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Thesis Title Genotype x Environment Interaction and Stability Analysis in Oil Palm

Crosses on Three Locations of Southern Thailand

Auther Mr. Sudanai Krualee
Major Program Plant Science
Academic Tear 2013

Abstract

This research was conducted to evaluate genotypes, environment and interaction
between genotype with environment that affected phenotypic traits (oil yield, bunch yield, bunch
yield components and bunch components) and estimated stability of oil palm crosses. Seven
crosses of oil palms, aged 4 years old, were provided by Pao-Rong oil palm Company. These
crosses were planted at 3 locations in Southern Thailand including Nuea Khlong district, Krabi
province; Ron Phibun district and Cha-uat district Nakhon Sri Thammarat province. The
experiment at each location was designed as completely randomized design with 5 replications.
Yield, yield components and bunch components were collected during July 2009 —June 2010. All
data were analyzed using combined analysis to test the significance of G x E interaction.
Furthermore, the stability crosses were evaluated by Additive Main effects and Multiplicative
Interaction (AMMI) method.

The results reported that the agronomic traits i.e. oil yield, bunch yield, bunch
number, single bunch weight, fresh mesocarp per fruit (%), fruit per bunch (%), oil per dry
mesocarp (%) and oil per bunch (%) of different crosses were not significantly different. On the
other hand, environmental factors were found to affect significantly all characters. It was found
that G x E interaction influenced oil yield, bunch yield, bunch number, single bunch weight,
fresh mesocarp per fruit (%) and oil per bunch (%), but fruit per bunch (%) and oil per dry
mesocarp (%) traits were not affected by G x E interaction. For each location, oil palm cross
number 514 could provide oil yield, bunch yield, bunch number and single bunch weight more

than the other crosses at Nuea Khlong district. While oil palm cross number 512 could provide
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oil yield, bunch yield, bunch number and single bunch weight more than the other crosses at Ron
Phibun province and oil palm cross number 501 could provide oil yield, bunch yield, bunch
number and fresh mesocarp per fruit (%) more than other crosses at Cha-uat district. It can be
concluded that oil palm cross number 521 showed the highest stability for oil yield, while the

cross number 523 was stable for bunch yield.
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Race dura

- E. oleifera
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d' A = a d' v d : %
M1319N 1 tm‘ummammmﬂuﬂmmzauﬂamﬁﬂgnﬂmumuu

Property Very low Low Moderate High Very high
pH <35 4.0 4.2 5.5 >5.5
Organic (%) <0.8 1.2 1.5 2.5 >25
Total Nitrogen (%) <0.08 0.12 0.15 0.25 >0.25
Total Phosphorus (mg/kg) <120 200 250 400 > 400
Available Phosphorus (mg/kg) <8 15 20 25 >25
Exchangeable Potassium <0.08 0.2 0.25 0.3 >03

(cmol/kg)

U7 : Goh uazAME (1997)
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HaRAMIM
Effect
Cross Location (0)'% Mean
Genotype Location Interaction
501 NK 4.77 8.07 0.03 -2.22 -1.10
506 NK 5.60 8.07 -0.26 -2.22 0.03
512 NK 6.18 8.07 4.05 -2.22 -3.70
514 NK 11.09 8.07 -0.28 -2.22 5.52
521 NK 4.32 8.07 -1.15 -2.22 -0.37
523 NK 6.39 8.07 0.01 -2.22 0.53
530 NK 2.55 8.07 -2.40 -2.22 -0.89
501 RP 10.34 8.07 0.03 3.90 -1.65
506 RP 12.32 8.07 -0.26 3.90 0.62
512 RP 22.71 8.07 4.05 3.90 6.70
514 RP 7.74 8.07 -0.28 3.90 -3.94
521 RP 10.68 8.07 -1.15 3.90 -0.13
523 RP 10.78 8.07 0.01 3.90 -1.19
530 RP 9.16 8.07 -2.40 3.90 -0.40
501 CuU 9.19 8.07 0.03 -1.67 2.77
506 CuU 5.51 8.07 -0.26 -1.67 -0.65
512 CuU 7.45 8.07 4.05 -1.67 -2.99
514 CuU 4.52 8.07 -0.28 -1.67 -1.61
521 CuU 5.75 8.07 -1.15 -1.67 0.51
523 CuU 7.06 8.07 0.01 -1.67 0.65
530 CuU 5.29 8.07 -2.40 -1.67 1.30
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Source d.f. SS MS
Genotype (G) 6 6,398.04 1,066.34 ™
Location (L) 2 13,462.70 6,731.34
GxL 12 11666.10 972.18
PCA1 7 9,169.05 1,309.86
(% from G x L SS) (58.33 %) (78.60 %)
PCA2 5 2,497.06 499.41 "
(% from G x L SS) (41.67 %) (21.40 %)
error 84 9,356.27 111.38
total 104 40,883.10 393.11
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. Bunch Yield (kg/plant/year) Score’
Cross
NK' RP’ cu’ Mean" PCA1 PCA2
501 30.02 B 47.68 B 38.14 A 38.61 0.75 2.33
506 31.74B 54.70 B 21.86 B 36.10 -0.29 -1.04
512 32.92B 99.12 A 33.66 AB 55.23 -5.13 -1.73
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v v d o Aaa v
FITHINNUTNUTDIUNNUNNAND

anyazHaNanNzag
Effect
Cross Location Y Mean
Genotype Location Interaction
501 NK 30.02 38.59 0.02 -5.79 -2.80
506 NK 31.74 38.59 -2.49 -5.79 1.43
512 NK 32.92 38.59 16.64 -5.79 -16.52
514 NK 57.90 38.59 1.60 -5.79 23.50
521 NK 25.74 38.59 -5.08 -5.79 -1.98
523 NK 32.02 38.59 0.03 -5.79 -0.82
530 NK 19.28 38.59 -10.73 -5.79 -2.80
501 RP 47.68 38.59 0.02 15.82 -6.76
506 RP 54.70 38.59 -2.49 15.82 2.78
512 RP 99.12 38.59 16.64 15.82 28.06
514 RP 39.94 38.59 1.60 15.82 -16.08
521 RP 45.42 38.59 -5.08 15.82 -3.92
523 RP 52.02 38.59 0.03 15.82 -2.43
530 RP 42.04 38.59 -10.73 15.82 -1.65
501 CuU 38.14 38.59 0.02 -10.04 9.56
506 CuU 21.86 38.59 -2.49 -10.04 -4.20
512 CuU 33.66 38.59 16.64 -10.04 -11.54
514 CuU 22.74 38.59 1.60 -10.04 -7.42
521 CuU 29.38 38.59 -5.08 -10.04 5.90
523 CuU 31.84 38.59 0.03 -10.04 3.25
530 CuU 22.28 38.59 -10.73 -10.04 4.45
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Source d.f. SS MS
Genotype (G) 6 194.25 32.38 "
Location (L) 2 1818.13 909.07
GxL 12 487.87 40.66
PCA1 7 317.99 4543 "
(% from G x L SS) (58.33 %) (65.18 %)
PCA2 5 159.16 31.83
(% from G x L SS) (41.67 %) (32.62 %)
error 84 695.60 8.28
total 104 3195.85
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v v d o Aaa v
FITHINNUTNUTDIUNNUNNAND

anHAUTIMIUNZAY
Effect
Cross Location NB Mean
Genotype Location Interaction
501 NK 11 14.44 2.03 -4.90 -0.43
506 NK 9 14.44 -0.44 -4.90 -0.10
512 NK 10 14.44 2.16 -4.90 -1.76
514 NK 14 14.44 -0.44 -4.90 5.24
521 NK 8 14.44 -0.90 -4.90 -0.76
523 NK 8 14.44 -1.37 -4.90 -0.10
530 NK 6 14.44 -1.04 -4.90 -2.10
501 RP 19 14.44 2.03 5.28 -2.57
506 RP 22 14.44 -0.44 5.28 2.76
512 RP 24 14.44 2.16 5.28 2.10
514 RP 15 14.44 -0.44 5.28 -3.90
521 RP 18 14.44 -0.90 5.28 -0.90
523 RP 19 14.44 -1.37 5.28 0.76
530 RP 20 14.44 -1.04 5.28 1.76
501 CuU 19 14.44 2.03 -0.38 3.00
506 CuU 11 14.44 -0.44 -0.38 -2.67
512 Cu 16 14.44 2.16 -0.38 -0.33
514 Cu 12 14.44 -0.44 -0.38 -1.33
521 Cu 15 14.44 -0.90 -0.38 1.67
523 Cu 12 14.44 -1.37 -0.38 -0.67
530 CuU 13 14.44 -1.04 -0.38 0.33

NB A9 $1uunzats (meae/dual)

NK fio §unemilenass, RP fie suneseuiiyad, CU fe 61n0%z09n
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MHUN/Nzae (Single Bunch Weight)
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Source d.f. SS MS
Genotype (G) 6 10.86 1.81"
Location (L) 2 30.96 15.48
GxL 12 11.49 0.96
PCA1 7 8.58 123"
(% from G x L SS) (58.33 %) (74.67 %)
PCA2 5 2.77 0.55"
(% from G x L SS) (41.67 %) (24.11 %)
error 84 25.39 0.30
total 104 78.70 0.76
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. Single Bunch Weight (kg/bunch) Score’
Cross
NK' RP’ cv’ Mean' PCA1  PCA2
501 2.70 c 2.46 B 1.98B 2.38 -0.24 -0.45
506 3.46 ABC 2.548B 2.04B 2.68 0.17 0.09
512 3.38 ABC 4.08 A 2.208B 3.22 -0.95 0.22
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Effect
Cross Location SW Mean
Genotype Location Interaction
501 NK 2.7 2.74 -0.37 0.68 -0.38
506 NK 3.5 2.74 -0.06 0.68 0.15
512 NK 3.4 2.74 0.50 0.68 -0.51
514 NK 4.1 2.74 0.10 0.68 0.55
521 NK 3.4 2.74 -0.06 0.68 0.05
523 NK 3.9 2.74 0.36 0.68 0.09
530 NK 3.0 2.74 -0.47 0.68 0.05
501 RP 2.5 2.74 -0.37 -0.04 0.13
506 RP 2.5 2.74 -0.06 -0.04 -0.13
512 RP 4.1 2.74 0.50 -0.04 0.90
514 RP 2.6 2.74 0.10 -0.04 -0.23
521 RP 2.5 2.74 -0.06 -0.04 -0.13
523 RP 2.7 2.74 0.36 -0.04 -0.40
530 RP 2.1 2.74 -0.47 -0.04 -0.13
501 CuU 2.0 2.74 -0.37 -0.65 0.25
506 CuU 2.0 2.74 -0.06 -0.65 -0.02
512 CuU 2.2 2.74 0.50 -0.65 -0.39
514 CuU 1.9 2.74 0.10 -0.65 -0.32
521 CuU 2.1 2.74 -0.06 -0.65 0.08
523 CuU 2.8 2.74 0.36 -0.65 0.31
530 CuU 1.7 2.74 -0.47 -0.65 0.08
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Effect
Cross Location FMF Mean
Genotype Location Interaction
501 NK 68.03 73.81 0.83 -6.40 -0.21
506 NK 71.00 73.81 4.38 -6.40 -0.79
512 NK 69.80 73.81 2.44 -6.40 -0.05
514 NK 66.66 73.81 -3.25 -6.40 2.50
521 NK 62.71 73.81 -2.44 -6.40 -2.26
523 NK 68.83 73.81 -0.70 -6.40 2.12
530 NK 64.86 73.81 -1.26 -6.40 -1.30
501 RP 75.42 73.81 0.83 5.19 -4.41
506 RP 83.99 73.81 4.38 5.19 0.61
512 RP 80.68 73.81 2.44 5.19 -0.76
514 RP 74.46 73.81 -3.25 5.19 -1.29
521 RP 81.81 73.81 -2.44 5.19 5.25
523 RP 78.72 73.81 -0.70 5.19 0.42
530 RP 77.94 73.81 -1.26 5.19 0.19
501 CU 80.48 73.81 0.83 1.21 4.63
506 CU 79.57 73.81 4.38 1.21 0.18
512 CU 78.28 73.81 2.44 1.21 0.82
514 CU 70.56 73.81 -3.25 1.21 -1.21
521 CU 69.59 73.81 -2.44 1.21 -2.99
523 CU 71.79 73.81 -0.70 1.21 -2.53
530 CU 74.87 73.81 -1.26 1.21 1.11
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a = [ ¢ & d = v v d v a
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Cross' Fruit / Bunch (percent)
NK RP’ cu’ Mean’
501 50.30 B 53.48 60.51 54.76
506 59.34 AB 51.50 60.83 57.22
512 58.16 AB 53.23 57.13 56.18
514 60.01 AB 57.23 60.28 59.17
521 55.75 AB 54.54 60.72 57.00
523 63.91 A 52.74 60.78 59.15
530 54.29 AB 50.01 57.44 53.91
Mean" 57.39a 53.25b 59.67 a
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Effect
Cross Location FB Mean
Genotype Location Interaction
501 NK 50.30 56.77 -2.01 0.62 -5.09
506 NK 59.34 56.77 0.45 0.62 1.49
512 NK 58.16 56.77 -0.59 0.62 1.36
514 NK 60.01 56.77 2.40 0.62 0.22
521 NK 55.75 56.77 0.23 0.62 -1.88
523 NK 63.91 56.77 2.38 0.62 4.14
530 NK 54.29 56.77 -2.86 0.62 -0.25
501 RP 53.48 56.77 -2.01 -3.52 2.24
506 RP 51.50 56.77 0.45 -3.52 -2.20
512 RP 53.23 56.77 -0.59 -3.52 0.58
514 RP 57.22 56.77 2.40 -3.52 1.57
521 RP 54.54 56.77 0.23 -3.52 1.06
523 RP 52.74 56.77 2.38 -3.52 -2.88
530 RP 50.01 56.77 -2.86 -3.52 -0.38
501 CU 60.51 56.77 -2.01 2.90 2.85
506 CU 60.83 56.77 0.45 2.90 0.71
512 CU 57.13 56.77 -0.59 2.90 -1.94
514 CU 60.28 56.77 2.40 2.90 -1.79
521 CU 60.72 56.77 0.23 2.90 0.82
523 CU 60.78 56.77 2.38 2.90 -1.26
530 CU 57.44 56.77 -2.86 2.90 0.63
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501 72.58 69.24 AB 69.67 B 70.50
506 74.97 71.84 AB 74.92 AB 73.91
512 74.53 73.91 AB 70.10 AB 73.15
514 75.25 67.12 B 73.20 AB 71.86
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Effect
Cross Location ODM Mean
Genotype Location Interaction

501 NK 72.59 73.51 -3.01 1.63 0.46
506 NK 74.97 73.51 0.40 1.63 -0.57
512 NK 74.53 73.51 -0.36 1.63 -0.24
514 NK 75.24 73.51 -1.65 1.63 1.74
521 NK 75.74 73.51 1.68 1.63 -1.08
523 NK 77.36 73.51 0.65 1.63 1.56
530 NK 75.55 73.51 2.28 1.63 -1.88
501 RP 69.24 73.51 -3.01 -1.88 0.62
506 RP 71.84 73.51 0.40 -1.88 -0.20
512 RP 73.91 73.51 -0.36 -1.88 2.64
514 RP 67.12 73.51 -1.65 -1.88 -2.86
521 RP 74.72 73.51 1.68 -1.88 1.42
523 RP 69.88 73.51 0.65 -1.88 -2.40
530 RP 74.70 73.51 2.28 -1.88 0.80
501 CU 69.67 73.51 -3.01 0.24 -1.08
506 CU 74.92 73.51 0.40 0.24 0.77
512 CU 70.99 73.51 -0.36 0.24 -2.39
514 CU 73.21 73.51 -1.65 0.24 1.11
521 CU 75.10 73.51 1.68 0.24 -0.33
523 CU 75.24 73.51 0.65 0.24 0.83
530 CU 77.12 73.51 2.28 0.24 1.08
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Al d Al
anyaziitaatesn (0°), MaulszanBvesanvuziuanseen (PCV) taz mMonsiugnIsnedaning (1, )

Character Mean c’, o, GCV G’ c, PCV H,
OY (kg/palm/year) 8.07 0.22 0.47 5.82 7.45 2.73 33.83 2.28
Y(kg/palm/year) 38.59 6.30 2.51 6.50 117.72 10.85 28.12 3.97
NB (bunch/palm) 14.44 NA NA NA 8.29 2.88 19.93 NA
SW(kg/bunch) 2.74 0.06 0.24 8.76 0.36 0.6 21.90 13.45
FB (%) 56.77 1.51 1.23 2.16 48.30 6.95 12.24 3.03
FMF (%) 73.81 4.41 2.10 2.84 18.23 427 5.79 18.43
ODM (%) 73.51 2.16 1.47 2.00 13.54 3.68 5.01 13.50
OB (%) 20.51 NA NA NA 10.96 3.31 16.14 NA

oy = Oil Yield NB = Number of Bunch FB = Fruit/ Bunch

Y = Bunch Yield FMF = Fresh Mesocarp / Fruit OB = Oil/Bunch

SW = Single Bunch Weight ODM =  Oil/Dry Mesocarp
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Soil Texture Nuea Khlong Ron Phibun Cha-uat
% CLAY 17.36 11.10 65.32
% SILT 16.36 0.46 12.49
% SAND 66.28 88.44 22.19
TEXTURE Sandy Loam Loamy Sand Clay

Nutrient in Soil
Total N (%) 0.09 0.09 0.15
Available P (mg/kg) 26.65 2.22 5.23
K (meq/100g) 0.93 0.22 0.36
pH 4.71 4.43 5.30
Nutrient in Plant

Total N (% as dry matter) 2.46 1.94 1.43
P (% as dry matter) 0.16 0.12 0.12
K (% as dry matter) 1.01 0.76 0.38
B (ppm dry matter) 8.89 9.78 10.88
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