitude was low, whereas, in the districts where
productivity increased the magnitude was high. This was
reflected in average productivity level in post-WTO period
(0.91 tonnes/ha} which is higher than pre-WTQO period
(0.85 tonnes/ha). During pre-WTO period, six, eight and
eight districts were in high, mediurmn and low cluster groups
respectively. Further, during post-WTO period, five, seven
and 10 districts were in high, medium and low cluster
groups respectively. This shows the movements of the
some districts from high 1o medium and low ranges from
pre-WTO period to post-WTO period. That is to say that
three districts moved from low group to medium group,
while, one district moved from medium to high groups.

But, point of concern is that productivity levels of 12
districts were stagnant. Whereas, one district each slipped
from high to medium and medium to low productivity
cluster groups respectively, while four districts siipped
from medium to low productivity clusters.

Clustering based on growth vis-a-vis instability:
Production growth was 2.52 and 0.40% in pre and post
WTO periods respectively for state as a whole {Table 1).
Basic fact is that average oilseeds production base itself
decreased from pre to post-WTO period by 25% in the
state.

Locking in isolated manner (Table 6], first from growth
rates angle, there was 54% of production base was in high
category, followed by 42% in medium and 4% in low
category. While, from instabitity angle, 53% of production
base was in medium category followed by 47% in high
category.

Then looking from both viz, growth and instability, the
most desirable combination is the district with high growth
and low instability (Top-right corner group), where as,
opposite (Bottom-left corner group) is most undesirable
group. Table 6 shows that in pre-WTO period, there was
29% of states’ production base was in H-H (High growth
and high Instability) category, followed by 28% in M-M
category and 25% in M-H category. But, point of concern
is that nearly 18% of production base is in L-H and M-H
categories put together.

During post-WTO period, 58% of state production was in
low growth category, followed by 36% in high category
and 6% in medium category (Table 7). In instabitity
category, 79% of the state production was in high
category, followed by 21% in medium category. In joint
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situation of growth and instabitity, 57% of production was
in L-H (low growth and high instability} category, followed
by 19% in H-H (High growth and high instability} category.
it reveals that growth and instability are going together.

Looking through tables 6 and 7, reveals that except 5
districts viz., Srikakulam and East Godavari (L-L group)
and Nizamabad, Mahaboobnagar and Medak (H-H group),
all the districts moved from one category to another
category from pre to post-WTO period. Majority of the
districts moved from high growth category to medium and
towards low groups, in instability also reverse trend was
observed indicating that growth and instability are going
together.

Most undesirable movement is in the direction from
top-right corner (H-L group) to down-left corner (L-H
group) like Vizianagaram, Ananthapur and Khammam
disfricts’ movement from M-M group to L-H group. Further,
Visakhapatnam, Nelflore and Chittoor from H-M to |-H
group. Other undesirable movements are from right to left
horizontally like Kadapa (from M-H to L-H), Karimnagar
(from H-H to L-H), ete., and movement from top to bottemn
vertically like Prakasam (from {M-H to H-H) etc. Concern
about movement from top-teft corner to bottom-right corner
and opposite direction depends upon production base.
That is, if production base is high generally then low
instability at the cost of growth is desirable, whereas, at
low production base high growth is desirable at the cost of
fluctuations.

Decomposition of change in average production:
Amang the districts, in 18 districts change in mean area
has more effect on average production differential than by
other components of change (Table 3). The highest mean
area effect was recorded in Mahaboobnagar (408.87%),
while, highest change in mean yield (278.49%) was
noticed in Ananthapur,

Among the regions, from pre-WTO period to post-WTO
period change in mean yield was higher than other
components of change in Rayalaseema (144.49%), where
as, change in mean area was higher than cther
components of change in Coastal Andhra (86.09%) and
Telangana (338.14%), to effect the production differential
from pre-WTQ period to post-WTQ period.

State as a whole, effect of change in mean yield {75.56%)
was higher than mean area {34.17), mean area and yield
{- 5.17%) and area and yield covariance (- 4.56%). Thus,
change in mean yield has higher destabilizing effect on
average production differential between the pre and
post-WTCO periods. One thing to note that, only in one
region (Rayalaseema) change in mean yield has higher
destabilizing effect on average production differential
which was reflected in state as a whole which reminds us
that high production base in that region (61.5% of state
production in Rayalaseema),
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Table 1 Compound growth rates of area, production and productivity of oilseeds in Andhra Pradesh during pre and

post-WTO periods
{Values in percentages}
] . Pre-WTQ period {(1985-86 to 1324-95) Post-WTO pericd {1998-59 to 2607-08)
District and Region Area Production Yield Area Production Yield
Srikakalam -0.60 0.79 -0.20 -1.81 071 1.12
Vizianagaram 3.32 1.12 -2.13 -4.82 -5.46 -0.62
igakhapatnam 0.49 3.10 2.60 -7.45 -8.68 -1.38
East Godavari -15.31 -15.02 0.34 -8.58 -8.64 0.06
west Godavari -10.35 -6.55 424 1.66 7.72 5.91
Krishna 5.55 5.47 -0.08 -7.93 -3.23 . 523
Guntur £ 4% 1.29 -3.04 7.02 802 3.44
Prakasam 7.02 4.43 -2.42 4.1 6.97 3.68
Neliore 2.51 3.82 1.27 852 -1.82 862
Coastal Andhra 1.40 1.24 -0.16 -0.84 -0.84 0.32
Kurnool 8.70 6.34 =217 1.70 3.51 1.74
Ananthapur 5.54 .28 -4 9% 215 -2.23 -4.514
Kadapa 7.09 1.06 -5.63 3.00 -2.19 -5.02
Chittoor 2.2 3.88 1.58 -3.46 -4 .51 -1.09
Rayaiaseerna 5.89 222 -3.47 1.36 -1.28 -2.65
Ranga Reddy 0.31 -6.32 -5.61 -3.26 .22 5.66
Nizamabad 9.73 10.72 .80 1140 10.74 .44
Medak 5.64 11.13 519 3.04 8.47 5.38
Mahaboobnagar 4.10 2,18 -1.85 0.83 4.28 3.37
Nalgonda -1.43 10.78 12.39 -1.42 0.10 1.53
Warangal 4.99 10.34 5.10 -4.40 007 4.69
Khamrmam 237 0.46 -1 87 813 274 -1.5%
Karimnagar 7.60 977 2.03 -6.02 -4.21 1.90
Adilabad 4.33 7.08 2.63 14.60 4234 24.06
Telangana 3.03 479 171 0.57 578 514
Andhra Pradesh 4.26 252 -1.67 0.88 0.40 -0.51

Table 2 Coppock’s instability indices (CH) of area, production and productivity of oilseeds in Andhra Pradesh
during pre and post-WTO periods
(Values in percentages)

o ‘ Pre WTO period (1985-85 to 1994-95 Post WTO period {1958-89 to 2007-08)

Districts and Regions Area Production Y_i‘i)ﬁ Ared Production Yield
Srikakulam 967 21.91 2034 - 977 20,69 13.16
Vizianagaram 577 14.52 18.38 20.02 2322 809
Visakhapatnam 557 13.12 8.62 26.70 31.90 8,65
East Godavari 60.61 £3.19 8.64 4005 65.31 37.90
West Godavari 35.08 29.94 13.28 24.02 31.01 27.84
Krishna 2125 18.40 11.37 51.74 48.84 22.80
Guntur 25.25 27.28 12.05 .71 41.19 19.19
Prakasam 20.69 18.33 10.52 44.03 47 74 23.57
Nellora 1547 - 14 68 15.42 53.71 28.09 26.88
Coastal Andhra 5.05 10.18 §.88 18.54 2158 10.35
Kurnool , 23.71 24,89 14.84 8.06 17.38 12.80
Ananthapur 13.93 18.66 2233 827 4457 38.86
Kadapa 22.99 67.38 66.07 16.67 29.29 2427
Chittaor - 8.81 19.72 13.73 26,54 28.63 7.27
Rayalaseema © 1818 2147 1907 8.12 2554 18.92
Ranga Reddy 7.19 35.70 36.43 18.45 16.13 28.00
Nizamabag 29.37 46.32 18.66 69.69 86.78 2432
Medak 19.64 4418 26,60 30.21 45,66 30,14
Mahaboobnagar 19.77 28.81 25.21 7.18 2046 14.63
Naigonda 976 1367 1618 13.52 24.04 16.09
maafaﬂgal _ 15.42 28.24 2327 20.92 17.04 20.27
Kari”""’am . 13.91 1567 10.09 42.62 62.09 23 80
Adﬂ:‘bﬂagaf 23.57 35.72 12.25 4118 30.14 22.58
Telon ad 21.77 47.94 32.12 48.78 56.57 13.78
And gana 11.04 1377 9.63 13.04 30.90 22.27
indhra Pradesh 12.77 15.05 10.97 9.25 22.79 13.31
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Table 3 Components of change in average production in oilseeds between pre and post WTO periods

(Values in percentages)

Sources of change

District and Region Change in mean  Change in mean  Changes in mean area and Changes in area and yield
yield area mean yield covariance
Srikakulam 30.12 78.36 -6 64 -1.84
Vizianagaram 57.07 56.93 -15.68 - -0.02
Visakhapatnam 2.44 98.65 -0.98 -0.11
East Godavari -0.42 102.15 0.35 _ -2.08
West Godavari -166.91 180.38 B 94.55 -8.02
Krishna - -B2.76 117.20 3375 1.84
Guntur 19.04 90.26 -8.39 -0.91
Prakasam 33.24 76.82 -11.69 1.63
Nellore 21.56 54 62 -3.81 2763
Coastal Andhra 19.87 B6.09 -7.36 14
Kurnool -29.65 98.11 -1.83 33.37
Ananthapur 278.48 -216.87 67.11 -28.73
Kadapa : 106.47 -6.93 3.16 . -2.70
Chittoor 46.15 64.34 -10.29 -0.20
Rayalaseema 14449 4717 1225 -9.57
Rangareddy -8.81 101.58 335 3.88
Nizamabad 15.08 7268 ' 11.01 1.23
Medak 78.61 17.471 7.8 -3.82
Mahaboobnagar 1,03 ) 408.87 -0.02 . -308.88
Nalgonda ; 1.18 1C1.87 -0.42 -2.63
Warangal -237.92 23308 8524 19.60
Khammam 41.85 82 89 -22.69 =205
Karimnagar -19.72 102.37 9.61 7.74
Adilabad 38.01 11.96 ) 2502 25.01
Telangana -281.09 338.14 ' 50.75 7.80
Andhra Pradesh 75.58 3417 -5.17 -4 58

Table 4 Productivity (tonnes/ha) clusters of different districts in pre-WTO period (1985-86 to 1994.95)

Cluster-l (High) Cluster-ll (Medium) Cluster-lll {Low)
Name Yield Name Yield Name Yield
Nellore 1.65 Khammam 0.93  Warangal 0.68
Kadapa E 1.20  Nizamabad 0.2 E. Godavari 0.63
Krishna : 1.13  Srikakulam 092 Visakhapatnam 0.61
Chittoor ‘ 1.12  Guntur 0.88 Medak 0.55
W. Godavari 1.02 Vizianagaram 0.87 Mahaboobnagar 0.52
Karimnagar . 1.01 Prakasam 0.82 Nalgonda 0.48
Kurnool ‘ 0.78 Ranga reddy 0.46
Ananthapur 0.75 Adilabad 0.26
Average 117 0.86 0.52
% to State productivity 138 101 61
Share in State production (%) 32.74 49.47 17.78

Note 1: State average productivity during pre-WTO period is 0.85 tonnes/ha
Note 2: State average production during pre-WTO period is 25, 02,719 tonnes
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Table 5 Productivity (tonnes/ha) clusters of different districts in post-WTO period (1998-99 to 2007-08)

Cluster-| (High) Cluster-1l (Medium) Cluster-1ll (LLow)
‘Name Yield Name Yield Name Yield
W. Godavari 1.50 Chittoor 0.91 Prakasam 0.73
Krishna 1.42 Adilabad 0.87 Khammam 0.70
Nellore 1.38 Srikakutam 0.85 Vizianagaram 066
Nizamabad 1.08 Warangal 0.84 E. Godavari 0.82
Karimnagar 1.07 Guntur 0.82 Kadapa 060
Kurnool 0.80 Ananthapur 0.58
Medak 0.75 Visakhapatnam 0.57
Ranga reddy 0.56
Mahaboaobnagar 0.56
Nalgonda 0.45
Average 1.29 0.a3 ne
% to State productivity 142 N 66
Share in State production (%) 7.39 39.38 53.23

Note 1: State average productivity during post-WTO pericd is 0.91 tonnes/ha
Note 2: State average productien during pest-WTO period is 18, 78,212 tonnes

Table 6 Cross tabulated growth and instability clusters in pre-WTO period (1985-86 to 1994-95)

- {Production in tonnes)

Growth cluster/Instability Cluster- {Low) Cluster-Il (Medium) Cluster-Ill {High) All gri?]U;z’t:hare
Cluster District Name  A.P*  District Name AP District Name AP*  production (%)
Cluster-l (Low) Nil Nil Nil
Each groups’ share in state production {%) 0 0 ‘ 0 0
Vizianagaram 90000 Visakhapatnam 42429
Ananthapur 567429 Prakasam 42286
Cluster-lf {Medium) Nii Khammam 42143 Nellore 67571
Chittoor 319571
Nalgonda 91286
Each groups’ share in state production (%) t] 28 25 53
Srikakulam 52429 Guntur 36286 Krishna 43857
East Godavari 12714 Kadapa 302286 Kurnool 33800¢
Woest Godavari 13000 ) Nizamabad 19429
Cluster-Il (High) Rangé reddy 19571 : Mahaboobnagar 158571
Warangal 93000
Karimnagar 73143
‘ Adilabag 10857
Each groups’ share in state production (%) 4 14 29 47
All groups’ share in state production (%) 4 42 54 100

f‘ofef_State average production during pre-WT0O period is 25, 02,719 tonnes
= Average production in pre-WTO period for the respective districts
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Table 7 Cross tabulated growth and instability clusters in post-WTQ period (1998-99 to 2007-08)

(Production in tonnes)

Growth Cluster-l (Low) Cluster-l (Medium) Cluster-lli {High) All groups’
Clusters/Instability share in state
Cluster Name AP* Name AP~ Name AP* production (%)
Cluster-t {Low) Nii Nil Nil
Each groups' share in state production (%) 0 0 a 0
Cluster-Il {Medium) Ranga reddy 14775 Warangal 66902 Kurnoo) 328708
Each groups’ share in state production (%) 1 3 17 21

Srikakulam 38917 Nalgonda 56570 West Godavari 10444

Vizianagaram 45544 Guntur 156767

Viszkhapatnam 23378 Prakasam 45805

East Godavari 3078 Nizamabad 34017

Krishna 18260 Medak 23363
Cluster-1N {High} Nellore 42600 Mahaboobnagar 152338

Ananthapur 493800 Adilabad 69685

Kadapa 145674

Chittoor 195287

Khammam 14702

Kanmnagar 33397
Each greups’ share in state production (%) 57 3 19 7815

Al groups’ share in state production {%) 58 B . 36 100

Note: State average production during post-WTO period is 18, 78,212 tonnes
"AP = Average production in post-WTO period for the respective districts
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Abstract

Forty five F, crosses of Indian mustard [Brassica
juncea (L.) Czern and Coss] in a diallef set involving
ten parents (excluding reciprocals) was studied to
investigate mid-parent, better parent and economic
heterosis over check variety GM 2 for seed yield and
its component traits. The analysis of variance for
various characters revealed that the considerable
genetic variation existed among the parents and
hybrids for all the traits under study. Comparison of
mean squares due to parents vs. hybrids indicated
presence of overall heterosis for all the characters
except days to 50% flowering, days to maturity and
length of main branch. The standard heterosis for
seed yield and its components traits revealed that the
highest standard heterosis for seed yield was
observed in RH 819 x SKM 9928 (111.75%) followed by
GM 1 x GM 2 (102.48) and GM 1 x RH 813 (95.25%).
Amongst these hybrids, the RH 819 x SKM 9928 was
heterotic over GM 2 for various yield components,
whereas, the hybrids GM 1 x GM 2 and GM 1 x RH 819
were also heterotic for primary branches/plant and oil
content. It is to mention that at least one good parent
with high per se performance involved in the hybrids
has resuited in high heterotic effects.

Key words: Indian mustard, heterosis, heterobeltiosis,
Brassica juncea

Indian mustard is one of the most important oilseed crops
grown during rabi season. Heterosis breeding could be
potential alternative for achieving quantum jumps in
production and productivity. The magnitude of heterosis
particularly for seed yield is of paramount importance and
if the heterosis is feasible it can help 1o reach high yield
levels ang thereby higher output of oil in mustard.

The experimental material for the present investigation
consist of 10 lines of Indian mustard viz., TM 18, GM 1,
GM 2, RH 819, RH 30, PCR 7, SKM 9585, SKM 9927,
SKM 9928 and SAL 1 and hybrids generated by crossing
the above lines in all possible combinations. The 10
Parents and their 45 F,s were raised in randomized block
design with three replications at Main Castor and Mustard
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Research Station, Gujarat Agriculture University,
Sardarkrushinagar during rabi 2002-03. Each genotype
was sown is single row of 3 M length with spacing of 45
cm x 15 cm. All the management practices were followed
as per recommendations to raise a normal crop.
Observations were recorded on 10 characters for five
competitive plants selected at random per plot. The mean
values of each genolypes were subjected to calcuiate
heterosis as per cent deviation from mid-parent, the better
parent and the standard check variety, GM 2 for each
character,

The analysis of variance revealed highly significant
differences among the genotypes for all the characters.
Further, partitioning of mean sum of square of genotype,
viz., parents and hybrids suggested significant differences
among parents and hybrids for most of the characters.
This indicated the existence of considerable amount of
genetic variability in the experimental materials. The mean
squares for parents vs. hybrids was found to be highly
significant for all the characters except days to 50%
flowering and maturity, length of main branch and number
of secondary branches/plant, which implied that
performance of hybrids was significantly different than that
of the parents for most of the characters (Table 1).

Significant negative heterosis was recorded for days to
50% flowering, which is desirable for the development of
early type. it was observed that crosses showing negative
heterosis for 50% flowering did not always exhibit negative
heterosis for days to maturity revealing complex nature
of gene action. Fourteen hybrids expressed consistently
significant and negative standard heterosis for plant
height. The crosses SKM 9585 x SAL 1 {-17.20%), TM 18
x GM-1(-14.43%) and TM 18 x SKM 9585 (-13.91%) were
the best three hybrids for plant height. From this it was
observed that cross involving TM 18 and SAL 1 as one of
the parents showing dwarfness suggesting their use as a
potential donor parents for the development of dwarf
varieties. Significant heterosis was recorded for various
yield contributing characters. The crosses showing highest
heterosis with respect to each of these characters is
presented in table 2.

For seed yield, 32 crosses depicted significant positive
relative heterosis, 17 crosses exhibited significant positive
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heterobeltiosis, while, significant positive standard
heterosis was exhibited by 32 crosses. A study of
standard heterosis for seed yield and its component traits
revealed that the hybrid RH 819 x SKM 9928 expressing
the highest standard heterosis {111.75%) for seed
yield/plant, also manifested high standard heterotic effects
for yield contributing traits viz.,, number of primary and
secondary branches/plant, number of siliquae/plant and cil
content. Similar trend was observed in other high standard
heterotic hybrids wviz., GM 1 x GM 2 and GM 1 x RH 819.
High association among these attributes as weli as seed
- yield have been reported as in the case of combinational
heterosis (Joshi and Patil, 2003). The standard heterosis
for number of primary and secondary branches (83.62 and

64.65%, respectively) were very high. For 1000 seed
weight and oil content heterosis in desired direction wasg
moderately low. A standard heterosis for number of
siliguae/plant was moderate (41.15%). The use of crosses
exhibiting high heterosis of yietd and its compcnent
characters in  breeding programmes aimed at
development of high yielding varieties is advocated. The
superior F, hybrids are expected to produce transgressive
segregants if additive genetic systems of the superior
parent and complimentary epistatic effect of the F, act in
the same direction to maximize intensity of the desirable
yield attributes.

Table 1 Analysis of variance for parents and hybrids for yield and its component characters in Indian mustard

. of prima " 1000- : &

Source of variation 4f. Dggffoto Dayste  Plant Leswgaii:lﬂcf N%rgngheslw No. of secondary No.of slliquae/ ooy Ol ??aé’

flowering maturity height branch plant branches / plant plant weignt content igant
Replication 2 2 27 .29 AT 3% 239 043 4345 2058.18 025  B3I9™ 1108
Genotypes 54 23.53 631"  632.09* 86.16* 0.70* 485" 3045.57** 1417 3.96* 2218™
Parents 9 42,13 15,29 1063.94*" 146 59* 201 11.24* 4173.72*" 260" 481 32.48*
Hybrids 44 20.13* 4.52* 54979 7541 0.43*" 3.46™ 2666.74* 1.11* 265" 1869™
Parents vs. Hybrids 1 6.04 4.59 365.00* 1519 1.01* 8.38 §242.65" 3.68*" 58.29* 81.20"
Error 108 1.90 2.22 62.66 24.62 0.20 1.90 1660.50 0.27 1.10 321
SEmt 0.79 0.86 4.57 2.86 025 0.79 23.52 03 0.60 1.03
CD({P=0.058) 2.21 2.41 1282 B.02 .70 2.21 65.98 Q.84 168 2.89

Where, ™ and ™, significant at P = .05 and P = 0.01 levels, respectively.

Table 2 Summary of highest heterotic cross combinations in desired direction and range of heterosis (%} with respect to each

character in indian mustard

Character

Best heterotic crosses and Range of Heterosis {%)

Quer mid parent

Qver better pareqt Qver check (GM 2)

Days to £50% flowering RH 819 x SKM 9928

(11020 2.37)
GM 2 x SKM 9585
{-1 .80 to 2.37}
GM 1 x SKM 9928
13,11 to 11.01)
RH 812 x SKM 9328
(- 14.54 lo 19.51)

Days to maturity
Plant height

Length of main brarch

Number of primary branches/plant GM-4 x GM-2
{-19.21 10 42.22)

Number of secondary branches/plant GM1xGM2
(-30.43 to 37.76)

Number of siliquae/plant GM2xPCR7
(-27.23 to 22.80)

1000 seed weight GM 1 x SAL1
{-2.11 to 31.54)

Cil content PCR7xSAL1

23040 9 56)

Seed yield/plant T™M 18 x GM 2

{-28.34 10 B9.59)

RH 819 x SKM 9228 T™ 18 x GM-1
(-2.60 10 22.00) {-20 85 10 5.80)

RH 30 x SKM 9927 TM 18 x SAL 1
-0.92 to 4.84 {-4.26 tc 1.22)
GM 1 xGM 2 SKM 2585 x SAL 1

(-8.51 o 27 48)

RH 819 ¥ SKM 5928
(-17.93to 18 11)

(-17.28 10 17 44)

GM 1 x SKM 9585
{(-11.33 10 13.41)

GM1xGM2 TH 819 x SKM 9928
{-27.38 to 36.17) (25.53 tc 83 62)
RH30xPCR7 RH 810 x 5KM 9528
{(-38.72 o 14.72) {-0.96 10 64.09)
GM 1 xSAL 1 TM 18 x SKM 9585

(-32.59 to 15.01)

RH 818 x PCR 7
{-18.89 x 18.56}

(-11.40t0 41.15)

RH 819 x PCR 7
{-23.07 to 27.01)

GM2xPCR7 GM 1 x RH 30
-533t0 8510 {02710 8.87)
TM 18 x GM 2 RH 819 x SKM 8928

(-39.47 10 5719 {2.15t0 111.75)
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Abstract

Interrelationship analysis was carried out in 66
genotypes of rapeseed. Seed yield had highly
significant positive association with days to 50%
flowering, days to maturity, plant height, number of
branches/plant, number of siliquae on main branch,
number of siliquae/plant and harvest index, while,
non-significant and negative correlation with seeds
per siliqua and oil content. Path coefficient analysis
revealed that component traits viz., harvestindex and
number of siliguae on main branch had high and
positive direct effect along with strong positive
association with seed yield. Low to high positive
indirect effect on seed yield via all other component
traits except 1000 seed weight was ohserved,
indicating that greater emphasis should be laid on
selection for these traits to achieve improvement in
yield level.

Keywords: Brassica campestris, rapeseed, correlation,
path analysis

Rapeseed-mustard is an important winter season oilseed
crop of India. To evaluate the relative influence of
compeonent characters on vyield, the path coefficient
analysis was followed which permits the separation of
Correlation coefficient into the measure of direct and
indirect effects. In the present study, an attempt was made
to analyse seed yield and its attributing characters of
rapeseed by correlation and path coefficient analysis.

Sixty six genotypes of rapeseed were collected and
planted in randomized block  design replicated thrice
during winter season of 2004-05 at Main Castor and
Mustard Research Station, S.D. Agricultural University,
Sardarkrushinagar. The spacing between rows and plant
0 plant was kept 45 cm and 15 cm, respectively.
Observations were recorded on ten randomly selected
Plants from each replication and data were recorded for
days to 50% flowering, days to maturity, plant height (cm),
te_'jgfh of main branch (cm), branches/plant, number of
siliquae on main branch, siliquae/plant, seeds/siliqua,
1000 seed weight (g), oit content (%), harvest index (%)
and seed yield/plant (g). The character association was

49

estimated from variance and covariance components as
given by Fisher (1954) and Al-Jibouri et al. (1958) and the
direct and indirect effects of characters upon seed yield
were measured by path analysis as per Dewey and Lu
(1959).

The genotypic correlaiions were generally higher than the
phenotypic correlations indicating the inherent association
between various traits {Table 1). Seed yield showed highly
significant positive association with days to 50% flowering,
days to maturity, plant height, length of main branch,
branches/plant, number of siliquae on main branch,
siliquae/plant and harvest index. While, it was
non-signiicant and negative association with seeds/siliqua
and oil content at both genoctypic and phenotypic levels.

Days to 50% flowering and maturity showed positive and
highly significant association with pfant height and
siliquae/plant but highly significant and negative
association with oil content and harvest index at both the
levels. Plant height exhibited highly significant and positive
correlation with number of branches/plant, length of main
branch, number of siliquae on main branch, siliquae/plant
and seed yield/plant. Present finding is in conformation
with the resuits obtained by Singh and Singh (1995).

The number of branches/plant showed highly significant
and positive correlation with plant height, length of main
branch, number of siliguae on main branch and
siliquae/ptant. Number of siliquae/plant expressed
significant and negative correlation with 1000 seed weight
and oil content. The seeds/siliqua showed positive and
non-significant correlation with il content. The trait, 1000
seed weight expressed positive and highly significant
correlation with oil content. Oil content also showed
positive and highly significant correfation with harvest
index at both the levels. Harvest index expressed positive
and highly significant correlation with seed yield at both
genotypic and phenotypic levels,

in the present investigation, the highest positive direct
effect on seed yield was recorded for harvest index (0.487)
followed by number of siliquae on main branch, plant
height, siliquag/plant, seeds/siliGua and days fo maturity
{Table 2}. Similar results have been reported by Singh and
Mishra (2002} for number of siliquae/plant and
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seeds/siliqua and Kumar et al. (2004) for seeds/siliqua.
The negative direct effect of branches/plant was high,
while, days to 50% flowerting was moderate and for length
of main branch was low, such negative direct effects were
also reported by Singh ef al. (1990) for branches/plant and
Singh and Singh (1995) for days to 50% flowering.

The number of siliquae on main branch possessed very
high (0.588) correlation with seed yield/plant, which was
due to its high positive direct effect (G.445) and high
positive indirect effect via plant height. Plant height
exhibited high correlation with seed yield, which was due
to its high positive direct and indirect effects via number of
siliqguae on main branch. The high positive correlation for
harvest index was exhibited with seed yield/plant, which

was due to its very high (0.487) positive direct effect. Inthe
study, the residual effect at genotypic level was 0.281,
which suggested that there might be few more component
traits responsibte to influence the seed yield.

For the improvement of the seed yield, emphasis should
be made on yield contributing traits, which are influencing
it directly or indirectly. In the present study, path analysis
revealed that for improving seed yield in rapeseed,
weightage in selection should be given to more plant
height, late flowering and maturity, more branches/plant,
long main branch, more siliguae on main branch, more
siliguae/plant, bold seed, high oil content and high harvest
index.

Table 1 Genotypic {upper diagonal) and phenotypic (lower diagonal) correlation coefficients among twelve characters in
rapeseed
S Darls P SIS oiman sucuaecn man SR SIS sseg O et
flowering vranch branch weight plant
Days to 50% flowering - 0.822** 0.7D9™ 0.074  0.038 0.178* 0.222" 0004 0.200* -0.304*-0.238** 0.292*
Days to maturity 0.806™ 0714 0136 0038 0.331* 0.304** 0138 (0.136 -0.33%*.0.200" 0.395™
Plant height D700 0.69E™ - 0.354* D.4B5™ 0573 D.30D3*  -D.342% D143% -L.IBD* 0236 D42
Length of main branch 0.061 0.124 0.319* - 0.266™ 0,422 0.283™ 0012 0022 -0.222* 0.158° 0.194™
Branches/ plant 0035 0044 0454* 0232 - 0.510* 0133 0066 -0044 -C.110 0042 0358*
No. ¢f siliquae on main branch 0.166* 0.299" 0.526** 0.358* 0458 - 0.376** .0.305** -0.134 -0.340" -0.024 0.586**
Siliquae/piant 0.217**  0.298* 0.299™ (0.243* 0129 0338 - 0109 -0.206**-0.273" 0.199** 0.510*
Seeds/siliqua 0.023 0078 0103 0015 -0.050 -0.190"* -0.162* - 0.010 0063 0055 -0027
1000 seed weight 0230~ 0118 0112 0025 -0.036 -0.102 0172 0,034 - 0200 0006 0054
Oil content -0.256"" -0.275* -0294* Q171" 0091 -0.281* -0.226™ 0031 0253 0.345* -0.106
Harvest index -0.223* -0.184**-0.220* 0.139" 0.039 -0.010 0.185"*  _0.085 0.121 0.296* 0.393"
Seed yiew/plant 0279 03B 0.4707C D173 DA 0503 D488 0063 D042 -0082 0.378" -
*P <005 "P <001
Table 2 Path coefficient analysis showing direct (bold) and indirect effects of eleven traits on seed yield in rapeseed
Characters Dggf/uto Days to Pl;nt Branches/ Lerr;%ti:of sili:Ségfon Siliguaes Se_eds.’ ‘[000‘seed Cil Hawest cGoer:‘;I;ytﬁ;(f:\
flowering MMM Neight - plant —pneh main branch plant  siiqua  weight content index  on seed
yield/plant
Days to 50% flowering 0115 0129 D252  -0.020 0.002 0.079 0.055 0005 0.028 -0003 -0116  0.292"
Days to maturity 0095 0.156 0254 -0.037 0.001 0.147 0.075 -0.017 0013 -0003 -0098 0395™
Plant height 0082 0112 0.355 -0097  -0.001 0.255 0.075 -0.020 0014  -0003 -0.115  0.492*
Length of main branch 0008 0021 0126 -0.274 Q.00 0.188 0070 -0.005 0002 -0.002 0077  0.194™
Branches/ plant 0004 0006 0166 -0.073  -0.002 0.227 0.033  -000% 0004 -0.001 0020 0358
No. of siliqguae on main branch -0.021 0052 0203 -0.118 -0.001 D.445 0083  -0.042 -0.013  -0.003 -0.012 0.586*"
Siliguae/plant -D.026 0048 0108  .0.077 0.001 0.187 0.247 0031 0016 -0003 0097 05107
Seeds/siliqua 0003 -0015 -0.040 0.008 0.001 0107  -0.044 0176 0006 0000 -0.039 -0.027
1000 seed weight 0034 0021 0051 -0.008 0.001 -0.060 0051 -0.011 0.095 0002 0047 (.054
Oil content 0035 -0053 -0128 (0.061 0.001 0151 -0.068  0.001 0019 0010 0168 -0.108
Harvest index 0027 -0.031 -0.084 -0.044 0.001 -0.011 0.049  -0.014 0009 0003 0487 03937

Residual effect = 0.281, ** P < 0.01
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Abstract

Combining ahility and heterosis were studied in
relation to mean performance of all possible cross
combination in a 5 x § diallel involving diverse
genotypes of rapeseed. Barring 1000 seed weight,
most of the crosses exhibited significantly high sca
and heterosis over both mid-parent and better parent
for seed yield and component traits indicating
predominance of non-additive gene action. Hence, a
wider scope of heterosis breeding and recurrent
selection has been suggested. M 27 x OCPT 4 was the
best specific combiner for number of primary
branches/plant, siliquaelplant, harvestindex and seed
yieldiplant.

Keywords: Rapeseed, heterosis, combining ability

Brassica campestris var. foria is one of the most important
oilseed crops in oilseed economy of our country. Itis often

preferred in cereal-oilseed cropping sequence due to its
short maturity duration and high net return. Average
praductivity of rapeseed-mustard in India stands at 1190kg
during 2008-09 (Anonymous 2009), whereas it is more
than double in Korean Republic, Japan, and neighbouring
China. Recombination breeding can bring about desirable
combination of genes of suitable parents [eading to
spectacular improvement in production and productivity.
Available literature reveal commercially exploitable
magnitude of heterosis for seed yield in rapeseed-
mustard. But, no significant breakthrough has yet been
achieved for seed yield per se possibly due to arbitrary
choice of parents and inadequate information about
nature of gene action in the materials used. An
experiment, therefore, was undertaken to study the
magnitude of heterosis and combining ability and genetic
basis of character expression in various cross
combinations which will be useful for further improvement
over the available genotypes. '

Table 1 Mean performance and general combining ability effects of five parents

Plant

Barent Daﬂ)éivfriig% herght Numgznocfh%r;mary S;quuae wﬁghsteed Yield/plant Harve:ft index
(em) plant ight {g) {g) (%)
27 40 73 39 46.3 1.9 0.408 214
(0.086) (0.543} (0.306™) {(6.343™) {-0.120m™) {-0.015) {(-1.160)
75 29 37 53 3.1 35.0 25 0.300 300
(-1.486"}  (-6.886*") (-0.080) (-0.957) (0.080*" (-0.038™) (2.140"")
OCPT 4 43 77 34 35.3 20 0.407 225
(1.800")  {5.257™ (0.148) (-2.257) {-0.060"™) {0.020) {-0.480)
BT303 39 75 30 38.0 23 0.500 21.7
{-0.628) {3.114%) {-0.080) {-0.171) (0.137*) {0.033%) (-0.546)
BT 1 44 72 33 424 Z4 0.417 197
(0.228) {-2.028) {-0.294*%) (-2.957) {-0.034) (0.0004) (0.026)
SE (gi) 356 1.325 0 083I 1.654 0.018 0.013 0.764
SE {gi-gj) 0.565 2.096 0.131 2620 0123 0.021 1,210
CD (gt-g)) at 5% 1.157 4.292 0.268 5.366 0252 0.043 2478
CD {(gi-gj} at 1% 1561 579 0.262 7.239 0.340 0058 3.343

Figures within the parenthesis indicate gca effects
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Table 2 Mean performance, heterosis and sca effects of all possible crosses of five parents

Days to 50% Plant height  No. of primary No.of sitiquae/ 1000 seed weight  Yield/ Harvest index

Cross fowering {cm} branches/ plant plant {g) plart {g) {%;}
M27/ TS 29 M 35 73 54 65.4 2.1 0.900 33.4
H, 9.1 159 2571 £0.9** -4.5 1556 30.0%

H, - - 12.8 412+ 16,2+ 121.8* 113

sca -0.87 =219 211 358 0.1 0.08 317

M 27/ OCPT 4 M 38 96 58 855 20 1.60 326
H, -8.4* 28.0% 53.4% 109.8 ** 25 292.6* 48 5

H, - . 43.6" 84.9* 0.0 292.1** 44 9=

sca -0.95 867 1.08* 3503 -0.06 0.72* 497

M 27/ OCPT 4 M a7 98 48 85.4 26 1.105 28.3
H, 5.3 324+ 35.2" 100.2* 238" 143.5% 31.3%

H, . - 23.1* 84.4% 13.0* 121.0% 30.4*

sca 0.47 12.81* 0.51" 22.79* 0.34* 0.21 0.75

M 27/ BT 1 M 33 80 3.9 54.0 21 0.739 303
H. -18.5* 10.3+ 8.3 217 23 79.1* 47 4"

H, - - 00 166 12 5+ 77.2 41.6*

sca 4.38* -0.05 047 -5.82 0.01 -00.12 2.18

TS 29/ 0OCPT4 M 36 98 5.4 73.0 27 1.10 26.2

H, 1100 508 §6.1* 107.7 20.0 221.2* 02
H, - - 58.87 106.8"* 8.0" 170.3* 2.7

sca -1.38 18.09"* 1.27* 19.78** 0.44% 0.24" 47

TS 29/ PT 303 M 3z 75 4.2 500 22 1.10 36.7
H. -15.8%* 172 333% 5.1+ -8 3+ 175.0* 420"

H, - N 1.2 28.2 12,07 120.0% 22,3

sca -2.95* -2.76 0.30 -5.30 0.26** 023 5.85%

TS 29/8T 1 M 35 80 36 735 20 1.30 34.2
H, 0.2 42.4% 12.5 89.9* -18.3** 2626 376"

H, - . 9.1 73.3+ -20 0** 2917 14.0

sca -0.81 16.38% -0.08 20.98* -0.28% 0.45"" 278

.OCPT 4/ PT 303 M 36 102 1.9 56.0 25 0.90 30.0
' H, 2.2 34.2% 18.2* 507" 16 3% 98.4** 357

H, . - 14.7 436* 87 80.0° 333

sca 224 12.06** -0.23 1.99 018 -0.03 1.75

OCPT 4/ BT 1 M 39 7% 37 376 1.8 1.00 38.5
H, 7 20 10.4 3.2 -18.27 142.7* §2.5%

H, - - 8.8 -11.3 25 0%* 139.8* 71.0%

sca -0.09 876 -0.21 -13.62* 0,34 0.10 9.65*

PT303/BT1 M a5 86 45 68.0 25 1.40 333
H, 12,54 17.0% 38.5* 67.1°~ 5.4 205.3* 50.9**

H, . 36.4* 60.4* 42 180.0™ 534

sca -1.67 1.38 0.18 14.69* 0.16* 0.49* 45

SE (sij) 0.531 2.704 0.169 3.380 0.039 0.027 1.561
SE (sij-sik) 1.38 5.12 0.32 640 0.070 0.052 2.960
SE (sij-8k)) 1.26 4.68 0.28 5.86 0.065 0.048 2,609
CD (sij-sik) at 5% 2.82 10.48 0.65 13.11 0.143 0.106 6.060
CD (sij-ski} at 5% 2.58 9.58 0.59 12.00 0.133 0.098 5.530
M, HY) 0.85* Q.77+ 0.93* 0.5 0.51 0.93™ 0.76"
(M, H2) - - 0.85% 0.88" 0.91% 0.96"* 053
(M. sca) 0.75% 0.86™ 095 0.96"* 0.93 1.00** 0.68*

—Mean performance; H,- Heterasis over mid-parent (%} H,- Heterasis over better parent (%); *- Significant at P 0.05; **- Significant at P 0.01
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Combining ability and heterosis in rapeseed

Five open-pollinated rapeseed (B. campesiris var. toria)
varieties, eg., M-27, TS 29, OCPT 4, PT 303, and BT 1
were crossed in all possible combinations excluding
reciprocals. These five parents along with ten hybrids were
grown in a randomized complete block design with three
replications during rabj, 2008-09. Each plot consisted of
three rows of 2.0 m length, spaced 30 cm apart from row
to row and 10 cm from plant to plant. Observations on 20
randomly selected plants were recorded on days to 50%
flowering, plant height (cm), number of primary branches,
siliquae/plant, 1000 seed weight(qg), seed yield/plant (g}
and harvest index (%). Heterosis over mid-parent {(H,) and
over better parent (H,} were estimated as per the method
of Tumer {1953}, Combining ability analysis was carried
out following Griffing (19586).

The analysis of variance for combining ability indicated
significant sca value at even 1% level of significance and
invariably higher sca variance for all the characters. Most
of the crosses also showed significantly higher sca effects
and heterosis over both mid-parent and better parent for
seed yield and important component traits {Tabie 2). This
indicates predominance of non-additive gene action for
almost all characters. High values of standard heterosis
and heterobeitiosis have been also obtained by Prajapati
et al.(2007) in Indian rapeseed, var. yellow sarson.

In the present experiment, none of the parents seems to
be a good general combiner simultaneously for seed yield
and important component traits (Table 1). The only variety,
PT 303 had positive significant gca effect for seed yield, M
27 for number of branches/plant and siliqguae/plant, TS 29
for harvest index, OCPT 4 for days to 50% flawering.
Positive significant gca effect was also encountered for
plant height in both OCPT 4 and PT 303 and for 1000
seed weight in TS 29 and PT 303. Thus, the above parents
can be utilized for improvement of specific traits(s).

Most of the crosses matured significantly earlier than their
respective parents as indicated by negative helerosis
obtained over mid-parent (Table 2). This has a direct
bearing on net returns/unit area/day. The best cross, M 27
x OCPT 4 showed appreciably high mean performance,
heterosis and sca effect for number of branches/plant;
siliquae/plant, seed yield/plant and harvestindex. Another
cross, TS 29 x OCPT 4 also appeared to be promising for
seed yield and other component traits except harvest
index,

Heterosis in case of 1000 seed weight ranged from -25.0
to 23.8%. Only three crosses, eg., M 27-x PT 303, TS 29
x OCPT 4 and OCPT 4 x PT 303 had significant positive
heterosis over hoth mid-parent and better parent for this
trait. Verma et al. (1989) reported moderate value of
heterosis over better parent for test weight and harvest
index in a set of crosses in Indian rapeseed. Further, it is
interesting to note that heterosis increased with complexity
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of the trait, yieid being the most complex trait exhibitad
maximum heterosis followed by number of siliquae/plant.
This corroborates the findings of Katiyar et al. {(2004) ang
Rat and Singh(1994). In the present study, crosses, e.g.,
M27 x TS 29 M 27 x OCPT 4 and M 27 x BT 1 confer
additive gene action for 1000 seed weight owing to their
non-significant heterosis over mid-parent.

Barring non-significant correlation of mean performance
with heterosis over mid-parent and that with heterosis over
better parent in 1000 seed weight and harvest index
respectively; mean performance had strong association
with heterosis and sca for all the traits under siudy.
Further, it is evident from table 1 that the mean vyield
performance exhibits a perfect association with sca-
(r=1.00). Therefore, mean performance for seed yield can
be taken as a reliable indicator of sca in rapeseed and this
can effectively be used for selection of best crosses ina
set of material.

The present studies indicate that, in general, there is
predominance of non-additive gene actionin almost all the
traits including seed yield/plant. This envisages good
response for genetic improvement through heterosis
breeding and recurrent selection leading to enhanced
frequency of genetic recombination and widening the
scope of exploitation of genetic variability through
selection,
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Abstract

The analysis of variance of 45 inbreds including
checks revealed significant differences for all 10
characters studied. The characters studied were least
affected by the environment showing a close
correspondence between phenotypic coefficient of
variatiori and genotypic coefficient of variation. High
heritability coupled with the high genetic advance was
recorded for plant height, seed yield/plant, husk
content percentage and seed filling percentage. High
heritability with the low genetic advance was observed
for 100 seed weight, oil content, days to 50%
flowering, days to maturity, volume weight, and head
diameter suggesting that, these characters cannot be
effectively improved by selection.

Keywords: Sunflower, variability, heritability and genetic
advance

The development of an effective plant breeding
programme is depending upon the existence of genetic
variability. Hence, an insight into the magnitude of
variability present in gene pool of a crop species is of
utmost importance to plant breeder for starting a judicious
plant breeding programme. A wide range of variation has
been reported for seed yield in sunflower (Dash et al.,
1996) and other important components of yield (Reddy et
al., 2004). Therefore, the present study was undertaken to

study the genetic variability, heritability and genetic
advance in 45 inbreds of sunflower.

The material consisting of 45 inbreds including three
checks were grown in randomized block design with three
replication during kharif, 2006 at QOilseed Research
Station, Latur. The inbreds were grown in arow of 4 5 m
length with spacing of 80 cm and 3G cm between rows and
plants, respectively. Recommended cultural, agronomical
practices and plant protection measures were followed for
healthy crop growth during whoele season. Five randomly
selected plants per genotype per replication were used for
recording observations viz., days to 50% flowering, days
to maturity, plant height {cm), head diameter (cm), filled
seeds/head, 100 seed weight {g}, husk content (%},
volume weight (g/100 ml), seed yield/plant {g) and oil
content (%). The ail content of seeds was estimated with
the help of nuclear magnetic resonance. The genetic
parameters of variability, estimation of heritabiiity and
genetic advance were computed according to the method
suggested by Johnson ef al. (1955). The analysis of
variance revealed significant differences for all the
characters studied. The range of variation was maximum
for plant height, followed by husk content, filled seeds,
seed yield/plant and days to 50% flowering while it was
lowest in case of 100 seed weight, head diameter, volume
weight and oil content.

Table 1 Range, mean, phenotypic and genotypic variance, phenotypic and genotypic coefficients of variation, heritabitity and
genetic advance for different characters in sunflower
Character Range Phenotypic Genotypic PCV GCV Heritabilty — oprore
A - o P ance
Min Max Mean varance variance (%) (%) (h%bs) (%) (GA)
Days to 50 % flowering 44 66 6566 5518 15.69 13.88 718 675 £88.48 7.21
Days to maturity 84 66 100.00 92.33 16.21 13.08 46 39 8G.69 65.69
Piant height {crm) 71 155 113 326.60 323.85 1599 15062 99.15 36.91
Head diameter (cm) : 10 17 135 3.64 2.31 1413 11.25 63.46 2.49
?e"Cehtage c_;f filed seeds/head 5433 7866 6649 29.01 26 65 810 776 91.86 10.19
00 seed weight (g) 2.95 7.00 497 1.06 0.98 2071 19.91 92 .45 1.96
Husk content (%) 1366 4233 27.99  44.98 4340 2668 2353 9648 13.33
Solume_ weight (g/100 ml) 34.66 4666  40.66 10.09 7.80 7.81 6.86 77.30 5.05
eed yield/plant {g) 15.33 3866 2699 46.23 4518 2524 2485 97.73 13.71
il content (%) 23 84 3783 3083 14 48 12.92 1234 1165 89.22 5.99

V = Phenotypic coefficient of vaniation;
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GCV = Genatypic coefficient of variation



Genetic varniability, heritability and genetic advance in sunflower

The results showed a close correspandence between the
phenotypic and genotypic variances for all the characters
indicating stabfe expression of the attributes and absence
of mgh envircnmental influence.

High heritability values coupled with high genetic advance
were recorded for plant height, seed yield/plant, husk
content and filled seeds % indicating that these characters
are governed by addilive gene action and directional
selection for these traits would be more effective for
desired genetic improvement. Similar results were
reported by Muhammad et al. {2007). High heritability
accompanied with low genetic advance was noticed in rest
of the characters like 100 seed weight, ot content
percentage, days tc 50% flowering. days to maturity,
volume weight, seed filling percentage and head diameter
suggesting that the variation was probably due to
non-additive gene effects suggesting limited scope for
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improving these characters through phenotypic selection
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Abstract

Thirty three-way cross (TWC) hybrids were obtained
using three male sterile single cross hybrids viz,,
DCMS (I Ax 9B), DCMS (1A x 2B) and DCMS (4A x 12B)
and 10 restorer lines viz., DRS 5, DRS 8, DRS 9, DRS
16, DRS 21, DRS 22, DRS 27, DRS 28, DRS 33 and
DRS 35 toc study the magnitude of heterosis over
mid-parent, better parent and standard checks viz.,
KBSH-l and KBSH-44 during summer, 2006 in
sunflower at Directorate of Oilseeds Research,
Rajendranagar, Hyderabad. The study revealed that
different hybrids exhibited varied magnitude and
direction of heterosis for different characters. The
TWC hybrids, (DCMS 1A x 2B) x DRS 21 and {DCMS 1A
x 2B) x DRS 9 showed highest positive standard
heterosis over KBSH-44 regarding seed vield/plant.
These hybrids also recorded maximum positive
heterosis for head diameter, number of filled
seeds/head and 100 seed weight. Hybrid, (DCMS 1A x
9B) x DRS 27 exhibited the highest heterosis
percentage for oil content. The TWC hybrid, (DCMS 1A
x 9B) x DRS 22 exhibited highest negative standard
heterosis over KBSH-1 and KBSH-44 for days to
maturity and the hybrids, (DCMS 1A x 2B) X DRS 35
and (DCMS 1A x 2B) x DRS 22 displayed maximum
heterosis for earfiness.

Keywords: Sunflower, heterosis, three-way cross hybrids,
yield components

Sunflower is one of the most important edible oilseed
crops in India. Due to its wider adaptability, short duration
and better oil quality with high polyunsaturated fatty acia
content (PUFA), it has become a popular crop in india.
Sunflower, being a cross-poltinated crop, is more
amenable for the exploitation of heterosis. Single cross
{SC) hybrids have been widely used as commercial
cultivars in India that results in increased homogeneity with
narrow genetic base, thus creating genetic vuinerability
and yield of single cross hybrids is fairly stagnant over

recent years. The production of three-way cross (TWC)
hybrids ‘has been thought to be a viable alternative to
break the yield plateau. Three-way cross hybrids are of
recent origin in sunflower. Cytoplasmic male sterile line
(A-line) is crossed with an unrelated maintainer line
{B-line) to produce a male sterile single cross hybrid This
hybrid is crossed with a fertility restorer line (R-line) to
produce a male fertile TWC hybrid for commercial use.
Three-way cross hybrids provide advanltages like lower
seed cost, broad genetic base to sustain environmental
fluctuations and opportunity to incorporate additional lines
which are resistant to diseases. In order to evaluate the
performance of TWC hybrids, a study was undertaken to
estimate the extent of heterosis in respect of yield and
yield attributes.

Three cytoplasmic male sterile single cross hybrids viz.,
DCMS (1A x 9B), DCMS (1A x 2B) and DCMS (4A x 12B)
which were developed at Directorate of Oilseeds
Research, Hyderabad were crossed with 10 restorer lines
viz., DRS 5, DRS 8, DRS 9, DRS 16, DRS 21, DRS 22,
DRS 27, DRS 28, DRS 33 and DRS 35 to produce 30
TWC hybrids. These hybrids along with their 13 parents
(three maintainer lines of single cross male sterile hybrids
and 10 fertility restorer lines) and two checks were
evaluated using randomized block design with three
replications during summer, 2006 at Directorate of
Qilseeds Research, Rajendranagar, Hyderabad.

Each entry was sown in three rows of 4.5 m length with a
uniform spacing of 60 cm x 30 cm. Recommended
package of practices was adopted to a raise healthy crop.
Observaticns were recorded at appropriate stages on five
randomly selected plants in each treatment in all
replications for days to 50% flowering, days to maturity,
head diameter (cm), number of filled seedsthead, 100 seed
weight (g), seed yield/plant (g) and oil content {%). Qil
content was determined by using nuclear magnetic
resonance spectrometer. Heterosis was worked out over
mid-parent, belter parent and over standard checks,
KBSH-1 and KBSH-44.
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Heterosis in three-way cross hybrids of sunflower

The analysis of vanance revealed highly significant
differences among the parents as well as hybrids for all the
traits. The results indicated the presence of significant
amount of heterosis for all the traits. Estimates of
heterasis, hetesobeliiosis and standard heterosis for best
selected hybrids are presented in tahbile 1.

Among 30 TWC hybrids, 29 hybrids over KBSH-1 and all

over KBSH-44 showed significant negative standard.

heterosis in which the hybrid, [{DCMS 1A x 9B) x DRS 21)
displayed highast negative standard heterosis over
KBSH-44 for days to 53% flowering. Twenty nine hybrids
over KBSH-1 and KBSH-44 showed significant negative
standard heterosis for days 1o maturity. For days 1o 50%

flowering and days to maturity, hybrids HDCMS 1A x 28)
x DRS 35] and [(DCMS 1A x 9B) x DRS 22] showed the
highest average heterosis and standard heferosis
respectively in negative direction is considered desirable
since earfiness is preferred over late maturity. Present
findings are in agreement with the results of Alone ef af,
(2003} and Manivannam ef al. {2005). Regarding head
diameter, 19 hybrids, out of 30 hybrids exhibited positive
heterosis and the hybrid, [(DCMS 1A x 2B} x DRS 21]
recorded highest positive heterosis. None of the hybrids
exhibited positive standard heterosis over KBSH-1 and
KBSH-44 for this frait {results not given).

Table 1 Heterosis, heterobeltiosis and standard heterosis of superior hybrids over KBSH-1 and KBSH-44 for yield

and its component characters

Average heterosis

Heterobeltiosis Standard heterosis (%)

Character Hybrids 1%) (%) KBSH-1 KBSH-44
Days to 50% flowering  {DCMS 1A x 2B) x DRS 35 -19.03" -19.68™ -15.64% 19 68*
{DCMS 1A x 2B) x DRS 33 157§ 17 84 15 08 1915
(DCMS 1A x 2B) x DRS 22 -15.24* -17.30™ -14.53" -8 g2**
{DCMS 1A x 2B) x DRS 27 4331 -17.30* -14 B3** -18.82*
Days to maturity {(DCMS 1A x 9B) x DRS 22 -10.61™* -11.94** -16.01* -16.61**
{DUMS 1A x 2B) x DRS 35 -10.53* -10.53* -9.25* -9.89
{QCMS 1A x 2B} x DRS 22 10,31 -12.98** 1174 1237
(DCMS 1A x 2B) x DRS 16 AT 14,74 -13.52* 14,13
Head diameter (DCMS 1A x 2B) x DRS 21 28.90™ 6.88 3.15 -0.24
(DCMS 1A x 9B) x DRS 22 23 .94 903 5.8 -8 87"
(DCMS 1A% 9B) x DRS 33 21.87** 17,20 D.18 3.1
(DCMS 1A x 2B x DRS 9 21 84 4.29 0.64 -287
No. of filed seeds {BCMS 1A % 2B) x DRS 29 12437 70.85 2264 33.85*
(DCMS 1A x 2B} x DRS @ 104.61** 71.60" 23 t9* 34.44*
(DCMS 1A x 9B) x ORS 21 38.87"* 5237 -6.78 174
{DCMS 1A X 9B) x DRS 8 88.52* 52.90™ 645 2.09
100 seed weight {DCMS 44 x 128} x DRS 33 438.22* 3598 2320 18 87**
{DCMS 1A x 2B) x DRS 9 41.96™ 28.24™ 19.70™ 15.50""
(DCMS 1A x 2B) x DRS 21 34 59** 15.29" 7.62 384
(DCMS 4A x 128) x ORS 21 32,58 15.00* 419 0.53
Seed yield/plant (DCMS 1A x 28 x DRS 21 1581.35" 853" 3G 44 4563
(DCMS 1A x 2B} x DRS 9 142.87** 72,83 45 51 51,86
{DCMS 4A x 12B) x DRS 33 111.98"* 78.72* 36.84* 42.81*
(DCMS 1A x 9B) x DRS 33 100.50** 83.71* 15.93 20.99*
Ol content {DCMS 1A x BB) x DRS 27 36 29" 11.81 1.26 7.78*
(DCMS 1A x 38y % DRSS 3 31.02~ -0.84 -10.20™ -4 41
{DCMS 4A x 12B} x DR5 9 30.35" 221 -9.07" -3.22
{DCMS 1A x 2B) x DRS 9 28.68** -4.66 -7.95** -2.02

Twenty four hybrids showed significant positive heterosis
in which the crosses viz., [[DCMS 1A x 2B) x DRS 21},
{{BCMSE 1A x 2B) x DRS 8] and [(DCMS 1A x 9B) x DRS
21]recorded high heterosis and haterobeitiosis for number
of filled seeds/head. These results are in accardance with
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the previous findings of Goksoy et al. (2000, Phad ef ¢
{2002) and Loganathan and Gopalan {2006). For 100-see
weight, TWC hybrid, {DCMS 4A x 12B) x DRS 332 exhibite
highest positive significant heterosis, hetercbeltiosis ar
standard heterosis over KBSH-1. Among 30 hybrids, three
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hybrids over KBSH-1 and two hybrids aver KBSH-44
exhibited standard significant positive heterosis for this
trait.

Hybrids, [(DCMS 1A x2B) x DRS21], [(DCMS 1A x2B) x
DRS 8] and {{DCMS 4A x 128) x DRS 32] showed very
high heterosis. Hybrids, [(DCMS 1A x 2B) x DRS 9] and
(DCMS 1A x 2B) x DRS 21 manifested very high standard
heterosis over KBSH-1. Similar results were reported by
Aione ef ai. (2003), Loganathan and Gaopalan (2008) and
Parameshwarappa ef al. (2008) for standard heterosis.

For oil cantent, the crosses, [{DCMS 1A x 9B) x ORS 27],
[{DCMS 1A x 9B} x DRS 8] and [(DCMS 44 x 12B) x DRS
9] recorded very high heterosis. The results are in
accordance with Alone et al. (2003) and Loganathan and
Gopalan {2006}.

It is Interesting to note that different hybrids exhibited
different magnitude of heterotic effects for different
characters, no single cross exhibited desirable significant
heterosis for all the characters {Table 1). Scme of the
hybrids in which {(DCMS 1A x 2B) was involved as a
female parent exhibited highest desirable heterosis for
days to 50% flowering, head diameter number of filied
seeds/head and seed yield/plant. Whereas, among the
testers, DRS 9, DRS 21 and DRS 33 were involved as
male parents in most of the top hybrids for heterosis for
head diameter, number of filed seeds/head, 100 seed
weight, seed yield/plant and oil content. This indicated the
presence af higher frequency of additive alleles in these
one female and two male parents.

Further, it gives an indicatior of good general combining
ability of these iines for these characters. The TWC
hybrids, {DCMS 1A x 2B} x DRS 21, (DCMS 1A x 2B) x
DRS 9, (DCMS 4A x 12B) x DRS 33 and (CCMS 1A x §B)
x DRS 33 were found superior to commercial check variety
KBSH-44 in respect of seed yield/plant. The main reasan
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ascried is diversified parents involved in the cross
combination or uncommon genes for traits and the
superior performance of TWC hybrids is attributed to the
favourable epistatic interaction of the genes from the three
parental lines which resulted in maximum exploitabie level
of heterosis. This can be attributed to the buffering action
against adverse environmental conditions as TWC hybrids
are characterized by highly heterozygous and
heterogenous condition. Hence, these promising hybrids
have wide scope and need to be tested inlarge scale irials
and also at different locations to confirm their superiority
and stability across locations,
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Abstract

A field experiment was carried out during kharif 2007
atZARS, UAS, GKVK, Bengaluru, Karnataka to find out
the effect of sulphur, for maximizing the sunflower
seed yield and oil content. The results showed that the
use of sulphur sources and levels did not influence
yield attributes viz., plant height, head diameter, stem
diameter, seed yield, oil content and net returns.

Keywords: Sunflower, economics, oil content, sulphur
sources, seed vield, KBSH-41

In (ndia, sunflower (Hefianthus annuus L) is an important
edible oilseed crop with 40-42% of oil content. Sulphur is
required to synthesize the sulphur containing amino acids
and proteins, activity of proteolytic enzymes and increases
oil content in oil bearing plant. Sulphur deficient plant
produces less protein and oil. Suiphur deficiency in
sunflower (Helianthus annuus L) is detrimental to seed
yield and quality (Hocking et al., 1987). For obtaining
maximum crop vyields with maximum benefit to the
growers, it is most essential that the crop should be fed
properly with all the nutrients. A field experiment was
conducted to find out the effect of levels and sources of
sulphur on the seed yield and oil content of sunflower. The
sunflower hybrid KBSH-41 was grown in khanf 2007 using
randomized block design with three replications and a
spacing of 60 ¢m x 30 cm. Plot size was 4m x 5.2 m. Four
sources of sulphur (Ammanium sulphate, gypsum, singte
super phosphate and elemental sulphur) were evaluated
altwo levels (20 and 40 kg Stha) along with a control. The
soil of the experimental site was red sandy loam in texture.
The initial soil fertility was slightly acidic (pH: 5.7) reaction
with normal EC (0.17d5/m)} and low in organic carbon
(0.35%). The soil available phosphorus, nitrogen and
potassium content were 137.8, 282.2 and 249.6 kg/ha,
respectively. The available sulphur {59.9 kg/ha) content
was very high.

A fertilizer dose of 60:75:60 kg N, P,0, and K,Ofha,
respectively was applied to ait the plots at the time of
sowing. Halt the dose of N was applied as basal and the
remaining half at 30 DAS. Need-based crop proiection
measures were taken. The oil content in seeds was
determined by NMR method. The yield attributes, yield and
economic parameters were studied to evaluate the effects
and the data was analysed statistically.

The results indicated that most of the yield components
{plant height, head diameter and stem girth) and seed
yield of KBSH-41 did not differ significantly with various
sulphur tevels and sources (Table 1}. This is in agreemeant
with the groundnut experiment findings reported by Patel
et al. (2008). This effect may be attributed te a higher level
of sulphur in the soil, resulting in lesser response to
applied sulphur. The nonsignificant response in this study
may be due to higher soil available S content. Similar
findings have been reported by Virender Sardana ef af.
(2007). However, a decreasing trend in seed yield towards
higher level of different sources of sulphur application was
observed. But, treatment with 20kg S/ha through gypsum
recorded highest seed yield {1588 kg/ha) closely followed
by control (1557 kg/ha).

The oil content did not differ significantly against the
treatments (Table 1}, A simitar finding was also reporied
by Hocking ef af. (1987) and Verinder Sardana et al.
(2007). The oil yietd folowed the trend observed in seed
yield. Application of 20 kg Sfha through gypsum recorded
maximum net returns {(Rs 19,951/ha), harvest index (3.34)
and benefit cost ratio (1.95). Elemental sulphur recorded
very low returns. in groundnut crap, elemental sulphur
proved inferior 1o gypsum (Naphade and Wankhede,
1968), which coutd be due to stow oxidation of efernentat
sulphur {Arora et ab., 1987).

Based on the resulis of the experiment, it can be
concluded that under high soil available S status Alfisols,
response to S for yield attributes and oil content was not
significant.
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Table 4 Effect of different sources and levels of sulphur on the productivity and economics of KBSH-41

Leve! of ulPhUCG oo of sulphur hziig:t diaHrii(tjer Seedyield O Oil yield :;T;SS Netreturns BC

kg/ha) cm) P (koma) gy (kgina) o (RsRE) rato

0 Control 189.5 15.2 1557 37.4 582 28575 15544 195

20 Ammaonium sulphate 186.2 16.1 1500 343 514 28498 17631 1.862
Single super phosphate 1599.4 16.3 1466 361 529 27850 17669 1.74
Gypsum 2005 15.5 1588 37.1 589 30169 19951 1.85
Elemental sulphur 1968.5 15.3 1304 336 438 24768 82583 Q.60

40 Ammonium sulphate 1942 156 1431 330 472 27191 15479 1.32
Single super phosphate 193.0 14.5 1326 364 482 25196 14869 144
Gypsum 181.8 t4.3 1268 g2 484 24097 13632 132
Elemental sulphur 193.7 15.2 1363 360 490 25896 4817 0.23

SEm+ 4.25 0.42 118 1.59

CD{P=0.05) NS NS NS NS

References Naphade, P.S. and Wankhede, $.G. 1988, Response of
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Abstract

Studies on [arge-scale evaluation for improving
sunfiower yield through honey bee polination were
made in 28.6 ha cropped area during kharif, rabi and
summer season of 2002 and 2003, The sunflower crop
pollinated with five Apis meliifera L. bee colonies/ha,
produced significantly highest mean additional seed
yield of 368 kg/ha which accounted to 42.2% increase
over the crop without bee colonies. Significant
increase in seed filling and seed weight contributed to
the enhancement of yield. It is concluded that five A,
meliifera bee colonies/ha are required for optimum
pollination and improving the sunflower yield.

Keywords: Sunflower pollination, Apis meliifera

Sunftower {Helianthus annuus 1) is an important ollseed
crop grown in an area of 2.4 miliion ha with a production of
1.44 million tonnes in india {Anonymous, 2007), The
productivity of sunflower is as low as 680 kg as against the
world productivity of 1170 kg/ha (Seetharam, 2003).
However, this productivity can be increased to an extent of
45 to 60% through management of bee pollination
(Melnichenko and Khalifman, 1960). The role of pollinators
especially honey bees in increasing the productivity is well
documented throughout the world. Though Karnataka is
one of the major states growing sunflower, there is no
recommendation on the colony requirement for optimum
pellination for maximizing the yield. Viraktamath and Patil
{2002 and 2003) conducted studies on improving
sunflower yield under caged conditions followed by a small
scale field experiment and found that five bee colonies of
Apis meflifera L fha are required for optimum pollination
and increasing the yield. in order to validate these results
a large-scale field experiment under protected irrigation
and rainfed conditions were canducted and the results of
these studies are presented in this paper.

These experiments were conducted at three locations at
Mundargi under protected irigation and under rainfed
condition in two iocations at Asundi and one location each
at Harti and Kanavi during khanf and rabi seasans of
2002-03, covering a total area of 28.6 ha. In eachiocation,
there were two treatments viz., crop pollinated by five bee
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colonies/ha (T,) and crop without bee coicny (T,) which
served as a control and these freatments were separated
by >1.0 km from each other. The ruling hybrids ike
KBSH-1 and Agsun® were selected in different locations
but the same bhybrid was used in each set of the
treatments. The experimental plot size for each treatment
varied from 0.8 to 4.4 ha and each of these plots was
divided info eight equal subplots which were treated as
eight replications. The required number of colonies was
moved to the experimenial fields at the initiation of the
flowering and these colonies were kept evenly distributed
in the plot. The colonies remained at the field till complete
flowering was pver. Observalions were made on the yield
in all the locations. But chservations on the per cent seed
filling, 100 seed weight and oil content were made only at
Asunth. The data were subjected to "t" test to compare the
significance of the means among the treatments.

The yields at Mundargi were 2250, 2375 and 2125 kg/ha
at location 1, 2 and 3, as against 1875, 1750 and 1700
ka/ha in the control plots, respectively (Table 1). Thus
there was an increase of 20, 35.7 and 25.0% in the yield
due to poltination by the bees.

At Harti, the yield was 1250 kg/ha in the bee-pollinated
crop as against 1000 kg/ha in the control. This accounted
to an increase of 25% in the bee pollinated crop and
abenefit of Rs. 3750/, Similarly at Kanavi, bee pollinated
crop ylelded 1550 kg/ha, which was 55% higher than
the vyield in the control plot (106G kg/ha) resulting in
henefit of Rs 8280/ due to the incremental yield.
{Table 1)

At Asundi, bee pollination resulted in the yield of 425 and
450 kg/ha at location 1 and 2, respectively, which
accounted te an increase of 54 and 80% over the control
at location 1 (275 kg/ha) and location 2 (250 kg/ha).
respectively. The low yield at Asundi compared to other
areas was due to the severe moisture stress as the rains
failed during the season.

Increase in yield in the bee-pollinated crop was clearly due
to the increase it seed filling and seed weight. Bee
pollination resulted in higher seed fiing of 94.88 and
92.25% at location 1 and 2 at Asundi, respectively, as
against 84.5 and 85.5% in controi {Table 2). Thus, there
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was an enhancement to the extent of 12.28 and 7.89% in Acknowledgements: This study was funded by the ICAR,
seed filling due to bee pollination. Similarly bee pollinated New Delhi under National Agricultural Technology Project
seeds were significantly heavier (4.3 and 4.46 g /100 on "Promotion and development of apiary for improving the
seeds) as against 3.5 and 3.69 g in control which productivity of cross pollinated oilseed crops™ (Project No.
accounted to an increase of about 21%. However, the ROFPS - 9).

percent germination of seeds did not vary.

Table 1 Effect of bee pollination on yield of sunflower in different locations during 2002-03

Place of experiment and hybrid Locations Seascn Treatments Yield {kg/ha)
mMundargi {Agsun) Location 1 Kharif T, {with 5 bee colonies/ha) 2250
T, (without bee colonies) 1875
Mundargi {Agsun} Location 2 Kharif ’ T, 2375
T, 1750
tMundargr (Agsun) Lacation 3 Summer T, 2125*
T, 1700
Harti (KBSH-1) Location 1 Kharif T, 1250
T, 1000
Kanavi (KBSH-1) Location 1 Kharif T, 1550"
T, . 1000
Asundi (KBSH-1) Location 1 Rabi T, 425*
T, 275
Asundi (KBSH-1) Location 2 Rabi T 450*
T, 250

* Significant higher by T test

Table 2 Effects of bee pollination on yield parameters at Asundi during 2002-03

Treatment Yield (kg/ha) Seed filling (%) 100 Seed weight (g) Gearmination (%)
Location 1 Location 2 Location? Location2  Location 1 Location2? Location 1 Location 2

T, : Crop pollinated with 5 bee colonies /ha 425 450 94.88 92.25 4.3 4.46 96.0 96.0

T, Crep without any colony — Control 275 250 84.50 85.50 3.50 368 86.0 96.0

T value ;53563 6.2142" 51007 3.7514* 4.0326" 54302 NS NS

* Significant higher by T test: NS = Non-significant

References oilseeds for attaining seif reliance in vegetable oils.
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14 Viraktamath, S. and Patii, R.K. 2002. Effect of bee pellination
and change in crop environment on seed yielé of

Melnichenko, A.N. a i AL . inati
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Abstract

The red rust fiour beetle, Tribolium castaneum is an
important pest of stored seeds of sunflower. The pest
laid the eggs singly on the cracks and crevices of
seeds. On an average, each life stage viz., egq, first,
second, third, fourth, fifth, sixth larval instars and
pupal period lasted for6.07+0.86 , 2.23+0.43, 6.15+0,55,
430048, 583+0.75, 6.38+0.95, 16.8911.89 and
8.01£1.95 days, respectively. The oviposition started
after a period of 5.120.99 days after mating and lasted
for 120.3125.47 days. Female beetles laid 81.119.57
eggs. Adults lived for more than 140 days when food
was provided.

Keywards: Sunflower, Tribolium castaneum, biology

In India, sunflower (Helianthus annuus L) is cultivated
over an area of 2.16 m.ha., with an annual production of
1.22 m. tonnes. Karnataka accounts for a sunflower arga
of 1.23 m.ha. with an annual production of 0.52 m. tonnes
(Anonymous, 2008). The predominant insect-pest fauna of
stored sunflowerinclude, saw toothed beetle, Oryzaephilus
surinamensis (L), red rust flour beetle, Trbofium
casfaneum (Herbst} and the rice moth, Corcyra
cephalonica Stainton which cause severe damage to the
stored sunflower (Mc Bride, 1981). Thaugh much work has
been done an field pests, the investigations, particutarty an
storage insect-pests of sunflower is lacking. Therefore, the
present study was conducted 1o study the biology of T
castaneum on sunflower, which has not been studied so
far.

The current investigation revealed that T. castaneum faiis
to develop on whole grains of sunflower, hence | its
biology was studied on broken sunflower seeds under
laboratory conditions {cv.KBSH-44), Detailed observations
were made on its life history parameters. One pair of adult
beetles each were introduced into 25 glass vials
containing sunflower seeds . The eggs Jaid by the adult
female were counted in order to know the fecundity of the
beetle, the seeds which received egg laying were
replaced with uninfested seed at frequent intervals. The
eggs were kept for further observation till the hatching of
the first instar larva. The duration (in days) from the time
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of emergence of first instar larva tili the formation of the
pupal cocoon was recorded. The time lapse between one
moult to the next moult was recorded, from which the
duration of individual larval instars was computed and
expressed in days. The period from when the inactive
non-feeding stage commenced W the formation of the
pupa was recorded, This duration was expressed as pre
-pupal period. The time that lapsed from the formation of
pupa till the emergence of adults was recorded and
expressed as pupal period.

A separate experimental setup was maintained to study
the pre-oviposition, oviposition period and the fecundity.
One pair of freshly emerged adult beetles each were
introduced into 25 glass test tubes (15 c¢m x 1.5 cm. size)
containing 2 g of seeds each. Observations were recorded
an a daily basis. The time of commencement of oviposition
was recorded, the number of eggs that were deposited
was counted once in three days and hence the tatal -
number of egas laid by each femaie was computed. The
life span of adult beetles, both in the presence and
absence of food, was observed by enclosing male and
female beetles into separate glass  vials, 25 replications
were maintained for the study.

The egg was oblong in shape, measuring about 0.65 mm
i length and 0.30 mm in width, the shell was smooth,
urmarked rather thin and pliable and covered with sticky
substance which helps in attachment of eggs to the seeds
and also to the cracks and crevices of the seeds and any
other substrata available in the vicinity. Incubation period
of eggs ranged from 5 to 7days, (mean = 6.07 days).
These findings are in agreement with the observations
made by Singh et af. (2008). lrrespective of the sex, the
larvae passed through six instars, The larval instars later
enfered into non-feeding quiescent stage and finally
pupation occurred in the food media itself, within the
containers. The first instar larvae were slender, cylindrical,
having white colour with yellowish tinge and light brown
coloured head capsule. They were oligopod type with three
pairs of segmented thoracic legs, white abdominal legs
were absent. They measured 1.1 mm in length and
0.80mm in width. The duration of this instar was found to
be 2 t03 days {mean = 2.23 days) (Table 1)
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Life history parameters of T. casfaneum on
sunflower seeds

Table 1

Duration (in days)

Stage of life cycle

Minimum Maximum Mean + 5D

Egg 5 7 6.07 £ 0.86
Larval instars

1 2 3 2231043

2 B 7 6.15 £0.55

3 4 5 4.30 £0.48

4 5 7 583075

5 5 8 6.38 +0.96

6 14 19 16.9 £1.89

Total larval period 36 49 40.9815.06

Pupa 6 13 8.01+195

Total life cycle 50 62 56.30+ 4.1

The second instar larvae had a yellowish tinge on the
cuticle, which was more pronounced than that of the first
instar and the head capsule appeared much darker than
the remaining segments. The second instar duration
ranged between 6 and 7 days ( mean = 6.15 days). The
mean length of the second instar larva was 1.40 mm and
its breadth was 0.25 mm. The third instar [arvae appeared
similar to the second instar larvae, except for their size.
The larvae had the abifity to feed on broken kernels of
sunflower and mandibles became much stronger as
compared to earlier instars. The duration of this instar
varied from 4 to 5 days, with a mean of 4.3 days. The third
instar larva measured 1.98 mm in length and 0.30 mm in
width. The fourth instar larvae were similar in their shape
and colour with the preceding instars, except in case of its
- size, which measured about 2.37 mm in length and 0.32
mm in width. The mean duraticn of fifth instar was about
5.83 days with a range of 5 t07 days. The fifth instar larvae
were similar in their features to that of the other instars,
except for their size and the well developed head capsule.
The average length of the fifth instar larva was 3.04 mm
and its width was 0.45 mm, while its duration ranged from
5 to 8 days, { mean= 6.38 days). The sixth instar larvae
were 3.43 mm in length and 0.52 mm in width, colour was
white tinged with yellow, with dorsal part of the of the head
capsule, tips of the claw and all the terga of all the
segments slightly darkened, urogomphi and tips of the
mandible testaceous, the form was elongate, cylindrical
about eight times as long as wide, dorsally convex,
ventrally slightly flattened ninth abdominal segments were
clothed with yellowish tactile hairs body was provided with
the few long, thin, yellowish setae, those on the ninth
abdominal segments were more numerous.

The pupation was preceded by a non-feeding. inactive
pre-pupal stage of about 2 to 3 days, which moulted into
an exarate pupa, with laterally placed wing pads and
ventrally placed legs and mouth parts. The male and
female pupae were distinguished by their characteristic
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genital segments, which in maie was having a flat disk like
depression, whereas in the female, two cone like
appendages were seen which were similar to the
urogemphi, but much shorter and relatively thicker. Pupa
was white in colour but within a day or two, it acquired
yellowish tinge, which darkened later and the eyes turned
dark brown, Pupa measured 3.3 mm in width and 0.33 mm
in fength, the pupal period ranged from 6 to13 days, with
amean of 8.01 days. These findings are in agreement with
the observations made by Urs and Mukherjee {1966) and
Singh et al {2008), but do not agree with those of Hasan
and Khan {1988) on lentil flour, which could be due fo the
differences in the host used, as well as the variations in
geographic lccation of the experimentation.

The male and female adult beetles after emergence
needed a pre-mating period of 1 to 2 days {mean=1.7
days) before the occurrence of first mating. The mean
duration of mating was observed to be 9.77 min., with a
range of 8 to 13 min. However, the mating continued
frequently throughout the life pericd (Table 1).

The pre-oviposition period ranged from 4 to 6 days{ mean
= 5.1 days). The oviposition peried ranged from 110 to
124 days{ mean duration =120.3 days). The number of
eggs laid by the adult beetles ranged from 69 to 89
{mean= 81.11 eggs/female). After the completion of the
eqg laying, adult beetles could live for 7 to 9 days
(mean=8.01 ). These findings were also corroborated by
those of Singh et af. (2006). The Iohgevity of virgin aduiit
male and female beetles {without food) ranged from 18 to
21 days {mean=19.11 days). However, they lived more
than 140 days when enclosed in vials containing sunflower
seeds {Table 2). Adults were small sized, reddish,
measured about 3.5 mm in length, with elytra striated.
Newly emerged adults were scft and colourless, which
acquired colouration and hardness after some time.
These findings were in concurrence with that of Singh et
al. (2008).

Table 2 Mating, ovipositional period and adult longevity of
T. castaneum on sunflower seeds

Range

Stage of life cycle
Minimum  Maximum  Meant 5D

Pre-mating period {in days) 1 2 17040 48
Mating period {in minutes) 8 13 9.77+1.82
Pre aviposition period (in days) 4 6 51+ 0.99

QOviposition period {in days) 110 124 12032547
Post oviposition period { in days) 7 e} 801£1.13
Adult [ongavity with food { in days) =140 days
Adult langevity without food (in days) 18 o2t 19.11£1.52
Fecundity {eggsffemate} 69 89 81.1¢+ 9.57

The findings of the present investigation will help in better
understanding of the pest's life cycle, which wili pave the
way for formulating sound management strategies for
Tribolium in stored sunflower.
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Abstract

A field experiment on the evaluation of eco-friendly
ingecticides against major insect-pests of sunflower
was carried out during rabi, 2007-08. Among the
treatments, spinosad 45 SC (0.015%) was found very
effective against Spodaptera litura (Fabwith 51.0%
mean reduction in larval population over untreated
check, while efficacy of azadirachtin-based neem
formulation against sucking pests viz.,, Neemazal
0.03% was significantly superior over all the other
treatments with 38.2, 37.1 and 6.8 % mean reduction in
Amarasca biguttula biguttula (Ishida), Bemisia tabaci
(Gennadius) and Aphis craccivora {Koch) population
over untreated check, respectively. Spinosad 0.015%
applied sunflower crop produced significantly highest
yield of 1658 kg/ha over untreated check.

Keywords: Ecofriendly insecticides, sunflower, insect
pests

Sunflower (Helianthus annuus L.) is a promising oil seed
crop next to groundnut and soybean in India, which faces
the attack of 251 insects and acarine species throughout
the world (Rajmohan et af., 1974). Many broad spectrum
insecticides are being used intensively and
indiscriminately by farmers for management of these pests
which lead to several problems like pest resurgence,
insecticidal resistance in key pest species, secondary pest
out break, pesticide residues in food chain, degradation in
the quality of eco-system and human health. Hence,
keeping these problems in view, a field experiment for the
evaluation of eco-friendly insecticides against major insect
pests of sunflower was carried out to develop sustainable
and environmentally safe pest management methods.

An experiment was laid out on sunflower cv APSH-11
during rabi season, 2007-08 in a randemized block design
(RBD) with 11 treatments replicated thrice in a plot size of
15 m* (5 m x 3 m). The crop was grown under
recommended agronomic practices except insect-pests
management. The treatments were applied twice at 65 and

&7

80 days after sowing of the crop using hand compression
sprayer. Observations on the pest intensity were recorded
at ene day before spraying as pre-treatment count and at
1, 5, 10 and 15 days after spraying as post treatment
count, Total number of larvae of S. fitura were recorded
on 10 randomly selected and tagged plants, while
population of leafhopper nymphs and adults, whitefly and
aphid were counted during early morning hours on five
leaves (top two, middle one, bottom two) on same plants.
Overall population reduction in different treatments over
untreated check was calculated as per Flemming and
Ratnakaran (1985). The data on pest intensity and yield of
sunflower from each treatment were analysed statistically.

All the treatments were significantly effective in bringing
down the larval population of S fitura over untreated
check. Among the treatments, spinosad 45 SC (0.015%)
was significantly superior over all the other treatments with
51.0% mean reduction in larval population aover untreated
check foltowed by B.t.k. (38.5%) and St NPV {34.9%) while
remaining treatments could provide below 30% reduction
in its population (Table 1).

Reduction in mean population of sucking pests was higher
in neem-based formulations. Application of Neemazal
0.03% was significantly superior over all the other
treatments with 38.2, 37.1 and 6.8 % mean reduction in A.
biguttula biguttula, B. tabaci and A. craccivora population
over untreated check, respectively. Among the other
treatments spinosad, B.Lk, B. bassiana, N. rileyi, M.
anisopliae and St NPV were found to be least effective
against A. biguttula biguttula, B. tabaci and A. craccivora
on sunfiower. The results regarding the efficacy of
spinosad against S. fifura and sucking pests in sunflower
are in agreement with Sudhakara Reddy et al. (2004) and
Sparks et al. (1998).

Spinosad 45 SC (0.015%) treated crop provided
significantly highest yield of 1658 kg/ha followed by B.t.k
0.2% (1491 kg/ha), Neemazal 0.03% (1438 kg/ha) against
unfreated check (949 kg/ha). Significantly higher yields
compared to untreated check were recorded in all the
treatments.
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Table 1 Reduction in mean intensity of major insect pests of sunfiower against untreated check

Mean percent reduction of population over untreated check Seed yield
Treatment - ; - - -

S.litura A biquitula bigutiula  B. tabaci A craccivora  {kgha)

Nimbecidine (300ppm) 1% 2235 2811 26.86 26.09 1987
(28.21) 32.62) {31.21) (30.72)

Nivaar(1500ppm) 0.2% 25.55 3248 32.25 29.95 1380
(302684 (24.74) (34 .80 (33.18)

Neemazal T/S (10000ppm)0.03% 28.83 38.20 37.08 36.83 1438
{32.47) (38.17) {37.51) (37.36)

SFRE 5% 25.06 30.65 27.63 2537 1260
(30.04) 133.61) {31.71) {30.24)

fNomuraea rifeyi 1x10° 32.59 9.55 8.77 9.59 1476
(34.81) {18.00) {(17.22} (18.04)

Beauveria bassiana 1x10" conidia/mi 2960 10.56 10.53 9.93 4104
{32.80) {18.96) {18.93) {18.37)

Ha NPV/SE NPV 250 LE/ha 34 92 4.41 403 4.84 1138
(36.22) (12.13) (11.58) {t2.71)

Metarrihizium anisopliae 1x10" conidia/ml 29.16 845 . 7.83 8.587 1067
{32.68) (17.42} (16.25) (15.19)

Bacillus thuringfensis Var kurstaki 0.2% 38.50 13.20 11.99 11.42 1491
(37.17) (21.30) (20.25) {19.75}

Spinosad 458C 0.015 51.02 18.95 16.53 17.59 1658
{45.58) (26.53) {23.98) {2475}

Untreated check 0.00 0.00 0.00 0.00 940
{¢.00) (0.00} (0.00) (0.00

SEm¢t 015 .16 0.16 0.17 18.2

CD (P=005) 0.45 0.48 0.49 053 52.5

SFRE: Sweet Flag Rhizome Extract; DAS: Days after spraying: Values in parenthesis are anguiar transformed values
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Abstract

Savitri (SWB 32-10-1) high oil and high yield sesame
variety released for cultivation by CVRC.

Keywords: Sesame, high oil and seed yield

Sesame (Sesamum indicum L)), the queen of oilseed
crops is the most ancient oilseed crop domesticated in
India more than 5000 years ago (Duhoon ef al,, 2000). In
India, the crop is grown in an area of 1.7 million ha with a
production of 0.6 millien tonnes and productivity of 363
kg/ha {2006-07). India ranks second in production, next to
China with major sesame growing states Rajasthan,
Maharashtra, Gujarat, Andhra Pradesh, Uttar Pradesh,
Tamil Nadu, West Bengal, Karnataka and Orissa (Hegde,
2009). Though India is the world leader in terms of sesame
production and export, the productivity is very fow due fo
poar management and non adoption of new technologies.

West Bengal is the leading state among sesame growing
states in the country with highest productivity. Farmers of
this state grow sesame mainly after harvest of winter
potato during summer season with or without fertilizer
application. They prefer sesame due to its drought tolerant
nature and short duration that fits well between winter and
kharif crops. Two varieties Rama (improved selection 5)
and Tiloitama (B-67) released before 1990 are
predaminantly grown. These varieties have less oil content
{(around 45%) and susceptible to Macrophomina stem rot
disease. A new variety Savitri (SWB 32-10-1) has been
found promising in All India Coordinated trials and
teleased oy Central Variely Release Committee in
Oct.2008. This article reports the new variety Savitri that
holds promise for irrigated production system of the
country,

With a view to develop new sesame variety the entry SWB
32-10-1, a selection from local germplasm SWB-32
collected from Sagardighi block of West Bengal was tested
in preliminary evaluation Trial at Pulses and Oilseeds
Research Station, Berhampore during summer 2004 and
2005, The entry was sent 1o Project Coordinator's unit,
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Sesame and Niger, tested under All india Coordinated trial
during summer 2006. The resutts of initial varietal triaf
(summer) 2006 {Tabte 1) showed that it performed best
among eight focations over india with yield advantage of
32.02, 39.0 and 20.0% over RT-54(NC) TKG-22({NC) and
Rama(SC). In the advanced varietal trial (summer) 2007 it
registered 13.13, 41.30 and 33.46% yield advantage over
RT-54 TKG-22 and Rama. Further the variety recorded
0.82,6.49 and 6.96% yield advantage over three qualifying
varigties {viz., PKDS 64, TKG-353 and PKDS-1) during
summer 2006 and 5.76, 9.23 and 12.22% yield advantage
over three qualifying varieties during summer 2007 It is to
be noted that among the sesame varieties, white-seeded
varieties contain more eil than black or brown seeded
varieties. The new variety Savitri (SWB 32-10-1) though
being non-white seeded variety, contains 51.1% oit.
Besides this during storage condition white-seeded
varieties are attacked by stored grain pests within few
manths due ta thin seed coat. But the variety Savitri can
be safely stored more than three years without attack of
stored grain pests. :

The morphological features of Savitri and standard check
Rama are presented in table 2. it is found that higher
number of primary branches/plant, number of
capsules/plant, number of seeds/capsule and 100-seed
weight resulted in higher seed yield than Rama. This high
oil content (51.1%) resulted in higher oil yield/ha (Table 1)
of the new variety.

The variety was also tested under farmers’ field through
front line demonstration trial during summer 2008 and
summer 2009. A perusal of the table 3 shows 18.36 and
36.56% yield advantage over two popular varieties Rama
and Tilottama during summer 2008 and 2009.

Looking to its consistent performance over different
locations and years under All India Coordinated trial, the
variety was identified by the varietal identification
committee meeting for Sesame and Niger, held in May
2008 for irrigated condition during rabisummer season of
the country and also for coastal ecosystem of Zone [l



Savitri (SWB 32-10-1) : High oil and high yield sesame, Sesamum indicum L. variety

Table 1 Performance of Savitri (SWB 32-10-1) over checks and other qualifying varieties in All India Coordinateq

trial (IVTS, 2006 and AVTS 2007)

. VTS 2006 AVTS 2007
Variety Yield tkg/ha) % increase Yieid (kg/ha) Y% increase  Oil yield (kg/ha) % increase
Savitri {SWB 32-10-1) 738 698 357
RT-54(NC) 559 +32.02 617 +13.13 319 +11.91
TKG-22 (NC} 531 +3500 494 +41.30 263 +35.74
Rama (SC) 6815 +20.00 523 +33 .46 272 +31.25
Other qualifying varieties
PKDS-64 732 +0.82 660 +5.76 317 +12.62
TKG-353 693 +6.4% 639 +9.23 348 +2.59
PKDS-11 690 +6.96 622 +12.22 317 +12.62
Mean +17 55 +19.18 +17.79

NC = National Check, SC = State check

Table 2 Morphological description of Savitri (SWB 32-10-1)

Descriptor

Genotypes

Savitri (SWB 32-10-1)

Rama(SC)

Branching habit
Stemt hairiness
Flower colour

Days to 50% flowering

Days to maturity
Piant heighticm)

Primary branches/plant

Cerolla hairiness
Capsules/leaf axi!
Capsule shape

Capsule arrangement
Density of capsule haitiness

Capsule length

Productive capsules/plant

Seeds/capsule

1000 seed weight{g)

Qil content(%)
Seed coat colour

Lew branched
Glabrous
Light pink
26-40

34-87

95-100

5-6

Sparsely hairy
one

Broad oblong
Single opposite
Glabrous
Medium

58-60

55-60

32

511

Light brown

Law branched
Hairy

Purplish white
38-40

83-86

100-105

4-5

Sparsely hairy
Cne

Narrow oblang
Single opposite
Hairy

Medium

47-50

48-52

249

46.0

Brown

8C = State check
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Abstract

Extent of open pollinated seeds set on male sterile
plants and hand emasculated buds was explored to
assess the prospects of producing F, hybrid seed in
sesame (Sesamum indicum L.). Seed set on male
sterile plants varied from 2.3-5.1% whereas no seed
set was observed on emasculated buds. It is inferred
that ¥, hybrid seed production in sesame through
natural cross pollination can be successful only if (I}
insect pollinator population is increased in male
sterility based seed production plots and (ii) flower
morphology, numberfviability of pollen grains is
improved so that air borne pollen can affect cross
pollination.

Keywords: Open pollinated seed set, male sterility, hand
emasculation, F, hybrid seed production

Sesame (Sesamum indicum L) is the fifth important
oilseed crop of India after soybean, brassica, groundnut
and sunflower. During 2007-2008 it occupied an area of
. 1.76 m.ha, which was highest in the world under this crop.
Average productivity of sesame in the world (465 kgrha) is
low in comparison to other oitseed crops. In India, the
productivity is only 414 kg/ha which is very low as
compared to the yield levels (1957 kg/ha) recorded in the
research trials (Anonymous, 2004}, Relative susceptibility
of the crop to biotic and abiotic factors, its cultivation on
poor and marginal soils with low or no inputs are the main
reasons for low realized yields. Sesame fs a high risk crop
as its productivity is strongly impacted by the rainfall
patterns and other climatic factors. Breeding researchesin
sesame generally involve enhancement of germplasm
base, selection, mutagenesis and recombination breeding
for various yield contributing factors. High estimates of
heterosis have been reported in hand made experimental
. F, hybrids (Murthy, 1975: Tu, 19893). In India, yield
superiority up to 54 3% over the national check variety
TKG-22 has been observed in some of the F,
combinations. Although efforts at proeducing F, hybrid
cultivars in sesame are underway for the last 20 years,
cnly limited gains have been reported.

Success of any F, hybrid breeding programme depends
upon ease of production of hybrid seed on commercial
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scale. Depending upon flower morphelogy and nature of
the crop, manual or male sterility based seed production
techniques can be employed for commercial hybrid seed
production. Manual seed production is preferred over other
means in a monoecious crep like maize where simple
detasseling allews hybrid seed production by cross
pollination. This is also facititated by abundant pollen grain
production. In crops like rice, peari-millet, sorghum,
sunflower, hrassica and wheat where large scale hand
emasculation is difficult, use of male sterility is the best
option. Cytoplasmic male sterility (CMS) is being used
successfully world over to develop F, hybrids in all these
CTopS.

Sesame is targely seif-pollinating and a small seeded crop
with each plant producing thousands of seeds. It belongs
to family pedaliaceae; its growth habit is of indeterminate
type having large number of flowers with acropetal
flowering. The plants continue to grow and produce flowers
and capsules over a period of time, depending upon the
climate and location. The flowers are borne on short
pedicels in the leaf axils either solitary or in a group of
two-three. Ifthere is single flower/axil, the laterat primordia
develop into nectaries. The sesame flower is bell-shaped,
companulate with 2-3 ¢m leng corolla having five stamens
inserted at the base. The lower petal has a deep pit and
fine hairs are present on the inner side of corolla. Anther
dehiscence ocours early in the morning between 5-7 AM
affecting self pollination and flowers open after anthesis.
The pedicel of an open-flower bends down and the mouth
of the corolla face downwards at an angie of 60°. Mode of
anthesis (prior to flower opening) in sesame favours self
pollination; flower position and morphology prevents out
crossing through wind carried pollen. Cross-poliination if
any, is affected by insects which visit the flower for big
nutritious pollen grains. Sesame pollen grains remain
viable for up to 24 hrs. whereas the stigma remains
receptive for two days, if not ferlilized. Emasculation in
sesame is easy. The five anthers can be easily removed
by pulling the corolla tube leaving behind bifid stigma. For
developing handmade F, seed, the young buds to open
next morning are emasculated in the afternoon and
pollinated in the next morning. In India, hand emasculation
has been used to develop F, hybrid seed and seed
production cost’kg F, seed is not very high. In China, hand
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bred hybrids are commercially grown in some areas.
Although ease of manual hybrid seed preduction and low
seed rate (2 ka/ha) makes the cultivation of F, hybrids in
sesame commercially viable, male sterility is still being
sought to further economize on hybrid seed production
costs. It has been estimated that one hectare F, seed
production plot using male sterility can produce sufficient
F, seed to sow 60-80 ha. In sesame, Tu ef al. (19495) has
explored the use of GMS for producing F, hybrids in China.
in India, stable CMS lines with 99% pollen sterility have
been developed through inter-specific hybridization
between S. malabaricurm and S. indicum { Cuhoon, 2004).

 Presence of sufficient cutcross seed set is an impartant
pre requisite for commercial hybrid seed production using
maie sterility. Reports in this regard are scanty and
contradictory.

Present study reports on the possibifities of the producing
F, hybrid seeds in sesame, through open pollination,
under north Indian conditions where the crop is grown
during July to September-October. Idertification of maie
sterile plants in the M, generation of irradiated TC-289
variely allowed us to study outcross seed set on male
sterile plants under natural conditions. These plants were
allowed to open pollinate and observed critically for out
cross seed set during 2006. Data were recorded for
productive pads/plant and number of seeds/pod. !t was
observed that most of the pods formed were false pods
{with no seed) and the productive pods had very few seeds
{Table 1). Similar results were observed during kharf,
2007 Lowernumber of productive pods (13.7-21 .4 %) and
lower aut cross seed set (2.3-5.1%) reflected on poor aut
crossing rates.

To confirm these results and to obviate the possibility of
impaired female fetility, if any, being a cause of low out
cross seed set on mate sterile plants, a simple experiment
was planned during kharif 2007 and 2008 to find out the
extent of seed set on emasculated buds. During 2007,
preliminary experiment was conducted at three different
locations in the sesame field, where flowers from one line
were continuously emasculated throughout the flowering
period. Observations were recorded on pod formation and
seed set on emasculated ptants. During kharif 2008, the
experiment was repeated in a seed production plot. Two
genotypes PB Til-1 {white seeded) and GT 10 (black
seeded) were raised in paired rows {3m long) alternately,

with black seeded genotype on outer side of each plot,
Normal plant to plant (15 cm x 30 cm) and row o rey
distances were maintained. Standard agronomic practices
were followed to raise the crop. All the plants of the white
seeded genotype PB Til-1 were emasculated daily ang
observed for pod formation. Productive peds, if any, were
to be harvested from these plants at maturity, anq
evaluated for per cent {as compared to normal} seed set,

Seed set on emasculated buds without artificial pallination
can only occur due to pollination affected by airborme
pollen as the population of pollinator insects was at the
best nominal. No seed set was observed foliowing open
pollination on the emasculated buds. The emasculated
buds developed into false pods which were devoid of any
seed. Extertt of cross pollination in sesame ai Ludhiana
has earlier been cobserved to be 5-8%. The present
observations indicate that what so ever cross poltination
occurs is only due to the insects. Dispersal of pollen grains
in the air is absent which may be due to sticky nature of
the pollen grains, hairy inner side of the corolia or deep pit
on the lower petal which captures the pollen grains. Less
number of pollen grains per flower and their short life may
be the other factors responsible for insufficiency of the air
borne pollen to effect pollination on the emasculated open
buds. Absence of pollen grains in emasculated buds, a
major attractant for insect pollinatars, may be a cause of
total failure of seed set on emasculated buds. Based on
these studies we do not expect the success of hybrid seed
production through out crossing on male sterile plants in
the areas with limited population of insect pollinators. The
sesame crop is attacked by a large number of insects and
application of insecticides becomes imperative to avoid
yield tosses. Regular pesticide application as is done
under north India conditions results in much reduced
population of insect pollinators which affects extent of out
crossing. Varying rates (1-68%) of cross pollination have
been reported in various countries depending upon insect
activities {Brar and Ahuja, 1979; Yermanoes, 1880; Osman,
1985; Musa and Padilla 1991). Wind pollination may have
no role to play for facilitating hybrid seed set on male
sterile plants. To enhance seed set on male sterite lines it
may be better to produce malé sterile sources that
produce abundant but sterile polien grains as comparedto
male sterile lines completely devoid of pollen grains.

Table 1 Extent of productive pod formation and seed set on male sterile plants

Productive pods

Plant Total pods Nomber FEy— Seeds/productive pod Outcross seed sef (%)
MS-1 156 28 17.9 10 36
MS-2 138 20 14.5 8 23
MS-3 112 24 214 12 5 1
MS-4 131 18 137 16 4.4

*Assumption = 50 seeds/pod; total number of seeds inclusive of productive and false pods
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Abstract

By conducting 186 trials (national + state) across
various locations, a castor hybrid YRCH-1 was
identified as a suitable hybrid for rainfed and irrigated
ecosystems of Tamil Nadu. It was released by state

variety release committee for cultivation in Tamil .

Nadu.
Keywords: Castor, Botrytis, early sowing

Castor is grown both under rainfed and irrigated situations.
India is the first country to commercially exploit heterosis
by two line hybrid breeding based on indigenous, stable S
type pistilfate line, VP-1. At present, 14 hybrids and more
than 18 varieties are released either at the central or state
tevel.{Anonymous, 2006}

In Tamil Nadu, the choice of the castor hybrid for
cultivation is very limited with availability of only few
hybrids. Hence there is urgent need to develop and
release a high yielding castor hybrid for rainfed and
irrigated ecosystem of Tamil Nadu.

The castor hybrid YRCH 1 is tested in station trials, MLT,
ART, OFT and ICAR -co-ordinated trial along with popular
checks like GCH 4, DCH 177 and TMVCH 1.0Overall, the
hybrid has been tested in 186 ftrials across various
locations.

The castor hybrid YRCH 1 recorded seed yield of 1861
ka/ha which is 27% higher than the national check GCH 4.
Duration-wise, it is 15 days earlier than TMVCH 1 and 30
days earlier than GCH 4. Because of its earliness
escapes Botrytis in early sown conditions during kharif.

In AICRP (Castor) coordinated trials also the new hybrid
YRCH 1 recorded highest seed yield of 2082 kg/ha which
is numerically superior than the national check GCH 4
(Table 1).

Farmers participatory varietal selection: Success of
new crop varieties depends upon quick adoption. Often it
is rather slow in marginal environments .Many times the
improved variefies from the researcher fail due to the
reason that farmers perception change over time. Varieties
Ihybrids selected from such participatory varietal selection
(PVS) trials are likely to be broadly accepted and in turn
acceptable to farmers.
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Table1 All India trials conducted under coordinated
research project on castor at various research
centres across India

Rainfed irrigated Mean of 16
Hybrids (Mearn of 8 trials) {Mean of 8 trials} trials

{kg/ha) (kg/ha) tkg/ha)
YRCH 1 1546 2618 2082
GCH 4 1602 2435 2021

In addition to evaluation under station trials, MLLT, ART and
national trials the new hybrid is subjected to PVS under
farmers' field for 3 years (2006-2008).

The hybrids were coded and the farmers were asked to
make their own evaluation and select the hybrids of their
choice for cultivation. At all the locations except very few
farmers, all others opied for the new hybrid YRCH 1 as
their choice. The farmers observed earliness, compact
highly pistiltate productive spike, high branching, lesser
time lapse between any two order of spike, compact and
short plant type and escape from Botrytis in early sown
conditions and higher seed yield as the reasons for
selecting YRCH 1 as the hybrid of their choice.

Table2 Summary ofevaluationinfarmers’ field (OFT) {Seed

yield kg/ha)
2006 2007 2008 Weighted
Hybrid Mean of 10 Mean of 40 Mean of 50 mean
Y trials trials trigls (100 trials)
(kg/ha) {kg/ha) (kg/ha) {kg/ha)
YRCH 1 2225 1986 1905 1969
GCH4 1750 1509 1330 1473
TMVCH1 1850 1421 1326 1396

Reaction to major disease under field and controlled
conditions: Because of its earliness, escapes Botrytis in
early sown conditions during khanif. in the field for botrytis
incidence it recorded the score of 5 in the 0-9 scale with
only 11 to 25% of capsule affected under normal
epiphytotic conditions. Where as the checks GCH 4 and
TMVCH 1 have recorded the score of 9 in the scale with
more than 50% of affected capsule. The botrytis incidence
is less, may be due to disease escape because of
earliness, in khanf season.
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Reaction to major pests (under field and controlled
conditions including storage pestsj:

Leaf hopper: For the incidence of leaf hopper the hybrid
has recorded the score of 2 in 0-11 scale (Hopper burn
11-25%). The hybrid is resistant to jassids because of
triple bloom,

White fly: The hybrid has recorded the score of 1 in the
0-5 scale {1 to 50 pupae/3 leaves/plants during peak
infestation level.

Capsule borer: Moderately tolerant to capsule borer with
the capsule borer incidence of less than 20% during peak
infestation level.

Salient features of castor hybrid YRCH-1:

+ Averageyield 1861 kg/ha underrainfed ecosystem and
oil content of 49%.

+ Early duration of 150-160 days (15 days earlier than
TMVCH 1 and 30 days earlier than GCH 4).

+ Suitabte for rainfed and areas of limited irrigation
potential because of its short duration.
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* Less time lag between any two order of spike, hence
more number of spike is produced in short period.

+  Compact plant type syitable for intercropping system
also.

The castor hybrid YRCH 1 has been released for
cultivation for Tamil Nadu by the state vatiety release
committee in 2009,
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Abstract

A field experiment was conducted in a red sandy-loam
{Alfisol) soil to establish boron critical limit in castor
{cv. DCH-177). Recently matured feaf (RML) samples
positioned on the main stem from the top were
collected at 65 and 90 days after sowing and analysed
far horan cantent. Critical baron limits for castor
leaves at 65 and 90 DAS were found to be 70 and 65
mglkg, respectively and the hot water soluble boron
critical limit for Alfisol was 0.08 mu/kg.

Keywords: Castor, critical limit, boron, leaves, Alfisol

Castor (Ricinus communis L.} is one of the important
industrial cilseed crops cultivated in semi-arid region of
Andhra Pradesh under rainfed conditions in red ‘chatka'
soil (Alfisol). Amongst the seven micronutrients essential
for crop growth and development, boron (B) plays vital role
in gilseed praduction. Boron essentiality in oilseed crops
has been well established (Agarwala ef al., 1981; Asad et
al,, 2002), Further, in several oilseed growing soils of semi
arid region, deficiencies of B along with the other nutrients
are widespread (William Dar, 2004). Boron studies in
major cilseed crops were reviewed by Murthy (2008).
However, information on the effect of boron in castor is
scanty. Hence, an investigation was made to establish
boron critical limit in castor leaves and in Alfisol,

A field experiment was conducted with castor hybrid
DCH-177 as test crop during kharif 2007 to determine the
critical boron level in red sandy-loam (Alfisol) soil. The
physico-chemical characteristics of the soil viz. pH,
electrical conductivity and organic carbon found to be 7.2,
0.2 dS/m, 0.3%, respectively, The available N, P,0O, and
K,0 were 180, 10 and 210 kg/ha, respectively. The initial
hot water soluble boron (HWS-B) content in the soil was
very low i.e., 0.02 mg/kg. The experiment was laid in
randomised block design with three replications. Graded
levels of B viz.,, 0,05, 1.0, 1.5, 2.0, 2.5 and 3 kg/ha were
applied through Borax. Recommended dose of N and P
{40 kg/ha each)} was applied. Recently matured leaf (RML)
samples of the main stem from the top were collected at
65 and 90 days after sowing (DAS) and analysed for B
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content. Soil available B was estimated at initial stage and
30 days after the basal application of B, as per the
standard procedures (Jackson, 1973). Boron content in
the Jeaves was estimated as per the procedure described
by Wolf (1971). Scatter diagrams were drawn 1o establish
soil and castor leaf critical B limits.

The B content in the recently matured leaves varied from
39.0 to 139.0 mg/kg at 65" day and 37.8 to 84.8 mg/kg at
90" day amongst the B treatments. In young leaf of
mustard (52 DAS) the established deficiency, sufficiency
and toxicity limits of B were 10-25, 25-70 and >70 mg/kg,
respectively (Patel ef al., 2003). Whereas the sufficiency
and toxicity levels of B for groundnut and sunflower were
recorded 29-125 and 218, 29-125 and >160 mg/kg,
respectively (Sakal and Singh, 1995). in the present
investigation, the B content observed in castor leaves is in
accordance with the reported information in other ocilseed
crops. The scattered diagrams drawn for HWS-B vs.
castor leaf B content at 65 and 90 days have shown that
the critical leaf B content at 65" and 90" day was 70
{Fig.1) and 85 markg (Fig.2), respectively.

Hot water soluble B content in the soil at 30" day varied
widely from 0.04 to 0.12 mg/kg amongst the B treatments.
Rattan and Goswami (2002) reported that the soils may
have critical limits of B in the range 0.1 to 1.0 mgtkg
depending on the soil fype and oilseed crop grown. In this
study, the critical limit of HWS-B content of the red soil
(Alfisof} was found to be 0.08 mg/kg (Fig.1 and 2). A
critical HWS-B value of 0.1 mg/kg for red soil with castor
variety DCS-9 was also reported by Murthy and
Padmavathi (2009).

From the present investigation, it can be concluded that
the critical B concentration for the separation of B
responsive soil {Alfisol) from non responsive soils is 0.08
mg/kg to maintain the critical castor leaf B content 0f 65 to
70 ma/kg.
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Abstract

An experiment was conducted during rabi 2005-06 to
examine the genotypic differences in water use
efficiency (WUE) traits and to identify lines with
droughttolerance. Eleven germplasm lines were sown
and stress was imposed by withholding irrigation from
45DAS and extended tili 120 DAS. Plant height, leaf
number and tertiary branch production was reduced
significantly with stress. SCMR was significantly more
in stress at 55 DAS. Specific leaf area {SLA) did not
differ significantly in control and stress. Strong
negative correlation of SCMR with SLA is seen
{(>-0.90.) both in control and stress treatments.
Genotype RG297 showed high SCMR, low SLA, and
high totai drymatter (TOM} both in control and stress
treatments. This genotype also showed higher seed
yield and harvest index (HI) in stress with less percent
reduction in seed yield compared to control and with
low drought susceptibility index (DS} values.

Keywords: Drought tolerance, WUE, germplasm, drought
susceptibifity index (0SI)

Under drought conditions, yield is determined by water use
efficiency (WUE). This character showed significant
genetic variability and also has heritability (Wright et al.,
1988; Farquhar ef a/., 1989). Traits like specific leaf area
(SLA), SPAD chiorophyll meter reading (SCMR) are
alternate approaches for measuring WUE. The
relationship between SCMR and transpiration efficiency
(TE) was eslablished by Sheshashayee et al, {2001) in
groundnut. Nageshwar Rao et al (2001) has
demonstrated the uses of SPAD as a selection toal for
SLA and specific leaf nitrogen (SLN) suggesting that
SCMR could be used as a nondestructive and indirect
measure of TE in groundnut. Caster (Ricinus communisL.)
is grown in Andhra Pradesh mainly as rainfed crop in
marginal and submarginal shallow scils with low inputs.
The crop experiences water stress at different stages of
crop growth depending on rainfall pattern during the
season which results in reduced vyields. As castor was
considered drought tolerant, no importance was given to
further improve its tolerance to drought aiming at
increasing fhe possibility of stabilizing the yield under
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stress environment. Hence, an experiment was conducted
to examine the genotypic differences in WUE fraits and to
identify lines with drought tolerance which can be used in
breeding programmes.

Eleven germplasm iines which showed pest, disease and
temperature tolerance at Directorate of Oilseeds Research
{DOR) were sown during rabi 2005-06 and stress was fo
be imposed from 30-90 days after sowing (DAS) but as
there was rainfall during imposition of treatment, stress
was imposed by withholding irrigation from 45 DAS and
extended till 120 DAS. Total rainfall received during crop
growth was 44.2 mm. Control ptants received 9 irrigations
and stressed plants were given 4 irrigations during the
crop growth. Cbservations on SCMR and SLA were
recorded on 4" fully expanded leaf from top at 55 DAS and
50 DAS. Correlation coefficients between these two traits
were computed. Data on various growth characters were
recorded before reiieving stress (12C60AS) and yield and
yield components were recorded. Drought susceptibility
index (DS!) was also computed (Fischer and Maurer,
1978). The data on different growth characters were
recorded before relieving stress at 120 DAS (Tabie 1).
Plant height, leaf number and tertiary branch production
was reduced significantly with stress. RG 247 RG 297
showed less percent reduction in plant height, leaf number
and tertiary branch production with stress.

SCMR was significantly more in stress at 55 DAS. SLA did
not differ significantly in control and stress (Table 1), But
genatypic differences were significant both for SCMR and
SLA at 55 and 90 DAS. Among different genotypes, RG
297 recorded significantly higher SCMR in both control
and siress freatments at 55, 30 DAS. RG 297, RG 1449
recorded significantly higher SCMR in stress compared to
control at 55 DAS. Significantly lower SLA were recorded
in RG 297 and RG 242 in control and RG 242, RG 297,
RG 707 and RG 1449 in stress at 55 DAS. Whereas, at
90 DAS, RG 1449, RG 297, RG 707 in control and RG
297, RG 1624 in stress recorded less SLA. RG 297
showed consistently high SCMR and low SLA at two
stages of sampling. Strong negative correlation of SCMR
with SLA is seen [>-0.80) at two stages of observation
both in control and stress treatments (Fig. 1 and 2.).
Similar relationships were observed in groundnut by
Nageshwar Rao and Wright (1994).
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Table 1 Effect of water stress on growth characters, SCMR and SLA in castor

SPAD chiorephytl meter reading

Piant height Leaf Secondary Tertiary (SCMR} Specific teaf area [SLA) dm’/g
Genotype {cm/plant} numberplant  branches/plant  branches/piant S5 DAS 50 DAS 55 DAS 50 DAS
Control_Stress  Contrel Stress  Control  Stress  Control  Stress  Confrol  Stress  Control  Stress  Control _Stress  Contro! - Stress
RG208 4861 37 63 47 5 3 4 2 36 545  B9B 592 2004 1960 4414 1552
R(661 427 321 75 13 3 3 2 1 558 585 514 569 1858 1634 2076 177
RG707 478 427 28 24 3 3 3 1 558 626 606 503 1748 1371 1432 1030
RG17 256 273 29 38 3 4 3 2 532 531 585 507 1943 2044 1599 1438
G247 430 428 24 32 2 2 2 2 6.4 577 555 555 1726 1.802 1828 1820
RG297 545 480 28 29 4 3 2 2 60.1 612 806  B13 1442 1471 1414 1348
RG1g22 849 388 25 18 3 2 2 0 587 591 588 548 1518 1516 1693 1939
RG1449 855 539 4 23 5 3 2 2 536 622 641 645 1987 1.371 1.342 1.343
RG1608 751 80.0 22 22 3 2 1 1 65% 559 931 BG4 1887 1877 1857 1483
RG1624 763 575 23 16 2 2 2 a 550 597 580 B0O5 1.844 1565 1510 1387
RG242 487 325 29 21 4 3 2 2 585 823 518 592 1505 1344 2025 1505
Mean 573 431 31 25 3 3 2 1 6.0 589 580 576 1789 1670 1854 1630
D {P=0.05)
Treatments 23 06 0.3 0.4 0.9 NS NS NS
Genotypes a7 36 07 04 2.0 12 a1 01
Inferaction 5.3 5.1 1.0 0.5 28 17 0.2 01
CV (%) 4.4 1.9 10.4 204 55 84 1324 25
Table 2 Genotypic differences in total drymatter, total seed yield, harvest index and drought susceptibility
index in castor in response to water stress
Genotype Total drymatier {g/plant) Total seed yield {g/plant)  Harvestindex (%) % reduction in Drpgghtl
Control Stress Cantral Siress Control Stress seed yield  susceplibility index
RG23s 206 150 59.2 187 0.29 Q12 68.4 1.80
RGE61 192 112 50.0 27.9 0.29 G.26 44.2 1.04
RG7O7 249 136 68.6 38.0 0.27 Q.28 44.6 1.058
RG17 85 93 - 280 152 0.33 0.16 457 1.07
RG247 192 177 753 43.0 0.39 026 429 1.01
RG297 228 177 56.8 55.5 0.25 0.32 2.3 0.05
RG1a22 175 oo 328 25.1 G.20 0.25 23.5 0.55
RG1449 218 118 818 299 0.29 0.25 51.5 4
RG1608 153 139 14.3 10.7 0.10 .03 252 0.59
RG1624 177 146 40.2 16.2 Q.26 ¢.11 59.7 1.40
RG242 208 113 504 33.1 Q.28 d.30 44.3 1.04
Mean 180 133 497 285 0.27 022
CO (P=0.05)
Treatments 296 9.3 .03
Genotypes 370 7.7 0.06
Interaction 523 1092 0.09
CV (%) 17.3 22.5 10.6
Table 3 Castor germplasm lines with high WUE traits
Treatment High SPADré::é?rr‘gphyﬂ meter Low specific leaf area  High total drymatier riigh seed yield  High harvest index
Contrl RG 247,297, 1922, 242 RG 297, 1922, 242 g?fffgﬂé RG 707,247, 1448 RG 247,17
Stress RG 61, 707, 247, RG 707,1449, 242 RG 298247297 RO 707247297, 6047 242

297,1922 1449 1624 242

242
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Fig. 2. Effect of water stress on relationship of SCMR vs SLA at 90 DAS

Total drymatter (TDM), seed yield and harvest index (HI}
also reduced significantly with stress. Genotypic
differences in TDM and seed yield are presented in table
2. RG 17, RG 247, RG 297, RG 298, RG 1608 and RG
1624 recorded <30% reduction in total drymatter
compared to control. RG 237 recorded significantly nigher
seed yield (55 5g/plant) in stress and showed the least
reduction in seed yield (2.3%) compared to control. RG
1922 followed by RG 1608 also showed less percent
reduction in seed yield (<30%) compared to contro! and
also showed least DSt values compared to other
genotypes. Castor germplasm lines that showed better
WUE traits are presented in tahle 3. Significant growth and
yield reduction with stress in castor was also recorded in
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our earlier studies on germplasm screening for drought
tolerance (Lakshmamma and Lakshmi Prayaga, 2006).

SCMR and 5LA showed strong negative correlation both
in controf and stress freatments. Among the genotypes
studied, RG 297 showed high SCMR, low SLA, and high
TDM both in control and stress treatments. The genotype
also recorded higher seed yield and Hl in stress condition
with less percent reduction in seed yield compared to
control and with low D3I values.
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Abstract

Genetic divergence among 64 germplasm accessions
of safflower assessed using Mahalanohis D? values
indicated considerable diversity in the material
studied. The accessions were grouped into nine
clusters. The pattern of distribution of genotypes into
various clusters was at random revealing that
geographical and genetic diversity were not related.
Maximum inter-cluster distance was observed
between cluster VIl and cluster Il, while the closest
proximity was noticed between cluster | and cluster |l
Among the eight characters evaluated, days to 50%
flowering, number of effective capitula/plant, ptant
height and number of filled seeds in main capitutum
together accounted for more than 90% of the total
divergence.

Keywords: Safflower, D? statistics, genetic divergence

Safflower (Canthamus finctonus L)) originated in Middle
East Asia. It has been under cultivation in India for a long
time as an important source of edible oil and is also used
in the manufacture of red {carthamin) and yellow dye
{Knowtes, 1989). A logical way to start any breeding
programme is to survey the variation present in the
germplasm. Precise infarmation on the nature and degree
of genetic divergence would help the plant breeder in
selecting potential accessions for utilization in breeding
programmes.

The material for the present investigation comprised of 64
germplasm accessions received from the Germplasm
Management Unit (GMU} of Safflower, Directorate of
Oilseeds Research {DOR), Hyderabad. The study included
21 exotic accessions from 9 countries, 39 Indian
accessions and 4 cultivated varieties. The experimentwas
- laid out in simple lattice (8x8) design with two replications
during rabi 2005-06 at College Farm, Coliege of
Agriculture, Acharya N.G. Ranga Agricultural University,
Hyderabad. Each genotype was sown in three rows of 2 m
length with a spacing of 45 cm x 20 om. Recommended
agronomic practices and prophylactic measures were
adopted for raising a good crop.

Data were recorded for 8 economic traits on 10
competitive plants over two replications and mean values
were used for analysis, Analysis for genetic divergence
using Mahalanobis D? statistic was carried out as
described by Rao (1952), On the basis of the magnitude
of the D values, the investigated genotypes were grouped
into different clusters by employing Tocher's method as
outlined by Rao {1952;.

The &4 germplasm accessions were grouped into 8
clusters (Table 1). Clusters Il and [l were the largest
consisting of 13 accessions each white clusters Vil and X
were the smallest with 3 genoctypes each. As already
reported by researchers on safflower (Patil et al., 1984,
1991; Patel ef al., 1989; Diwakar et al., 2006), genetic
diversity was not associated with gecgraphical origin in the
present evaluation and the pattern of distribution of
genoctypes from various geographical regions into different
clusters was at random. This tendency of genotypes to
occur in clusters irrespective of geographical boundaries
demonstrated that geographical isofation alone was not
responsible for genetic diversity. Murthy and Arunachalam
(1968) have suggested that genetic drift and forces of
natural selection over diverse environmental conditions
within a country could cause considerable diversity
compared to geographical isolation.

Maximum inter-cluster distance was cbserved between
cluster VIl and cluster Il {D* 2761.41), while the closest
proximity was noticed between cluster ! and cluster Il (D*
273.13) (Table 2}. The maximum intra-cluster distance was
observed in cluster V (687.07) and this might have been
due to gene exchange or selection practised among the
genotypes for diverse characters. Cluster | displayed the
least intra-cluster distance (93.33) revealing the simitarity
of the 7 genotypes within the cluster.

Presence of variability in the 64 germplasm accessions
was also reflected in the cluster means for the § fraits
evaluated (Table 3). The maximum cluster means were
revealed by cluster VII| for diameter of main capitula,
number of filled seeds, oil content and seed yield/plant and
the genotypes within this cluster can be utilized for
safflower improvement through further selection for
desirabte traits.

! Senior Scientist, Directorate of Qilseeds Research, Rajendranagar, Hyderabad-500 030, AP,
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Analysis for estimating the caniribution of various
characters towards the expression of genetic divergence
(Table 47 indicated that days to 50% flowering {36.56%),
number of effective capituta/plant (27 .83%], plant height
{17.35%) and number of filled seeds in main capitulum
(10.76%) contributed maximum towards genetic
divergence in this colfection. Since they accounted for
more than 90% of total divergence in the material, these
basic afiriputes of the plant architecture need greater
alfention. Similar results were reported by Patil ef al.
{1991) who observed that plant height, days to flowering
and number of filled seeds/capitulum contributed more

towards genetic diversity in the 30 safflower genotypes
evaluated by them.

Accessions from the two most divergent clusters viz., GMU
4089, 5940, 6942 from cluster VIl and the 13 accessions
in cluster |} were identified as potential parents in future
endeavours forimprovement of saffiower. Emphasis needs
to be given to days to 50% flowering, number of effective
capitula/ptant, plant height and number of filled seeds in
main capitulum during selection to improve seed yield in
safflower,

Table 1 Distribution of 64 genotypes of saffiower in different clusters

Ciuster No. of genotypes  Genotypes/check varieties

! 7 GMU 57 1872, 2142, 2149, 3118, 3454, 47186

I 13 GMU 1181, 1880, 2080, 2092, 2444, 2635, 2891, 3067, 3104, 3162, 3382, 3427, 3456
il 13 GMU 753, 862, 1118, 2091, 2153, 3144, 3154, 3188, 39098, 4087, 4279, 4803, 6858
Y 8 GMU 2680, 2843, 4091, 5801, 6970, Manjira, JSI-7. A-1

A 4 GMU 763, 3138. 6939. NARI-6

' 9 GMU 3258, 3423, 4045, 4056, 4081, 4063, 4122, 4780, 6947

Vil 4 G 2839, 4808, 4821, 4842
Vil 3 GMU 4068, 6540, 6842

X 3 GMU 4848 5775, 6346

Table 2 Average intra {bold) and inter Euclidean cluster distances

Cluster | 1 I v \ VI VIl Wit X

! 83.33 27513 467.76 955,40 2321.51 1643 37 1540 .83 2596.30 228032
I 158.36 631.24 618.13 1788.85 1851.23 11564 .53 2761.41 2138.09
il 111.82 1042.07 168502 850.55 1031.95 144927 1634.15
v 263.66 8943.38 1704.69 1005.75 219172 1073.28
v 687.07 1474.50 a97.17 167529 1020.85
Wt 292.35 804 48 752 95 1378.28
Wil 291.49 1442.75 1291 .48
Wil 256.69 853.18
1X 282.87

Table 3 Cluster means for evaluated traits of 64 safflower accessions

Cluster Daysto 50% Plant height N of effective Diameter of main No. of filed seeds  100-seed  Git content Seed yield/
flowering {cmj capitulafplant  capitulum {mm) in main capitulum  weight () (%) plant {9

| 81.45 6375 2419 21.39 3272 3.90 19.75 31.3
N 81.62 55.96 26 358 2328 22.62 477 21.85 234
m 85.56 79.99 21.63 25.44 34.08 429 23.82 36.6
v 81.1¢g 7830 39.50 2260 2425 4.43 22.72 22.5
v 8581 102.04 33.82 23.31 21.80 415 23.37 15.4
Vi 87.08 89.83 22.57 2567 31.96 4.67 24 86 309
Vil 94 25 85.75 77.21 2517 19.99 529 17.27 16.7
Vil 95.33 130.39 32.84 29.49 43.38 394 28.64 521
i 8217 89.05 4911 24.8% 37.62 4.7 21.5% 437
Mean §6.56 79.47 28.16 2423 29.04 445 22.66 29.3
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Table 4 Contribution of different characters towards
genetic divergence in 64 genotypes of safflower

Source MNo. of times  Per cent contribution
ranked first  towards divergence

Days to 50% flowering 737 36.56

Plant height (cm) 350 17.36

Nao. of effective

capitula/plant 561 27.83

Diameter of main

capitulum {mm} 5 025

No.' of faligd seeds in 217 1076

main capitulum

100-seed weight {g) 10 0.50

Oil content (%) g 0.45

Seed yield/plant (g} 127 6.30
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Abstract

Twenty nine germplasm accessions of linseed, Linum
usitatissimum were evaluated for morphoiogical and
bio-chemical characteristics. Wide diversity occurred
in germplasm for the characteristics under study.
Eleven accessions had more than 50% linclenic acid
being highest of 54.6% in |C-345466.

Keywords: Linseed, germplasm, biochemical characters

Linseed (Linum wusitatissimum L.} belonging to family
Linaceae is one of the important oil and fibre yielding
crops of India and generally grown on marginal lands. It
has nutritional, medicinal and industrial uses. Because of
the high linolenic acid content in seed oil, it is used as
drying oil in the paint and varnish industry (Mc Hughen,
1992). The residue cake remaining after oil extraction
contains high protein and is used as rich preteinaceous
feed for the livestock and as organic manure. Fibers
obtained from the stem are of good quality and are utilized
for manufacture of rough textiles Linseed oil is also
utilized in the process of cementing of roads in the USA
(Weiss, 2000). A coating prevents destructive water and
salts from penetrating concrete. India is the third largest
producer of linseed oil in the world. In India, Madhya
FPradesh leads in yield and acreage (Radhamani ef al.,
2008y folowed by Uttar Pradesh, Maharashtra,
Chhattisgarh, Bihar, Jharkhand, Karnataka and West
Bengal Linseed is an erect annual, 80-120 cm high.
Flowers are small, blue, bluish violet or white, in terminal
panicle; fruit capsules, with five cells, each containing 2
seeds; seeds yellowish or blackish brown, small, flattened,
and oval with smooth shining coat.

The present study was undertaken io study the
performance of linseed germplasm for some quality traits
of seed oil, protein and fatty acid profile in 28 indigenous
linseed accessions. Cleicto linoleic acid ratio and linolenic
acid of the oils for accessions was established for the
selection of different types of material for use in specific
seclor. The promising accessions were identified which will
prove to be an important genepoot for utilization in the
breeding programmes. Promising accessions of linseed
with total protein content of more than 26% and of total oil
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content between 43 and 49% and more than 50% linolenic
acid content in seed oil were screened for utilization in
industrial purposes. Refationships among the guality and
agro-morphological traits were established.

A total number of 29 germplasm collections augmented
through exploration activities from Bihar, Uttar Pradesh,
Himachal FPradesh, Uttaranchal and Jharkhand states in
India were grown during rabi season of 2004-Q5 and
2005-2006 at NBPGR Farm, New Celhi. Germplasm was
grown in three rows of 3 m row length with 45 cm x15 cm
row to row spacing, under augmented block design with
two checks viz., Garima (JC42693C) and Kiran (1C426925).
Three rows of each accession were planted with
recommended basal dose of fertilizers following normat
cultural practices and plant protection measures.
Germplasm was evaluated for different agro-morphological
traits wiz., plant height (cm), number of primary
branches/ptant, number of capsules/plant, number of
seeds/capsule, 500 seed weight {g), seed yield/plant {(g).
The observations of each entry were based upon mean
values of five randomly selected plants.

Seeds were harvested when attained complete
physiological maturity. The mature seeds of linseed were
used for protein, ol and fatty acid analysis. Average
analysis value for three replicate materials was taken for
caomparison. For the determination of total oil content,
seeds were dried to 4-5% moisture level in oven at 108°C
for 16 to 18 hr. The cil content of the seed samples were
determined by the a non-destructive method using a
Newport NMR analyser {(model-4000) after calibrating with
pure linseed oil. Recently developed, gas lquid
chromatography (GLCY method (Mandal ef al., 2002) was
followed for the determination of fatty acid profile of the oil.
1.0l of the methyi ester hexane was injected into a highly.
palar HP lnnowax capillary column of 30m length (inner
diameter: 0.32m, film thickness: 0.5 pm, split: 1:80). A
Hewlett Packard gas chromatogragh, (model 6880)
equipped with ftame ionization detector (FID) was used.
The injector and detector temperatures were 260°C and
275°C respectively. Oven temperature was programmed
from 150°C holding at 1min. to 210°C @ of 15°C/min
followed by 210°C to 250°C @ of 5°Cimin. for 12 min.
Peaks of fatly acid methyl esters were identified by
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comparing their retention time with that of the known
standards, run under simifar separation conditions. Total
nitrogen content of whole seed powder of the samples was
determined by conventional Kjeltec 2300 Auto Analyser
{Foss Tecator, Sweden). Factor 6.25 was used to convert
nitrogen to protein.

The germplasm showed a wide range of variability in
number of primary branches/plant (6.87-14.67), length of
main fruiting branct {14 8-61.4}, number of capsules on
main fruiting branch (36.2-82.60), number of
seeds/capsule (8.2-10.4), 100 seed weight (C.60-0.98g),
seed yield/plant (6.0-22 20g). Total oif and protein content
ofthe accessions were found to vary from 46.96 to 39.41%
and 27.13 to 17.865% respectively, on whole seed basis

(Fig.1). Linseed-meals of the present accessions were
found to contain a calculated quantity of 28.4 to 44.94%
protein at 3 % oil lavel. Mean ail content of 41.46% was
recorded for the accessions and 23.5 +1% was the mean
protein value of the accessions as well as the Kiran and
Garima. Sekhon ef al. {1973) also observed similar
variationt from 45.3 to 38.3% cil in 23 linseed germpiasm
and about 31-46.21% oil content in yeliow seeded
germplasm was reported by Dubey et al. (2006). Oil and
fatty acid composition is greatly affected by environmental
factors {Schhuster ef al. (1978), Marquard el al. (1578)
and cultural practices {Ford and Zimmerman {1964} and
Yermanos et al. (1969).

Variability in Oil Percent
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Fig. 1. Linseed germplasm showing variability in oil and protein content
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Evaluation of linseed {Linum usitatissimum L.) germptasm for biochemical traits

The average palmitic, stearic, oleic, linoleic and linclenic
acid values for about 29 accessions siudied under the
present investigation were 6.28, 6.19, 27.67. 11.24 and
48.29%, respectively. Among these, linolenic acid, the
paolyunsaturated fatty acid, constitutes about 40.0t0 55.3%
of the total fatty acids which is industrially important
component of oil. It has been reported that the linoleic acid
was up to 54.79% followed by oleic acid which ranged
from 22.17 o 41.72% but, Yermanos et al. (1966) has
reported as high as 83% linolenic acid in wild species of
linseed. Qleic and linoleic acid are the other two
unsaturated fatty acids considered value rich constituents
of any oil for use as food purpose. In the present set of
germplasm, the combined percentage of the two fatty
acids, the desirable constituents of the oil for feod
purpose, viz., oleic and linoleic acid varied from 47.27 to
32.08% with mean value of 38.91%. In comparison to this,
fatty acids in other edible oils of sunflower, safflower,
soybean, rapeseed-mustard and peanut were found to

contain mean combine percentage of linaleic, oleic and
other monounsaturated fatty acids withinthe range of 76 .8
t0 89.8% {Table 3). Variation of 8.09 to 4.53% stearic acid
was observed inthe present setof germplasm accessions.
In comparison o other edible oil, the linseed oil contains
high concentration of stearic acid. Because of these
adverse ofl traits, linseed ol finds very limited application
in food purpose. In table 2, comparatively high
concentrations of aleic-linoleic acid containing accessions
afong with other corresponding fatty acids are shown.
Significant negative correlation was observed between
oleic and linclenic acid content of the oil (r=-0.913).
Significant negative correlation was afso found between
paimitic and linolenic acid {r=-0.465) and between protein
and linolenic acid component of the seed oil at 5% level of
significance. Seed weight showed positive correlation with
seed yield and oil content but negative correlation with
protein content (Table 4).

Table 1 Quality and agronomic traits of high linolenic acid (>50%) containing linseed accessions

Quality traits Agronomic traits
Accession ';'gl‘;'?,‘;;‘; Palmitic Stearic Qieicacid Uncleic  Total oil p:;:; sé?;":t p’:‘;:rfy Sead yield  Seed wi(g)
acid {%) acid {%) (%} acid {%) (%) imeal) (%) {cm) branches fplant{g) 1500 seeds
IC-276954 538 6.2 45 259 .7 40.3 256 57.8 a8 12 379
1C-275925 528 64 4.8 283 95 401 34.4 B06 100 1¢ 350
IC-268342 528 6.5 47 263 95 405 37.2 682.2 128 16 3.86
1C-345462 51.9 6.9 6.6 21.8 12.86 40.5 413 60.5 11.8 14 388
1C-345468 546 6.0 51 234 10.7 42.0 440 €0.0 15.4 16 412
1C-345469 553 6.2 59 19.9 12.5 40.9 343 62.9 4.2 12 4.02
IC-345467 54.7 6.4 6.1 209 11.7 40.8 45.8 71.3 1.2 14 386
1C-345473 52.4 6.2 5.3 27.9 141 407 350 a6.6 84 14 338
IC-345423 54.9 6.4 65 19.7 12.3 430 38.0 65.5 114 12 387
I1C-345460 549 6.6 5.9 2086 11.8 41.3 337 87.5 110 10 379
1C-426926 50.4 6.0 8.3 254 11.7 39.7 42.3 1.9 8.2 10 4.33
Table 2 Quality and agronomic traits of high oleic linoleic acid containing linseed accessions
Quality traits Agronomic traits
Accession Unsaturated fatty acid (%) Saturated fatty acid (%) Totat ol p-lr'c?treailn hzlizr;}t pl:g]:rl; Seed yield \frte(is
2:;:;: ngg}glc Total Llnac:;:jmc P::T;?étrc Staiaildr\c Total & %) (em) branches /piant(g) Sf:ggs
1C-426425 3388 13.14 47 27 3g.98 7.04 568 1272 42 64 2743 BG.7 12 12 374
1C-268341 3546 9.66 4512 42,38 6.62 584 12.46 3964 21.60 69.8 18.4 8 3.61
1C-376246 35.30 9.60 4480 41.72 6.68 6 .66 13.34 4106 27.00 650 138 S 381
IC-426935 3270 8.79 42 49 44 14 7.08 6.45 13.51 41.45 26 14 806 7.2 12 419
1C-420773 31.99 10.03 42.02 4542 6.65 589 12.54 39.41 26.11 87.66 11.8 22 3.53
Chhikara 30.06 11.7 41.76 4372 6.67 7.82 14.49 4303 26.54 647 104 10 4.83
1£-278340 29.98 11.66 41.64 4384 662 7 86 14.48 40.40 P 51.2 88 10 3,69
Table 3 Fatty acid composition of common edible vegetable oils
Saturated fatty acid Unsaturated fatly acid Poly unsaturated fatly acids
Commodity Palmitic Stearig Total Oleic Linoleic Other Total Linotenic
Percent of total ail
Mustard 2.44 1.14 3.58 12.10 16.79 56.59 B5.38 12.45
Soybean 105 32 13.7 22.3 54.5 - 76.8 8.3
Sunflower 5.21 386 1017 41.20 48.60 - 89.8 —
Safflower 578 3.62 10.40 41.80 4719 - 89.09 -
Peanut 1.0 2.9 13.3 51.0 13.90 - 81.9 -
Linseed 6.28 6.19 12.47 17.67 11.24 - 38.91 48.29
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Table 4 Correlation among quality traits of linseed germplasm

Palmitic acid Stearic acid oleic acid Linoleic acid Linolenic acid Protein
Qil -0.120 0.151 0.109 0.153 -0.153 0.007
Palmitic acid 0.131 0.233 0.233 -0.485 0.231
Stearic acid 0.336 0.262 -0.503 0.257
Oleic acid -0.464 -0.913 0.368
Linoleic acid 0.124 -0.100
Protein -0.439
Promising accessions identified for various morphological Mandal, S., Yadav Sangita, Singh Ranbir, Begum Guinaz,

traits were 1C276954 (10.67), IC420773 (10.2) for number
of primary branches, 1C278340 (60.43cm), 1C276954
(61.87) for dwarf plant height, 1C 278340 and 1C345467
{9.4] tor number of seeds/capsule and (C420773 (49.47)
for number of capsules on main fruiting branch. 1C345468,
IC345469, 10345487 were observed to be good donor for
higher cil content.  }C-426925 (44.94%), Chhikara
(44.25%), 1C-3756246(43.58%), iC-345487 (43.50%),
iC-426928 (42.96%) were identified as promising
accessions which yielded more than 43% meal protein.
Eleven accessions with more than 50% linolenic acid
component have been identified in fable 1. IC 345423
{54.9), IC 345460 (54.9), IC 345467 (54.7), IC 345466
(54.8) were higher linclenic acid containing accessions.
IC-345467 was also identified as one of the high linolenic
acid containing accessions {>54%) and high protein
containing meal of 43.50% and may find its inclusion as
high industrial oil yielding germplasm accessions in crop
improvement programmes.
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Ahstract

With the economic liberalization and globalization
sweeping the world, there is a scope for our country to
pfay a leading role in cotton seed production and
exports. Against the backdrop of globalization of
Indian agriculture and increased demand of cotton
seeds, the analysis on cotton seed trade (export and
import) scenarios was carried out using data collected
from the www.fao.org and analyzed for the overall
reference period, 1970-2002 and again during
two-sub-periods viz., 19701990 {period before trade
liberalization) and 1991-2002 (period after trade
liberalization) to assess the significance of trade
liberglization on the export and import of various
protete Recults showed Wial growrh rates In area,
productnon and productivity of seed cotton and its
products like cotton lint, oil and cake of cotton seed
were found positive and significant across all the
periods except non-significant for cake of cofton seed
during 1986-2003. The share of the export of cotton
seed and other products in their respective
productions exhibited a gloomy picture, thereby
indicating poor export orientation into the
international market despite trade openness after
1981, This clearly implies that, these products were
less competitive in the international market. The
analytical findings revealed that, imports of cotton lint
showed significant increasing trend both in terms of
quantity {47.84%) and value {40.74%) during the post
liveralization period, when compared to pre
liberalization periods, where imports showed
continuous declining trend. This implies that, with the
trade liberalization after 1991, there was free flow of
imports into the country without any restrictions so as
to meet the domestic demand. Regarding cotton seed
and oil of cotton seed, non-significant imports were
made for the selected reference periods.

Keywords: Scenario, trade liberalisation, export and
import of cotton seed (non-conventional oil)

Chinais the leading preducer of cotton in the world wigh 30
miliiont bales followed by USA and India with 22 and 14

million bales respectively (2004-2005). India accounts for
20% of world's cotton production. West Africa and Central
Asia are much greater markets when compared to other
markets in the world.

Compound growth rates (CGR) were worked out to study
the growth in area, production and productivity of seed
cotton for the overall period (1970-2003) and alsa during
the two subperiod's wviz., 1970-1985 and 19886-2003.
Similarly, growth rates were again computed for different
cotton products like cotton lint, oil and cake of cotton seed
pertaining {o their praduction in the country for the periods
mentioned above.

The percentage share of export of cotton seed and its
products in their respeclive produchons was studied as it
highlights their export orientation in the internationat
market. The selected export period 1970-2002 was
divided into two sub-periods wviz., 1970-1990
{pre-liberalization period) and 1991-2002 {post
liberalization period). However, the average share of
exports in total production was worked out only for the
periods when the exports were regular. Hence, different
periods were selected for the selected commodity/products
depending upon their regularity. The export-import
scenario of colton was also studied by analyzing the
growth of exports-imports both in terms of quantity and
value using www.fac.org data for the selected reference
periods.

It is evident from the fable 1 that cotton had shown
significant (at 1% level) positive growth rates with respect
to area (0.40%), production (2.08%) and productivity
(1.68%) levels (Hegde, 20G7) during the overall reference
period (1970-2003).

Table 1 Growth (%) of area, production and productivity of
seed cotton during the selected reference periods

in India
CGR
Period - .
Agrea Production Praductivity
1970-1985 C.11 NS 1.45** 1.34*
1986-2003 1.43" 219 G75NS
1970-2003 0.40" 2.09% 1.68™

= Sigrfrcant at 1% leved;, NS = Non-significant
Raw dala source: www.Yao.org
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To be more precise. the productivity growth exerted mare
influence on the preduction when cornpared to growth in
area during the reference period. A comparative analysis
among the selected two sub-periods reveaied that, in the
sub-period | (1970-1985), growth in productivity exerted
more influence when compared to area in increasing the
production and in sub-period [l {(1986-2003), growth in
area exerted more influence than productivity.

Similarly, growth rates were again computed for different
cotton products like cotton lint, oil and cake of cotton seed
pertaining to their production in the country during the
selected reference period and the analytical findings are
presented in table 2.

Table 2 Growth (%) of production of cotton products
during the selected reference periods in India

Product Period CGR
Cotton lint 1970-85 1 44"
1986-03 221
1970-03 2.09**
Oil of cotton seed 1970-85 &6.75%
1986-03 1.74*
1970-03 .47
Cake of cotton seed 1970-85 6.73*
1686-03 1. 73NS
1870-03 3.71*

** = Significant at 1 % level, * = Significant at 5% level
NS = Non-significant, Raw data source’ www.fao.org

It is evident from the tabie 2 that cotton producis showed
significant {at 1% level) positive growth rates with respect
to production during the overall reference period
{1970-2003). During the selected sub-periods also, similar
growth trends were cbserved regarding the production of
cotton products except for cake of cotton seed during
1986-2003, where the production growth rate turned out to
be non significant.

The percentage share of export of cotton seed and its
products in their respective production was studied as it
highlights their export orientation in the international
market. The average share of exports in total production
was worked out only for the periods when the exports were
regular. Hence, different periods were selected for the
selected commodity/products depending upon their
regularity in exports and the results are shown in table 3.

it is clear from the table 3 that among the selected
products, the exports were continuous both for cotton lint
and cake of cotton seed for the past three decades period.
Even though irregular exports were made for cotton seed
before trade liberalization, the exports were continuous
after pariicipating in the international trade indicating the
prevalence of comparative advantage for this commaodity
in the internationat market in the free trade regime {Gulati.
2001). Among the selected commodities/products, the
exports’ share in production was highest for cotton lint to
a tune of 4% during the post-liberalization period and it

o3

was quite lower when compared to the pre-liberalization
period {4 88%). Similarly, the exports' share of cake of
cotton seed in its production had declined in the
post-liberalization period {0.72%) when compared to pre-
liberalization period (17.73%) This might be due to stiff
competition in the international market, as other member
nations are offering the same products at a competitive
price {Varsha Varde, 2001). However, for cotton seed this
share was slightly increased but non-significant, Regarding
cil of cotton seed, no exports were made during the
pre-liberalization peried and irregular trend was exhibited
during the post-liberalization period accounting for a
meager share of anly 0.01% in its production during
1999-2002. As a whole, the study revealed that, the share
of the export of cotton seed and other products in their
respective productions exhibited a gloomy picture, thereby
indicating poor export orientation into the international
market despite trade openness after 1991. The following
might be the reasons which are cumulatively responsible
for little export orientation of cotton seed and other
products:

+ High cost of production of these commodities
adversely affected their export competitiveness in the
international market.

» Restrictions from the impaorting countries regarding the
quality standards of the commodities/products.

» Higher duties imposed by the importing countries.

»  High unit export price of the commodities/products due
to more internal storage, fransportation and octher
related costs.

Table 3 Share of quantum of exports of cotton seed and

other products in their respective productions
before and after trade liberalisation

Average. % Exports were il during
Commadity Pericd share the penodiyear
1970 to
Cotton seed 1978-81 0.004 1977 1982 1983,
1986,19687, 1988 to
1934-85 0.008 1991
1692-02@ Q.01
Cotton lint 1970-90 4.880
1991-02@ 3. 989
1970 to 1993, 1995,
Qil of cotton seed 1999-02@ 0.011 1987, 1908
Cake of cotton seed 1970-90 17.727 -
1991-02@ 0.723

@ = After trade liberalization; Raw data source: www.fao.org

The export scenario of cotton can be studied by analyzing
the growth of exports both in terms of quantity and value
and the anatlytical findings are presented in table 4.

The table 4 reveals that exports were reguiar for cotten lint
and cake of cotton seed, when compared to cotton seed
during past three decades period. However, the exports of
cake of cotton seed showed disappointing picture, as
indicated by the significant negative growth rates both in
terms of quantity {16.24%) and value (15.75%) for the
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overall reference period, 1970-2002. Even during the
selected sub-periods, the exports showed negative growth
trends both for quantity and value of exports except during
1970-1980. For cotton link, the decline in exparts both in
terms of quantity (23.23%) and value {23.43%) was
accelerated during the post-liberalization period, thereby,
leading to non-significant positive growth rates for the
overall reference period, This clearly implies that, these
products were less competitive in the international market.
In case of cotton seed, the growth rates were worked only
for the period, 1992-02 as the exports was regular during
this periad and the exparts exhibited non-significant trend
both in terms of gquantity and value. Qil of cotton seed
registered irregular exports during the selected reference
period indicating its poor export orientation due to lack of
competitiveness in the international market.

Table 4 Growth {%) of exports of cofton seed and other
products from India

I ) CGR Exports were nil during
Commadity Period o antity Value ($)the pericd/year
Cotlon seed 1992-02@ 3 31NS B8.03NS 1970 1o 1977,1982,1983,

1986,1987, 1989 to 1991
Cotton lint 1970-80 -B.75NS 261NS -
186120 -4 63NS -3.84NS
1991-02(@ -23.23* -23.43"
1970-02 0.64NS 1 72NS
Qil of cotton 197010 1993,1995,1987,
seed ) ° ° 1998

Cake of cotton 1970-80 631 ™ 15.14= -

seed
1981-90 -27.71* -28.93**
1891-02@ -30.62™ -28 66™
1970-02 -16.247% -15.75"
** = Significant at 1% level, N5 = Non-significant
@ = After trade fiberalization; Raw data source = www.fao.arg

The import performance of the country with reference to
cotton and its products was also studied, as India is the
major importer of cotton from the international market. As
the import data were available only for cotton and cotton
lint for the past three decades period, the same were
considered for the study and the growth analysis was done
for the selected reference periods when the imports were
regular and the analytical findings are presented in Table
5. The data reveals that imports were regular in case of
cotton lint during the past three decades perfods (except

during 1984) when compared to cotton seed and oil of
cotion seed, where imports were continuously magde only
for a shorter period 1977-84 and 1995-01 respectively.
The analytical findings revealed that imports of cotton ling
showed significant increasing trend both in terms of
quantity (47.84%) and vailue {40.74%) during the post
liberalization period, when compared to pre-liberalization
periods, where imports showed continuous declining trend
Table 5 Growth {%)} of imports of cotton seed and other

products both in terms of quality and value during
the seiected reference periods

. CGR Exports were nil during
Commaodity Period o antity Value the period/vear
Cotton seed 1977-84 2.91NS 3551 1970 to 1976, 1985

t01993,1985 to 2002

Cotton tint 1970-83 42 43" -39 85~ 1904
1985-90 -3141NS-25 35NS
1991-02@ 47.84™ 40.74™
Qil of cofton  1995-01@ C.04NS -832NS 197010 1976,1979,1980,
seed 14982 to 1994,2002
Cake of cotton - - - 1870 10 1976,1478,1981
seed to 1983, 1985 1988, 1989

to 19%,1998,195% 2002
** = Significant at 1% level, NS = Non-significant
@ = After trade liberalization; Raw data source = www fag.org

This implies that after 1991 with the trade liberalization
there was free flow of imports into the country without any
restrictions so as to meet the domestic demand.
Regarding cotton seed and oi of cotton seed,
non-significant impotts were made for the selected
reference pericds. Faor cake of cottan seed, the impaorts
were irregular for most of the selected period and hence
the computation of growth trends assumed no
significance.
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Instructions for
Preparation of Manuscript for Journal of Oilseeds Research

Prospective author(s) are advised to consult the tssue Neo. 27(1) June, 2010 of Journal of Oilseeds Research and get
them acquainted with the minor details of the format and style of the Journal. Meticulous compliance with the instructions
given below will help quick handling of the manuscript by the reviewers, editor and printers. Manuscripts are considered
for publication in the Journal only from members of the ISOR.

1. General

Full-length articles, short communications, book reviews and review articles are published in the Journal. Review
articles and book reviews are published only by invitation, Full length articles and short communications should report
resuits of original investigations in oilseeds, oil bearing plants and relevant fields of science. Choice of submitting the
paper(s) either as full length paper or short communication rests with the authors. The Editor(s) or Reviewerts) will examine
their suitability or otherwise only in thal specific category. Each article shouwld be written in English corvectly, cleary,
objectively and concisely. All the statements made in the manuscript should be clear, unambiguous, and ta the point.
Telegraphic languages shauld be avoided. The data should be reported in a coherent sequence. Use active voice. Active
voice is clear, unambiguous and takes less space. Use past tense while reporting results. Do not repeat ideas in different
forms of sentences. Avoid superfluous sentences such as it is interesting to note that’, ~it is evident from the table that’ or
“it may be concluded that’ etc. Use % for percent, %age for percentage, / for per, @ for at the rate of hr for hours, sec for
seconds. Indicate date as 21 January 2010 (no commas anywhere). Speil out the standard abbreviations when first mentianed
eg. Net assimilation rate (NAR), general combining ability (gca), specific combining ahitity (sca), genetic advance (GA), total
bright leaf equivalents (TBLE), mean sum of squares (MSS).

2. Manuscript

Language of the faurnal is English, Generally, the length of an article should not exceed 3,000 words in the case of
full-length article and 750 words in the case of short communication. However completeness of information is more
important. Each half-page table or illustration should be taken as equivalent to 200 words. It is desirable to submit
manuscript in the form of soft copy in a compact disk (CD) (in M$ Word document; doubfe line space; Times New Roman;
font size 12 along with two hard copies of the manuscript in A4 size for faster handling and pracessing. Where facilities for
computer typesetting are not available, two copies of the manuscript, typed on 2 good quality typing paper (foolscap or
quarto size) or on bond paper and never on flimsily thin typing paper, should be submitted. To avoid hassles of the likely
damage to the CD duning the postal transit, the soft copy of the revised and accepted article should preferably submit
through email to editorisor@gmail.com. In case of typed manuscripts, typing must be done only on one side of the paper,
teaving sufficient margin, at least 4 cm on the left hand side and 3 cm on the other three sides. Faded typewriter ribbon
should not be used. Doubie space typing is essential throughout the manuscript, right from the Title through References
(except tables), foot nate etc. Every page of the manuscript, including the title page, references, tables, etc. should be
numbered. Punctuation marks help to show the meanings of words by grouping them into sentences, clauses, and phrases
and in other ways. These marks should be used in proper manner if the reader of a paper is to understand exactly the
intended meaning. Typeset {one soft copy + two hard copies) or typed manuscript (one original copy and a carban copy),
complete in all respects, ara to be submitted to the Editor, journal of Qilseeds Research, Directorate of (ilseeds Research,
Rajendranagar, Hyderabad-500 030. This will be acknowledged by the office of the Society, giving a paper number which
should be quoted in all subsequent correspondence regarding that particular manuscript.

3. Full-length Articles
Organization of the Manuscript
Before reading the instructions given below, the author(s) would better have a close look at the latest issue of the Journal.

Full-length article comprises the following sections.

{a) Short title (g) Materials and Methods
(h) Title ’ (h} Results and Discussion
(€) Author/Authaors {i) Acknowiedgments (if any)
{d) Institution and Address with PIN (postal) code {j) References

{e) Abstract (along with key wordsy - k) Tables and figures {if any)

{f Introduction
Guidelines for each section are as follows:
All these headings or matter thereof should start from left hand side of the margin, without any indent.
Short Title

A shortened title (approximately of 30 characters) set in capital lotters should convey the main theme of the paper.
i



Title
Except for prepositions, conjunctions, pronouns and articles, the first letter of each word should be in

capital letter. The title should be short and should contain key words and phrases te indicate the contents of the paper.and
be attractive, Jargons and telegraphic words should be avoided. (n many cases, actual reading of the paper may depend on
the attractiveness of the title,

Authar/Authors
The name(s) of author(s) should be typed in capital fetters a little below the title, starting from the left

margin. Put an asterisk on the name of the corresponding authior. Give the Email 1D of the corresponding author as a
footnote. ' .

Institution and Address

This matter will come helow the name(s) of the auther(s). Name of the Laboratory/Department, followed by the name of the
institution/Organization/University where the work reported in the paper was carried out shall came below the namels) of
author{s}. Complete postal address, which should include city/town, district, and state, followed by PIN (postal) code is to be
furnished. 1n case any author has left the above address, this should be indicated as a footnote.

Abstract

The paragraph should start with the word Abstract (in bold font).  The abstract should comprise brief and factual summary or
salient points of the contents and the conclusions of the investigation reported in the paper and should refer to any new
information therein. As the abstract is an independent entity, it should be able to convey the gist of the paper in a concise
manaer, tt will be seen by many mare peaple than will read the paper. The absteact, as concise as possible, should not
exceed 250 words in length. Everything that is important in the paper must be reflected in the abstract. it should provide to
the reader very briefly the rationale, objectives or hypothesis, methods, results and conclusions of the study described in the
paper. In the abstract, do not deflect the reader with promises such as ‘will be discussed’ or ‘will be explained’. Also do not
include reference, figure or table citation. At first mentian in the abstract, give complete scientific name for plants and other
arganisms, the full names of chemicals and the description of soil order/saries. Any such names or descriptions from the
abstract need not be repeated in the text. It must be remembered that the abstracting journais place a great emphasis on the
abstract in the selection of papers for abstracting. If properly prepared, they may reproduce it verbatim.

"Key words” should, follow separately after the last sentence of the abstract. “Key words” indicate the most important
materials, operations, or ideas covered in the paper. Key words are used in indexing the articles.

Introduction
(To be typed as side-heading, starting from the left-hand margin, a few spaces below the key words)

This section is meant to introduce the subject of the paper. Introduction should be short, concise and indicate the objectives
and scope of the investigation. To orient readers, give a brief reference to previous concepts and research. Limit literature
referances to essential information, When new references are avai{able, do not use ald references unless it is of historical
importance or a landmark in that field, Emphasis should be given among other things on citing the literature on work done -
under indian conditions. introduction must include: {(aj a brief statement of the problem, justifying the need for daing the
work or the hypothesis on which the work is based, (b) the findings of others that will be further developed or challenged,
and {c) an cxplanation of the approach to be followed and the objectives of the research described in the paper. If the
methods employed in the paper are pew, it must be indicated in the introduction section,

Materials and methods
(To be typed as side-heading, starting fram the left-hand margin, a few spaces below the introduction)

This part of the text should comprise the materials used in the investigation, methods of experiment and analysis adopted.
This portion should be scli-explanatory and have the reguisite information needed for understanding and assessing the results
reported subsequently. Enough details should be provided in this section to allow a competent scientist to repeat the
experiments, mentalfy or in fact. The geographical position of soil site or soils used in the experiment or site of field trial
should be identified clearly with the help of coordinates (latitude & longitude) and invariably proper classification according
to Soil Taxonomy (LISDA), must be indicated to the level of Great-group, Suborder or Qrder as far as possible. Specify the
period during which the experiment(s) was conducted. Send the article after completion of the experiment(s} not after a gap
of 5 years. Instead of kharif and rabi use rainy and winter season respectively. Please give invariably the botanical names
for local crop names like raya, bajra moong, cholam etc. Batanical and zoological names should confirm to the
international rules. Give authorities. Go through some of our recent issues and find out the correct names. Give latest
correct names from authentic source. For materials, give the appropriate technical specifications and quantities and source
or method of preparation. Should a product be identified by trade name, add the name and location of the manufacturer or a
major distributor in parenthesis after the first mention of the product. For the name of plant protection chemicals, give



popular scientific names (first letter small), not trade names (When trade name is given in addition, capitalize the first letter of
the name). Known methads of analysis should be indicated by referring to the original source, avoiding detailod description.
Any new technique developed and followed should be described in fair detail. When some specially procured or proprietary
materials are used, give their pertinent chemical and physical properties, References for the methods used in the study
should be cited. If the techniques are widely familiar, use only their names in that case.

[N
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Results and Discussion

{To be typed as a side-heading, a few spaces below the matter on “Materials and Methods”)

This section should discuss the salient points of observation and critical interpretation thereof in past tense. This should not
be descriptive and mere recital of the data presented in the tables and diagrams. Unnecessary details must be avoided but at
the same time significant findings and special features should be highlighted. For systematic discussion, this section may be
divided into sub-sections under side-heading and/or paragraph side heading. Relate the results fo your objectives. While
discussing the results, give particular attention to the problem, question or hypothesis presented in the introduction. Explain
the principles, relationships, and generalizations that can be supported by the results. Point out any exceptions. Explain how
the results relate to previous findings, support, contradict or simply add as data. Use the Discussion section to focus on the
meaning of your fincings rather than recapitulating them. Scientific speculation is encauraged but it should be reasonable
and firmly founded in observations. When results differ from previous results, possible explanations should be given.
Controversial issues should be discussed clearly. References to published work should be cited in the text by the name(s) of
author(s) as follows: Mukherjee and Mitra (1942} have shown or It has been shown (Mukherjee and Mitra, 1942)..... If there
are more than two authors, this should be indicated by et al. after the surname of the first author, e.g., Mukherjee et al.
(1938).

Always conclude the article by clearly crystallizing the summary of the results obtained along with their lmp'ncatlons in
solution of the practical problems or contribution to the advancement of the scientific knowledge.

Acknowledgments
{To be typed as given above, as a side-heading, well below the concluding portion of Conclusions)

The author(s} may place on record the help, and cocperation, or financial help received from any source, person or
organization. This should be very bricf, and omitted, if not necessary.

References
{To be typed as above, as side heading below Acknowledgement)

The list of reforences must include all published work referred to in the text, Type in double space. Do not cite anenymous
as authar; instead cite the name of the institute, publisher, or editor. References should be arranged alphabetically according
to the surnames of the individual authors or first authors, Two or more references by the same author are to be c¢ited
chronotogically; two or more in the same year by the letters a, b, ¢, etc. All individually authored articles precede those in
which the individual is the first or joint author. Every reference cited in the article should be included in the list of
References. This needs rigorous checking of each reference. Names of authors should not be capitalized.

The reference citation should follow the arder: authror(s), year of publication, title of the paper, periadical (title.in full, no
abbreviations, italics or underlined), volurme (hold or double underlining), starting and ending pages of the paper. Reference
to a book includes authors(s), year, title (first lotter of each word except preposition, conjunction, and pronouns in capitals
and underlined), the edition (if other than first), the publisher, city of publication. If necessary, particular page numbers
should be mentioned in the last. Year of publication cited in the text should be checked with that given under References.
Year, volume number and page number of each periodical cited under “References” must be checked with the original
source. The list of refercnces should be typed as follows: '

Rao C R 1968, Advances int Statistical Methods in Biometrical Research, pp.40-45, John Wiley & Sons, New Yark,

Kanwar ] S and Raychaudhuri S P 1971, Review of Soil Research in India, pp 30-36. Indian Soaety of Soil Science, New
delhi.

Mukherjee | N 1953, The need for delineating the basic soil and climatic regions of importance to the plant industry. fournal
of the Indian Society of Soif Science, 1 : 1-6.

Khan S K, Mchanty S K and Chalam A B, 1986, Integrated management of organic manure and fertilizer nitrogen for rice.
journal of the Indian Society of Soil Science, 34 : 505-509.

Bijay-Singh and Yadvinder-Singh 1997. Green manuring and biological N fixation: North Indian perspective. In: Kanwar | §
and Katyal | C (Ed.} Plant Nutrient Needs, Supply, [fficiency and Policy Issues 2000-2025. National Academy of
Agricultural Sciences, New Dethi, India, pp.29-44.
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Singh §, Pahuja S S and Malik R K 1992. Herbicidal control of water hyacinth and its effect on chemical composition of
water (in) Proceedings of Annual Weed Science Conference, held during 3-4 March 1992 by the Indian Society of
Weed Science, at Chaurdhary Charan Singh Haryana Agricultural University, Hisar, 127p.

AICRP on Soybean 1992, Proceedings of 23" Annual Workshop of All-india Co-ordinated Research Project on Soybean,
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Reference to unpublished work should normally be avoided and if unavoidable it may be mentioned only in the text.

4, Short Communication

Conceptually short communication is a first report on new concept, ideas and methodology which the author(s) would wish
to share with the scientific community and that the detailed paper would follow. Short Communication is akin to an advance
bocking for the repart on the findings. Short communications may include short but trend-setting reports of field or
laboratory observation(s), preliminary results of long-term projects, or new techniques or those matters on which enough
information to warrant its publication as a full length article has still not been generated but the results need to be shared
immediately with the scientific community. The style is less formal as compared with the “full-length” article. In the short
communications, the sections on abstract, materials and methads, results and discussion, and conclusion are omitted; but the
material is put concisely in the same sequence but without formal sections. The other instructions are the same as in the case
of the full-length articles,

5. Tables

Tables should not form more than 2G% of the text. Each table should be typed on separate sheet and should have on the top
a table number (in Arabic numerals viz. 1, 2, 3 ete.) and a caption or title which should be short, but sufficiently explanatory
of the data included in the table. Information in the table should never duplicate that in the text and vice versa. Symbols
{asterisks, daggers, etc. or small letters, viz., a, b, etc.) should be used to indicate footnotes to tables. Maximum size of table
acceptable is what can be conveniently composed within one full printed page of the journal. Over-sized tables will be
rejected out-right. Such tables may be suitably split into twe or more small tables.

The data in tables should be corrected to minimum place of decimal so as to make it more meaningful. Do not use full stop
with CD, SEm+, NS (not C.D., S.Em+, N.S.). Do not put cross-rules inside the table. Tables should be numbered
consecutively and their approximate positions indicated in the margin of the manuscript. Tables should not be inserted in the
body of the text. Type each table on a separate sheet. Do not use capital letters for the tabular headings, do not underline
the words and do not use a full-stop at the end of the heading. All the tables should be tagged with the main body of the text
i.e. after references,

6. Figures

Figures inciude diagrams and photographs. Laser print outs of line diagrams are acceptable while dot-matrix print outs will
be rejected. Alternatively, each illustration can be drawn on white art card or tracing cloth/ paper, using proper stencil. The
iines should be bold and of uniform thickness. The numbers and letterings must be stenciled; free-hand drawing will not be
accepted. Size of the illustrations as well as numbers, and letterings should be sufficiently large to stand suitable reduction in
size. Overall size of the ilustrations should be such that on reduction, the size will be the width of single or double column
of the printed page of the Journal. Legends, if any, should be included within the illustration. Each illustration should have a
number followed by a captien typed/ typeset well below the illustration.

Title of the article and name(s) of the authoris) should be written sufficiently below the caption. The photographs (black and
white) shouid have a glossy finish with shamp contrast between the light and the dark areas. Colour photographs/ figures are
not normally accepted. One set of the original figures must be submitted along with the manuscript, while the second set can
be photocopy. The illustrations should be numbered consecutively in the arder in which they are mentioned in the text. The
position of each figure should be indicated in the margin of the text. The photographs should be securely enclosed with the
manuscript after placing them in hard board pouches so that there may not be any crack or fold. Photographs should
preferably be 8.5 cm or 17 ecm wide or double the size. The captions for all the illustrations {including photographs) should
be typed on a separate sheet of paper and placed after the tables.

7. Expression of Plant Nutrients on Elemental Basis

The amounts and proportions of nutrient elements must be expressed in elemental forms e.g. for ion uptake or in other ways
as needed for theoretical purposes. In expressing doses of nitrogen, phosphatic, and potassic fertilizers also these should be
in the form of N, P and K, respectively. While these should be expressed in terms of kg/ha for field experiments, for pot
culture studies the unit should be in mg/kg soil.



8. Sl Units and Symbols

SI Units {System International d ‘Unities or International System of Units) should be used. The S| contains three classes of
units: (i) base units, (ii} derived units, and (iii) supplementary units. To denote multiples and sub-multiples of units, standard
abbreviations are to be used. Clark’s Tables: Science Data Book by Orient Longmar, New Delhi (1982) may be consulted.

Some of these units along with the corresponding symbols are reproduced for the sake of convenience.
Names and Symbols of $1 Units
Physical Symbaol for 51 Unit Symbol Remarks quantity physical quantity for St Unit

Primary Units

| ength | Time t
metre m second 5
Mass m Eiectric current |
kilogram kg ampere A
Secondary Units

Plane angle radian ‘ rad

Solid angle steradian sr

Unit Symbo!

centirmetre cm microgram ug
cubic centimetre ¢m? micron pm
cubic metre m? micronmaol . pumol
day d milligram mg
decisiemens ds millilitre mL
degree-Celsius OC [= (F-32) »x 0.556] minute min
gram g nanometre nm
hectare ha newtan N
hour h pascal Pa
joule | (=107 erg or 4.19 cal.) second s
kelvin Ki(="C + 273} square centimetre em?
kilogram kg square kilometre km’
kilometre km tonne t
litre L watt W
megagram Mg

Some applications along with symbols

adsorption energy: Jmal (= cal/mol x 4.19) leaf area . m2kg
cation exchange capacity: cmol (p+Ykg (= m.e 1100 g nutrient content in plants Hg g, mgp or gkg

electrolytic conductivity: d$/ m {= mmhos /cm) (dry matter basis)

evapotranspiration rate: m3m¥s or m/s root density or root length density m/m?

heat flux W/m? soil bulk density Mg/m? {=g/lem?)
gas diffusion: g/mfs or m*m?s or m/s specific heat | fkg/K

water flow kg/m¥s (o m’m?2 s {on m /s specific surface area of soil m?kg

gas diffusivity m¥/s thermal conductivity W/im/K
hydraulic conductivity m/s transpiration rate mg/ m¥ s

{on uptake water content of soil kg'kg or m*m’
(per kg of dry plant material):  molkg water tension kPa (on MPa

While giving the St units the first letter should not be in capital i.e cm, not Cm; kg not Kg. There should not be a full stop-at

the end of the abbreviation: cmy, not cm. kg, not kg.; ha, not ha.

in reporting the data, dimenstanal units, viz., M {mass}, L {length), and T (time) should be used as

shown under some applications above. Some examples are; 120 kg N/ha; 5 t/ha; 4 dS/m etc.

9. Special Instructions

i In a series or range of measurements, mention the unit only at the end, e.g. 2 to 6 cm?, 3, 6, and 9 cm, etc.

Similarly use cm® cm?instead of sq cm and cu m.

. Any unfamiliar abbreviation must be identified fully (in parenthesis).

iit. A sentence should not begin with an abbreviation.



vi.

vif.

viii.

X.

Numeral should be used whenever it is followed by a unit measure or its abbreviations, eg, 18 3m, 5 h, &
months, etc. Otherwise, words should be used for numbers one 1o nine and numerals for farger ones except in a
series of numbers when numerals should be used for all in the serjes.

Do not abbreviate litre to™ 1" or tonne to "t spell out.
Befare the paper is sent, check carefully all data and text for factual, grammatical and typographical errors.

Do not forget to attach the original signed copy of ~Article Certificate’ (without any alteration, overwriting or
pasting) signed by all authors.

On revision, please answer all the referees’ comments point-wise, indicating the modifications made by you on a
separate sheet in duplicate.

If you do not agree with some comments of the referee, madify the article to the extent possible. Give reasons (2
copies on a separate sheet) for your disagreement, with full justification (the article would be examined again).

Rupees should be given as per the new symbol T approved by Govt. of India.

Important Instructions

Data on field experiments have to be at least for a period of 2-3 years
Papers on pot experiments will be considered for publication only as short communications

Giving coefficient of variation in the case of field experiments Standard error in the case of laboratory
determination is mandatory. For rigorous statistical treatment, journals like journal of Agricultural Science
Cambridge, Experimental Agriculture and Soil Use and Management should serve as eye opegers.
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ANNOUNCEMENT

The Indian Society of Oilseeds Research introduces two awards viz., ISOR Best
Research Paper Award and ISOR Best Ph.D. Thesis Award.

ISOR best research paper award will be given from year 2009 annually. Award
carries a certificate and cash prize of ¥ 5,000/-. All the full research papers published in a
year are eligible for the award. The award shall be given for notable and original research
work and not for routine investigations.

ISOR best thesis award will be given from the year 2010 annually. Award carries a
citation and cash prize of ¥10,000/-. The award is open to all Indian students in the field of
oilseeds research. Only those theses are considered for the award for which final viva-voce
is completed by 31% December of that particular year.

The awards are presented during National/lnternational Symposiums organised by
the ISOR. For further details please contact General Secretary, Indian Society of Qilseeds
Research, Directorate of Oilseeds Research, Rajendranagar, Hyderabad — 500 030 or mail
to: oilseedsociety@gmail.com
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