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ABSTRACT

Several studies on response to selection have been compieied jor Barseem clover, although comparisons of the
effectiveness of selection methaods have been difficult. The ideal comparison of selection methods would involve selection for
the same trait by using different selectipn methads in a common base population. This type of data are lacking in Barseem.
The present study was designed to compare the response to three different selection methods in Khadarawi Barseem
population. One cycle of selection was conducted for each of the following methods: half-sib with 5; as recombiners (H.8),
Syfamilies () and Syfamilies selection. Selection for all programs was based on protein yield (ton-fad'). A 20% selection
Intensity was common in the three methods. Response to selection was measured for proiein yield and correloted responses
an fresh forage, dry forage, seed yield and leaves / stems ratio. All selection methods were succesaful in improving
significanily the lation perjormance for protein yield. S, family selection had the largest magnitude of response of 0.346
tonjfad”. cycle! (37.3294),which was insignificantly different from the realized Jor 8, family selection of 0.322
tonfad” cycle™ (34.74%). H.S fomily selection gave the lowest gain of 0.157 tonfad”. cycle™ (16.94%%). Taking into account
both cast, unit” gain and length of time required, S; famities selection had the highest rate of goin. Season™ with the greaiest
return on investment . ] .
Key words: Khadarowi Barseems clover. recurvent selection, H.S families, S, fomilies, S; families, response o selection,

relative economic gain.

INTRODUCTION .

Rmmm selection methods have been used to

improve Barseem clover populations. Recurrent
selection includes; a) Development of progenies, (b)
Evaluation of progenies and (¢) Recombination of
selected families or progenies. Recurrent selection
methods differ in the type and number of progenies
evaluated, size of selected population, parental control
and the type of progenies intermated (Hallauer and
Miranda, 1988). The flexibility of different types of
recurrent selection methods allow for the use of wide
range of recurrent selection methods for population
improvement with wide range of responses to
selection, regardless of the type of recurrent selection
method. The common objectives are: (a) Increasing the
mean performance of the population and (b)
Maintaining genetic diversity to enable long-term
improvement. '

Many workers studied the effect of different
recurrent selection methods in improving yield and
other characters of Barscem population. Koriem ez
al.(1980) reported 20.5% gain from one cycle of
recurrent selection, based on general combining ability
in Meskawi population of over two locations. Mikhiel
(1987) recorded a positive response of 22% in forage
yield afier one cycle of half-sib selection, Bakheit and
Mahdy (1988) tested the efficiency of pedigree
selection in improving fresh forage yield of Meskawi
popuiation and recorded an improvement of 14.14%.
Bakheit (1989a) reported realized gains of 13.9 and
21.7% for fresh forage yield, 14.8 and 23.8% for dry
forage yield and 14.0 and 22.9% for proiein yield from
the first and second cycles of recusrent selection in
Meskawi population, respectively. Bakheit (1989b), in
a Fahl population of Barseem, scored a realized gain
from modified mass selection for seed yieid of 6.03

and 9.31% for fresh forage, 5.57 and 10.86% for
protein yield and 13.23 and 16.19 for seed yield in
cycles 1 and 2, respectively, over the base population.
Ahmed (1992) concluded that maternal-line selection
with S, as recombiners, was superior to both half-sibs
and coatrolled mass selection in Meskawi. The
realized gain from that stady was 22% in both green
and dry forage. Ahmed (2000) obtained a realized gain
from recusrent selection for total green forage yield in
8 Meskawi population via combining ability test of
6.6, 6.0, 4.0 and 10.3% for total green forage, dry
forage and protein and seed yields.

selection methods were eoffective for improving
Barseem population productivity, but it was not clear
which of the recurrent selection methods was the most
efficient. Several studies on response to selection have
been completed for Barseem, although comparisons of
the effectiveness of selection methods have been
difficult because, in many instances, different selection
methods were used with different populations for the
same traits; The same method was used in different
populations for the same traits or the same method was
used in the same population, but for different traits.
The ideal comparison among selection methods would
involve selection for the same rait by using different
selection in & common base population. However,
these types of date are lacking in Barscem. The
objectives of the recent study were: (i) to compare
response to selection for three intra-population
recurrent selection methods, including half-sib (H.S),
S;- family (8,) and S, - family (S;) in one base
population and (ii) to determine the most effective and
efficient method for improving Barseem germplasm.
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MATERIALS AND METHODS

Parental materials:

The base population under study comprised
37 farmers and market soed lots of Khadarawi multi-
cut Barseem cloves. In 2000-2001 season, sceds of the
base population were sown in 400 rows, 20 cm apart
and 4.0 m. long, at the rste of 31.4 kg. ha™. Cultural
practices were applied as recomypended for oplimum
adjusting spacing within row to 10 cm among plass
through uprooting small-tagged plants. -

Half-sib family selection;

In 2000-2001, 400 plants were visually
selected before flowering, depending ob crown size
and general performance, Those selected plants were
marked by woodsticks tagged “OP”" to indicate the
collection of their open pollinated soeds. The highest
seed producing 100 plants were saved as half-sib
families. In 2001-2002 season, the 100 half-sib
families were evaluated in five sets, each with twenty
families. Each set was treated as a randomized
complete block experiment to evaluate the twenty
families with two blocks. Oune-row plots of 1.5 m.
lmgﬁandZOmapaﬂwweused.Seedmaratewu
31.4 kgha' (1.03 g. plot™). Each plot was guarded by
two rows planted with base population seeds. Green
forageymldwasdmmmedﬁumﬂwmddlemetxof
eaahplot(ﬂzm)ﬂ‘omsucmnkmaﬁaﬁo 100,
135, 195 and 225 days from sowing. A seventh cut
was faken after thirty days from the last, but was not
inchuled in the evaluation. Dry majter percentage was
detcrminodineachcmﬁ'ommdomsunp!esofabom
100 g., placed in an oven at 70° ¢ until weight
constancy, then presented as a seasonal average.
Protein yield was estimated from the data of green
forage yield, dry matter percentage and crude protein
percentage determined by micro-kjeldahl technique, as
outlined by A.0.A.C. (1980) from a composite sample,
representing cuts. The data of protein yield were
transformed to tons/fad before statistical analysis,
according to the following model: protein yield= sets,
Rep/ sets, families / sets and combined érror wsing
SAS program (1988). Variance for
families (0°f) and ervor (a’¢) were estimated from the
analysis of variance. According to the family means,
the highest yielding five families, in each set, were
identified. This resulted in selection intensity of 20%.
Values of (o’f) and () calculated sccording to Fehr
(1987),wereusedtoutimmeexpoctedgmﬁc
advance from selection.

Dependmgonthemluofevamamn,tha
excluded families were uprooted before flowering.
Heads of the best plants, in each selected family, were
caged in fine translucent paper bages. Hand tripping
was practiced to enhance selfing. S,-sceds were
separately harvested for each selected family.

In 2002-2003 season, S,-seeds of selected
families were planted in isolated plots for intercrossing
to produce seeds of the first cycle of half-sib family
selection, with population as tester, designated as (C,
H.S).

S,-family selection:

Progenieg were developed for S;-family
selection by selfing sbout 400 plants in 2000-2001
season's ursery. Those plants were marked by wood
sticks tagged S,. Hand tripping was applied to enhance
setting. S, seeds were harvested from each selfed
plant, separately, to represent S;-family. One-hundred
S, families, with sufficient selfed seeds, were saved.
Families evaluation was carried out during 2001-2002
season in a similar manpner to halfsib families
ovaluation, where, five sets cach of twenty families
with two replicates were used. The plot size was one
tow, 1.0 m long and 20 cm apart, seeded at the rate of
314kg.ha'(069g.plot‘)5nchplotwmdedby
two rows planted with base population sceds. Data
collection and statistical analysis were appiied in a
similar manner to that of H.S-families. A seiection
intensity of 20% was applied. The highest protein
yielding five families, in cach set, were identified (a
total of twenty families). In 2002-2003 season, the
remnant seeds of the selected S; ~families were
planted in isolated plots for inter-crossing to produce
seeds of the first cycle of S,-family selection,
designated as (C, S,).

S, -family selection:

S;-family selection was conducted by selfing
300 plants in the nursery of 2000-2001 season. Sy-
seeds were harvested for each plant, separately. One-
hundred and fowsty S,-families, with adequate seeds
were maintained. In 2001-2002 season, a part of cach
S,-family seeds was grown by the ear-io-row method.
Rows were subjected to normal cutting schedule.
Starting from cut five, weak families were discarded.
Also, weak plants, in each maintained row, were
uprooted. Three to five vigorous plants in each S,-row
were marked by woodsticks tagged (S;). Heads of
marked plants, in each row, were covered by fine
paper bags for isolation. Hand tripping was frequently
applied to permit seed seiting. After seed harvest, 100
S;-families with enough sceds, each derived from a
single plant in a different S, line, were selected. In
2002-2003 season, Sr-families were evaluated in &
replicated trial similar to that applied in H.S-family
evaluation, Selection of 20% intensity waa applied

- within each set. In 2003-2004 season, seeds of S;-

families, to the selected S, —families,
were planted isolated plots for intercrossing to produce
soods of the first cycle of S;-family selection,
designated as (C, Sy).
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Estimation of additive and dominance variances:

It was assumed that the gene frequency for
"Kahdarawi® population would be near to one-half
and,consequently, the estimates of variance
components, for the three types of families, would be
used to calculate (oA) and (0°D), as follows (Hallaver
and Miranda, 1988):

G HS=1/4 A

a’S, = (1) 6’A + 14 &°D

0’S, =32 ’A + 316 D
Smhequationswereexpressedinama&ixmtaﬁon
and soived, ysing the least squares procedure, as
illustrated by Barmardo (2002). The estimates of (0”A)
and (¢’D) webe used for estimating the expected
genetic adviihe from selecting the superior 20%
families in each s¢lection program, when appropriate,
as indicated by Fehr (1987). Heritability was
calculatedonmcanofplotbasls.asmdwatedbyl?ehr
(1987).

Evaluation of selection methods: |

In 2004-2005 season, the first cycle of the
selection methods were evaluated in two adjacent
experiments, Each experiment included six entries [
base population (C, ), C, H.S, C, 8, C, S;, Minufeia —
Khadarawi population{check,), Sohag — Khadarawi
population(check;)), replicated six times in a
randomized compilete block design. Experiment 1 was
reated by 10 kg of nitrogen fed-cut ( a total of 50 Kg.
N. fed.-season) in the form of ammonium nitrate
(33.5% N), whereas, experiment 2 was treated by 20
kg of nitrogen fed.- cut ( atotal of 100 kg. N. fed.-
season) in the same form as in experiment 1. Each
enUy-plotwasfonrmws.ZocmapmandalOmlong.
Data were recorded for: 1). Green forage ’lebd ot' six
cats from two random samples of 0.25 m® from
plot, transformed to tons/ fed before analysis, 2). Dry
- forage yield, estimated from seasonal fresh forage
yield and seasonal average dry matter percentage, 3)

Leaves / stems ratio in dry weight basis (determined at
the fifth cut, only), 4). Protein yield, estimated from
dryforageywldandcmdepmtampercemageandS).
Seed yield, determined from at random 025 m’
samples from each plot and transformed 10 kg / fad.
before analysis, The two experiments were statistically
combined, as given by Steel and Tomrie (1980). The
tested entries (C; — populations, C, and the two
checks) were considered fixed, while the environments
were random.

RESULTS AND DISCUSSION

Families evaluation:

The analysis of variance of Khadarawi
Barseem characters for H.S, S; and S; families is
presented in Table 1. The results indicated that the
differences among families were highly significant
(P>0.01) for all measured traits. The among families
mean squares were increased from H.S to S, to 8,
while, the within families variances were, generally, of
opposite order.

The variance component (0°f) for S, families
was 3.70, 1.12, 5.08 and 3.15 times the comresponding
values for H.S families for protein yield, fresh forage
yield, dry matter and protein percentage, respectively.
Whereas, the variance component for S; families was
190, 1.36, 1.33 and 1.14 times the coresponding
values for S, families for protein yield, fresh forage
yicld, dry matter and protein percentages, respectively.
These results are in accordance with reports on other
crops. Genter and Alexander (1962) showed that
variation among S, families was of higher magnitude
than their test crosses. Lonnquist and Lindsey (1964),
aiso, found that variance component for S; family was
four times the H.S. family variance, Mota ef al (1975)
and Goulas and Lonnguist (1977) found that the
genetic variance, among S, lines, was three times that
among H.S. families. -

Table 1: Pertinent mean squares from analysis of variance and estimates of variance compoments for
families (o’0) for H.S, 8; and S, families of Khadarawi Barseem.

Maan squares
Character Families Error - ot
L _ H.S S, S, HS 8, 8, Hs 5, 8;
Protein yield
(ton/fad) - 0.1039** | 0.3131%* | 0.5604%¢ | 0.0335 | 0.0505 | 0.0614 | 0.0352** | 0,1313%* | 0.2495**
Fresh forage
yield(kg/0.2m’) 0.4990%* | 0.4837** | 0.5671** | 0.1805 { 0.1273 | 0.0834 | 0.1590*% | 0.1782%* | 0.2419%*
Dry matter ' '
percentage 4.846%% | 15422 | 17.89%* 1 2551 §3.7615 1 2418 | 1.148%* | 5.830%* 7.738%¢
Crude protein :
percentage 8,177 18.209+ | 18.322%* | 3.717 | 4.1384 | 2.308 | 2.230*% | 7.035%* 8.007e

** Significant at 0.01 level,
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Falconer (1967) and Hallauer and Miranda (1988)
showed that the genetic variance among various types
of families was the expectation of 1/4 o’A for H.S
families, 0’A+ 1/4 ¢’D for S, families and 3/2 A and
3/16 o®D for S, families, where 6°A and o’D denote
additive and dominance effeets, respectively. The
additive and dominance genetic variance components
were calculated for the base population, depending
upon the three types of evaluated families fiom the
above mentioned three equations. The results are
presented in Table 2. The estimates of o’A were
positive for the studied characters, Meanwhile,
negative estimates of dominance variance (o’D) were

detected for both protein and fresh forage yields,
indicating the absence of o’D. The ratio of 6°A / ¢°G
indicated that additive genetic variance was more
effective in controlling both protein and fresh forage
yields, whereas, both additive and dominance genetic
effects were effective in dry matter and crude protein
percentages. Weyhrich et al (1998) stated that, if
additive genetic variance was of greater importance in
a population than dominance variance, selection
among inbred ~ progeny would be expected to be
superior to other methods under most genetic
situations.

Table 2: Estimates of additive (¢°A), dominance (o*D) and (0’A / 0°G) variances from the three types of

families for the studied characters.

Character o’A oD dAldG
Protein yield (ton / fad) 0.1321 -0.1418 1.00
Fresh forage yield (kg / 02m2) 0.706 - 0.9883 1.00
Dry matter percentage 4.607 5.132 0.47
Crude protein percentage 9.674 1.511 0.86

Heritability estimates of differences among
family means (h’) were higher in magnitude when
calcnlated from S; compared to both S, and H.S
families for all studied characters (Table 3). Also, S,
estimates were larger in i than the
corresponding figures from H.S families, All estimates
of S, were more than 0.7, whereas, estimates of S,
were above 0.8 for all Khadarawi Barseem iraits. As
for H.S, the h? estimates were over 0.6, except for dry
matter and crude protein percentages, which scored
0.47 and 0.55 values. So far, there is no literature
about the estimates of heritability from different
inbreeding levels in Barseem clover, however, the
present findings are in accordance with the results of
Weyhrich et al. (1998), based on data obtained from
the Annual Reports of the Cooperative Federal-State
Corn  Breeding Investigations, Ames, lowa,USA,
(1963) through (1989), where values of heritability
estimates ranged from 47.1 (HS) to 86.7%

16

(S; — progeny). Those figures were consistent with
data published by Lamkey and Hallaver (1984).
Ahmed (2006) found that heritability estimate, for dry
forage yield in Khadarawi population, was larger in
magnitude than that of seasonal fresh forage yield.
That was true in the present results with protein yield
(ton / fad), supposing that variations in protein yield
contributed to better estimation of seasonal forage
yield. High estimates of h? ranged from 84.1 to 95.2,
were reported for Barseem characters by Bakheit and
Mahdy (1988), Bakheit (1989), Ahmed (1992), Ahmed
(2000) and Ahmed (2006).
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Table 3: Estimates of beritability (), expected geaetic advance from recurrest selection (G) and reiative

genetic advance from selection (G%).

b? G
Character HS S
HS S, S$; [ Units | % | Units | % | Units %
Protein yield 0.6769 | 0.8358 | 0.8904 | 04322 | 47.97 | 04638 | 51.48| 06598 | 7323
(ton / fad")
Fresh forage yield | 0.6373 | 0.7366 | 0.8529 | 0.8913 | 42.16 | 05072 [23.99 | 0.6359 | 30.08
(kg / 0.2m")
Dry matter 0.4736 | 0.7560 | 0.8649 | 2.065 | 1502 | 2939 {2138 3.622 | 2635
percentage
Crude protein 0.5453 | 0.7730 | 0.8741 | 3.088 | 21.09 | 3265 |[2230( 3.704 | 2530
perceatage

* Calculated according to Fehr (1987).
+ One faddan = 4200m”.

Expected genctic advance from selection
(Table 3) was the highest for S, families, followed by
S,, and was lowest for H.S families. Protein yield /
faddan showed the largest magnitide of relative
genetic advance from selection over the three types of
families. For fresh forage vield / faddan, the relative
advance from H.S selection (42.16%), unsxpectedly,
was superior to the values from S,
(23. 99%) or S; (30.08%) selection. For H.S selection,

ofgmeadvamedependtouthemammdeof
heritability and some other factors, such as
differential.  Accordingly, the expeeted
advance from selection should be higher for S,
for S, and H.S families for the different
characters. The expected advance from S, was
1.3 times that from S, and 1.23 times that form H.S
families, as an average for all the studied characters.
Thesupcnontyofszoverslandﬂ.Sfam;heswas

(1988) and Weyhrich er al, (1998). Abmed (2000),
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with Meskawi population, obtained values for average
genetic advance ranging from 30.0 to 41.22% with
total green forage and seed yields, respectively. Also,
Ahmed (2006), with Khadarawi population, scored
values of average advance between 43.46% (for plant
height) and 22.14% for dry matter percentage.

C;- evaluation trial:

The C, populations, designated as C; . H.S,
C| S G Sz.muddinonmcolndtwol(m\m

check populations were evaluated in two separate
expummwhxchmpluenwdamndomenvumment
(Nitrogen level). The data of the two experiments were
subjected to combined analysis as a split-piot design,
where, the interaction between populations X nitrogen

-~ was used to test the significance of the differences

between populations (Table 4). Only the effect of
populations was found highly significant (P 2 0.01) for
all studied traits. Neither the environments (nitrogen
levels) nos the populations X environments interaction
reached the level of significance for any of the studied
characters. Consequently, the average response of
populations, over the two environments, was repotted.
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Table 4: Analysis of variance for green forage yield, dry forage yield, protein yield, leaves / stem ratio and
seed yield of Khadarawi Barseem populations uader two nitrogen levels.

M.S.
d.L | Green forage Dry forage Protein yield Leaves / Seed yield
S5.0.¥V yield yield stem
(ton / fad.) (ton/fad) | (ton/fad.) ratio (kg / fad.)
Env. (N) 1 65.19"° 7.98%8 0.572M¢ 370.00%% [ 18365.9M%
Rep/env. 5 176.15 13.84 0.375 359.04 9052.9
Populations (P) 5 105.51%* 10.78%+ 0.470%* 115.56** | 5267.95%*
N XP 5 0.539%8 0.095%% 0.0108% 14.61M8 915.9%%
Cambined error 50 23.96 1016 0.019 20.52 1294.8

N.S: Not significantly different (P > 0.05).
**: Significantly different at 0.01 level.

Direct response to selection:

The means and percents reslized gain in
protein yield (ton / fad.) for base, improved and check
populations of Khadarawi Barseem, averaged over the
two tested environments, are presented in Table 5. The
results showed that the improved populations were
significantly higher than both the base population C,
and the two checks. Insignificant difference was
obtained between S, and S; families seloction.
Meanwhile, both the §, and S; family selection
methads were significantly superior to H.S.

The realized gain per cycle, due to selection,
was the highest with S; family selection, resching
0.346 1o / faddan (37.32 and 36.00% relative to base
and the average of checks, respectively). The obtained
figures, with S, family selection, were 0.322 ton / fad.
(34.74 and 33.44% relstive 1o the base and the checks
average, respectively). As for H.S families selection,
the realized gain was 0.157 ton / fad. (16.94 and 15.81
relative the base and the avemage of checks,
respectively).

Whmthemhhdgamwuuhuhtodm a
per year basis, S; family selection gave about two
times gain / year than H.S family selection (11.15 vs.
5§.27%). That gain per year, from S, selection was
greater than gain from 8, family selection, (9.00%).

The fact that the additive genetic variance in
Khadacawi population (Table 2) was of greater
importance than dominance variance might explain the
superiority of inbred-progeny sclection. Falconer and
Mackay (1996) stated that inbred progeny seiection
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. o’Aand

might not necessarily increase mean performance by
directly acting to increase the frequency of favorable
alleles, but by directly decreasing the frequency of
demenousrmmvealleles

The , however, between predicted
(Table3)andmhzedgam(TableS)wasmttmquew
the presemt. Possible reasons for this discrepancy
involved the overestimation of heritability in the
families evaluation trial. Lamkey and Hallaner (1987)
showedthat,whmhentabunywasesummdfmmﬂw
variance among families in the selection trials,
hmtabﬂnymlghtbebmadupwaxﬂsandrepremwd
an upper bound of the heritability for certain progeny
such as the case in selection trials, was biased upwards
because of genotype X year interaction being
confounded in the numerator (Comstock and Moll,
1963). Another possible reason for the lack of
relstionship between predicted and realized gain was
the potential for the genotype X environment
interactions, experienced in the selection enviroament
notmbemprmhwofthemtype)(envirmment
interactions that occurred in multi-year evaluation
trials (Comstock and Moll, 1963). In the calculation of
o’D.ltwumumedlhatgmfnquencywlth
the base population equalled 1/2. The difference
between the actual gene frequency and the assumed
could be the reason forthe discrepancy of the results.



Alex. J. Agric. Res. 51 (3), 2006

Table §: Popuistion means and realized gain(®) from sciection for protein yield
(ton / fad) in Khadarawi Barseets averaged over two eaviroamenis.

Realized (%)
Population glll
and Per cycle Per year
selection method Mean
Cs Checks Cy | Checks
Khadarawi “C," 0.927¢"
H.S selection 1.084b 16.94 15.81 5.65 527
S, selection 1249a 34.74 33.44 11.58 i1.15
S, selection 1273 a 37.32 36.00 933 9.00
Checks
Check population, 0934 ¢
Check population, 0.938¢
Average 0.936

* Realized gain% relative to base = C; — Co/ Co X 100.
relative to checks = C, — check average yield / check average X 100
+ Means followed by a similar letter are not significantly diffevent at 0.05 level

Correlated response to selection:

Selection based on protein yield, resulied in
significant changes in other studied characters (Table
4). Fresh forage yield was significantly improved with
all three methods of selection (Table 6). The realized
gain per cycle, due to H.S reached, 3.1 ton / fad. (7.14
and 5.66% relative to base population and the average
of checks, respectively). A more realized correlated
gain of 5.19 ton / fad. (11.96 and 10.40%) resulted
with S, selection (relative to the base and the checks,

19

respectively). Corresponding values for S, selection
were insignificantly different from S, selection, were
5.75 ton / fad (13.25 and 11.68%, respectively). On per
year basis, the realized gain from S1 family selection
was the highest as 1.73 ton / fad. (3.99 and 3.47% of
base population and checks, respectively).



Response To Three Msthods Of Recurrent Selection ....

M. Abd EL-Sattar Ahmed

Table §: Correlated responses in fresh forage yield (ton / fad.), dry forage yield, Jeaves / stems ratio and
seed yield (kg / fad.) for base, improved amd check populstions of Khadarawi Barseem
avera"g_ed over the two environmenis.

Population Green forage yield (ton / fad) Dry forage yield (ton / fad)
and Realized gain (%) Realized gain (%)
selection method fm .
Mean Per cyck Per Mean Per cycle Per
C | Checkn | € | Checks Co | Checks | Co | Chocks
Khadarawi *C¢" 4341¢ 5.1134d
H.S. selection 4651b | 714 | 566 | 238 | 189 | 5975¢ | 1686 | 1299 | s62 | 433
S, selection 4860 | 1196 | 1040 | 399 | 347 | 6834b | 3366 | 2924 | 1022 | 975
Sz selection 4916a | 1325 | 1168 | 331 | 292 | 74872 | 4643 | 4158 | 1061 | 1040
Checks ' _
Check population; | 4420¢ 5.206d
Check population, | 43.83¢ 5370d
Average 44.02 5.288
Population Leaves / stems ratio Seod yield (Kg / fad)
seection method | Reatized gain (%) Reatized gain (%)
Mean Per cycle Per yoor Mean Per cycle Per
Co__1 Ohecks CJ _Checks Co | Checks | Co | Checks
Khadarawi "Co* 43.19b | _ 1 se0ae
H.S. selection 4394a | 1339 | 1103 | 446 | 368 | 3740b | 1478 | M | 493 | 726
S, sclection s041a | 1680 | 1436 | 560 | 479 | 6262a | 2522 | 3287 | 841 | 1096
S, sclection S144a | 1918 | 1670 | 480 | 428 | 6357a | 2202 | 3488 | 678 | &m
Checks
Check population; | 43.76% 4M.50¢
Check population; | 44.40b 470.10¢
Average 44,08 471.30

* Realized gain (%) relative to base =G, — Cy/ Co X 100.

. relative to checks = C, — check average yield / check average X 100,

+ Means followed by a similar letters are not significantly different at 0.05 level.
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The correlated response of dry forage yield
(ton / fad.) to S, family selection surpassed the two
other methods, resulting in a realized gain per cycle of
2377mn/ﬁd(4643&nd4158%rehnvetohm
population and the chocks, respectively). The per year
mupondmgﬂmeswmll.ﬁlmdlo4w(os94
ton / fad). A significantly lower gain per cycle of 1.724
ton / fad (33.66 snd 2924 relative to C; and the
checks, respectively) were obtained with S, families
selection, The per year gain maintained
thesamerankasOS?Stonlfad.(llﬂmdQTS%}
The lowest significant gain per cycle resulted with
H.S. selection as 0.862 kg / fad. (16.86 and 12.99%
relative to C, and the checks, respectively). On per
year basis, these gains amounted to 0287 ton / fad.
(5.62 and 4.33% relative to C, and the checks,
respectively). Commonly, the correlated responses in
dwfomgemldwmofﬂmlumagnmdetodm
responses obtained in protein yield. Bakheit (1988)
reported that protein yield was gemetically and
phenotypically strongly correlated with green forage
yield (r, = 1.007 and r, = 0.998). Homer e al, (1989)
steted that the S, progeny method, was theoretically
more effective for changing frequencies of genes
having additive effects. Although leaves / stems ratio
(dry weight basis) positively responded to the thres
methods of selection, the difference in realized gain
per cycle among the tested selection methods had not
reached the level of significence. Considering the
realized gain per year, S; families selection gave the
highest values of 7.22% (5.60 and 4.79% relative to C,
and the checks, respectively).

Seed yield (Kg / fad.) significantly increased
with all selection methods. The realized corvelated
gain, from H.S. method, was 74.0 kg / fud. (14.78 and
21.79% reiative to Cp and the average of checks,
respectively). The obtained gains from S;or S; families
selection were significantly superior to the
aforementioned method (126.2 and 135.7 kg / fad.,
respectively relative to Cq, on per year basis). The gain
from S, selection was about double the obtained value
from HLS. selection and about 1.24 the obtained gain
from S; selection. When relating the gain per year to
the average of checks, S; realized gain amounted tol.5
that of H.S. and about 1.25 the obtained gain from S,
families selection. Mikhiel (1987) from one cycle of
balf-sib selection attained a positive response of 22%.
Bakheit and Mohdy (1988) reported an increase of
14.14% in fresh forage yield from one cycle of
pedigree selection. Bakheit (1989) reached a realized.
gain of 13.9 and 21.7% for fresh forage yield, 14.8 and
23.8% for dry forage yield and 14.00 and 22.9% for
protein vield in C, and C; of recurrent selection,
respectively. Ahmed (1992) conchuded that maternal-
line selection with S, as recombiners, was superior to
half-sibs selection. He reached a realized gain from
that method as 22 and 15% in green and dry forage
yields, respectively.
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The success of Dbreeding methods in
improving protein yield and other correlated traits of
Khadarawi Barseem, in the present study, depended
omuyupongmicdivmtyoffanummddae
predominance of additive gemetic effects. The
increased gain from 8; family selection over H.S
family selection method, was due to greater parental
control over alleles that were wansferred to the
improved popuiation (Febr, 1987). The present results
of selection on Berseem were so far, in
agreement with others. (Koriem e a/, 1980 and
Ahmed (2000.)

Relative economic gain;

In a comparison of selection methods, not
only rates of genetic improvement should be
compared, but also the cost of the procedure. Estimates
of costs presented in Table 7, served only as a guide to
the relative costs, of conducting these selection
experiments. Estimates of the cost. cycls”’ were
completely independent of time for one unit of gain
and, likewise, the time to achieve one unit of gain was
independent of cost per unit of gain (Weyhrich er al,
1998.). The average cost to conduct a cycle of
selectmnmngadﬁmn%?OL.E {H.S) to 5684 LE.
(S2). Average cost year™ rangedﬁ'om1223LE H.S)
to 1421 L.E. (S,). The cost. year” of the S; selection
method was partly high because of the additional year
required to complete the cycle of this method. This
measedoostwouldbeexpectedtobepanly offset
by the increased gain. cycle™ that recorded relative to
the two other methods.

More important than the cost.cycle™ is the
investment needed to achieve a given amount of gain.
In the present study, a one ton.fad™ increase in protein
ymldwmﬂdbce(imvabmmalm%mcmoverme
Co. The cost.unit™ gain ranged from 12509 L.E. (8;) to
23376 L.E. (H.S). The length of time required to
achieve one ton.fad” increase in protein yield was
highest with H.S and the lowest with S, families
selection, It is clear from the recent results that,
although H.S selection in many insiances was a
dmredmothod.ltwcosﬂypermtgmnbocamof
nsrelanvely low rate of gain. Taking into account both
cost.unit” gain and length of time required, S, families
selection provided the highest rate of gain, with the
greatest return on investment,



Response To Three Methods Of Recurrent Selection ...

M. Abd EL-Sattar Ahmed

Table 7: Gain cycle” and year™ for the improved population of Khadarawi Barseem along with cost for 2
oue unit increase in protein yield and number of years needed to achieve this increase.

Gain Gain | Average Cost | Average cost | Cost Time to Retura oo
Cycle* | year* cyelo™ year'+ unit’ of gain § | achieveone | investmsent
Selection unit of gain §
method
thad’ | tfad’ LE. LE. LE. Year Ton.fad™
L.E'x10°
H.S. 0.157 0.052 3670 1223 23376 19 428
S, 0322 0.107 4028 1343 12509 9 7.99
S5 0.346 9.087 5684 1421 16428 11 6.08

+ Calculated by taking cost.cycle™ divided by the number

of years required to complete one cycle.

1 One unit of gain is equal to one ton. fad” increase in protein yield. Calculated as the cost divided by the gain.

Cycle™.

§ Calculated as the inverse of gain cycle™ multi plied by the number of years required per cycle.
§ Calculated by taking gain cycle” divided by the total cost. Cycle™. All calculations were made, assuming a cost
of 10 L.E. per nursery row, 10 L.E. per yield tria! plot and a cost of an average size isolation plot of 350 L.E.
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