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ABSTRACT

The investigation was carried out to get information regarding magnitude
of combining ability and nature of gene action for fruit yield and several
other yield attributing traits following line x tester mating design involving
12 lines and 3 testers and their 36 hybrids tested in two environments
viz., summer and rainy season 2010 at Research Farm of Department of
Vegetable Science, N. D. University of Agriculture & Technology,
Kumarganj, Faizabad, UP, India. From the estimate of gca effects,
among the parental lines NDBT-13, NDBT-15 and NDBT-19 were
identified as superior donor for both seasons and NDBT-10 for summer
season and among the testers Kalyanpur Sona for summer season and
Pusa Do Mausami for rainy season for fruit yield per plant and its yield
contributing traits like number of fruits per plant and average fruit weight.
Eight crosses displayed desirable significant sca effects in both seasons
for fruit yield per plant. Among these eight crosses the best cross
combinations based on desirable sca effects for fruit yield per plant were
NDBT-19 x Pusa Do Mousami in summer season while NDBT-8 x Pusa
Do Mousami, NDBT-15 x NDBT-12 and NDBT-10 x Pusa Do Mousami in
rainy season. These crosses have more number of fruits per plant,
average fruit weight, fruit diameter and other component traits in both
seasons.
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INTRODUCTION

Bitter gourd (Momordica charantia L.) is one of the most nutritive and
commercially important vegetable grown throughout the country. The importance of
bitter gourd has been recognized due to its high nutritive value and medicinal
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properties. Bitter gourd still remains an unexploited crop from genetic and breeding
point of view. In bitter gourd, Indian variability is quite distinct than that of
African/S.E. Asian region (Seshadri and Chatterjee, 1996). Wide range of variability
in respect of vegetative and fruit character is available. Many varieties and F; hybrids
have been developed utilizing those variability. It is a monoecious and highly cross
pollinated crop and has been known to offer good potentialities for increased yield.
Considering these facts, it is essential and desirable to carry out a successful breeding
programme utilizing the land races available in Indian subcontinent. Therefore, this
study was conducted to generate information about general and specific combining
ability effects for different economic characters.

MATERIALS AND METHODS

The present investigation involving 36 Fys (derived through line x tester
mating design) and their patents i.e., 12 lines (NDBT-1, NDBT-2, NDBT-3, NDBT-
4, NDBT-5, NDBT-6, NDBT-7, NDBT-8, NDBT-10, NDBT-13, NDBT-15 and
NDBT-19) and 3 testers (Kalyanpur Sona, NDBT-12 and Pusa Do Mausami) was
under taken for estimating the gca (general combining ability) and sca (specific
combining ability) for the 14 characters. Accordingly the experiment was set up in a
complete randomized block design (RBD) with three replications in two seasons,
namely summer (S) season and rainy (R) season 2010 at the Research Farm of
Department of Vegetable Science, ND University of Agriculture & Technology,
Kumarganj, Faizabad, UP, India. Sowing was done with a 3.0 m for row to row and,
0.5 m plant to plant spacing was maintained. All the recommended agronomic
package and practices, plant protection measures were followed to raise a good and
healthy crop. Among the 14 characters the observations were recorded on plot basis
for node number to anthesis of first staminate flower, node number to anthesis of first
pistillate flower, days to anthesis of first staminate flower, days to anthesis of first
pistillate flower and days to first fruit harvest, where as for fruit length (cm), fruit
diameter (cm), average fruit weight (g), humber of fruits per plant, fruit yield per
plant (kg), number of primary branches per plant, number of nodes per plant, inter-
nodal length (cm) and vine length (m) data were recorded on 10 randomly selected
plants. The estimation of combining ability and gene action were carried out as per
the procedure of Kempthorne (1957).

RESULT AND DISCUSSION

The estimates of sca variances were found to be greater than corresponding gca
variances for all the characters in both summer and rainy seasons indicating
preponderance of non-additive gene action (Table 1). The ratio of gca to sca
variances (average degree of dominance) was observed to be more than unity for all
the characters (revealing over dominance) except for node number to anthesis of first
pistillate flower in summer and for fruit yield per plant in rainy season (nearly equal
to unity, suggests existence of complete dominance) indicating that predominance of
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non-additive gene effects representing non-fixable dominance and epistatic
components of genetic variance. This indicated that maintenance of heterozygocity
would be highly fruitful for improving the characters. These results are in accordance
with Singh et a. (2006) who reported non additive type of gene action for yield and
yield related traits in their material. However Mishra et a. (1994) found that both
additive and non additive gene actions were involved in the expression of yield and
yield related characters. Similar gene actions were also observed by Devadas and
Ramadas, 1997, Ram et al., 1999 and Jadhav et al., 2010. The differences in the
results might have been due to the differencesin the genetic material studied.

General combining ability

As per table 2, the general combining ability of parentsindicated that four lines
i.e. NDBT-10, NDBT-13, NDBT-15 and NDBT-19 had significant and positive gca
effects for fruit yield per plant during both seasons and among the testers, Kalyanpur
Sona and PDM had significant and positive gca effects during summer and rainy
seasons, respectively for this trait. Furthermore, these four lines were found to be
good general combiners for number of fruits per plant during both seasons except
NDBT-15, which showed negative effect in summer. Among the 12 lines, two lines
NDBT-13 and NDBT-19 were found to have significantly positive gca effect for
majority of the characters in both seasons like days to anthesis of first pistillate
flower, days to first fruit harvest, number of fruits per plant, fruit yield per plant
number of nodes per plant, inter-nodal length and vine length. The line NDBT-13
was aso good combiner for node number of first staminate flower (significantly
negative), fruit length, fruit diameter and average fruit weight (significantly positive)
during both seasons. The line NDBT-15 was also found to be a good combiner for
days to anthesis of first staminate flower, average fruit weight and inter-nodal length
during both the seasons and also found to be a good combiner for days to anthesis of
first pistillate flower, number of fruits per plant during rainy season along with node
number to anthesis of first pistillate flower in summar season. The line NDBT-2 was
found good combiner for earliness and other desirable traits like; node number to
anthesis of first staminate flower, node number to anthesis of pistillate flower, daysto
anthesis of first staminate flower, days to anthesis of first pistillate flower, days to
first fruit harvest. Among the testers, Kayanpur Sona was found to be a good
combiner for node number to anthesis of first staminate flower, node number to
anthesis of first pistillate flower in both seasons and for days to anthesis of first
pistillate flower, days to fruit harvest indicating earliness, and also more number of
fruit and fruit yield per plant in summer season. Pusa Do Mousami (PDM) was also
found to be a good combiner for fruit length, fruit diameter and vine length in both
the seasons and for fruit yield per plant and number of fruits per plant in rainy season.
The parents mentioned above may be used in a future breeding programme for
bringing improvement in bitter gourd. Similar results were observed in bitter gourd
by Ram et a., 1999; Kumar et a., 2005; Sundharaiya and Venkatesan, 2006 and
Sundaram, 2008.
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Specific combining ability effects

Estimation of specific combining ability effects are given in table 3. Among
thirty-six crosses, eight in summer and eight in rainy season exhibited significant
positive sca effect for increased fruit yield and among these four are common in both
seasons. It was also observed that the magority of the crosses which showed
significant sca effects for increased yield also involved at least one parent having
high and significant gca estimates. The high significant positive sca effects in respect
of fruit yield per plant were observed in a cross NDBT-3 x Pusa Do Mousami
followed by NDBT-1 x Kalyanpur Sona, NDBT-4 x NDBT-12, NDBT-19 x Pusa Do
Mousami and NDBT-7 x Kalyanpur Sona in summer season, and NDBT-15 x
NDBT-12 followed by NDBT-10 x Pusa Do Mousami, NDBT-1 x Kalyanpur Sona,
NDBT-8 x Pusa Do Mousami, NDBT-7 x Kalyanpur Sonain rainy season where as
NDBT-1 x Kalyanpur Sona and NDBT-7 x Kayanpur Sona NDBT-4 x NDBT-12
and NDBT-8 x PDM were found desirable in both seasons. These crosses also
showed consistently favourable sca effects for other yield component characters.
However, the best crosses varied with the characters. Based on sca effects NDBT-19
x Pusa Do Mousami in summer season, NDBT-8 x Pusa Do Mousami, NDBT-15 x
NDBT-12 and NDBT-10 x Pusa Do Mousami in rainy season were found to be the
best specific combiners for fruit yield per plant. The cross NDBT-19 x Pusa Do
Mousami exhibited significantly the highest sca effects for other characters like
average fruit weight and number of fruits per plant in summer season. The cross
NDBT-3 x Pusa Do Mousami was aso found to be having the highest significant sca
effects for fruit diameter and number of fruits per plant in both seasons. The cross
NDBT-1 x Kalyanpur Sona was also found along with the significant sca effect for
number of primary branches per plant and number of nodes per plant in summer
season. The cross NDBT-4 x NDBT-12 was aso found to be having significant
negative sca effects for node number to anthesis of first pistillate flower and vine
length in both seasons where as it was positively significant for days to first fruit
harvest and fruit length in summer season. The cross NDBT-7 x Kayanpur Sonawas
also found to have significant and negative sca effects for days to anthesis of first
pistillate flower, days to anthesis of first staminate flower, days to first fruit harvest
indicating earliness for these characters, whereas number of fruits per plant, number
of nodes per plant and vine length had significant positive sca effect in both seasons.
The cross NDBT-6 x Pusa Do Mousami had negative sca effects significant for days
to anthesis of first pistillate flower and days to first fruit harvest in rainy season. The
highest sca effect for days to first harvest was observed in cross combination NDBT-
13 x Kalyanpur Sona in rainy season. For fruit diameter, the highest positive and
significant sca effects were observed in the cross combination NDBT-5 x Kalyan
Sona followed by NDBT-3 x Pusa Do Mousami, NDBT-7 x NDBT-12, NDBT-13 x
Kayan Sona, NDBT-8 x PDM and NDBT-2 x NDBT-12 in both seasons. For fruit
length the highest significant sca effect was observed in a cross combination of
NDBT-5 x Kayanpur Sona followed by NDBT-7 x NDBT-12 in summer, while as
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NDBT-3 x Pusa Do Mousami followed by NDBT-4 x Kalyanpur Sona in rainy
season were the desirable crosses. Similar results were observed in bitter gourd by
Ram et al., 1999, Sundharaiya and Venkatesan, 2006, Sundaram, 2008.

From these studies, it was indicated that sca effects of certain crosses were
related with gca of their parents as the best cross combination for most of the
characters involved at |least one parent with high or average gca effects for particular
traits in both or any one season (summer or rainy). Hence, these parents may be
utilized for development of new hybrids. The crosses NDBT-1 x Kalyanpur Sona and
NDBT-7 x Kalyanpur Sona exhibited high sca effects for fruit yield per plant, daysto
anthesis of first staminate flower, days to anthesis of first pistillate flower, days to
first fruit harvest, average fruit weight, number of fruits per plant, number of primary
branches per plant, number of nodes per plant and vine length and these crosses can
be exploited for development of desirable hybrids for either both (summer and rainy)
or summer/rainy season.
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Table 1:

during summer and rainy seasons

Estimates of genetic components (variances) and heritability narrow sense for 14 traits of bitter gourd

S. Av. Degree of
No. gca variance sca dominance 5
Characters @* g variance (7° s) | (7* s/22'-7 9" A a*p
Summer | Rainy |Summer| Rainy |Summer | Rainy | Summer | Rainy | Summer | Rainy

1. Node no. to anthesis of first staminate flower 0.02 051 1.90 2.75 589 164 0.05 1.02 190 276
2. Nodeno. to anthesis of first pistillate flower 052 0.03 0.67 171 0.80 4.88 1.04 0.07 067 171
3. Daystoanthesisof first staminate flower 044 091 3.40 451 195 157 089 181 340 451
4. Daysto anthesisof first pistillate flower 200 136 3.45 6.21 092 151 400 273 345 621
5. Daystofirst fruit harvest 156 137 4.36 7.31 118 163 314 274 436 731
6. Fruit length (cm) -0.04 0.05 1.46 0.87 422 279 -0.09 011 146 0.87
7. Fruit diameter (cm) -0.02 -0.01 0.25 0.25 299 375 -0.02 -0.01 025 025
8. Averagefruit weight (g) 419 548 19.71 2151 154 141 8.38 10.97 19.71 2151
9. Number of fruits per plant 148 251 5.89 5.23 142 1.02 295 504 589 523
10. Fruit yield per plant (kg) 0.01 0.03 0.03 0.03 125 087 0.02 0.02 0.03 0.03
11. No. of primary branches per plant 036 104 5.85 2.82 286 1.16 0.72 208 585 282
12. No. of nodes per plant 398 418 3356 2152 205 161 796 837 3356 21.42
13. Internodal length(cm) 0.07 0.06 0.43 0.38 170 174 015 0.12 043 0.38
14. Vinelength (m) 0.04 0.03 0.11 0.12 118 137 0.07 0.06 011 012




Table 2: Estimate of gca effects of parents for 14 characters during summer and rainy seasons in bitter gourd

Node no. to anthesis

Node no. to anthesi

Days to anthesis of

Days to anthesis of

Days to first fruit

Characters | of firsftI staminate | of first pistillate first staminate first pistillate flowel harvest Fruit length Fruit diameter
ower flower flower
Lines Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy
NDBT-1 -056  -1.92** -216** -1.21**  -0.20 -2.81%* 083  -3.53** 014  -368* -004 -0.69** 0.23** -0.06
NDBT-2 -1.00**  -1.81** -3.49** -1.88** -120** -248** -4.06** -453** -4.64** -501** -0.78** 025  -0.39** -0.34**
NDBT-3 -1.11 **  -0.69 -0.49 -0.10  -1.54**  -1.26** -0.61  -2.08** 003  -2.68* 041* 0.39 0.38**  0.30**
NDBT-4 0.11 0.86* 0.84* 1.12%* -0.43 -0.48 -1.28* -3.08** -1.86** -2.68** 042* -0.59*  0.16** 0.10
NDBT-5 -0.11 0.08 0.06 -0.99*  -1.76**  -1.93**  -1.28* -0.86  -1.34* 0.21 0.16 -0.59* -0.09 -0.03
NDBT-6 1.00** 1.75%* 0.40 -0.10 0.02 -093**  -163**  -0.08 -0.86 0.32 -027  -054* -0.25** 0.08
NDBT-7 0.08 0.86* -0.16 -010  -1.31**  -1.26** -0.17 0.81 -0.64 110 -0.61** 0.12 0.04 -0.13
NDBT-8 0.67 2.31*%* -0.16 1.12* -0.87* 2.74%* -050  -0.97* -0.42 -045  -041* -0.05 -0.56** -0.41**
NDBT-10 1.00** 0.75 0.95**  1.90**  3.69** 2.41%* 217**  458**  281**  455%* -012  0.70** 0.01 -0.05
NDBT-13 -0.78*  -1.81** 051 0.12 -0.76 -1.48**  1.83**  2.69%* 236** 277** 0.86** 125** 057** 0.63**
NDBT-15 -0.11  -1.25%*  140** -099*  1.69** 2.30** 1.06 3.03** 1.03 221 031  -0.69**  -0.05 0.06
NDBT-19 0.89* 0.86*  240**  1.12*  2.69** 5.19** 3.61**  4.03** 336** 3.32** 0.07 0.44 -0.03  -0.18*
E(gi) Lines 0.35 0.40 0.42 0.45 0.42 0.43 0.61 0.48 0.65 0.56 0.20 0.24 0.05 0.08
SE(gi-gj) Lines 0.50 057 0.59 0.63 0.60 0.61 0.86 0.68 0.93 0.79 0.28 0.34 0.08 0.12
Testers
<. Sona -047** -058** -0.57** -0.21 -0.34 -059**  -142** 0.75** -1.22** 096** -042** -044** -002  -0.08*
\DBT-12 0.56**  0.92** 0.29 0.37 -0.43* -0.06 -0.14  -0.69** -014 -0.87** 0.05 0.18 -0.02 -0.07
DM -0.08 -0.33 0.29 -0.16  0.77** 0.66** 1.56** -0.06  1.36** -0.09 0.37* 0.26* 0.04 0.15**
SE(gi) Testers 0.17 0.20 0.21 0.22 021 021 0.30 0.24 0.32 0.28 0.10 0.12 0.02 0.04
FS&Eégggj) 0.25 0.28 0.29 0.31 0.30 0.30 0.43 0.34 0.46 0.39 0.14 0.17 0.04 0.06
NDBT-1 -10.07** -12.21** -1.98** -298** -0.30** -0.39** 167**  0.77* -1.39  -194*  -1.03** -0.89** -053** -0.62**
NDBT-2 259**  279** -153** -0.93* -0.09** -0.04 -0.68*  2.33** 528** 3.72** -118** -0.83** -040** -0.23**




Node no. to anthesis

Node no. to anthesi

Days to anthesis of

Days to anthesis of

Days to first fruit

Characters | of firsftI staminate | of first pistillate first staminate first pistillate flowel harvest Fruit length Fruit diameter
ower flower flower

Lines Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer| Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy
NDBT-3 270**  379** -405** -217** -032** -014** -3.67** -320** 250** 283** -057** -049** -0.19** -0.03**
NDBT-4 -2.52%*  -3.99** 0.22 0.32 -0.01 -0.04 1.34**  0.88*  2.94** 039 -053** -0.50** -0.20** -0.18**
NDBT-5 0.70 -088  -087* -230**  -0.03 -0.16**  1.50**  1.88**  2.06* 128 -0.46** -0.66** -0.21** -0.26**
NDBT-6 -3.74**  -3.66** 150** -2.25%* 0.02 -0.24** 0.13 0.22 -2.28*  -2.39** -056** -0.64** -0.42** -0.52**
NDBT-7 -2.07%* -1.88 -0.16  -0.88*  -0.05*  -0.11** 028 -210** -6.83** -572** 0.38* 0.36** -0.03  -0.13**
NDBT-8 -3.96%*  -3.44** 0.23 1.16** -0.04 0.02 004  -154** -917** -9.06** 059** 0.68** -0.04 -0.05
NDBT-10 0.70 1.68 203**  086*  0.19** 0.08**  -1.25** -129** 372** 306** 120** 111** 0.65** 0.63**
NDBT-13 10.93**  12.79** 1.69** 1.97**  0.36** 0.38** 021 -049  817** 9.94**  059** 0.28** 0.74** 0.67**
NDBT-15 9.26**  890** -1.06** 1.77** 0.07** 0.30** -0.38 -022  -11.72** -861** 049** 047** -0.28** -0.23**
NDBT-19 -452x*  -3.88** 397**  549**  0.22** 0.34** 0.82*  2.82** 6.72** 650** 1.08** 1.12** 0.90** 0.94**
SE(gi)Lines 0.85 0.93 0.39 0.43 0.02 0.03 0.34 0.38 0.89 0.87 0.07 0.05 0.04 0.03
SE(gi-gj) Lines 121 1.32 0.55 0.61 0.03 0.04 0.48 054 1.27 1.23 0.10 0.07 0.06 0.05
Testers
K.Sona -0.07 -005  152** -125** 011** -0.11**  -1.10** 0.08 -0.69 -0.56 -002  -0.05* -0.03  -0.05**
NDBT-12 0.48 -0.16  -0.59** -059** -0.03** -0.04** 0.75** 0.96** -0.31 -0.42 -0.01 001 -007** -0.01
PDM -041 020  -094** 1.84** -0.08* 0.16** 0.35*  -1.04**  1.00* 0.97* 0.03 0.04 0.08**  0.06**
izgelr)s 0.42 0.46 0.19 021 0.01 0.01 0.17 0.19 0.44 0.43 0.03 0.02 0.02 0.01
SE(gi-gj) Testers  0.60 0.66 0.27 0.30 0.01 0.02 0.24 0.27 0.63 0.61 0.05 0.03 0.03 0.02

*- Significant at 5 per cent probability level;

** - Significant at 1 per cent probability level



Table 3: Estimate of sca effects of 36 F; hybrids for 14 characters during summer and rainy seasons in bitter gourd

Node no. to anthesis

Node no. to anthesis

Days to anthesis of

Days to anthesis of

Days to first fruit

Character of first staminate of first pistillate first staminate fiirst pistillate flower harvest Fruit length Fruit diameter
flower flower flower

Hybrids Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy
NDBT-1 x K.Sona -0.63 -0.86 -0.53 -0.56 -0.99 -3.51%* 0.63 -1.19 0.55 -0.51 0.61 -0.12 0.24* -0.00
NDBT-1x NDBT-12 -0.66 -0.02 1.60%* -0.14 -0.57 0.62 -0.63 -0.08 -0.52 -1.35 0.02 0.29 0.20* 0.23
NDBT-1x PDM 1.30* 0.88 -1.46* 0.71 1.56* 2.89** 0.00 1.27 -0.02 187 -0.69* -0.16 -0.44** -0.22
NDBT-2 x K.Sona 0.13 0.02 0.12 110 1.00 1.51* -0.13 113 -1.00 -0.55 1.35** 0.11 0.13 0.05
NDBT-2 x NDBT-12 -0.55 -0.80 0.93 -0.48 0.42 -0.04 191 0.58 3.25%* 131 -0.94** 0.70 0.27** 0.39**
NDBT-2 x PDM 0.41 0.77 -1.06 -0.62 -1.49* -1.43 -1.77 -1.72* -2.28* -0.79 -0.45 -0.84* -0.40%*  -0.44**
NDBT-3 x K.Sona -0.08 -0.41 0.46 0.99 -1.65* -1.07 -0.58 1.02 -0.66 148 -0.02 -0.42 -0.24* -0.24
NDBT-3 x NDBT-12 -0.77 -0.25 -1.49* -0.25 0.75 1.39 -1.52 -0.19 -2.08 -0.68 -0.70* -1.54**  -0.31** -0.20
NDBT-3 x PDM 0.86 0.67 0.93 -0.73 0.89 -0.32 2.11** -0.83 2.75% -0.79 0.72* 1.96** 0.55** 0.44**
NDBT-4 x K.Sona 1.69** 3.02x* 2.24%* 2.10%* -0.76 0.14 2.08 -0.63 155 -0.51 -1.64** 1.48** 0.13 0.10
NDBT-4 x NDBT-12 0.02 0.19 -1.62* -2.48** 0.98 0.28 -1.86 0.80 -2.29* 0.64 1.31** -0.89* -0.21* 0.11
NDBT-4 x PDM -1.69%*  -3.22** -0.62 0.37 -0.21 -0.43 -0.22 -0.16 0.63 -0.12 0.33 -0.58 0.08 -0.21
NDBT-5 x K.Sona 0.91 0.80 0.24 0.21 -0.10 -0.74 1.08 -0.19 1.33 -0.40 2.24** -0.04 0.80** 0.98**
NDBT-5x NDBT-12 -0.11 -1.02 -0.28 -1.37 -1.50* -0.93 -0.52 0.25 -0.08 0.42 -1.82%* -0.60 -0.74**  -0.76**
NDBT-5 x PDM -0.80 0.22 0.04 115 1.45 1.67* -0.55 -0.05 -1.25 -0.01 -0.41 0.64 -0.06 -0.21
NDBT-6 x K.Sona -1.29* 0.80 0.57 2.32x* 0.45 125 -1.91 2.02* -1.77 2.58** -0.51 -0.52 -0.38** -0.39
NDBT-6 x NDBT-12 0.77 -1.69* -0.28 -1.59 0.20 -0.26 1.80 0.80 1.80 0.31 1.06** -0.14 0.43** 0.27
NDBT-6 x PDM 0.41 0.88* -0.27 -0.73 -0.65 -0.99 0.11 -2.83** -0.02 -2.79%* -0.55 0.66 -0.04 0.12
NDBT-7 x K.Sona -0.19 -0.63 -0.53 -0.67 -1.54* -2.07%* -5.36** -3.19** -6.00** -4.29** -0.07 -0.10 0.34** 0.22
NDBT-7 x NDBT-12 -0.22 -0.13 0.26 1.07 1.87* 1.06 3.69** -141 3.25** -112 1.73** 0.59 0.51** 0.57%*
NDBT-7 x PDM 041 0.77 0.26 -0.39 -0.32 1.00 1.66 4.61** 2.75% 5.42x* -1.65%* -0.49 -0.86**  -0.79**
NDBT-8 x K.Sona -1.86** -0.08 -0.87 -1.89* -1.99** 0.92 1.63 -0.75 1.77 0.59 -0.20 1.14%* -0.11 -0.30
NDBT-8 x NDBT-12 2.77** 1.75¢ -0.39 0.85 0.75 -1.93* -2.82%* -0.97 -0.97 0.42 -0.94** 0.26 -0.24* -0.62**
NDBT-8 x PDM -0.91 -1.66* 1.26 1.04 1.23 1.00 0.66 1.72* -0.80 -1.01 1.08** -1.40%* 0.36** 0.92**
NDBT-10 x K.Sona -0.52 -0.19 0.68 0.99 6.12%* 5.92x* 1.63 0.69 1.55 0.59 -0.11 -0.37 -0.33** -0.33
NDBT-10 x NDBT-12 1.77%* 1.63* -0.84 -0.25 -3.12%*  -2.60** 0.69 -1.19 -0.19 -1.57 0.54 0.20 -0.03 0.03
NDBT-10 x PDM -1.25% -1.44* 0.15 -0.73 -2.99%%  -332%*  -2.83** 0.50 -1.36 0.98 -0.43 0.17 0.37** 0.29
NDBT-13 x K.Sona 1.68** 1.36* -1.53* -0.89 0.23 0.48 1.30 6.25%* 1.00 6.37** 0.49 0.78 0.48** 0.51**
NDBT-13 x NDBT-12 -1.64** -0.47 0.93 151 0.31 0.95 0.02 -0.97 0.91 -1.12 -1.05%* -0.73 -0.09 -0.10




Node no. to anthesis

Node no. to anthesis

Days to anthesis of

Days to anthesis of

Days to first fruit

Character of first staminate of first pistillate first staminate . o Fruit length Fruit diameter
flower flower flower first pistillate flower harvest

Hybrids Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy
NDBT-13 x PDM -0.13 -0.88 0.60 -0.62 054 -1.43 133 527%*  -191  -524** 055 005  -0.38**  -0.40**
NDBT-15 x K.Sona 0.25 -0.86 042  -178 021 -1.96* 025  -3.08** 033  -440**  -0.62 038  -054* 012
NDBT-15 x NDBT-12 0.88 163 0.37 1.62* 012 1.50% -1.19 1.36 -175 275 069 118  -007 -0.15
NDBT-15 x PDM -1.13 0.77 0.04 0.15 0.34 0.45 1.44 172+ 141 164 -0.03 070 061** 0.28
NDBT-19x K.Sona 008 -297%* 042  -1.89* 054 -0.85 013 -2.08* 1.33 0.85  -149%*  S152v* L052**  -0.48**
NDBT-19x NDBT-12  -2.44**  -0.80 071 151 012 -0.04 -0.08 1.02 -1.41 -0.01 0.01 077 031 0.23
NDBT-19 x PDM 252%  377** 028 0.37 0.67 0.89 0.22 1.05 0.08 0.87 1.48** 0.76 0.20* 0.25
SE(Sij-SKI) 0.86 0.99 1.03 1.10 1.05 1.06 1.49 1.19 161 1.37 0.49 059 0.14 021
SE(Sij-Sik) 1.80 2.06 216 2.29 218 222 3.12 2.48 3.36 2.86 1.02 1.24 0.30 043
NDBT-1x K.Sona 395%%  360* 348  3.63**  027%%  022% 289  -240%*% 613+ 0.11 -0.15 0.05 017+ 018+
NDBT-1x NDBT-12 -2.37 2162 -210**  -1.95¢  -015%*  -0.16**  -442%*  -0.69 0.75 1.97 0.04 0.00 0.11 0.06
NDBT-1 x PDM -1.48 198 -138*  -168*  -011**  -006  156**  310**  -6.88**  -2.08 0.10 006 -027%%  -0.24%*
NDBT-2 x K.Sona -0.81 073 -139% 094  -013**  -0.07 -1.46 0.39 052 -488*  -007 -0.00 000  -0.31%*
NDBT-2 x NDBT-12 -2.03 228 1.42* -0.19 0.08* 006  251**  -189**  -125 -1.36 -0.01 0.05 -0.17* 0.06
NDBT-2 x PDM 2.98* 3.01 -0.02 113 0.05 0.16**  -1.04 1,50 177 6.25%* 0.08 -0.05 018  0.25**
NDBT-3 x K.Sona 2,07 160  -203**  -320%* -015%*  -021**  -320**  -047  -641**  -300 011 018  -027**  -0.18**
NDBT-3 x NDBT-12 -0.14 037  -3.26%* 136 -0.25¢* 0.07 0.67 -0.16 352¢ 2.86 -0.05 -0.09 0.08 0.10
NDBT-3 x PDM -1.92 198  528* 183  041** 0.13 253+* 0.63 2.88 0.13 017 027+* 018 0.08
NDBT-4 x K.Sona 2.96* 337 -0.97 -1.72 -0.00 -0.07 -0.68 1.55+ -3.52¢ 322 008  -019*  -0.18* -0.15
NDBT-4 x NDBT-12 1.07 1.49 2.56%* 117 017+*  0.16** 0.05 -1.34% 3.75+ 4.63+* 0.17 0.18* 0.33**  0.29**
NDBT-4 x PDM -4.03*  -487** 158 055  -0.16*  -0.09 0.62 -0.23 -0.22 -1.41 -0.09 -0.01 014 014
NDBT-5x K.Sona 340%*  4.30%* -0.65 -0.50 -0.01 010  -244** 065 0.02 011 -0.02 0.15 -0.02 0.03
NDBT-5x NDBT-12 -0.14 0.04 017 1.66* 0.05 0.16** 0.49 0.17 -0.02 -1.58 016  -0.19* -0.07 011
NDBT-5x PDM 325¢  -4.31%* 0.83 -1.16 003 -020%*  195%* -0.83 0.00 1.69 0.19 0.03 0.09 0.08
NDBT-6 x K.Sona 5454 -3.28* 0.94 0.80 -0.03 003  -254** 158 2.36 2.88 0.00 0.04 0.11 0.15*
NDBT-6 x NDBT-12 820%%  BAGH*  224%% 178 0.00 006 173+ 0.37 397 441+ 0.06 -0.06 0.15 0.12*




Node no. to anthesis

Node no. to anthesis

Days to anthesis of

Days to anthesis of

Days to first fruit

Character of firsftlos\;zrpinate of fil}sl(t)v%ies:illate firstff(t)aWTrnate first pistillate flower harvest Fruit length Fruit diameter
Hybrids Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy | Summer | Rainy
NDBT-6 x PDM -2.81 -2.20 1.30 0.98 0.03 0.02 080  -196**  -633**  -7.30**  -0.07 002  -027%*  -0.27**
NDBT-7 x K.Sona 214 339 226%%  297**  015**  019%*  201** 055 823 755+ 0.20 020+  0.39**  0.41**
NDBT-7 x NDBT-12 462*  471** 0109  -151* 0.06 -0.03 -0.30 0.61 213 4191 033*  036** 047 0.09
NDBT-7 x PDM -2.48 131 -237%% 148 -022**  -016**  -170**  -006  -6.11** -563**  -053**  -057**  -057**  -051**
NDBT-8 x K.Sona -0.92 0.15 0.60 0.85 0.03 0.06 092  -206*  -041 122 -097**  -0.98**  -0.49**  -0.48**
NDBT-8 x NDBT-12 7.81%*  -939* 005 2123 -0.44%*  -0.26%*  -166** 213+ 1.19 025  -0.74%*  -0.65**  -020**  -0.31**
NDBT-8x PDM 874%  9.24%* -0.66 0.37 0.11%%  0.20%* 0.73 -0.07 -0.77 097 L71%*  163** 078  0.80**
NDBT-10x K.Sona -6.25%*%  -862%*  2.10** 115 0.06 -0.07 1.48 2102 -11.97%%  -6.88**  151%*  128**  023**  027+*
NDBT-10x NDBT-12 551%*  549** 094  -376** 003  -019%*  -234*  221** 530+ 163 -058* -020*  -0.14 -0.07
NDBT-10 x PDM 0.74 312 4116 2607 -010*  0.27%* 0.85 118 6.66** 525  -092**  -099**  -0.06  -0.20**
NDBT-13 x K.Sona 218 260  -257%*  -199%*  -017**  -0.13 134 269+ 058 055 0.12 0.01 0.00 -0.03
NDBT-13xNDBT-12 g 70+% 528+ 429 166+  027** 0.03 2765 17T -2.80 -2.25 0.24* -0.05 015 -014
NDBT-13 x PDM 251 268 171 0.23 -0.09* 0.09 -1.41 -0.93 222 169  -035** 003 015 047+
NDBT-15x K.Sona 1.85 115 043 -1.04 0.07 -0.06 115 0.48 413+ 211 -060** -060*  -003  -0.17**
NDBT-15 x NDBT-12 -1.37 -0.39 114 440**  -001 033 1.45 159 -1158**  -802%*  045%*  041**  -019%  -0.25*
NDBT-15 x PDM -0.48 075 0707 -336**  -006  -0.26** -261** 1.10 7.44%%  5O1** 0.15 0.18*  0.23**  0.43**
NDBT-19 x K.Sona -0.70 073 -1.35 009  -0.09 000 323+ -0.84 1.36 3.66 0.17 0.17 013  0.29%*
NDBT-19 x NDBT-12 -0.92 137 -0.84 0.14 -0.07 0.07 095  192**  -069 -0.13 026  033**  017* 018+
NDBT-19 x PDM 162 064 220 -004  0I16**  -007  -228*  -107 -0.66 352 -043**  -050**  -031**  -0.45+*
SE(Sij-Ski) 210 2.29 0.95 1.06 0.06 0.08 0.833 0.95 2.20 213 0.17 0.12 0.11 0.09
SE(Sij-Sik) 437 477 1.99 221 0.13 0.16 173 1.98 458 445 0.36 0.26 0.24 0.19

* - Significant at 5 per cent probability level; ** - Significant at 1 per cent probability level





