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ABSTRACf 

CombiDiDc ability stacIies were UDder1akea for teD qaoIitathre cbaraden iB • dIaUeI set iBYOIYinI 
IIioe parmts r.- three......oIhexap1oic1 wbeats T.III!IdI_. T. c:ofIJpIIdrImaud T. ~. 
auJJ. Tbe ....... lIC8 YariaDc:a iIld.icated that additift &eM aetioo w8s 01 greater Imponance for 
spike lencdI. spike deBsity, graID wi. per spike, 14JO.graiB weIa't, aud yield!pIaIIt; wUe for days to 
first IIoweriDa, ....mpt, Bumber 01 tiIItnfpIaat, spikeldsfspike, aud graiaslspike IICIIUIdcIHift 
COIIIfIOIIeId was JDOr:eimportaat. Dwarfor nmla_fparmts, iBgeaerai, were ~ podeombiaers 
for yieldaud aI50 for die important yield COIIIpIIIIeIlfs that emphatically iadicated die coosideraIioo 
oIlleig1lt..... with ,Yidd COIBpoaeaI5 iB die seIediou atteria. Use oldie IIIdienOuaexpIoited semi
dwarfs like T. ~ aud T. ~ _ the!lilMll'U! 0I111e1Didwal'1ia stiff.....w geae(s)
_!Mea suaested. Tbe per III perfOl"lll8lla'l 01 the paraat is _ .....uaff: measare oIp for most 
cbaraden ncept days to lint lIoweriag, tillenlpllmtB, spikeldsfspike, aud graiDsIspiIr.e. It is aI50 
""II."!ded thatdie G"OI!IIRS with at leasteae p8ftIltwith SIIperior..died wi) hateD geaetic recom
biaation aud aI5o. help iB ~die pIIdie lJaniers, ifpreseDt. 
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Combining ability analyses in wheat have been reported by several workers, 
but these are limited to either breadwheat (Triticum aeslivum) for macaroni wheat 
(T. durum). No attempt seems to have been made to evaluate varieties of T. 
sphaerococcum and T. compaaum in combination with varieties of T. aeslivum. T. 
compactum and T. sphaerococcum have some semidwarf vari~ties with stiff erect 
straw and hemispherical to almost round grain. The present study explores the possi
bility of using compactum and sphaerococcum varieties as alternate sources of 
dwarfing and analyse the combining ability, in a dialiel cross, ola few varieties frOm 
these three hexaploid wheats, viz., .T. compactumT. sphaerococcum and T. aes
livum. 

MATERIALS AND METHODS 

I A diallel cross involving nine parents of three hexaploid wheat species, Triticurnt 
compactum Host., Triticum sphaerococcum Perc., Triticum aeslivum L. varieties·\ 
Chinese Spring, SoBora 64, Kalyan Sona, NP 846, NP 890, C 306 and C 591 werel 
used in this inveStigation. The material was selected mainly based on height, tall 
and dwarf, and geographic diversity. Parents and 36 FI (without reciprocals) were 
grown in randomised block design with three replications. Each treatment in a 
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replication was raised in a single-row piot of 2 m ieng~h with 45 cm x IO cm spacing. 
The data on individual plant were recorded'on ten quantitative characters (Table 
1). Plot means were used for stcttistical analysis. Combining ability analysis was 
carried out using Method 2, Model I of Griffing [1 J. 

RESULTS AND DISCUSSION 

Difference among entries, parents and crosses, were highly significant for all 
. the ten characters, except tillers plant in case of parents. The tall plant types 
, generally surpassed dwarfs for most characters. The wide variability among parents 

; , 
t 

. as well as between groups suggests that they woiilil be useful in future breeding 
: work. 	The gca and sca variances were significant for all the characters (Table 1). 
The significance of gca as well as sea exhibits the importance of both additive and 
nonadditive gene actions in the present material. Some workers identified high gca, 
while others sea or both, for the same character. Somayajulu et at. [2] could not 
detect gca variance for grains per ear, whereas several workers [3-5], observed both 
gca and sea components of variance for this character. Thus, combining ability may 
-differ depending on' the material studied, and its handling would depend on the 
1nformation available. 

Table I. ANOVA for COIIlbiBing ab,ility 

Source d.f. 	 Mean squares 

days to plant tillers spike1spikelets spike grains grain 100- yield 
first height ,per. length per density Per ' wt. per grain per 

flowering plant spike spike spike wt. plant 

8. .:: 46.77" 591.3" 39.3" 12.02·· 3:54" 0.72·· 78.8" 0.80" 2.64" 394.8*

sea 36 ' 22.01"149.2·· 17.0** 0.93** 2.33** 0.10" 56.0** O.OSO* 0.24** 60.4*· 

, 
. ! 

: Error 88 3.48 12.3 to.3 0.11 0.19 0.002 6.2 0.016 0.023 22.6 

0.30 0.4 0.4 0.73 0.22 0.57 0.21 0.70 0.69 0.6 

*••• Significant at 15% and 1% levels. respectively. 

The relative values of gca and sea, as judged' by the proportion of estimated 
gca variaDfore to the total genetic variance (zu2g12cj2g+Q2s), indicated greater importance 
of the gca (additive) component of genetic variance .lor spike lengtb, spike density, 
grain weight/spike, tOO-grain weight, and yield/plant, while sea (nonadditive) vari~ce 

: was more important for the remaining chara~ers,. viz., days to first flowering; plant 
,height, tillers/plant, and spikelets and grains' spike. ,: 

The per, se performance of the parents showed more or less parallel trend 
with the gcaeffects.. for plant height, spike length. spike density, grain weight/spike, 
l00-grain weight, and yield/plant. This association was also t:vident frOm the cOrrelation 

! coefficients between mean value and gca of the parents (Table 2). It appears:that 
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Table 2. Character means and estimates of.p dlects of parents 

1 
Parent Para· Days to Plant Tillers Spike Spikelets Spike Grains . Grain 1000grain 'YieldI 

meter first ~eigbt per length per density per wt.per wt. per 
flowering plant . spike 'spike .sp~ke pla.nt 

1 T. compactum Mean 96.1 91.9 24.0 7.7 21.4 2.8 53.6 1.69 3.14 21.23 
gea 0.8 -7.5'. 0.3 -0.8' -0.1- 0.2- -IS -0.32- -0.49" -5.75

I T. sphoeroco· Mean 103.9 109.8 21.8 5.5 20.6 3.7 37.5 1.05 2.81 12.78 
CCIIlIl gea 1.3' -4.1- -0.7 -1.6- 004- 004" -3.4" -0.15' 0.07 -3.77" 

Chinese Mean IOS.9 121.8 25.8 7.7 23.1 3.0 64.7 1.31 2.01 17.30 
Spring. gea 4.2" 2.7" 1.3 -1.2' 0.65" 0.3' -2.0- -0.35' -0.48' -6.45" 

Sonora 64, Mean 79.9 81.8 1M 11.2 19.8 1.8 55.0 1.50 . 2.72 14.79 
gea -0.9 -2.8 -0.4 -0.0 i.o- O.OS· 4.3' -0.16- -0.58' -3.37' 

KalyanSona Mean fJ7.7 82.0 20.4 12.9 21.3 1.6 69.i 1.73 2.49 21.48 
gea -1.9- 12.8 -3.5' 0.7- -0.5' -0.2- 4.3' -0.06 -0.30" -3.65

NP846 Mean 98.6 121.6 31.0 12.5 • 20.9 1.7 46.9 2.00 4.27 39.66 
gca -1.3- 2.2* 1.7 1.4' -0.1 -0.286' -0.4' 0.26- 0.48' 6.85' 

NP~ Mean 92.3 116.8 20.5 11.5 20.3 1.8 56.9 2.10 3.68 23.86 
gca -2.44" . 6.0- 2.8- 1.2- -0.2 -0.3- -0.6 0.39* 0.73" 10.51

C306 Mean fJ7.1JO 132.6 24.1 11.3 19.9 1.7 55.7 2.20 3.95 30.74 
gea -0.9 7.2' 0.1 004- -0.7" -0.2' -1.06 0.19" 0041' 2.53 

C591 Mean 100.5 138.1 23.7 lOA 21.3 2.1 58.5 2.23 3.82 32.13 
. gea 1.1' 9.2' -1.6 -0.04 -004' -0.1- 004 0.21' 0.31' 3.10

CD(gi) 5% 1.1 2.0 1.8 0.19 0.246 0.03 1.4 0.07 0.08 2.68 
CD{gi-gj) 5% 1.6 3.0 2.7 0.28 0.370 0.04 2.1 0.11 0.13 4.02 

Mean-gea correlation 0.58 0.84" 0.36 0.92 0.13 0.92" 0.54 O.SO' 0.83'- 0,68' 

····$jgnificant at 5% and 1% -levels. respectively. 

paren~ for breeding to improve the above characters may be selected largely on 
the basis of their per se performance,and also suggests the presence of considerable 
additive effects. On the other hand, per se performance of the parents for characters 
like days to first flowering, tillers/plant, spikelets and grains/spike did not correspond 
to that for gca effects. The correlation coefficients between mean value and gca 
effects for these characters were also not significant. For improvement of such 
characters, therefore, the choice should be based on their gca effects. 

j 
The best general combiner for tiller number was NP 890. NP846 and NP 890 

were good general combiners for spike length. Sonora 64 mainly influenced number 
of spikeletslspike. For grains/spike, Kalyan Sona was the best general cOmbiner. 
NP 890 and NP 846, in that order, were the best general combiners for both grain 
weight/spike and l00-grain weight. C 591 and C 306 also had superior gca effects 
for these two characters. NP 890, NP 846 and C 591 were good combiners for 
yield. These parents were also the best combiners for two or more yield components, 
thereby suggesting that combining ability for yield was associated with combining 
ability for its components. Kalyan Sona and Sonora 64, which were good combiners 
for grains/spike, failed to show significant positive general combining ability for yieid. 
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Considering the overall· picture of gca effects it appears that the semi dwarf 
parents, Kalyan Sona and Sonora 64 of T.aestivum, are similar to T. compactum 
and T. sphaerococcum in that they displayed favourable gca effect for height, and 
unfavourable gca effect for yield and important yield components. But they differ 
with regard to number of spikeletslspike and spike density. T. sphaerococcum and 
Sonora 64 were good combiners for number of spikeletslspike. T. compactum was 
a medium and Kalyan Sona a poor combiner for this character. For spike density, 
T. sphaerococcum, T. compactum and Sonora 64 were good combiners, whereas 
Kalyan Sona was reckoned as a poor combiner. The parents showing favourable 
gea effects for individual characters can be utilized for improving the character of 
some Qtherwise good varieties. The gca effects in this study indicated the importance 
of height along with yield components as selection criteria. From the segregating 
materials, plants of intermediate height should be· selected so that their extreme 
dwarfness does not have unfavourable effects. on yield, and extreme tallness does 
not make them prone to lodging. The stiff straw genes from the unexploited 
semidwarfs like T. compactum and T. sphaerococcum can likewise be introduced in 
the tail Indian vaJi.eties, viz., NP 846, NP 890, C 306 and C 591 of T. aestivum, 
which have good combining ability for yield and its components. Successful utilization 
of these species will not only enable the full. exploitation of the high yield potential 
of the tall varieties of breadwheat but also broaden the base of the present breeding 
material. 

Table 3. IbDIdDg of deI!iirabIe er.- 011 sea eft'eds for diII'erenI charaden 

. 
Day!! to Plant Tillers Spike Spikelets Spike Grains Grain wt., tOO-grain 	 Yield· 

,perfirst height per length per density per per weight 

Dowering plant spike spike . spike plant 

PI X p.* PJxP.* P,xP6* plxP,* p.xP7* PIXP1* p.xP,* p.xps P,xP6* P,xp6* 

P1xP.* P1xP" p.xP7* P1xP" P1xPJ* p.xP,* p1xPJ* P,xp6* P1XP6* p)xP6* 

p1xPs* pJxP,* p1xPs* p.xPs* p)xPJ* p)xPJ* p1xPs pJxP,*PJxP" 
Psxp,* P6XP7• PI X P,* P"xp6* p.xp,· p"xPs• P,xPs* p.xP7* p)xP6* 

, p,xP7• p.xP,* pJxP,,* PJxPJ* p.xps PlxPs PZxp\\* P,xP,* 

pzxP.* p7xP9* P2xPJ* PzxPs p1xP,* PsxP,*PsxPs* P6xPs• 


P2XP7• Psxpg* p.xp,· p.xP7• p,xP7• P7xP9• 


p6xPS* P1xp,·
P6XPS· P.XP7* 


P6XP,* P1XP6 * P6~P,· P1xPS• 


PsxP,* J>6:'<P7* 

pRxP,* p,xP7• 

p1xPs* 


Pr-T. CompllCfllltl. Pr-T. splulerococaun, Pr-Chinese Spring, Pr-Sonora 64, P,-Kalyan Sona, P,,-NP 
846, P,-NP 890, p..-c 306, and p.,.....c 59!. 
@ Negative sea effects were considered for daY!! to first Dowering and plant height, and positive sea 

eff.'ect!l for the remaining characters. 

·Significant at S% level. 
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The crosses showing significant and desirable sea effects, .lor the different 
characters are listed in descending order of magnitude in Table 3. The' cross 
combinations with high sea effects for" yi~ldlplant were Kalyan Sona x NP 846 and 
T. compactum NP 846. The gca status of parents in both crosses was low x high. 
A high--low method of crop improvement [6, 7] may be foHowed by crossing low 
~ high combiners in order to have desirable transgressive segregants. The cross

} 	 Kalyan Sona x NP 846 also had significant sea effect for tillerslplant, grain weight/spike! and 
l00:graiil welgtit; suggesting t6ei.dmportance in determining high sea effect for l?eld. 
Similarly, high' sea effect for yield was in cross T. com pactum x NP 846 8SSOC1ated 
wit]l spike length and l00-grain weight. 

For earliness, 7 hybrids showed high sea effects. Hybrids involving Sonora 64, 
a medimn combiner for earliness with andT. sphaerococcum, showe9 higher d~irable 
sea effects, and' the first two crosses were Chinese Spring'x Sonora 64 and 
T. compactumxSonora 64. These crosses may. help in bringing about improvement 
in these characters. 

, 64. These crosses ~ay help in bringing about improvement in these characters. 

In case of two important yield components, namely, grain weight/spike and 
l00-grain weight, some, of the crosses with high sea effeGts were combinations of 
high x low general co~biners. In addition to higb-low breeding method, another 
way of exploiting such crosses would be diaBel selective mating [8, 9]. This procedure 
will increase genetic recombination and also assist in breaking unfavourable repulsion 

, . ph~ linkage blocks. In the present material, the' crosses showing desirable sea 
effects for various charaCters with low x low general combiners are difficult to 

,exploit as low x low combinations reflect nonadditive, 'gene action. The most 
interesting' crosses' were, those in which both parents displayed high desirable sea as 
weH as sea effects. The, major part of such variance would be fixable in later 

"generations. Suth crosses were Kalyan Sona x NP 890 for earliness, x T. compactum 
x Sonora 64 x for dwarfness, T. sphaerococcum x Chinese Spring for number of 

, spikeiets, 'T. compactumx T.' sphaerococcu:m for spike density, and Sonora 64 x KaIyan 
Soria, for grains/Spike. RecombinatiOn. breeding through multiple crosses involving 
these hybrids would be useful to breed genotypes exhibiting improvement in these 
characters. Involving genetically diverse parents like T. ae.mvum in crosses with 
,T.compactum or T.sphaeroclJecum, or T. com pactum with T. sphaerococcum would' 
be beneficial as it would provide an oppoitunity to bring, together gene consteHations 
of di{ferent origin. ' 
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