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Abstract- Forty five hybrids which were developed through half diallel mating design (ten inbred lines) were evaluated along with their parents to study heterosis for
seed yield and its related traits in castor. The analysis of variance revealed that the mean square values due to genotypes, parents and crosses were significant, which
suggested differences among themselves for all the characters under study. Among parental genotypes, inbreds namely ANDCI 8, ANDCI 10-04, ANDCI 10-1, ANDCI
9 and JI 360 yielded superior heterotic crosses for seed yield and its component characters. The cross combinations viz., ANDCI 8 x ANDCI 10-04,ANDCI 8 x ANDCI
10-3 and ANDCI 8 x ANDCI 10-12exhibited significant and positive heteros is over the standard check for seed yield per plant. Among the crosses, cross combinations,
JI'360 x ANDCI 10-1 and ANDCI 8 x ANDCI 10-04 also exhibited significant and desirable heterotic effects (RH and HB) for number of effective branches per plant and
number of secondary spikes per plant. The heterosis for seed yield per plant appeared because of high manifestation of heterosis for component traits, viz., primary
raceme length, effective raceme length, number of capsules per primary raceme, kernel, length and volume weight. In consideration to dominance effect, all the
characters except number of nodes up to primary raceme and kernel width revealed that increasing alleles had dominant effects; thereby more number of parents
contributed dominant genes causing increasing effect. For days to 50% flowering as well as maturity of primary raceme exhibited that genes responsible for lateness
were dominant; while, the characters plant height up to primary raceme and oil content suggested that both increasing and decreasing genes showed dominance effect
and different parents contributed accordingly. Hence, selection of crosses on the basis of per se performance with observed heterosis for important seed yield
contributing traits would be more desirable to exploit heterosis on commercial scale in castor.
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Introduction

. _ . . o major castor growing states in India are Gujarat, Andhra Pradesh, Rajasthan,
QOilseed crops are next to cereals in production of agricultural commodities in

TamilNadu, Kamataka and Orissa. Gujarat is leading castor growing state, where

India, which occupy a place of prime importance in Indian economy. Among the
oilseed crops, castor (Ricinus communis L., 2n = 2x = 20) is one of the most
important non-edible oilseed crops widely cultivated in the arid and semi-arid
regions of the world [1]. The genus Ricinus is monotypic and R. communis is the
only species with the most polymorphic forms known. In castor, its monoecious
nature favours cross pollination, and it is up to the extent of 50 per cent. Castor is
believed to have most probably originated in Ethiopian-East African region. It is
grown in tropical, sub-tropical and temperate regions of the world. It is cultivated in
about 30 countries on commercial scale. Among those, India, Brazi, China,
Russia, Thailand and Philippines are the principle castor growing countries. In
India, It is known from very early days and is referred in Susruta Samhita written
over 2,000 years ago [2]. Castor seed contains 47 to 55 per cent oil. Due to its
unique chemical and physical properties, the oil from castor seed is used as raw
material for numerous and varied industrial applications, such as for manufactures
of polymers, coatings, lubricants for aircrafts, cosmetics etc. and for the production
of biodiesel [3]. Being the largest producer, India is also largest exporter of castor
seed oil. Total area under castor crop in India for the year 2014-15 is 10.14 lakh
hectares with production 17.33 lakh tones and average yield is 1666 kg/ha. The

the crop was grown in around 7.15 lakh ha with 14.56 lakh tones production and
productivity of 2036 kg/ha during 2014-15 [4]. In Gujarat, Banaskantha, Mehsana
and Sabarkantha are major castor growing districts. The phenomenon of heterosis
has proved to be the most important genetic tool in enhancing the yield of self as
well as cross pollinated crop species in general and castor in particular. The
exploitation of heterosis on commercial scale in castor is regarded as one of the
major breakthrough in the improvement of productivity of castor. Castor is highly
cross pollinated crop and with the availability of pistillate lines, heterosis has been
successfully exploited on commercial scale. In order to achieve high-yielding cross
combinations, it is essential to evaluate available promising diverse lines and their
hybrid combinations for yield and its attributes. Hence, the proposed investigation
in castor was undertaken using 10 x 10 diallel excluding reciprocals among
inbreds (monoecious lines) to study the extent of heterosis, heterobeltiosis and
standard heterosis for seed yield and related traits to identify best heterotic cross
combinations for commercial exploitation..

MaterialsandMethods
The experimental material comprised of ten parents (Inbreds), their 45 crosses
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and one standard check hybrid (GCH-7) was evaluated in Randomized Complete
Block Design with three replications during kharif season of the year 2012-2013 at
Regional Research Station, Anand Agricultural University, Anand, Gujarat. Each
test genotypes was grown in a single row of 10 plants as an experimental unit by
adopting 120 x 60 cm spacing. All the recommended agronomic practices followed
time to time to raise a good crop. Data were recorded on five randomly selected
plants from each net plot of parents and F1s in all the three replications. Mean
value on per plant basis were recorded for various characters viz., days to 50 %
flowering as well as maturity of primary raceme, plant height up to primary raceme
(cm), number of nodes up to primary raceme, number of effective branches per
plant, length of primary raceme (cm), effective length of primary raceme (cm),
number of capsules on primary raceme, number of secondary as well as tertiary
spikes per plant, total number of capsules per plant, shelling out turn (g), test
weight of 100 kernels (g), kernel length (mm), kernel width (mm), volume weight
(), seed yield per plant (g) and oil content (%).The observations on days to 50%
flowering and days to maturity of primary raceme were recorded on plot basis. The
oil content of kernels was measured by Nuclear Magnetic Resonance (NVR)
technique. For which, a random sample of 15 grams kemels was taken from the
bulk sample of representative plants of each experimental unit. Analysis of
variance technique suggested by [5] and reviewed by [6] for Randomized
Complete Block Design was followed to test the differences among the genotypes
for the characters under study. Heterosis expressed as per cent increase or
decrease in the mean value of F1 hybrid over mid parent i.e, relative heterosis [7],
over better parent i.e., heterobeltiosis [8] and over standard check (GCH 7) i.e.,
standard heterosis [9] were computed for each character.

Results and Discussion

The results obtained under the present investigation are presented in [Table-1] to
3] The analysis of variance revealed that the mean square values due to
genotypes, parent and crosses were significant which suggested differences
among themselves for all the characters under study [Table-1]. The perusal of
results of heterotic effects over mid parent (RH), better parent (HB) and over
check hybrid (SH) for various characters revealed that the magnitude and extent
of various heterotic effects varied with cross combinations and characters, which
indicated that parents differed for contributing increasing and decreasing genes
causing dominance effect. Among the hybrids, hybrid ANDCI 10-12 x ANDCI 10-
11 (P6 x P8) took the least days for 50 % flowering (36.33) as well as 50 %
maturity (103.67) of primary raceme. The said hybrid also flowered earlier than
check hybrid GCH-7 (52.66 days).The highest mean value was observed with
parent ANDCI 10-12 (219.17g) for seed yield per plant followed by ANDCI 8
(211.39g), while, hybrid ANDCI 8 x ANDCI 10-04 (P3 x P4) had the highest seed
yield per plant (251.93g). The estimates of standard heterosis over check hybrid
GCH-7 varied from -31.01 (ANDCI 10-12 x ANDCI 10-11) to 2.53 (SKI 215 x
ANDCI 10-1) per cent. A comparative performance of the most five heterotic
crosses for seed yield per plant and its component characters is presented in
[Table-2]. The perusal of results revealed that for seed yield per plant, cross
ANDCI 8 x ANDCI 10-04 (P3 x P4) depicted high estimates for all types of
heterotic effects and the crosses ANDCI 10-1 x ANDCI 9 (P7 x P9) and JI 360 x
ANDCI 10-1 (P2 x P7) registered high estimates of both relative heterosis and
heterobeltiosis. In addition to above crosses, crosses ANDCI 10-12 x ANDCI 10-
11 (P6 x P8) and ANDCI 8 x ANDCI 10-3 (P3 x P5) also depicted high estimates
of RH and SH, respectively. All these crosses also recorded higher seed yield,
cross ANDCI 8 x ANDCI 10-04 (P3 x P4) had the highest seed yield followed by
crosses ANDCI 8 x ANDCI 10-3 (P3 x P5), ANDCI 8 x  ANDCI 10-12 (P3 x P6)
and JI 360 x ANDCI 10-12 (P2 x P6). The cross ANDCI 10-1 x ANDCI 9 (P7 x P9)
exhibited significant and desirable heterotic effects (RH and HB) for days to 50 %
flowering of primary raceme, number of nodes up to primary raceme, number of
secondary spikes per plant, number of tertiary spikes per plant, total number of
capsules per plant, days to 50 % maturity of primary raceme and volume weight.
While the crosses JI 360 x ANDCI 10-1 (P2 x P7) and ANDCI 8 x ANDCI 10-04
(P3 x P4) exhibited significant and desirable heterotic effects (RH and HB) for
number of effective branches per plant and number of secondary spikes per plant.
The top ranking cross ANDCI 8 x ANDCI 10-04 (P3 x P4) also depicted significant

and desired RH and HB for plant height up to primary raceme, number of effective
branches per plant, number of secondary spikes per plant, number of tertiary
spikes per plant and kernel length.

The persual of the above findings revealed that the crosses, which had higher
estimates of RH for seed yield also had positive effects for component characters
viz, number of effective branches per plant, number of secondary spikes per
plant, number of tertiary spikes per plant, total number of capsules per plant and
volume weight. Therefore, heterotic effect for seed yield per plant could be
outcome of direct effect of these attributes, and could be outcome of indirect
effects of other yield contributing attributes like number of effective branches per
plant and total number of capsules per plant. Hence, heterotic effects for seed
yield per plant could be a result of combinational heterosis. However, positive and
negative estimates of heterosis for rest of the component characters could have
checked each other for outcome of net heterotic effects for seed yield. Thus, to
obtain maximum heterotic effects for seed yield, desired level of heterosis of each
component character need to be worked out. Among parental genotypes, inbreds
ANDCI 8 (P3), ANDCI 10-04 (P4), ANDCI 10-1 (P7), ANDCI 9 (P9) and JI 360
(P2) yielded the superior heterotic crosses for seed yield and its component
characters.

In present study the magnitude of RH was positive with low to moderate
estimates; while, magnitude of HB was negative with moderate estimates. The
results are in agreement with the reports of [10-12] for RH and with the findings of
[12-15] While the present findings differed from the reports of [10,15, 11] for HB as
they reported positive magnitude. The estimates of dominance effect [Table-3]
ranged from -0.67 (ANDCI 10-11 x ANDCI 1) to 22.00 (ANDCI 10-3 x ANDCI 1).
Out of 45 hybrids; only 6 hybrids showed negative estimates, whereas 39 hybrids
exhibited positive estimates. In consideration to dominance effect, the characters
viz. number of effective branches per plant, length of primary raceme, effective
length of primary raceme, total number of capsules on primary raceme, number of
secondary spikes per plant, number of tertiary spikes per plant, total number of
capsules per plant, shelling out turn, test weight of 100 kernels, kernel length,
volume weight and kernel yield per plant revealed that increasing alleles had
dominant effects, thereby more number of parents contributed dominant genes
causing increasing effect. While, the characters viz. number of nodes up to
primary raceme and kemel width resulted that the large number of decreasing
genes causing dominant effect. For days to 50% flowering as well as maturity of
primary raceme exhibited that genes responsible for lateness were dominant
while, the characters plant height up to primary raceme and oil content suggested
that both increasing and decreasing genes showed dominance effect and different
parents contributed accordingly.

Conclusion

Based on per se performance and effect of heterosis five hybrid viz., ANDCI 8 x
ANDCI 10-04 (P3 x P4), ANDCI 8 x ANDCI 10-3 (P3 x P5), ANDCI 8 x ANDCI 10-
12 (P3 x P6), JI 360 x ANDCI 10-112 (P2 x P6) and SKI 215 x ANDCI 10-04 (P1
xP2) were selected, which significantly out yielded the check GCH 7 and could be
exploited through heterosis breeding programme. Further the cross ANDCI08 x
ANDCI 10-04 also exhibited desirable heterosis over the mid-parent, better parent
and standard check for earliness and its related traits, days to flowering, days to
maturity and number of nodes up to primary spike. Hence, such crosses could be
handled to drive high yielding and short duration castor hybrids.
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Table-1 Analysis of variance for various characters of castor
Mean Square values

Days to Plant Number Length of Effective Number of Number  Number of Total Daysto50%  Shelling Test Kernel (o]}
Source of 50 % heightup  of nodes primary length of  capsules on of tertiary number of maturity of outturn  weight of length content
. flowerin | to primary up to effective raceme primary primary seconda spikes capsules per primary 100
g of raceme primary  branche raceme raceme ry spikes  per plant plant raceme kernels
primary raceme S per per plant
raceme plant
Replications 2 6.29 68.11 0.97 1.09 47.26 51.23 67.13 0.68 0.55 99.45 16.97 7.23 0.64 0.23 0.07 7428 215.19 042
Genotypes 55 47,97 675.21* 7.04* 32147 221.37 254.65* 595.36™ 6.43" 9.21* 2501.30% 171.40* 6.76" 21.59* 0.46* 044 1456.26* 2230.09* 8.7
Parents 9 62.74* 1533.13** 11.61% 78.95 454 29™ 484.80* 1006.13** 11.00* 2052 3067.40% 31511 10.83* 2415 0,53 0.67 3353.09" 2797.03* 2143
Hybrids 44 41.90* 506.21* 6.20" 2258 146.02* 188.81* 494.08™ 533" 6.76" 2313.93* 130.72* 5.87* 21.55" 0.44* 041 955.20™ 2045.64* 6.46*
E;L?—E: v 1| 16829 | 18358 087 214 | 143409% | 108512 | 126355 | 950% | 1530 | 6720.95% 389.09 9.13 586 | 095¢ 0029 | 786226% | 582307 | 0.001
EI;EEESVS 1 74.89% 828.16* 9.46™ 61.68* 160.83** 205.40* 571.81* 9.06* 7.29" 1063.09* 502.21* 5.89 14.85™ 0.005 0.072 112.64 1278.07 5.30"
Error 110 238 31.26 0.32 232 16.49 16.82 35.50 0.34 0.44 21145 7.59 2.7 0.59 0.109 0.026 101.28 397.80 0.29

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

Table-2 Manifestation of Relative Heterosis (RH), Heterobeltiosis (HB) and Standard Heterosis for other characters in five top ranking crosses for seed yield per plant.

Per se
performance for

Estimates
of heterotic

Days to

Plant height up to

Number of

Heterotic effects for other characters

Number of
effective

Length of

Effective length

Number of

Number of

Number of

Crosses . effects for seed | 50 % flowering of . nodes up to primary of primary capsules on secondary spikes tertiary spikes
e 0L ield per plant rimary raceme primary raceme rimary raceme SO [10 raceme raceme rimary raceme er plant er plant
plant (g) yield per p primary primary plant primary per pi perp
Relative Heterosis
33.80" 2.73 -10.97* 9.83** 25.53* 16.48**
Ps x Ps 216.66 28.91** 7.1+ -17.56* -5.32% 38.71* 35.78* 36.56* 41.33* 44.52** 52.76**
P3 x Pg 203.20 23.77* -6.32** 11.56** 1.55 49.71% 3043+ 2457+ 15.32** 19.48** 7237
P3 x P4 251.93 21.53* -1.61* -8.38** -1.65* 25.00** 0.75 -0.33 3.61* 20.59* 43.56**
P2 x Pz 205.08 19.54* -8.44** 7.48* -2.78* 23.35" 23.98* 11.69** -3.42* 36.59* 9.62**
Heterobeltiosis
P7 x Py 229.31 31.39" -5.69** 22.92* -9.61* -8.06** 2.30 0.76 -4.11* 10.28** 8.57**
P3 x P4 251.93 19.18* -1.29 -5.52** -0.83 15.56** -7.28** -8.51% -2.02 6.03* 2747
P3 x Ps 247.91 17.28* -1.30 9.68** 0.89 -16.13* 0.97 0.86 0.64 -3.91* -5.96**
P2 x P7 205.08 17.26™ -4.08** 26.88* 7.14* 16.27** 16.72** 6.88** -5.96** 34.94* -5.79**
Pg x P10 204.40 14.89" -1.32 6.89** -5.58** 2.90 -10.22% -6.80** 11.66** 6.92* 5.16**
Standard Heterosis
P3 x P4 251.93 13.26™ -3.79* -9.62** -2.46* -19.75* -1.80 -2.29 3.99** -12.46* -25.24*
P3 x Ps 24791 11.45* -4.43* -9.42* -6.97 -19.75* 6.94** 7.71* 6.81* -12.96* -9.27*
P3 x Ps 238.65 7.29% -10.13* -14.70* -2.46™ -51.23** 3.00* 3.12* 497 -28.83** -34.19%
P2 x Ps 234.07 5.23* -10.76* -18.22** -5.33* -21.60** -3.86** -4.59** 3.13* -21.00* -20.13*
P1x P4 233.28 4.87* -3.16** -6.91* -2.87 -8.02** -9.08* -9.45%* -10.95 -8.90** -0.96
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Crosses

Total number of
capsules per plant

Days to 50 %
maturity of primary

raceme

Shelling out turn

Table-2 Continue
Heterotic effects for other characters

Test weight of 100

kernels

Relative Heterosis

Kernel length

Kernel width

Volume weight

Oil content

P7 x Pg 34 .55* -6.40* -4.19% -0.25 0.24 -1.79% 2.72% -1.20%
Ps x Pg 17.36™ -6.75** 2.85* 3.41* 0.97 -0.52 12.46** 4.82%*
P3 x Pg 36.97* -5.29* 2.09** 11.93* 4.56%* 0.95* 3..39% 0.97*
P3 x P4 10.34** -3.94* 1.01 -0.37 2.27* -1.60* 1.89* -0.95**
P2 x P7 11.09% -4.84* 0.81 7.02** 1.82** 0.95* 6.36** 2.76*
Heterobeltiosis

P7 x Pg 24.19* -3.12% -5.83* -3.33* -1.80* -3.29** 1.30% 141
P3 x P4 2.35 0.27 -1.25* -5.85* 2.05* -5.39** 0.67 -4.95**
P3 x Ps 14.18* -0.82 -3.96* 9.58** 0.12 5.15** -4.23** -5.58**
P, x P7 353 -2.54* 0.79 -1.23* -0.37 -0.97 5.63* 0.00

Pg x P1o 6.78* 8.38* 1.07 -9.34* -2.24* 274 -0.29 -2.23**

Standard Heterosis

P3 x P4 6.45** -8.96* -1.91* -13.52** 4.15% -7.93** 5.63** 241
P3 x Ps 413 -9.70% -4.60** 0.65 1.74* 2.33" 0.49 -3.06**
P3 x Ps 16.74** -20.59** -1.09 -8.54* 6.21* -3.98** 1.68* -10.00*
P2 x Ps -2.75 -7.46* -0.23 1.54* 0.45 0.73 371 -2.35*
P1x P4 -2.02 -1.74* -2.68* -5.50* -0.57 -2.44** -1.72% -1.10**
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Table-3 Estimation of dominance effects for different eighteen characters in castor

Characters
Crosses 50 u/elays t9 Plant height up to Number of nodes up | Number of effective Length of primary Effective length of bl b2y of Number of tertiary
» flowering of ’ . ; capsules on secondary spikes .
primary raceme primary raceme to primary raceme branches per plant raceme primary raceme primary raceme per plant spikes per plant
SKI 215 X JI 360 PixPs 056 026 110 0481 18,00 1.22 358 040 0.66
SKI215 X ANDCI 8 PixPs 2.09 044 -1.00 025 040 048 0.54 064 0.7
SKI 215 X ANDCI 10-04 PixPy 140 14.26 1,33 016 127 116 057 045 0.24
SKI 215 X ANDCI 10-3 PixPs 167 0.79 054 116 9.18 11.80 0.84 031 Q77
SKI 215 X ANDCI 10-12 Pix Ps 065 003 525 034 1.73 095 017 021 039
SKI215 X ANDCI 10-1 PixPr 0.50 0.00 200 0.02 1.58 1.21 0.24 0.75 0.62
SKI215 X ANDCI 10-11 PixPs 044 0.7 030 019 099 1.02 042 006 029
SKI 215 X ANDCI 9 PixPy 1.86 058 144 051 438 286 267 032 004
SKI 215 X ANDCI 1 Pix Py 1.29 038 213 115 1.58 057 532 080 0.79
JI360 X ANDCI 8 P,xPs 1.86 0.77 059 19.33 0.60 031 1.00 19.40 6.50
JI360 X ANDCI 10-04 P xPy 200 062 021 045 213 141 035 064 540
JI360 X ANDCI 10-3 P, xPs 7.00 032 045 006 1127 199,00 116 09 022
JI360 X ANDCI 10-12 P2 x Ps 13.00 0.45 -1.06 2.83 349 256 1.54 8.33 145
JI360 X ANDCI 10-1 P, xP; 1.86 049 030 383 385 259 1.26 3000 059
JI360 X ANDCI 10-11 P2 xPs 062 086 0.76 0.29 1.05 1.05 030 182 333
JI360 X ANDCI 9 P2 x Py 1.36 -12.20 -0.09 0.73 476 17.00 51.67 217 157
JI360 X ANDCI 1 PxPa 12.00 127 058 039 021 1.22 1.80 002 145
ANDCI 8 X ANDCI 10-04 PsxPy 5.00 277 200 3.06 0.09 0.04 063 1.50 338
ANDCI'8 X ANDCI 10-3 Ps xPs 500 022 073 0.16 1.08 1.08 1.1 075 0.78
ANDCI'8 X ANDCI 10-12 Py xPs 3.00 279 060 320 0.72 062 0.74 2300 036
ANDCI 8 X ANDCI 10-1 Py xPr 3.9 0.01 1.00 141 0.59 0.35 0.32 7.00 048
ANDCI 8 X ANDCI 10-11 Py xPe 044 0.6 0.06 425 0.73 0.51 046 1.36 11.00
ANDCI 8 X ANDCI 9 Ps x Py 3.50 .56 0.64 0.33 013 040 0.10 163 141
ANDCI8 X ANDCI 1 Psx P 9.0 144 036 041 045 053 041 0.05 067
ANDCI 10-04 X ANDCI 10-3 Pu xPs 400 064 141 093 143 0.84 13.40 1.33 1.34
ANDCI 10-04 X ANDCI 10-12 Pe xPs 043 016 043 6.00 452 873 510 145 046
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Crosses

Days to
50 % flowering of
primary raceme

Plant height up to
primary raceme

Number of nodes
up to primary
raceme

Table-3 Continue.............

Number of effective
branches per plant

Characters

Length of primary
raceme

Effective length of
primary raceme

Number of
capsules on

Number of
secondary spikes

Number of tertiary
spikesper plant

primary raceme

per plant

ANDCI 10-04 X ANDCI 10-1 P xPr 267 036 025 1038 8.00 486 0.84 140 3.55
ANDCI 10-04 X ANDCI 10-11 Pa x Py 075 031 0.02 062 1.04 1,01 049 044 0.09
ANDCI 10-04 X ANDCI 9 Pa x Py 167 0.9 113 0.14 095 1,00 154 5.89 0.5
ANDCI 10-04 X ANDCI 1 Psx Pio 7.00 -0.36 047 -0.07 25.25 5,85 1.23 1.29 -0.08
ANDCI10-3 X ANDCI 10-12 Ps x Ps 7.80 0.06 -0.60 0.37 6.37 4,07 7.55 0.79 -0.88
ANDCI10-3 X ANDCI 10-1 Ps x Pr 1,50 401 0.09 0.25 270 345 0.04 1.00 0.80
ANDCI10-3 X ANDCI 10-11 Ps x Ps 063 0.05 0.04 046 1.0 0.99 0.1 0.90 0.80
ANDCI10-3 X ANDCI9 Ps x Py 540 097 450 0.00 7367 2744 029 043 027
ANDCI 10-3 X ANDCI1 Psx Pro 22.00 -2.35 1.20 -27.00 1.73 278 0.3 -9.00 -2.50
ANDCI 10-12 X ANDCI 10-1 Ps x Py 0.08 012 467 067 12.80 134 0.11 200 567
ANDCI 10-12 X ANDCI 10-11 Ps x Ps 1.36 0.35 0.24 2.06 113 0.92 140 3.00 2.84
ANDCI10-12 X ANDCI 9 Ps x Py 0.20 045 3,00 064 264 175 139 0.33 064
ANDCI 10-12 X ANDCI 1 Psx Py 700 0.20 140 028 1.93 5.3 057 071 0.89
ANDCI 10-1 X ANDCI 10-11 P X Ps 0.04 247 0.18 148 037 051 107 153 1,05
ANDCI10-1 X ANDCI 9 Pr xPy 7.00 017 7.29 0.50 155 119 063 185 226
ANDCI 10-1 X ANDCI 1 P7x Pro 2.20 -0.32 2.81 -1.06 -7.00 -46.60 0.76 -1.08 4.29
ANDCI 10-11 X ANDCI 9 Ps x Py 0.67 -0.48 -0.01 0.32 1.12 1.01 0.86 0.90 1.68
ANDCI 10-11 X ANDCI 1 Psx Py 067 0.23 0.65 017 0.09 045 120 013 0.00
ANDCI9 X ANDCI1 Pyx Pro 157 -2.57 2.71 7.00 -0.63 -0.54 246 178 207
Range Min, 067 1220 5.05 27.00 7.00 46,60 126 9,00 567
Mex. 2200 1426 7.29 19.33 7367 199,00 5167 3000 1100
No. of positive crosses 39 17 27 26 43 4 37 30 30
No. of negative crosses 6 28 18 19 2 4 8 15 15
Average dominance effect 3.33 -0.21 0.42 0.57 4.69 6.1 244 2.24 0.89
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Table-3 Continue...........

Characters
Crosses c:;;ﬂ::g‘;e;;:“ D?;sp:?r:aﬂr;ﬁ:rzzt;l:ty Shelling out turn 2 v::ir?]};tls()f Y Kernel length Kernel width Volume weight Seed yield per plant Oil content
SKI215 X JI 360 PixP2 0.79 057 0.80 0.56 484 3.19 065 0.79 0.15
SKI215 X ANDCI 8 PixPy 265 163 152 207 129 0,09 004 2761 1055
SKI 215 X ANDCI 10-04 PixPs 049 0.18 0.93 0.64 0,06 0.04 019 774 002
SKI 215 X ANDCI 10-3 PixPs 265 060 179 0.16 0.80 0.0 075 949 151
SKI 215 X ANDCI 10-12 PixPe 032 037 168 460 0.08 0.93 35 284 0.06
SKI215 X ANDCI 10-1 PixP; 120 450 075 230 0.20 205 080 0.02 360
SKI 215 X ANDCI 10-11 PixPs 0.16 0.55 1.65 0.34 1.01 .18 1.16 010 0.04
SKI215 X ANDCI 9 Pix Py 1.9 061 5,00 148 5.46 0.29 139 148 137
SKI 215 X ANDCI 1 Pix Prg 174 0.66 2.78 2453 2.80 167 1.15 0.9 0.01
J'360 X ANDCI8 P.x Py 0.98 1850 161 0.66 167 017 081 085 0.07
JI360 X ANDCI 10-04 P2 x Py 042 1,00 073 0.56 0.7 0.68 07 2.09 3.68
JI360 X ANDCI 10-3 P, xPs 2.01 1.30 -0.03 -0.15 1.01 -0.03 0.08 149 4.23
JI360 X ANDCI 10-12 P2 xPs 075 036 0.5 0.02 0.28 0.94 287 167 168
JI360 X ANDCI 10-1 P2 xPr 15 205 4053 0.84 0.83 049 9.3 10.05 1.00
J1360 X' ANDCI 10-11 P, x P 106 043 0.58 0.10 051 0.98 029 0.18 0.30
JI360 X ANDCI 9 P2 x Py -0.04 7.50 0.75 043 7.81 -0.85 0.70 4311 0.44
JI360 X ANDCI 1 P2x Pio 147 0.83 148 -0.62 0.53 {0.72 0.54 14.76 523
ANDCI 8 X ANDC 10-04 Ps x Py 133 0.94 044 0.0 1058 040 156 1091 02
ANDCI8 X ANDCI 10-3 Py xPs 1250 119 53 277 102 25 148 1284 AT
ANDCI8 X ANDCI 10-12 Py xPs 3.24 126 014 131 5.87 1,80 057 6.01 136
ANDCI & X ANDCI 10-1 Py xPy 059 647 256 3962 851 041 090 116 1019
ANDCI8 X ANDCI 10-11 Ps xPs 1.49 0.68 0.57 2.05 3.38 163 0.36 0.83 0.10
ANDCI8 X ANDCI9 Ps x P 12,02 5.67 -1.59 2.2 223 5,14 0.26 0.19 -20.15
ANDCI8 X ANDCI 1 Psx Py 249 0.92 0.36 0.08 0.08 -0.55 1.36 0.91 0.44
ANDCI 10-04 X ANDCI 10-3 Ps xPs 0.1 -13.00 2.05 61.06 0.69 16.72 048 15,59 0.65
ANDCI 10-04 X ANDCI 10-12 Ps xPs 198 -1.42 .72 0.21 -2.56 -0.58 0.72 0.32 1.23
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Table-3 Continue.........

Characters
.
Crosses c:;ﬂ::':;eglgtn maza:'%:tzl:éﬁit{:ary Shelling out turn = wkzir?lztl:f e Kernel length Kernel width Volume weight Seed yield per plant 0il content

ANDCI 10-04 X ANDCI 10-1 P xPr 146 087 032 037 400 048 249 101 041
ANDCI10-04 X ANDGI 10-11 Pi xPs 040 252 046 0.00 074 002 018 011 094
ANDCI10-04 X ANDCI9 PixPs 0.0 180 027 137 0.6 040 079 076 046
ANDCI10-04 X ANDCI PixPo 037 195 258 0.4 068 013 760 100 1348
ANDCI10-3 X ANDCI10-12 Ps xPy 398 033 1218 181 002 014 099 129 034
ANDCI 10-3 X ANDCI 10-1 Ps xPy 0.20 017 20 079 0.20 001 0.66 0.03 0.19
ANDCI10-3 X ANDCI10-11 Ps xPs 1.19 046 016 869 018 011 1.06 040 021
ANDCI 10-3 X ANDCI 9 Ps XPo 017 1,84 162 364 003 064 1596 113 0.00
ANDCI10-3 X ANDCI Psx P 219 050 1.12 0.9 141 018 1320 057 060
ANDCI 10-12 X ANDCI 10-1 Ps XPy 064 0.36 073 7.15 183 163 208 113 0.24
ANDCI10-12 X ANDCI10-11 Ps xPs 056 346 087 048 048 023 69 095 117
ANDCI 10-12 X ANDCI9 Ps XPo 017 086 334 100 0.19 588 109 0.90 036
ANDCI 10-12 X ANDCI PexPo 079 258 044 133 3.98 215 117 032 0.96
ANDCI10-1 X ANDCI 10-11 Pr xPs 1.28 02 0.18 0.03 429 122 140 052 0.2
ANDCI 10- X ANDCI 9 Pr xPs 414 189 241 008 01 115 194 1836 550
ANDCI10-1 X ANDCI 1 PrxPio 1.29 0.70 0.08 183 -11.90 179 2.00 216 038
ANDCI 10-11 X ANDCI9 Pe XPo 0.13 100 195 307 384 048 141 0.06 0.25
ANDCI10-11 X ANDCI PexPio 055 967 6.60 003 418 089 122 019 199
ANDCI9 X ANDCI 1 Pex Pro 297 049 1.77 056 0.06 420 0.31 16.65 0.37
Range Min 265 43,00 12.18 869 41.90 588 13.20 2761 2015

Max. 1250 18,50 4053 6106 1058 16.72 15.96 18.36 1348
No. of positive crosses 38 35 33 26 33 13 37 38 26
No. of negative crosses 7 10 12 19 12 32 8 7 19
Average dominance effect 1.52 1.03 1.29 2.9% 1.04 0.10 1.37 215 -0.58
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