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ABSTRACT

A comparative study of heterosis over better parent was carried out during 1995 in
GMS based and corresponding conventional hybrids, which were generated by utilising
two genetic male sterile lines viz. DS-5 and GAKA-423 and their male fertile counter
lines as female parents respectively. The GMS based hybrids exhibited high heterosis
over better parent for seed cotton yield and its component characters compared to
conventional hybrids. The high yielding GMS based crosses showed simultaneous
heterosis for seed cotton yield and its component characters like number of bolls/plant,
boll weight and number of seeds/boll. However the GMS based hybrids failed to
exhibit heterosis over better parent for ginning out turn except one cross, as against
three conventional hybrids. The higher ginning out-turn of conventional hybrids was
mainly contributed by their lower seed index values, as large proportion of conventional
hybrids exhibited negative heterosis for seed index. Three GMS based hybrids viz.,
DS-5 x 30802, DS-5xN0.2631 and DS-5 x B-Desh are potential hybrids for exploitation
of hybrid vigour utilizing DS-5 male sterile line.

Key Words : Gossypium arboreum, genetic male sterility, conventional and GMS

based hybrids and heterosis '

Heterosis breeding in cotton has paid rich dividends in increasing production
and productivity of cotton in central and southern zones of the country. One of the
chief factors contributing to the increased production and productivity in cotton is
the development of hybrids in tetraploids and their successful cultivation in about
28.2 percent of cotton area of the country. Although, desi cottons were predominant
during 1930’s and 1940’s have now declined to 30 percent of total cotton area under
cultivation. The desi cottons are known for their inherent ability to resist major pest
and diseases in addition to high ginning out turn, low cost of management and
wide adoptability under rainfed conditions due to deep root system [1]. The area
under desi cotton hybrids is not significant due to uneconomic hybrid seed production.

ISpecial Officer (Seeds, UAS, Dharwad 580 005
ZSenior Scientist (Cotton), ARS, Dharwad 580 005
®Department of Genetics and Plant Breeding, College of Agriculture, Dharwad 580 005



494 S. T. Kajjidoni et al. [Vol. 59, No. 4

The stylar portions of flowers of cultivated diploid cotton breaks easily at the time
of emasculation due to its brittle and fragile nature, resultmg in low percentage of
boll setting during hybrid seed production.

Use of genetic male sterility can considerably reduce the cost of hybrid seed
production atleast by 30 percent by avoiding labour cost required for intensive
emasculation [2]. Several workers have reported genetic and cytoplasmic male sterility
in American cotton. In desi cotton, although petaloidy nature has been reported in
G.arboreum. L in which anthers are transformed to petal like leafy structures [3], the
petaloidy nature has not been utilized for hybrid seed production due to its unstable
and partially male sterile behaviour. Recently Singh and Kumar [4] and Mesharam
et al., [5] reported different genetic male sterile sources in G. arboreum L, controlled
by two different single recessive genes. Information on interaction of cytoplasms or
genomes of lines, affecting the hybrid performance is prerequisite for practical use
of any male sterility system in exploitation of hybrid vigour. The hybrids developed
by utilizing these two sources and also their fertile counter part lines as females by
crossing them with selected genotypes of G. arboreum formed the material for the
present investigation, to study the extent of heterosis over better parent in GMS
based hybrids as compared to corresponding conventional hybrids.

MATERIAL AND METHODS

Two genetic male sterile lines viz., DS-5 and GAKA-423 belonging to G.arboreum
were used as females. Each of male sterile line was crossed with eighteen selected
varieties of G. arboreum to obtain 2x18 intra-arboreum GMS based hybrids and
similarly using maintainer line of each source, 2 x 18 intra-arboreum conventional
hybrids were obtained by hand emasculation.

The following parents were used in the study.

a. Male sterile and fertilé counterpart lines were used as female parents.

1. DS-5 2. GAKA-423

b. Male parents. 1. TKA-332 2. CIMA-302 3. NO.2631 4. No. 2708 5. No. 2463

6. A-82-1-1 7. Virnar 8. AK-235 9. CNA-4 10. No.22 11. No. 23 12. Shreeshailum
13. AKH-4 14. 30843 15. B-Desh. 16. 30802 17. GAO- CB-3 18. 30815.

The resulting 36 GMS based, 36 conventional hybrids and parents were evaluated
in RBD with three replications during kharif 1995 under rainfed situation at Agricultural
Research station Dharwad. Five competitive plants were tagged at random in each
replication and in each entry for recording observations on 13 quantitative traits.
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The heterosis over better parent was calculated by the method of Turner [6] and
Hayes et al., [7]. The average heterosis of hybrids was worked out on the basis of
mean value of 20 parents and 36 hybrids.

RESULTS AND DISCUSSION

The magnitude of heterosis over better parent for 13 characters is presented in
Table-1 for GMS based hybrids and Table 2 for conventional hybrids and abstracted
information in Table 3. For effective presentation and discussion of the results, the
13 characters are grouped into maturity related, plant morphological, yield and its
components and economic traits.

Maturity related characters

In the present study, only two characters viz.,, days to 50 percent flowering
and node number are related to maturity. Out of 36 GMS based hybrids, none of
the hybrids exhibited significant heterosis over better parent in negative direction
for both the traits. However under conventional cross combinations, one hybrid DS-5
x 30802 (1 x 16) for days to 50% flowering and two hybrids viz. GAKA 423 x GAO
CB-3 (2 x 17) and GAKA-423 x A-82-1-1 (2 x 6) for node number were heterotic in
desirable direction. In general the GMS based hybrids were comparatively late in
attaining days to 50% flowering than conventional hybrids as indicated by the range
of better parent heterosis. There are no reports available involving GMS based crosses
in desi cotton, however Tomar and Singh [8] reported significant heterosis over
better parent in conventional G. arboreum crosses.

Plant morphological traits

Plant height is an important morphological character in cotton which provides
seat for nodes and internodes ultimately determining the total yielding potential of
a genotype. There were as many as four GMS based and four conventional crosses,
which exhibited significant positive heterosis over better parent for plant height. Out
of these hybrids, one viz.,, DS-5 x 30815 (1 x 18) exhibited highest heterosis by
involving shortest male and female parents in both cross combinations. Sandhu and
Kooner [9] and Waldia and Tomer [10] also observed remarkable heterosis for plant
height in conventional intervarietal crosses of G. arboreum.

High sympodia per plant with minimum number of mohopodial branches is
an indication of higher productivity. None of the GMS based and conventional
hybrids were heterotic over better parent in desirable direction for number of
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Table 3. Mean performance of parents and F;s, average heterosis and range of
better parent heterosis with number of heterotic crosses in desirable
direction in respect of 13 quantitative characters in G. arboreum L.

Characters Hybrid Mean Aver- Range of BP. No. of No. of
combi- _performance age heterosis roses crosses
nation Parents FiS Hete- with better

rosis signifi-  than bets
cant ‘perse
heterosis  perfor-
in mance
desirable
; direction

Days to 50% flowering GMS 8148 8288 1.72 -7.00 to 20.75 0 0(2)
Con 8257 1.33 -1248 to 17.17 1 1(2)

Node Number GMS 860 818 -4.88 -16.38 to 39.92 0 7
Con 830 -348 -26.23 to 26.05 2 7

Plant height (cm) GMS 12572 136.00 8.17 -21.00 to 73.84 4 0(2)
Con 136.52 859 -15.02 to 65.41 4 2(1)

No. of sympodial GMS 2753 2925 668 -34.90 to 28.71 -0 3

branches/plant
Con 2910 570 -30.07 to 41.41 2 3

No. of monopodial GMS 461 505 954 -17.69 to 141.50 0 0(1)

branches/plant
Con 486 542 -24.56 to 58.04 0 1

Yield of seed GMS 4201 4928 17.30 -33.16 to 90.25 12 8

cotton/plant (g)

Con 4676 11.30 -56.65 to 72.6 6 6

Boll weight (g) GMS 220 246 11.82 -583 to 26.32 13 5
Con 240  9.09 -13.30 to 27.06 7 2

No. of bolls/plant GMS 2230 25.62 14.88 -33.70 to 86.25 9 9
Con 2498 1201 -39.29 to 66.67 4 6

No. of seeds/boll GMS 2215 2369 695 -24.90 to 16.67 4 0
Con 2294 357 -32.35 to 21.32 2 0

Ginning out-turn (%) GMS 3833 39.94 420 -15.00 to 7.09 1 12)
Con 4044 550 -9.64 to 7.09 3 5

Seed index (g) GMS 627 610 -271 -20.00 to 10.53 3 2(7)
Con 6.03 -3.82 -15.00 to 16.67 4 3(11)

Lint index (g) GMS 390 406 410 -26.65 to 16.35 4 7

‘ Con 410 512 -1556 to 17.34 0 8

Halo length (mm) GMS 2205 2127 -3.54 -21.25 to 8.92 0 0(2)

Con 2131 -3.36 -21.69 to 9.07 0 0(2)

Figures in the parenthesis indicate crosses nearer to the best parent
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sympodial and monoprodial branches per plant except two conventional hybrids
viz., DS-5 x No. 2708 (1 x 4) and GAKA-423 x No. 22 (2 x 10) which were heterotic
only for number of sympodial branches per plant. Out of these crosses one cross
viz. DS-5 x No. 2708 had the highest mean seed cotton yield among conventional
crosses, indicating importance of this trait to the productivity of the hybrid. Most
of the GMS based crosses showed high better parent heterosis for number of
monoprodial branches compared to their respective conventional hybrids in positive
direction.

Yield and yield components

The magnitude of the average heterosis was high for seed cotton yield compared
to remaining traits and it was closely followed by number of bolls per plant and
boll weight. The boll number and boll weight in intraspecific hybrids and boll
number in interspecific hybrids were reported as major components of yield heterosis
in diploid cottons [11-13]. Among two sets of hybrids, the GMS based hybrids
exhibited better average heterosis than conventional hybrids for seed cotton yield
and its component characters. The range of heterosis for seed cotton yield was high
(~33.16 to 90.25%) in GMS based hybrids than conventional hybrids (-56.55 to 72.6%).
The same is also indicated by the significant interaction effect due to GMS based
Vs conventional hybrids at 5 per cent level of probability when the data was subjected
to analysis of variance. The superiority of GMS based hybrids for seed cotton yield
was probably due to the cumulative action of component traits like number of bolls
per plant, boll weight and number of seeds per boll for better expression of heterosis
of seed cotton yield. Similar results were reported by Srinivasan and Gururajan [14]
in reconstituted GMS based hybrids H4 and Varalaxmi compared to their respective
conventional hybrids.

As many as twelve GMS based and six conventional hybrids exhibited
significantly superior heterosis over better parent for seed cotton yield in positive
direction. The mean performance of hybrids along with heterosis will serve as useful
guide in selecting potential hybrids. From this point of view, eight GMS based and
six conventional hybrids were better for seed cotton yield than best per se performance
(58.20 g./plant). Out of these, two GMS hybrids viz., DS-5 x 30802 (1 x 16) and
DS-5 x No. 2631 (1 x 3) exhibited simultaneous heterosis for seed cotton yield, boll
weight and number of bolls per plant, where as other hybrid DS-5 x B- Desh (1
x 15) exhibited simultaneous heterosis for yield and all the yield components including
number of seeds per boll. These are potential hybrids for exploitation of heterosis
using DS-5 genetic male sterile line. There are no reports-available on exploitation
of heterosis using male sterility systems in cultivated diploid species. However,



502 S. T. Kajjidoni et al. [Vol. 59, No. 4

Srinivasan and Gururajan [15] observed better parent heterosis of 70-80 per cent in
Gregg male sterile (GMS) based crosses of G. hirsutum cotton. Bhale and Bhat [16]
observed the superiority of GMS based hybrids over CMS hybrids of G. hirsutum
in respect of seed cotton yield.

Among conventional hybrids, six were heterotic for seed cotton yield, seven
for boll weight, four for number of bolls per plant and one for number of seeds
per boll. Out of these, DS-5 x No.2708 (1 x 4) exhibited simultaneous heterosis for
all the three yield component traits with highest mean seed cotton yield per plant
(87.43 g). This was closely followed by other three crosses viz.,, DS-5 x B-Desh (1
x 15) DS-5 x No. 2463 (1 x 5) and DS-5 x No. 2631 (1 x 3) exhibiting simultaneous
heterosis for seed cotton yield and number of bolls per plant and seed cotton yield
and boll weight respectively.

Economic traits

Among four economic traits included in the study, ginning out- turn per cent
primarily depends on seed weight and lint weight. Lint index represents the absolute
weight of lint produced per seed and this trait is more important in breeding work
than ginning out turn as it is highly correlated with lint yield. Three conventional
and one GMS based hybrids exhibited significant better parent heterosis in desirable
direction for ginning out turn percent. In general the conventional hybrids were
superior in ginning out turn compared to GMS based hybrids as indicated by the
range of heterosis over better parent (Table 3) and also by the significant mean sum
of squares due to interaction effect between GMS based and conventional hybrids
at 5% level of probability. The higher ginning out-turn of conventional hybrids was
mainly contributed by the lower seed index values of conventional hybrids, as large
proportion of conventional hybrids exhibited negative heterosis for seed index
compared to GMS based crosses. As many as nineteen and eleven conventional
hybrids exhibited lower and higher better parent heterosis for seed index compared
to their respective GMS based hybrids respectively. Similar observations were also
made by Soddi [17] in G.hirsutum male fertile counter part lines of "Gregg" male
sterile line. Kowosalya and Raveendran [18] observed higher ginning out-turn
percentage in the hybrids of B lines of G. hirsutum compared to the hybrids of A
lines with G.harknessii cytoplasm.

Out of the hybrids identified for significant heterosis over better parent in
positive direction for ginning out turn percent, two conventional hybrids viz, DS-5
xNo0.2708 (1 x 4) and DS-5 x No. 2631 (1 x 3) were top yielders with mean seed
cotton yield better than best per se performance. These crosses could be considered
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as potential crosses for high lint yield with simultaneous exploitation of hybrid
vigour for seed cotton yield and ginning out turn. Similarly for lint index trait none
of the conventional hybrids were heterotic over their better parent, whereas four
GMS based hybrids exhibited significant better parent heterosis in positive direction.
Failure of conventional hybrids to record significant heterosis for lint index was
mainly due to their lower seed index values, since lint index is complemented by
high ginning out turn per cent and high seed index values.

Among two sets of hybrids, none of the hybrids recorded significant heterosis
over better parent for halo length however one hybrid, GAKA 423 x No. 2708 (2
x 4) in both cross combinations recorded highest heterosis in positive direction.
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