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ABSTRACT 

To, study' the nature 'and IRagnitude Or gene effects for six metric traits in four spring wheat 
crosses, addffivMJGminance, model and digenic interaction model were chosen. The domiD8DCe 
gene effects were ,more importImt thaQ additive geae ellects in '~ aU cases which shOwed 
preseace' f1II bodI 'kiDcIs f1II gene effects., EpiStasis was indkatd 10 12 out f1II 14 cases.' The 
additivexdombui:iiee .iDter8etion.O) .was 8 minor componeot of epistasis. Presenee of, trIgenic 

, or higher order _~ or Hnked digenles was indkated for tilers and grain yieldlplant 

in cross HD2Ul X SoaaIika. Epistasis played 8 big role in the control f1II plant height, 
tiDen/plant and Inn, yield dwlin the control of the remainlng three cberacters. The crosses 
WL 711 X lID 1981 and WG37'1x H(llm~provide better opportunities for ImproveineDt 
through simple selection procectUre!i' thaQ tile, remaining two crosses. 

Key words: Gene effects, metric traits, spring Wheat, jointscalingtest, six-parameter method, 
epistasis, heterosis. 

'. . . 

The knowledge about the, nature and 'magnitude of gene effects may greatly 
help informlliating plant, breeding progralllmes,> since sUch a knowledge not only 
tells about the relative importance of different kinds of gene effects (additive, 
dominance and epistatic) in, the' conttol.ofcharacters, but, also provides information 
about the, cause(s) of heterosis. 

In tbe presenfstudy,an attempt has been made to estimate various' kinds of 
geneeffectsth'rt,:mgb'standardbiOmetrical genetic procedures and to know the relative 
importance" cit', these gene effects ' in ,. the cOntrol of six important, metric traits including 
grain yield in wheat. 

MATERIALS AND METHODS 

The material of the present study .consisted of four spring wheat crOsses, 
namely, WL 711 X HD 1981, WG 377 x HD 1925, WL 711 x HD 2122, and HD 2122 x 

t Sonalika. Six generations, Ph P2, FI (PIX P2), F2, BCI (FI ) PI) and B~ (FI x 
P2) of each of the four crosses were produced and' raised in randomized block design 
with three replications ,in 2.5 m long rows with ,row-to-row distance of 23 em and 
plant to plant 10 em during 1983-84. Each parental and FI generation was represented 
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by 1 row, each BC gen.ation by 5 rows, and each F2 by 20 rows. The data were 
recorded on five randomly chosen competitive plants in each row for six metric 
traits, namely, days to heading, plant height, effective tillers/plant, grain/ear, l00-grain 
weight, and grains yield/plant. 

The data were subjected to the joint scaling test of Cavalli [1] to obtain 
estimates of m, (d) and (h) parameters and to test the adequacy of the additive-domi
nance model. In cases where the additive-dominance model was adequate but some 
other parameter was nonsignificant (e.g. parameter (h) was nonsignificant in 8 out 
of 12 cases, showing adequacy of the additive-dominance model), the best fitting 
model (two-parameter model) eliminating nonsignificant parameter was applied to 
obtain more precise estimates of the remaining parameters. The data of the characters 
showing inadequacy of the additive-dominance model were subjected to the six-parame
ter model based on the formulae given by Mather and links [2] to obtain estimates 
of m,(d), (h), (i), (j) and (l) parameters. This model was used as a guide to choose 
the best suited model in each· case. In all cases to which this model was applied, 
one or more parameters were nonsignificanL and· thus the best fitting model was 
applied in each case by excluding the nonsignificant parameter(s). 

RESULTS AND DISCUSSION· 

The estimates of main gene effects and X2 values, . obtained by applying the 
best fitting models for characters showing adequacy of the additive-dominance model 
in four spring wheat crosses, are given in Table 1. Of the total six characters studied, 
four characters for cross WL 711 X HD 1981, three each for crosses WG 377 x 
HD 1925 and WL 711 x HD 2122, and two characters for cross HD 2122. X 

Sonalika showed adequacy of the additive-dominance model. Both (d) and (h) 
parameters were significant in four cases. only. (effective tillers and grain yield/plant 
in cross WL 711 x HD 2122, and days to heading and grains/ear in cross HD 2122 
X Sonalika) , indicating that the additive as well as dominance gene effects were 
responsible for the control of these characters. However, higher values of (h) than 
those of (d) in all these four cases indicated that dominance gene effects were 
relatively more important. The genes with negative effects were dominant over the 
genes with positive effect, for days to heading and grains/ear in cross HD 2122 x 
Sonalika, since the values 'of (h) parameter in both cases were .negative. For number 
of tillers and grain yield/plant in the cross WL 711 x HD '2122, the genes with 
positive effect showed dominance over the genes with negative effect. In the remaining 
eight cases (days to heading, grains/ear, and 100-grain weight in crosses WL 711 x 
HD 1981 and WG 3n X HD 1925; plant height in cross WL 711 x HD 1981; 
and l00-grain weight in cross WL 711 x HD 2122), only additive gene effects 
seemed to exercise control over the characters because the parameter (h) was nonsignificant 
in all these cases and was thus omitted while obtaining estimates of m and (d) 
parameters. 

The estimates of main and first order interaction gene effects and X2 values 
obtained by applying five-, four- or three-parameter models for characters showing 
inadequacy of the additive-dominance model are presented in Table 2. The values 
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Table I. Estimates of maiD geue elfed.ll and Xl values for ebaraeten showiDg adequacy of 
additive-domimmce model in wheat crosses 

Cross and character m (d) (h) x 2 

value d.L 

Cross WL 711 X HO 1981: 
days to heading 106.8"" 4.7"" 5.1 4 
plant height 120.0·" 11.6"" 7.2 4 
grains/ear 58.1"" 6'.4·· 3.0 4 
lOO-grain weight 4.9"" 0.3"" 0.9 4 

Cross WG 377 X HD 1m: 
days to heading 93.9"" 3.4"" 6.2 4 
grains/ear 53.4·· 4.1"· 2.9 4 
lOO-grain weight 5.0" 0.2** 0.7 4 

Cross WI.. 71 I X HD 21Z2: 
tillers/plant 14.0", 2.7·· 2.9** 4.6 3 
tOO-grain weight 3.9** 0.2** 1.6 4 
grain yield 22.S·· 2.0** 6.3·· 

'h 
5.2 3 

Cross HD 2122 X SonaIika: 
days to heading 97.3** 3.9· -8.7·· 3.9 3 
grains/ear 38.3·· 2.7** -5.1·· 4.3 3 

• ,··Significant at 5% and I % levels. respectively. 

of the interaction parameters, in general, were higher than those of (d) and (h) 
parameters. This indicates that epistasis played an important role in the control·of 
these characters. Among the inter;'lction parameters, (j) was significant only for. tillers 
and grain yield/plant in cross HD 2122 X Sonalika, indicating least importance of 
additive x dominance epistasis in the material studied. These two cases {tillers and 
grain yield/plant in cross HD 2122 x Sonalika) also indicat~d presence of trigenic 
or higher order interactions or linked digenics, since the five-parameter models 
applied to these two cases were inadequate. The parameters· (I) .and '(1) were almost 
equaUyimportant. In all those cases where parameter (h) was significant,its magnitude 
was higher than that of (d), indicating greater importance ,of dominarice gene effects 
than for grain yield/plant in cross ·HD 2122 x Sonalika for which the value of the 
additive parameter was relatively high. The negative values of (h) for plant height 
in crosse~ WG 377 x HD 1925 and WL 711 X HD 2122 indicate that the genes 
with negative effect. were dominant over the' genes with positive effect. 

The classification of epistasis in such cases largely depends on th.e significance 
and sign.of(h) and (I) parameters. These two parameters had different signs for 
tillers and grain yield/plant in cross WL 711 X HD 1981 and plant height in cross 
WG 377 x HD 1925, indicating predomiriance of duplicate type of epistasis in these 
three cases. On the contrary, preponderance of complementary epistasis was indicated 
for plant height and grain yield/plant in cross HD 2122 x Sonalika, since the signs 
of (h) and (I) parameters were same in these two cases. Singh and Singh [3). 
however, noted predominance of compleptentary type of epistasis in their study. 

http:elfed.ll
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Table 2 •. ·Estinudtsof mam and rU'lit order interaction KftIe effects. and Xl values for cb~rs 
·shoWiOll· inadequacy of tlie addldvHomiIdlDC:'e mocleI in wheat crosses 

Cross and character m· (d) (h) (I) U) (I) x? 

value d.f. 

Cross WL 711' X HD 1981: 
tiJlers/pllint .25* 9.4'" 13:1'· -14.0" 2.6 
grain yield . ·4.t** 1:4'" i2A" ~15·.0" 2.8 

crOss WG377 x8J)I91S: 
plallt height 114.9·' 5.3'· ~9.8·· ...i2.7···· . 14.6-- 0.9 1 
tillers/plant 11.4" :23" ItS" '13:8" 2.9 2 

..grain yield. 
.' 

1JZ.7" 2..9'" 9.8'" 2.1 3 

Cross WL 711 X HD 2in: ' .. 
days to heading 88.4~·: 8.7·" lOS'" - '-18.6·· '2.0 2 
plantbeigbt ., It6J)~!. 5.6·~ ~~1.3•• '. 19;7- ,2..3 2 
grains/ear 41.7*· 22.7"'* 1.1 3 

CroeiisHD2InX SobaIika: 
pl~ntbeight 108.4·· 43.9*· 3.2 2. 
tillets/plant 11.40• 3.9·- -6.1·· . 

-.~. 

.5,.,.. 13.5" IS:Z!' 1 
lOO-grain weight 5.2·' 0.6" 1;9"'" 2:1· 0:9 2~, 

grain yield '23.9*· 5.1·" . 3;2· 4:0· itA·· 6;8*- t 

-, "Significant at 5% and 10/0 levels, respectively. " 

• "_"0. • • 

"- . .' -. . 

Epistasis played a.,sigruficanliore in the control of tillers and grain yieldlplant 
in crosses WL7U·)( HD 198i, W0317xHDl925,and HD2122 x Sonalika; 
andfor'plantbeight in crosses WG-z,T7xHD1925,:WL 711 X lID2122 and HD 
2122 x'· S()nalika. Ttteremaining t,hr~characters. onthe.other hand, indicated less 
importance· of epist~is.The, Charaster.l()Q-gain;~eigbtwas "either' under the control. 
ofaddi~ve genes;Qo.ne-(a~s"Wl;7if xH1)1981,WG 377 x HI> 1925 and 
WL 7Hx .H'D'-71~)·~'.~J::~W~e,~es·p1us additivex'additiveand dominance 
x. dominanCeepj~~jl~·.;~~g~tlhd·this. character can be easily improved by using 
simple ~ctfop·.~pr~~llt"fl$:'i\~sinIiJar situationf9l'tbis~haracter was observed by 
·ParodaandJoSfitt41.For~~mibe3dingandnumbetof grains per ear, the 

sitllation regardi~g ,the .rel~ti\'.ein)p<;,ttance '. of additiveandllOO8dditive gene . effects, 
varied a~oss thecrOsses;11Je'~ha;~ers: numbet .oftilkrs'and.graittyieldlplant,. 
were ,controlled bymoreoomJ)lex geneticsystems.1'btseresultsindicate 'that 
impr()vement in grain yieldlplantthTough .indirect se1ectiQIl fotgiainweight.would 
be more succeSsful than throughdir~.selection for grain yieldjtself.· 

Overall, crosses WL 711 x AD 191H and. WG 377 x HD 1925 can provide 
better opportunities forimproveinent through simple selection procedures than crosses 
WI: 711 x HD 2122 and HD 2122 x Sonalika. 
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