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ABSTRACT

An investigation was undertaken to assess the gene action underlying the inheritance of
fibre traits, viz., 2.5% span length, fibre uniformity, fineness and maturity coefficient, and
to suggest breeding methodologies for improvement of these characters. Mean data of six
generations of five crosses were partitioned into their components. In general, all the traits
were governed by additive, dominance, and digenic nonallelic interaction effects.
However, nonadditive gene action predominated the additive gene action. Hence, one or
two cycles of recurrent selection techniques followed by pedigree method of handling the
segregates could be successfully adopted for improvement of the traits studied.
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The unique features of fibre quality in cotton has to be taken into account in its breeding
programmes. Tai [1] stated that the success of any plant breeding programme depends to a
greater extent on the knowledge of the genetic constitution of the population handled by
the breeder. Hence information on the genetic architecture of fibre yield and other quality
traits is essential. An attempt has been made in the present study to understand the nature
of gene action governing the inheritance of different fibre quality traits and to suggest
breeding methodologies for improvement of these traits.

MATERIALS AND METHODS

Five genotypes, viz., MCU 5, a high yielding extralong staple variety from Tamil Nadu;
MCU 7, an early maturing medium staple variety from Tamil Nadu; Express Sindh (W), a
short staple accession from Pakistan; Piedmont Cleveland, a long staple accession from
U.S.A.; and Sindis Wild, a medium staple type from Pakistan were used as seed parents.
- Using a fuzzless-lintless type, maintained in the germplasm collections of the Cotton
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Breeding Station, Coimbatore, as common pollen parent, five F1s were obtained. These
combinations will be hereafter referred to as Cross 1, Cross 2, Cross 3, Cross 4 and Cross 5,
respectively. Six generations, i.e. P1, P2, F1, F2, BC1 and BC: of each cross were raised in
randomised block design with three replications. The number of rows assigned to P1, P2, Fy,
F2,BC1and BC2 generationsineach replication were 1,1, 1, 8,4 and 4, respectively. A spacing
of 75 x 30 cm was adopted with 20 plants per row. The crosses were first randomised within
each replication, while the six families within each cross were randomized individually. The
total number of plants studied in each of the crosses were: 60 in P1, P2 and F1; 480 in F2; and
240 in BC1 and-BCa.

The means and variance of means for 2.5% span length, uniformity ratio, fibre fineness,
and maturity coefficient were computed for each generation. The mean of P2 was ‘0/ since
the second parent was a lintless type. The variance of mean of P2 was set as equal to that of
average of P1 and F1. The ‘0’ values observed in certain plants in F2 and BC2 generations
were excluded (based on personal communication from Prof. Jinks and Dr. H. S. Pooni,
University of Birmingham, England). The gene effects were estimated using the models
suggested by Mather and Jinks [2] and Jinks and Jones [3].

RESULTS AND DISCUSSION

The mean values of different generations, significance of scaling tests A, B and C and
the estimates of genetic parameters m, (d), (h), (i), (j) and (1) for different characters were
estimated (Tables 1-4).

2.5% SPAN LENGTH

All the three scales, i.e., A, B and C were significant for the crosses 1, 2, 4 and 5, while
for cross 3, only the scales B and C were significant. Hence, a simple additive-dominance
model was inadequate for all the crosses and a digenic nonallelic interaction model was
assumed for inheritance of this trait. Estimates of additive (d) and dominance (h) effects
were significantly positive for all the crosses. In all the cases, the dominance effect was
predominant over the additive effect. The additive x additive interaction effect (i) was
significantly negative for cross 3 and significantand positive for crosses 1 and 4. The additive
x dominance effects (j) and dominance x dominance interaction effects (I) were significantly
negative for all the crosses (Table 1). Although the estimate of (h) was larger in magnitude
than (d), sum of (j) and (1) with negative gene effects was larger than (h). Thus, these gene
effects reduce 2.5% span length. A duplicate type of digenic nonallelic interaction was
involved in the inheritance of this trait, as can be seen from the opposite signs of (h) and (1).
Importance of both additive and dominance effects was reported by several workers [4-6].
On the other hand, Gill and Kalsy [7] and Dhillon and Singh [8] observed digenic nonallelic
interaction effects to be more important in the inheritance of this character.
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Table 1. Mecan values (mm), scaling tests and estimates of genetic parameters for 2.5% span
length {mm) in cotton

Parameter Cross 1 Cross 2 Cross 3 Cross 4 Cross 5
Mean:

P 32.8+0.09 26.2 +0.08 25.2 +0.08 304 +0.13 25.7+0.13
P2 0.0+0.12 0.0+0.10 0.0 +0.10 0.0+013 0.0+0.11
Fi 29.8+0.14 24.5+ 0.12 263+0.12 28.3+0.12 25.0+0.09
F 27.6 +0.08 25.5+0.08 26.1+0.12 27.9 +0.11 25.1+0.14
BG 30.6+0.10 26.0+0.10 25.7 + 0.09 30.2 +0.09 25.1+0.10
BC2 253+0.10 25.5+0.11 242 +0.10 26.8 +0.12 25.4+0.10
Scales: . ] ] )

A -1.3+027 14 +024 01+022 18"+ 025 0.6 +026
B 207" +027 264" +0.26 22.1°+025 254 +031 258" +0.25
C 18.1°+ 047 27.0" + 041 26.6' +0.54 24.7" + 0.53 24.6' +0.61
Genetic parameters: ) ) ) . )

m 15.1°+ 045 123'+ 042 17.2° + 0.54 127"+ 053 1217+ 0.63
(d) 164" +0.07 13.1° +0.06 12,6  +0.07 15.2" + 0.09 12.9" +0.09
(h) 353" +1.11 40.8" +1.08 26.6 +1.23 453" +1.29 389°+143
® 13"+ 0.44 0.8 +0.42 4.6 +0.53 25 +053 0.7 +0.63
0] -22.0" +032 -25.0" + 0.32 -222"+0.28 -23.6 + 035 264 +0.34
m -20.6 +0.74 -28.6 +0.71 -17.5" +0.75 -29.7'+0.08 -26.0" +0.84

Si gnificant at 5% level.

UNIFORMITY RATIO

In the crosses 1, 3, 4 and 5, all the three scaling tests were significant. However, in cross
2, only two scales namely B and C were significant. Digenic nonallelic interaction was
responsible for inheritance of this trait in all crosses. It was seen that both additive (d) and
dominance (h) effects were significantly positive. Estimate of dominance effects was larger
in magnitude than additive effects. The interaction effect (i) was significantly negative in
crosses 1 and 4 but positive in cross 3. Other interaction effects (j) and (1) were significantly
negative in all the crosses (Table 2). The nonadditive nonallelic interaction effects (j) and (1)
balanced the (h} effects which were positive. Further, the (h) and (1) effects exhibited
opposite signs indicating duplicate gene interaction. Predominance of additive gene action
for uniformity ratio was reported earlier [9, 10] in contrast to the present study.

FIBRE FINENESS

The three scaling tests were significant in all the crosses, indicating inadequacy of a
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Table 2. Mean values (%), scaling tests and estimates of genctic parameters for uniformity ratio

Parameter Cross 1 Cross 2 Cross 3 Cross 4 Cross 5
Mean:

Py 46.6 +0.21 51.0+0.23 48.1+0.14 47.2 + 013 48.1+0.15
P 0.0+0.22 0.0 +0.19 0.0+0.16 0.0+013 0.0+0.16
F 492+023 51.1+0.16 484+018 49.4 + 0.12 48.2+0.18
B 50.2 + 0.09 50.7 + 0.09 47.8+0.13 483+0.13 46.4+0.19
BG 493 +0.15 50.9 +0.12 48.6 +0.14 472 +0.14 46.9 +0.13
BC; 49.6 + 0.13 50.2+0.14 483 +0.13 48.6+0.11 46.6+0.14
Scales: ) . . )

A 2.8 +0.44 -02+037 0.7 +0.35 -22"+033 -25 +0.35
B 50.1" + 0.41 49.2" +0.38 48.2 +0.36 47.8"+029 45.0" +0.36
C 55.7" +0.67 49.7 + 0.57 466 +0.66 47.1 +0.59 412" + 086
Genetic parameters: ) . ) . )

m 26.1°+0.57 263" +0.55 21.6' +0.65 251 +0.62 22.7 +085
G 233" +015 255 +0.15 241" +0.11 23.6 +0.09 24.0' +0.11
(h) 732" +1.51 73.0' + 1.43 78.1" + 1.58 68.5 +1.50 69.4" +1.93
@) -2.8 +0.55 ~0.80 +0.52 24" +064 -1.5 +0.62 14+085
0 -47.2" + 0.50 —49.4" +0.48 —47.5" +0.44 -50.0" +0.40 474" +0.44
) -50.1" + 1.04 482" +0.95 -51.4" +1.01 -44.1" + 0.93 439" +1.15

'Significant at 5% level.

simple additive-dominance model. In all the crosses, the additive and dominance effects
were positive and significant. However, the magnitude of (h) was many times larger than
(d). The additive x additive interaction effect (i) was significantly negative in cross 2 and
positive in cross 5. The additive x dominance (j) and dominance x dominance (1) effects were
significantly negative in all the crosses (Table 3). Though the estimate of (h) was many times
larger than (d), the sum of negative (j) and (1) gene effects balanced the positive influence of
(h). The opposite signs of (h) and (1) indicated the predominance of duplicate type of
interaction. While the presence of additive gene action for fincness was emphasised by
Tabrah [11], importance of dominance gene action was also reported [10, 12].

MATURITY COEFFICIENT

All the scaling tests deviated significantly from zero in all the five crosses. The additive
(d) and dominance (h) effects were significantly positive in all the crosses. The magnitude
of (h) was greater than (d) in all the crosses. The (i) effect was significant and positive in the
crosses 1 and 5, but significantly negative in crosses 2 and 3. The (j) and (1) cffects were
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Table 3. Mean values (millitex), scaling tests and estimates of genctic parameters for fibre fineness in cotton

Parameter Cross 1 Cross 2 Cross 3 Cross 4 Cross 5
Mean:

Pi 1411+ 1.10 141.8 +1.57 146.1 + 0.86 1683 + 0.83 140.0 + 0.77
P 0.0+1.11 0.0+1.64 0.0 +0.87 0.0+098 0.0+0.75
R 1543 +1.12 1699 +1.74 151.0 + 0.89 181.6 + 1.04 1416 +0.75
F 1654 +1.30 175.8 +1.51 159.0+1.33 173.6 + 1.46 1372 +1.29
BC1 156.1 + 1.13 149.6 +1.52 1424 +1.78 155.4 +1.30 129.4 + 1.12
BC2 1803 +2.47 1822 +2.14 1762 +1.89 191.0 + 1.68 155.2 + 1.92
Scales: . . . . )

A 16.8 +2.76 -12.4" +3.84 -122" +3.77 -39.1" +2.93 228" +2.49
B 206.2" +5.18 1945 +4.90 2015 +3.99 200.4" + 3.65 168.8" +3.99
C 211.9" +5.87 2214 +7.33 1879+ 5.75 163.1" + 6.33 125.6 +5.49
Genetic parameters: . ) . . ,

m 59.5" +7.56 1102" +8.08 71.6 +7.47 85.8"+7.23 49.6 +6.85
(@ 70.6 +0.78 709" + 1.14 73.0' +0.61 84.1" + 0.66 70.0° + 0.54
) 3289 +19.51 202.6 +2021 270.2" +19.00 255.4" +17.39 258.3 +17.00
@ 11.147.52 -39.3" + 8.00 1.5+ 7.44 -17+7.20 204" +683
G -189.4" +5.63 -207.0" +5.72 -213.7' +5.34 -239.5 +4.44 -191.6 +4.58
() -234.0" +12.35 -142.8" +12.80 -190.8" +11.88 -159.7 +10.58 -166.4" +10.47

"Significant at 5% level.

significant and negative in all the five crosses. The sum of (j) and (I} with negative effects
exceeded (h) with positive effects in all the crosses. The duplicate type of interaction
predominated the other type of digenic interactions as indicated by the opposite signs of (h)
and (I)inall the crosses (Table4). Tabrah [11] and Meredithetal. [13] concluded thatadditive
effect was the major type of gene action involved in fibre maturity. However, Singh et al.
[14] reported both additive and nonadditive genetic effects for this trait.

As a whole, additive, dominance and digenic nonallelic interaction effects appear to
governall the fibre properties studied. However, predominance of nonadditive gene action,
particularly jand 1 types, was observed for all the fibre characters. The nonfixable combined
gene effects (h), (j) and (1) exceeded many times the magnitude of fixable effects (d) and (i).
Therefore, improvement of these fibre traits appears to be difficult as simple pedigree
breeding will not be able to fix the superior lines in the early generations. However, one or
two cycles of recurrent selection, followed by pedigree breeding, will be effective and useful
[15, 16] for improvement of fibre traits in cotton.
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Table 4. Mean values, scaling tests and estimates of genetic parameters for maturity coefficient in cottan

Parameter Cross 1 Cross 2 Cross 3 Cross 4 Cross 5
Mean: i
Py 714+0.23 74.8 +0.39 76.4 +0.19 764 +0.20 -~ 738+020
P, 0.0+026 0.0 +0.31 0.0+021 0.0+017 0.0+024
F 75.0 +0.29 77.7 +0.21 78.9 +0.24 78.6+0.12 74.9 + 028
F 74.9+0.08 77.4+0.16 76.8 +0.22 774 +0.16 72.4+033
BC 740+ 019 75.0+0.32 72.6 +0.30 76.0 +0.22 71.1+0.36
BC; 76.7 +0.19 782+013 77.3+0.15 78.8 +0.10 76.0 + 0.21
Scales: . . ) . .
A 16 +053 2.6 +0.77 -10.1" + 0.67 -3.1 +049 -6.5 +0.80
B 784" +0.55 78.7 +0.46 757" +0.43 79.0' +0.28 77.1" +0.55
C 782" +0.99 794" +0.90 729" +1.02 758" +0.72 66.0" + 1.48
Genetic parameters: ] . . ) ,
m 33.9' +0.92 406" +0.96 456  +1.10 380" +0.80 322" +1.58
C) 357 +0.17 374+ 0.25 382" +0.14 382" +0.13 369" +0.16
(h) 123.0 +2.25 1101 +2.52 91.5" +2.67 1167 +1.94 118.0" + 3.68
0) 1.8"+0.90 =32+ 093 7.4 +1.09 02+0.79 47" +157
) -76.7 +0.64 813" + 084 -85.8"+0.72 -82.1" +054 -83.6 +0.88
m 819 +1.47 -73.0 +1.64 -58.2" + 1.67 -76.1"+1.19 753 +2.22
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