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Combining ability and geneactionfor grainyield
and nutritional traits in barnyard millet
(Echinochloa frumentacea (Roxb.) Link)

B V.G. RENGANATHAN, S.M. IBRAHIM, C. VANNIARAJAN, J.
PRABAKARAN AND P. ARUNACHALAM

SUMM ARY : Twenty four cross combinations from six lineswith four testerswere studied along with
parents for combining ability and gene action in barnyard millet. The SCA variance was greater in
magnitude than GCA variance for all the six characters studied indicates the predominance of non
additive gene action. Amongst the ten parental lines, ACM 10-145, CO 1, CO 2,ACM 12, PMK 331 and
PMK 332 were the best general combinersfor grain yield along with nutritional traits. Out of 24 cross
combinations, CO 2xACM 12, ACM 12-110x PMK 331, CO 1x PMK 331 andACM 10-145x ACM 12
were adjudged as the best specific combiners for nutritional traits along with grain yield. This result
gives an ideathat heterosis could be exploited in self pollinated crops like barnyard millet. However,
male sterile system have to be identified as reported in foxtail millet to exploit heterosis. At present,
recombination breeding followed by selection may be useful for improve these nutritional traits in
barnyard millet.
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essential amino acidsthanrice. Dietary fibre
whichispresent assolubleand insolubleform
is proved to play an important role in the
management of metabolic disorders and life
style diseases like diabetes mellitus,
hyperlipidemia and colon cancer. The
glycemic index (GI) of the food products
prepared from barnyard milletisvery low, and
arehighly suitablefor diabetic patients (Ugare
et al., 2014). The information on combining

BACKGROUND AND OBJECTIVES

Small milletssupportsfor livelihood and
food security tothemillionsof local inhabitants
of tropical and subtropical regions. They are
rich in micronutrients like calcium, iron,
phosphorous, vitamins, and sul phur containing
amino acids which ensure the alleviation of
mal nutrition. Among minor millets, grains of
barnyard millet contain high profileof protein,
carbohydrate, crude fibre, fat, ash and
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ability and gene action on nutritional traits of barnyard
millet is not available. Hence, the present study was
carried out to acquire information on combining ability
and gene action involved in some important nutritional
traitsin barnyard millet. Combining ability analysishelps
to identify suitable parents and to frame the breeding
strategy effectively based on combining ability and nature
of gene action for improvement of barnyard millet.

RESOURCES AND METHODS

The research was conducted in the experimental
area of the Plant Breeding and Genetics farm at
Agriculture College and Research Institute, Madurai
during Rabi seasonin 2013. The experimental materials
comprised of six barnyard millet linesviz., CO 1, CO 2,
ACM 10-082,ACM 12-110,ACM 10-145,ACM 10- and
four testersviz.,, ACM 11, ACM 12, PMK 331 and PMK
332 were crossed in “line x tester” mating design of
Kempthorne, 1957 to obtain 24 crosses. These cross
combination along with ten parents were evaluated in a
Randomized Block Design (RBD) in three replications
during Kharif 2014. The row to row spacing was 30 cm
and plant to plant spacing was given by 10 cm.
Recommended agronomic practices were followed for
good crop condition. In each replication randomly five
competitive plantswere sel ected and observationswere
recorded for grain yield and nutritional traits namely,
carbohydrate, protein crudefibre, iron and zinc content.
For nutritional analysis, the grain sasmplewasfinegrained
and powdered form was taken for all nutritional
estimations. The mean values of individual traits were
used in combining ability analysis based on the method

of Kempthorne (1957).

OBSERVATIONS AND ANALYSIS

In the present i nvestigation, genotypes (lines, testers)
and line x tester interaction were significant for al the
six traits of barnyard millet. It indicated the presence of
good genetic diversity among thelines, testersand male
x femaleinteraction and thus, greater contribution by these
characters towards combining ability (Prasad et al.,
2015). Theratio between ¢* ., and & ., was lessthan
unity which pointed out the preponderance of non-additive
gene action for the inheritance of the assessed traits.
Thesefindingsarein concordancewith Tariget al. (2014)
for crude fibre and protein in sorghum, Lahane et al.
(2014) for protein in maize, Indhubala et al. (2010) for
yield in sweet sorghum, Rosamma and Vijayakumar
(2005) for grain yield plant? (rice), Adilakshmi and
Upendra(2014) for grainyield, iron and zinc content in
rice. Dueto non-additive gene action, thereisapossibility
of exploiting thesetraits by heterosisbreeding in barnyard
millet. The hybrid seed production through manual
crossing isdifficult dueto small florets and male sterile
source lines yet to be identified in barnyard millet.
However, report on availability of male sterilelinesin
foxtail millet (Wang, 1991) would open the way for
identification of male sterile system in barnyard millet.
In the present circumstance and considering the nature
of gene action recombination breeding followed by
selection or postponing the selection to later generation
inlater segregating generation or intermating segregants
and selection may helpstoimprovethese nutritional traits
inbarnyard millet.

Table1: ANOVA for combining ability and genetic variance for nutritional traitsin barnyard millet

Source of variation df CHO(g) PR (9) CF(9) Fe (mg) Zn (mg) GY (g)
M ean sum of square

Replications 0.58 0.26 0.02 0.14 0.10 1.19*
Lines 24.16* 4.63* 4.46* 4.33* 5.47* 69.91*
Testers 66.39* 7.43* 7.73* 36.26* 2.73* 114.38*
L x T interaction 15 22.57* 4.24* 3.25* 4.89* 1.44* 122.63*
Error 23 0.34 0.14 0.14 0.11 0.06 0.47
Estimates of variance

o - 0.13 0.03 0.10 -0.05 0.34 -4.39
ot 243 0.18 0.25 1.74 0.07 -0.46
0®aea 0.30 0.02 0.04 0.20 0.05 -0.63
0% xa 7.40 1.36 1.04 1.59 0.46 40.72
0 cen 0% sca 0.04 0.01 0.04 0.13 0.11 -0.02

CHO —carbohydrate, PR- protein, CF-crude fibre, Fe-lron, Zn-zinc, GY -grain yield, * indicate significance of value at P=0.05, respectively.
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The estimates of general combining ability (gca)
effectsof 10 parentsand specific combining ability (sca)
effects of best crosses (top five positive significant with
per se) for six traits are presented in Table 2 and 3,
respectively.

Theparents, CO2, ACM 12-110,ACM 12 and PMK
332 showed significant positivegca effectsfor grainyield
can be used as good general combiners. The gca effects
together with relative per se performance is useful for
selecting desirable parent with favorable genes for
improvement of yield and related traits (Prasad et al.,
2015). Among the crosses, CO 2 x ACM 12, CO 2 x
PMK 331,ACM 12-110xACM 12, ACM 10-145x PMK
332,ACM 12-110x PMK 332 werefound to be as good
specific combinersfor grain yield sincethey are having
high positive significant sca effects. This finding was
concomitant by Pawar et al. (2015), where he reported
that the parents, which possessed higher gca effectsfor
grain yield and its components were also good in their
mean performance. Out of 24 cross combinations, the
crossCO 2x ACM 12 obtained from good x good general
combiners, exhibited significant positive sca effect and
high per se performance. Hence, this cross may be
considered to be the best for thistrait through heterosis
breeding or postponed to selection in segregating
generation.

For carbohydrate, ACM 10-145 alone recorded
significant positive gca effects and CO 1 x PMK 331,
CO 2 x PMK 332, ACM 10-082 x ACM 11, ACM 10-

145 x ACM 11 and ACM 10-145 x ACM 12 cross
combinationswere found to be good specific combiners.
The cross combination CO 2 x PMK 332 (low x good
combiner) showed high per se performance and positive
significant sca effect.

Thepromising genotypesfor proteinare CO 2, ACM
10-082 and ACM 12 exhibited significant positive gca
effects and promising cross combinations with good
specific combiners (sca effect) are CO 1 x ACM 11,
CO1xACM 12,CO2xACM 12,ACM 12-110x PMK
331 and ACM 10-145 x PMK 331. The cross CO 2 x
ACM 12 (good x good combiner) recorded the best per
se performance for thetrait protein. Thissimilar type of
good x good combiner yield high sca effect for protein
content inrice wasreported by Adilakshmi and Upendra
(2014).

Significant positive gca effectsfor crudefibrewere
recorded in parents CO 1, CO 2and ACM 12. High sca
effects were observed in cross combinations of CO 1 x
ACM 11, CO 1 x PMK 331, ACM 10-082 x ACM 12,
ACM 12-110 x PMK 331 and ACM 10-145 x ACM 12
for crude fibre. The cross combination CO 1 x PMK
331 (good x average combiner) showed high mean value
for thetrait crudefibre.

The genotypes CO 2, ACM 10-145 and PMK 332
showed significant positive gca effectsfor iron content.
The cross combinations CO 1 x ACM 11, CO 1 x PMK
332,CO2xACM 12, CO 2 x PMK 331 and ACM 10-
082 x ACM 12 showed high positive significant sca

Table 2: The gca effectsand gca status of parents for nutritional traitsin barnyard millet

Parents CHOW@ g PRO  Som  CF@ g Femd 5 znmg TS oY@ Sae
Lines

CO1 0.23ns A -0.31** L 0.84** G -0.67 ** L -0.35 ** L -2.74 ** L
CO2 -1.36 ** L 0.72%* G 0.66** G 1.01 ** G 1.31** G 4.36 ** G
ACM 82 0.23ns A 0.72** G -0.53** L 0.02 ns A -0.16 * L -1.40 ** L
ACM 12-110 -1.53 ** L -0.36** L -0.50** L -0.46 ** L -0.51 ** L 0.56 ** G
ACM 10-145 2.40** G 0.04 ns A -0.41** L 0.31 ** G -0.37 ** L -0.57 ** L
ACM 10-161 0.04 ns A -0.81** L -0.07 ns A -0.20* L 0.08 ns A -0.21ns L
SE 0.17 0.11 0.11 0.10 0.07 0.20

Testers

ACM 11 -1.00 ** L -0.48** L -0.86** L -1.00 ** L -0.43 ** L -1.70 ** L
ACM 12 -2.14 ** L 0.90** G 0.73** G 0.06 ns A -0.05ns A 1.96 ** G
PMK 331 1.03 ** G -0.44** L 0.06 ns A -1.05 ** L -0.05 ns A -2.61 ** L
PMK 332 2.11** G 0.03 ns A 0.06 ns A 1.99 ** G 0.52 ** G 2.35** G
SE 0.14 0.09 0.09 0.08 0.06 0.16

CHO —carbohydrate, PR- protein, CF-crude fibre, Fe-Iron, Zn-zinc, GY -grain yield, A-Average, G-good, L-low,

* and ** indicate significance of valuesat P=0.05 and 0.01, respectively
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effects for iron. Among these, the cross CO 1 x PMK
332 (low x good combiner) showed high per se
performance. The parents CO2 and PMK 332 showed
significant positive gca effects for zinc. Among the
crosses, CO2xACM 12,ACM 10-082x ACM 12,ACM
10-161 x PMK 331, ACM 12-110 x ACM 11 and ACM
10-161 x ACM 11 were found to be good specific
combiners for zinc due to high positive significant sca
effects. While, CO 2 x ACM 12 (good x low combiner)
cross combination recorded the best performance for
thetrait zinc content.

Thefindings of present investigation are the parents
CO 1, CO 2, ACM 10-145, ACM 12, PMK 331 and
PMK 332 could be the better choice for improvement of

nutritional quality along with yield through hybridization
followed by sel ection. Among cross combinations, CO 2
XACM 12 (protein, iron and zinc) followed by ACM 12-
110x PMK 331 (protein and crudefibre), CO 1 x PMK
331andACM 10-145x ACM 12 (carbohydrate and crude
fibre) were adjudged asthe best specific combinersalong
with grainyidd. For mgjority of nutritional traits, crosses
were involved with good/low or average/low
combinations indicating additive x dominance type of
gene interactions for expression of traits except grain
yield. Similar observation wasreported by Mungraet al.
(2015) in pearl millet where most of morphological traits
and grain yield are controlled by additive x dominance,
dominance x dominance and additive x additive type of

Table 3: Specific combining ability effects of selected cross combinationsfor grain yield and nutritional traitsin bar nyard millet

Characters Crosses Per se sca effect gca gatus of parents Best crossfor heteros s breeding
Carbohydrate (g) CO1xPMK 331 71.16 293 ** A G CO 2 x PMK 332
CO 2 x PMK 332 71.29 3.57 ** L G
ACM 10-082 x ACM 11 70.71 4.50 ** A L
ACM 10-145x ACM 11 70.74 2.36 ** G L
ACM 10-145x ACM 12 69.52 2.28** G L
Protein (g) CO1xACM 11 11.25 1.21** L L CO2x ACM 12
CO1xACM 12 12.38 0.97** L G
CO2xACM 12 13.50 1.05** G G
ACM 12-110 x PMK 331 11.19 1.17** L L
ACM 10-145 x PMK 331 11.37 0.95** A L
Crude fibre (g) CO1xACM 11 10.35 0.64 ** G L CO1x PMK 331
CO1xPMK 331 11.64 1.00 ** G A
ACM 10-082 x ACM 12 10.71 0.78 ** L G
ACM 12-110 x PMK 331 10.87 1.58 ** L A
ACM 10-145 x ACM 12 11.29 1.23** L G
Iron (mg) CO1xACM 11 10.22 0.60 ** L L CO 1x PMK 332
CO1x PMK 332 12.30 0.76 ** L G
CO2xACM 12 12.15 0.86 ** G A
CO 2 x PMK 331 11.14 0.95 ** G L
ACM 10-082 x ACM 12 11.57 1.26 ** A A
Zinc (mg) CO2xACM 12 10.03 0.48 ** G L CO2xACM 12
ACM 10-082 x ACM 12 9.12 1.05 ** L L
ACM 10-161 x PMK 331 9.12 0.80** A L
ACM 12-110x ACM 11 8.27 0.92 ** L L
ACM 10-161 x ACM 11 8.34 0.40 ** A L
Grainyield (g) CO2xACM 12 46.38 4.20** G G CO2xACM 12
CO 2 x PMK 331 4271 5.10 ** G L
ACM 12-110 x ACM 12 42.69 4.32** G G
ACM 10-145 x PMK 332 43.95 6.30 ** L G
ACM 12-110 x PMK 332 42.50 3.72** G G
Overall CO2xACM 12

A-Average, G-good, L-low, * and ** indicate significance of valuesat P=0.05 and 0.01, respectively
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geneinteractions. Hence this cross combinations can be
effectively utilized for commercial exploitation of hybrid
vigour for nutritional traits through heterosis breeding
programme. But at present, due to lack of male sterile
lines recombination breeding followed by selection is
viable option for improving nutritional traitsin barnyard
millet along with grainyield in advancing suitabl e cross
combinations.
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