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ndex selection utilizing plot and family (full-

stb and half-sib) information has been dem-

onstrated in selecting palms for cloning in a
progeny-test trial on hybrids of Deli dura (D) x
Dumpy-AVROS pisifera (P).

Inclusion of plot information did not signifi-
cantly improve the precision or efficiency of the
single trait indices for five traits; oil yield (Y),
bunch number (BNo), height increment (HINC),
kernel to fruit ratio (KF) and mesocarp to fruit
ratio (MF); or of the multiple trait indices involy-
ing the first three traits. Inclusion of family infor-
mation greatly improved the precision for the traits
Y, KF and MF, which were poorly heritable but
improved it to a lesser degree for the more heritable
traits, BNo and HINC.

Although the inclusion of information from plot,
family and corrvelated traits in an index would
greatly improve the selection efficiency (by as much
as 60%) over mass selection for Y, the expected
quantum improvement was only about 13% of the
trial mean.

The expected selection response from the mul-
tiple trait indices involving Y and HINC as objec-
tive traits indicated that it was possible to achieve
significant reduction in height increment without
sacrificing the efficiency of selection for yield in this

Deli D x Dumpy-AVROS P population.
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4. Mesocarp to fruit ratio (MF) : Mesocarp

he selection index method has received much

attention in plant breeding ever since it was
proposed by Smith (1936). Except for a few cases
(Mareno-Gonzalez and Hallaver, 1982; Rurdon,
1982), most of the reports dealt with multi-trait
selection using information only from the indi-
vidual plants for selection (Baker, 1986). In ani-
mal breeding, selection index methodology com-
monly incorporates information from other
sources, particularly relatives, into the index
(Henderson, 1963; Ronningen and Van Vleck,
1985), In tree crop breeding and in oil palm
breeding, in lieu of selection index methodology
and progeny-testing, the common practice is to
select individuals on the basis of their family
means and their deviations from the block or trial
means, also often using knowledge or observations
on the performance of their relatives. Selection
index methodology can incorporate all these in-
formation in a more objective and useful manner.

This paper examines the use of this approach
in a progeny-test trial on dura (D) x pisifera (P)
hybrids with the objective of selecting palms for
cloning or ortet selection (The approach can be
used to select parent palms for further breeding
as well).

MATERIALS AND METHODS
Data

The hybrid trial progeny-tested four Dumpy-
AVROS Ps (Soh et al., 1981) randomly mated to
three Deli Ds (Rosenquist, 1986) each in a nested
design. The trial was planted on coastal soil as
randomized blocks with three replications in plots
of 20 palms spaced 9.1m triangularly. The follow-
ing traits were studied on individual palms:

1. Palm oil yield (Y): Average yield of oil in kg per
palm per annum for the first four years of har-
vesting.

2. Bunch number (BNo) : Total number of bunches
per palm per annum averaged over the first four
years of harvesting.

3. Kernel to fruit ratio (KF) : Kernel weight as
percentage of fruit weight, determined from 34
bunches sampled over the first four years of har-
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weight as percentage of fruit weight, determined
from 3-4 bunches sampled over the first four
years of harvesting.

5. Height increment (HINC) . Annual palm
height increment in dm averaged over the first
four years of height measurement,

ANALYSES

Estimation of Variance Covariance

Components

Male (pisifera, A2 ), female (dura, £2), ran-
dom plot error (A 2) and random tree error (A"’w)
components of variance were obtained from the
analysis of variance for a nested mating design
(Becker, 1975), with the following genetic model:

£ =1/41+F) £, +1/16 Q+F )2 £, +..
A = 1/4 (14F) A2, + 1/4(1+F, ) (1+F) A2 + ...

where F_and F, are the respective inbreeding
coefficients of the parents, and A%, the additive
genetic variance in the hybrid population,which
was estimated by:

442 as F, = 0.1875 (Soh, 1992)

m

1/2 + 4k,

(1+0.1875) F.=0
Although the estimation would be biased by the
inclusion of non-additive genetic variances, this is
not a disadvantage as in selecting plants for clon-
ing non-additive effects also come into play.
Negative components were assumed to be zero.
Covariance components were obtained in a
similar manner except that negative components
were not assuined to be zero.

SELECTION INDEX ANALYSES
Single trait
y and o vectors

The selection index approach of White and
Hodge (1989) was followed. Lety be a vector for
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predicting the genetic worth of a palm in an AxE
family containing the individual observation, the
AXE plot and full-sib family means, and means of
two families AXF and AxG related to AxE as half-
sibs.

ie
T Yiabim individual observation
- plot mean
y = Vine = full-sib family mean
Vour half-sib family mean 1
Vise halfsib family mean 2

The model for an individual tree observation is:

=u+E+B +f +fe, +m +me, +

frrlk] + fmem + pijkl + wi}klm

yijklm

where u = general mean
E = fixed effect of the jth test environment
B, =fixed effect of the jth block in ith test
f = random effect of kth female
E(f) = 0, Var (f) = A2
. =random effect of the kth female in jth
test

fe,

E(fe,) = 0, Var (fe,) = A?,

m, =random effect of the /th male
E(m) =0, Var(m) = A2
me, =random effect of lth male in sth test.
E(me,) = 0, Var (me) = A*

me

fm,, =random interaction effect of the kit
full-sib family
E(fm,) = 0, Var (fm) = Az,
fme, =random interaction effect of klth fam-
ily in jth test.
E(fme,) = 0, Var (fme,) = A,
Pyg = random plot error of klth family in jth
block of ith test
E(p,) = 0, Var (p,) = A 2
Wum = random tree error of mth tree in ijkith

plot

Ewy») =0, Var (w,, ) = Az

ik
The covariances between all pairs of effects
are assumed to be zero.
As the analysis is based on one test environ-
ment, the model for an individual tree observation
becomes:
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- * *
=u+E+ B+ +m* +p, +w

Yikin jklm

* =
where f* =f +fe, +fm + fme,
m* = m, + me,

The expected values of the various observa-
tions or fixed effects, i.e. o vector are:

EQ’ijAElm) E(Vu) 6—’“) block mean
E@ue) | |EG)| | G, block mean
o= EG.,.) 5| EF, )| =@, )|=|trial mean
E(ymr‘) EG’,) @i) trial mean
EG,) ] LEG)] LG) trial mean

V matrix : Variance and Covariance of
Observations

Var (individual mean) = Var () = £2. + A2
+ A L+ Az,

Var (plot mean) = Var(y,,) = A Lot A 2 ¥ A o
A /n

where n = palms per plot

Var (full-sib mean) = Var §,,) =42, + A2, A 2/
b+4%/bn

where b = number of replicates

Cov (individual, plot) = Cov(y,,. ¥,,) = Var )
Cov (individual, full-sib) = Cov(y,, 7o) = Var
)

Cov (individual, halfsib) = Cov (Y Vi) = A 2
Cov (plot, full-sib) = Cov (Srmd_, V..) = Var ¢v,)
Cov (plot, halfsib) = Cov G, ¥.,.) = & ..

Cov (full-sib/halfsib, halfsib) = Cov .., ¥.) =
Az,ﬂ' w Vi
The V matrix becomes:
Var (vijklm) Cov (yijklmy 'xjk_l.) Cov(yi'klm’ii.kl.) _
_ Cov (yijklm’yi.kl’. ov ijklm’}:i.kl’.)
Cov(¥y¥pe)  VarGy) Covg'ijkl.’Xi.m.)
Cov@ijk].’yi.k}'.) Cov(yijk].’ y'lkl'.)
Cov (y'ljklm’y‘\‘kl.) Cov Wijkl.’yi‘k].)var A 3
Cov (¥, ¥y COVG’i.k)’)_l_i.kl'.)
COV (yi}klm’yi.ld’.) COV (y'ljkl”yi.]d') COV 6,'l.kl. ’yi.k]'.)
Var.(y,, Cov(¥,» Viw)
Cokumm’yi.m') Cov(yiikl.’yi.kl") Cov @, s Vi)
i.___ COV (Yi.kl."yi.ld’.) Var Gi.kl.) _J
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C matrix : Covariance Between Observation
and Genetic Value

i. The genetic value of an individual in the klth
full-sib family:

=fk+m

1+ Qi

&ijm
where dijklm = random genetic effect of the mth
individual in the jth block of the kith family in the
ith test, E (d,,.) = 0, Var (d,,.) =1/2 A2,

p!

Var (gy,,) = Var (£) + Var (m) + Var(d,,, )= A2,

ii. Covariance between an individual tree obser-
vation and its genetic value:

Cov (yiiklm’ gijklm) - 4 2y

iii. Covariance between the individual tree’s plot
mean and its genetic value:

Cov B, Ry = 172 A2, (1+1/n)

iv. Covariance between the individual tree’s full-
sib family mean and its genetic value:
Cov. (7,8 = 1/2 A 2,(1+1/bn)

v. Covariance between the individual tree’s half-
sib family mean and its genetic value.

Cov Gr.[_m,_,gﬁm) = 1/4 (1+F ) AZ’A

= £ LI as only the paternal halfsib
relationship was involved.

ie.
Cov (yijklm’ gijklm) A ZA
Cov —ijkl.’ gijklm = A ZA (1+1/n)
€= | Cov ikt iim A2A (1+1/bn)
Cov ¥, -3 2
Cov (yi.kl’.’ gijklm) = A 2

Selection index equation and solution
The genetic worth function of each candidate:
w=ag,

where g = vector of genetic values
a = the relative economic value of each
trait.
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The selection index function pertaining to the
observation on each candidate:

I=b (y-o)

where b’ = vector of index coefficients
y = vector of observed values
o = vector of fixed effects.

By maximizing the correlation between the
genetic worth and the index, i.e. Corr (w,]) :

Vb = Ca
The solution :
b =ViCa

where a = 1 or -1 since we are interested in only
one trait.

The error variance of prediction is given by:
Var (w-w) = 2'[G-C'VI(]a,

where G = genetic variance-covariance of traits
predicted = A ?,, since only one trait is predicted.

The correlation between true and predicted
genetic worth, which measures the precision of
an index, is given by:

Corr.(w,w) = [a'C'V'Ca/a’Ga] 2
The expected genetic progress is given by:

A g = i[a’CViCa]i2
where i = selection intensity = 2.06 (for 5%)

The following variant indices of the above
were also constructed:

i) Data from individual, plot and its full-sib family
mean.

i) Data from individual and its full-sib family
mean.
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These indices were constructed for each of
the five single traits; Y, BNo, HINC, KF and MF.
For those traits in which the A ? | or A 2 were
assumed to be zero, the respective information
(i.e. plot, half-sib), in the indices was ignored.

The expected genetic progress from these
variant indices was compared with the first which
used individual, plot, full-sib family and halfsib
family information and to the expected progress
from mass selection based on only the individual’'s
records.
ie. Ag-ih{z,
where h = square root of heritability.

Multiple traits

Oil yield (Y), BNo and HINC were selected to
illustrate the multiple trait index case. Only indi-
vidual, plot and full-sib family information were
used.

The elements for the y and o vectors were as
before but combined into a single column matrix.

The V, C and G matrices were arranged in the
following simplified illustration to avoid excessive
use of notation:

[ Variance-covariance
of individual obser-
vations

Variance-covariance
of individual obser-
vations & plot means

Variance-covariance
of individual ob-
servations and fulk
sib family means

= | Variance-covariance Variance-covariance Variance-covariance
of individual obser- of plot means of plot mean & full-
vations & plot means sib family means
Variance-covariance Variance-covariance Variance-covariance
of individual obser- of plot means & ull- | of fullsib family
vations & full-sib sib family means means
L family means —

The only additional items which
calculated were:

needed to be

The covariance between measurements of u

Cov (uypp, Viarm, = A‘,uv
Whel'e} A(',uv’ A mhav' Tpuwy
spondmg covariance components.

+A
and A

m*,uv

w,uv

and v for traits # and v on an individual tree:

+A +A

,uv W,uv

are e corre-

The covariance between a measurement of

trait # on an individual and its plot mean for trait
v
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- A, +A

m*uv

+ Aw + 4

Cov (uijAElm’VijAEL)
n

{*,uv

w,u LAY

The covariance between a measurement of
trait # on an individual and its family mean for
trait v, Cov (Pw,m, v, .AE.).
= Cov (g, v, )» covariance between a plot mean
of trait # and its family mean of trait v

=Cov(u,,;, v, .z ), covariance between family means
for traits » and v

= Af',uv + Am‘,uv + Ap,l.lv Ap,uv/ b +A\v,u\/b n

simplify illustration:

Again, to

[ Covariance between individual observation
and the individual's breeding value

Covariance between plot mean and
the individual’s breeding value

Covariance between family mean
Land the individual's breeding value

The following additional items needed to be
calculated:

The covariance between the measurement on
an individual for trait « and the breeding value for
trait v:

Cov (yuliAElm’gvijAElm) = AA,uv’

where A, = covariance of additive effects.

The covariance between the plot mean for
trait #, and the breeding value of an individual

for trait v.

Cov (e & ammd = 1/2 A Aw (141/1)

The covariance between the family mean
for trait %, and the breeding value of an indi-
vidual for trait v.

COv G e ) = 1/2 Ay (141/b0)

Covariance between
individual
observation and the
individual’s breeding
value

i.e. top part of C
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The predicted genetic gain for each of the
traits in the index when selection is based on the

index values is given by :
A g =i [C'V! Ca/(@CV!Ca) /]

The formula for Corr (w,w) remains as for
single-trait indices.

A total of six multiple trait indices was con-
structed with three sets of relative economic val-
ues:

a=[100],a"=[11 -1],a =[10 -1]

for the traits Y, BNo and HINC in order of the
elements where a trait assigned 0 became a selec-
tion (supporting) trait instead of an objective (pri-
mary) trait; and with and without inclusion of plot
data.

RESULTS AND DISCUSSION
Heritability and genetic correlations

Heritability (h? estimates obtained in this Deli
D x Dumpy-AVROS P population (Table 1) al-
though likely to underestimate non-additive ge-
netic effects, were higher for Y and particularly
BNo and HINC than the corresponding broad-
sense heritability estimates obtained for the Deli
D x AVROS P population (Soh and Chow 1989,
Soh et al., 1992). This perhaps reflected the rela-
tively more outbred nature of the Dumpy-AVROS
Ps (Soh, 1992) and the segregation of the lower
BNo and HINC genes from the Dumpy ancestor.
In contrast, the h? values for KF and MF were
very much lower in the former than the latter
populations. This might reflect the selection for
these traits in the breeding history of the Dumpy-
AVROS P parental population.

The genetic correlations obtained here (Table
2) for Y and BNo were high and almost identical
with those obtained for the Deli D x AVROS P
population. In the latter population HINC was
moderately positively correlated to Y but here
HINC was negatively correlated to Y and BNo
although of a lower order. Again this perhaps
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reflected the segregation out of HINC genes with
respect to Y and BNo genes indicating that it is
possible to select palms with high oil yield and
low height increment.

Single-trait indices

Index coefficients (b) for the various infor-
mation sources, Corr (w,w), Ag (absolute units),A

g%i(expressed over Ag by mass selection) and A
g% (expressed over trial mean) for the 11 selec-
tion indices involving the five single traits are
shown in Table 3.

For single trait prediction, Corr(ww) and Ag
are both measures of precision or efficiency of an
index. As can be seen from the results for each
trait, Corr (ww) increased or decreased corre-

spondingly with Ag. In fact Corr (ww) can be
interpreted as a standardized gain, 7.e. gain per unit
of selection intensity (i) and per unit of genetic
variance (A) of the target trait:

Corr(ww) = gain o G A o) (White and Hodge,
1991)

Inclusion of plot information did not signifi-

cantly improve the precision {Corr(ww) or Ag] of

the index for any of the traits except perhaps
HINC (Table 3 : Index Nos; 2 vs 3, 5 vs 6,9 vs 10).
The relatively higher plot variance ( A 2) of about
15 % of the phenotypic variance [Var (yij“m)] would
explain this (Tablel).

As expected, inclusion of full-sib family infor-
mation improved the precision of indices for the
poorly heritable traits; Y, KF and MF every
appreciably (Index Nos. 3, 13 and 16). For the
more heritable traits, BNo and HINC, the im-
provements were still significant although were
not as great, again as expected (Index Nos. 6 and
10).

Inclusion of half-sib family information (Index
Nos. 8, 12 and 15) in addition to full-sib family
information was only useful for MF, which might
be explained by its very low heritability (0.07).

Multiple-trait indices
The three sets of economic values were cho-

sen to reflect three cases of likely interest to the
breeder (Table 3).



ELAEIS 5(1)

INDEX SELECTION UTILIZING PLOT AND FAMILY INFORMATION iN OIL PALM

i. @ =100 (Index Nos. 17 and 20), where Y was
the objective trait, while BNo and HINC were the
supporting selection traits.

ii a’=11-1 (Index Nos. 18 and 21), where all
three were the objective traits.
jii. a’ = 1 0 -1 (Index Nos. 19 and 22), where Y

and HINC were the objective traits and BNo the
selection trait.

As in the single-trait indices, judging from the
corresponding Corr.(ww)’s there appeared to be
little advantage in including plot information (In-
dex Nos. 17 vs 20, 18 vs 21 and 19 vs 22).

As was evident from all three cases inclusion
of BNo and HINC, whether as objective or se-
lection traits, gave better expected response to
selection for Y than single trait index selection on
Y alone. This was probably due to the contribu-
tion of BNo, which was highly heritable and had
a high positive genetic correlation to Y. Case (i1),
i.e. Index Nos. 18 and 21, gave relatively lower
Ag's than Case (i), i.e. Index Nos. 17 and 20 for Y
and HINC, and a relatively higher Ag for BNo. The

higher Ag’s for BNo probably reflected the effects
of a positive selection pressure on BNo being an
objective trait in Case (ii). The lower Ag’s for Y
and HINC in Case (ii) despite positive selection
pressures on them might have been the conse-

quence of a negative genetic correlation between
Y and HINC.

Incidentally, Ag’s for BNo and HINC in Case
(i) and BNo in Case (iii) were correlated responses
to selection. Case (ii) would be of comparatively
lesser interest to breeders as it would involve
achieving an increase in yield from an increased
number of bunches and a lesser reduction of palm
height. This would result in a relatively higher
harvesting cost. Case (i) would be of more inter-
est because of the very high Ag in Y but the re-
sponse in height reduction was poorest. Case (jii)
would be of considerable interest as it would
achieve a very high expected response to Y without
the need to harvest more bunches, and at a lower
height.

Despite the much expected increase in selec-
tion efficiency of about 50%60% (Ag¥%?) over mass
selection for Y utilizing information from plot,
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family and correlated traits, and the fact that the
Dumpy-AVROS P parents were relatively more
outbred than the AVROS P parents; the maximum
expected response in Y (Ag%°) was only about 13%,
which was similar to the average figure obtained
from Deli D x AVROS P population using family
and individual selection (Soh, 1986). Apparently
genetic variability for Y in Deli D x Dumpy-AVROS
P, despite the relatively more outbred Ps was still
rather restricted. However, there would be an
important advantage in selecting from the Deli D
x Dumpy AVROS P population in that one could
achieve a substantial response in HINC reduction
without compromising selection efficiency for high
Y. This would not be possible with the Deli D x
AVROS P population.

It can be argued that since all the estimates
and predictions were based on data obtained from
one trial in one location, they were likely to be
biased by the effects of genotype-environment
interaction. The results obtained would then only
be applicable to similar materials planted in similar
conditions. However results from a Deli D x
AVROS P trial (Rosenquist, 1982), in which the
AVROS P was closely related to Dumpy-AVROS P
(Soh, 1992), and which was replicated in Malaysia
and Papua New Guinea, showed that genotype x
location effects were not important. So the results
obtained here may have wider applicability.

Finally, utilizing plot, family and also other
(White and Hodge, 1992) sources of information
in the form of a selection index is a useful approach
in plant selection and will probably be of wider
applicability in oil palm breeding, as well as in
selecting palms for cloning.
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TABLE 1. MEANS AND VARIANCES FOR THE VARIOUS TRAITS IN
THE HYBRID PROGENY-TEST TRIAL

+

Trait Mean A2, KA, k. £A, A £ nr B, Vary,Var(g, VarG,,)

Y 44.65 7.57 3028 0 0 328 5800 0.22 1514 68.86 14.68 9.94

BNo 20.78 6.04 24.16 0 0 067 1210 064 1208 1881 7.51 6.53

HINC 4.63 0.16 0.65 0.13 0.42 0.17 0.65 049 0.54 1.11 0.50 0.36
KF 7.33 0.27 1.09 0.14 047 0 3.05 022 078 3.46 0.61 0.48
MF 823 008 031 069 232 0 19.07 007 132 19.84 2.03 1.19
+ 3
Y - total oil yield (kg p! yr) A2, = variance of female parent effects
BNo = total bunch number (no.p! yr) .S = variance of male parent effects
HINC = average annual height increment (dm p'yr?) A"’P = variance of plot effects
KF = kernel to fruit ratio (%) &z = within plot variance
MF = mesocarp to fruit ratio (%) Var (y,,,) = variance of individual observations
A?A, = additive genetic variance estimate from Var (7,,) = variance of a plot mean
female component of variance Var (y,,) = Variance of a full-sib family mean
=4 A’  (female parents assumed non-inbred) h? = heritability
A’A = additive genetic variance estimate from male

m
component of variance

=4 A*  + (1+F) where F = inbreeding coefficient
of male parents
= (0.1875

LA, =1/2 (A A, + LA )

TABLE 2. COVARIANCES AND GENETIC CORRELATIONS AMONG TOTAL BUNCH NUMBER
(BNo), AVERAGE HEIGHT INCREMENT (HINC) AND TOTAL OIL YIELD (Y) IN THE HYBRID
PROGENY-TEST TRIAL

Traits* 4. AA, . AA_ A A, £, r,
Y and BNo 611 2443 204 689 142 1455 877 0.64
Y and HINC 062 248 021 0.71 026 124 089 031

B.No. and HINC -0.29 -1.14 0.29 0.97 0.09 01z 009 -0.03

+

Af* = female (dura) component of covariance Y = total oil yield (kg p'yr?)

A m* = male (pisifera) component of covariance BNo = total bunch number (no. plyr?)

Ap = plot component of covariance HINC - average annual height increment (dm plyr)
Aw = tree component of covariance

A A = covariance of genetic effects

r, = genetic correlation
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