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ABSTRACT

Combining ability analysis in macaroni wheat (Triticum durum Desf.) involving 10 diverse
parents and their 45 F; and F2 progenies indicated significant differences for gca among the
parents, and for sca in crosses for all the characters studied, except for sca for straw yield in
F2. Additive variance (6*A) was higher than the dominance (c” D) for all the characters,
except for tillers/plant and grain yield, indicating the predominance of additive gene action
for the traits studied. Among the parents, JNK-4W-184, A-9-30-1 and Storck’s’ were good
general combiners for grain yield and also high to average combiners for most of the yield
components. The cross Cocorit 71 X A-9-30-1 was consistently good specific combiner for
grain yield in both generations. Most of the good specific crosses for grain yield involved
Indian and exotic genotypes. Such crosses could be explored further for improvement in
the grain yield of durum wheat through the combinations of desirable yield components.
Biparental mating and/or multiple crosses are recommended in view of significance of both
additive and nonadditive gene effects to get tangible advancements.
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Macaroni wheat (Triticum durum Desf.) is the second most important wheat species
grown in India. Any improvement in this group of wheat would have a direct bearing not
only in varietal diversification but also in augmenting total wheat production of the country.
Therefore, the investigation was carried out to elicit information on the nature of gene action
and to identify desirable parents for yield and important yield traits by combining ability
analysis in 10 x 10 diallel progenies (F1, F2). Since, limited information is available on these
aspects in macaroni wheat, the information so generated will be helpful in formulating an
efficient breeding methodology in this important group of wheat.
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MATERIALS AND METHODS

Ten varieties of macaroni wheat, viz., Raj 1516, HD 4530, NP 401, Cocorit 71,
Flamingo’s’, Storck’s’, Raj911, A-9-30-1, Raj 2061, and JNK-4W-184 of diverse genetic origin,
were crossed in all possible combinations, excluding reciprocals. Forty five F1 hybrids so
obtained were selfed to produce F2. Ten parents along with their 45 F1 and F2 progenies
were grown in randomized block design with three replications under normal sown
environment at Agricultural Research Station, Sriganganagar, Rajasthan. The parents and
F1s were grown in single rows and F2s in four rows. Each row was 5 m long, 30 cm apart
rows, 10 cm spacing between plants. The usual cultural practices were followed to raise the
crop. Five competitive plants of the parents and F1s and 20 plants in each F2 family were
selected randomly to record observations on ten quantitative traits (Table 1). Analysis for
combining ability was carried out following Method 2, Model 1 of Griffing [1]. Components
of variances were translated into genetic components (6’A & o°D) as suggested by Singh
and Choudhary [2].

RESULTS AND DISCUSSION

Significant value of variances (Table 1) due to general combining ability (gca) and
specific combining ability (sca) in both F1 and F2 revealed thatboth additive and dominance
gene effects are important in the inheritance of all the characters studied. However, the

Table 1. Analysis of variance (M.S.) for combining ability for grain yield and its components in
macaroni wheat

Source  Gener- df. Days Days Plant Tillers Spike Spike- Grains 1000- Straw Grain

ation to to height per length lets per  grain  yield yield

head- matu- plants per  spike = weight per

ing rity spike plant

Gea F 9 117.62° 1879" 129766" 587" 164" 578" 231417 132.807 28934" 955"
F2 9 9771" 17317 118262 355 108" 470" 2020”7 12528 12426" 444"

Sca Fi 45 280" 108" 49277 3477 012" 026" 185" 15047 4049 525
F 45 293" 113" 1509" 159" 007" 022" 83" 5697 740 86

Error F1 108 051 038 203 18 003 007 58 167 1676 178
F2 108 072 041 360 099 001 007 38 205 -« 534 46

A Fi 957 147 10403 020 013 046 178 981 2074 36
F2 780 134 9729 016 008 037 161 9.96 974 3.0

&D F 229 070 4724 158 009 019 127 1337 2373 347
F2 221 072 1149 060 006 015 45 3.64 206 40

P =005, "P=0.01.
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relative magnitude of additive (?A) and dominance (¢°D) variance revealed that grain
yield and number of tillers were mainly controlled by nonadditive genes, while the
remaining characters were controlled by additive genes, inboth generations except for straw
yield which was influenced by both dominance (F1) and additive components (F2). These
results are in agreement with the earlier reports on a wide range of durum materials [3-11].

The gca estimates (Table 2) revealed that the parents JNK-4W-184, A-9-30-1 and Stork's’
were good general combiners for grain yield, whereas parents Raj 2061 and HD 4530 were

Table 2. General combining ability effects for grain yield and its components in macaroni wheat

Parent gene- Days Days Plant Tillers Spike Spike- Grains 1000- Straw Grain
ration to to  height per lets per grain  yield yield

head- matu- length per  spike weight per

ing rity spike plant

Raj 1516 Fi -1537 018 -11487 -011 045 001 287 -204 -1242 028
F2 -140" 021 -1076" 027 -039" -011 212" -130" -796 025

HD 4530 Fi  -195 -076" -11.11: 014 -001 -092" -036 -4.14: -25.40:: -3.70"
F2 293 -150° -944° 023 -006 -048" -026 -337 -1809  -213

NP 401 F1 479" 138" 18147 -079 0.69: 079" -036 367 3279 174
F, 331" 125" 15800 -055 035 0297 1320 2977 19.077 038

Cocorit 71 Fi 020 -056  -250 103" -020" -017 273" 256" -173 157

F2 026 -019 -031" 078 -014" -009 104 -267 423 112
Flamingo's’ Fi 190 107 583" 061 031, 067 1300 -106. -351 019

»

F2 2447 119" 690" 0617 035 0777 -056 -156" -099 -046

Storck’s’ Fi -2300 -176" -181" 029 047" -091" 1.41:‘ 1.04: -036 115
Fo 217" -176" -223" 007 -041" 087" 2217 144" 5417 140

Raj911 Fi 375, 172 -513° 001 010 013 -256 1220 684 -122
F, 354" 149" 465  -035 -018" 014 244" 106" 5277 -1.26
A-9-30-1 F 271" 047" 15447 047 0.28: 060" 287" 2327 040 -005
F2 3060 064 17087 002 036 084" 462" -2.87 504 219"

3

Raj 2061 Fi 3737 018 379" -118 -026. 084 -1055 695 594 449"

"

F  -342" 001 -3517 -103" -020" -093" -966 709" -130 -371"

el 23

INK-4w-184 ~ Fi  -383" -1927 808" 075 002 066 52 076 1334 499"

F2 =269 -135" 694" 012 -004 045 424" -080 860" 221"
S.E.(gi) Fr 019 016 039 037 005 007 066 035 354 115
F 023 017 051 027 003 007 053 039 200 058
S.E. (gi-gj) Fi 029 025 058 . 056 007 011 098 052 528 1.27

F2 0.34 0.26 0.77 0.40 0.04 0.11 0.79 0.58 298  0.87

P =0.05"P =001
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consistently poor combiners for grain yield but good combiners for earliness. None of the
parents was a good general combiner for all the traits. However, all the three good general
combiner for all the traits. However, all the three good combiners for grain yield also
appeared to be the best general combiners for most of the component traits. The parent
JNK-4w-184 was also a good combiner for earliness, number of tillers, spikelets and
grains/spike, and straw yield; A-9-30-1 for spike length, spikelets and grains/spike, and
straw yield; and Stork’s’ for earliness, dwarfness, grains per spike, 1000-grain weight.
Cocorit 71 and Flamingo’s’ were the other promising parents showing high gca effects for
important yield traits. The gca effects represent the fixable components of genetic variance
[12]. Thus, the parents, especially JNK-4W-184, A-9-30-1 and Stork’s’, may be useful in
hybridization programmes for the improvement of grain yield of macaroni wheat.

The specific combining ability (sca) effect represents nonfixable components of gertetic
variance, related with heterosis. Among the 45 crosses, seven crosses in F1 and five crosses
in F2 were found to be good specific combiners for grain yield. However, the highest positive
and significant sca effect was exhibited by the cross NP 401 x Raj 911 for grain yield which
also gave highest per se performance in F1. The other promising crosses which showed
significant positive sca effects for grain yield were Cocorit 71 x A-9-30-1, HD 4530 x Raj 2061,
Flamingo’s’ x A-9-30-1, Cocorit 71 x JNK-4w-184, HD 4530 x Stock’s’, and NP 401 x
Flamingo’s’ in F2 generation, the crosses HD 4530 x A-9-30-1 followed by Stock’s’ x Raj 2061,
Stock’s’ x Raj 911, Stock’s” x A-9-30-1 and Cocorit 71 x A-9-30-1 showed significant positive
séa effects for grain yield. These crosses also exhibited average to high sca effects for some
of the yield components. However, the sca effects in different generations did not have much
similarity except the cross Cocorit 71 x A-9-30-1. This indicates the occurrence of sca x
generation interaction as also reported by [13-15].

An examination of the sca effects of different crosses revealed that the crosses showing
higher sca effects did not necessarily involve good general combiners as their parents as
observed by [7, 8, 13-15] .The crosses with significant positive sca have potential for further
improvement in grain yield through its component traits. It is therefore suggested that such
crosses should be exploited vigorously in the future breeding programmes to obtain good
segregates which will lead to build up a population with high genetic yield potential.

It is noteworthy that most of the crosses showing high sca effects for grain yield in both
F1and F2 generations were combinations of Indian x exotic types. This emphasises the need
for combining two diverse germplasms to create maximum genetic variability which is the
prime requirement and this alone would help in raising yield levels through selection in
any successful breeding programme [16].

The study revealed that the additive component (c®A) was predominant and played a
more important role than the dominance component (6”D) in the genetic control of all the
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traits studied except tillers/ plantand grain yield / plant. Hence pedigree method of selection
can be used for the improvement of the characters. On the contrary, characters like
tillers/plant and grain yield were mainly under the control of nonadditive gene action,
though they also showed considerable amount of additive genetic variance. Improvement
of such characters needs a breeding methodology which can capitalize on additive as well
as nonadditive genetic variances. In this situation biparental mating offers good promise to
increase the frequency of genetic recombination and hasten the rate of genetic improvement.
Inclusion of high sca Fi1s and high gca parents in multiple crosses could also prove a
rewarding approach.
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