CHAPTER 3
MATERIALS AND METHODS

3.1 Breeding Materials and Site Locations

A random sample of five families from 13 sites (p@ns) ofigi

was collected in July-August 1993 by ICSCalChCIg hon

X

mp olaéf 104 samples were

?ul ,t'kekdue to the low rainfall

(MPOB). At each site, five to ten palms

5 J‘

collected and only dura palms were enc

and differential survival of duras and ras 11 1a1 sl 11‘\71 1em (Rajanaidu and Jalani,
1994b). The germplasm material pla\,ted IIKIU®' under the MPOB Research
Station Kluang, Johor in 1une% K ‘gjb?@)lel ized by Rengam soil series and
rainfall of about 2500 mn@ Ogr-pollmaled palms were planted in trial

l
0.352 (Figure sing p 1 ent Oﬁp ’clay Randomized Design (ICRD) with two
;1

/

replicates; 41 pm( 1 1efl Qa 5 progenies in replicate 2. The materials were

evaluated for 1ch yield, bunch\%ﬂalny vegetative and physiological traits. A total

of 35 @\ aluated in this study.
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32 Data Collection

3.2.1 Yield Recording Y'
The performance of progenies for yield and oil yield components was as%d based on

data on fresh fruit bunch (FFB) yield records, bunch number (BNO average bunch
weight (ABW). Yield recording started 36 months afier field pwg. Harvesting was
carried out at ten-day intervals or three rounds a month. Bu \’Z’ ght'(BWT) and bunch

number (BNO) were recorded on individual palm basis at ea 1aj:s§?g¢yn%}“ he data
N

were summarized within a twelve month period, Janm@ecel c#fh e’ae&jear.

%5

In this trial, the number and weight of hawgzed 1 N 1t byiires (FFB) from

o

each palm were recorded during each harveggi™yund {0 n )@ starting from 2000

to 2007. FFB yield was the total of BWT%each p\\gN @s the total bunch count
\
)

obtained from each palm and ABW v r@ati qaet\ et F@'and BNO.
I B

BNO (no./p/yr) = SBNK\ Q

ABW (kg/p/yr)

E FF@;‘OI '?." (_)O‘

Palm Research (NIFOR) (Blaak et al., 1963 and Kushairi, 1998) was used to determine
the bunch and fruit quality components. The formulae for the analysis of bunch quality

components are presented in (APPENDIX A). For bunch analysis, three to five bunches
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were sampled from each palm. Bunch analysis for the trial was carried out from 2001 to
2006. To avoid seasonal variation, ripe bunches with one to ten loose fruits were
randomly sampled between intervals of at least three months from prev&%ampling

from the same palm.

ks

Bunch samples were taken to the laboratory. Each bunch yas Wgighed separately

Q.

[

before being chopped to separate the fruit bearing spikelets lovstalk The spikelets

n CJKOIVaS used for

analysis of fruit composition (FC) and the other hal ff@ to bupch a’ X"/B) For

were than separated randomly using compartment box

the (F/B), it will be separated and wewhted eapty ele{,?femle and

X

parthenocarpic fruits. W

Analysis of FC was done on lh 1e day gl Lﬁ:}*samphnos The fruits

detached from the spikelets were 1an@sam ed, thl reighed and depericarped.

The nuts and mesocarp were wewwpalllel) fo @4 hour oven drying at 40°C
|

and 105°C, respectively. The dried ghts “‘K \ €igied and the kernel weighed. A five

gram sample of minced Nev @alp\‘és used for oil extraction. Finally, a
N o
the®1

J
solvent (hexane) is us Xtragt lffrtlgnhe dry mesocarp sample. The amount of
N3
il in the sample n cde A on$ oht differences before and after extraction.
\f
The chalaclels 1t components wi calculated as follows:
3.2.2.1 ru nch (F/B) (%)

Fruit to bunch (F/B) is a ratio of fruits to bunch by weight. It is an indicator of pollination

efficiency. It was calculated from a random sample of spikelets. The spikelets taken were
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weighed and the normal or fertile and parthenocarpic fruits separated from the spikelets

were weighed separately. F/B was calculated using the following formula:

[(Fertile fruit wt.+Parthenocarpic fruit wt.] 0 [Bunch wt.—Stalk wt, qo.
Spikelet wt. Bunch wt. 1

3.2.2.2 Mesocarp to Fruit (M/F) (%) z

It is a weight ratio of fresh mesocarp to fruit (M/F). The mes Zas ‘;c1apped from the

fruit samples manually using a sharp knife. The weigh th gsocalp was

determined by subtracting the weight of fresh nuts fm&lun syb- mqe-f\?w ht. M/F

1s calculated as follows: q

Mesocarp to fruit (%)

J
o
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1t 1e fruitlets in the fruit sub-sample

laéto)mly for fruit sub-sample weight. The

(—)
§’

NT
Mean Fruit We, ) @t sub sample weight
“Number of fruit

weight. Normally 3

MFW is calculat

€ :
5




3.2.2.4 O0il to Dry Mesocarp (O/DM) (%)

The fresh mesocarp obtained after depericarping the fruit samples were dried 1 ! the oven

at 105°C overnight. The dried mesocarp was then weighed before being mj \ he o1l

Yw

(Thimble + mesocarp wt. ) — (Thimble + fibre wt.) XW
(Thimble + mesocarp wt.) — (Thimble wt.) v

to dry mesocarp is calculated as follows:

3.2.2.5 Oil to Wet Mesocarp (O/WM) (%) \d,
¥
It is a weight ratio of solvent extract oil to wet mes alquidt fo

Oil to wet mesocarp (%) = [Oil to dry K

3.2.2.6 Mean Nut Weight (MNW) (g \e
Mean nut weight (MNW) is th ge wel

mesocarp of the fruit sub-saz &T e ca
& -55/
Mean Nut Weight (g) %\ l oL

Neynyer Q€ fresh nu
FPE

VT
3.2.2.7 Kemnel ; %l (K/F) (%), SheMo Fruit (S/F) (%), Kernel to Bunch (K/B)

-ﬁii-_.
/

1t offthe @obtamed after scrapping the
o
1

ted as follows:

ernel Yield (kg)

The nuts obtained after the removal of mesocarp or depericarping are kept in the oven at
105°C overnight to facilitate cracking of the nuts. The shell is then removed and the

kernels are weighed to calculate the kernel to fruit ratio (K/F). Shell weight and shell to
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fruit (S/F) is calculated by difference between kernel weight and nut weight. Kernel to

fruit (K/F), shell to fruit (S/F), kernel to bunch (K/B) and kernel yield are calculated as

follows:

Kernel to fruit (%) = Kernel weight x 100
Fruit sub sample wt.

Shell to fruit (%) Fruit nut wt. - Kernel wt. X
Fruit sub sample wt.

Kernel to bunch (%) (Kernel to fruit x Fr@ncb) ’ .\C—,
100 \’Y'

Kernel yield (kg) = (Kernel to NO)

3.2.2.8 Oil to Bunch (O/B) (%) and @d (

Oil to bunch (O/B) depends 011@; al}c’O

&
of fruits, mesocarp and l@&’!‘l‘ he Ima\om (Jnls of oil to bunch (O/B) are the

I

’1@ is produced in two components

“~_

mesocarp to fruit (M/F )cm \\[1 ne c'glp WM) and fruit to bunch (F/B). O/B and

QY 1s calculated as g0 : :V): §)
S

Fruit to bunch x Mesocarp to fruit X Oil to wet mesocarp

il to bunch
0 10 000

Oil yield (kg) = Qil to bunch x Fresh fruit bunch
100




In oil palm fruits, the oil is derived from the two main portions which are thg mesocarp

and the kernel. The calculation of TEP involves three components that is c@c?(OY),

kernel yield (KY) and a correction factor of 0.6. The correction factor i relative price

of palm kernel oil to price of palm o1l. Vz

Total economic product (kg/p/yr) = Oil yield + (Kernel yickh &) '

3.2.3 Vegetative Measurements , c}
A
4
e ve

Vegetative measurements for the palms were caniec‘ﬁn 7M @’ative data was
measured on frond 17 as proposed by ‘@d (lg&é The vegetative
measurement included rachis length (RIC. leaflet

i %U. leaflet length (LL),
leaflet width (LW), petiole width (P. p&iole
(PCS). leaf area (LA) and leaf aran\Q(Lr :

painting it with bright colour. ll%me d%ﬁj;llf}%l year of planting and vegetative

measurements commence kig t' yeaa of }@ing. The first frond is identified by

\
looking at the young iro% t a/ezfd ¥ o) 's(@mauon among other young fronds.
o S 4
3.2.3.1 Frond Prosi (FP) (n

The annual fr: roduction (FP) was based on frond 1 marked 12 months earlier. The
numbe@ﬂs produced after one year was taken as frond production based on the
painted frond 1 the previous year. Total production of new frond is useful to estimate the

monthly and yearly frond production of the palm.



W
W

Frond Production (no/p/yr) = Number of fronds produced in one year

3.2.3.2 Palm Height (HT) (m) and Height Increment (HTI) (cm/yr) T

Reducing height has been the interest of oil palm breeders because abuszl cost of

harvesting tall palm. Palm height (HT) was measured from 01oundvvl to the base of

frond 41. Since stem is not apparent in the first two years of 0 . the annual height
increment was the height at year ¢ divided by 7-2, where ¢ nu 1bel of years after

planting (Breure and Powell, 1988).

Palm Height (m)

%\ l_{o
Height of trur un o@nd 41

Height Increment (cm/yr) = Trunk H

Ag r -2
3.2.3.3 Petiole Cross-section Area (PC%L) @ '“

Q’
\
The petiole cross-section (P E We ] J of?% rachis and petiole is nearly
triangular and its width and Kh l e ulegééulatelv Corley et al. (1971) found

a high correlation betw c@

'dl\’ &lﬁht of the leaf and this relationship is

¢
eful for esumatm \ W 10 1£0Q?esuoym° the palms. Petiole cross-section
(PCS) was mea ap the f{s me$f leaflet. Petiole width (PW) and depth (PD)

were mcasu sm calipers. Their p}bduct (PW x PD) is the PCS area.

PLIIO]@LLUOI] area (cm’)

Il

Petiole depth x Petiole Width
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3.2.3.4 Rachis Length (RL) (cm)

Rachis length (RL) is used as a guide for the determination of planting density. Shorter
rachis length is preferred in planting at higher density and may increase t N yield per

hectare. Rachis length (RL) was measured from the first rudimentary % the petiole to

the tip of the rachis. Y~

Rachis Length (cm) = Length from tip of rachis to thfafir¥ligule

3.2.3.5 Trunk Diameter (DIA) (m) ! \d. \Y'

.9

The diameter of the trunk (DIA) was measured usil?blg oa;& he %‘.b%'er was placed
)

one meter above from the ground. CV °‘

Trunk diameter (m) = diameter of tm% one n:bz_\\j%l ;(&ground
"

3.2.3.6 Leaflet Number (LN) (n0./p/Mg ’ é

| O

The leaflet number (LN) was %d fl\m fsggpdimentary leaflet on the petiole to

O
the last leaflet at the tip &}ﬁ'(‘®y ong;side of the frond leaflets was counted.
&)
Doubling the number %‘ Cﬁfds gne §o¢ of the frond gave the leaflet number per
frond. %k b 4

=}

.5

[eaflet num wo./p'yr) = }T}umber of leafs on one side of rachis) x 2
3.2.3 caget Width (LW) and Leaflet Length (LL)

Six leaflets near the ligule were measured for leaflet width (LW) and leaflet length (LL).

The LW was measured at the middle point by folding the leaflet into two.
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Leaflet width (cm) (LW1 +LW2+LW3+1LW4+LW5+1LW6)

6

I

Leaflet Length (cm) (RIS PE2EEEE3ERBEA R FES S EE6)

6 (‘}
3.2.3.8 Leaf Area (LA) (m~ ) %
Y

Dry matter is produced by photosynthesis, conversion of rbYMomde and water to

carbohydrate which occurs in the leaves. Rate of inc in dlﬁqc?ht is usually

expressed by unit leaf area (net assimilation rate) thu

reasefin t a' l:kq&g'ea will

.o% orlyy 1973a). The
_ ', o
96% 1s,uked Ez%easure leaf area.

Leaflet area (LA) is the product of meanN Si le i& / leaflet number and

correction factor of 0.56. ) 0

<§
¥A%

‘o:r«,

[ f,zl(leaﬂet length i aﬂetlv x (le@Het number x 0.57) 6] /10 000

&

3.2.3.9 Leaf Area Indu\%\ ?:'\(j—)
<>

The leaf area in ’&AI 1S an 1mp dgnt crop parameter together with the extinction

increase leaf area index (LAI) to maximize dry m

non-destructive method developed by Hardon N

[eaf Area (m:) =

-—-

‘t

coefficient (%Nuenmm light mlelception (/). Supply of water, carbon dioxide (CO»)

and solar WYy is essential to maximize dry matter production. We can increase the

conversion (¢) per unit area (Corley, 1973a).
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o0

LAI depends on the mean area of individual fronds, the number of fronds per

palm and the planting density. LAI is the product of fronds (40), leaf area and planting

density. \Y.
by
Leaf area index = (L40 fronds x leaflet area X planting densﬂ\
10 000 Y.
3.2.3.10 Fractional Interception of Light ( /) Yy
I
Interception of light (/') is dependent on leaf area index (UM, and th py extinction

coefficient, K. Oil palm has a K value of 0.47 with et to p ot lne@allv active

radiation (PAR) so a high LAI is required for maxu

Interception of light (/) = 1-EXP [-0.47

3.2.4 Physiological Traits 4
A“'
\
The oil palm yield and bunchfoi ‘Z}tem
5 4

traits at various stages of c@
¢

total dry matter (TDM) w

55,

epse)@af area (LA) and light saturated rate of

’

phmos_\'mhcsis. red 1e t al? ﬁ‘(f loss, increasing bunch index (BI) and

increasing oil to %auo (O %Ié;x(l‘)%) showed that selection of parent palms
N

for high LARE\ei ective method of improving progeny yield.

01\ matter production (TDM) is dependent on bunch dry matter (BDM)
which is the fraction of dry matter directed into bunches and partitioning of dry matter

within the bunch and vegetative dry matter (VDM) between the organs for nutrient and



water absorption (roots), support (trunk) and carbon assimilation rate (fronds). Bunch
index (BI) is the proportion of dry matter incorporated in fruit bunches. The

photosynthetic conversion coefficient (¢) can be estimated from total dry prgdiétion. The

level of (¢) depends between photosynthesis and respiration. s )

Physiological traits were measured using a model suggeste%guire (1986). The
model is based on the use of solar energy that can be limi edY’Uther climatic factors

such as temperature, water and soil nutrients. The locineters were

]
calculated as follows: e \Y'

Bunch Index (BI)

Conversion Efficiency ( c@

VR
Net Assimilation R &KR): ﬁ)(().ﬁ x LAD)
4
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3.3  Statistical Analysis

Due to dead palms, only 358 palms were used in this study. The data analysis jvided
into two parts, genetic variability among populations and genetic vajlta among
progenies. For genetic variability among populations, 9 populations \’VA_ 2 palms from

replication 1 and 92 palms from replication 2 were evaluated. '%R;pulations were

SEN 01, SEN 02, SEN 03, SEN 04, SEN 05, SEN 06, SEN (g, wﬂo and SEN 12.

For genetic variability among progenies, due o urMgual nu 'of?uooemes
between the two replications only 224 palms were uated al ond 14 &emes with

132 palms from replication 1 and 92 palms from rdglicat
p P p

he sx'prooemes were

; 38%4.03, SEN 05.01,

SEN 01.03. SEN 02.06, SEN 02.09, SEN@SEN

SEN 05.03, SEN 05.08, SEN 06.08, SEN 3 SEI\&Q‘
n S
‘&
The analysis of variance (ANN J\ ch texs was computed using the
)u

0.05 and SEN 12.03.

ocnual linear model pIOCCdUI GL 1}_ 9 statistical analVSls M1551n0

palms were common in ﬁ \13 ere@ crops and oil palm is no exception.
&

The number of palms 1c 1Qn Ilo er constant and the F-test was therefore

only an approximat E o n 1 sm?p m ese losses were confined to the lowest level

of the lnudld 1 of the populat rogeny was represented by at least 3 palms in

each replica n Analysis of Vauance (ANOVA) the missing values were

accongno by reducing the degree of freedom (df) of the seedlings item and the
initial values of n (actual number of palms) were adjusted using harmonic mean n’. The

harmonic mean can be obtained by the following formula (Steel and Torrie, 1981):
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where

Ng
O

H =n’ = harmonic mean for palms in progeny/populatio

n; = number of palms in i progeny/population R

Y,

total number of palms in i" progeny/populw

Il

Yi

3.3.1 Performance of Populations \d
®
¥

The ANOVA table for population is given in Table 2£d thgp st JI sigRficance is as

follows: Y. \ g
B\
ST

s

‘ A
Source df S ,"\\ EMS
Replications (R) (r-1) M91 q @‘ 6w + N0 + n3po°;
Populations (P) (p-1) \ %} AQ, Gy hi Ot n31'02p

PxR (r_l )(p-—]) \ 63“. o nlo,lpr
Within palms rp(n-1) M@l 8 ‘e &\

where x !
n, = harmonic m& 11 th® n; where QL%' the number of seedlings in the i
P

population

n, = harmonic \fo pfin }')oﬁé?{tions
mefin fof pafmgin u@cale
w= vari . hinpqnly| é
= \'ar'%plicate p&u}%{ﬁn
AL population \‘—)

- N"nce replicate
M Sei n squares
5 (pected mean squares

The tests of significance for each source of variations are as follows:

Q

o]
I
<

(RS TN SS T S I 06 LVSY

Q

Populations x Replications (P * R) : MS3/MS4



Replications (R) : MS1/MS3
Populations (P) : MS2/MS3
The variance components were estimated from the estimated mean squares NZle N

G MS4 s‘a)
o’y = MS3-—MS4 Y~
n’ V
|

o

Il

MS2 — MS3 i
nr
\dﬁ Y.

|5
.3.2 Performance of Progenies
4 \’Y"

3.3.2.1 Progeny Means and ANOVA Vi \ X~
. SN
The ANOVA table for progenies 1s given 1 le 3 andghe IQOf significance is as

follows: % 0>\’T 1(\

W

Table 3: ANOVA and Expected M alysis
Source EMS

Replications (R) S nlczgr e n3g02r
Progenies (G) o2+ nlczgr . ngrczg
G*R 02“. b nlszm_

Within palms -

where %
n; = harMon
Ty N
onic mean for palms in progenies
rmonic mean for palms in replicate
Nyyvariance within palms
variance replicates X progenies
o = variance progenies
6, = variance replicates
MS = mean squares
EMS = expected mean squares

Tlo =
I

Y

~
"



N
e}

The tests of significance for each source of variation are as follows:

Progenies x Replications (G*R) : MS3/MS4

Progeny (G) : MS2/MS3

Replication (R) : MS1/MS3 :‘f)

wzls processed through

the procedure variance component procedure (PROC I\Mpg SAS. The
g

N
variance components were estimated from the exémeal s 16'5-&1 able 3 as

The variance analysis for the estimation of broad-sense herifgil

ow = MS4
G:g = MS3 - MS4
n’

r,:g = MS2 —-MS3
n'r

2t equals to broad sense heritability (h"g) (Falconer and McKay, 1996).
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3.3.3 Phenotypic Correlation Studies

The intensity of correlation between the cause and the effect can begm¥sured by
N
correlation coefficient, (r). r i1s use to determine the degree to \Vhiﬁ\%two related
variable can vary together. The correlation coefficient ranges from —Yﬁl, r = -1 means
there is 100% correlation between X and Y but both vary in o pwdirection (negative
correlation). The coefficient of determination was com@;ﬁng the correlation
coefficient for deeper investigation of the association betweSych aM&WaQar, 1995).

SN
Simple correlation coefficient can be determined usi@ollow ng m!mg?

where

The correlation ¢

5AS (PROC @
N
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