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STUDY OF HETEROSIS IN'RELATION TO COMBINING ABILITY
AND per se PERFORMANCE IN RAINFED RICE

A, AMIRTHA DEVARATHINAM

A Study was made of the hetesosis in relation 1o combining aobiliity and per 5¢

performance for yield and six compenent raits in the varietal

hybrids “obtainod in e

dlollel cross of 42 variaties obesrved for all characters, The highest heterosis of 168
per cent was observad for productive tilers loHowed by penicle weight, urn_ii'm pat
panicle, plant yield, 1000 seed weight and days for first {fowering for earlines. Hete-
rosis for yield was mostly due to simultanecus heterosts for productive tillers, -penicle

welght and gisins per panicle.

There was a variable refationship between helerosis

and combining ability effects. |n general s.c. 2. and g.c.a. had a pmnni!m::ud elfect

on hetetosis either singly or in sssociation with sach other. Hybrids with high hete-

rotic response were mostly found with high
sossibility of growing hybrid rice with attendant

pey se performance and vice versa. The

heterosis for yield, productive tillers:

panicle weight and grains per panizle was discussed.

The importance of hybrid vigour
as a means for further improvement
in yield in tice has often bean stres-
sed by different workers (Chang et
g, 1971; Huang, 1970; Saini and
Kumar, 1873} and in the context of
en vield plateau already reached, hete-
rosis breeding im rice has assumed
sigfiificance. Heterosis has resulted

. in substantial yield increase and at

the same time in a stable performance
even under adverse conditions of
growth (Swaminathan et af, 1971]).

The possibility of ratooning the hy-
brids planted in fow lying and tail-and
areas with problems of water stagna-
tion would enfarge the scope for the
use of hybrids in such of those speci-
fied locations (Sree Rangaswamy,
"1982). Expression of heterosis in the
form of an increased number of grains
per panicle, productive tillers and
panicle weight in acdition to good
grain filling would be of immense
value in increasing the production of

rainfed/Semi-dry rice faced with the
problem of moisture stress conditions.
High heterosis manifest in F 1 hybrids
is the basis for a successful pro-
gramme, ©Of evolving hybrids. The
present investigation deals with the
measurement of heterosis and its re-
lations to combinining ability effects
and per se performance in differemt
crosses of rainfed rice varieties.

MATERIALS AND METHODS

The material consisted of twelve
varieties of rainfed rice-IR 8608. iR-
4722, B-733 C, IR-8073 and |R-45
(early duralion varieties), Kattanur,
Kuruvai Kalangiam, Kaika, KMP-34,
IR-6228, IR-8103 . and IR-13564
(medium duration varieties) and  their
132 hybrids obtained in-a diallel. Ali
the parents and hybrids were grown
in a randomised block design with
two replications in 1982 summer sea-
son in the Multi-Crop Experiment

Assistant Crop Spesialist, Multi-Crop Experiment Station,

Paramakudi.
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Station, Paramakudi. Each plot con-
sisted of a single row of ten plants
with a spacing of 60 X 30 cm. Obser-
vations were recorded on five random
plants on days for first flowering
(x1), plant height (X)), productive
tillers per plant (xs), grains per pani-
cle (x) plant vyield (x), panicle
weight (x¢), and 1000 seed weight
(x:) Analysis of combining ability
was done according to Method -
| Model - 1l of Griffing (1956). Hete-
rotic effects were expressed as per
centage increase or decrease over
better (high) parent (Heterobeltiosis),
mid-parent  (Significant heterosis),
and the ' standard variety TKM-9
(standard hetarosis).

RESULTS AND DISSCUSSION

A range of heterosis over mid-
parent, better parent and standard
variety TKM-9 was observed in varie-
tal hybrids of rainfed rica for vield
and other vyield components under
study. The expression of heterosis
varied with the crosses as also
characters. The highest significant
heterosis of 165 per cent was obser-
ved for productive tillers followed by
panicle weight (133%), grains per
panicle (127%), plant vyield (126%),
plart height (479;), 1000 seed weight
(469;), and days for first flowering
(10%), (Table-1). Remarkable posi-
tive hetercsis for grains per panicle
followed by plant height. earliness,
grain weight and vield in irrigated
tice has been observed and reported
by different workers (Amirtha Deva-
rathinam, 1982; Karunakaran. 1968;
Faramasivam, 1972; Renganatham
et al., 1973; Siva Subiamanian and
Madhava Menon, 1973; Swamina-
than et af., 1971; Viramani et ‘&l.
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1981). An analysis of the hybrids
with particular reference to hetero-
beltiosis revealed a good number of
them to be superior in performance
to their respective better parents,
besides mid-parent and the standard
variety for each of the vyield charac-
ter, and this would signify the role of
dominance and epitasis in the expres-
sion of heterosis (Table-1). Bath
additive and non-additive type of gene
adtion was found important in the
expression of yield and its components
in rainfed rice.

Most of the hybrids flowered earlier
than their early parents. There were
also instances of the hybrids flowering
later than late parents but with no sig-
nificant effects duration. Among the
earlier,the hybrid 6x7 exhibited signifi -
cant heterosis of 50 percent over mid-
parent for earliness. Four oether cros-
ses viz, 8x5 (-33%), 1x3 (-259),
3x2 (-32%) and 2x6 (-22%) also
manifested heterosis for earliness and
of these, 1 x 3 was the earliest show-
ing heterobeltiosis value of-30 percent
and standared heterosis value of-5
percent, As regards plent height. It
was found that the varietal crosses
were mostly intermediate in height to
be classified into either semi-dwarf,
medium tall or tall types. Many hy-
brids were medium tall types, which
with high grain yield would meet the
dual purposes of straw and increased
production in rainfed rice culture.

As many as 13 crosses showed
positive standard heterosis for yield
and all other six vyield components.
Besides 19 other crosses that were
heterotic for yield also showed simul-
taneous heterosis for productive tillers,
grains per panicle.and panicle weight,
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High heterosis for yield was mostly
due to high heterosis accompanied in
productive tillers, panicle weight and
grains per panicle,

High heterosis observed simulta-
neously for yield and yield characters
particularly panicle weight, productive
tillers and grains per panicle, would
be worthy of consideration to be ex-
ploited by growing hybrids as a rain-
fed crop of rice culture, As in any
other dryland crop, it would hardly be
ever possible to have an optimum
plant population under circumstances
of moisture stress conditions caused
by frequent failures of the monsoon
rains or adverse seasonal conditions
with the end result of an uneven stand
with gaps. a very common feature in
rainfed crops. It is quite @ common
practice to resort to gap filling by
using culms separated out from the
main clump, Heterosis expresed for
an increased number of tillers would
serve the purposss of gap-filling with
extra seedlings in form of culms, also
found with high potential for further
tillering in a short period (Jeganathan
and Mukerjes, 1983), gathered from
out of the main clumps by separation,
Reports are available to the effect that
yield was directly corrlated with grains
per panicle and. panicle weight in
rainfed rice, High heterosis observed
for these two characters would incre-
ase the chances for obtaining an
increased yield.

On the scrutiny of the best five
hybrids selected on the basis heterotic
response aver superior perent and high
per se performance for yield, panicie
weight, 1000 ssed weight, grains per
panicle and productive tillers, it was
found that the effects of s.¢c a. was
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pronounced in the expression of he-
terosis evident from the crosses 121
and 8 x 7 for plant vield, 7 x11, 3x7
and 4 x 11 for 1000 seed weight, 9x5,
7 x 5 and 2 x 10 for grains per panicle
and 5 x 4 for productive - tillers. The
effect of dominance of genes was thus
apparent in the expression of heterosis.
The dominance effects of genes was
also found fortified by high g. c. a.
effects as it would be seen from the
crosses 12 x 1, 8x2 for panicle weight
and 7x11, 3x7 and 4x 11 for 1000
seed weight, indicating additive and
additive x additive type of gene action
in addition to dominance of alleless
in the expression of heterosis. It was
also the high g. ¢ a, effect shown by
any one of the parents in cross com-
binations such as 11x6 for plant yield,
1x7 and 8x7 for grains per panicle,
that was mainly responsible for high
heterosis. High heterosis brought
ahout by epistatic type of gene action
was evident in crosses, particularly 5xB,
10x3, 2x4 and 4x10 for productive
tillers even in the obsence of any
significant g ¢. & High Hetzrotic cros-
sss were not always obtained bstwesn
high general combiners but obtained
between low general combiners also. A
combination of two good general com-
hiners was not necessarily the best
oross combination and fow x low com-
bination, 8 poor one.

The bast five crosses indentified on
the basis of hetsrobeltiosis were not
always the corresponding five top
rank hybrids with high per se perior-
mance. Of the 25 hybrids, only nine,
1 for plant yield, 2 for panicle weight,
7 for 1000 sa=d weight, 3 for grains
per panicle and 2 for productive tillers,
occupied positions in both the cate-
gories of best 5 hybrids, but with
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Table 1. Estimates of heterosis for yield and six yield components in Varietal hybrids

« of rainfed rice,

Days first  Plant MNo. of Mo. of Plant Panicle 1000 see
Howering  height * productive  grains yield weight  weight
{em) tillers per (@) (g) (9)
panicla
X, Xy X X Xy Xy Xq
Hange of
Significent heterosis —50t010 —451048 —56t0165 —B6t0127 —7010126 —7610133 —33t046
Heterobeltiosis- —3010 7 —481032 —8410150 —9410 98 —8110122 —B1ito104 —39t05E
Standard Heterosis — 5t042 - 16to56 —67t0100 —3510160 —=42t0148 —6210 77 —301037
No. of hybrids superiar to
Mid parent 25 41 83 44 62 53 41
Better paremt . 8 20 70 20 42 a5 25
Standard variety 130 97 100 104 95 65 66

—

Table 2. Best five crosses of rainfed rice on the basis of heterobeltiosis and

for yield and four yield components.

per s performanca

Cross Faranrage High heterosis High per se performapce
h m s gi ai Cross m h
FPlant yield
11x7  IR-45/IR-6228% 120 83 63 65  .35% §x0 89 M
1 x6  IR-45/IR-8103 109 83 163 55t 328  {x9 97 68
12x1  KMP-34/iR-8608 a7 76 208t .4.9¢ 1.1 1Mx7 93 120
6x12 IR-B103/KMP-34 81 67 04 -3.2 49%  1x11 88 122
8x7 K. Kalingiam/IR-6228 77 78 20.7% -1 35t  5x4 g1 .33
Panicle welght
12x1  KMP-34/IR-8608% 1046 33  08% 0.1 57% 4x2 35  -43
1x7  IR-BE0B/K. Kalangiam 80 2.2 04 57¢ 03 4x1 34 - 45
1x11  |R.B60B/IR-45 76 28 06 57%% 43  12x1 3.3 104
Ex2 K. KalangiamyIR-4722% §2 32 0.7¢ 65%* .20 Bx2 3.2 62
‘8x7 K Kalangiam[IR-6228 64 24 4,2 65% .02 3x10 33 35
1000 seed weight”
7%11  IR-B608/IR.45% 32 294 15%s 05%¢ .05% 3x7 30,89 1B
2x6  IR-4722/IR-8103 19 13 01 .04%  -04%r  gxi2 297 5
3x7  Kattanut/IR-5228# 18 309 08¢ 129  05** 2x3 206 13
4x11  |R-13564/IR-45 17 280  1.%+ 06*  .05% Txi1 294 32
8x8 K Kaelangiam|IR-8072 15 266 04 2.0% .0.8% 4x10 282 13
Frajns per panlcle
9x5 IR-B0O72/B-733C* 45 325  83.1%% .44 6.7 9x5 325 98
4x 10 IR-13564]Kaika* 41 257 1.3 20.3 -2.5 6x8 284 38
7x5  IR-6228/B.733* 31 245  33,1** 6.3 5.7 4x10 257 41
4% 11 IR-13564/IR-45 23 225 148 203  -145%  4x3 251 18
2x10 IR-4722/Kaika 23 218 24.6% .19 -2.5 7x6 245 31
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Cross Parcntage

High helerosis

High per se. pmrmmanie

b m 5 gl gi Cross ‘m
Producive tillers:-
5x06 B-733CJ/IR-8103 150 a 0.4 0,2 0.2 Exd 50 _ﬁn
1M0x6 Kaike/B-733C 123% 41 6.0 05 0.2 5% 10 4-?_ 61
2x4 IR-4722/IR- 13664 77 33 0.2 0.3 03 Bx3 42 38
5x4d B-733C[1A-13564 J2¢ B0 1141 0.2 9.3 11x%x6 41 42
4 %10 IR-13564[Kaiko 70 a2 5.6 9.6 0.5 10x6 A 123
m o= Mean 5 e 5,0, B, hh = heterosis per cent

different ranking in each. In general,
the rank hybrids with high per se
performance were mostly heterotic and
the crosses with high heterotic res-
ponse were found with high per se
performance. However, certain crosses,
viz. 6x4 for plant yield and 4x12
and 4x1 for panicle weight to be
mentioned as those noted for high
per se performance, were conspicuous
by the absence of heterotic response.
Similarly the hybrids of the crosses
6x12 for plant vield and 1x7 for
panicle weight with a significant he-
terobeltiosis value of 91 and 80 res-
pectively, were found with compara-
tively poor per se performance, (Table
2). It was obvious from the above
that there were possibilities for getting
. a cross with high per se performance
but with low heterosis and high
heterotic effect but with poor per se
performance, necessitating thereby
judicious care and attention in the
choice of hybrids to be chosen for
high heterosis or high per se perfor-
mance, the latter, considered in terms
of merits would very much be desired.
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