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ABSTRACT

Genetic variances were estimated by full-sib and half-sib analysis in sugarcane among the
30 Fis involving 10 female lines and 3 testers. Variances due to lines were significant for
stalk height, stalk girth, and stalk weight, whereas variance due to testers was significant
only for stalk density. Variances due lines X testers were significant for stalk height and
stalk girth, oA/ 6’D showed the predominant role of nonadditive gene action in the
inheritance of No. of millable canes/stool, stalk height, stalk girth and stalk density, and
additive gene action for stalk weight and stool weight. The degree of dominance wasin the
range of overdominance for No. of millable canes/stool, stalk height, stalk girth and stalk
density. Lines contributed maximum tovariances due to hybrids forall the characters except
stalk density. On the basis of per se performance and gca effects, CoS 8210, Seo 271/78 and
CoS 7931 were good general combiners for stool weight. On the basis of per se performance
and sca effects and heterotic response, the crosses Sh 670/79 x Seo 4/79, P11598 x Seo 4/79,
Seo 271/78 x CoS 7931 and UP1 x CoS 758 were best specific combinations for stool weight.
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The study of the nature and magnitude of gene action governing various characters is

- essential for formulating efficient breeding programme for increasing productivity. The

knowledge of combining ability together with per se performance of the parents and

hybrids, and heterotic response helps the breeders in selecting suitable parents and crosses

for their use in a systematic breeding programme. In view of the meagre information
available on these aspects in sugarcane, the present investigation has been undertaken.

MATERIALS AND METHODS

Ten strains, namely, Seo 62/79, ‘Seo 271/78, Sh 670/79, Sh4/79, Sh594/79, UP 1,
P 11598, Seo 3/79, Cos 8210 and Co 1148, were crossed with each of the three male parents,

"Present address: Rice Research Station, Jhanjharpur (R. 5.), Madhubani, Bihar 847403.
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i.e. CoS5 7931, CoS 758 and Seo 4/79 in line X tester (L x T) design to obtain sufficient fluff of
30 F1s in December, 1983 at the Genda Singh Sugarcane Breeding and Research Station,
Seorahi, Deoria (U.P.). The fluff of all these Fis were grown in nursery and single buds of
the parents were planted in separate beds simultaneously in February, 1984. These 43
genotypes (13 parents + 30 hybrids) were transplanted together in randomized block design
with three replications in March 1984. The distance between rows was 75 cm, between
seedlings 50 cm, and the plot size was 5 x 2.25 m?, with 30 seedlings transplanted in each
plot. Normal agronomic practices were adopted during crop growth period. Observations
were recorded on six quantitative traits, viz., number of millable canes/stool, stalk height,
stalk girth, stalk weight, stalk density, and stool weight. Stalk density and volume were
calculated by the following formula:

_ Stalk weight
Stalk density = m

and
Stalk volume — 1t (d/2)%L

where d—stalk diameter and L—stalk length.

Analysis of variance, and general and specific combining ability (gca, sca) effects were
estimated according to Kempthorne [1]. The average degree of dominance was calculated
by using the formula of Kempthorne and Curnow [2]. Estimates of heterosis over mid- and
better parents ((MP, BP) were obtained, and t-test was applied to test the significance using
following formula:

tmp = F1-MP/SE and tgp = F1-B P/SE
where SE of heterosis over MP = w—%—é‘and SE of heterosis over BP = V—rg

RESULTS AND DISCUSSION

The analysis of variance showed highly significant differences among the genotypes
for all the six characters. Variances due to parents were significant for all the characters
except stalk height, indicating greater genetic diversity among the parents. Significant .
variances due to hybrids for all'the characters, except number of millable canes/stool and
stalk density, revealed high differences among the crosses. Variances due to parents vs
hybrids were significant for all the characters except stalk height, indicating a substantial
amount of heterosis for these traits.

ANOVA for combining ability for all the six characters studied is presented in Table 1.
Variation due to lines showed significant differences for stalk height, stalk girth and stalk
weight, whereas variation due testers was significant only for stalk density. The interaction
between lines and testers were significant for stalk height and stalk girth.
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Table 1. ANOVA for combining ability for six characters in sugarcane

‘Sou:ce d.f. Millable Stalk Stalk Stalk Stalk Stool
canes/stool height girth weight density weight
Lines 9 392 17413 0.168" 1112158" 0.018 3.03
Testers 2 037 5329 0044 181720 0.089" 226
Lines X testers 18 171 7338 0.043° 106345 0.027 0.67
Error 58 151 3937 0025 164521 0.026 1.28
o’zgca (testers) 025 6.7 0.004 2513 0.002 0.05
o’g (lines) -0.05 118 0014 111757 -0.001 0.96
o’g (pooled) 0.02 207 0.003 2772.3 0.001 0.10
o’s 0.07 1134 0006  -1939.2 0.006  -0.21
oA/ °D 029 02 052 - 022 —
(6°D/ o?A)"S 185 23 1397 — 2.14 —
Contribution to hybrids (%)
Due to testers 1.11 36 37 3.0 21.69 10.32
Due to lines 52.89 52.3 63.7 815 19.23 62.27
Due to lines X testers 46.00 44.1 32.5 15.5 59.08 27.41

P =005, P =0.01.

The contribution of lines to the total sum of squares due to hybrids was higher than the
testers and lines X tester interaction for all the characters except stalk density. The smaller
contribution of line X tester interaction than either of lines or testers indicated high estimates
of variances due to gca. While higher contribution of line x tester interaction for stalk density
denotes the higher estimates of variances due to sca.

The ratio of GZA/ o’D (Table 2) for number of millable canes/stool, stalk height, stalk
girth, and stalk density indicated the predominant role of nonadditive gene action
(dominance or epistasis) in the inheritance of these traits. The degree of dominance (o*D/
o?A)%° wasin the range of overdominance (>1). Yang et al. [3] and Miller [4] reported higher
o?s than 02g for stalk number in half diallel and diallel analyses, respectively. Rao and
Ethirajan [5] also found that nonadditive gene action played important role in the
inheritance of stalk height.

The positive o’zg estimates and negative o?s estimates for stalk weight and stool weight
indicated the predominant role of additive gene action in the inheritance of these characters,
which could be improved through simple selection by progeny testing or biparental
progeny selection.
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Table 2. Mean performance and gca effects of parents for six quantitative characters in sugarcane
Parent Millable canes Stalk Stalk Stalk Stalk Stalk
tester per stool height girth weight density weight
mean gm mean gca mean gca mean gca mean gca mean gca
Testers:
CoS7931 653 012 1948 482 218 0037 6150 916 084 -0053 430 -013
CoS 758 950 011 1755 -3.00 201 0002 4533 1872 082 0057 435 031
Se0 4/79 753 001 1679 -1.82 167 -0.039 3817 -27.88 123 -0.003 287 -0.19
SE (gl) 022 3.69 0.028 23.41 0.029 0.21
SE (gi-gj) 032 5.12 0.041 33.12 0.041 0.29
Lines:
Se062/79 987 -035 1760 511 155 -0015 3350 3816 099 0038 334 003
Se0271/78 440 046 1039 2055 254 0011 7850 71.60 117 -0.020 345 083
Sh670/79 533 070 1903 -7.38 242 -0.158" 10183 -16584 120 -0.076 543 -0.18
Sh4/79 687 107" 1867 -12.84 181 -0.084 6267 —69.18 130 0047 425 -028
Sh594/79 1147 -038 1940 1022 166 -0015 5250 407 130 -0.058 620 -021
UP1 8.03 048 1848 1544”7 206 0009 627 4616 100 0014 510 -007
P 11598 720 -035 179.0 -1460° 185 0216 4750 7027 106 0008 357 0.09
Se03/79 437 096 1436 455 205 0247 5190 20416 110 0023 238 111
CoS8210  11.67 ~1.01 1825 121 156 -0.049 4050 -44.18 1.17 -0.003 480 084"
Co1148 587 059 1723 -2225° 220 -0.161" 6033 -147.07° 094 0060 348 -048
SE (gi) 049 6.62 0.053 4275 0.053 0.37
SE (gi-gj) 0.58 935 0.075 60.47 0.076 0.53

P =005, P =001.

The gca effects and per se performance of the parents are presented in Table 2. The
parents that proved to be good general combiners on the basis of their desirable gca effects
and per se performance for specific characters were Sh 4/79, Co 1148, and Sh 670/79 for
number of millable canes/stool; UP 1, Sh 594/79 and CoS 7931 for stalk height; Seo 3/79
and CoS 7931 for stalk girth; Seo 3/79 and Seo 271/78 for stalk weight; Co 1148 and Sh4/79
for stalk density; and CoS 8210 and CoS 758 for stool weight. Overall, cvs. CcS 7931, CoS
758, Seo 62/79, Seo 271/78, Sh 4/79, UP 1, Seo 3/79 and CoS 8210 were good general
combiners and these may be used for hybridization for obtaining desirable segregates.

Mean performance, sca effects, and heterosis MP and BP of the promising crosses are
presented in Table 3. The knowledge of sca effects for desirable characters is of utmost
importance in sugarcane, where F1 is vegetatively propagated and directly released as
variety. Desirable sca alone is of no practical value unless the per se performance of the
hybrids exceeds the MP and BP. Hence, the crosses were judged on the basis of their per se
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Table 3. Best specific crosses and heterosis for six quantitative characters in sugarcane

Character Cross Mean Sca Heterosis (%)
MP— BP

Millable Sh 670/79 x Seo 4/79 847 157" 31.72" 12.48"
canes/stool Sec 271/78 x CoS 7931 7.53 1.02 37.75" 15317
UP 1 x CoS 7931 590 032 18.95" -2653"

P 11598 x CoS 758 6.53 073 -33.06 4179

Sh 4/79 x CoS 758 7.80 045 -4.07 -17.89

SE 0.71 1.17 0.82

Stalk height Sh 594/79 x CoS 7931 215.67 23.18 10.94 10.13

Se0 62/79 X Seo 4/79 199.00 18.26 15.72 13.07

CoS 8210 x CoS 758 195.67 20.00 9.33 7.23

UP1xSe04/79 202.00 10.93 14.53 931

Sh 670/79 x Seo 4/79 178.20 9.95 052 -6.37

SE 11.46 17.20 12.17

Stalk girth CoS 8210 xSe0 4/79 228 0.19 41.18 36.53

Sh 594 /79 x CoS 7931 236 0.16 22.92 8.26

Se0 3/79 x CoS 7931 2.56 0.10 21.04 17.43

Se0 271/78 x Seo 4/79 226 0.11 7.36 -11.02

Sh 670,79 x CoS 7931 2.16 0.10 -6.09 -10.74

Co 1148 x CoS 758 2.10 0.08 -4.10 -4.55

SE 0.09 0.14 0.10

Stalk weight $e0271/78 x Seo 4/79 83033 94.43 4243 5.77

Sh 594/79 x CoS 7931 774.00 76.73 35.79 25.85

Sh 4/79 x CoS 7931 689.67 57.51 -11.09 10.05

SE 74.05 96.27 68.27

Stalk density Co 1148 x CoS 7931 127 0.20 42,06 34.53

; Se0 62/79 x CoS 758 124 0.09 36.57 25.05

Sh 670/79 x CoS 758 114 0.10 11.87 -5.96

Sh 594/79 x CoS 758 1.12 0.07 532 -14.06

SE 0.09 0.16 0.11

Stool weight Sh 670/79 x Seo 4/79 450 0.80 843 17.13

P 11598 x Seo 4/79 452 0.55 47.23 26.61

Seo 271 /78 x CoS 7931 524 046 35.22 21.86

UP 1 x CoS 758 470 0.38 053 -7.84

SE 0.65 0.88 0.62

Note: Heterosis over midparent (MP) and better parent (BP).

performance, sca effects and heterotic response for stool weight and its components. Some
crosses had higher per se performance and sca effects but negligible negative heterosis over
MP and BP. These were also considered as promising specific combiners. The crosses found
to be the best on the basis of per se performance, sca effects and heterotic response were, Sh
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670/79xSe04/79,5e0 271/78 x CoS 7931, UP 1x CoS 7931 and Sh 4 /79 x CoS 7931, Se0 62/79
xSe04/79, CoS 8210 x CoS 758, UP 1 x Seo 4/79, and Sh 670/79 x Seo 4/79 for stalk height;
CoS 8210 x Seo 4/79, Sh 594 /79 x CoS 7931, Seo 3/79 x CoS 7931, Seo 271 /78 x Seo 4/79, Sh
670/79 x CoS 7931, and Co 1148 x CoS 758 for stalk girth; Seo 271/78 x Seo 4/79, Sh 594/79
x CoS 7931, and Sh 4/79 x CoS 7931 for stalk weight; Co 1148 x CoS 7931, Seo 62/79 xCoS
758, Sh 670/79 xCoS 758, and Sh 594/79 xCoS 758 for stalk density; and Sh 670/79-x Seo
4/79, P 11598 x Seo 4/79, Seo 271/78 x CoS 7931, and UP 1 x CoS 758 for stool weight.

A comparison of the sca effects of the crosses with gca effects of the parents involved in
the best four crosses for stool weight revealed that all the crosses showing high sca effects
had low x low combiners except Seo 271/78 x CoS 7931 which had high x high combiners.
Chaudhary [6] also observed crosses with high sca effects due to low x low general
combiners for some characters in barley which were attributed to dominance x dominance
types of gene interactions. The cross Seo 271/78 x CoS 7931, having high sca effects and
involving high x high combiners, indicated additive x additive type of gene interaction.
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