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ABSTRACT

_ Atotal of 51 rice hybrids and their 17 male parents and three isogenic maintainers were
studied for their combining ability on eight characters. Based on mean performance and GCA effects,
TM 4309 and TKM 6 were identified as the best combining restorer parents followed by IR 64, CO
37, ADT 36, Jaya, ASD 18 and TNAU 88013, while ADT 39 was identified as a potential maintainer
for the CMS line V 20A. Based on mean performance and SCA effects, five hybrids viz., IR
G2829A/TKM 6, V20A/TNAU 88013, IR 62829A/TM 4309, IR $8025A/TKM 6 and IRS8025
ASTM4309 were ideatified as the best for grain yield and most component traits.

KEY WORDS :

The concept of combining ability plays a
significant role in crop improvement, as it helps in
ietermining the nature of gene action involved in
he expression of quantitative traits of economic
mportance. Combining ability studies help in the
dentification of parents having general combining
thility (GCA) effects and specific combining
wbility (SCA) effects. The present investigation was
:armied out on ‘hybrids or rice derived by using
“MS lines to identify the best combining
naintainer parents to transfer the available male

iterility systems into them or alternatively the best -

:ombining restorer parents to develop new hybrids,

VIATERIALS AND METHODS

A total of 51 hybrids was derived by crossing
three CMS lines viz., V 20A, IR 58025A and IR
62829A with 17 male parents viz., ADT 36, ASD
17, ASD 18, CO 37, IR 36, IR 50, IR 60, IR 64,
[ET 1444, TKM 9, T™M 4309, TNAU 801793,
TNAU 88013, ADT 39 and Jaya, in a line x tester
mating system. These 51 Fis along with their 17
male parents and three isogenic maintainers
(B-lines) were studied for their combining ability in
randomised block design with two replications
during May-September 1991 at the Rice Research
Station, Ambasamudram, adopting a plot size of
1,65 m x 0.2m (single row of 11 plants per plot)
with 20 cm x 15 cm spacing and single seedling per
hill. A manurial schedule of 100:50:50 kg NPK/ha
and other cultural operations were followed.
Observations were recorded on five random plants,
leaving two border plants on either side in cach
replication for each genotype for eight characiers
viz., days to flowering, plant height, panicles per
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plant, grains per panicle, spikelet fertility, grain
yield per plant, dry matter production and harvest
index. Mean values obtained for each character
were analysed statistically as per the design.
Combining ability analysis as suggested by’
Kempthorne (1957) was performed.

RESULTS AND DISCUSSION
Analysis of variance

The genotypic difference were highly
significant for all the eight characters. The
combining ability analysis(Table 1) indicated the
importance of both additive and non-additive gene
effects for all characters. The ratio of GCA:SCA
variance revealed the predominance of
non-additive gene action for seven characters viz.,

‘days to flowering, panicles per plant, grains per

panicle, spikelet fertility, grain yield per plant, dry
maiter production and harvest index, while additive

Table 1. Mean squares for combining ability variencesfor |
eight characters in rice. :
Source
Ch GCA/SC
TR GeA SCA Emwr A
Days to flowening 500 17.69** 108 0.28
Plant height 2243** 1860 233 1.21
Panicles per plant 373 726* 038 0.51
Grains per panicle  354.64** B34.80**  3.08 D4z

Spikelet fertility 44 530
Grain yield per plant  |3.20%7

Diry matter

production
Harvest index,
*P=0.05 **P=001

218.05** 055 0.20
7334 (02 0.8

245.99%* 479 0.22
00001 0.8

54,520
0.0009=* 0.0051%*
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Tahle 2. Mean performance of parents for eight characters in rice

o ﬂﬁifr;:g Plantheight - Panicles/ Grainsipanicle  Spikelet -~ Grain yield / E:dzn:i::_ Harves.
{cm) plant (no.) (no.) fertility (%)  plant (g) . © Index
{HU.} : {g] e L
B-Lines;
V20 B 62 72 14.8 83 80 9.7 348 0.28
IRS8025 B 83 90 10.4 157 82 18.7 50,9 0.37
IR62829 B 77 90 15.4 77 81 189 502 038
Males : ) -
ADT 36 77 93 1.2 99 81 263 507 - 0.44
ASD 16 74 104 88 172 87 4.9 613 0.52
ASD 17 65 102 13 1o 87 102 362 028
ASD 18 76 99 8.7 89 85 19.5 462 0.42
€O 37 78 103 9.9 125 87 224 562 0.40
IR 36 78 93 14.5 102 82 234 56.4 0.41
IR-50 75 91 116 84 87 166 352 047
IR 60 74 87 134 78 87 156 36,9 0.42
TR 64 §2- 88 124 94 91 25.1° ‘574 0.44
[ET 1444 78 99 8.5 123 92 26.5 58.0 0.46
TKM 6 78 152 219 148 92 398 1232 - 0m
TKM 9 74 87 89 79 81 18.4 417 044
TM 4309 74 119 15.2 163 84 34.0 852 0,40
TNAU 801793 75 39 1.5 79 85 17.8 389 0.46
TNAU 88013 79 96 12.5 100 90 19.6 50.5 - 0.39°
ADT 39 99 9] - - - - - <
Jaya 88 81 12.2 94 83 249 598 0.42
General mean - 7B a2 14.7 100 71 223 582 0.38
CD (P=0.05) 1.9 3.0 1.2 34 1.9 1.9 43 0.01
Table3., Mean performance of promising hybrids for eight characters in rice
Days to : Grains/ Spikelet Grain matter
Hybrids ﬂuu.?cﬁng hm;ﬁ;m pf;“t':l‘?:} panicle f?m“lit:,r yield! plant ft?riqcﬁun ":::I";“
{No.} ) (No.) (%) (g) (g}
V20A/ADT 36 88 81 16.1 124 77 1.8 711 045
_V20AMIR 64 89 89 17.0 125 86 354 82.7 0.43
V20A/TNAU 88013 86 88 16.9 144 81 442 954 . 046
V20AJADT 39 97 82 219 6 4 44 69.6 0.06
IR58025A/ASD 18 79 90 9.3 144 83 264 612 0.43
IR58025A/C0 37 77 91 1.8 142 81 N 722 0.4
IR58025A/IR 50 75 93 16.1 131 86 00 580 0.52
IR58025A/TKM 6 92 127 29.8 164 81 417 134.9 031
TRS8025A/TM 4309 7 118 135 147 95 40,0 74.5 0.54
IRSS02SA/TNAUBBOI3 86 89 155 123 82 162 759 0.48
IR58025A/aya 88 86 i5.5 143 81 347 803 0.43
IR62829A/ADT 36 80 87 142 144 82 286 663 0.43
IR62829A/ASD 18 79 91 16.5 142 85 295 §1.0 037
IR62829A/C0 37 75 07 225 147 76 3130 77.0 0.43
IR62829A/IR 64 81 89 13.0 121 84 262 60.6 0.43
IRG2829AITKM 6 91 116 35.0 157 82 602 1567 0.38
IRG2829A/TM 4309 74 122 21.0 153 B4 428 94.1 0.46
General mean 78 92 147 100 o 2.3 582 0.38
CD (P=0.05) 1.9 3.0 12 14 19 19 43 0.01
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r;;l;ﬂn'!. GCA effects of parents for eight characters in rice

T Days to . Paniclesy  Gming/  Spikelet' s~ Grain
' ik, ﬂu::nng Plant height plont - - panicle. - f:.rﬁ]ity ' ﬁ:?drl?;;‘ant : ]?gdxi:‘: F::dw;ﬂ
CMSlines: - © '
V20A A5 25 0.4%* 226" B 380 47 0,044
IR S8025A 1.5%* 0.9** L]6% 1630 S 490 21% 2,80 0.02%+
IR62829A -~ 0.1 - 16 0.8% gass 1 gqee R 19w pozee
Males : ) ' e s '
ADT 36 434+ 5.1 S 575 L G gee 480 5.5% 0.04*+
ASD 16 6.1%* 0.02 26% -14dse s 540w 5.0 62%% T - -006%
ASD 17 -4 f** 6.5 -1 . 232 <100 -10.3%# -22.0% -0.05%*
ASD 18 LS -1.9% 24% A% 10.8** 1.9%*.. 415 0 Q01%-
Co31 4. 0%* 4.3+ Ll 27 74%, 4.0%0. 6.7%+ 0.02**
Mm36 . -4 3 e C N b -15.6%* 4.3, =590 -22.6%* 001,
IR 50 . g 03 0.1 -b.3=. 0.0 =17 -11.3** D.05**
iR 60 . 254 -43%= -2.8%* 26,77 2.0, 6.2+ . -17.74* 002+
iR 64 5.0%* -l STLL N 1 LU 14.2¢* 5.01%% 7.0% 0.04%
JET 1444 240 02 150+ 12.5% SL7ee . adse 330w 0,015
TKM 6 69% 309 is7es 398 720 198%*  66I%  .0p4er
TKMS -8+ -6.5% -1.9%% -28.5%+ 133w B4 Q85 T 00aes
‘m 43m _6_5*’ zﬂl'.l'*# ]‘u-* " BE_TOI IS_B_"! 13.1!1' ES. I Ll ﬂ.]u**
;[:?; -3.5** -5.0%* -1.5% -17.6%* -2.9% ‘-6.9“ -18.3** 0.01**
TNAUBROIZ  59* 71w 0% T ggws 35 URarsT T gges ' 006
ADT 39 14.0%% .57 208 - 7 B0 245 05 " 14 0.17%
Jaya 32%%  _-63"% . -05% % LU & aze T sae T o0
SE (females)  0.18 026 enr YTo030 - 017 vtcoa6 C 038 0001
SE (males) 042 0.62 25 071 0.40 038 .- B9 0,003
*P=0.05, **P=0.0L" ERE @ |
gene action for the character plant height. Mohanty IR64, Dwarfness. smkelet ferum:,r and
tand Mahapatra (1973),Singh et al * (1980), -t harvest index
Stivastava and Seshu (1983) and Dhaliwal and  IET 1444 : . Grains per panicle, sp:kt:lcl femhty
Sharma (1990) also reported that non-additive gene . - .+ and harvest index .
effects were greater than additive gene effects for TKM6 : Panicles perplant, grains per panicle,
yield ‘and most of its component characters. The spikelet fertility and dr}r matter
presence of greater non-additive genﬂlic variance production
offers scope for explmtauun of h}rhnd vigour in r.he: TM 4309 : Earliness, grains per panicle spikalet
materials studlnd , fertility, dry matter pmductmn and

e harvest index
Jaya.  :. Dwarfness, spikelet f::rt:ht}r am:l
A total of seven malé parents viz, ADT 16, : ) harvest index
ASD 16, IR 64, IET 1444, TKM 6, TM 4309, and S :
Jaya recorded superior -pe:rfuﬁ_n'anct_ for grain yield o Eiaﬂm:f mlh:;:‘ y :::D lgMn.;d IIEE-.: 12:41 dwT::
(Table 2), the characters for which' these parents = i i v
have. performed well in-addition on 16 grain'yick . produce superior hybrids even with more than 80
per cent spikelet fertility. Based on spikelet

Srogiven. desov: : fertility, nmf.'. male parents viz., ADT 36, ASD 18,
ADT36 : Spikelet fﬁ]’tjlll}' and harvest index Co 37.IR'50, IR 64, TKM 6, TM 4309, TNAU

ASD 16 Enﬂmuss, grains per pamcle, s;::kﬁl-:zl 88013 and .i-’a}ra that involved in 14 hybrid combi
fcﬂll]t}". dry matter pmduchnn and hations Wwere identified as effective restorers which
harvest index can be reconfirmed by involving in re-lest crosses

Mean parfurmance
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Tah!= 5 SL‘h. cfMect of prmnkiu h:hrltk for eight characters In rice

e e e e el Gl b D e
V20AJADT 36 6.9%* -17 L4es . 255%  123* &5 106°0 007
V20AIR 64 730 4 LE 30 148 . LI 207°* 006
V20A/TNAU 88013 2,50 6.7+ 12%  610°" 210 - 173 316 o7
IRSB025A/ASD 18 24 0.4 24 3.3* 2444 004  -53% 003
IRSB025A/CO 37 09 -16 34% 700 3.6 3.0%¢ 3.0 0,037
TRS802SA/IR 50 02 1.8 22%  254%% 3% 720 69* 0.08%
JRS802SA/TKM6G 4.9+ d.1ee 0.01 118 33 . 27e+ 3% .0(4ee
IRS8025A/TM 4309 -2.20 2.2* -1.5%% 22 9.1%* 2404 31 - 0040
[R58025A/TNAU BBO13 0l §5.|%= 22 1.0 g.3me 330 4.6 0.03es
IRS8025A/aya 550 08 20° 247%% 120 70%*  124% 003
IR62829A/ADT 36 26 001 . 06 160 4gee 03 08 0,001
IR62829A/ASD 18 .08 0.6 2.4 113% 5o 3.5 1S4% 003
IR62829A/CO 37 02 354 d9%s 224 02 4,94 g8* 003
[R62829A/R 64 ame ase 23 g4 02 Al g% o0

IR62829A/TKM 6 550 L70%  28%  J45% 59%%  jG2e  290% (004"
[R62829A/TM 4309 2400 05 6% 178 A3 . S5 174 04
SE -~ 073 108, 044 124 . 069 068 _ 155 0005

*p=0.05, **p=0.01

with CMS lines; one male parent ADT 39 was
identified as a potential maintainer for the CMS
line V20A and this can be involved in the back
crossing programme to develop a new CMS line.

Among the hybrids (Table 3) the top five
hybrids viz.,, V20A/TNAU 88013, IR 58025A/
TEM 6, IR 58025A/TM4309, IR 62829A/TKM 6
and IR 62829A/TM 4309, exhibited superior perfor
mance for grain yield per plant, spikelet fertility
and most of the yield contributing characters and
these can be exploited commercially. -

General combining ability

Among the parents, two CMS lines viz., IR
58025A and IR 628294, and eight males viz., ADT
36, ASD 18, CO 37, IR 64, TKM 6, TM 4309,
TNAU 88013 ‘and Jaya recorded significant posi
tive GCA effects for grain yield and also
significantly desired GCA effects for most
component traits (Table 4). Several workers
reported on the association of high GCA effects in
the parents with maximum SCA effects and
heterosis - for yield in the resulting hybrids
(Ranganathan ef al., 1973; Maurya and Singh 1977;
Rahman et al., 1981; Sarathe and Perraju 1990).
Accordingly, crosses involving these parénts: with

significant positive GCA effects could produ:
superior hybrids.

Specific combining ability

Of the hybrids derived between the best eig!
male parents and three CMS lines, only 12 hyhﬂi
recorded significant pnmtwc- SCA effects for grai
yield (Table 5), indicating Ithat the best parent
were not ﬂ\irays the best combiners (Rao er af
1980). .ﬂunung the: 12 hybrids, V20A/Jaya wa
found to record less than 80 ‘per cent spikel:
ferhhr.;,', indicating ttmt Jaya is not-an effectiv
restorer for V- 20A; .the, remaining hybrids wer

found to perform well for most characters |

addition to grain yield. Some of the above hybnd
r:xluhuad good performance for certain character
for which their parents were found to be eithe
average or poor c{:-mbmers. mdmatmg interactio
effects of genes in ‘the positive diréction. The hig
SCA effects for grain }’il.‘:]d dry ‘matter pmducuﬂ
and hanfr.st index by most hybrids revealed that th
yield superiority of heterotic Fis is due |
increased dry matter production and/or harve:
index.

The st_uﬂy of relation between GCA and SC!
effects showed that almost all kinds of SCA effec!
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duld:-be obtained from any type of parental
gmiinations. - But - majority of the high SCA
ombinations  involved at least one parent
wisessing high GCA effect; the other parent could
ave high, average or low GCA effects (Yuan and
firrani 1988). This suggested that either additive
.. additive andfor additive x non-additive genetic

ieraction ‘was predominant in the materials

|u1i|1cd* In some ﬂthe;r high SCA combinations, the
ra;‘:;;;tal gﬂmbmanqns were ecither average x
verage, average X poor or poor x poor, and the
wperiority of these crosses may be due to
-omplementary type of gene interaction.

""“On the whole based on mean performance and
JCA gffects, TM 4309 and TKM 6 were the best

ale parents, followed by IR 64, CO 37, ADT 36,

ya, ASD 18 and TNAU 88013, and these parents
n- be used advantageously in the crossing
rogramme with CMS lines for the development of
unenar rice hybnds Based on mean perfﬁrmancf:
hd SCA effects, five hybrids wiz, IR
ZB29A/TKM 6, V20A/TNAU 88013, IR
IB29A/TM -4309, IR 58025A.TKM 6 and IR
BO25A/TM 4309 were found to be the best
:ombinations for grain yield and most component
raits, and can be exploited further to fix stable
wrforming heterotic hybrids.

dadras Agric. 1, 82(5): 333-337 May, 1995

REFERENCES

DHALIWAL, T.5. ond SHARMA, H.L. (1990). Combining
ability and maternal effects for agronomic and grain
choracters in rice. Oryza 26: [22-128,

KEMTHORNE, O. (1957). An Introduction to Genetles
Statistics. John Wiley & Sons, Inc., New York.

MAURYA, D.M. and SINGH, D.P. (1977). Combining ability in
rice for yield and fitness. Indian J. Agric Sci., 47: 65-70.

MOHANTY, M.K. and MAHAPATRA, K.C. “9?3} Diallel
analysis of yield and its components in rice. Indian
J.Genet,, 33: 264-270,

RAHMAN, M, PATWARY, AK. and MIAH, A1, (1981). Com
- bining ability in ricc Indian J. Agric Sci., 51: 543-546.

RANGANATHAN,T.B.,, SREE RANGASAMY, SR, and
MADHAVA MEMNON, P. (1973). Genetic investigations
on duration of flowering and yield in semi-dwarf vareties
of rice. Int. Rice Comm. Newsl., 22 (4):31- 43,

RAD, AV, SAI KRISHNA, T. and FRASAD, A5 R (1980),
Combining ability analysis in rice. Indian J. Agric. Sci,,
50: 193-197,

SARATHEM.L. and PERRAJU.P. (1990). Genetic divergence
and hybrid performance in rice. Oryza 27: 227-231,

SINGH,S5.P.., SINGH, R.R, SINGHER.P and SINGHR.V.
{1980). Combining ability in rice. Oryza 17:104-108.

SRIVASTAVA, MN. ond SESHU,D.V.(1983). Combining
ability for yield and associated characters in rice. Crop
Sci., 23: 741-744,

YUANLP. and VIRMANLS S, (1988), States of hybrid rce
research and development. In:Hybrid Rice. International
Rice Research Intitute, Philippines, pp.7-24.

(Received : Movember 1993 Revised : February 1994)

~ IMPACT OF IRRIGATION AND MANAGEMENT PRACTICES ON
PHYSIOLOGY OF WATER RELATION AND PRODUCTIVITY IN SOYBEAN

ARUNA RAJAGOPAL and G.VELU
Water Technology Centre, Tamil Nadu Agricultural University, Coimbatore 641 003

ABSTRACT

Investigations were carmied out in the ficld in kbarif B9 and rald 80 emploving the varety
Co.l with three imigation scheduling wiz, 60, 80 and 100 mm ol cumulative pan value and six
management {nm;!mm.tnf:} practices comprising, mmmoraunn of da:umpuscd coir pith  {coconu

fibre waste) at 12.51 ha’,

split application of potassium at 40 kg ha'! ( 50 per cent basal and 50 per

cent top dressed at 30 :md 60 DAS), spraying cycocel (250 ppm} at peak flowering slage, spm:.rmq
0.5 per cent Kel at peak flowering stage, incorporation of erystal min (Soil moisturiser) at 12 kg ha
and a control. The crop growth and yield was better in kharif thon in rabi. Imigation at 60 mm pan
value improved the crop growth by recording more LAL RGR, CGR, lower canopy lemperature,
transpiration rate higher RLWC and SDR which resulted in higher seed yield. Among the
management practices, the foliar application of eycocel, and Kel, separately maintained higher tissue
water content, followed by splil application of potassivm and other treatments, Imigation ot 60 mm
pan vale in combination with cycocel at 250 ppm recorded maximum seed yield in both the season,
followed by split application of potassium in kharif and coirpith in rabi seasons respectively.

The water management for augmenting the
top productivity has become a most indispensable
actor especially in a crop like soybean because of
ts high susceptibility to water stress al  various

growth stages. This can be achieved by proper crop
management viz., regulation of (ranspiration,
improved water use efficiency and betier root
penctration. The waler demand ol the crop al



