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ABSTRACT

The components of gene effects for yield and five yield contributing characters were
studied followingsix-parameter model of Hayman, utilizing means of sixbasicpopulations
(P, P2, F1, F2, BC1 and BC2) derived after crossing seven diverse cultivars of pea. The
analysis reiterated the importance of dominance (h) gene effect for yield/plant, pods/plant,
and plant height. However, additive (d) effect was pronounced for yield/plant in the cross,
GC 322 x B 5064, whereas all three types of gene cffects (additive, dominance and epistatic
interactions) were significantly involved in the crosses GC 322 x PG 3 and GC 322 x T 163
for this attribute. Among digenic epistatic interactions, additive x additive appeared to
contribute more for most of the characters. Reciprocal recurrent selection is suggested for
developing elite population for effective selection.
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The choice of plant breeding methodology for upgrading the yield potential largely
depends on the availability of reliable information on the nature and magnitude of gene
effects present in the population. Diallel analysis, although effective and most widely used,
does not provide the estimates of nonallelic interactions. Epistasis, which is known to play
a major role in the expression of heterotic potential, has been reported in pea [1-6].

Generation means analysis, which provides the estimates of the main gene actions
(additive and dominance) and their digenic interactions (additive x additive, additive x
dominance, and dominance X dominance), helps in understanding the performance of the
parents used in the crosses and potential of the crosses to be used either for heterosis
exploitation or pedigree selection. In the present paper, therefore, the six-parameter model
has been utilized to study and analyse the genetical control of yield and yield controlling
characters involving seven diverse cultivars of pea.
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MATERIALS AND METHODS

Seven diverse cultivars of pea were intercrossed in a diallel fashion and six basic
generations of each ¢ross, namely, the two parents, P1 and P2, their F1 and F2, and backcross
generations, BC1 and BC2 were grown in compact family block design with three
replications. The parents, F1 and backcrosses were sown in onerow each, and each F2 in five
rows. The row length was 2 m, and row-to-row and plant-to-plant distances were 45 and 15
cm, respectively. Data on 10 randomly selected plants in each row were recorded for six
characters (Table 1).

Mather’s scaling tests A, Band C were applied in all the 21 crosses for each character to
judge the adequacy of the additive-dominance model. The crosses, where the
additive-dominance model was inadequate, were subjected to genetic analysis following .
Hayman [7], using the six-parameter model.

RESULTS AND DISCUSSION

Considering the significant deviation of A, Band C scales from zero, 10 crosses for plant
height and pod length, 11 crosses for pods/plant and seed weight, and 12 crosses for
seeds/pod and yield/plant showed inadequacy of the additive-dominance model, and
thus, presence of epistasis in these crosses was indicated. The estimates of epistatic
interaction(s) along with additive and dominance gene effects for these interacting crosses
for different characters through six-parameter model (Table 1) suggested that additive (d)
gene effect was significantly positive for yield/plant in the cross GC 322 x B 5064, for
seeds/pod in PI 280064 x B 5064 and PI 280064 x Bonneville, for plant heightin PG 3 x T 163,
and for pod length in Bonneville x T 163. This clearly indicated the significant contribution
of additive gene effects in the inheritance of these characters in the respective crosses.
However, the dominance (h) effect was predominant in the cross A 474-288 x T 163 for
pods/plant and seeds/pod, and in GC 322 x B 5064 for pods/plant.

In general, almost all the hybrids had positive dominance effect for yield/plant,
pods/plant, and plant height and their magnitude was also higher than that of d, suggesting
greater importance of dominance effects in the expression of these characters. The
significance of only duplicate type of epistasis for these characters further confirms the
prevalence of dominance effects. These results are in agreement with those of Sharma et al.
[2] for pods/plant, Venkateswarlu and Singh [8] and Srivastava et al. [9] for yield/plant,
and Singh and Singh [10] for both characters in this crop. The contribution of additive effect
for these characters was not unidirectional and in most crosses, it had reducing (-) effect,
whereas, in other increasing (+) effects.

When the sign and significance of d and h gene effects were considered for seed weight,
both types of gene action were mostly negative and significant, indicating thata diminishing
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Table 1. Estimates of gene effects following six-parameter model for six characters in pea
Cross m d h i j 1 Interaction
- Plant height

PI280064 x A 474-288 58.3 34 66 34 -103 5.6 —
PI280064 x B 5064 1261" -9.6 1029™ 346 57 - -1141  Duplicate
GC322 x A474-288 37.3" 44 304 355" 6.1 -55.5" —_
GC322xT163 1362" 459" 19.9 -56.3 248 98.0° —_

A 474-288 x Bonneville 546 -0.8 269" 18.9° 89 -14.7 -_
A474-288xPG3 529" -10.7" 308 20.2 -11.1 -59 -

B 5064 x PG 3 13527 -6.1 57.0 -21.8 440" =302 -
B5064 x T163 1398" 493" 20 826" 388 -2192" —
Bonneville x T 163 1625  -374" 340 439" 164 224 -
PG3xT163 136.2" 67.3" 57.7 -188 433 74.1 _

Pods per plant

P1280064 x T 163 133" %7 194" 122 7.8 -144 —
GC 322 x A 474-288 11.8" 92" 14.8 132 -162°  -352 -
GC 322 x B5064 1617 -1.1 102" -0.4 -1.7 -10.2 —

- GC 3222 x Bonneville 102" -3.0 103 100 33 -24.2 —
GC322xPG3 11.7° 41 149" 128" 62  -3.0" Duplicate
A 474-288 x B 5064 166"  -122" 245" 65 262" 6.9 —
A474-288x PG 3 14.0" 2.1 15.7 11.7 -43 -319 —
A474-288x T 163 126" -09 207 17.0 34 -267 —

B 5064 x Bonneville 142" 61" 138 72 143" - 207 —
B 5064 x T163 148" 118" 256" 267" 304" 681"  Duplicate
Bonnevillex PG 3 11.2" 54" 267" 211" 103" 358"  Duplicate
- Pod length
PI 280064 x B 5064 52 -0.02 -05 -03 -02 -0.03 -
PI 280064 x Bonneville 62" -0.8" 05 03 02 -1.3* —
PI280064 x T 163 49" 05 18" 17" 0.8 -2.0 -
GC322 x A474-288 60" 04 -03 -02 03 -13 -
GC 322 x Bonneville 67" -04" -04 08" 0.1 11 -
GC322xPG3 65" 07" 05 03 08" -1.6 —_
GC32xT163 57" 0.6 05 05 04 -2.0 _—
A474-288x T 163 51" 02 17 12 02 0.7 -
B5064 x T 163 49" 03 06 03 07 12 -
Bonnevillex T 163 57" 13" 1.1 0.9 1.0 0.5 -

(Contd.)
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Table 1 (contd.)
Cross m d h i i 1 Interaction
- Seeds per pod .
PI1280064 x A 474-288 42 1.2 -06 -0.6 1.0 02 —_
PI280064 x B 5064 37" 107 -1.0 -1.1 -0.5 08 -
P1280064 x Bonneville 45 06" -0.5 -05 03 -04 —_
P1280064 x T 163 36" 13" 11 13 14 -1.7 -
GC 322 x A 474-288 41" 01 -07 -05 -07 -14 -
-GC 322 x Bonneville 40" 0.0 11 16 05 44" —
A 474-288 x B 5064 31" -0.1 02 -05 1.2 0.1 —
A 474-288 x Bonneville 34" 03 06 = -05 1.1 1.0 —
A474-288 x T 163 30" 02 12 07 0.5 0.4 —
B 5064'% Bonneville 36" 07 -14 17 0.1 1.5 —
B 5064 x T 163 28" 02 11 0.5 14 -03 —
Bonneville x PG 3 YA 0.8 -0.5 0.7 1.1 0.6 -
- 2.5—seed Weiﬁht - .
P1280064 x GC 322 34 07" -17 -15 -05 26" Duplicate
PI 280064 x B 5064 . 33" 03 a1 -11" 01 - 15 Duplicate
GC 322 x Bonneville 41" -04 -02 01 -04 11 —
GC322xPG3 a7 09" 05 -0.8 -0.9 01 —
GC322xT163 43" 08" 0.01. 06" -04 24" —
A474-288 X Bonneville 38" 07" 0.8 -0.2 05 -14 —_
A474-288x T 163 36" 11" 18" 17" 05 09 —_
B 5064 X Bonnevilled 43" -05 -0.1 -05 04 -04 —_
B5064 x PG 3 4.0" 0.03 15" -1.6" 127 34" Duplicate
B5064 x T 163 38" -04' 08 01 o7 2.6 —
Bonneville x PG 3 51" 03 02 -0.6 12" -0.8 -
” Yield per plant
P1280064 x A 474288 5.1 10 17 -15 11 57 —
GC 322 x A 474-288 54" 28 85 79 6.5 197" —
GC 322 x B5064 78" 24 08 34 34 -08 —
GC 322 x Bonneville 6.0 -1.8 6.5 7.1 2.6 -193 -
GC322xPG3 76" 36" 74" 63 -61 207"  Duplicate
GC32xT163 75" 43" 9.1' 75 -54" 170"  Duplicate
A 474-288 x B 5064 56" 36" 85 21 77" 05 —_
A 474-288 x Bonneville 54" 08 27 31 0.4 9.9 —
A474-288xT163 45 20 112" 9.7" 0.1 -114 -
_B 5064 x Bonneville 69" 03 23 -0.03 3.1 -5.8 -
B5064 x T 163 55" 3.0 1288 130" 107 266"  Duplicate
Bonneville x PG 3 74" 36" 9.1 6.0 717 127 Duplicate

*“Significant at P = 0.05 and 0.01, respectively. Only significant interactions given.
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effect due to these types of gene effect could occur in the expression of this character.
However, additive x dominance interaction in the cross Bonneville x PG 3, additive x
additive and dominance X dominance interactions in PI 280064 x GC 322, PI 280064 x B 5064
and GC 322 x T 163, and all three digenic interactions in B 5064 x PG 3 were observed in the
inheritance of this character.

Epistatic gene effects are known to contribute a sizeable part of variation in the character
which showed higher estimates of dominance effects [11]. In the present study also, higher
estimates of h for yield/plant were associated with significant epistatic interaction(s) in the
respective crosses. However, in certain crosses, e.g. GC 322 x PG 3 and GC 322 x T 163 for
yield/plant, and B5064 x T 163 and Bonneville x PG 3 for pods/plant, all three types of gene
effect (d, h, i, j and 1) were significant in the expression of both the traits.

Considering the contribution of epistatic gene effects over the crosses for a character,
the additive x additive (i) interaction had enhancing effect in the expression of pods/plant,
pod length, and yield/plant, which confirms the earlier report of Singh [12]. But for
seeds/pod, additive x dominance interaction (j) had slightly greater effect as compared to i
and L.

Comparing the magnitude of the main gene actions (d and h) along with their digenic
epistatic interactions (i, j and 1), the 1 interaction was usually higher or at least at par with i
and j for all the characters. However, the sign of 1 gene interaction was mostly negative,
indicating their reducing effect in the expression of almost all the characters.

The gene interaction, i or any digenic complementary gene interaction is fixable and
thus can be exploited effectively.

The characters that are controlled by additive and additive x additive gene effects
(fixable) can be improved by pedigree method of selection, while heterosis breeding may
be recommended for those under the control of dominance or dominance X dominance
(nonfixable) gene effects. But for exploiting all three types of gene effects, reciprocal
recurrent selection may be adopted for developing elite population for selection of high
yielding lines in advanced generations.
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