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ABSTRACT: This study was carried out during three successive wintor
seasons 2005/2006 to 2007/2008 at the Agricultural Research Station of
Shandaweei, Sohag Governorate. Six populations of two pea crosses were
studied to determine the gene actions and heferosis under southern Egypt
corditions. The nature of gene action controfling most of the studied traits
seems to be more cumulative (non-additive) than additive although the
additive genetic variance was Important. Potence ratio that measured the
average of dominance canfirmed the partial dominance for earliness (in both
crosses) and over dominance for the remainder growth traits.

The range of both types of F. heterosis for studied characters indicated that
the expression of heterosis varied according to different crosses and
characters Investigated. It is worth mentioning that heterotic effect was
generally more pronounced for pod yield/feddan than any components in the
F, generation and it was more pronounced in the F, than F, generation in
most traits.

The existence of hoth additive and non-additive effects in the inheritance of
yield components demonstrated that a considerable amount of readily fixable
variations present and available for the plant breeder to manipuiate.

Key words: Pea, Additive and non-additive gene action, Heterosis and
Heritability

INTRODUCTION

Pea (Pisum sativum L) breeders have a great consent on the notion of
existence of potential tor enhanced productivity in this crop (Kumaran et al..
1985). Enhancing yield of peas, indeed, is one of the major objectives
(Simakov, 1989), regardless of the initial purpose of any breeding program.

So when there are no differences. the breeders should create this
variability through various methods of breeding, using six parameters one of
these methods, to study additive, dominance, inbreeding depression and
heterosis of the economic traits in peas to improve the crop through
breeding procedures depends on the presence of genetic variability.

Segregating and non-segregating population could be used for computing
the genetic parameters and types of gene action for any quantitative traits to
study the relative impartance of the additive, non- additive of agronomic
traits in peas population.
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Breeding studies of peas under southern Egypt conditions were directed
mainly to analysis of gene action hased on crosses (Abdou et al/, 1998, El-
Dakkak. 2005. Shalaby, 1974, Waly and Abd El-Aal, 1986, Zayed, 1998, Zayed
et al,, 2005). The objective of the present study, therefore, was to investigate
potential of the variation of some pea genotypes and study the mode of
inheritance and gene action for some continuously traits under southern
Egypt condition for breeding recombinant homozygous-genotype ({s) with
enhanced yield and earliness.

MATERIALS AND METHODS

The present study was conducted in the winter seasons of 2005/20086,
2006/2007 and 2007/2008 at the Agricultural Research Station of Shandaweel.
Sohag Governorate. The soil in the experimental site was clay loam.

Six populations (P,. P,. F., F;, BC, and BC;} for two pea crosses (Alaska x
Dwarf Gray Sugar) and (Alaska x Early Perfection) were used in this study. In
the first season (2005/2006}. the parents were crossed to produce F, hybrids.
In the next seascn of 2006/2007, part of the Fiseeds was planted and back-
crossed to both parents to produce BC; (F, x Py} and BG, (F, x P,)
generations. In addition. F, plants were selfed to produce F, seeds. In the
winter season 2007/2008 dry seed of the six generations (F,, P;, F,. F;, BC,
and BC;} for the two crosses were planted in November 2007 in pre-irrigated
soil, which had about 50% of its available moisture. Mono-super phosphate
{15% P,0:) was broadcasted during soil preparation at rate of 300 kg/feddan.

Seed planting was on the northern side of 3m length and 0.7m wide rows.
In row space was 20cm. The experiment was randomized complete blocks
(RCBs} with three replicates consisted of 4 rows of the first five populations
(parents, F,, BC, and BC,) as well as 10 rows of F, plants. Where 80% to 90%
of seeds emerged, a light watering was applied. No nitrogen fertilizer was
used in raising plants. Otherwise, all cultural practices were followed as
recommended for production of pea crop.

Data were recorded based on competitive plants from each population for
number of days to 50% flowering, stem lenath (cm), number of branches per
plant, pad length {cm), number of seeds per pod, total soluble solids and
total green-pod yield {ton/feddany).

Statistical procedures:
Averages representing mean plot values were subjected to the analysis of
variance {ANOVA) procedure of RCBs design (Gomes and Gomes, 1984) to

test the differences between parental genotypes for studied traits in the two
Crosses.
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Biometrical anaiyses:

Estimates of the arithmetic and geometric gene action were calculated
according to Powers and Lyon {1941}. Relative potence of gene set was used
to determine the direction of dominance according to Smith {1952). Heterosis
and inbreeding depression were calculated according to Mather and Jinks

(1971).

RESULTS AND DISCUSSION

Growth traits:

Stem length (cm) was studied in the two pea crosses. The coefficient of
variability for P,, P, F4, Fz, BC, and BC; generations in (Table 1} was 2.25.
2.86. 2.26. 16.66, 3.17 and 3.40%, respectively for the cross, {(Alaska x Dwart
Gray Sugar) and was 2.25, 3,62, 2.20, 26.04, 4.87 and 3.76%, respectively for
the cross. (Alaska x Early Perfection), it was clear that the segregating
populations of both crosses, t.e,, F;. BC,; and BC; had a higher coefficient of
variability values comparing to the non-segregating ones (P,, P, and F,)
indicating that variability was largely due to genetic constituents. On the
other hand, transegressive segregation was observed in Both direction of the
F, populations for stem length and tendency towards the high parent of
number of branches/plant.

For studied crosses. the expected arithmetic and geometric means of
segregating population i.e., F,, BC. and BC: for the flowering date trait may
ranged as equal (Table 2) and thus the actual corresponding means were
lower or higher than each one. Hence the nature of gene action cannot be
determined in this case, as both actions, i.e., additive and non-additive were
presented in equal amounts. On the other hand, the difference between the
observed Fy mean (cross;}. and the calculated arithmetic and geometric
means were significant, however, the observed F, mean of this cross {48.7
days} was more closer to the geometric mean {48.8 days). Under such
conditions. the nature of gene action controiiing the fiowering iraii seems io
be more cumuiative (non-addifive) than additive. These resuits seemed
generally to agree with those reported by Katiyar ef al.. (1987). Kumar et al.,
(1996) and Zayed (1998).

BC, population kept up its level of ranking and superiority in the earliness
in hoth crosses (Table 2}, while F, hybrid performed the same trend in both
stem length and number of branches foilowed by BC, (stem length), BC. and
F; (number of branches) and P, in the earliness of both crosses. Generally,
the cross, have the hest values rather than the cross; in each of the growth
traits in all populations except number of branches (F,. F, and BC,) and stem
length {BC; and BC;), which exhibited reverse trend.
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The comparison between the means of F; hybrid (in both crosses) and the
two corresponding parents showed that the number of branches in F. (4.9
and 5.1 for cross, and cross,, respectively} was stgnificantly higher than the
highest parent {4.0 and 3.3 for cross, and cross,. respectively), this figure
suggest over dominance for the branches numerous plant. The means of F,
and F, exceeded that of high parent by 22.5 and 5%. respectively in the
cross, and 54.5 and 30.3%, respectively in the ¢ross,.

Table 1. Range and coefficient of variability {C.V%) for parents, F,, F,, BC,

and BC; of both pea crosses. o
Pod length

No. of

Plant height No. of .
It {cm) braches/plant {cm) seeds/pod vield tonifed}
em — _—— = J— — o ——— . - - — [ — I — - ) - S—
Range C.V% ,Range C.V% Range CV¥% Range'CV% Range CV%
79.2 - 17~ 55— ., ' 1478 -
. . . 2 - . 19
P 89 8 2.25 26 5.98 75 6 5.8 11.95 1822 3
115 - 35- 2287 -
131 2.86 44 6 34 6-8.5.663 4-7 ,11.04 3 999 1310
126 — 45 6.3 3.506 -
2. 1 517 5- 11, 2.0
Frooqa2 2% 54 61 4y 8 188 4 ses 3
Cross, = — ! e — poe— - Te— e —es
' "66 0 - 3.0- 1 3.5 ' 1.274 -
16. ! . I 12.82 - 14,
F: 1410 6.66 10.0 28.30 0.2 2-9 2979 373 14.64
- . .. e [ - g _
108 — 21~ 2.466 -
C 3.1 . 6—B.1. 719 5. .
BC 4455 7 31 9.7 8 1282 3820 48
—— o Jr— JE— —_— JE— P | I
. 106- 18- B3- 2.581- .
BC, 123 4 340 49 6.84 8.2 6 86 5-8B 14 31 2927 4 11
752 - 1.7 - 1.478
P. 2125 . -7. -
89 & 26 5.98 7-75 1.3 5-8 11 95 1.822 3.19
883 . 28— s o oaes.
P, 0. 262 .7 85 -, B16 4-8 1243 .. .7 313
101.4 3.0 2.5 3.253
__ —— . _ B -
125 45— 6.8 ' 3.212 -
2.20 |7 44 - ! '
. ¥ 137 58 584 !?4 6-9 11.30 4583 2.5
Cross; 1 : ——— s —— - - — - — -—
54 - 2.0 - 1.607
26.0 .4 - - .
F 150 6.04 12.0 348 6-9.2 1889 ,2-9 ,23.59 4 510 18.04
116 3.0- 3.046 o
BC, | 4.87 7.47 M1-8 8. - ) :
'134 40 6 829 4-8 j1303 4454 i3.??
_— 1. - . - ,,—7% .- ——— JI —
126 34—, 6~ | i 94
BC, 376 '7.20 7 B93 5-9 1541 221; 412
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Table 2. Actual mean for the six populations of both pea crosses for the
studied growth traits.

. Flowerlng date Stem Iength ' “No. of brancheq
Populations Cross . Cros;, - Cross . j Cro-;s B R cio Croés:j
pP. 403 F a0 83.6 838 2.2 2.2
P. 59.0 62.3 ;1228 95.3 40 33
F 487 536 ' 131.7 130.3 4.9 5.1
F. 537 59.0 , 108.3 1004 4.2 43
BC. 37.7 41.0 115.6 1203 27 3.5
BC. 56.7 55,0 128.5 1337 43 4.0
mMs ozt 27rae | e3zan 12489 3257 2.94+
LSD- ‘
0.05 13 15 4.6 5.2 : 0.3 , 03
0 01 18 2.1 6.6 73 04 . 04

MS: Mean square “for genotypes.
= Highly significant of F-test at 0.01% probability level.

Regarding stem length trait. the arithmetic and geometric means of the
F.. F.. BC, and BC, of both studied crosses (Table 3) were close to each
other revealing that the genes having additive and non-additive effects
controlied this character. Also, F, actual means of stem length was found to
lie between mid and high parent values with a high tendency towards the
high parent in both crosses suggesting that the non-additive genetic
variance was predominant and played the major part in the inheritance of
stem length than other types of gene action. Singh et a/.. {1987), Zayed (1988,
1998), and Sarawat et al.. (1994) reported similar results. Actual F, mean of
branches number was slightly higher than both expected arithmetic and
geometric means, and both expected means may he regarded as equal in the
all segregated populations of both crosses. This indicates that the number of
branches/ plant is controlied by additive and dominance genes.

Table 3. Expected arithmetic and geometric means for the populations of the
pea crosses for the studied growth traits.

Expeclcd Flowerlng date Stem !ength No. of branches
Mean Cross; | Cross Cross : Cross , Cross ' Cross ;
Arthmetic -
F. 49.67 51.33 103.22 89.47 3.08 2.73
F; 49.17 1 52.50 117 48 109.87 4.01 3.92
BC 44.59 47.00 167.67 10693 357 3.85
BC, 53.83 58.00 127.28 112.80 4.45 418
Geometric ) o - i -
Fi 48.78 50.14 101.3¢ 89.27 2.95 2.68
F 4875 51.88 115.60 107.90 3.82 ‘ 3.70
BC, 44.30 46.52 10494 | 10436 329 ' 335
BC; J §3.58 ) 57.84 127.21 . M1 44 4.42 J:_ 4. 08
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Yield component traits:

Regarding both the pod length and number of seeds/pod traits. for
studied crosses, the expected arithmetic and geometric means of
populations may be regarded as equal (Table 4) and thus the actual
respective means were lower or higher than each one. This indicates that
hoth additive and dominance are operated in the expression of both traits.
On the other hand, actual F. (cross,) mean for pod length was found 1o lie
between mid and high parent values with a high tendency towards the high
parent suggesting that the non-additive genetic variance was predominant
and played the major part in the inheritance of pod length than other types.
while BC, and BC. actual means of number of seeds were found to lie
hetween mid and high of respective parent for both crosses with a high
tendency towards the high parent (BC, of cross, and BC; of cross;) or mid
parents (BC, of cross, and BC; of cross,) suggesting that the non-additive
gene action played the major part in the controlling this traits,

Table 4. Actual mean of the six populations of both pea crosses for yield
_components traits.

100-seeds

Pod length No. of seeds ) ‘
(e ipod TSS weight (g} Yield/feddan
F’opulations oo - - - - - - = T T - s T -
Cross  Cross Crass Cross Cross Cross Cross Cross Cross Cross
1 1 2 1 2 1 2 102 1 2
- VO _
P. 65 65 6.3 63 16.5 16.5 343 343 175 175
7.1 7.8 56 69 11.7 142 28.8 373 284 377
Fi 73 77 69 70 170 17.3 38.7 38.3 413 4.08
F. 64 71 52 5.5 125 . 149 25.6 339 318 ¢ 3.82
BC. 6.8 6.9 62 ' 65 71 P70 373 40.3 j18 KR=Y
BC. 7.3 81 60 6é& 11.2 15.6 3.8 41.8 330 4.96
aS 048 122 401 . Q040 238" 448 79 301" 1.80" 399+

- — [ . i
LSD '

005 03 0.2 0.2 0.16 0.4 03 07 0.4 0.06  0.06
0.01 0.4 0.3 03 0.23 0.6 05 0% | 06 0.08 008

MS: Mean square for genotypes.
" Highly significant of F-test at 0.01% probabhility level.

The coefficient of variability for the six generations of both studied
crosses in {Table 5) cieared that the coefficient of variability in F. was smaller
than parents in pod length (cross.), number of seeds/pod {cross;} and yield
{both crosses), and the greatest variation was thus evident in F, of both
crosses in all studied traits suggesting that the variability was largely
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genetic. Morecver, transegressive segregation was observed in both
direction of the F, populations for the most of the studied traits.

The observed F, means in TSS (cross.& cross,), 100-seeds weight (cross,}
was relatively close to the calculated geometric mean than to the arithmetic
one. indicating that non-additive gene effects were mostly important than
other types of gene action.

Also. F- mean of yield (cross,&cross;) was closer to the arithmetic mean
rather than the geometric one indicating that additive gene effect was
involved in the genetic behavior of yield. From above mentioned results. both
additive and dominance effects controlled the yield components. Therefore.
the existence of both additive and non-additive effects demonstrated that a
considerable amount of readily fixable variations present and available for
the plant breeder to manipulate.

Table 5. Expected arithmetic and geometric means for the populations of the
pea crosses for yield components traits.

Pod length No. of 100-seeds

1SS : "Yield:f .
Expected fcrmi seeds/pod weightigm) teldifeddan(km
Mean \ ,
-Cross ' Cross Cross Crpss Cross Cross ' Cross  Cross Cross 1 Cross 2
T 2 1 2 1 2 1 2 ess 1.
L . _ _ . [ e
Arithmetic.
F. 678 718 585 660 1407 1533 3155 3578 230 2.76
F. 703 7.46 643 6 B2 1554 1632 3514 37,07 ] 321 3.42
BC, 6.87 7.10 5.60 6.67 ' 16.73 1688 ' 3850 36.27 ¢ 204 2.92
B8C, 718 782 ‘ 6.25 6 97 1433 1575 33178 37.78 349 3.93
Geometric
F. 5758 795 5354 G52 1286 1520 31432 35878 222 257
F. 70 743 6.42 6.81 1535 | 16.26 3491 3698 ; 3.03 3.24
]
BC a.Bé 707 659 . 6¢€6 1673 1688 3643 36.21 2.69 2.67

BC, 718 7.82 6.27 €.97 1408 1567 ' 3142 37.78 343 392

The range of both types of F, heterosis for studied characters are given in
Tabie 6. The results indicated that the expression of heterosis varied with
crosses and characters investigated. Heterosis for pod length varied from 7.4
to -2.5% when both types of heterosis are considered. Desirable positive MP
heterosis was obsetved in both crosses, but the cross, showed negative HP
heterosis for this trait. For number of seeds/pod, estimates of the two types
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of F. heterosis varied between 15.0% to 1.4%. Both cross: and cross; showed
positive MP heterosis, whereas only cross, exhibited HP heterosis.

The heterosis expression for TSS varied from 20.6% to 3.0%for the two
tvpes of F; hetercsis {Table 6). Both cross, and cross, showed positive

heterosis

{over mid and high parent) Regarding 100 seeds weight. the

magnitude of significant positive heterosis was up to 22.5% over MP and
12.8% over HP. Concerning yield/fed.. significant heterosis up to 78.6% over

MP and 45.4%over HP was recorded.

Table 6. Potence ratio, F. and F, heterosis over mid (MP) and high {HP)
parent and inbreeding depression {1.D) for studied traits of hoth

47.8

1603

crosses. S
Heterosis Y
Potence i ST ’ 7 T
. - .
Traits Crass ratio F1,?‘,I,EL N ,,fF,‘ over 1.D
MP HP -~ MP HP
Flowenng ~ CT0ss 01 20 207 805 3308 104
dare Cross,  0.21 47 333 14 94 46.29 9.
Stem Cro&rzsaﬁ 145 27.6 N ?3 49} 11 53 , ﬁ1n? B-_ _
length - es,  6.96 456 36.7 12.25 535 -22.9
No.of ~ Cross. o 21 5B s e S8 s
branches - ies. 4.4 89 546§  56.91 315 5.7
Cross, 15 7.4 2.8 574 9.86 419
Padi length - — - s i ——
Cross; 08 69 -2.5 -1 60 10.51 -8.6
, " Cross. 2.7 15.0 9.5 -12.10 -16.98 224 2
NO LI o _ L o o
capde
“““““ Cross; 1.4 6.1 1.43 -16.21 -19.86 -21.3
Cross- 1.2 206 3.0 137 .24.29 6.7
185 O S -
Cross, 1.7 13.1 4.8 287 953 139
100-sceds  CrOSS: o 28 o as 128 1888 .25 3 39
wargh T
werght Cross., 16 7.0 27 520 .9.04 1.3
Yield Cross, ) 734 79.8 454 ; 38.26 11.97 -23.0
i X - H
feddan o es 13 82 | 3841 133
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As shown in Table (6). the maximum significant MP and HP heterosis in
desirable direction (79.6% 845.4°% respectively) were recorded for seed
yield/fed.. Prakash et al.. 1993 recorded high magnitude of positive heterosis
over the mid-parental vaiue for yield.

Both crosses in all the traits of yield component showed significantly
negative heterotic effect in the ¥, except seed yield, which exhibited
significantly positive effects in both crosses. It is worth mentioning that
heterotic effect was generally more pronounced for yieldifed.. than any
components in the F, generation and it was more pronounced in the F. than
F, generation in most traits.

Potence ratio (Table 6} that measured the average of dominance
confirmed the partial dominance for flowering dates (in both crosses). Over-
dominance was detected for remainder growth traits (stem length and
number of branches} in both studied crosses. These results agree with Zayed
1998 and Zayed et a/., 2005 for flowering date and stem length.

Heterosis effects of the F, and F, populations for the three studied growth
traits in both crosses are presented in Table 6. Negative value of heterosis
for flowering date is the desirable value, since earliness is an important
objective for the pea breeder. it was found that heterosis effects in terms of
deviation from both mid and high parent recorded desirable significant
values for F, stem length and number of branches traits in the two crosses
and flowering date in cross, only over mid-parent. Mishra et al, 1993
observed heterosis for earliness in pea. On the other hand, significant
positive heterotic effects were obtained in the F; generation of both crosses
relative to both mid and high parent in all the three studied growth traits
except the stem length (cross,} over high parent.

The heterotic effects were generally, more pronounced for all growth traits
of both crosses in the F than F; generation, except stem length and number
of branches in the cross, {relative to mid-parent), which exhibited reverse
trend. Very striking inbreeding depression values were observed in the F;
yeneration for stem length foliowed by nuimber of brancnes and
date resulted in reducing of the non-additive variar.ce and increases the
additive one.

Potence ratio values indicate the existence of over dominance in both
crosses in all characters except pod length {cross;), which exhibited partial
dominance. These results were in agreement with those obtained by Zayed
(1998} and Zayed and Faris {1998).

In the F, data, the cross, was the earliest for flowering date and it had the
highest values for stem length, 100-seeds weight and yield /fed., while the
other cross was later in flowering and had the highest values for stem length,
number of branches and pod length.

In the F, data, cross; had the highest values for all yield and its
components than the cross;. Better information could be obtained when both
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F, and F1generations are compared in the same year. However, the
performance of the F, crosses was less in values than the corresponding
F.crosses for all traits, indicating very striking inbreeding depression in the
F,generation.

Inbreeding depression value was ranging froin -33.9% to -0.26% for both
crosses in all characters. Cross, exhibited inbreeding depression value more
than cross; in all quality traits.
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