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Abstract 

 

The objectives of this study were to evaluate the growth characters of the tenera 

oil palm (dura x pisifera, DxP) progenies before bearing bunch yield and the interaction 

between progenies x locations. Others D x P progenies at bunch bearing stage were 

evaluated for growth, oil yield, bunch yield and its components together with the 

interaction between progenies x years. Agronomic characters in both progenies trials 

were estimated for the heritabilities and their correlations. Seven tenera progenies (D x 

P) one year of age were grown in three locations at the Songkhla Field Crop Research 

Center, the agriculturist garden and the Klong Hoi Khong Research Station and eighteen 

tenera progenies (D x P) eight years of age were grown at the Klong Hoi Khong 

Research Station, Faculty of Natural Resources, Prince of Songkla University, Thailand. 

The completely randomized design with three replications (one plant per replication) 

was used for progenies testing and interaction between progenies x locations, four 

replications (one plant per replication) for progenies testing and interaction between 

progenies x years.   

 The results showed that the progenies mean for all vegetative growth characters 

such as number of leaf, leaf length, leaf area and leaf dry weight were not significantly 

different but there were significant between progenies x locations interaction. The others 

progenies test showed that the progenies means for oil yield, fresh fruit bunch (FFB), 

number of bunch (NB) and average kernel weight (AKW) were significantly 

different.Only oil/wet mesocarp (O/WM), oil/fruit (O/F) and oil/bunch (O/B) had 

significant difference between progenies x years interaction. These characters had 

low to high heritabilities which varied between 0 to 66 %. Correlations of growth 

characters showed highly positive in both phenotypic and genotypic correlations with  (5) 



(4) 

 

characters showed highly positive in both phenotypic and genotypic correlations with 

leaf dry weight such as leaf length and leaf area (rP = 0.750 and 0.839 ; rg = 1.954 and

1.198, respectively). The leaf area showed high direct effects via leaf dry weight 

calculated from phenotypic and genotypic correlations. Phenotypic and genotypic 

correlations of bunch yield and its components showed high and positive correlation 

with oil yield such as FFB yield, BN, ABW, fruit/bunch (F/B), wet mesocarp/fruit (WM/F)  

and O/B (rP = 0.854, 0.654, 0.373, 0.260, 0.200 and 0.505 ; rg = 0.979, 0.822, 1.025, 

0.401, 0.710 and 0.365 respectively). Path analysis using phenotypic correlations of 

bunch yield and its components characters had high direct effects via oil yield such as 

FFB, F/B, WM/F O/B. Path analysis using genotypic correlations of bunch yield and its 

components characters had high direct effects via oil yield such as NB, ABW, F/B and 

WM/F. Part of bunch yield and its components characters showed highly direct effects 

via FFB such as NB, ABW and O/WM which were calculated from phenotypic and 

genotypic correlations. These results suggest that selection in oil palm breeding based 

on these characters will produce a good response to oil yield improvement. 
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Rankine and Fairhurst (1998)  (2548)  
 

 

 

 
 

    

pH (1:5, ohe) <3.5 4 4.2 5.5 

Organic C (%) <0.8 1.2 1.5 2.5 

Total N (%)   <0.08 0.12 0.15 0.25 

Total P (mg/kg) <120 200 250 400 

Available P (mg/kg) <8 15 20 25 

Exchangeable K (cmol/kg)   <0.08 0.2 0.25 0.3 

Exchangeable Mg cmol/kg)   <0.08 0.2 0.25 0.3 

Available Cu (mg/kg) <4 <5 5 >6 

ECEC (cmol/kg) <6 12 15 18 

: mg/kg = ppm  cmol/kg = meq/100 g 
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D P



18 

 

Hardon, 1970 Lee Toh (1992) MRS 

FFB 132  190 
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E. guineensis E. oleifera ASD  

 

7.  
 

 

 3 

,  
 
7.1  

   
     

    

       

   %    > 55 % 

   %    > 70 % 

   %     < 35 % 

  %     > 16 % 



20 

 

7.2
 

  1. crown disease  

  
 

   

   

   

  B Mg   
   
  

 

 7.3  
   > 150  

   > 110  

 %     > 22 % 

  %     > 80 %  

  %    > 45 % 

  %    > 65 % 

  %     < 10 % 

  %   > 70 % 

 

8.   
 

correlation 2 

, 



21 

 

, 2525  

2550

3 

Corley et al., 1971

Hardon et al., 1971

2552

rP = 0.43 rG = 

0.92  rP = 0.51 
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 3.1  

2 

CRD 2545) 2 

CRD  
 Yijk   =   m + Ei+Tk + ETik+eijk 
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 i        
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ET 
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3.3  

2 /

Dabholkar, 1992 3 

 

3 2 x y  

Source df 
MS 

MCP EMS EMCP 
x y 

Treatment t-1 M2
* M2 M2

*M2 EE
2+r+ 2

T E*EE*E+r T TT*T

Error t(r-1) M1
* M1 M1

*M1 E
2 E*E 

Total tr-1      

: MCP   = Mean Cross Product  EMCP = Expected Mean Cross Product 

  

  2
E*  E* = M*

1  
2

T*    T* = (M*
2 - M

*
1)/r 

2
EE = M1   

2
T       T = (M2 - M1)/r 

E*E = M*
1 M1  T*T    = (M*

2 M2 - M
*
1 M1)/r 

 

Phenotypic variance 2
p

2
pp = 2

TT ++ 2
EE

    2
p*p* = 2

TT* + 2
E*E*

Phenotypic covariance p*p) p*pp*p = T TT*T + E*E 
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      X1 

 

 

   Y   X2 

  

 

      X3 
     Residual 

 1 3  

  
b´1 , b´2 b´3 X1 , X2 X3 Y  

normal equation  

   r1y = r11 1+ r12b'2+ r13b'3  

   r2y = r21 1+ r22b'2+ r23b'3 

r3y = r31 1+ r32b'2+ r33b'3 

 r11, r22 r33

1  

  r1y, r2y r3y X1, X2 X3 Y

 

  r12, r13 r23  X1  X2 , X1 X3

X2 X3 r1  = r21, r13 = r31  r23 = r32 

   Residual = 1- R2 

   R2 = r1yb'1+r2yb'2+r3yb'3 
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=
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33r32r31r
23r22r21r
13r12r11r

=xxR
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2b

 1b

=B  

 

 B ( ) ( )xyR-1
xxR=B  

 ( )-1xxR  inverse xxR  
   

 b' 

 

 X1 Y  

    X1 Y   = b'1 
    X1 Y X2  = r1 b'2 
    X1 Y X3   = r13b'3   

    X1 Y   = r1y 

 X2 Y  

    X2 Y   = b'2 
    X2 Y X1  = r21b'1   

    X2 Y X3  = r23b'3 

    X2 Y   = r2y 
 X3 Y  

    X3 Y   = b'3 
    X3 Y X1  = r31b'1   

    X3 Y X2  = r32b'2   

    X3 Y   = r y  
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 0.99 % 0.02  0.08 %  

1.59  2.53  0.03  0.10 

/100 

1

3 

3 

 

 

 

 

 

 

 

 

 

 

 

 

 

38 



39 

3  

Soil properties3 

Locations1 

1 2 3 

0 - 30 cm Level2 0 - 30 cm Level 0 - 30 cm Level 

pH (1:5 H2O) 5.90 4 5.96 4 7.47 4 

CEC (meq/100g) 6.72 1 2.47 1 4.16 1 

Organic carbon (%) 0.99 1 0.87 1 0.75 1 

Total N (%) 0.08 1 0.04 1 0.03 1 

Available P (mg/kg) 2.53 1 44.90 4 1.80 1 

K (meq/100g) 0.10 1 0.04 1 0.03 1 
: 1 Locations (1 = , 2 = 3 =  

 2 Level (1 = , 2 = , 3 =  4 = ) 1 
 3 pH =   CEC =      Organic carbon =   

  Total N =    Available P =         K =  
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1  

 

9.47 17.44 % 

 

 6 

 

Characters 
MS 

C.V.1 (%) 
Progenies Locations Prog. X Loc. Error 

d.f. 6 2 12 42  

No. of leaf   30.64ns       5.67ns   43.37** 13.87 12.86 

Leaf length 569.31ns 1677.02** 228.65** 90.71   9.47 

Leaf area     0.02ns       0.08*      0.03**   0.00 12.17 

Leaf dry weight     625.63ns    9529.08**       549.00**    129.80 17.44 

: , = p  0.05 p  0.01  

  ns    =    
                           1C.V. (%) =  
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0.00, 59.84, 0.00  12.25%  

2551

1.10 8.30% 2550

36.00 % 11.00 %  

Ooi and Bin Ngah, 

1976)  
 

 6 

  

Characters1 
Component of variance and board sense heritability  ( 2

b.s.h ) 

2
G  /e2

GE  /re2
E  2

P  2
b.s.h  (%) 

No. of leaf  0.00   3.28   1.54   3.40   0.00 

Leaf length 37.85 15.33 10.08 63.26 59.84 

Leaf area  0.00   0.00   0.00   0.00   0.00 

Leaf dry weight  8.51 46.58 14.42 69.51 12.25 
: 1 No. of leaf =    Leaf length = Leaf area =  Leaf dry weight =  
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.5   
  

 .5.1   

r 0.750 0.839 

 (r

= 680 2550

r = 0.643 0.521 2 

r = 0.375  
 

.5.   

r 1.954 1.198 

 (r = 908

(r) - , -0.415 -  
 2552

Hardon et al., 1971)
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 rp, rG,

 6  

Characters1 No. of leaf Leaf length Leaf area Leaf dry weight 

No. of leaf - 0.008 0.127 0.155 

Leaf length -0.415 -   0.680**   0.750** 

Leaf area -1.970 0.908 -   0.839** 

Leaf dry weight -2.943 1.954 1.198 - 
: 1 No. of leaf =    Leaf length = Leaf area =  Leaf dry weight =  
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1.6)  
 

 1  
)  

 

 6 

595, 0.345 

0.404

 

 

 

 6  

Characters1 
Correlation 

coefficient 
Direct effect 

Indirect effect 

No. of leaf Leaf length Leaf area 

No. of leaf  0.077 - 0.003 0.076 

Leaf length 0.750 0.345 0.001 - 0.404 

Leaf area 0.839 0.595 0.010 0.235 - 
: 1 No. of leaf =    Leaf length = Leaf area =   
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)  

 

 6 10

1.619, 

0.708 540 

1.470

 
 

10 

 6  

Characters1 
Correlation 

coefficient 
Direct effect 

Indirect effect 

No. of leaf Leaf length Leaf area 

No. of leaf -  0.540 - -0.294 -3.189 

Leaf length 1.954 0.708 -0.224 - 1.470 

Leaf area 1.198 1.619 -1.064 0.643 - 
: 1 No. of leaf =    Leaf length = Leaf area =   
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 year 2008  

2009  ,

, . 1

56 41 

4 8 

2,000 .   
 

1  

 

Month 
year 2008  year 2009 

Rain fall  Distribution of rain  Rain fall Distribution of rain fall 

January 20.00 1  47.50 4 

February 42.70 1    0.00 0 

March 41.20 1          103.30 5 

April   8.20 1  18.90 3 

May 25.70 2  86.00 8 

June     147.60 8    0.00 0 

July 29.60 2  62.90 2 

August 40.40 2    8.20 1 

September  0.00 0  14.50 1 

October     103.70 10  41.50 2 

November     368.40 16          812.60 13 

December     211.00 12   7.60 2 

Total 1,038.50 56  1,203.00 41 
: Rain fall = .  Distribution of rain fall      
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1

 

Characters 
MS 

c.v.1 (%) 
Progenies Year Prog. X Year Error 

d.f. 17 1 17 108  

Oil yield2  787.30* 3069.07** 320.15ns 223.00 35.05 

Bunch yield3      

      FFB  6834.14** 20322.17** 1893.95ns 2475.94 35.41 

      NB    37.54* 177.78** 16.10ns 12.93 31.84 

      ABW   20.74ns 819.01** 16.41ns 10.86 25.36 

Bunch components4      

      AFW   31.68ns   521.86** 16.49ns 10.75 20.07 

      AKW   0.31**     0.09ns   0.07ns    0.12 28.59 

      %F/B 136.55ns 192.49ns 72.83ns 57.95 11.09 

      %K/B     7.56ns   98.08**   4.86ns   4.46 34.53 

      %WM/F   30.64ns  1529.14** 18.47ns 20.87   5.46 

      %S/F 21.18ns 466.49** 15.98ns 15.48 42.09 

      %K/F 10.14ns    143.38**   7.16ns   7.13 30.23 

      %O/WM 64.42ns   20.44ns 92.99** 42.32 12.34 

      %O/DM 18.07ns   42.25ns 29.56ns 18.47   5.57 

      %O/F 67.61ns   283.14** 84.63* 39.72 14.26 

      %O/B 47.56ns  47.73ns 47.69* 25.92 16.85 

: = p  0.05 p  0.01  

  ns  =  
1c.v. (%) = oil yield = .  

FFB = .  NB =  ABW = .  

AFW =  ( )      AKW =  F/B =  

K/B =   WM/F = /   S/F =  
 K/F =   O/WM =   O/DM =  
 O/F =    O/B =  
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  - 

. 1 ) 3 63.90 ./ /

14 1  60.51 ./ /

- . 3 

 ./ /

./ / - 

3  

- .   .

.  

 
  

  1 ) 

/ 24.76 - 33.92% 2 /

33.92 % / 6 15  

/ 33.23 32.32 %  15 

/ / /

/ 6.55 - 12.21% 6.60 - 10.56%

18 / /  12.21 10.56 %

5 16 

12.63 - 21.52 -  

 1.78 %  
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1

2  

progenies 
Oil yield 

(kg/palm/year) 

Bunch yield 

FFB (kg/palm/year) NB (no./year) ABW (kg/bunch) 

1 51.19abc 165.75ab 12.38bc 13.84 

2 40.29abcde 117.24bc   9.75bc 12.22 

3 63.90a 196.69a 17.50a 11.21 

4 39.71abcde 125.78abc 10.25bc 12.86 

5 37.06cde 138.40abc 10.75bc 14.49 

6 48.95abcd 146.78abc 10.00bc 14.94 

7 42.27abcde 139.53abc 10.38bc 14.69 

8 42.69abcde 143.09abc 11.75bc 13.80 

9 48.97abcd 154.01abc 11.88bc 13.65 

10 48.66abcd 174.29ab 13.63ab 12.89 

11 25.31e   82.61c   7.50c 11.11 

12 41.44abcde 142.63abc   9.88bc 15.15 

13 34.94cde 120.34bc   9.75bc 13.14 

14 60.51ab 193.84a 13.25ab 14.64 

15 38.85abcde 120.38bc 10.25bc 12.18 

16 27.24de 110.27bc 11.88bc   9.00 

17 36.77cde 114.79bc   9.88bc 11.98 

18 38.21cde 143.16abc 12.63b 12.04 
:  1  

DMRT P  0.05 P  0.01
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1

18  

Characters Year 2008 Year 2009 

Oil yield (kg/palm/year)              37.99b             47.23a 

Bunch yield   

      FFB (kg/palm/year)             128.65b           152.41a 

      NB (no./year)              12.40a             10.18b 

      ABW (kg/bunch)              10.61b             15.38a 

Bunch components   

      AFW (g)              14.43b             18.24a 

      AKW (g)                1.26               1.21 

      %F/B              69.81             67.50 

      %K/B                6.94a             5.29b 

      %WM/F              80.39b             86.91a 

      %S/F              11.15a               7.55b 

      %K/F                9.83a               7.83b 

      %O/WM              53.10             52.34 

      %O/DM              76.68             77.76 

      %O/F              42.78b             45.58a 

      %O/B              29.64             30.79 
: DMRT 

                 P  0.01 
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16

 

Progenies 

Characters 

%O/WM %O/F %O/B 

Year Year Year 

2008 2009 2008 2009 2008 2009 

1   44.71ab   55.39ab   34.44ab   49.70ab    23.90b   36.57ab 

2   50.27ab   58.65ab   39.99ab   50.53a    29.68ab   38.16a 

3   56.48ab   55.36ab   44.92ab   47.56ab    29.42ab   34.48ab 

4   54.19ab   49.23ab   43.89ab   42.73ab    35.40ab   28.14ab 

5   42.08ab   48.90ab   32.40b   42.69ab    24.29ab   29.76ab 

6   50.12ab   55.79ab   41.16ab   49.55ab    32.12ab   34.34ab 

7   53.35ab   51.77ab   43.37ab   45.72ab    29.86ab   30.71ab 

8   57.21ab   52.28ab   47.19ab   47.14ab    30.44ab   29.17ab 

9   53.82ab   53.84ab   46.23ab   48.32ab    33.09ab   30.92ab 

10   50.31ab   52.23ab   39.52ab   45.58ab    26.59ab   29.29ab 

11   56.91ab   55.29ab   47.78ab   46.28ab    30.80ab   30.55ab 

12   58.72ab   49.48ab   49.70ab   42.78ab    29.53ab   28.75ab 

13   51.28ab   55.43ab   41.91ab   48.68ab    27.08ab   31.03ab 

14   51.92ab   52.66ab   41.52ab   45.98ab    31.63ab   30.82ab 

15   59.89a   55.53ab   48.28ab   47.32ab    33.18ab   31.46ab 

16   54.70ab   46.31ab   41.44ab   39.64ab    24.99ab   24.53ab  

17   52.11ab   53.23ab   41.42ab   47.03ab    31.47ab   32.48ab 

18   57.71ab   40.82b   44.86ab   33.28ab    30.07ab   23.12b 

: 36  DMRT  

P  0.05 
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17    66.61

% 59.34 %

66.61 %

h2 = 57.11 20.88 % Hardon (1976) 

60.00 % 

h2 = 47.95 46.66 % / /

/ / / / / /

 h2 0  40 %

  Corley and Tinker (2003) 

 (h2 0  

100%) 

 (Raffi et al., 2002) 
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17

 

Characters 
Component of variance and broad sense heritability  ( 2

b.s.h ) 

2
G  /e2

GE  /re2
E  2

P  2
b.s.h  (%) 

Oil yield1 (kg/palm/year)      58.39      12.14      27.88      98.41 59.34 

Bunch yield2      

      FFB (kg/palm/year)    617.52     -72.75    309.49    927.01 72.29 

      NB (no./year)        2.68 0.40 1.62 4.69 57.11 

      ABW (kg/bunch)        0.54 0.69 1.36 2.59 20.88 

Bunch components3           

      AFW (g)        1.90 0.72 1.34 3.96 47.95 

      AKW (g)        0.03 0.00 0.02 0.05 60.00 

      %F/B        7.97 1.86 7.24      17.07 46.66 

      %K/B        0.34 0.05 0.56 0.95 35.71 

      %WM/F        1.52 0.00 2.61 4.13 36.80 

      %S/F        0.65 0.06 1.94 2.65 24.55 

      %K/F        0.37 0.00 0.89 1.27 29.39 

      %O/WM        0.00 6.33 5.29 8.05 0.00 

      %O/DM        0.00 1.39 2.31 2.26 0.00 

      %O/F        0.00 5.61 4.97 8.45 0.00 

      %O/B        0.00 2.72 3.24 5.95 0.00 

:  1oil yield = .   
2FFB = . NB = ABW = .  
3AFW =  ( )                  AKW =  F/B =  

K/B =   WM/F = /   S/F =  
 K/F =   O/WM =   O/DM =  
 O/F =    O/B =  
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2.5  
 

 

 2.5.1   

 
1

r

r =  0.429 

r = -0.224

2538; 2544; , 2552 ;  2552 ; Obisesan and 

Fatunla, ; Kushairi et al., 2000 ; Okwuagwu et al., 2008 ; Okoye et al., 2009)

 

 
1 /

r , ,

, 0.306, r 

r = -0.227, -0.121 -

r = 0.513, 0.314 3 

r - -  

Okoye  (2009

/ / /

/
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/

/ /    

 

 2.5.2   

1  

rg , 

rg

Obisesan Fatunla (1982) 

rg = 0.61 0.60 

/ / / rg

150 2.069

rg

 

r - -  

1  / /

rg 0.710, 0.401 0.365 

rg 

rg - -
rg

-  
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