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HETEROSIS, INBREEDING DEPRESSION AND GENE ACTION
OF SOME QUANTITATIVE CHARACTERS IN A DIALLEL
CROSS AMONG FIVE WHITE LUPIN GENOTYPES

El-Sayad, Z.5.; R.E. El-Lithy; Sabah M. Attia, M.S. Said
and Samia A. Mahmoud

ABSTRACT

The present investigation was camied out at Giza Research Station during
1999/2000, 2000/2001 and at Shandawee! Research Station in 2001/2002 growing
seasons. All F;” and F," Hybrids (including reciprocals) in a dialle! mating design
between five white lupin genotypes differing in origin (Giza-1, Dijon-2, Line 20,
Line 37/3 and Kiev Mutant) were studied. Significant differences among genotypes
and some crosses were detected for all studied characters, indicating genetic vari-
ability for all variables. Significant differences between some hybrids and their re-
ciprocals were observed for all studied charcters, suggesting that earliness, seed
yield and its components appeared to be influenced by the female parent. Negative
heterosis percentage relative to mid parent was significant in seventeen crosses for
days to maturity. Heterosis percentage was significantly positive in twelve, seven,
eleven, thirteen, five and twelve crosses for plant height, number of branches, pods,
seeds, 100-seced weight and seed yield per plant, respectively. Moreover, heterosis
over the better parent was significant in some crosses for all studied characters ex-
cept number of branches per plant. Eight, eleven, three, six, seven, five and eight
crosses expressed significant inbreeding depression in F- for days to maturity, plant
height, number of branches, pods, seeds, 100-seed weight and seed yield per plant.
respectively. Additive component of genetic variability “D™ was consistently sig-
nificant or highly significant over generations for all studied characters. Dominance
effects played an important role in the inheritance of ali traits. The additive gene
action was more important than the non-additive one and selection would be effec-
tive in early generations for improving these traits. Narrow sense heritability ranged
from 29.0 % for 100-seed weight to 89.7 %for days to maturity. In general, position
of array members on the Wr, Vr graph varied widely among generations. For P,
(Giza-1) and P, (Line 37/3) had most recessive alleles for days to maturity. Moreo-
ver, Ps {Kiev Mutant) contained most recessive genes for plant height. number of
branches, pods, seeds, 100-seed weight and seed yield per plant.

Key words: White lupin, Diallel cross, Heterosis, Inbreeding depression,
Heritability.
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INFTRODUCTION

White lupin, Lupinus afbus L. isan
annual grain legume traditionally culti-
vated around the Mediterranean and
along Nile Valley where it is used for
human consumption, green manuring and
as forage (Huyghe, 1997). The specics
(L. albus L) is diploid with 2 n= 30 and a
generally self-pollinated crop with an
average of 3.7 % outcrossing {Barbacki
and Kapsa, 1960). The Egyptian geno-
types have good productivity, but the
high level of alkalpid in the seeds and
their late maturity are considered the
main problems of the genotypes. Cross
breeding and sclection in the segregating
generations could improve these traits
(Hoballah, 1991).

Dhallel cross technique (El-Hady ef al
1998; Abdalla & «f 1999 and others)
have been used to obtain considerable
information on the magnitude of heterosis
and to gain a betier understanding of the
nature of gene action involved in control-
ling quantitative characters. The exploi-
tation of heterosis through synthetics and
ultimately hybrids could pay off inim-
proved vield potential. Several authors
reported that the manifestations of het-
erotic effects in lupins ranged from sig-
nificantly negative 10 significantly posi-
tive estimales for number of davs to ma-
turity, plant height and number of
branches per plant as well as for seed
yield and its components (Polkanova
and Nagorskaya, 1976; Lukashevich,
1981; Strautina, 1979; Okaz er af 1986;
Agarkova ef al 1991 and Sech &
Huyghe, 1991). The studies of Savvi-
cheva (1979) and Lukashevich (1981 &
1983) indicated that early maturity, plant
height, number of pods and sceds per

plant as well as 1000 seed weight ex-
pressed  intermediate inheritance or
showed dominance or overdominance
depending on the cross of F; infervarietal
hybrids of L. luteus. Onthe other hand,
Agarkova et al (1991) reported that het-
erosis for vield and stem Iength due to the
additive effect of recessive genes could
be greater than that resulting from hetero-
zygosity in intraspecific hybrids of L.
angustifolius. Debelyl and Derbenskii
(1988) found that depression of lateral
branching on the central raceme was pre-
dominant in hybrids of L. angustifolius
when a determinale habit variety was the
maicmal parent.

The estimation of additive and domi-
nance componentis of genetic variance is
very important in evaluating the potential
of any heterotic response. Narrow-sensc
heritability is the ratio of additive genetic
variation to phenotypic variation and ex-
presses the extent of resemblance be-
tween relatives and allows the determina-
tion of the response to selection. Yassen
{1988) reported that genetic variances
were duc to dominance or additive effects
of genes for flowering time, plant height,
yield and some of its components and
heritability estimates in narrow sense for
100-seed weight recorded 23 81, 24.61 or
not calculated, depending on the cross in
F, hybrids of L. albus. Sech and Huyghe
(1991) stated that flowering time and
reproductive  characters  showed high
heritability and a mainly additive effects
in F; hybrids of L. albus Morcover,
many of the yield characters were con-
troHed by gencs with additive efiects,
indicating that sclection for these charac-
ters would be likely 1o be effective as
reporied by Klochko & al (1996} in L.
angustifodivs, and Khotyljova e al
(1996) in L. luleus.
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The present study was undertaken to
cstimate the magnitude of heterosis and
inbreeding depression as well as under-
standing the nature of gene action and
estimating heritability of differentchar-
acteristics in white lupin hybrids.

MATERIAL AND METHODS

The present investigation was carried
out during 1999/2000, 2000/2001 and
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200 172002 using the diallcl mating design
inciuding reciprocals among five widely
diverse white lupin genotypes. Three va-
nietics: Giza-1 (P,), Dijon-2 (P;) and Kiev
Mutant (Ps) along with the two promising
Mg mutani lines: Line 20 (P;)and Line
373 (Ps), which were assessed and se-
lected from a previous study (E}-Sayad,
1997), were used as parents in the current
investigation. Origin, pedigree and some
characteristics of these genotypes are
presented in Table (1).

Table 1. Origin, pedigree and some characteristics of the five white lupin genotypes.

Genotype Origin Pedigree 2:;1?; Growth habit ‘:Liig:i
Py Egypt Land race (local variety) Late Indeterminate  High alka-
(Giza 1) loid (bitter
lupin)
Py France French variety Late Indeterminate  High alka-
(Dijon 2) loid (bitter
lupin)
Py Egypt Mé-induced mutant line Late indeterminate  Moderate
(Line 20} denived from the Hun- alkaloid
garian cv. Kereskedelmi {bitter lupin)
by 20 KR*
P, Egypt M6- induced mutantline Early Indeterminate - Moderate
(Line 37/3) derived from cv. Giza 2 alkaloid
7 by 40 KR. (bitter Tupin)
Ps Ukraine  Ukrainian variety derived Early Determinate Free alka-
(Kiev Mutant) from cv. White 70 by loid (sweet
gamma-ray iupin)

* KR of gamma-rays.

In 1999/2000 growing season, all pos-
sible cross combinations among the five
white lupin parents were made. Inthe
second season (2000 / 2001) re-
hybridization were made to increase F
seeds as well as F, seeds were raised
from the F, plants at Giza Research Sta-

tion. During 2001/2002 growing season,
all the diallel maring progenies were
¢valuated in a randomized complete
block design with three replications at
Shandaweel Research Station. Seeds were
sown 20 cm within rows, 60 cm apart.
Sowing dates took place at early Novem-
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ber. Number of plants sampled per plot
varied from 10 planis in parents and F;’s
to 50 plants in F>’s. The following char-
acters were recorded: number of days
from sowing to 90 % maturity of plants
per plot, plant height (¢cm), number of
branches per plant, number of pods per
plant, number of seeds per plant, 100-
seed weight (g) and seed yield per plant
(g). Differences among genotypes were
tested by conducting a regular analysis of
variance of complete block design on plot
mean basis. Hetcrosis and inbreeding
depression determination were conducted
as outlined by Foolad and Bassiri
(1983). Appropriate “t” test were madc
for the significance of the F, crosses
means from the mid and bettcr parental
values (Wynne ef @l 1970) and for the F;
crosses means from F, values (Al-Rawi
and Kohel, 1969). Values of V1, Wr ge-
netic components and ralios were ¢sti-
mated according t0 Hayman (1954 a &
b).

RESULTS AND DISCUSSION

Statistical analysis presenied in Table
(2) revealed highly significant differences
among tested genotypes, parents, Crosses
and parenl vs. crosses for most studied
characters, indicating wide genetic vari-
ability for smdied variables.

The mean performance of parents,
Fi’s and F7’s including reciprocals for
difTerent characters arc presented in Table
(3). Kicv Mutant bchaved as the earticst
parent in maturity and recorded the low-
est value of plant height, number of
branches, pods, seeds and secd yicld per
plant as well as 100-secd weight. Giza-1
was the latest genotype and gave the
highest number of branches per plant.
Moreover, Dijon-2 had the highest value

E}-Sayad; El-Lithy;Said and Samia

of plant height, 100-seed weight and seed
yield per plant. Line 20 rccorded the
highest number of pods and seeds per
plant followed by Line 37/3. Regarding
the test crosses in F; and F; generations,
four crosses: Line 20 x Kiev Mutant,
Line 37/3 x Kiev Mutant and reciprocal
and Kiev Mutant x Giza-1 exhibited
fewer number of days to maturity. None
of the crosses exceeded significantly the
tallest pareni. The cross Dijon-2 x Giza-1
recorded the highest value of plant height,
while crosses Dijon-2 x Kiev Mutant,
Line 20 x Kiev Mutant and Line 37/3 x
Kiev Mutant had shortest plant heights.
Two crosses: Giza-1 x Line 37/3 and
Kiev Mutant x Linec 37/3 gave higher
number of branches per plant. Concern-
ing number of pods/plant, five crosses:
Giza-1 x Dijon-2, Dijon-2 x Line 20,
Kiev Mutant x Giza-1, Kiev Mutant x
Dijon-2 and Kiev Mutant x Line 37/3
exhibited the highest number of
pods/plant. Four crosses: Giza-1 x Dijon-
2 and reciprocal, Dijon-2 x Line 37/3 and
Kiev Mutant x Line 37/3 recorded the
highest number of seeds/plant. None of
the crosses exceeded the heaviest 100-
sced weight parent. Five crosses: Giza-1
x Dijon-2, Dijon-2 x Line 37/3, Lin¢c 20 x
Dijon-2, Line 37/3 x Giza-1 and Line
37/3 x Line 20 showed higher estimates
for 100-seed weight, With regard to seed
yield/plani, five crosses: Giza-1 x Dijon-
2, Dijon-2 x Line 37/3, Line 20 x Dijon-
2, Line 37/3 x Giza-1 and Kiev Mutant x
Linc 37/3 exhibited highest values for
this trait. The previously mentioned
crosses would prospect in while lupin
breeding  for improving the matarity date
and productivity.

Regarding 1o reciprocal effects (Table
3), results revealed significant  differ-
ences between some hybrids and their
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Table 2. Mean squares of variance for number of days to maturity, plant height, number of branches, pods, seeds, 100-seed
weight and seed yield per plant in F) and F; of 5 parental diallel cross.

. . No. of No. of
D

Sourceof Ays 1o maturity Plant height branches/plant pods/plant
variance F, F F, F F, F F F
Replicates 2 0.50 0.63 34.06 4.69 038  L15%  38.02% 2.70
Genotypes 24 208.65%%  104.08%%  1408.50%% 233391  230%F  247%F  04.95%% 84 |7
Parents 4 21727%  20727F*  6031.60%F  6031.60%*  6.66%*  6.66%F 249.35%F  250.01%*
Crosses 19 206.59%*  84.30%%  322.53%%  1653.38%*  1.29%%  152%k  5550%% 46 97k
P.vs.C 1 21331%%  26.44%  3551.72%F  473.00%%  401%%  375%%  22510%%  ]27.66%*
Error 48 4.47 407 22.28 27.33 093 032 5.13 3.81

* and ** significant at 5 % and 1 % level of probability, respectively.
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Table 2. Cont’d

Sou;ce of " No. of seeds/plant 100-seed weight Seed yield / plant

variance F, F, F, F, F, F
Replicates 2 15.13 38.56 2.77 248 3222 1.73
Genotypes 24 1305,59%* 1408.58+* 29 83%* 31.54%* 259.22%*%  2]11.64%%
Parents 4 2946.57%% 2946.57%* 52.23%* 52.23%% 546.73%%  546.73%*
Crosses 19 803,90%+ 967.924+ 25 83%+ 28.76%* 169.10%*  136.84**
P.vs. C 1 4273.92%* 3629, 17%%* 16.04 1.49 82].54%* 292 46+
Error 48 78.85 42.23 7.18 3.05 21.17 9.44

* and ** significant at 5% and 1% level of probability, respectively.
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Table 3. Mean performance of parents, F; and F» generations for the studied characters.

urdn| s UY SISATEUR paf[eIg

. Plant height No. of
Genotype Days to maturity (cm) No. of branches/plant pods/plant
F F) F Fa F F, F| F,

P, (Giza-1) 1775 160.4 6.8 33.0
P, (Dijon -2) 172.5 177.1 6.1 287
P, (Line 20) 171.0 1543 6.0 353
P, (Line 37/3) 161.8 166.5 6.4 30.9
P; (Kiev Mutant) 157.6 66.0 3.1 129
P, xP; 1713 170.6 163.3 162.6 5.9 6.9 38.1 352
P, xP; 175.0 175.0 164.6 1753 6.2 71 34.1 29.0
P, x Py 186.3 170.0 163.7 147.2 7.6 6.1 293 26.5
P, xPs 164.0 161.3 1543 96.4 57 5.2 276 258
P, xP 169.6 171.0 172.4 178.4 6.8 6.8 404 298
Pyx Py 166.0 168.6 166.9 151.3 6.6 13 30.2 41.1
P,xP, 163.6 168.0 1473 167.2 6.1 7.0 35.0 288
PyxPs 160.6 160.6 147.9 107.5 6.0 52 33.8 273
P;xPy 169.6 167.0 174.8 165.1 6.9 6.2 353 323
P;xP; 166.0 176.3 161.5 171.7 6.1 6.2 368 328
P;xP, . 162.0 169.3 155.3 1423 5.7 6.6 323 353
PixPs : 159.0 161.0 138.9 125.4 6.0 5.7 19.8 315
Py xP, 164.6 170.6 170.6 166.4 6.6 6.3 30.9 36.3
Pix P2 164.3 165.3 170.9 171.5 6.8 5.6 317 314
P, xPy 166.6 166.0 168.8 153.1 58 6.3 322 315
PyxPs 1546 158.3 153.4 114.7 4.5 52 337 271
Ps xP, 1533 163.0 168.2 158.7 6.7 57 354 28.0
Ps x Py i54.3 164.6 170.8 166.6 5.7 7.2 34.1 33.9
Ps x Py 153.3 168.0 156.5 160.4 6.4 6.7 321 34.4
Ps x Py 133.6 157.0 160.2 139.4 6.8 7.1 324 353
LSD 05 _ 3.54 331 7.75 8.58 1.03 0.93 3.72 4.58

001 4.72 4.41 10.33 11.44 1.37 1.24 4.95 6.11
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Table 3. Cont’d.

No. of seeds/plant 100-seed wetght (g) Seed yield/plant (g)
Genotype F, F, 2 T, F, - T,
P, (Giza-1) 117.0 37.0 421
P> (Dijon -2) 113.3 44.3 49.0
P; (Line 20} 125.5 38.6 473
P4 (Line 37/3) 123.3 37.5 46.2
P; (Kiev Mutant) 50.6 32.5 16.7
PixP; 152.0 1336 38.2 404 55.1 51.4
Py xP; 115.0 108.9 385 36.3 44.0 394
P, xP, 111.1 108.2 39.2 384 43 .4 41.6
P, xPs 100.8 99.7 40.6 36.3 40.5 36.2
P, xP, 149.7 134.0 40.8 32.9 60.6 38.3
P;xP; 100.6 167.8 41.0 34.2 41.2 57.1
P, xP, 130.8 131.9 418 39.5 55.2 52.6
P, xPs 130.2 106.3 36.7 33.9 43.8 34.7
P;xP, 134.8 131.9 334 36.8 45.8 48.2
PyxP, 137.0 126.6 44.6 35.5 61.9 44.5
Py x Py 1323 1254 374 34.7 495 42.1
Py x Ps 91.3 108.2 355 40.4 30.0 422
P, xP, 119.0 149.8 41.4 38.2 49.4 56.9
PixPs 136.0 115.5 396 39.9 53.9 43.6
P,xP; 107.4 120.7 425 40.4 457 48.2
P, x P; 134.1 90.6 39.2 40.4 51.7 36.2
P;x P, 143.0 113.1 36.0 37.3 52.5 43.1
P;xP; 114.0 137.8 35.9 392 40.7 54.0
P;xP, 1392 125.9 358 34.6 49.4 42.7
P;xP, 129.7 132.9 42.8 36.2 51.8 46.7
LSD g5 14.57 10.66 4.40 2.86 7.55 5.04
.01 1943 14.22 5.86 3.82 10.07 6.72

999
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reciprocals. One cross (Line 20 x Giza-1)
for days to maturity , two crosses (Dijon-
2 x Giza-1 and Kiev Mutant x Line 37/3)
for plant height, one cross (Kiev Mutant x
Line 37/3) for number of branches/plant,
two crosses (Line 20 x Giza-1 and Kiev
Mutant x Giza-1) for number of
sceds/plant, one cross (Line 37/3 x Line
20y for seed index and one cross (Kiev
Mutant x Giza-1) for seed yield/plant in
both of F, and F;as well as two crosses
(Kiev Mutant x Dijon-2 and Kiev Mutant
x Line 73/3) in F,expressed significant
reciprocal effects. Results suggested that
carliness, seed yield and its components
appeared to be influenced by the female
parent. Reciprocal differences may result
from plasmon differences or plasmon
gene interactions. Also, maternal effects
showed possibility to pass from F, to F,,
The fact that such effects were detected in
F: indicated the importance of maternal
and plasmon cffects in inheritance of
these characters.

Heterosis percentages relative to mid
(MP) and better (BP) parent are presented
in Table (4). Regarding number of days
to maturity, data showed that seventeen
crosses were significantly earlier than the
means of mid-parents with heterosis per-
centage ranging from —1.7 to —8.5. Addi-
tionafly, heterosis percentages relative to
mid parent were significantly positive in
twelve, seven, eleven, thirteen, five and
twelve crosses with arange of 4.3-48.6;
15.2-42.2; 15.0-63.9; 9.6-70.6; 11.0-22.3
and 13.2-78.6 % for plant height, number
of branches, pods, seeds, 100-seed weight
and seed yield/plant, respectively. How-
ever heterosis percentages relative to
better parent were significant in five, two,
five, four, one and three crosses witha
range of -2.510-2.9; +.9-9.0; 13.3-22 4;
12.9-29.9; 14.1 and 23.7-26.3% for days

to maturity, plant height, number of pods,
seeds, 100-seed weight and sced yield per
plant, respectively. The high magnitudes
of heterotic values found in these materi-
als were expected due to the diversity of
the parents. Therefore, improvement
would be expected from selection in the
advanced scgregating generations. Yas-
sen (1984) found significant heterosis
over mid parent for days to flowering,
plant height, pods/ plant, seeds / pod,
100-seed weight and seed yield/plant
These findings are in accordance with
those reported by Lukashevich (1981);
Strautina (1979 and Agarkova et al
(1991).

Results of inbreeding depression in F»
generation for studied traits are given in
Table (4). Conceming number of days to
maturity, eight crosses exhibited signifi-
cant inbreeding depression ranging from
-2.4 to -9.5 %. Moreover, ¢leven, three,
six, seven, five and eight crosses ex-
pressed significant inbreeding depression
in F, for plant height, number of
branches, pods, 100-seed weight and
seed yield per plant with a range of
5.6-37.5;, 149-19.7, 14.9-20.9;9.6-32 4,
10.6-20.4 and 13.6-36.8 %, respectively.
On the other hand, significant inbreeding
gain was observed in some F; crosses
for some studied characters. These results
are in general agreement with those re-
ported by Abdalla et af (1999) in faba
beans.

Estimates of the genetic and environ-
mental components of variance and other
statistics derived from these estimates are
presented in Table (5). Additive compo-
nents of genetic variability (D) were sig-
nificant or highly significant for all traits,
indicating that the additive gene action
was more important than the non- addi-
tive in controlling the inheritance of the
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Table 4. Percentage of heterosis over mid parent (T/TP) and better parent (_B—P) as well as percentage of inbreeding

depression (ID) for various studied characters.

Days to maturity Plant height No. of branches/plant No. of pods/plant
Cross . . Inbreeding . . Inbreeding - . Inbreeding . . Enbreeding
Heterosis Hetarosis . Heterosis Heterosis - Heterosis Heterosis p Heterosis Heferosis .
over MP over BP dep ?st" over MP over BP depr[essmn over MP over BP delzﬁmn aver MP gver BP depl '&s’“m
P,xP; -2.1%* 0.7 0.4 -3.3 ~7.8*% 0.4 9.2 -13.2 ~16.9* 23,3 15.5%+ 7.6
P xDs 0.3 2.3* 0.0 4.6% 26 6. 5% -3.1 -8.8 -14.5 0.3 -3.4 14.9*
P, xPy 9.8+ 15. 1%+ B.8** 0.1 -1.7 10,1%* 15.2* 11.8 19, 7%+ -8.4 -11.2 9.6
P xPs =2.2%* 4.1*%* 1.7 36,34 -3.8 37.5% 14.0 -16.2* 8.8 20,0 ~16.4** 6.5
Py xPy <314 -1.7 -0.8 21 -2.7 -3.5 4.6 0.0 0.0 30,7 22.4% 26.2%
PyxP; -3.4%* ~2.0%% -1.6 0.7 -5.8* G4 10.0 8.2 -10.6 -5.6 -14.4%* -36.1%*
P;xPy =2.2%* 11 -2.7* «14.3%* -16.8%* -13.5% -3.1 -4.7 -14.8 17.5%% 13.3* 17.7%*
Py x Py 22,7 1.9 0.0 21.6% -16.5%* 273 30.4% -1.6 133 62,5 17.8%+ 19.2%*
PixPy -2.8%* -0.8 -1.5 11.1** 9.00%* 5.6* 7.8 1.5 10.1 32 0.0 8.5
Pix P EXN: b -2.0%* -6.2%* -2.5 -3.8%* -£.3% 1.7 0.0 -1.6 15.04* 42 10.9
P;xPy =26 1.2 -4.5%* 9.0% -6.7% 8.4%% -8.1 -10.9 -15.8 =24 -8.5 -8.3
PixPs -3.2%* 0.9 -1.3 26.0%* -10.0%+ 9.7%* 33.3% 0.0 5.0 -17.8%* 43,94 -59. |+
Py X1 -3.0%* 1.7 =374 4.3% 25 2.5 0.0 2.9 4.6 -3.4 -6.4 -17.5*
Py x P2 -L7* 1.5 -0.6 0.5 -3.5 .4 19 6.3 17.7+ 6.4 26 0.9
PyxPy -0.1 3.0% 0.4 5.3* 14 9.3%* -6.5 9.4 -8.6 2.7 -8.8 2.2
PixPs -3, 1% -1.9 -2.4* 319w -7.9%* 25,2 6.3 «290.7%*  .15.6 53.9% 9.1 17.8%
PsxP; -8.5%* 2.7 -6.30 48.6%* 4.9% 5.7+ 34.0%* -1.5 14.9% 53,94 7.3 20.9%*
Psx Py -6.5%* -21 -§.T** 40.5* -3.4 25 23.9% -6.5 <26.3% 63 9% 18.8** 0.6
PsxP; 6.7+ 2.7 9.5 42.0%* 1.4 2.5 42,24 6.7 -4.7 332 -9.1 -7.2
Psx Py -3.8% -2.5% 22 37.8% -3.8 12.9%+ 417 6.3 44 479%* 49 -89

* and ** significant at 5 % and 1 % level of probability, respectively.
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Table 4. Cont’d

No. of seeds / plant 100-seed weight Seed yield / plant
Cross Heterosis Heterosis Inbreeding Heterosis  Heterosis Inbreeding Heterosis Heterosis Inbreeding
over MP over BP depressionID  over MP over BP depression [D over MP over BP depression
1D
T
PxP; 30.8%* 29,9%+ 12.1%* -6.1 -13.8%+ -5.8 20.8%> 12.4 6.7
By xPy -5.2 8.4 53 1.9 0.3 57 -1.6 -7.0 10.5
PixPy -1.6 9.9 26 5.1 4.5 20 -1.8 6.1 4.2
Pix Py 203+ -13.8% 11 16.7%* 9.7 10.6* 37.8¢ - <38 10.6
P xPy 28.8** 27.9%* 10.5* 0.2 7.9 19.4%* 32.9%+ 23.7%+ 368+
P:x Py -16.5%* «19.8%¢ 6684+ -0.7 1.5 16.6%* -14.5* ~15.9+% -38.6**
P1x Py 9.6* 6.1 0.8 22 -5.6 55 16.0%* . 12.7 4.7
Pax Py 56.9%+ 12.9+ 18.4%+ 4.4 -17.2%% 7.6 KEN Lid -10.6 20.8%*
P3x Py 11.1* 7.4 22 -11.6* -13.5* -10.2 2.5 -3.2 -5.2
5% 871 13.8%* 9.2 1.6 8.0 0.7 20.4** 28.4%+ 26.3%* 28.1%*
Pyx Py 6.4 5.4 5.2 -1.8 -3l 72 58 47 14.9%
PixPs KK “27.3%# -18.5%* -0.3 -8.0 -13.8* 6.3 -36.6%* -40,7+*
Py 5P, -1.0 35 “25.0%¢ 11.0* 10.4 7.7 11.8 6.9 -15.2%
P;x Pa 14.0%* 10.3 15.1%* -3.2 -10.6* -0.8 13.2# 10.0 19.1%*
Py x P; ~13,74% -14.4* -12.4* 11.6* 10.1 4.9 2.4 3.4 -5.5
Pyx Ps 54.1#* 88 32.4%% 12.0% 4.5 <31 64.1%* 11.9 29.9%*
Psx P, T0.6%* 22.2%* 20.9%+ 35 2.7 3.6 78.6%* 24.7T+* 17.8%*
Psx Py 37 4%+ -1.1 “20.9%+ 6.5 -19,0%* -84 23.7%* -16.9 S327%¢
Psx Py 58.0%* 10.9 9.6* -4.0 <13 34 S4.4%* 4.4 13.6*
Psx Py 49 1%* 52 2.5 22.3%* 14.1* 15.4%* 64.4** 1211 29

* and ** significant at 5 % and 1 % level of probability, respectively.
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Table 5. Estimates of genetic and enviromnental components with mean of genetic estimates and hentablllly values for
various studed characters in F,’s and F»'s diallel cross.

Genetic Days to maturity Plant height

componcnts F, Fa F, F,

D 7093 %+ +6 64 TLI1™ %161 2002.95%% + 4584 2001.73%* +45.84
H, 59.07* £ 17.50 13.06+ 4.36 1449.31%* + 123.82 512.19+218.17
H, 44,99+ 15.84 9.81+3.95 944.73%* £ 112,31 363.19£197.88
F 21.84 +16.15 9.07 +4.04 1978.04%* + 114.53 1002.17* +201.8
h? 44.56% + 10.69 479 £2.67 752.79%* + 75.82 95.27 + 133.60
E 1.49+ 2.64 1.31£0.66 758+ 18.71 8.81 +32.98
(H,/D)'" 0.913 0.429 0.851 0.506
H./4H, 0.190 0.188 0.163 0.177
KKz 0.823 1.188 2.008 1.800

h*/H, 0.990 0.489 0.797 0.262
Heritability 0.807 0.897 0.521 0.852

t 0.175 0.001 0.002 0.088

* and ** significant at 5 % and 1 % level of probability, respectively,

0L9
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Table 5. Cont.

Genetic

No. of branches/plant No. of pods/plant No. of seeds/plant
components F F, F, F F F,
D 209%*£0.11  210% 013 8121¥*+1038  80.82**+376  956.75**+ 8233  968.16** +57.61
H; 1.200£029  123*£036  92.76* 2805 49.15£10.15  1253.04*£22236  723.83*+155.59
H; 0.87*+026  0.81+0.33 67.09 £2543 33.14*£920  910.13*201.68  560.08*+141.13
F L68** 027 1.75**+0.33  81.38*£2594  67.15**+9.38  1088.36*£20567  681.11%x 14392
i 0.77*£0.17  0.72* 022 45.56 +17.17 25.06 £ 6.21 895.44%% £136.16  765.20%%% 9528
E 0.13+4.38 0.12+542 2.15+£4.23 2.53+1.53 2543 +33.61 14.03 £23.52
(H/D)"? 0.759 0.765 1.069 0.779 1.144 0.865
IL/4H, 0.181 0.164 0.181 0.169 0.182 0.193
Ko/Ke 1.879 1.914 1742 1.888 1.805 1.614
hYH, 0.888 0.897 0.679 0.756 0.984 1366
Heritability 0.517 0.549 0.403 0.578 0.295 0.594
12 0.008 0.023 0.008 0.008 0.003 0.015

* and ** significant at 5 % and 1 % level of probability, respectively.
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Table 5. Cont,

Genetic 100-seed weight (g) Seed yield / plant (g)
componerts F, F, F, F,

D "15.08% £2.65 16.40* + 2.84 175.04%* £22.16 179.20%* + (.86
H, 14.51£7.18 22.76 £ 7.69 177.15 + 59.86 89.43%* £2.33
H; 12.09 £ 6.51 13.66 £6.98 142.45 + 54.29 63.19%* £2.11
F 8.71 +6.46 2190+ 7.11 133.81 + 55.36 136.47%% +2.16
W 1.92+439 0.33+4.71 170.70% + 36.65 60.44%*% £ 1,43
E 2.34+1.08 1.01+1.16 7.20 9.04 3.04%* 1035
(H,/D)'* 0.981 1.178 1.006 0.706
H./4H, 0.208 0.150 0.201 0.177
Kp/Kg 1.410 1.972 1.562 1,903
W/H, 0.159 -0.024 1.198 0.956
Heritability 0.450 0.290 0.470 0.647

t* 0.755 0.117 0,045 0.004

* and ** significant at 5 % and 1 % level of prebability, respectively,
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Dialled analysis in white lupin 673

characters and that selection would be
effective for these trails in segregating
generations, In each case H, and H;
{dominance components of genetic vari-
ance) were highly significantly different
from zero and H, was greater than H; in
all cases, indicating that the positive and
negative alleles at the loci for these traits
were not equal in proportion in the par-
ents. Theoretically, H; should be equal to
or less than H, (Hayman, 1954 b). H,

vales were greater than D for 100-seed -

weight, suggesting that non-additive ge-
netic variance is more important than the
additive variance. These results are in
general agreement with those obtained by
Sech & Huyghe (1991) and Khotyljova
et al (1996). The covariance of additive
and dominance effects (F) was insignifi-
cantly negative in one case (number of
days to maturity in F;)and significantly
positive in other traits. Negative estimates
of F indicate excess of recessive alleles,
while the positive cstimates of F indicate
excess of dominant ones. Overall domi-
nance effects of heterozygous loci (h%)
was insignificantly negative in one case
(100-seed weight in F»), while these ef-
fects were positive and significant in
other traits, indicating that the effect of
dominance was due to heterozygosity and
that direction of dominant was positive.
All estimates of the environmental vari-
ance (E) were insignificant For all traits
studied except seed yield per plant, indi-
cating that this trait has been affected by
environmental factors, Yassen (1988)
and Sech & Huyghe (1991) found high
estimates of environmental variance (E)
in white lupin seed yield. Overall degree
of dominance estimated by (H;/D)"”?
ranged from complete to over dominance
in number of pads, seeds, seed yield/plant
and 100-seed weight which suggested

that the over dominance or espistasis are
important in the inheritance of these
traits. However, for number of daysto
maturity, plant height and number of
branches/plant, the dominance relation-
ship was suggested to be partial. Results
reported by Yassen (1988); Sech and
Huyshe (1991) and Klochko e al
(1996) supported the evidence that both
additive and dominance gene action are
the most important components control-
ling variation in number of days to ma-
turity, seed yield and its components. In
general, the values of Hy/4 H; were
slightly below the maximum value of
0.25, which arises when v=v=0.5 over all
loci, indicating that positive and negative
alleles were not equally distributed
among the parents. The estimates of
Kp/Kg were greater than one for all traits,
indicating excess of dominant genes in
the parents. The number of effective fac-
tors h*/H, ranged from ~0.024 to 1.366. It
may be noted that this value is underesti-
mated cither when the dominance effects
of all genes concerned are notequal in
size and direction or when the distribu-
tion of the genes is correlated or when
both conditions are fulfilled (Jinks,
1954). Namrow sense heritability esti-
mates ranged from 0.290 for 100-seed
weight to 0.897 for number of days to
maturity, These results indicated that
dominant genetic variance was more im-
portant for number of sceds/plant and
100-seed weight. However, days to ma-
turity, plant height, number of branches,
pods and seed vyield/plant are mostly
controlled by additive gene action and it
is possible to breed for improving these
traits. These results are in accordance
with those reported by Yassen (1988);
Sech and Huyghe (1991) and Klochko
et al (1996) in lupins. Significance of t*

Annals Agric Sci, 47(2), 2002
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indicated the failure of the hypotheses
postulated by Hayman (1954 h).

The Vr and Wr graphs are presented
in Figs (1 to 14). The slope of the regres-
sion lire in the Vr, Wr graph did not dif-
fer from unity for all traits except number
of days to maturity in F, but was signifi-
cantly different from zero for all charac-
ters except 100-seed weight in Fy and F»
generations. These results revealed the
absence of genic interaction for all traits,
However, days to maturity had comple-
mentary type of epistasis. The insignifi-
cant difference of the regression coeffi-
cient from zero indicated no real relation-
ship among Vr and Wr and no further
reliable interaction could be made.

The intercepts of the regression lines
on the Wr axis deviated below the origin
and showed over dominance for number
of seeds / plant in F;. For the remaining
traits partial dominance was observed as
the regression lines deviated above the
origin. The distribution of the parenial
arrays along the regression line for all the
characters suggested wide distribution of
dominant and recessive alleles armong the
parents. The scaticring of parental ar-
rays provided the information about the
presence of different types of alleles in
different parents for different characters

which is useful in practicing selection of
parents for improving specific characters.
However, the Vr, Wr graph varied among
generations. This may be attributed to the
large environmental variance. In the pres-
ent study visual inspection of array points
on the regression line of Vr, Wr graph
will be restricted to all characters in F,
and F,. For number of days to maturity
array points for P, (Giza-1) and P, (Line
37/3) were farthest from the origin and
had recessive alleles, while Ps (Kiev
Mutant) appeared to possess most domi-
nant allcles in this respect. On the other
hand, Ps; (Kiev Mutant) was the farthest
from the origin and had recessive alleles
for plant height, nomber of branches,
pads, seeds and seed yield per plant. With
respect to 100-seed weight P, (Dijon-2)
and Ps; (Kiev Mutant) were farthest from
the origin and contained most recessive
genes. In general, the graphic analysis
indicated the inconmsistency of amay
points over gencrations and that neither
of the parents had the possible complete
dominance or recessive alleles for any
of the characters. It is, therefore, pos-
sible to accumulate the favourable genes
in  the parents by using appropriate
breeding procedures, i.e. recurrent se-
lection.

Annals Agric. Sci., 47(2), 2002
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