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ABSTRACT

Three crosses of fabe bean (Vicia faba L.} (Mansoura I x Kassain 1)
(Mansoura 1 X Icaras) and (Kassain 7 x Aquadolce), their six population (P; x
P., Fi, F; BC; and BC,) were tested for total green pod yield, some of yield
components and some growth attributes. Significant positive heterotic effects to
mid-parents value were detected for all studied traits. Over dominance for the
higher parent was found for number of seeds per pod and total green pod pield,
while over dominance for the lower parent was found for first fruiting node in the
three crosses. Significant values of inbreeding depression were detected for most
studied characters.

Significant epistatic effects, i.e. , E, and E; were detected for most
studied traits. Additive gene effects were significant in all traits in the three
crosses. Dominance types of gene action was found to be significant for all traits
except number of branches per plant in the cross “ Mansoura ! x Fcarus “ and
pod length in the cross “ Kassasin 7 x Aquadolce © .

Additive X additive type of gene actior was found to be significant for ail
traits except first fruiting node, number of seeds per pod and pod length in the
cross “ Kassasin 7 x Aquadolce ©. Also, additive X dominance and dominance X
dominance types of gene action was found to be significant in the three crosses
Jor most traits.

Heritability estimates in broad sense were moderate to high in magnitude
with values between 51.73% (for number branches/ plant) to 81.42% (for first
Jruiting node). Heritability estimates in narrow sense, were moderate to high in
magnitude with values between 37.03% for Days to flowering in the third cross to
71.45% for first fruiting node .,

The predicted genetic advance from selection was rather moderate for
number of branches/ plant, first fruiting node, number of pods/ plant, number of
seeds/ pod and pod weight in the three crosses, while, it was low for remain traits.
The results indicated that ” Monsoural X Kassainl” was superior in total green
pod yield and its components.
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INTRODUCTION

The different gene actions involved in the inheritance of quantitative
characters are additive and non-additive. The relative importance of these
two components provides the breeders with a valuable information about the
possibilities and methods to improve these characters. Where both additive
and non-additive gene action are important, it is advisable to adapt recurrent
selection for handling such population. If the additive gene action appears to
be more important, plant breeder through exact designed selection program
must expect & maximum improvement in this particular character. On the
other hand, the presence of a relatively high non-additive (dominance and
epistasis) gene action suggests that a hybrid program will be performed good
prospects for the character(s).

To start a successful breeding program for improving any
quantitative characters, the breeder should know the variation, heritability
and the nature of gsie action controlling the various characters. In this
respect, El-Hosary (1981 and 1983 a and b), Abo El-Zahab (1984), Bakheit
(1992) and El-Shazly et a/ (1995) and El-Refaey (1999) reported that both
additive and non additive genetic effects controlled the genetic systems for
yield traits, while, the dominance gene effects were higher in magnitude than
additive one for yield and its components. Also, El-Tabbakh and Ibrahim
(2000) indicated that additive and additive x additive types of gene action
controlled some traits, i.e., number of branches/ plant and number of pods/
plant, while the non additive geae action controlled the inheritance of plant
height and seed yield/ plant. Information on heterosis and combining ability
helps the breeders to choice of suitable parents for the breeding programs.
El-Refaey (1999) found high significant positive heterosis over both mid and
betters for plant “eight, number of pods, seed yield/ plant. El-Tabbakh and
Ibrahim (2000) reported that heterosis values relative to better parent ranged
from --17.24 to 7.76 for plan: height, -36.31 10 13.12% for 100- seed weight,
-19.10 to 68.49% for seed yield/ plant, -45.0 to 27.50% for number of
Drauches/ piani and —13.45 iv 11.71%0 {ur gimnver of pous’ plaiit. CoRciming
the inbreeding depression, Ei-Refaey (1999) reported that highly significant
inbreeding depression values were observed for most traits. This
investigation aimed to obtain more information about the different gene
actions involved in the inheritance of nine quantitative characters in faba
bean cultivars. Heterosis, inbreeding depression F; and back cross deviation,
heritability and genetic advance were the objective of this study.



MATERIALS AND METHODS

This study was carried out during three successive winter seasons of
2001/02, 2002/03 and 2003/04 at the Experimental Farm of El-Gemmeza
Agriculture Research Station, Gharbia Governorate. Five faba beans (Vicic
faba L) cultivars were chosen, each cv., possessed at least one or two of the
characters to be studied (Table 1). The parental cultivars: Mansoura 1,
Kassasin 1, Kassasin 7, Icarus and Aquadolce were used to generate the
experimental materials used in this study. Three initial crosses, “Mansoura 1
X Kassasin 1”,” Mansoura 1 x [carus” and “Kassasin 7 x Aquadolce” were
designated in the text as the first, the second and the third cross,
respectively, and were developed in 2001/02. The F; plants were selfed and
back crossed to their parents to produce the required F;and back cross
seeds, respectively, in 2002/03 growing season. In the winter season of
2003/04, parents, Fy, F;, BC; and BC; populations of the three crosses were
evaluated in a randomized complete block design with three replicates.

Table 1. Name and origin of the parental cultivars.

Parent number Cultivar Origin
1 Mansoura 1 Egvpt
2 Kassasin 1 Ezypt
3 Kassasin 7 Egypt
4 Icarus Syria
5 Aquadolce Spain

In each replicate, three ridges were allocated to each of the non-
segregating populations (P, P, and F,), six ridges for each backcross and
ten ridges for the F; populations. Each ridge of one side comprised of fifteen
hills spaced at thirty centimeter apart within ridges of sixty five-centimeter
widths. Fertilization, irrigation, disease and insect control programs were
carried out as usual for the ordinary faba bean fields in the area.

Observation and measurements were recorded on an individual
guarded plants of the six populations of each cross regarding the following
characters: plant height, days to flowering, number of branches per piant,
number of first fruiting node, number of pods per plant, number of seeds per
pod, pod weight, pod length and total green pod yield.

Statistical and genetic analysis

Average degree of heterosis was expressed as the percentage
increase or decrease of the F; performance from the mid parents (MP) and
the better parental (BP) values. Inbreeding depression (ID%) was calculated
as the differences between the F, and F, means expressed as a percentage of

79



the F,. Potence ratio (P), F; deviation (E;) and backcross deviation (E;)
were measured as suggested by Mather and Jinks (1971).

The six populations’ means of each cross were used to estimate the
type of gene effects as illustrated by Gamble (1962). The estimated gene
effects included the mean effect parameter {m), additive (a), dominance (d),
additive x additive (aa), additive x dominance (ad) and dominance x
dominance (dd). '

Heritability was calculated in both brood and narrow sense. Broad-
sense heritability h’ b was estimated according to Burton (1951). Narrow-
sense heritability h%, was estimated as proposed by Warner (1952). The
predicted genetic advance under selection (Ag%) was computed according
to Jchnson er al (1955). This genetic gain represented as percentage of the
F» mean performance (Ag%; was calculated following Miller et af (1958).
Genotypic coefficient of variation (GCV) was estimated as the formula
developed by Burton { 1%52), Phenotypic coefficient of variation (PCV) was
estimated using the method of Johnson er al. (1955).

RESULTS AND DISCUSSION

Number of glants, mean and variance values of nine studied traits for
parents, F;, ¥;, BC; and BC; of the three crosses are presented in Table 2.
All studied characters showed significant genetic variance in F; plants ir the
three crosses, therefore, other parameters were studied.

Heterosis, inbreeding depression (1.D.%), potence ratio, F; deviation

(E1), back cross deviation (E2} and gene action in the three crosses of faba
bean are presented in Table (3).

Highly significant posttive heterotic effect to mid-parents value for
all studied traits in the three crosses except plant height in the first and third
cross, pod weight in the sccond cross and pod length in the third cross.
Concemmg days to ﬂowermg in the {irst dl‘ld second cross and first fruiting

lIUUG T l.llc uucc LU, I,ilUy Bave msuunvcun. It v&u\. vC hetc:‘ct.c 31’1’3.} to
mid-parents.

In the three crosses, total green pod yield . number of seeds per pod,
number of branches per plant and days t¢ flowering( in the second and third
crosses) and number of pods per plant( in the first and second crosses)
expressed significant positive heterotic effects relative to the better parent.
These results are in close harmony with Ei-Hosary (1981 and 1983 a), El-
Hosary et al. (1986), El-Refaey (1987 and 1999), Hendawy (1994 a and b),



Table 2. Number of plants, mean ( x ) and variance (87 ) values for six populations of the faba bean crosses for the studied characters .

. Total grecn pod
Cross E E Plant height Mo, of Days to First No. of pods / No. of seeds/ Pod weight Pod length yleld (2)
k= {cm} brzauches/ Oowering fruiting plant pod (g) (cm)
'i s plant nede
& | £
x 5 x e i - x .l % 5 i o X 5 x s x .
P 40 104.65 526 623 0.18 48.85 1.67 550 | 0.26 20.28 1.82 413 i 14.23 0.81 14.33 0.33 28735 36.54
Mansonrn § P2 40 ) 11428 6.51 730 | 022 | 4348 164 | 633 | 023 | 2698 356 | 3.08 } 0.07 17.16 0.97 15.18 0.30 | 461.63 | 3239
X F: 40 110.03 9.46 6.9 0.50 40240 3.60 535 | 0.23 338 4.34 4.20 | 0.16 17.1 2.55 15.20 0.52 530.50 3436
Kassasin 1 | 7Y 350 | 10984 | 19.03 | 686 | 062 | 4741 542 | 589 | 0.55 | 3026 870 | 375 | 0.50 16.11 3.69 14.43 1.20 | 486.60 | 11704
BC, 156 { 107.88 13.81 6.99 .47 45,51 4.44 549 | 0.51 27.08 718 4.46 { 036 14.62 2.56 14.63 0.88 INngl 109.09
B 150 119.97 14.85 7.3% .59 43.68 3.84 590 | 0.32 32.25 5.65 3.60 | 040 16.26 2.80 1535 0.82 523.83 7101
Py 40 L04.65 5.26 638 0.24 48.85 1.67 550 | 026 10.28 1.82 4.13 11 14.23 0.3 14.33 08.33 180.35 36,54
Mansours } P; 40 116.08 540 7.25 0.50 S8.53 564 643 | 0.25 27.10 1.73 3.07 84.06 16.93 0.2 13.15 0.13 455.28 38.56
X F 40 113.20 7.29 7.7 0.68 983 625 520 | 022 29.90 373 427 020 15.78 1.67 14.33 9.48 470,13 1816
Icarus | % 350 | 11012 23.41 7.26 1.33 5£4.85 19,45 529 | 1.30 27.82 7.63 3% | 0.43 1274 249 13.87 0.86 351.41 103.77
BC, 130 106.67 14,98 6.47 .64 48.41 1369 | 485 { 091 29.21 574 459 1 014 14.71 1.91 14.91 0.62 427.56 87.14
BC, | 150 | 12742 | 1704 | 7.25 | 128 | 5427 | 1421 | 652 | 076 | 3043 | 564 | 421 | 039 | 1723 | 199 | 1415 | 0.65 | 52024 | 6919
| 40 113.98 4.38 6,41 0.35 33.28 2,08 545 | 0.25 26.45 328 3.17 nig 11.31 0.91 11.33 0.53 298.50 24.15
Kassasin 7 | & 490 10535 4.29 723 0.33 3u.88 3.60 10 | 0.30 19.65 2.08 4.03 817 19.27 0.74 12.65 034 377.40 18.3¢
X ) U 4 111.33 4.84 7.5 0.51 37.48 2.97 538 | 0.24 24183 1,99 4.27 0.27 18.20 0.52 12.33 0.53 44035 2198
Aquadolce F; | 350 | 107.33 | 1338 | 680 | 1290 | 3813 | 740 | 568 | 067 | 2400 | 1272 | 384 | 058 | 1660 | 236 | 1229 | 137 | 39761 | 7336
BC, 150 1 11557 8.52 6.91 0.94 32.87 6.94 465 | 013 30.95 8.62 3.68 | 038 12.33 1.59 11.69 1.01 379.85 5556
B 156 | 107.84 10.83 727 1.00 37.99 513 676 | 061 21.52 933 4.08 | 0.582 18.47 192 12.92 1.0 395.53 6226
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Table 3. Hetevosis, inbreeding depression, potence ratio (P), F, deviation (E,), back cross deviation (E,) and different t)"pes of gene

actiyus for studied characters in three crosses of faba bean (Vicia faba 1.).

Inbreeding Potence ¥ BC
Character g Heterosis % depression ratin deviation | deviation Gene action (six parameters) Gamble
L I [183)] (Es) ()
MP BY a d as ad dd m
Plant height 1 0.51 B b L 0.17 0.12 0.099 8.359+* ~12.09%* i16.58%* 16.32** -T.27%e 33,042 | 109.84**
1l 257~ -2.48%* 2.72%* .50 -1.661%* 0.524 -10.75%* 10.53*= T.69%* S04 -BT4r 110,12~
134 1.52 -2.33* 3.59 G.39 -3.165%% T.4L9% 7.73%* 19.16%* 17.50*+ 341 -22.34%* | 10733
No. of branches/ 1lant I .03 S4B 0.58 0,26 0.02%9 L% Wikl RIS L 1.46** 1.32** 0.13 -1.76** 6.86**
iI 13.03>+ 6.21** 71 2,03 0.004 0,753 0835 -0.63 -1.52%* -0.39%* 303 726%*
1 10.83** 4.50== 9,59+ 1.79 0356 -0,189 D.36%* 1.78%* 1.04** 0.05 -G.67 683
Days to owering I -12.92% -7.33** -17.95%4 .22 4,233 2.831%+ 1.83* -17.23%+ “11.27% -D.B5** 5.61* +7.41%*
n -7.19%* 200+ -14.08~ -0.8¢ 1092+ -0.826 -5.86%+ -17.88** -14.02* -L.02* 15.67+* 54.85%*
m L.46*~ 12.62*" -1.74 0.27 L1042+ -3,197 -5.12** 951 -1 81 BW. v 17204 3813+
First fruiting nod:: i -9.51+ <2.73%* -10.36** -1.36 B263%* 0.131 -0.41%+ -1.35%* -0.79** o.m 0.53 5.89**
I SI2T9Rn - ik -1.76 -1.65 -0.290%* 0.211 -1.G67** 0.82+~ 1.R5** -1.20** -2.00** 529"+
i -14,34%* -1.38* 5.62°* -1.09 -0.148* -0.243 -2 11 -0.80* 0.10 1294w 4.38 568
No. of pods/ pod H 32.79%¢ 16371 3,58 .3 12.789 4324 517 5.36%* -2.39% -182> -6.26** 3026~
II 26.21"" 10.33* 6.97%* 182 10224+ 6.050* -1.25%" 14.22"* B.01** 2.20 | -20.11*+ 17.82*
(1) 4. 884+ -8.60"* 0.74 0.33 (.35 5.242** 9,438+ 1007+ RO44* 6503 -19.434% 14.00**
No. of seeds/ pod I 16.67* 1.82 10.82** 1.14 -0.154** 0.260* 0.86** 1.74** 1.14** 0.34%% -1.66** 3.75**
I 18.66%* J.43** By Al | v g 0.006 0,938~ 0.38%+ 2.52%% 185+ -0.15* 373 3.94**
111 18.52** 5,79+ 10.12*+ .54 -0.098% -0.107 -0.40%* D85+ 0.18 0.03 0.03 3.84*
Pod  weight I 840 -0.87 330~ 0.90 -0.242 -1.826%* -1.G64%* -1.37* -2.69%* -0.17 6.34%» 1613
n 1.28 -6.79* 19.24%* 0.15 -2.936% 0.613* -2.54n 13.17%* 12.97** -1.19*+ S14.200+ 12.74**
111 19.05% -5.55% B.79%* 0.73 -0.144 -2.691"* -6.14% -1.89%* -4 B1** B 3 Eod 10.19*» 16.60**
Pod length 1 3.05% .16 509> 1.06 -0.549*+ 0.030 ~T1*= 2.7 226 ~0,29%+* -2.32%+ 14434
I 4.28** ¢.00 3.21%* 108 -(.166* 0,998+ 077+ 3.24** 2.66** 0.18 -4.65** 13 87**
I 2.82 -2.57 0.30 0.51 0.132 0.301 -1.23%* 0.4 0.07 -0.56=* -0.67 12.29%*
‘Total green pod yviejd I 41.66%* 1492 B2+ 1.79 34.103*= 1L.153** 131.53+* 41,90 114.11** | -44.39%* 91.80"* I86G.60**
1 26.61** 3.26* 2525 1.18 69.313%" 106,45+ -92.59%+ 588.98** | 490.16** -B.62%* 703.08+* | 351.41**
111 30.30x 16.68** b Sl 2.60 84504 -2.913* -15.68+* 62.74%* -39.66%* 23.77%* 48,49%* 197.61%*
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El-Tabbakh and Ibrahim (2000), and Farag and Helal (2004). Number of
branches per piant, number of pods per plant, number of seeds per pod and
pod weight are the main components for total yield per plant. Hence,
heterotic increase shown in any of the four components may lead to

As to inbreeding depressicn, highly significant positive values were
obtained for number of seeds per pod, pod weight and total green pod yield
in the three crosses, plant height and number of branches in the second and
third crosses and number of pods per plant and pod length in two crosses (
the first and the second ). This is logic and expected since the expression of
heterosis in F; will be followed by a considerable reduction in F;
performance.

Over dominance for high or low parent was detected for total green
pod yield, number of seeds per pod and first fruiting node in the three
crosses, number of branches per plant in the second and third crosses,
number of pods per plant in the first and second crosses and days to
flowering and pod length in the first cross. Complete dominance for the high
parent was found for pod length in the second cross, while partial
dominance toward the better parent was found for pod weight in the first
and third crosses, pod length in the third cross, plant height and days to
flowering in the second cross and number of branches in the first cross. No
dominance was found for plant height in the first and third crosses, number
of branches in the first cross, pod weight in the second cross and days to
flowering and number of pods per plant in the third cross. The potence ratio
values indicated that there were all types of dominance , i.e., over, complete,
partial and no dominance for all traits under study. Generally, potence ratio
values were found o follow the same pattern of the heterosis degree in ail
traits of the three crosses. These results of heterosis, inbreeding depression
and potence ratio were supported by similar findings obtained by El-Hosary

||||||

Significant F» deviations (E;) were obtained for all studied traits,
except for plant height in the first cross, number of branches per plant in the
first and second cross, pod weight in the first and third cross, number of
seeds per pod in the second and third cross and number of pods per plant
and pod length in third cross. This result reveals that the epistatic gene
effects might have a mgjor contribution in the inheritance of these
characters.
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For estimating various types of gene cffccts, the variety with a large
mean value in each trait was usually considered as Py. In all traits the mean
effect of parameters (m) was highly significant (Table 3). The estimates of
parameter (a) are quite small in magnitude relative parameter (d) in most
" crosses under studies (Table3)" Additive gene effects (a) were highly
significant for all studied traits in all crosses. These results indicated the
potentiality of improving the performance of these traits by using pedigree
selection program. The dominance effect (d) was almost highly significant
for all studied traits in all crosses except number of branches per plant in the
second cross and pod length in the third one. Moreover, the additive gene
effects were more important and greater than the dominance gene effects
(Table 3). Dominance gene action would tend to favor the production of
hybrids, while, for additive gene action, the significant standard selection
procedures would be effective in bringing about advantageous changes in
the characters.

The estimated value of additive x additive (aa) epistatic type was
almost highly significant for all traits, except for first fruiting node, number
of seeds per pod and pod length in the third cross. Also, the additive x
dominance gene effect (ad) was significant for ail traits except for mumber
of branches per plant in the first and third crosses, first fruiting node and
pod weight in the first cross, pod length in the sccond cross and number of
seeds per pod in the third cross. Generally, significant one or more of the
three types of epistatic gene effects were exhibited in the three crosses for
all studied traits (Table 3). The epistatic type of dominance x dominance
was found to be significant for all traits under study except number of
branches/plant in the third cross, first fruiting node in the first and third
cross, number of seeds/pod and pod length in the third cross.

The type of gene action reported by El-Hosary (1981 and 1983 b),
Hendawy er al (1988), Hendawy (1994 a and b) and El-Refaey (1999) in
faba bean were rather confirmed by the type of variation which found in this
investigation.

Lash(1948)gave the term heritability to define the relation between
genotypic and phenotypic variances as broad sense heritability, and the
relation between additive and phenotypic variance as narrow sense
heritability. Heritability values are important to the breeder since it
quantifies the expected improvement upon selection. To achieve genetic
improvement through seclection, heritability must be reasonably high. In the
present investigation, heritability estimates in broad sense h%, were

* L . LI | - 2 T a1 1 _ S T N i T Sa ¥ + TP o S
MOoaerdle W 1ugin Ml MgZIIIUUL WILLE YAIUCS lailglily UCLWTGL J L. /0 /e
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number of branches per plant, in the first cross, to 81.42 for first fruiting
node, in the second cross. For plant height, days to flowering, and first
fruiting node in the second cross, number of seeds per pod in the first and
second crosses, number of pods per plant in the third cross and total green
pod yield in the three crosses, high estimates of broad sense heritability
were detected. However, number of branches per plant, pod weight and
length in the three crosses, number of pods per plant in the first and second
crosses, plant height, days to flowering and first fruiting node in the first and
third crosses and number of seeds per pod in the third cross, moderate
values in broad sense were obtained.

Narrow sense heritability h?, estimates ranged from 37.03% for days
to flowering in the third cross to 71.45% for first fruiting node in the second
cross (Table 4). Such results agreed with those obtained from gene action
studies (Table 3). Similar results were obtained by El-Hosary (1983 a and
b), El-Hosary and Nawar (1984), Guo (1986), El-Refaey (1987 and 1999),
Dawwam and Abdel-Aal (1991), Hendawy (1994 a and b} and Ramgiry
(1997).

Genetic coefficient of variation (GCV) showed moderate values for
number of seeds per pod in the three crosses, number of branches per plant
and first fruiting node in the second and third crosses and number of pods
per plant in the third cross. The other traits had low values of GCV% (Table
4). It is used alone, this will be easier when the heritability estimates and
genetic gain were available (Swarup and Chavgal 1962). The genetic
advance under selection (Table 4) depends on the amount of genetic
vartability, the magnitude of masking effect of the environment and in
density of selection that is practiced. In terms of the progress expected, the
effect in future generations, due to the non-additive variance, is included in
study was derived by using heritability in narrow sense The predicted
genetic advance was rather moderate for all studied traits except for number
of branches and first fruiting node inthe first cross and pod length in the
second cross was low.

In the present investigation, moderate heritability values were
detected for all studied traits in the three crosses. Therefore, selection for
these traits could be affective and satisfactory for successful breeding
purposes. These results are in agreement with those find by Dawwam and
Abdel-Aal (1991), El-Refaey (1992 &1999), Gayanendra ef a/. (1993) and
Ramgiry (1997).
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Table 4. Heritability estimates, , zenetic advance (A g) and genetic advance expressed as percentage of the F2 mean (  g%) and
genotypic and phenotypic of variation of the three crosses of faba bean for the studied characters.

- Chavacter Crogs Heritability Genetic advance GOV9% PCV%
Ercad since Narrow since Agp Ag¥

Plant_helght I 62.81 49.40 19.37 17.63 3,148 3,972

I 74.43 6323 3049 27.69 3.790 4393

11 66.34 5538 1526 14.22 2.776 3.4U8
No. of branches/ plnt I 51.73 44.20 (73 8.22 8251 11472
i w1 87 55.83 1.53 2112 12.780 15,905

f  m 69.32 49.16 131 1915 13345 16.643

Days to flowering | 1 57.64 47.29 528 11.14 3.726 4.912

‘ 11} 76.27 £3.47 20.98 38.25 6.949 7.957

I 6116 37.03 5.65 14.81 5,580 7.13%
First fruitheg node 1 £6.94 50.80 0.58 9.82 9522 12.619
H 242 7145 19 36.08 19412 21504
i 60.39 43.22 0.59 10.48 11173 14378

No. of _pods/ pod 1 62.71 52.85 9.47 3129 7.718 9.746

I 6815 50,80 7.98 28.70 8196 9929

T I 80,73 58,94 1544 6435 13352 14.861
No. of seedy/ pod . 76.82 47.86 0.49 1315 16.540 18371
' i 70.38 51.08 0.45 11.38 13.901 16.575
' 44 66,35 4497 0.54 14.03 16.185 19.870

Pod _weight i I 61.02 S4.74 4.16 2584 9316 11.927
K ; n 54.51 42.78 2.19 17.19 9.135 12373

T m 69.44 51.52 2.51 15.10 2714 9.257

Pod length I 58.04 58.37 1.46 10.11 6.270 7.601

1 £3.40 5207 0.92 .62 5312 6.672

I 65.89 53.47 1.51 12.27 7.729 9.522

Total green pod vield I 70.59 41.06 29.04 20.35 1.868 2224

‘. n 70.04 2935 105.50 Jo.oz 2.426 1.899

[ i 11 71.72 43.48 65.70 16.52 1.812 2.154
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The expected response to selection, which varies with the
phenotypical standard deviation of population means, and which is a
measure of the total variability of the trait, could therefore, reflects the total
response that could be realized by breeding techniques.
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