Indian |. Genet., 57 (1): 101-107 (1997)

COMBINING ABILITY OF ERGOT RESISTANT MUTANTS OF
THE RESTORER K 560- 230 IN PEARL MILLET

R. S. RAWAT AND D. V. S. Tyaal

Department of Genetics and Plant Breeding, Govind Ballabh Pant University of
Agriculture and Technology, Pantnagar 263145

(Received: September 29, 1993; accepted: June 25, 1996)

ABSTRACT

Combining ability of twenty mutants of restorer line K 560-230 was studied in line X tester
mating design with three male sterile lines as testers MS 5054, MS 5141 and MS 81 and the
performance of cross combinations was compared with those of restorer K 560-230. The
mutant lines were only those which have recorded below 10% incidence of ergot in contrast
of 50% incidence in control under artificial inoculation for two consecutive years. The
combining ability analysis of variance revealed the prevalence of both additive and
nonadditive gene effects. The mutant lines 50-1 and 45-1 were good general combiners for
number of productive tillers, days to flowering and grain yield, and 39-1 for grain yield and
days to maturity. The specific crosses 5141 A x 90-1, 5141 A x 142-1, 5141 A x 145-1 and 5141
A X 147-1 showed superior sca effects over the control hybrid MS 5141 A x K 560-230. The
present study indicated that mutagens can be used to quickly improve the parents of
hybrids for specific traits with an added advantage of induced disease resistance.
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A number of high yielding hybrids in pearl millet (Pennisetum americanum L.) have been
developed owing to the use of new male sterile lines (A lines) and the pollen parents (R
lines). Mutation induction can be one of the tools to alter and to further improve the breeding
value of the parents which have already gone into the production of popular hybrids,
without loss of fertility restoring genes, agronomic desirability with an added advantage of
induced disease resistance. This possibility was explored in the present investigation and
the combining ability of the desirable induced mutant lines was studied.

MATERIALS AND METHODS

The material comprised ﬁO variable mutant lines derived from the promising inbred line
K 560-230, check K 560-230 and three testers, i.e. the B lines of MS 5054, MS 5141 and MS 81
male steriles. Mutant lines were obtained by treating dry seeds of K 560-230 with 0.2%, 0.4%
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and 0.6% EMS for 8 and 12 hand 20, 30, 40 and 50 kR gamma rays. The mutagenic treatments
were effective in producing a wide array of morphological mutants. The mutants were
isolated in M2 generation and the mutant lines were established. Only 20 true breeding
agronomically desirable mutant lines which have recorded low ergot incidence under
artificial inoculation for two consecutive years were used in the present investigation in Ms
generation. Line X tester design was followed to cross the mutant lines with the testers. For
L x T design the material comprised 63 crosses of 21 mutant lines with 3 testers and 24
‘parents, making a total of 87 entries.

All the 24 parents and their 63 F1s were grown in randomized block design with three
replications. The material was space planted at the distance of 15 cm within the rows in 5m
long two-row plots. The row-to-row spacing was 60 cm. Data for 11 characters were
recorded on five random plants from each plot. Combining ability analysis was done
as per {1].

RESULTS AND DISCUSSION

The analysis of variance exhibited highly significant differences among the entries for
all the characters under study. '

The combining ability analysis of variance (Table 1) revealed that both additive and
nonadditive gene actions were important in the expression of different characters. The
magnitude of nonadditive components was much higher than that of additive components
in respect of ear length, plant height, 1000-grain weight, ear density and grain yield per plot.
However, for number of productive tillers, days to flowering and days to maturity, additive
type of gene action was important. The presence of considerable amount of nonadditive

Table 1. Analysis of variance (M.S.S.) for combining ability in pearl millet

No.of  Ear Plant 1000- Daysto  Days to Ear Grain

Source df. produc- length height grain  flowering maturity length yield
tive weight

tillers
Replications 2 11 478 597.5 03 49 29 0.6 77624.0
L x T (pooled) 62 19" 2027 32137 327 161" 14157 126" 4370.6"
(a) Lines (L) 20 19" 205 17217 707 50" 49" 158" 900487"
(b) Testers (T) 2 233% 915" 72157 26" 29360 35T 2417 2198048"
(©OLxXT 40 0.8 165" 3758 13" 28" 24 104" 75760.0"
Error 124 03 1.7 64.7 0.10 07 1.0 19 257436
Total 188 0.8 83 155.0 11 598 53 5.4 32895

K "Signiﬁcant at 5% and 1% levels, respectively.
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genetic effects suggests the possibility of improvement through hybridization with respect
to grain yield and certain other characters. The findings, in general, were in conformity with
earlier reports [2-5].

Among the mutant lines, 50-1, 39-1 and 45-1 exhibited highly significant positive gca
effects for grain yield as compared to parent line K 560-230, which expressed negative gca
effect. The mutant line 50-1 was the best general combiner as, besides yield, it showed
significant favourable gca effects of higher order than other lines for number of productive
tillers and days to flowering (Table 2). The mutant line 45-1 also exhibited highly significant

Table 2. Lines and testers possessing significant gca estimates for different characters in pearl millet

Parent Productive  Ear Plant 1000- Days to Days to Ear Grain
tillers length height grain flowering maturity  density yield
weight per plot

Lines
K 560-230 -9.05' -091" 0.78' 0.85
17-1 130" 075" 122" -155.47"
28-1 1.66" -115" -071"
M1 071" : 0.26" 067 -0.93" -113
35-1 0.60" -6.49 -133" 122" 1407 ~193.80"
3.1 0.49" -1.21" 054" 093" -109.92°
39-1 -0.36" -1.38" -1.19° 143.417
45-1 049" 0.62" -0.89" 284" 97.85
50-1 071" -0.78' 236.74"
54-1 049" 0.87" -1.44" -0.71"
61-1 0.48" 1.18"
75-1 1.50" 0317
90-1 211"

' 103-2 -0.76" 118" 272"
118-1 -121 0.49" 187"
123-1 1.09° 089" 0.78' 0.96" 1327
134-1 -0.39" 464" 7.37 269" -115
1381 062" -1.61" —-6.00"
142-1 -0.84" ~1.28"
145-1 073" -1.06 0.26"
147-1 ~0.39 -258" 0.56"
SE (é‘i) . 0.18 048 286 0.11 0.30 0.35 0.49 4924
Se (gi-g) 0.25 0.68 4.05 0.16 0.43 0.49 0.68 69.64
Testers
5054 A 0.70" 0.23" -1.00" -1417 0.44° 4698
5141 A -0.29" -1.28" 238" 009" -1.84" -128" 198.88"
81A 0417 1117 0.15" 2.84" 269 077" -24587"
Se q%) . 0.07 0.18 1.08' 0.04 0.11 0.13 0.18 18.61
SE (gi-g) 0.09 0.26 1.53 0.06 0.16 0.19 0.26 26.32

E "Significant at 5% and 1% levels, respectively.
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positive gca for productive tillers and 1000-grain weight. The original parent line K 560-230
showed unfavourable gca effects for all the characters except plant height. The change in

gca effects from that of parent in mutant lines might occur due to the changed genetic make
up of the mutants.

For number of productive tillers, the mutant lines 34-1, 35-1, 36-1, 45-1, 50-1, 54-1 and
61-1 were good general combiners, whereas the original line K 560-230 was a medium
general combiner. Mutantlines 17-1,28-1, 75-1and 134-1 for ear length, 134-1 for plant height
and 54-1, 118-1, 123-1, 134-1, 145-1 and 147-1 for 1000-grain weight were good general
combiners, whereas their parent line K 560-230 was a very poor general combiner for these
characters. The mutant lines used in crosses were selected for ergot resistance and
agronomic desirability as well as these had the morphology different from their parent. The
altered genetic make up of the mutants might be responsible for the change in combining
ability.

Amongst the testers, 5054 A and 5141 A were good combiners for grain yield. 5141 A
was the best combiner for yield components, such as, plant height, 1000-grain weight, days
to flowering, and days to maturity. 5054 A was the best combiner for number of productive
tillers, 1000-grain weight, days to flowering, days to maturity and ear density. Tester 81A
had high gca for ear length and 1000-grain weight.

Table 3. Superior crosses showing significant sca effects for different characters in pearl millet

Character Cross Sca Character Cross Sca
estimate . estimate
No. of 5141 A x K 560-230 0.06 Days to 5141 A x K 560-230 139"
productive 5141 A x 147-1 106" flowering 5141 Ax 138-1 -1.60"
tillers 5054 A x 50-1 0.63 5054 A x 35-1 -1.56
B1A x 36-1 0.63 5141 A X 103-2 -1.38"
Ear length 5141 A x K 560-230 250" Days to 5141 A x K 560-230 0.17
5054 A x 134-1 481" maturity 81 A x28-1 257"
81 A x28-1 3517 5054 A x 36-1 -159"
5054 A x 103-2 350"
Plantheight 5141 A x K 560-230 -15.04" Ear density 5141 A x K 560-230 -0.15
81 A x28-1 1815 81 A x103-2 379"
5141 A x 103-2 1564 5141 A x 35-1 247"
5141 A x123-1 13737 81 A x138-1 246"
1000-grain 5141 A x K 560-230 053" Grainyield 5141 AxK560-230  -267.77.
weight 5054 A x 35-1 1.74: 81 A x 28-1 304.20"
5141 A x 54-1 0.97 5141 A x 145-1 241.66
81 A x65-1 092" 5141 A x 147-1 201117

" "Significant at 5% and 1% levels, respectively.
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A comparison of gca of the original parent line K 560-230 with its mutant lines for
important agronomic traits revealed distinct superiority of some of the mutants over the

control.

The sca effects of some promising crosses are presented in Table 3. The crosses 81 A x

28-1, 5141 A x 145- 1 and 5141 A x 147-1
showed significant positive and superior sca
effects for grain yield, while cross 5141 A x K
560-230 exhibited negative sca effects. The
crosses with high sca effects were the
combinations of either high x low or low x low
gca parents. This suggested the importance of
epistasis and the sca represented dominance
and epistatic effects.

The sca of K 560-230 in contrast to the sca
of its mutant lines in crosses with 5141 A, 5054
A and 81 A male sterile lines for grain yield is
presented in Table 4. Out of 21 crosses four
crosses 5141 A x 90-1, 5141 A x 142-1, 5141 A
x 145-1 and 5141 A x 147-1 exhibited
significant positive and superior sca effects
compared to original cross 5141 A x K 560-230,
which showed negative sca effects. All these
crosses involved high x low combinations in
respect with their gca. High x low gca effects
played an important role in the expression of
positive and significant sca effects. The cross
combinations 5141 A x 90-1, 5141 A x 142-1,
5141 A x 145-1 and 5141 A x 147-1 involved
one parent with desirable and significant gca
effect and other with poor or even negative
gca effect. The change in sca value from ~267.8
(5141 A x K 560-230) to +241.7 (5141 A x 147-1)
is attributable to the mutation of K 560-230 as
the derived mutant lines had the altered
morphology and hence the different genetic
makeup compared with their parent. The
experiments of [6-11] also showed that gca
and sca changed in induced mutant lines. The
effect of recurrent thermal neutron and ethyl
methane sulphonate seed treatment on gca

Table 4. Sca of the crosses of K 560-230 compared
with the sca of the crosses of its mutant
lines with 5141 A, 5054 A and 81 A male
sterile lines for grain yield

Parent Gea Sca estimates with

effects  5141A  5054A  B81A

Lines:

K 560-230 -382 -2678" 975 3653"

17-1 -1555"  -522 1913° -139.1

28-1 855 639  -2403 30427

34-1 455  -1139 830 309

35-1 -1938" -1972" 1513 459

36-1 -109.9° -132.8 110.8 220

39-1 1434° -177.8 908 270

45-1 978" 655 680  -25

50-1 2367 739 558 -129.7

54-1 523 =367  -731 1098

61-1 512  -855 97 -141

75-1 410 683 202 481

90-1 484 1889 75 -196.3

1032 712 1461 -553  -90.8

1181 -26.0 383 248 -136

123-1 =732 222 1075 -129.7

134-1 46.2 59.4 113 -708

138-1 -38.8 511 -1053 542

1421 82 1789° -1242 547

145-1 27 2417 1681 736

147-1 712 2011°  -1086  -925

Testers:

5141 A 198.9™

5054 A 47.0"

81A -2459"

““Significant at 5% and 1% levels, respectively.
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and sca were studied by [12]. They indicated that mutagenic agents increased the percentage
of nonadditive genetic variance affecting sca. A

Of the crosses with 5054 A male sterile line only one cross 5054 A x 17-1 exhibited
significant positive and superior sca effect, where 5054 A was a good general combiner and
17-1 was poor. A cross of 28-1 mutant line with 81 A male sterile line (81 A x 28-1) also
showed significant positive and superior sca effect (Table 4). It was a poor x poor cross in
respect to their gca.

The results of the present investigation prove that mutagenesis can be used to improve
the parents of hybrids to obtain improvement for grain yield and yield components with an
added advantage of disease resistance over the existing hybrids. The combining ability can
also be altered in the course of mutagenesis.
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