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13997 1 ANHUENNNIRNERINAdTnINRAnsaun TunsdnRenuazUFulgaiuginduingiu

afuANa1Alun1AnLAen |

ANTTUL
A9 LA NAWNAN
ANHULHANARNZATY
ANUIUNEANE/FIU 2 2 1
vviinmeans 1 1 3
vvinneane/du 2 2 2
ansuzasAlsznatraanzanadnan
vivein/ea 1 2 3
vviinite i dn/aa 1 2 3
Na/Mzane (%) 2 1 2
ethdu/na (%) 1 2 3
ieludn/ua (%) 1 2 3
AR (%) 3 2 2
vintenduan (%) 3 3 3
s e duur (%) 1 3 3
ﬁwﬁu/mmﬂ (%) 3 3 3
elumdnmeans (%) 2 2 2
e luwsamzans (%) 3 2 2
Fnunisnanamngy
panAm Aot g/l 1 1 3
LaNARN ANl Ea/dwl 1 1 3
ﬁnwmzmm’%mlﬁu‘ﬁmmmﬁuﬁwﬁu
ANNGIANF 1 1 2
Al 1 1 3
AN L 1 1 3
anuaulutay 1 1 3
AuNANelugae 3 3 3
Auena lutas 1 1 1
Nty 3 3 3
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wnewe - A1AuAINEIATY 1= 11N 2 = Uunans 3 = dee
31 : 39% (2558)
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a9AlszneLNANARTRATENUENIINLNANINEW A1uu 938 siudlinanAnuanslunnaei 2 wudn weRugnasuEng
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AUNIN (1990 3) TUANHIUZANNEIRFULATAINE N LA ANGA-geaRAREITudng 3.0-7.1 N, UAY 3.6-7.4 N,

'
1o ' '

AINAIAL N luaziinuieluRAAgA-g94AREazndng 3.7-15.3 1.° UaT 1.6-6.7 NN. ANNATAL LHEIUUNT A8
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NINEINTEITNTNG NUNINUNALAIVATUATUNT

ANWUY A1 iszns snﬁm'au%'aﬁuqﬂﬁmmu
Sf':qfuﬁ' 2(F) 791 Miua G GRe
ANUAUG 938 256 463 219
%94 F, 100 27.3 49.4 23.3
HANBANZANE | \2de 83.6 92.0 96.9 62.0
(nn./s/ad) s.D? 37.1 25.0 30.3 39.8
ANGA-§I4n 0.6-231.5 14.4-169.7 11.6-231.5 0.6-149.4
Aunumzang | \2de 6.2 6.3 6.7 5.6
(neane/fu) S.D. 2.5 1.9 2.1 35
ANGA-§I4n 0.1-15.9 1.4-12.6 1.4-15.9 0.1-15.3
vwin/mezane | \2de 13.8 15.3 14.9 11.2
(nn.) S.D. 3.6 3.9 3.9 3.1
ANGA-§I4n 3.8-32.3 4.5-27.2 5.8-32.3 3.8-24.7
twn/ua \ade 10.9 135 10.9 8.4
() S.D. 6.9 4.6 5.8 10.4
ANRA-§I40 3.4-31.0 6.3-30.3 4.1-31.0 3.4-18.2
iatnduma e 483 30.4 404 74.1
(%) S.D. 8.67 6.2 8.3 11.5
RN 13.2-100 13.2-48.8 13.3-90.8 32.7-100
ANGA-gegn - 20.0-65.0 60.0-90.0 -
nza/a At 12.4 248 12.3 0
(%) S.D. 3.3 5.3 4.5 0.2
Fga-gagn 0-39.7 11.0-39.7 2.6-35.8 0-2.3
Pge-gagn - 25.0-45.0 4.0-20.0 -
eluwinma \2de 39.3 45 47.3 25.6
(%) S.D. 9.0 7.9 8.3 10.8
Fgp-gagn 0-85.8 24.3-85.8 6.6-81.9 0-46.3

wnewe ;| deyaiede 8 T 2 Andeiunninggiu  Hardon (1976)

AN : 53¢ (2558)
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M9N 3 AnwouznisasyALinreaTeiugnIs AN AintuennenessINTng

WUNINENFEAUATUATUNT

ANWUY A1 iszns mﬁmm@aﬁuqmsmmu
Sf':qfuﬁ' 2(F) 731 Miua G GRe
AU 501 175 268 58
ANNGIAGT ‘A 5.3 52 5.2 5.4
() sD. 0.6 0.6 0.5 0.6
AN4A-§I4n 3.0-7.1 3.0-6.9 3.5-71 4.1-6.9
Aundnslutias \2AY 5.8 5.8 5.8 5.9
(.) S.D. 0.8 0.7 0.8 0.9
Fingn-gegn 3.8-8.2 3.8-7.8 3.9-8.0 4.2-82
Awena lutins \2de 70.9 70.2 68.8 73.6
(.) S.D. 7.0 71 7.0 6.9
AN4A-§I40 51.4-94.2 51.5-94.2 51.4-90.4 60.0-89.0
anuaulutian 2R 340.8 339.3 339.6 343.4
(au/ln) S.D. 29.1 27.1 31.6 28.5
Prge-gugn  192.0-424.0  270.0-424.0  192.0-424.0  268.0-398.0
Aundstauiuly \2dy 8.4 8.0 8.2 9.0
(.) S.D. 1.2 1.2 1.3 1.1
AN4A-§I40 4.2-12.0 5.3-12.0 4.2-12.0 6.0-11.3
Augalauinuly \2AY 3.9 3.7 3.9 4.1
() S.D. 0.5 0.5 0.5 0.5
Fingn-gegn 2457 2.4-54 2757 3.0-5.1
ANealu \2dy 54 53 5.4 5.6
(.) S.D. 0.6 0.6 0.6 0.5
AN4A-§I4n 3.6-7.4 3.8-6.5 3.6-7.4 4.4-6.8
il \ade 7.8 7.6 7.7 8.2
(a.%) S.D. 1.6 15 1.7 1.6
Fingn-gegn 3.7-15.3 4.2-12.5 3.7-15.3 4.0-11.9
vl \2de 3.6 3.3 35 4.0
(nn.) S.D. 0.8 0.8 0.9 0.8
Pep-gagn 1.6-6.7 1.6-6.1 1.6-6.7 2.15.6

wanewe] | ANDEUUUNIATgY

NN : B3z (2558)
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3. gudeyanesiurasie-uliugAnludunisiasoiuin nandn esddszneunanan uazesAlznaumneans
ANHOULNTATEYALIR HANARN BIALTLNOLNANRS WATDIALTENALNEANLTBIFULNRUTATIUALAUNENUGE

waang 5-6 T ldagdunn9199 4 uaz 5 muansau

AN397 4 ARREANEIUENIRTAUTR HaNRANTANY B9ALlsTNaLNANAR uazasAlsznaLNEaIEIRs LI UE R

818 5-6 11
=Y peim maBdilaradiui 17 S aslssnaunanan assilsznameans
N e aowenly Ry iy (n/uAl)  Sutumzans  dwsdnmeans Waihdwma  nzaven  dhafumzans
) @) (nn.) ([@uausiv) (nn.) (%) (%) (%)
1 2 3.65 3.24 1.97 185.87 12.00 15.49 66.67 24.96 17.97
2 9 3.85 3.46 1.50 203.36 13.00 15.64 63.50 25.10 19.79
3 11 3.45 3.00 1.66 208.83 14.00 14.92 56.52 21.60 20.29
4 13 3.48 3.62 213 168.00 14.00 12.00 59.70 25.70 18.33
5 15 3.20 4.34 1.94 171.20 16.00 10.70 62.90 23.80 25.18
6 17 3.56 3.63 1.87 183.81 12.00 15.32 56.20 23.30 18.61
7 19 3.80 3.40 1.75 165.42 18.00 9.19 56.90 23.50 16.59
8 23 3.71 3.23 1.68 168.41 9.00 18.71 60.20 26.90 18.60
9 25 3.03 4.13 2.14 244.20 12.00 20.35 63.20 28.00 22.87
10 27 3.83 3.78 2.10 159.25 13.00 12.25 55.46 28.62 20.02
11 29 3.83 3.53 2.11 219.36 16.00 13.71 55.80 25.00 19.44
12 30 3.27 3.90 2.07 208.79 10.00 20.88 57.50 29.80 22.91
13 3 3.83 4.38 1.93 165.75 14.00 11.84 59.60 18.60 18.50
14 32 4.01 4.45 247 174.20 13.00 13.40 63.60 18.30 20.38
15 33 3.64 3.93 1.70 201.35 16.00 12.58 73.20 17.80 20.28
16 35 4.13 443 2.24 287.10 18.00 15.95 59.60 26.70 19.85
17 36 2.92 2.90 1.50 184.63 15.00 12.31 60.20 17.10 21.11
18 38 3.30 3.10 1.61 199.90 16.00 12.49 60.90 27.20 22.59
19 39 3.86 4.26 2.01 194.74 17.00 11.46 57.83 32.55 22.39
20 40 3.68 4.16 2.09 193.88 14.00 13.85 58.22 21.25 19.61
21 M 3.80 4.22 2.16 197.44 17.00 11.61 62.10 29.50 18.99
22 44 3.96 4.33 213 199.18 19.00 10.48 61.25 32.16 17.74
23 46 3.53 3.84 2.04 164.89 14.00 11.78 57.00 22.20 20.07
24 47 4.09 4.46 2.16 174.33 18.00 9.69 57.60 22.50 21.59
25 51 4.10 3.55 1.88 174.00 10.00 17.40 55.70 20.50 21.92
26 52 4.12 4.36 2.50 186.51 17.00 10.97 58.20 27.60 19.49
27 54 4.31 4.23 2.19 216.45 15.00 14.43 62.33 26.23 18.04
28 56 3.91 3.07 1.78 173.00 10.00 17.30 56.12 33.62 17.96
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Entry

No.

Palm

maasgiauiaaaddun 17

HANAANZANE

. -
2IAUTTNALNANAR

.
asAlsznaunzaiy

No. mowmendluy  Auitlu  dhwdnusidly (nsdul)  Swouneane dhwdnmzana Wathdwea  nzavea  drsfumeans
() (a5 (nn.) (Fuau/eu) (nn.) (%) (%) (%)
29 58 3.54 4.04 1.72 173.06 12.00 14.42 56.50 20.10 17.16
30 62 4.06 4.68 1.89 156.25 10.00 15.63 60.80 23.30 16.84
31 67 3.71 3.97 1.78 189.87 16.00 11.87 58.10 29.70 18.29
32 69 3.95 4.59 2.29 191.95 16.00 12.00 60.00 20.20 22.01
33 70 3.96 4.82 2.38 173.68 15.00 11.58 62.90 21.10 18.52
34 72 4.01 4.18 2.20 251.09 19.00 13.22 60.32 25.08 24.69
35 73 3.78 3.48 2.05 193.13 13.00 14.86 57.70 24.90 20.28
36 74 4.18 4.72 2.46 208.56 12.00 17.38 57.80 14.10 24.82
37 75 3.68 3.85 2.04 168.33 10.00 16.83 64.60 23.20 22.64
38 76 4.40 4.39 2.23 23147 14.00 16.53 66.50 17.70 19.00
39 77 3.86 3.49 2.04 24414 17.00 14.36 64.91 22.03 24.35
40 79 4.60 4.85 2.34 191.70 12.00 15.98 60.50 28.30 17.99
41 80 4.28 412 2.40 165.58 16.00 10.35 55.80 29.80 19.71
42 81 4.55 4.30 2.08 157.00 11.00 14.27 67.30 24.10 18.22
43 82 4.65 5.13 2.53 189.49 14.00 13.53 55.97 19.77 24.55
44 83 4.51 4.47 2.35 180.27 15.00 12.02 61.27 25.51 16.52
45 86 5.05 4.27 2.29 172.66 12.00 14.39 58.50 27.30 21.29
46 90 5.03 5.14 2.57 171.50 12.00 14.29 58.80 24.40 16.90
47 AN 4.60 4.35 1.97 187.45 18.00 10.41 62.80 27.40 20.77
48 93 4.80 5.04 2.41 210.56 19.00 11.08 63.70 20.90 17.08
49 94 417 5.06 2.25 161.60 14.00 11.54 56.40 26.80 22.92
50 96 4.58 4.58 1.93 208.54 15.00 13.90 63.70 20.20 19.26
51 100 4.18 4.42 1.56 217.92 18.00 12.11 58.40 26.70 20.46
52 104 3.86 4.25 1.45 178.80 15.00 11.92 59.70 27.60 26.65
53 105 4.33 4.05 2.04 267.00 21.00 12.71 58.45 31.09 16.38
54 107 3.80 4.19 2.21 183.34 13.00 14.10 61.18 24.02 23.03
55 109 4.10 4.05 1.83 181.65 11.00 16.51 59.47 31.36 20.13
56 111 4.75 5.05 2.38 152.67 10.00 15.27 62.30 26.30 16.72
57 116 4.22 3.89 2.40 270.16 18.00 15.01 62.90 25.40 16.50
58 118 3.73 3.69 2.01 217.45 18.00 12.08 59.26 23.25 19.83
59 127 3.81 4.20 2.27 228.89 15.00 15.26 58.30 30.80 16.59
60 128 3.64 4.15 2.44 354.37 19.00 18.65 59.70 24.20 19.12
61 129 3.98 4.01 1.93 189.36 14.00 13.53 61.30 25.60 17.72
62 133 3.32 3.50 1.88 206.60 20.00 10.33 56.50 27.90 17.25
63 138 3.61 4.10 2.25 152.43 14.00 10.89 55.60 31.39 23.11
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AN97197 4 (Aa)

Entry

Palm msiadadulaaadlud 17 HANARVZANE asfilsznaunanan asflsznaunzans
No- no. avwendly  wuifly  dhwdnwdcly (nsduAl)  Swouvsane shadnmeans Wathdawma  neavua  dsiumsana
(a1.) (3% (nn.) (fuan/eiu) (nn.) (%) (%) (%)
64 139 3.64 3.43 2.06 197.40 15.00 13.16 62.70 23.30 16.06
65 145 4.09 4.01 1.94 169.28 14.00 12.09 58.80 22.90 19.29
66 183 4.01 417 2.31 159.83 11.00 14.53 63.07 21.13 20.04
67 184 3.62 3.69 1.98 204.49 17.00 12.03 58.70 30.00 20.63
68 186 4.22 3.48 1.88 175.82 16.00 10.99 64.40 25.00 18.36
69 187 3.80 4.09 1.88 157.89 14.00 11.28 58.70 22.60 19.55
70 198 5.49 4.39 2.50 273.98 10.00 27.40 60.30 25.70 18.21
71 201 3.96 4.21 2.04 163.30 14.00 11.66 55.40 27.70 18.97
72 202 3.90 3.29 1.70 195.00 16.00 12.19 58.00 21.70 22.99
73 224 4.70 413 2.80 173.25 12.00 14.44 60.40 23.80 16.77
74 232 3.50 4.30 2.53 164.48 10.00 16.45 59.93 25.76 21.27
75 239 3.30 3.98 1.85 178.50 14.00 12.75 65.10 19.20 18.51
76 240 3.90 4.87 2.38 162.75 14.00 11.63 58.74 26.44 19.93
77 244 3.80 4.90 1.76 194.57 13.00 14.97 55.16 21.03 18.23
mean 3.96 4.09 2.08 193.80 14.42 13.78 60.07 24.78 19.83
min. 2.92 2.90 1.45 152.43 9.00 9.19 55.16 14.10 16.06
max. 5.49 5.14 2.80 354.37 21.00 27.40 73.20 33.62 26.65

S.D. 0.47 0.53 0.29 34.87 2.80 2.90 3.35 4.01 2.42
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A9 5 ANLAREANHOIENTATYHLLR HANAANZANY a4ALIYNALNAKAR LAzadALlszNaLNya1ETaIsune

Wughamaseny 56 1

Entty paim  msasaiularadluil 17 wandanzats assisznaunanan asrlsznaunzans

No. o maomenalunudlutiimineidly (Mn/aul) srusunsatginminmeans WWalhan/uansa /et Nzane

() (3% (nn.) ([Muu/A) (nn.) (%) (%) (%)
1p 249p 4.65 3.24 1.67 180.18 42.00 4.29 99.87 0 21.47
2p 253p 3.85  3.36 1.50 138.38 37.00 3.74 99.70 0 19.79
3p 255p 4.45  3.00 1.56 148.74 37.00 4.02 99.72 0 18.09
4p 259p 3.48  3.42 2.03 183.60 34.00 5.40 99.71 0 18.13
5p 260p 4.20  3.74 1.74 118.80 36.00 3.30 99.90 0 25.48
6p 265p 4.56  3.93 1.67 138.24 32.00 4.32 99.50 0 32.21
mean 420  3.45 1.70 151.32 36.33 4.18 99.73  0.00 2253
min.  3.48  3.00 1.50 118.80 32.00 3.30 99.50  0.00  18.09
max. 4.65 3.93 2.03 183.60 42.00 5.40 9990 0.00 3221
SD. 046 0.34 0.19 25.60 3.39 0.71 0.14 0.00 5.48
LAN@1981984

F3% lanaunsuNeg. 2558. Msdfulieiuginduiingiu. Te e wiuas iand A1in ngamnne. 463u.
Hardon, J.J. 1976. Qil palm breeding-introduction. In: Qil palm research (Ed. by RH.V. Corley et al.), 89-108,

Elsevier, Amsterdam.
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NISNARDIN 2.1

N1sANEINT9FRLALEITEINA N AUt ugNEANIILeIINIIA AT RATeIALTLAN AU

UNun

flaqriuth&uiindiu (Elaeis guineensis Jacq.) fuiandANd A sawrsgiancluszdulan uas

A A

syfulszme AvudeensanARA N aNnT IR NN IuGEes o) Wesanthduuhduduiei g
Qi dll a o A 5 o a di ==4 < s s H o
PgaieFuusuiuimiduiegu (B33 wnauns sy uazAnly, 2548) evAtlsznauainiduiniuanunsm

anmian sz Tanduaylfifluansdsiilugnaivnssusing o) (@nnsal @ed3, 2552) nslinananiianiindu
Aeludszmaluszey 5 Tnunuun @ 2546-2550) AannFaeanistFunasindulhaninduludnsmassetl faaay

5.76 tnauntlgnihduindiuluges 3 dadwsnlfiinawan 2.75 duls i 3.15 dwldlutl 2550 Fenuning
Ananiwlunisigniduidusosisdszme 10.58 #uls wandluvuilunals 7.31 41uls n1Anane 0.07 4w

15 nenzdueen 2.64 §1uld uaznAnzdueenidesuile 0.56 Auld (AinawAsEgRanianems, 2551)

ansaluazisnig
ﬂﬁ?ﬁﬂ‘tﬂL‘]_ﬁ‘?;l‘]_lLﬁF;l‘]_lﬂ’Wﬁ‘L@?‘ﬂ;lLa‘]_JT,lﬂﬂJ’rNﬂﬁﬂﬂﬁﬁmﬁﬂﬁuﬁﬂﬂﬂ‘mm@‘mLL‘LI‘LILLWﬂV]‘ﬂG‘?;I@ (Factorial
Experiment) ﬁ‘ﬁwm 5 ﬁuﬁ:‘ PSU-T-52-81 (PSU.81), PSU-T-52-139(PSU.139), PSU-T-52-140(PSU.140), 184
\{la (NP) uaz Golden Clonal Tenera (GCT) uazil 4 1aRU gaAuALAN (C), TnAUIEINA (Ran), 1AW T
(Cyi) WazgARUINAI(PH) IAEINLEUNNINAGBILLLIENaENsansnd (Completely Randomized Design) Wikl 3

’u’ U 1 a di o o o k% d‘ & A o a s Y o a
1) 8 10 AUFIBTAAL LNDIARNTDUSNINAAIU LN@']J’W@N@'WEIQ 12 191 tunAAszia Ll sl gA LU

o a k3

AMAFANAAS (mathematical model) 284 WWANABUANT 2 tladelduaunimaaeuuuguanysal (3a5uns 4u

]

429904, 2545 ; TWANR WaNga9Tnl, 2527) ANIstastUtAUTANI9ANAUY UINAlAss i AN auANRUSIE1MINa
anwourlnannAnssTilanduwus (Steel and Torrie, 1980) miﬂa‘xLﬁuﬁMiﬁﬁuQﬂﬁiu@ﬂNﬂf’hqimﬁ‘%mi

szilintannesAlsznauadnuulsdsunieiugnesu (A3ednm A3t 2525)

NALAZAASDL

'
o &1 =l

HARINNISANENANEH UL NAUIBIN AN ANNTUgNNANINULI LTS TiBg 12 1hiew Wuda n1g

=l 1 all o ¥ % 3 90/ o o & 1 dl
Lﬂ?‘ﬂ‘].lLVIHU@’WL@@E’Q’WH’JHIUE‘JJW@H gﬂ’&‘ﬂQLL'ﬂﬂ LLﬂzgﬂﬁluuﬂ °l|‘ﬂ\'1ﬁ]uﬂ@qﬂqﬂﬂuqﬂu@ﬂ&]'&ﬂLVIL‘L‘!@?’WW‘LAﬁ;E‘]’NjVI

v
°  a

Ugnluusazganu theud 3, 6,9 war 12 wudnAedsaruanlugluenaasndndundulumpaun 3 1le
= e ! | : aad A o o o X =
WhtuWauszudneiug wudn liiauuansen s fifEeFaeaduAas PSU-140 9898981 Aa GCT NP PSU-81

waz PSU-139 HA1 4.17, 3.98, 3.92, 3.90 uaz 3.78 Tu/fu munandy Wieuiiaussnd1eganu wudn Aads

'
o o a '

uanlugiven Havuuanseneatfed 9l AATEe TaRUNNAgIgaAe Ran HA1 4.36 1U/FU 3898911AS

o

]
v o o

Pt C uaz Cyi @edlAn 3.99, 3.92 uaz 3.53 Tu/siu muandu e FeumaulJaniugssndnaiug

1BYAAUNLIN

'
°O o a

FAuuAnFA1T Ut N AN AuEan194dm AeasIa9a U lINeaNNINTN&n Aa PSU-140/Ran JAN 4.80 i

o q
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9898911AD PSU-81/Ran, GCT/Ran, PSU-140/C, NP/C, PSU-81 /Ptl, GCT/Ptl, PSU-139/Ran, PSU-140  /Pt,
NP/Ptl, NP/Ran, GCTC, PSU-139 /Ptl, PSU-139/C, PSU-139/Cyi, NP/Cyi, PSU-140 /Cyi, GCT/Cyi, PSU-8 /Cyi
way PSU-81 /C %‘Qﬁﬂ"] 4.60, 4.45, 4.33, 4.20, 4.07, 4.07, 4.00, 4.00, 4.00, 3.93, 3.87, 3.80, 3.73, 3.60, 3.53,
3.53, 3.43, 3.47 way 3.47 lU/fL ANA16L (mmﬁi 1)

WIeuifuAnedsswanlugdassuanluieud 6 WenSauiieuszudneiug wud Aadeiaona
uansansadfasheiiludAyfs Setugfiflinaunniign e ug wueuin fhn 4.65 lu/du sesasnnie PSU-
81, GCT, PSU-139 uaz PSU-140 {A1 3.35, 3.05, 2.72 UAT 2.63 ATNAIAL WFTaLiELIend g aml wud
Anadslugaesuanifinnuuansimeadn degepuiiiAeigegaie C 1eamnia Cyi, Pl uaz Ran A1
3.55,3.21, 3.20 uaz 3.15 Muasy WeuBauiaufauiustsnineiugiegaiu wud faanuuansaiu
atailudnAyBmneada Aednessuaulugilassuanuiniian Ae NP/Ran Sk 4.87 Tu/du seaauniie
NPC, NP/Ptl, NP/Cyi, GCT/C, PSU-81/C, PSU-81/Ptl, PSU-81/Cyi, PSU-81/Ran, GCT/Cyi, PSU-140/C, PSU-
140/Cyi, PSU-139/Ran, PSU-139 /Ptl, GCT/Ptl, GCT/Ran, PSU-139 /C, PSU-139/Cyi, PSU-140/Ptl uag PSU-
140/Ran %Qﬁﬂ"] 4.80, 4.53, 4.40, 3.80, 3.60, 3.40, 3.27, 3,13, 3.00, 2.90, 2.87, 2.87, 2.80, 2.73, 2.67, 2.67,
2.53,2.52 uaz 2.22 /A1 AINasL (mswﬁ' 1)

WRaudsudiadesuauluglauunluiewd 12 WeuBauiaussuineiug wod Aedelifinanw
uANGNIN19ARRTTUET A LaANgegARe GCT asatunia PSU-140, PSU-81, PSU-139 uaz wuasilln dan
7.39,6.94, 6.93, 6.75 waz 6.32 lu/fu Wiauifauszwinegaiu wudn Aeaeldaanauansinmneadn gaauis
AaAngefigaie Pl 70989N1Ae Cyi, Ran uay C flAn 7.22, 7.13, 6.66 uaz 6.44 Ausnsy wWiauiiay
U duiugsendnaiugsegasunudn fpnnaumnsineiuetnalitedndntoneada ﬁhmﬁwmémqﬂugﬂwun
fughiAadesessuanlugauunanniigaie GCT/Cyi AN 8.72 lu/fu seasunia PSU-139/Cyi, GCT/PY,
PSU-139/Ptl, PSU-81/Ran, PSU-81/Ptl, PSU-140/Ptl, PSU-140/C, NP/Ptl, NP/Ran, PSU-140/Cyi, PSU-140 /Ran,
PSU-81/C, GCT/C, PSU-81 /Cyi, GCT/Ran, PSU-139/C, NP/Cyi, PSU-139/Ran uag NP/C GilAn 7.60, 7.58,
7.28,7.27,7.13,7.10,7.02, 7.02, 6.87, 6.843, 6.80, 6.80, 6.73, 6.53, 6.52, 6.27, 5.98, 5.87 LAz 5.40 ANNAAL
(131471 1)

PART WAZAME (2536); Tan UAay Mohan (1981) #&13lag NsuATINI9INMAT (2545) NAN93INNT
Wanuulasnassodiuln WAEMTHAILNNTTe N AN UndtinsT ﬁ\immﬁmmu%mﬁﬂ ST L BV ERURTNRPEY
dnenuraely wavanuearemnelu iR dusudundiiieny 6-7 iew fuidie 2 1a Aelugdven

'
cala o

war lugtlassuan finden Aiszau (2552) Augnianuanlugeuansd dniaaso B ulavmuIn9a6 uaz
anansauiusadfuaninuades|dR Asdeualiianualuiiaiu uazandninasensiinananiigaenndes
fiarfi esannuimeludsununiiomzane mn@"ﬁmumﬂugyﬁmm“lﬁﬁmqummﬁ@q%uﬁmLﬁuﬁu
Anaanunnlaudulnieui 12 wudn ﬂ'ﬁLfa?vlmmmiﬂuﬁmwdwﬁuﬁﬁmmLLmnﬁmﬂﬂwﬁﬁmﬁqﬁm
yn9adin WusTislFnadtgegaie NP Sfn 5.28 iufiums sa9a9unAa GCT, PSU-139, PSU-140 wazPSU-81 R
5.18, 5.13, 5.02 uaz 4.55 Auadu Whauiiauawsreslaufuszudnaganu wudn Aadeliianuuansng
N9ATH gaRUTIAYRALgIqARE P $0989NNAE Ran, C uay Cyi AN 5.14, 5.11, 4.97 uaz 4.90 AN

WisuWeuUfdniusssudnaiugiugaau wudn AadeawinzesiausuiaanuuansiiseenaliedAnydmna
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a5 Wugilgnlugeduidaedsauialaudugegaia NP/Ran fld1 6.01 isufiuns sasasunie NP/PY, PSU-
139/Ptl, PSU-140/C, PSU-139/Cyi, GCT/C, GCT/Ran, GCT/Cyi, GCT/Ptl, PSU-139/C, PSU-140/Ptl, PSU-
140/Ran, PSU-140/Cyi, PSU-139/Ran, NP/C, NP/Cyi, PSU-81/C, PSU-81/Ptl, PSU-81/Ran uazPSU-81/Ptl fan
5.58,5.42,5.24,5.22,5.21,5.19,5.17,5.15,5.04, 4.98, 4.97, 4.89, 4.82, 4.76, 4.75, 4.61, 4.56, 4.55 Uaz 4.47
URAT FNAIFL (197 2.)

A gueAtesd g TluReud 12 WeuBuuifeuszwinafugnudn Arugedinanauansing
pnaadRetheiiluddny Wuiieadngeqaie Wug GCT sasasuniie g PSU-140, PSU-139, PSU-81 uaz NP
A1 16.14, 15.91, 15.76, 14.05 uaz 9.97 luAWAT AudFL e fauifinunugeessfuszsuinagaiu
wuin Anednlldannuuansnmneain geAuldAeangeiigaie qaau P sasatunie Cyi, Ran uaz C il

q
a

15.40, 14.57, 14.35 Uaz 13.14 [9URLNAT ATNAIAL u_l?ﬂuLmuﬂ;jﬁuﬁuﬁ@zwdwﬁuﬁﬁimmﬁuwudm’qLfaﬁlﬂ
AngeaRssduilaauAnAnmnsad Aethaldad Aoy wudn PSU-139/Cyi flFngegaie 18.48 Laufiums
29984NNAR GCT/PH, GCT/Cyi, PSU-140/Ran, PSU-139/Ptl, PSU-140/Ptl, PSU-140/Cyi, PSU-81/Ptl, GCT/Ran,
PSU-140/C, PSU1-139/C, PSU-139/Ran, PSU-81/Ran, GCT/Ran, PSU-81/C, PSU-81/Cyi, NP/Ran, NP/Ptl, NP/C
wag NP/Cyi A1 18.33, 17.35, 17.13, 16.30, 15.91, 15.90, 15.37, 15.13, 14.68, 14.33, 13.93, 13.87, 13.73,
13.67,13.27, 11.67, 11.12, 9.27 Ua¥ 7.83 I9UANAT AMNAGY (1131471 2.

Anaazauenamsluludewd 12 WeuSauiaussuinaiugnudn Anademialuiiaoauansimas
adnetailttdn Aty SotuiidAeangegaie NP fldn 85.64 iTuRuns sasaunAe Wuf PSU-139, GCT, PSU-
140 waz PSU-81 fl#in 83.58, 77.17, 74.14 uaz 60.80 ufuns audiy e fonifiausiadaninuenan

a A

lusenineganunudn Aedslilauunns1amneata gaauRdAMNEIININTIgARS Cyi 789891178 PH, Ran

]

WAZARAU C AN 82.34, 75.20, 74.54 uar 72.98 mua1dy iwFauifisulfaniussendnaiugsegaaunudn
AnadgAuenaneluRaauAnsna et iteddnyfimieadn Wugnlgnlugenuiilanedannigaie
PSU-139/Cyi 1A 98.38  \uANAT $99a981A8 NP/Ran, NP/P, GCT/Cyi, PSU-140/Cyi, PSU-139/Ptl, PSU-
139/Cyi, NP/Cyi, NP/C, GCT/Ptl, GCT/Ran, PSU-139/Ran, PSU-140/C, GCT/C, PSU-140/Ran, PSU-140/Ptl,
PSU-81/Cyi, PSU-81/C, PSU-81/Ptl Llaz PSU-81/Ran %l\‘iflﬂlﬁ 98.38, 96.53, 90.98, 84.78, 84.71, 81.47, 79.47,
77.58, 77.47, 75.33, 7.02, 75.00, 73.97, 73.53, 69.07, 68.82, 66.267, 60.47, 59.38 WAz 57.07 LHUALNAT
ANNANAL (miwﬁ 2.)

o ra;aln all < ] ydd’f dl 49( k3 ° £ o e
Wu’u:‘VlllV’YWL'ﬂ@ﬂﬂfNNﬂWQVI’NSL‘LINWﬂﬂﬂ?@’&ﬂNZQSL‘WNWHVISL‘UN’WWHNGHNTJJQQE MlinszuaunnsdalAsei

1%
o o A

WAIUBIFUN R U NN TUT U2 AnEA1nATY Hardon wazAnuy (1996) Usziiuiuiluanfqesinelutaseng

Nga wudndniseAnaiAnetszudng 0.51- 0.57 uansneiuanegesdundi wnthduiniuiianneang

b3 '
va A A

Tusnn uwansdnianuaulutesgainn llnunlunnn Gednwozaenaioduiladand Ay lunisdaasiuasaas

A v A zl/ = a a val
N dualdnsiudinisasyiulnlaa

o

= o s o A o - = ' o & \ ' = P~
ﬂquQ\?L'ﬂ@ﬂm@\iﬂ@qﬂq@Nuq WLABUN 12 LN@L‘JJ?‘?JULVI?;I‘JJ?SMQW\?W‘L@ WU ﬂqLﬂ@ﬂﬂquQQNﬂqqﬂ

wAnsinaneafRateldedAty WugniAeatgegnae PSU-139 HA1 99.34 LufLumg 9998911A8 NP, GCT,

a o

PSU-140 uaz PSU-81 #An 95.61, 93.31, 90.05 Uaz 74.84 lufiums Auaay wisauiiaudeauaugluge

a

Au wudn AedtAugeluldazganuliiauLAns1I1eaTiA gaRundA1RRE49gAAD Cyi 999a911AD P,
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Ran uaz C {An 96.91, 90.60, 88.88 UaT 86.12 LufLNAT AMNAAL WFaLauU &N ussendnaiugiugamu
WU ﬁ'ﬁmﬁﬂmm@qﬁmmLLmnﬁm@ﬂNﬁﬁﬂa‘hﬁnﬁlqmmﬁﬁ PSU-139/Cyi HA1 116.97 LURLNAT 78989A2
NP/Ran, GCT/Cyi, NP/Ptl, PSU-140/Cyi, PSU-139/Ptl, PSU-139/C, GCT/Ptl, GCT/Ran, PSU-139/Ran, PSU-
140/C, GCT/C, NP/C, PSU-140/Ran, NP/Cyi PSU-140/Ptl, PSU-81/Cyi, PSU-81/C wazPSU-81/Ran %Qflﬂlﬁ
108.20, 102.13, 102.10, 100.62, 97.77, 93.80, 93.67, 90.15, 88.93, 88.65, 87.27, 86.73, 86.20, 85.42, 84.72,

79.53, 74.76, 74.13 1Ay 70.93 WURNAT ANNAAU (A13799 2.)

]
o o a

Wndae AIszan (2552) 3189111 AvNgaaassiundnduiniu iuiladudrAynldlunnsdniaensu

o

1=l

Pe-ualiug wngnuani danndune-wififdnuusfuiy gnuaniildannvieudfainaadanssiiduRaazaon

FanMsiuNeINaNas uazatsiansaiusesuacugiudnsuzdauunzan uazinuinnza il auvianun

o o %

faanun THRTMUANA (2551) 318U NEANT IHANEuNe-Ia NRANHULFUAY ANHUTAFUTDIGNNANATEQ

alileng fenrasaneuzsiugsaiilfdauaunely A uaunen LasNaNARNEANE NN

Jacquemert (1979) $1eMuINANNGINRNTUAacTIuat fudnsn1suannIgluaassiuldunngiu

ANANNUS

o

m‘mLmﬁmmmmuwuﬁmmma‘m‘ G Tmmqmmu“lunmﬂmumuuwmm 12 1ABY WL ANBUY

1e97A iUl andniuinsuanasalled AnyAudne e Auge uazaNenalu JA1 0.7095 uaz 0.7108

o o o

FINAIAL ANGINANANRUEINLanet Wit AtyEaiuAn A nealu HAN 0.9663 UaY ANHIZAIUI

o o o o o

lurisnuaRandniusnieuaned Wit dAnyEaivanwne aqwiulugdasuan uaz Tugiawuwn HA1 0.5112 uay

o

0.6313 AINANAL
ANTINUGNTTN
NIANHIARINNINAUGNITHULUNITIAN BTN INAFUTBINA U SNUTY wudnansue aunlan

B AN ANENY T ANengluazauIwly H8RsnieiugnesNesil 32.76, 41.53, 51.95 uaz 94.19

& ° o

Wefidus ANaAL  (An91991 4)  gaile LATANA (2550) F1E9IUIIANBUEARAIEATININRUENITNGIH

¥
o =®

mma‘hﬁm‘lumiﬁmLﬁ@ﬂﬁuﬁ:ﬂﬁﬁuﬁmmmqum@m@mlmiﬂmmﬂamummmLa‘@mmu TARAAARDITU Rafii

WAZANLY (2002) PENTUINANHUENRANERIMIRNgNITHgIAHNN D ARRanNN LT UL puiug L sraunadSe
yaa X | o o oo o o § vl N =

1FRAENTN Musa WazAMLY (2004) $1E9UIINIARLRRNANEUENHERTMIwiugnIsuguin iR lanuiinnanas

nranathaduligaau (119797 4.)
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Table 1 Means of number of lanceolate leaf, bifurcate leaf and pinnate leaf on different soil types at 3 6 and 12 month-old seedling stage of oil palm

number of lanceolate leaf number of bifurcate leaf number of pinnate leaf
C Ran Cyi Ptl Means C Ran Cyi Pt Means C Ran Cyi Pt Means
NP 420 393" 353" 400" 3.92° 4.80° 4.87° 4.40% 453" 465 540°  6.87°° 598 702" 6.32°
GCT 3.877" 445" 353" 407" 398" 380" 2677 300" 2739 305° 673" 652 g72° 7.58°  7.39°

bed a hi

PSU-140 4.33 4.80 3.53 4.00°° 417 290  2.22° 287" 2509 263  7.02° 6.80™° 6.84°° 7.10°° 6.94°

PSU-139 3.739" 400"  360°" 380" 378 267 287"  253° 280" 272° 827  587° 7.60° 728"  6.75°

ab

PSU-81 3.47 4.60 3.47 407" 390 360 3.13° 327 340" 335° 6.80™° 727 653" 7.13" 6.93°

a c 399b 3-5551 a a a

Means 3.92 4.36 3.53 3.15 3.21 3.20 6.44 6.66 7.13 7.22

o o

VNI NANNTRILARSANLAEI AU A NLANFANAUR AN AN AN AT A
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Table 2 Means of vegetative characters on different soil types at 12" month-old seedling stage of oil palm

L. nalauiy ATHEIANGTY ANENT I AINGY
ug
C Ran Cyi Ptl Means C Ran Cyi Ptl Means C Ran Cyi Ptl Means C Ran Cyi Ptl LaaE
NP 476" 6.01° 475" 558" 528 927" 11.67%" 7.83 11.12" 997"  77.47° 9653 77.58" 90.98° 8564° 86.73™ 108.20° 8542 102.10° 95617
GCT 5217 519 5177 5157 518 13.73" 1513  17.35™ 18.33°  16.14°  73.537° 75.02""  84.78° 7533 77177 87.27™ 90157 102.13° 93677 93.31°

PSU-140 524 497" 489" 498 502" 1468 1713 1591 1590°" 1591° 73.97° 69.07" 84.71° 68.82" 74.14° 8865" 86.207° 100.62°  84.72° 90.05"°

def cd bc

PSU-139 504" 482" 520 542 o0ef0 oot

abcde

513" 14.33 13.93 18.48"  16.30 15.76°  79.47°° 7500 08.38° 8147 83.58° 093.80° 8893 116.87° 97.77° 99.34°

h

PSU-81 461" 455" 447" 456" 455 13.67°°  13.87%° 1327 1537  14.05° 6047 57.07  66.27" 59.38 60.80° 74.13" 7093 79.53"  74.768" 74.84°

Means  4.97° 511 490°  5.14° 13.14° 14.35° 14.57° 15.40° 72.98° 7454  82.34°  75.20° 86.12°  88.88° 96.91° 90.60°

o o a o

NENEINAN ARl LARFA NIRRT A NLANFANA U AN LANANN9AT
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Table 3 Correlation coefficients of vegetative characters on different soil types of 12 month — oil palm seedling

Stem size  Plant height Leaflength No.leaf No. of lanceolate No. of bifurcate

Plant height 0.7095*

Leaf length 0.7108*  0.9663**

No. leaf -0.0642 -0.2259 -0.3656**
No. of lanceolate  0.0262 -0.0883 -0.081 0.2392
No. of bifurcate  -0.4079** -0.5794** -0.5955** 0.5112** -0.1565
No. of pinate 0.2886* 0.2904* 0.146 0.6313** -0.0298 -0.2336
* g ianduiusiauuanstamsatnedneliladn Ay (p < 0.01) * pin

o

o A o o el ] aa ' = o o
ATUANANNUTNAMNLUANFAWNNADRRL WNULAATY (p < 0.05)

Table 4 Broad sense heritability of vegetative character on different soil types of 12 month — oil palm seedling

Character Heritability

Stem size 32.76

Plant height 41.53

Leaf length 51.95

No. leaf 94.19
a5l

Q

Adtauauluaranuay Ansuzaadlunsundridusniunde i lussaynisiasey deusiang  1-12
A Y 1% 5 % o a ZI/ oA ==II =2 =y t-dl Ql a A =d| =<
wau wudsunandntndunanlugdvensaudinenn 1 Dameun 4 uazBuuanluglassuanlunewn 5 D9
waun 7 uazudnlugtauunluinend 8 iWusiulyl doudnwuenisdsiuseindntduningiu wudn Wuguueads
Ugngaiusziun dAnededneuzawalaufulniign PSU-81/PH HAedaauinlusngeiign PSU-139/Cyi Hpn
ANHEIULAT AN lUgeNgR AnuiulusanTauduiuinisaueesltadAnyEaiuane A uetanisly
mnalauFuanduiusnsuanetslited A daiuaneurauennlu waraangs auulusndaAdngni

WignaIngengn
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LANANTANNE

NINATININEAT. 2545, mfmamLu@“mLL@znﬂil,qul,uﬁmmz{uﬁwﬁu@nmmmLu@ﬂ lulasansidaiannanan
Luﬁmﬁuﬁumﬁuﬂz’iwﬂﬂﬁm{iﬂﬁuqnmuL'wLu@m (D x P). NN anThAseuasimn g ey
SnsTuth @ naATMRNERT NeTMTHNERAsUATAUN TR,

Tz lanaunsiueyg, Fufal dauns, Srenad dunsllaw, Uszfia nesAn uazaniiesh Aausd. 2548. fung
AIINATA : @usﬁ%ﬂmeﬁwmmmamﬂﬁﬁuﬁﬁﬁuﬂm:ﬁwmm‘ﬁﬁwmﬁ NNINLNFUAITANUATUNT
Aneaein gy aszan.

thdee faUszan. 2552. ﬁnwmzmqéﬂﬁuumﬁmmﬁuqﬂiiuslmzmnﬁwmmﬁuﬁwﬁu. A48 UG

NYIANGRTNUINTUTR WU INYIREAITANUATUNS.
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fazfng Aitanl 2525, WugrnanfUunnildlunisfudseiudiia. nganmne : anadealiun ans
NEAIANARNT NUNINENRELNHAIAARS.

Twana wange9end. 2527, uANNMIUFULPRUENT. NUNINNFUAIATLATING. 89281 1 NATTINTANARS ALY
NINLNITITNTNG NUNINENALATATUATUNT.

o s v

T3uNg FUga9Ind. 2545, TEN1ITTUNIUNHAT. 89287 ¢ NIATTINTAVEAT AMTNINEINITITNTA
NWNINENALAITAUATUNS.

ANINANUIATEINANININEAT. 2552, nannTwenInInTRAR AT 2551 Tedanda. ngamn. i aele
]7N : http://www.oae.go.th/ mis/forcast/tbl_t_15.htm. [L%’wﬁm,ﬁ'af;”uﬁ 6 NNWINUS W.A. 2552]

v
°

qavlel TENA. 2550. ma‘ﬁmLﬁﬂnw’@Lmﬁuﬁj@’mﬂizmﬂﬁqﬁ 2 209N ANTNTU. 49280  INEHNUTINEAERS
NWLTOUTE. ANUENINENNTDITNTNF NUNANUIRUAIUATUATUNS.

4n1NT0d LAARS. 2552. Undaniruftewdesumaun. inumsinauth 211 120,
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N1SNARRIN 2.2

nsANEINsFRLALeITeINA Nt ugnRANIILeIINIIAFaN N IwAns 1

Unu

flaqiiutdundu (Elaeis guineensis Jacq.) \luiandandAtysiewmssgiansluszaulanuazsziuszinag

v
° o

% a s 8 o aa y o X A P - P e T . I
ﬂ']'n\l[ﬂ@\'lﬂq?N@N@mqqﬂﬂq@NquuﬂNLLuQIuNLWNmuL?@ﬂ '] Lu@\‘]@qﬂﬂq@NquuLﬂquﬂiuquuaqw@‘mLN@LWﬂUﬂ‘UWm

Wsiuaiinau (352 wazAny, 2548) wanannil Ruma (2007) gnalme Okwuagwu (2008) nanq91 traninsduduiainsiun

faudrAnydusy 2 Aldnandndulaiuiuazunii Inalulszmalud Fasaeudn Tuandnduingduuinndd 70%

'
o [ % a o o

N o o A a L) e 5 o @ A Ay 9 o a a 4 ¥ g o
mﬂdWﬂmﬂmMwammmﬂﬂﬂu’mu ﬂquﬂq@NHqNuLﬂuwsﬁwmﬂQﬂq?GLSﬂuqéqﬁluﬂqTLqTﬂalLWUIW AernflutlaqugiAtunanin

o

naasALTnuarNananasig InansanatindnasanisasnAuls waziBununananaailndu (Dufrene et al., 1992
#19lpe Kallarackal, 2004) 39079ARAUWA NTIATTYULAZNNIWAUNTINARILILTWIY (BIenad LazAe, 2547) uananil

Wanaannaaaulusunuilgniniunalinisgaui 1eaftanauanas 1IATATARIANAT NFTLIUNNIAUATIZN
[ dl

ugalaln® suluanildsunsiaouta nnsafreanmaiull g llidaen Netzinniaeiyiuln wasd el sauanin

wiutiiiunanuuiazuisanale (unns, 2543) aetuilguiFesinaaiuFesididgyaaugliiunisldiuga (daamn,

a

v v
a o

2551) adnelsAinunisazlinaddusindundansmuzdniuwaziasoduinlandu luszaendnnaunndusasldiunn

atrvgenaniuaNseInislusazdasany winndnthauunsiulaiuinldinasazdsnasanisasyiunuaznisliing

2

uannAunluszazeng dudunisdnenil iunisAnmiufiduiniugnuanmiwanlussazndni g vekugnisdn

'
o cal A

waziugnagsendnnisliulgs iednsnismeuausaiiassiusianisliinaastdunniu anduiug wazAnaaniugng

]

LA I NNUN I UAD AN LTI LA

G4 aa
aUnsaluazisnng

Tunmaaasldiugnaaauaiuiu 5 Wugae Muggnuanimiualiulgsaiuau 3 Wugae 1.9.139, 1.9.140 uay

o o

.9.81 baziuggnuanmiuafuaniunisd lulsemalnaduou 2 Wug Ae wuguueadla (NP) uaz Inafidumniues

3 3
v 1

(GT) thwdnsenaasusiaziuguntlgnaslugananafin@andauussqlasniseyuauuuaifes auinregeildlunis
wnzinAnsanaagtdund dgenanadnaualug Aeaune (40x45 LEURWAS 111 500 1NA) wdatnsundntdunniiu
ldanslulse@aunszan MATINTAERT AUZNINANNTEITNTNG NUNANANA BT UATUNT a1nauia g aaudn
A9TAT TEUINNABUTUIAN 2553 — LumEUW 2554 [AEangLNunIInaaaLuLunnaiFaalulni CRD  (Factorial
. . ° g o o5 o % o o o vy v e 5 o
Experiment in CRD) A1u31 3 41 3 szAunisliitiiae Titnndu (rauaw) 1n 4 Ju uaz 8 31 tneldeundnilndusingdu 90

¥ o =R H o v o T ¥ I3 H o A o ¥ o & A ° ! ' ¥ ¥ I3
FL/NUG ﬁnmmmmumuunLmq‘imﬂmmmumuﬂmﬂmmmmu ANAUIU 9 mu/wuq LNBUIAIURAN ] Ia9AUna1Lau

a
'
al

W WdpansrenIsasusuuinanesi liun Aunlu dnninasauazudieasssuuazsn iansiiudagann 3 heu (1
nduany 3, 6 uaz 9 1HeL) uazdAnmaLaueINgsTInen inedenldnelun 4 uazquiaenludesnanysnd lugdeana
11.00-13.00 . Tudasiafiunmaaa ieinn1edadnegdans unluludag pressure chamber wazdndmaN1sdaiATzy

W&9A9el Portable Photosynthesis System aju LICor 6400 (Delta-T, UK)
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NALAZAASDL

1. ANHULNNEIIINEN

o -

Ardndaasin luluaessiundri duindunniug (Table 1) PAnsdNdU 90 4 war 8 Fu wudnliiaau

]

° a o &

! aa 1=l & Y % & ao/ o o o‘d‘d & o 90/ ai
WANFININNINADF meLLmTumWmunmﬂw@Numulunﬂwuqmumﬂuumﬂ 4 uaz 8 Ju AArAndaasinluluanasiany

v ' 1
I o o ° o =

Wi -1.37 waz -1.71 wnziaaaninaisy delwiugu.e.139 dArdnduasinluluagaiflanFauisuiuiugau

a

A AUAUNANUN AN WA TASUTINYIaN WY 60 1Ay 90 S1 HAndniinniaitlainly Andaessinlulyu 1B3uueaalsiad

sonluly uazdmsniadamsziiuas Andrsiundduuniunounn MFFutNUNG) (Mufass wazanz, 2553) nnsiing
Y A yve o a Y = o q vl v o ~ o & ¥ o o L

ptnvTe lasutiasAuANdasnI sl a I wn WnansUsusa Taainnsandnsaadtinluly waznisdnuindanluden

anad 9annnisiatsanArdntindinlugessiundnduiiduyniugninisldiiigndu mn 4 waz 8w wudnluifipany

o a1 o o

wANsNeN9aia wirndntintnlusessiundiduindunniugndnisiinynduddrdniiinlueaayindu 104.00 mM

2 18 A vy e 5 o o el o 3 o X, o o P o v o &
m s "TNNV’nlnﬂﬂqqmuﬂ@'T]JqﬂNquuVJﬂWuﬁ;WNﬂqiT“uqnﬂ 4 4z 8 91 wquﬂqﬁﬂuqﬂqﬂiﬂﬂﬁqLLﬂ?NuquﬂUﬂﬂﬂﬂlﬂ\i

tinluly u@nmnﬁfﬂ”mwmimﬂﬁwmﬁunﬁﬂﬂwﬁuﬁﬂﬁunnﬁuﬁﬁﬁmﬂﬁﬁmﬂffu NN 4 uaz 8 91 wudn lddAnuuansing
maad Tnansliimniuiidingegaesszuing 1.11-1.56 pMH,0 ms™ luaniiinislsdmn 4 Sufigamnisaartinana
Lu;iﬁﬁ'ﬂmnndﬁmmmmlumﬂﬁﬁmﬂ 8 Ju ugnedn ‘lumﬂﬁﬁmn 47 ﬁmﬁmﬂ?‘ﬂmﬁﬁgumai’i@mdﬁ Fenneeneidi
anasesthdutinguiiesannmsilanly Wefnnanmaenine lumadliauns uazdsasenszuaunisaiams

1BNN9AUATITIUAIATNAAL T98RINNIAIATIZIUAL DR UN AN LN ArsnTunRugnEN g1y ndu 90 4 uaz 8 41

% 5

wua A uuAns1an9aia wisundUduidunansliinduiAnisdaaziuasgendnisliiuamn 4 uas 8 Su
DA o o o - ° = o - ¢ 8 oA T oo | e g s
wazn19liinn 8 du Admanisdaunsziuasangn Tannsdaunsziuasnesluthduindungadudunisdaasnliinng

%
=2 v !

@591 MINUAITIANTY 29N D NANARNE A8 A NT WAL WY (Suresh and Nagamani, 2006) 148na1nil Henson et al.

1 v
o

a

(1991) WU dmINsduATLaInN e lFan NI R AN NLANAN9aIAINiule (Vapor Pressure Deficit 1132 VPD) anvia
nsuanlulunuiudades - anae 4-12% Wemauiununldiuiiedaieane Inafunfldfutiietrainninisaiie
AU INBAT AN UAT AT 19N ULLA TN Y

2. NNIATTYLAUTANIAN G

annisiansunawalaufusessiund g duniugndnasliimndu mn 4 uaz 8 4w wudn iAo

q q
v '

wAneinan 1Atz usvieilunislidonn 4 was 8 Ju Haualausuanasiafevini 5.45 uaz 3.71 LURLNAT Jacquemart

%
=3 o

(1979) 9189790 ANgINIRNTULsacTaveg fudnsn suaRnIeluaassul duidy TunisuFauiauarugasundd

dnnTu wudnfaruuanssetsldedAgynieata aeiusuneailaiaiugesiugegaiedamiai 20.47 wuRng

o a T v

TnadauunnssedeliiedAnnisadAduiuginadifumniues, 1.0.140 uazu.2.81 us ldlAINLANFINI9E

ALY

1% 1
o A o o a

WUEH..139 uazsiundntdniduninisldiiynduiiaonuansseenaltadAnynieadia funislidann 8 Ju wsilud

v
o o o

AHUANGNSaENRTI A ATyneadiRiunTs IR 4 44 Bannsandnn I hdududaalinnugeanasosiguiu us

P~ % e Al - | @ A ¥ o = \ ~ X [y a a A a \

aziinaterlulrduninvreudiAny dennaisiuiunaiuiuinasenisiiuaunissnunisasayruinasnisina lulud
= ! ' a Yo 2 ¥ = ¥ 2 = a v v

wsaluss e ludasneunisasgytnsinmnlafuanmuiaudednaiinnsa¥eludes unnludidacanas uazindu
~al 3 1 o & & 1% A a oA !

(Noor, 2004) uazlunstinaianatnaguussanarinlithdumels uazilafansnnasnenamiely wudfipanuuansing

o o o &

ateldedAyn1valia TeRugu.e.139 Harneramnelugegniedamini 89.92 wumweas Tnadaauuansieaned
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'
o

dedAynsadanuiusruaaie, Inafidumives, 1.9.140 uwaza.a.81 Tuanehiugunaadaianuunnsisaened

.

]
o o a

ednAtyneadAduRugu.e.81 wilddaonuuanssadieldodrAgynieadfdiuiuginadifumiues wazu.e.140 139
v v e P o Aa o3 o A e a =2 ! o % o s e
wazsunanndutiniuninislitnndu leaeviniy 91.85 luRwne TelANINNgINT YN 4 uaz 8 Ju AWy

84.54 LA 51.33 WIURWATATNANAL LANFANIaeNaNiadAtynieada (Table 2)

o o

Qi::{ g ==4| < ! 2/::4:511 dl 5 13 o 3 o/ [
AugniAnafuANenangluinienaazdanaliinun lusnauainlldan inlinszuaunisdannsiiuasaes
Fulndanuniudlsz@ninanaaudon Hardon  uazamy (1968) Usziiiuiunluaindaatnelutiaafianafign wudn
Antlsz@naAnagsendne 0.51-0.57 uansneiumneng et hduniu mnsduhduianueanilunnuaasdiliauam

o

Tutaagafim liinun lusnndednwozaenaiafuiadendr Ay lunnsdanziuasaasiarin linmuiuinisasoauin
Py
167

d’/ dl QO’ o v % v % s 2; o
3. Wunlu wazn1TazaNnuTinLisIassun AN UnaN1n

el

= X 4 y v c 3 o o 08 T o o . .
ﬂ’]i‘W'ﬂ’]i‘M’]WHVISL‘LI?.I@Q[ﬂuﬂﬂ’]ﬂ?@NuﬂNquﬂWl&ﬁ‘WNﬂ’Wﬂ‘Mu’WN 3 9¢AU (Table 3) WUAMUAMULANFNAEINY

]

)}

o o

Sdndrymeadn detuduueadafituilugegaieanninty 3532.33mmaauiiuns eianuuanseastafitediy

& o

o

neanAiuRugN.e.81 udliiaouunnsnamea i
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Table 1

starting the experiment

Average leaf water potential, stomatal conductance, transpiration rates

27

and photosynthesis rates of the five oil palm

varieties at 3 and 9 months after

Leaf water potential

Stomatal conductance

Transpiration rate

Photosynthesis rate

(MPa) (mMm?s™ (MMH,O m?s™ (MMCO, m?s™)
Varieties daily 4-day 8-day Mean daily 4-day 8-day Mean daily 4-day 8-day Mean daily 4-day 8-day Mean
(control) Interval interval (control) interval interval (control) interval interval (control) interval interval
NP -1.13 -1.30 -1.68 -1.37 90.00 50.00 10.00 50.00 1.1 0.64 0.18 0.64 4.04 1.93 0.79 2.25
GT -1.00 -1.15 -1.62 -1.26 110.00 50.00 20.00 60.00 1.48 0.62 0.25 0.78 3.48 1.95 0.67 2.03
PSU-139 -1.15 -1.60 -1.93 -1.56 90.00 20.00 10.00 40.00 1.25 0.34 0.22 0.60 3.40 1.24 0.60 1.75
PSU-140 -0.80 -1.28 -1.55 -1.21 120.00 40.00 20.00 60.00 1.56 0.60 0.28 0.81 3.60 1.54 0.59 1.91
PSU-81 -0.90 -1.50 -1.75 -1.38 110.00 30.00 10.00 50.00 1.48 0.52 0.23 0.7a 4.20 2.29 0.82 2.44
Mean -1.00 -1.37 -1.71 104.00 38.00 14.00 1.38 0.54 0.23 3.74 1.79 0.69

Means with different letters in each column are highly significant difference (p < 0.05)

Table 2 Means of width of bulb, leaves, plant height and leaf length of the five oil palm varieties at 9 months after starting the experiment

Width of bulb (cm.)

Plant height (cm.)

Leaf length (cm.)

Varieties daily 4-day 8-day Mean daily 4-day 8-day Mean daily 4-day 8-day Mean
(control) interval interval (control) interval interval (control) interval interval
NP 6.73 5.62 3.78 5.38 23.47 a 22.28 ab 15.67 fgh ~ 20.47a 88.27 bc 69.82 de 48.70fg  68.93bc
GT 6.58 5.47 4.00 5.35 20.50 abc  19.53abc  15.57 fgh 18.53b 95.97 ab 80.23 bcd 52.68 fg 76.29b
PSU-139 6.45 5.33 3.72 517 21.18abc  21.10abc 1527 gh  19.18ab 104.95 a 105.25 a 59.55 ef 89.92a
PSU-140 6.77 5.40 3.75 5.31 21.45 abc 18.15de 14.33 hi 17.98b 92,50 abc  83.85bcd 54.45efg  76.93bc
PSU-81 6.18 5.42 3.28 4.96 17.15 efg 17.92 ef 12.281i 15.78¢c 77.58 cd 83.53 bcd 41.25¢g 67.45¢
Mean 6.54 5.45 3.71 523 20.75a 19.80a 14.62b 18.39 91.85a 84.54b 51.33c 74.9

Means with different letters in each column are highly significant difference (p < 0.05)
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Table 3 Means of leaf area of the five oil palm varieties at 9 months after starting the experiment

Leaf area (cm2)

Varieties daily 4-day 8-day Mean
(control) interval interval
NP 5385.33a 3604.67b 1607.00c 3532.33a
GT 3745.00b 3373.00b 1857.00c 2991.67ab
PSU-139 4327.00ab 3468.67b 2026.00c 3273.89ab
PSU-140 3937.00b 3833.00b 1569.67¢ 3113.22ab
PSU-81 3797.67b 3321.67b 1041.33c 2720.22b
Mean 4238.40a 3520.20b 1620.20c 3126.27

Means with different letters in each column are highly significant difference (p < 0.01)

Table 4 Means of dry weight of stem, leaves, primary root and other root of the five oil palm varieties at 9 months after starting the experiment

Stem (g) Leaves (Q) Root (g) Total (g)
Varieties daily 4-day 8-day Mean daily 4-day 8-day Mean daily 4-day 8-day Mean daily 4-day 8-day Mean
(control) interval interval (control) interval interval (control) interval interval (control) interval interval
NP 114.42a 75.97cd 20.52gh  70.30b 69.73 50.84 16.72 45.76 7417a 25.28defg 8.34gh 35.93ab 278.79a 152.10d 45.58f 158.82a
GT 72.87cd 52.86def  23.71gh  49.81c 45.93 40.03 22.8 36.25 36.66d 31.14de 12.47fgh 26.76bc 155.46¢cd 124.04de 58.98f 112.82c
PSU-139 130.06a 82.11c 43.79efg  85.32a 74.56 56.43 30.37 53.79 61.64ab 34.63d 16.02efgh 37.43a 233.44ab 173.17¢cd 90.18ef  165.60a
PSU-140 107.84ab  107.05ab  34.41fgh  83.10a 63.96 58.52 22.56 48.35 56.31bc 40.44cd 12.13fgh 36.29ab 240.46ab 206.01bc 69.10f 171.86a
PSU-81 85.83bc 66.7cde 18.76h 57.10c 41.13 49.14 11.09 33.79 34.83d 27.10def 7.34h 23.09¢c 161.80cd 142.94de 37.19f 113.98b
Mean 102.20a 76.94b 28.24c 59.06 50.99 20.71 52.72a 31.72b 11.26¢ 213.99a 159.65b 60.21¢c

Means with different letters in each column are highly significant difference (p < 0.01)
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Table 4 Multiple correlation of the characters of the five oil palm varieties at 9 months after starting

the experiment.

No. of leaves

Characters lanceolate bifurcate pinnate Plant height Width of Bulb
No. of bifurcate leaves 0.21

No. of pinnate leaves 0.51 0.33

Plant height 0.61* 0.35 0.79**

Width of bulb 0.58* 0.51 0.94** 0.85**

Leaf length 0.58* 0.28 0.80** 0.79* 0.83**

*

significant difference at p < 0.05

*%

highly significant difference at p < 0.01
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'8 dl

weunSiuggnuanmiues e linennsinluugnludamdnsiige) Winnnau 1y aswan Wnge uasAzassuss

¥ '
A A Iy

g Tnedvuignaantlszanny 250 13 Tl w.A. 2552 nARMAATUGNNANWILILET Lszunnd 20,000 wan Live s
nemanstilllgnluiuilgniduiniuresdandasine Tuusumindau  wazlull w.a. 2554-2557 Huuun@n

o

wanRLggnNanniuas Taziszanns 100,000 AR

nsAnENIiTuRNgAansTuMas I AuTndwReauAn iz sEsyFLTR NANRANZANILAY
HANARUNITW  WUdIERIINNItnenennIeRugnesHulsLsuALER-ge  uaziansnavesiladuan nuandanidiu
A 9 o A Nl ] o o o ) LA =
MNendes AnwusinudeuauANuaies n1snszanafaresanemyludagniduiiusaiies (85 uazany, 25440,
25444, Corley and Tinker, 2003) ansuzidslfunandAny e auindu s
1) ANHOUENANARANZATE LALN NANARNZAEAR UNUTINNZANLLRAE LATINWIUNTAE
2) anwauraslsznauaasnzanalngn euntiminsena dvindlalumassens wefiiusuasanzane
o @ o dsl & ' o @ o dgl =3 1 o @ o 1 o @ r% o ' dsl
wefidudiuatdusena  Wediduiilalumdnsdena wefidwinzatsena asidusitindusieliie
ihduan Wefifumidusailalnduuie wefidusindusionzats wWafifuditeluwudasanzans
o @ 6”0’ o d’l =3 ]
uaz wWefidumhduileTumanseanzans
3) AnmENANARUNTY oA NaRARUNTuAefAuAeT] LAY NARARUNTINER luFsumeT]
4)  anwouensasyAninresdnduningi lfun ANAY AdNenaly Avnenluges Avaundnluties
. - .
anuaulugias Wunly wazaiuuly
HANNIANHANERPIRUGNITHTBIANHOULFNG]  AanaadnasiuinmaInedeassa upiung wudiiAiAN
ulstlmudeudnege  vstiavediuuvaaiinaesmeRugnssuaasthdunldlunisdnen engreshdn ey
annuandenluntlameasy  edelsimuainnistszasananisAnensing o WesiuuuiugauAlsriiunisees
o o o , A P = o @ o = o
BMINNUGNTINVRIANEHIUTFN "] PRpgaanansnagyIddnanesiiaslidunneilunsdnaenivenisifuly
dszanswa-uainuginduingu raniswangnuanmiues 1Hun dnsnsnandanzats wmdnsana wividnitalu
< ' o & o‘d’/ [ ' & @ o‘d’l =3 ' - o"g o ' d’/ 3 v o a
wansana Lesidudilledusiana wWesdudillelundssana  wefiduminduseiiatduuis Anwznanan
Wil ANgs wazanenaly sy Meliaued fustiaves hdudunvinisdnaendfulhduduatingsn n

A aa
L9 YiTe NALWE

L4 aa
AUnsnluazIang
o o e g o aal

1. d@nAugNTN AN wazianmaaes

T dutnsugnuanmiuasiugning 1.9.1 812 3 T a1u9u 6 guan (1.8, 110, 118, 119, 130, 132 waz
137) IngaauRunIImaaesuULguanyysal (Completely Randomized Design, CRD) Ugnnaaevluutlasinsmsns
° a a
U 4 ADUN AD

- utlaginemIng @.5NN A, &IUAT (U 6 ANAN)
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- wlagnuEmIng 2.9:Tun A, 49281 (WU 6 AREAN)
- wlagnEmINg 8.1 NTRAY A, NG (AU 6 ARAN)
- WAdNEAING B.UNLAU A. UATATEITNINT (U 6 ANEAN)

sreizilgn 9x 9 x 9 WA TusasiugINNegauarIFATaMENIRUEILNAN S111 10 BTG /aonu

=® V¥

2. nstiunndaya

a

o o R v o

Javnungaasiul gt duaesusazgnannniunlgn ialddruiuiunndaya wazianisgusulaa

a

v
1 1 A o

1U1TUAIUIU 10 AusleNaN (W70 G1sapNaN) Lﬁ@ﬁuﬁnﬁﬂgmuﬁmLﬁmﬁuﬁnwmzmﬂﬁmlﬁuim NANABILAY

a
£

L3 a o
NALUTLNALNANAR FN

% '
A A

1) dnwoueninasAuln duinanndneouesng | ga9lun 17 lsun wunlu AINGY AINENLNUIL uaY
whuidnuiisly Inevinnstiuindayaiunan 4 U Ae Wathduileny 3-4 1, 457, 5-6 T uaz 6-7 1
2) NaNAANZaglNaN

nasiuiganzaalidusdunndunldnanaeeld  Tuindeyanandanzany Ae nandnnzaiuan

]
s =

Wntinnzateade uazauaunzans uaz Ineniinistuindeyaiilungn 4 T Ae Wethduleny 3-4 1, 451, 56 1
WAy 6-7 1
3. nsmIzvideya
= - aa ~ ] = P , ) A o )
AnrziranudstliuneatiiuaziBauiisuAade ingds Duncan's Multiple Range Miszauiaaalull

167 0.05 (g3na, 2526)

NAWAZAANTDL
1. HANITIATITUAIN LTI UARIANHDUENIINTIN AT
HANTTILATIEUANINLLTL T UIRSANHTUENIININHAT Usznaufoadneuen1siasnALln Lazuanaanzans
wansluANTeR 1 1Az 2 AAAAL

AnLlstlsanaasanurnaRsFuTe (119999 1) wudn BnEnaresenguazaniuiilgn PaNeLf)nTeN

o o & '

~ = ° % o a a o X 4
@N‘V‘luﬁﬁ'zuqq\i@qﬂ‘LL@%'&ﬂunIﬂqﬂ NN@VIﬂMVJﬂ@ﬂmemiL@?O&IL[;*I‘LII[;*I ﬂﬂ‘WLW]SL‘LI QQWNQ\'] ﬂqqﬂﬂquLLﬂulﬂ 153 p+

v v
o v a a

wminuisluzeah Aurduuansinseta ied Aynaaiia dAmiuaninaaus Aeaninazesguan UAsendniug

oA

sndnvenguazANan uartjisenduiugszndnsaniungnuazhuan wudniNednEusIReaNLANFI9e eIl

aa A o

HednAtyneaa Ae Anueaunuly doudnenusan) luansesiunisatn dudss@nsanuudstiuresnimeass

PR9ANEUENLN LY ANEY ANenaunuly uaztinuiialy HA0 6.60, 9.12, 4.04 uaT 9.31% AINAIAL
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19NN 1 ran1TAEiA NIt mud s iAL e AN 181 AraNsinge

Source d.f. MS
ity AIING AINENUNULL Swinuriely

Year (Y) 3 8.48** 3.47* 6.45%* 1.40*
Location (L) 3 4.57** 0.84* 267 0.18*
Genotype (G) or Cross 5 0.01ns 0.04ns 0.30** 0.05ns
YxL 9 0.24* 0.01* 0.05* 0.45*
Y xG 15 0.09ns 0.02ns 0.04* 0.05ns
LxG 15 0.06ns 0.04ns 0.03ns 0.04ns
Error 45 0.06 0.03 0.02 0.03

C.V. (%) 6.60 9.12 4.04 9.31

g

nuNER: C.V. = dNdszdnaaesannuulsimu
ns = ldusnsineiunieada

* = JaouuanaeaneddpednafldadAfseau P < 0.05 uaz P< 0.01 Auaay

ANHULSLIIIUTRIANHOUTNARAANZANE (13797 2) WUFN BVEnaTasenguaraniunlgn duanildgnansue

ARNAKNARNZANEAA WITINNzZaNeLade LazanuIunzanaaastauinduuans1sed1aldad1Atyn19ana 41

o

' '
v o o I

ansnadu nudn Anwoszdaulungliuansneiunieatsa andudninaresdjisenduiusszuineenguazaniuilgn

o o aa a

Huai liuanannzaaan uaziininneanglafuunns et Nlted Aty Nats uaraninavesliseduiug

o o aa o

syndnanuilgnuazgnaniuan i minnzaraeasuansised 9sldedAnyneata dulszdnsaauudsilsou

2BINNTN ARSI TBIANH LS HANAANZAE AR WIMUNNZALIBAE UWATANUIUNZATE TAN 16.36, 11.23 uae 12.37%

ANNANAL
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FNINT 2 HANTIATIEAN UL WA N HANA FMEANEURIL N AN TR U 18,1 FRANFINT

Source d.f. MS
NAKARYEANEIAR vnutnnzaneLed ANUIUNZAE

Year (Y) 3 32,260,000** 4.80** 2,855.85**
Location (L) 3 4,507,795** 4.56** 424.85**
Genotype (G) or Cross 5 345,953ns 0.48ns 11.34ns
Y x L 9 1,244,376** 2.04** 90.57**
YxG 15 235,246ns 0.34ns 10.45ns
LxG 15 379,345ns 0.78* 16.78ns
Error 45 213,142 0.34 12.76

C.V. (%) 16.36 11.23 12.37

g

nuneR: C.V. = dndszdnaaesannuulsiu

ns = luAnAaiuNNeaDi

o

= JpanuuanananeainateldadAnfszsu P < 0.01

2. ANRRLTBIANEHIUENNNITINEAS
2.1 ANBULNTRITYLALTR
ansnareseng uavljisenduiugszudneenguazaniuitgnsedneuzniaasyiuln uansluniaed 3 ua

= oA o a & oA 5 o 9 P A
NITANEI WU ANLRRLABINANTIUS A Wunlu AINNGN ANENLNUlY wazihwinuis luaastnansinadulutlum

(1g) 3-4 1) HAneaaaIndn dnduniululli 2 (ang 4-5 1) T 3 (@1g 5-6 1) wazllin 4 (812 6-7 T) atinadiladAny

N 9adn wiu NunluTutlusndan 2.25 1.7 Wanilu 3.22 1.7 4.19 1. uay 5.18 1.7 1uTN 2, 3 uay 4 MNAIAD ARNEA
TutlusndAn 1.15 1. wisiile 1.67 1., 2.09 . waz 2.69 . 1T 2, 3 way 4 muansy ANe1wnuWluluTusna AN

2.61 3. Wislu 3.41 8., 3.68 1. way 4.30 1. TN 2, 3 way 4 auansy wazsnutinuialulutluendAn 1.06 nn. 1w

@ o o '

dw1.38 nn., 2.43 nn. waz 2.59 nn. Wlli 2, 3 uaz 4 ANATAL wenanil UAsenduiusszudneenguaranIui

° o

Ugnélainaninliraaeaemnansuznisasoiulauanseet 9 it A Ay sty (113199 3)
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A13°97 3 AeREANEznsRsyRUTaRugTING W.9.1 (1RREAINYNANAN 4 T)

ANBOUY
wlaanmgay o T AINNGS AN L vivnussly

(u.) () (x) (nn.)

fmni 1 2.54¢ 1.22¢ 2.72b 0.99¢c
2 3.43b 1.79b 3.42ab 1.55b

3 3.75ab 2.20ab 3.91a 1.80ab

4 4.42a 2.76a 4.10a 2.10a

FEANT 1 1.43c 0.84d 2.03c 0.93d
2 2.42bc 1.37¢c 2.85bd 1.19bc

3 3.40b 1.60b 3.20ab 1.80b

4 4.70a 2.20a 4.10a 2.73a

LUNTeIAU 1 2.34c 1.34c 2.75¢c 1.14d
2 3.65b 1.98b 3.68b 1.50c

3 4.90ab 2.5ab 4.20a 3.40a

4 5.70a 3.10a 4.70a 2.61b

UL 1 2.68c 1.20d 2.94c 1.19b
2 3.38bc 1.54¢ 3.68b 1.28b

3 4.70b 2.04b 3.40b 2.70a

4 5.90a 2.71a 4.30a 2.90a

10 1 2.25C 1.15D 2.61C 1.06C
2 3.22B 1.67C 3.41B 1.38B

3 4.19AB 2.09B 3.68AB 2.43A

4 5.18A 2.69A 4.30A 2.59A

Ao o Ao

wnnewn: Aedeluneduilinaanunianssiiusaiulauwanseneaifeeeliid Any
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ansnazesanuiitlgn Auan uazUfisanduiussendeaniuilgnuazguansednmuzninasoyiiula wans
TupN979% 4-7 uannsAnHAvENATa9AnIUNLgN WU ARATTeINANEIY An WuTllu AINES AvNeawnuly

9:; o 4 3 95 o Qi Il r-:i::{ ! 1 Ao o o aa 1 3
uazvrinuialures hdsshiunlgnnesesluusiazanuniauuansset 98T 41 Arynieana wasnud1ias

8 o N o = o a ~al i o N o =~ o RS = S
muuwﬂ@ﬂwm‘ﬁm@uuma‘m@@muimmm@mLmL‘Lﬁ‘ﬂumﬂunmmuwﬂ@ﬂmmmuauj IneandaaulAeae NNy

q a

3.98 1.7 (AN3199 4) AINEGY 2.15 W, (AN9729% 5) A Nenaunuly 3.71 1. (119799 6) wazuminuiialu 1.96 nn.

(113199 7) a0 1uiitlgneesasun Ae 58 winew wazszlun ANAIAL A MFUBNENATBNANAN WU ALRALTBY

o o

o ) e X A ¥ o v s 5o ) | \ R
@ﬂ‘]ﬂ’mz'&quiﬁﬁy AR Wu'V]sL‘]J WJWNQ\? LLﬂz‘m‘WLmLLMQSL‘LI?J@\‘I‘]JW@NNWN‘L&@N'&Nmﬂ“] 1NN®QWNLL[ﬂﬂ[ﬂN@ﬂNNuﬂ@ﬂﬁm

o

al

neata aniiu Annenaunuly wananil danudndjisenduiusseundeanuntgnuazgnanlaiinanili Anade

YBINAN BTN TATYLALTIUANFNNTUN19ATA

Qi ' ==4| o Aj r-:i @ & o o r-:i )
AN 4 ALRREANHOIEHUN IURUGN I 1.8.1 (19Aan 4 T)

s My (?)

SmaH EEAN T Nt wueu ‘2R
110 4.17 3.12 3.92 4.11 3.83
118 3.84 2.74 3.92 4.19 3.67
119 3.95 3.2 4.1 3.92 3.79
130 3.94 2.81 4.07 3.86 3.67
132 3.72 2.75 3.75 3.98 3.55
137 4.16 2.82 4.09 4.01 3.77
L’ﬂ?ﬂlﬂ 3.96A 2.91B 3.98A 4.01A 3.71

o v A A o

UFNAUNANNLANFANN AT At Nl Td ATy

o o

oA = S °
UHELUR): At luunaReaiunaansenn
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ai ! d‘ o [ A d‘ =
ATV 5 ANBRLANTIUSAITNGINUGNTNE N.D.1 (laagann 4 ‘JJ)

ANAN AINGY (X.)
SmaH EEAN T Nt wueu ‘2R
110 1.97 1.68 2.16 1.92 1.93
118 2.02 1.55 2.12 1.75 1.86
119 1.89 1.64 2.13 1.84 1.87
130 1.98 1.48 2.22 1.88 1.89
132 1.99 1.61 2.06 1.91 1.89
137 212 1.61 2.22 1.86 1.95
L@?ﬂlﬂ 2.00B 1.60D 2.15A 1.86C 1.90

o o

wnnewn: Anedelulnadaaiunianssiiusaiulauuanseneaifneeelid Any

ai ! d‘ o N A d‘ =)
13NN 6 ﬂqL@ﬂﬂﬂﬂﬂmzﬂ'ﬂNﬁﬁqLLﬂ“L&SL']_IW“Léﬁ:VI‘J'W?_I 4.2.1 (lwagann 4 ']J)

Anau ANENIUNUlY (3.)
SmaH EEANIT lndeau wueu A
110 3.66 3.15 3.89 4.13 3.71
118 3.49 2.89 3.71 3.84 3.48
119 3.47 3.03 3.74 3.83 3.52
130 3.58 2.84 3.79 3.64 3.46
132 3.49 2.85 3.51 3.65 3.38
137 3.66 2.82 3.6 3.72 3.45
e 3.568 2.93C 371A 3.80A 3.50

o A o o o '

wnnewe: AedeluunsvdaredniinafunidneenAusAAuiANWAN AN saT et A Aty
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ai ' d‘ o 90/ o 4 [ A d‘ =
RANTNN 7 ﬂ%@ﬂﬂﬂﬂﬂmzu’?w&mLLW\?SL']_IWLL@VI?WEI u.9.1 (\@agan 4 ‘JJ)

Anan Sttty (nn.)
SnaH s¢lun lndeau wueu At
110 1.85 1.79 2.06 1.87 1.89
118 2.35 1.68 1.95 1.8 1.94
119 1.8 1.74 1.97 1.94 1.86
130 1.84 1.59 1.97 1.83 1.81
132 1.79 1.67 1.85 1.83 1.78
137 1.84 1.76 1.97 1.97 1.88
L’ﬂ’?ﬁi?_l 1.91A 1.71B 1.96A 1.87B 1.86

o o

wnnewn: Anedelulnaaaiunianssiiusaiulauuanseneaineeelid Any

2.2 ANHUZHANARNZATE
anEnaveseny wazUfisenduiusiendneenguazaniuilgnsiednuusnanannzans uanslunien 8 ua

NNIANET WL ANLRANTBSYNANHOLE AD NANARVZAAR WIiinnzaaede Lavauunzatsaastduundulull

' '
IS a o

usn (a1g 3-4 1) AA1RALAING g ludi 2 (8¢ 4-5 1) 193 (a1g) 5-6 1) ol 4 (1) 6-7 1)) @einadl
TodnAoynneada 1 nandanzanaanlulusnilan 1,783.00 nn./ls andlu 3497.60 nn./ls, 2,823.76 nn./ls uay
3,185.47 nn/13 1T 2, 3 uay 4 AuAnfy  dwsinzaneieas il 3.53 nn/means Wisiflu 422 anJ
nrane, 6.00 NN/Mzat Uaz 7.00 nn/mzane WT 2, 3 uay 4 Aud sy uazdnurunzanalutusnilan 22.74

nzane/swal Wiy 37.62 neana/swil, 26.80 neane/mual way 28.30 neata/fwd 1N 2, 3 uaz 4 ANansu

@ o & '

wanani Uisenduiusszndnenguazan1uinlgndelinain lia1aau1enAn ¥ Uz I8N aRAANEA L UANANY

'
o o 1 o a

DENHTIRIA AN AT AT UAY (113799 8)

o
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AN3°97 8 ANRRLANBHUZHANAANZAWUENINE 1.8.1 (1RABaINYNANaN 4 T)

ANETUY
ulaanaday 9 NAKARNZANLAR Pnutmzanaias ANUIUNZANE]
(nn./13) (NN./Mnzane) (RNW/F/Al)

Fand 1 2,221.45¢ 4290 23.530
2 3,894.48a 4.35b 41.15a

3 2,788.50b 7.60a 25.00b

4 3,270.45ab 6.60a 28.00b

selum 1 1,057.76b 2.48c 19.48b
2 2,297 .42a 3.82b 27.00a

3 2,157.3a 4.70ab 20.40b

4 2,347 .4a 5.80a 22.00b

LUTeI 1 1 2,218.66¢C 3.77¢c 27.34c
2 3,542.70a 3.72¢c 43.28a

3 2,948.75b 4.90b 29.80c

4 3,248.24ab 7.80a 32.50bc

UIUDL 1 1,634.27¢c 3.60c 20.63c
2 4,255.97a 4.99b 39.03a

3 3,400.50b 6.80a 32.00ab

4 3,875.80ab 7.80a 30.70b

L’Mdil?;l 1 1,783.04C 3.54C 22.75C
2 3,497.64A 4.22B 37.62A

3 2,823.76B 6.00A 26.80B

4 3,185.47A 7.00A 28.30B

Ao o

wnnewn: Aedeluneduilinaanunianssiiusaiulauwanseneaifeensliid Any
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ansnazesanuiitlgn Auan uazUjisenduiusszudnsaniunlgnuazguansednsnisnandamrany wandlu

13199 9-11 HANNSANENBNENATIANIUNUYN LT ANLRREIINNANHIUY AD NANAANZAIEAA UIINNZATE

o o a

124 uardaunza e suniunlgnnaaeuuusazan R ANNLANANE N RTHA N ATYN9ERR wazLg

'
a

ﬂﬁuﬁﬁﬁuﬁﬂ@uﬂﬁ%mqﬁﬁmwammmmmmmmLumiﬁ‘ﬂumﬁmummuwﬂ@ﬂmmﬂmuj Tneiis FnnRiA1aae
naNARNZaNEAA 3,240.10 nn./l3/Al (An31ad 9) dwiinnzanuiede 5.64 nnmzane (A9 10) kATAIUIUNEANE
31.03 nans/fu/dl (mmq‘ﬁ' 11) mmu‘ﬁ'ﬂ@mmmm A uuew uazlandaan doufisslun Undurniuliuanae
wzmﬂmﬁﬁ'zﬂm AUTLENTNATRIANAN WL mtﬂ?iwmvm ANz Ae nanAATattan Tminnantiadt ua
ﬁwmummmmmﬁuﬁﬂﬁu@'murﬁiw] Tfipanunnsineet el dAnynieata ‘EmﬂmL%ﬂm@mmwmmmmwn
Anan Wuoan 4 T (Uhdueny 3-4 T, 4-5 1, 5-6 T uaz 6-7 1) 0 2,822.48 nn./13/d ( (AM37497 9) wanaNi fawwdn
ﬂgmm@uwuﬁimmmmuwﬂmLL@ mmmum@‘wﬂumLfaéw@mnwmwumunmmaLffﬁﬂmeﬁiwﬁummﬁﬁ

(mmw 10) w8 AR AL A LA N O AR AN AN A AL NN AN (A13799 9 WAz 11)

AnuansAnBuansliiudngnantesiuining 1.0.1 Haouadtanauaziiatasningailatlgnlu

» Al e e o a a a T XA | | N = Y
@ﬂqwLL']@@@N‘WLLmﬂquﬂuV}Q@ﬂ‘]ﬂ’mzﬂqimimLmutmLL@zm@N@mmz@qﬁ V]\‘]ul,u@\'l@qﬂ@m@ﬂmq\?”l wimuﬂﬂiﬂﬂwﬂmﬂﬂﬂ

dszansilfulgenessunaidmanuazfiunlgsnldlunisndaiuggnuanmiuaniuiyning u.e.1 atslsfiniuain

o

N@ﬂ’Iiﬂﬂ‘]:f’mfluiﬁmmﬂ'ﬂ”WUQ’\@‘WﬁW@WuﬁﬂiiN LL@”ﬂ{]ﬂﬁ‘ﬂ’]'&N WU ”ﬂdqﬂﬁuﬁﬂiiﬂLL@%@ﬂWWLLQ@ﬁ@NﬁN@ﬁi@

|

«

@nwmzmimmmuimLmzmmmmmmmm@Nmuu@mmuﬂéw YN NERA Hesaniuggnuaniniues i ldly

]
=

nsAnEariguiugnIsNTeslsranseesiunefdmesuaziuuig s iuAnsineiunin (Raffi et al., 2002; Okoye et

al., 2008; Okoye et al., 2011, Raffi et al., 2012; Krualee et al., 2012)
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AN397 9 ANRREANBHTUZHANARNZALAANUEVIWT 1.8.1 (1@Rsan 4 T))

AHAN nanannzansan (nn./14al)
SnaH s¢lun Nteau wueu e

110 2,957.77 2,154.99 3,647.69 2,865.04 2,906.37
118 3,229.58 1,419.20 3,006.39 2,771.54 2,606.68
119 3,655.95 1,801.45 3,390.07 3,299.98 3,011.86
130 3,084.05 1,602.47 2,927.08 2,855.69 2,5692.32
132 2,842.82 2,648.12 2,318.12 3,041.48 2,712.64
137 3,770.45 1,632.16 3,087.57 3,929.84 3,105.01
L'ﬂ’?ﬁi?_l 3,240.10A 1,859.73B 3,062.82A 3,127.26A 2822.48

o o

wnnewn: Anedelulnaaaiunianssiiusaiulauuanseneaineeeliid Agy

ai ' ai o ’u’ o d‘ [ A ai =
AT 10 ANRAEIANTDIZUINUNNZALDALNUGNTWE H.9.1 (\aagann 4 ‘JJ)

ANAN ﬁwﬁnmmmfaﬁﬁ (NN./Meang)
SmaH EEAN T lndeau Uueu ‘2R
110 5.18a 4.87ab 6.13a 5.02a 5.30
118 6.08a 3.31d 5.57a 5.39a 5.09
119 6.17a 4.93ab 5.19a 6.16a 5.61
130 5.30a 4.42ab 4.59ab 5.35a 4.91
132 5.05a 5.07a 4.09c 5.47a 4.92
137 6.03a 4.16b 4.76ab 6.22a 5.29
L’ﬂal?;l 5.64A 4.46C 5.06B 5.60AB 5.19

o o '

wnnewe: AedeluunsvidaredniinafundneenAusAAuiANWAN AN saT et A Aty
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ai ' ai o o N A all =)
AN 11 ANRAEANTIZANUIUNCAIUNUTNTNE H.9.1 (laagann 4 ']J)

ANAN RNUIUNEAE (AVUI/FI/A])
Smni EEAN T ndeau Uueu A
110 30.53 23.30 32.22 31.19 29.31
118 28.27 26.61 29.52 25.82 27.55
119 30.76 18.47 36.12 26.59 27.98
130 31.95 16.69 36.14 27.49 28.07
132 30.93 25.39 33.96 27.49 29.44
137 33.74 21.14 36.04 32.54 30.86
L'ﬂ’?ﬁiﬂ 31.03AB 21.9333C 34.00A 28.52B 28.87
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N1INARALANLNIWILNNIAALAUBIFRANTNLIAR AN

WugUdngNNanmILes i ugN19AN

UnU

1duinsTu Elaeis guineensis Jacq. (2n=2x=32) \JuiiAssgianinnndidnnienializes

i 1 1% 1%
A A ' o

% a 9‘: o ' 1 A o o a = o & e © t-dlt-d
dszinalng anunsnlinandnindusendenuigandniainiugnaiin (892, 2548) Wugihduuniung

anan WinanaaniuseamhenunnInnand-waedine 10 win faqiufiiies 42 dssmaniatanid
nstgnidusindu Geseanniiaindudszinnau o Mlgniundreannsinlaniliesaniuinmsizausie

nstgnihduindudoulnniduiunluioulssmamifienzfusaniaeald ldun wuadauazdulailids
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¥ a ° o
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v o

fusn 4 1aslan Wugnisdnftlgnagluilaqiii Ae

q

v & o

UUI (tenera, T) Té’@ﬁﬂn’]a‘mmmwdmmwuﬁ:

- o o

A3 (dura, D) wazWawugAmas (pisifera, P) thaushdudmiunatiusunandn Mudaluns

weneiug etlgnasulasudoazGulinandnidienns 3 Tuazannsnliinandnlfseiieananndy 25 1

'
= o = 1

2l dduhdunadalfiduihdunaniisiangniige doulugindndesas 90 il ldsslemisnuzing

Y] o

wazdivldilszTamisuglinaldetnmnuneg anvisllaqiiudegnldiunandsnunauniinensugn

LYl

wuluTadia (Yusof, 2007) Feduuwd liunaziingyaAuazausesnsldanuinauluauias

nsdfudpeiugihduinsiugailuiatiususiacldnaeaunuine ey lduneiugn oo (2548)

% 1
A A

Iﬁmmwmwmﬁuﬁﬁdwﬁuﬁﬁuﬁmchumiiuﬂ"ufiﬁﬂgﬂLL@%WN@N@mﬁwﬁuﬁi@wmﬂwuwﬁimwmm
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ﬂﬂﬂmﬁmL@?M‘lﬁl,ﬂwmﬂaﬂ@ﬂiﬁﬁuﬁﬁLﬂuﬁl’mNﬁuﬂﬁa‘ﬂ@ﬂwmmﬂﬂwmﬂﬂ wazvaELT el
WATAINNIDEUEUDIAN AN TN 95U meﬁnﬂmwmmﬁuﬁﬁuj Toaeinausiugn (Indna, 2527)
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1. San

=2 5 95 o o ¥ r-:i o o 3 A o
ﬂﬂmﬂmumuummwuﬁqma‘mmﬂgﬂimﬂmLmymm“lu@wmmmmlu 3 21LN2 AR RILND

g

Aaoanat e (KHK) anassTua (RN) awnadand (RTP) Taaldiugnisdnilgnnagauanuou 9 wug

Ioun ga1ugfant 1, gaugfand 2, gauniand 3, gaunf-onll 4,4910581% 5, ganuniand 6, vuea
e, ITndidwmiues uay wa. 132 Mddyansniaasiug aeil SR1, SR2, SR3, SR4, SR5, SR6, NP, GCT

waz PSU 132 thauflgniiang 3 T szazilgn 9 x 9x 9 wmg nistiunndeyadnwuznisasyiivls

'

299U ANTNTU kazN13INANAR 99AUTINALUANAR 9AUTZNALNTAY LWATNANARLNNWAa9L AN

dnuiugnisdnfilgnluiuilgnite 3 snne ifuaan 3 T szwinedl w.el. 2556-2558 tidiayadilé
Ussiufnannislinandn saissdiunismeuaussseanmiadenluifuiigangs
2. N3 NUNUNNINAASY

lfunun1smaaeutLguanysal (Completely Randomized Design, CRD) \iudaya 3 g

=3 k3

£ usazdiudays 10 su inatihdayainlfllifludeyasesdneurnisasyidulnvesdunngdu i

i(

¥ o

ayaANHULN NI ALTILATNANER 3 1hawaTs uawu 4 afssall dndayanliliRasziin
ANLLgU WA TIAAa LA NLANENNTENINLE TnanFauiiauA1edsfeREn133Asz il

ALBNANST (Duncan’s Multiple Range Test, DMRT)

NALAZAASDL
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o a = o o

1. faypantiiinianiiveshiu lu 3 Aunlgn Samdnasaan

a
1

andeyanui 3 Aundgn wuda avuidunsadusrenivunlgned luszduigs (5.96-7.47)

Auqlunisuanilaaulszquaniuiilgnassdiinanaasies ldauazannein - giagluscAuauin

a I3 o a =

aniduiunilgnaasannessTuneg luszauiliunans (15.59 Fadaaiaauwi/au 100 nF) aumnsy

AfueunnunlgnagTuszAunInan (0.75-0.97 %) lulnsiawianuannivuilgnet luscAunauan
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- =

(0.03-0.10 %) Waawaianfuilsylaaiaasiuntgnaasananaesiesldazane selunatlusziu

'
a ' o

ANN anduiunlgnassaneingiegluseaungs (44.90 Haaniu/Au 1 Alaniu) Inunadaud

al U
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LL@ﬂLﬂ@ﬂuvLﬂwuﬂﬂQﬂﬂlﬂﬂﬂﬁLﬂ‘ﬂﬂ@ﬂQ‘VIEEITﬂNLL@Z@WLﬂ@?mQN@ﬂ?ZﬁUWWNWﬂ ﬂmquwuwﬂqﬂmmmm@
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selunag luszALNge (0.65 FaABATANLEWTAN 100 NFN) (AN31991 1) andayaaniifnisadiaasfu s
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a
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A o =~ a X 4 o o
AN9797 1 ANUTRAN AR YB9AU L 3 Wumﬂ@ﬂ AINIARNIUNN

Locations'
Soil properties2 KHK RN RTP
0-30cm Level’ 0-30cm Level’ 0-30cm Level’
pH (1:5 soil : water) 7.47 4 6.95 4 5.96 4
ECEC (meqg/100g soil) 4.16 1 15.59 3 2.47 1
Organic C (%) 0.75 1 0.97 1 0.87 1
Total N (%) 0.03 1 0.10 1 0.04 1
Avail. P (mg/kg soil) 1.80 1 7.41 1 44.90 4
Exch. K (meg/100g soil) 0.03 1 0.65 4 0.04 1

a

wNNEwie: 'KHK = anensasienls RN = a1naselua RTP = 8nadnni

LYl

’ECEC = effective cation exchange capacity, Organic C = organic carbon,
Total N = total nitrogen, Avail. P = available phosphorus,
Exch.K = exchangeable potassium

1= @ 2 = A1 3 = 1una 4 = g9

2. M3piANuLlslmuresiug iuilgn uardjauiussendiviuguasiunlgnasatiduindu

WUGNI9AN

¥ 1
o A A

2.1 nM3diaziatnulelsauaesing Aundgn wasdfduiusesndnsiuguasiunlgnaes
aneroznsayR L Ineqaniduiugn s

HANNINARDINTILATIZTAY NS susaN sz neug uas U gnaasindutnduiugnisén

wudn answazesiunlgnluusaziunlgn ansnazesiugusasiug uardjdniusszudioiuguas

U

v ¥ 1

X A o a a ¥ LS ° v X A
WUN m@mnwmzmimiﬁymuim 1®LLﬂ AIMHGIA L LAUNTUAUENAINAHY AN uasun

a

'
° o a

gn dAonuuansnaiueeafidad1Anye (P < 0.01) (119199 2) A1AINUANENSTIAATY B1a BN NS
ynanuanetiadefae Ui nRgaTauaz i LEIN AN LANANTY Rafil WAZANE (2002) 31841191
ANNLANFNNTaIAN B NS ALTRTIAATY anafinaniladaaasmuLd sl sauaasaniwanis
Wi U3ununely wadunn wasaNTRaunwanA9iy tufy dudsc@niaqnuulslsaulianaqny
wilstsauagisznane 7.07-15.80 % (M3797 2 ) AnandslsauaesdneeninaTyiuinluusdneoe
anaNAMNLLIU UM gA N ARBNR AN LTI N AT 92 (2558) 3187131 ANFNLIZANT

Ao A Aa a P o a o B , o oo Y o a £
AMNLLTUFIUNANTLBIRNNRENENATBIAN NI AR BN NR e ety doudladannnliAndutlszdns

o A e & o v .o A Al o

AnulslsruaasdneourdAngelulnduundu 1Hun auuduiauauansue Acnuulslsmunes
anwuandan ANUslsuresiladenisnan aglnduindu szazina lunaiudeys wuaziuunisg
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2.2 nManaziannulslaauresing nunitgn wasdjduiussendeiuguariuntgnaes

a

HANAR BALITLNOUNANAR 29AUTENELNTATE UATHANANTINNY
HANNILATZIAN UL TUsE NI IS uasiuiilgn wudn Bvanasesiuilgnluusazvuin

Ugn BvEnareviugusaziug uazdjduiusssndaiuguazinunlgn 1euandn 1un nandanzane

%
-] o 1 A %

A9AUTLNAUNANAR LAWA A uaunzane adAlsznaunzans e wlafiduiundusatiianauna

o o a o

wWefdufindusanzans uaznananingi Jaanuuanfaiun1sdaifetaliad Ay uazldadAnyd

&

Lo

v ' % v
a %

(p < 0.05, 0.01 MINAIAL) TelfANRUSIEIugIUNUALgnEeswinnzateafy uasiuilgn 79

= -

3 Nunlgn Resrdlsznaunzany lauwn wesidudnasanyane wWefidusmileldnansona lulaau

al

WANAINNINADH (miwﬁ 3) AR AN AN AT AN AN IuLLﬁi@zﬁuﬁﬂQﬂﬂﬂﬁuﬁwﬁu A1ALnA
AN et nen T uRe LN IS U ATeITaAeN InsTladeTiinasiani Tl A uan N0 WA
pan FeurszarBuiRamaenauisruzinifieanzans uﬂﬂmﬂ%u@gﬁuﬁnwm:ﬂ@:ﬁﬁﬁuﬁﬂﬁq Rk
ﬁﬁﬁmﬂmmwmmz’iﬂmm:m@@meumﬁuﬁﬁﬁuﬁﬁmLﬁ'm%’mé’qm W LFHNUANAATB95IABINNT
Tufuuar Ut @i s szanefaesy S1uauAeuRinn At ANTULeAY LAY

Anwsan19ly 1w (3y, 2558) zﬁ'quﬁmﬂizawaﬁrmmLLﬁJiﬂmuﬁm@gide 6.99-29.58 % (M197199 3)

AN99% 2 N3AAziAuLLsIuIesdnEEn N sy RuR

Mean square

Source df Vegetative growth
TH D LL LA
Genotypes 8 1528.10** 14.64** 6723.40** 3.00**
Locations 2 15161.30* 287.06** 61461.70* 6.36*
Genotypes x Locations 16 1252.00** 9.60** 5247.50** 1.05™
Error 54 258.80 2.60 601.80 0.22
C.V. (%) 10.11 7.07 7.35 15.80

WNEWE: TH = AYNEIRU (Iumiweas) TD = dusnuaudnanaansiu (usiumg)
LL = Aouenanely (ufwmng) LA = Auinly (R199mme)
C.V. = duilsz@nsmnnuuilstsau

o

* = JpnuuAneanNatAateldadAtyte Aszau P < 0.01
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Mean square

Source df Yield components Bunch components
FFB oY
BN ABW % F/B %WM/F % O/DM % O/B
Genotypes 8 2087.72** 142.47* 1.33* 98.37** 147.60** 502.35** 112.87* 306.29**
Locations 2 8910.05** 222.70** 3.84* 6.34 ns 2717 ns 1536.31** 492.81** 2348.08**
Genotypes x Locations 16 697.35™ 29.32** 0.52ns 71.70** 148.87** 460.10** 175.82** 284.75**
Error 54 146.77 2.99 0.31 26.2389 26.51 55.36 25.44 30.76
C.V. (%) 16.79 8.61 15.46 7.66 6.99 12.46 17.12 25.06

WNNewR: 'FFB = wanaanzane (Rlaniu/suil)

BN = anuaunzang (mzang/dl) ABW = sihmiinnzaneiaas (Alansu/mud)

F/B = wasanzany WM/F = iatauansana

O/DM = tnsuFaliananis O/B = wdudanzais

oY = uauantnyu (Rlanfu/swal)

C.V. = dudse@nsAinuudssau

*%

ns

'
a

Fanuuansnansatined s liladn Aty Nszau P < 0.01

AN BANFANNGATA

cs
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3. nmawFauisuAafsresiug Nunlgn wazdjdniusszndnaiuguarnuiilgn %is 3 Wundgn

5(5

RIUTARITAN
3.1 nMmegaunan1AANLLsMuresdeys

v PRy X A ° @ v '
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o a

FayATBIANHULNINATIAL TR LATANHUTIBNANEAR 29ALsNaLNANAR a9ALlsnaunane uay

v
A 1% =<

HanNARUNEY Hdayaniinulslnuraianeaiandeuiivlauiuizardiaadeii Inadeyasaaiui

1 v
a a K

Ugniia 3 Huntgn 2eetdusingduma 9 viug iANuwANA1N9atA inniaFeumeuAaaa e

Wug luusaziunlgnsialy (119199 4 uay 5)

Q

-

AN3°9% 4 AMRanIARNLLsUsIuTasAN Uz NTRIALTAYG 3 Hugn Tutdumnduis 9 Wug

]

Traits Homogeneity of variance
Trunk height (cm) 0.96
Trunk diameter (cm) 0.99
Leaf length (cm) 0.23
Leaf area (m2) 0.82

A19199 5 ANAANIARNNLLITUIIUBIAN BT IBINANAR BIALTTNBUNANAR asFisznaunzans uay

HANARUNTWAY 3 NuRtgn Tutduindunia 9 Wug

]

Traits Homogeneity of variance
Fresh fruit bunch (kg/plant/year) 0.14
Bunch number (bunch/plant/year) 0.96
Average bunch weight (kg/bunch) 0.84
Fruit per bunch (%) 1.00
Wet mesocarp per fruit (%) 0.87
Oil per dry mesocarp (%) 0.86
Oil per bunch (%) 0.32

Oil yield (kg/plant/year) 0.42
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GCT Tuiunlgnaessnnedngdl Iipaugesiuaiegeqn (113199 6)

uHuAuENA9R16 wudn iduinuAudnasa FuTaRdanNNRLEe 3 Aundgniaew
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wansineneais lnenunlgnaesainaiagiliAeassesduliugudnansaifugedn (26.52
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Traits
Trunk height (cm) Trunk diameter (cm)
Genotypes
Locations' Mean’ Locations'
KHK RN RTP KHK RN RTP
SR 1 163.11 149.25 abc 147.55 bc 153.31 bc 18.61 21.14 ab 21.61c 20.45¢
SR 2 173.55 156.42 ab 189.22 ab 173.06 ab 21.16 21.75a 25.58 abc 22.83 abc
SR 3 204.89 168.67 a 182.67 ab 185.41 a 22.66 23.36 a 28.75a 24.92 a
SR4 173.67 139.08 abcd 163.00 bc 158.58 bc 21.16 21.78 a 27.89 ab 23.61ab
SR5 170.11 123.67 cdef 130.11 ¢ 141.30¢c 21.13 20.33 ab 23.22 bc 21.56 bc
SR 6 190.22 107.92 ef 179.11 ab 159.08 bc 21.38 19.17 ab 28.36 a 22.97 ab
NP 173.33 129.17 bcde 168.11 abc 156.87 bc 22.91 20.56 ab 27.22 ab 23.56 ab
GCT 161.78 96.83 f 210.55 a 156.39 bc 21.55 17.00b 28.61a 22.39 bc
PSU 132 154.28 115.67 def 176.17 ab 148.70 bc 20.54 20.00 ab 27.41 ab 22.65 abc
Mean’ 173.88 a 131.85Db 171.83 a 21.23b 20.57 b 26.52 a
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Traits
Leaf length (cm) Leaf area (mz)
Genotypes
Locations’ Mean’ Locations’ Mean’

KHK RN RTP KHK RN RTP
SR1 330.33 b 317.58 ab 282.58 d 310.17 cde 2.77 ab 3.00a 2.30b 2.69cd
SR2 365.67ab  328.50 ab 393.67 ab 362.61 ab 3.79a 321a 3.93a 3.64 ab
SR3 425.92 a 342.67 a 379.08 ab 382.56 a 4.27 a 344 a 3.9 a 3.88a
SR 4 346.58ab  310.08 ab 363.83 ab 340.17 bcd 3.27a 2.79 ab 3.70a 3.26 abc
SR5 367.50ab  258.33 cd 287.08 cd 304.31 de 340a 2.06 bc 2.39b 2.62cd
SR6 417.58 ab 234.67 d 374.67 ab 342.31 bc 3.69a 1.89c¢c 3.85a 3.14 bc
NP 370.17ab 29142 bc 348.75 bc 336.78 bcde 2.74 ab 2.01 bc 3.00 ab 2.58 cd
GCT 347.17 ab 209.75 d 423.25 a 326.72 bcde 3.07a 147c 3.37 ab 2.64 cd
PSU 132 340.83 ab 221.44 d 336.55 bed 299.61 e 1.18b 1.69c 3.35ab 2.07d
Mean’ 367.97 a 279.38 b 354.39a 3.13a 240Db 3.31a

wNNEwie: 'KHK = anensasuenlis RN = a1naselua RTP = 6nadhni

“Mean = ANaALIRIRLTLINANLNTUAT 3 Wuiign
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Traits
Fresh fruit bunch (kg/plant/year) Bunch number (bunch/plant/year)
Genotypes
Locations’ Mean’ Locations’ Mean’

KHK RN RTP KHK RN RTP
SR 1 66.53 75.00 a 109.23 abc 83.59 a 19.00 b 19.00 bc 31.00 a 23.00 be
SR2 76.51 75.27 a 116.80 ab 89.52 a 24.33 a 21.00 ab 26.67 a 24.00 ab
SR 3 64.67 63.71 abc 127.46 ab 85.28 a 15.67 b 18.00 bc 27.00 a 20.22d
SR4 65.36 58.76 abcd 70.61 cd 64.91 bc 19.33b 21.00 ab 19.67 b 20.00 d
SR5 58.88 43.31 cd 48.07 d 50.09 ¢ 16.00 b 16.33 cde 15.00 b 15.78 e
SR 6 67.81 53.50 bcd 132.83 a 84.71 a 16.67 b 16.67 cd 28.00 a 20.44 cd
NP 62.20 42.77 cd 70.58 cd 58.51 ¢ 15.67 b 13.67 de 20.00 b 16.44 e
GCT 55.53 37.97d 68.79 cd 54.10 ¢ 16.00 b 12.33 e 15.00 b 14.44 e
PSU 132 78.66 68.77 ab 88.43 bcd 78.62 ab 26.00 a 25.00 a 28.00 a 26.33 a
Mean’ 66.24 b 57.67c 92.53 a 18.74 b 18.11b 23.37 a
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Traits
Average bunch weight
Genotypes (kg/bunch) Fruit / Bunch (%)
o Mean® o Mean®
Locations Locations

KHK RN RTP KHK RN RTP
SR 1 3.51 3.95a 3.52 3.66 abc  69.19 ab 72.24 68.55 70.00 a
SR2 3.14 3.58 ab 4.38 3.70abc  68.43 ab 70.54 70.73 69.90 a
SR3 4.15 3.55ab 4.76 415a 71.77 a 69.57 68.47 69.94 a
SR 4 3.38 2.79 bc 3.60 3.26 bc 65.86 ab 64.14 67.97 65.99 ab
SR5 3.68 265¢c 3.21 3.18 bc 72.73 a 68.26 68.96 69.98 a
SR6 4.05 3.22 abc 4.74 4.00 ab 72.97 a 63.08 66.30 67.45 ab
NP 4.01 3.11 abc 3.54 3.55abc  70.34 ab 59.28 60.80 63.47 ab
GCT 3.49 3.10 abc 4.56 3.72abc  56.42 ab 59.57 69.29 61.76 b
PSU 132 3.01 2.75 bc 3.16 297c 54.59 b 70.96 65.28 63.61 ab
Mean” 3.60a 3.19b 3.94a 66.92 66.40 67.37
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Traits
Wet mesocarp / Fruit (%) Oil / Dry mesocarp (%)
Genotypes
Locations' Mean’ Locations' Mean’
KHK RN RTP KHK RN RTP

SR 1 7111ab 7152ab 75.60ab 72.74 abc 64.83 a 60.95 a 70.42 a 65.40 a
SR 2 83.07 a 68.07b 73.65ab 74.93ab 21.88b 41.26 b 7151 a 4488 c
SR3 63.38b 7269ab 80.82a 72.30 abc 64.13 a 42.34 b 75.07 a 60.52 ab
SR 4 73.47ab  54.70c 72.40ab 66.86 c 66.56 a 39.19b 63.20 a 56.32 ab
SR5 70.76ab 7797ab 62.75b 70.50 bc 63.52 a 54.36 ab 38.24 b 52.04 bc
SR 6 76.99a 76.68ab 81.76a 78.48 a 68.78 a 40.19b 72.95 a 60.64 ab
NP 7192ab 80.12ab  80.65a 77.56 ab 72.28 a 52.80 ab 66.79 a 63.96 a
GCT 83.98 a 81.98a 69.57 ab 78.51 a 66.02 a 66.18 a 70.24 a 67.48 a
PSU 132 7248ab 6845b 71.23ab 70.72 abc 65.15 a 65.98 a 67.90 a 66.35 a

Mean’ 7413 72.47 74.27 61.46 a 51.47 Db 66.26 a
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Mean = ARREIDINUTLNANTNTURS 3 WuTtlgn
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Traits

KHK RN RTP
Trunk height (cm) SR 3 SR 3 GCT
Trunk diameter (cm) NP SR 3 SR3
Leaf length (cm) SR 3 SR 3 GCT
Leaf area (mz) SR3 SR3 SR 3
Fresh fruit bunch (kg/plant/year) PSU 132 SR 2 SR 6
Bunch number (bunch/plant/year) PSU 132 PSU 132 SR 1
Average bunch weight (kg/bunch) SR3 SR 1 SR3
Fruit per bunch (%) SR 6 SR 1 SR 2
Wet mesocarp per fruit (%) GCT GCT SR6
Oil per dry mesocarp (%) NP GCT SR3
Oil per bunch (%) SR 6 PSU 132 SR 3
Oil yield (kg/plant/year) SR 6 SR 1 SR6
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ey Undutiu Traddu maasaiules dugiine,
Abstract

This research aims to study the growth and morphology of oil palm that treated germinated seed with colchicines.
The study was conducted on three years old palm variety Tenera at the Khlonghoikhong research station, Songkhla. Two
factors of factorial experimental in completely randomized design (CRD) with were the concentration of colchicine with 3
levels (2.5 5.0 and 7.5 mM) and the duration of the infusion of 5 period of time (3, 6, 12, 24 and 48 hours) compared to
untreated control plants. Measurements included stem height, stem diameter, leaf length, leaf area, leaf dry weight, guard
cells width, guard cells length and guard cell density. The study showed that oil palm soaked with infusion of colchicine at a
concentration of 2.5 mM with immersion period of 48 hours had the highest stem growth (91.20 cm), stem diameter (47.8 cm),
leaf length (59.1 cm), leaf area (47.3 m’), leaf dry weight (47.3 kg), guard cells width (0.36 um) and guard cells length (1.17
pum) and guard cell density (4.16 mm’) For evaluating the correlation of the traits showed positively correlated significantly
with stem height which were 0.64 ** for stem size, 0.57 ** for leaf length, 0.67 ** for leaf area, 0.47 * for leaf dry weight, 0.34 *
got stomata width and 0.30*for stomata length.
Keywords: Oil palm, colchicine, vegetative growth
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sy Teyailfimniiaseinuuususiu. suunun1svaass
waziUTouiiiauAadelneld3s duncan’ multiple range test
(DMRT)
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dheedluii 0 sneenidaideldvieduselufindingn wasiseanse
Unduudrianmausdudladiineaild Indenseaninalad
ihludesnelindesganssmilduasuinaudusznouiimdswens
400 wi wdnduinisduiarunauniie ANe veead
A luwadaudwiu 10 wadselu tivdeya 3 fegrwio 1 fu
AFUN15INANUNUIRUNVELEAAAN LTUTIVIULLARANIIN
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NANITIATIZRANULUTUTIUENBZN LRI LR ULANIEN
A 913U 5 anwale (Table 1) Wud1 ANEIRIU uRIUAUINA1S
Sdu aruernalu tufily dmdukondy Sauusnsag
agnalifeddeyde seninanuiduduresanslaaddy dwsuany
WANFNNVDITEEZLIATIUNITUYANTIAATAU WU ANNEIRTY LHURNY
gudnansdiy anuenvsly uily dwdnuionndy danu
uwanesegnadifdfnBssninsseznalunisudans definnsun
UfAsenduiusseninasgauanutuduiussesaailunsudans
Wi eugedu duruguinansdiiu armenamidly fudily
ihainuiennslu SUfATerduiusfunisadfodnaideddnds
AduUIEANSY0IAMNLUTUTINYOIE NwE AT LAuTRR 99 3
Aegsening 11.20 - 2023 % aenAdosiy Avdwa (2553)
nd1nsutastradduiiseiuanududu viessezinandilily
nsuga1slraddudinalinisiasgiAvinvesdunaiuiay
Wasuwasluuandnaiy nsifiuseduanududuredaaduii
Tinsiaseyaulnanasliivindu

Table 1 Analysis of variance in vegetative growth

Mean square

Source df Vegetative growth

TH D LL LA LDW
Concentration (A) 2 3506.97** 1191.25** 1124.59** 769.96** 771.21%*
time(B) 4 1385.05% 565.11%* 948.38** 600.52**  600.78**
concentration x time 8 1940.47** 574.35% 914.62** 574.53%* 573.89%*
Error 32 177.38 63.08 29.51 22.00 21.98
C.V. (%) 20.23 20.13 11.20 12.11 12.11
TH = mm@ﬂﬁu (1 uRLInT) ™ = Lﬁumuquéﬂmﬂﬁﬁu (EPEEN)
LL = AMuEIMSly (udmg) LA = ity (CRERNEE))
ow =  dwihuwdemdunné oV = dulssAnsaruudsuniu
*x feuuensameadfosaiiduddyba fiszdu P < 0.01

Table 2 Analysis of variance in guard cell size in 3x3 cm.

Mean square

Guard cell size (um)

Source df

Guard cell Guard cell Guard cell
density length width
Concentration (A) 2 1438 0.35%* 0.04**
time(8) 4 187.70%* 0.16* 0.03**
concentration x time 8 138.54%* 0.33** 0.04**
Error 32 17.88 0.04 0.003
C.V. (%) 37.10 21.76 25.74
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2. MIUATIZIAIUBYTUTINYITN Y YAaA

N15ATIENAURYTUTIVVBIT N UL LA ANTIUIY 3
anwaug (Table 2 ) w31 ANUNTIRTAGANKAEANEILTAARY 3
AnuuanasegalitudAnbs sewinsaududy urdnuuea
kdugaaAliiANuANA1aN1NEiR  dmsuauuanm1aYes
sreElIa1luNITUYanstAadu WU ANUMUILLLEARAN AL
NNugaRANLAZANNYIITARAN TAULANF1vaE1aiiTd ATy
senineszezalunisuans Wefiansuinnuuansisujizen
duusseninseiuanududuiuszezailun1sugans wuin
AVUNUILUULTATAN AUNTINYAFANRAZAINLINTARAY T
URRTenduiusunsatifodnedifedAyds Arduusednsveaning
wUsUsIuresdnuaensasAulacine denegsening 21.76 -
37. % deAAABIUTIBIY AnSHey (2553) ind1adn Aendanis
Juutwdasendeanslaadfuiiseduanududu uazsyazinaidng
9 danavilinunIAYaaAN ANETIYAARAN AIUNUILUTAE
A vosuduthifuinnuuandseeaiifddfusuiliutas
lAATuY

3. MaSeuiisuanRaeansaenemsiesyiuls
dlefansandnvasmenswsyiulnvesiuunduingu
anuaumueIWlFSUasTAaTTy Aisefusinaiu (Table 3) wuin
anuaEn1MsaTydule (ANEEIAY Wusdugudnansdny
aue1vsly fufimsly dhadnusianidlu enunfrasadeu

v |
o o o

wazANELgaRAN) YosduUanndunlasuanslaadBunseau

a a

25 $adluad anwaEn19n15asAule dAeasuInnIie

£

Wisuwigunuanslaadduisenu 5.0 way 7.5 Jaaluaa Lngans

lPatfuisyau 2.5 Tadluea uanAsegeilidvdAgyBmisadfnu

anslaadduiisedu 5.0 uay 7.5 fadluad wasiilofinnsaujisen
duiussenintanududuiasszegiialunsugansiaaddu wui
fUiAsorduiusiumaaifegadtodfyds Tnerugeuesdiu
Undnisuldsuansiradduiisedu 2.5 fadluad sveziailums
wdanslraddude 48 lusgeiigaudliumnsireiuanslnaddud
sefu 25 fadluad  szeznalunisudansleaddude 6 dalug
Faudetu auvawazsnf (2502) 918909 urunaRuving Aladlédu
aslaaduynanududuaziaiyiAulansiuildfuarslaadiu
o1vandosnnanaeiudfuidutudsliaios

4. wavesa1slnaddusionisiAsunavesdnvalzuaza1m
usadau s
uiiuganslaadfuiinisiasuulamwesdnwasivadaui
Tngnindudildudansleaddu (Figure 1) uazfudana1nfinis
WasuwlassunuveavadaulaefiUiinaunamuiiiusnniidy
filiiuvansinad@u (Figure 2) (Table 4) AARdDIRUNITTIBIUTDS
Thao wagAuy (2003) Gu wagme (2005) Chen tay Gao,
(2007) 57897431 VWIRKAzAURLIRILTERRadANTufIUIUBN
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Table 3 Effect of different and duration of colchicine treatments

on vegetative growth character.

Colchicine Duration of
concentration immersion TH TD LL LA LDW
(mM) (hr)
0.0 0 51f 38¢g 46.10h  36.60g 36.60g
2.5 3 7247c 4820a  52.85bc 42.79c  42.79c
6 7245c 39.40e  52.0lef  40.73ef  40.75de
12 70.00c  42.00cd  49.60f 39.57f¢  39.57fg
24 76.80b 44.40b  53.40cd 43.41bc  43.44bc
48 91.20a 47.80a 59.08a 47.29 47.28de
76.56a 44.36a 53.39a 42.76a 42.77a
5.0 3 79.20b  42.20cd  54.56bc  43.76bc  43.75bc
6 72.20c 47.00a  55.54b  44.11b  44.09b
12 57.80e 40.40def 50.04f 40.14ef  40.14ef
24 69.40c 43.60bc 51.60e  41.37d  41.38d
48 60.40e 39.00fg  44.33h  3547h  35.49h
67.80b 42.44b  51.21b  4097b  40.97b
75 3 71.20c  39.80efg 52.34de 41.43d 41.43d
6 63.60d  41.80cd  49.73f 40.17ef  40.17ef
12 60.20e  34.80h  49.36f 38.80g 38.79¢
24 70.60c 41.40de 52.76de 41.50d  41.49d
a8 0* 0 0 0* 0
53.12c  31.56d  40.84d  32.38d  32.38c
CV.% 2023 19.24 10.43 11.80 11.79

5. griavaiusvessnvaen eI una I auhe i
MskvaIslnadau

ATIATITRAIANFUNUTVRINTLATYLAUTAN AU 1A
wardnumadaululduiiuiishunisudanslaaidu (Table 6)
WU AnugauiiauduiuslunsuInegdlidedAgvnsadifdu
Snuwazamalaudu aruennishu fuiil ddnuiondy aana
NTUYATAN UAZANENTARAN (r= 0.64 WAz 0.30 MINAIFU)
wiAurUILLUwadauiiauduiuslunmueg e ltudAgni
adRfuanEME YIAlANAY ANUNTIUTARAN LALAINEILIATAX
#0AARBINUTI89U Corley Uag Tinker (2003) $1897U31 HAKAH
UwémﬁﬂﬁuLwiazﬁuﬁmmﬁmﬁué"lumwmﬁ’ummqwaqﬁwé’u
WAZADAAABIAUIIBIIY Smith  (1993) 51897111 andusiusluy
ysuansgwing Sty fu Suungas dedaiiiuilluges
danavilvinandnganuly AddyAeuiluadrsnandanzans
(Hardon et al, 1972) fsifulunsufulgaiudiiioifiunands
ngany enaisanldanndnuaziu

IuIAALNT ANEIITe AT AT Uz A A
Snwarmsasyiulaiutunullaonadesiuseny ansned
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(2553) w911 vndinafivduaugalasluleniaturmna
e anwgveseadauazivuaiin uiazdidnaugadivadam
sofiufianas drmvuinanunisveneadautuiaudusiusly
VNIUINABIUIAAINEIIVRLTAAAN WATANFURUSN 9 UAY
ANUNLMUUTDUTAAAY

Table 4 Effect of different and duration of colchicine treatments

on guard cell size in 3x3 cm.

Colchicine Duration of Guard cell size (um)
concentration immersion Guard cell Guard cell Guard cell
(mM) (hr) width length density
0.0 0 0.15¢ 0.88def 13.30de
25 3 0.33c 1.17b 13.93cd
6 0.34c 1.2b 12.80e
12 0.27c 0.97cd 10.47f
24 0.15¢ 0.93de 14.76¢
48 0.36bc 1.19b 8.33¢
0.29a 1.09a 12.06a
5.0 3 0.30de 1.04c 10.46f
6 0.16fg 0.73h 7.90g
12 0.14¢g 0.86efg 22.46b
24 0.2% 1.03c 6.36h
48 0.36bc 1.17b 4.16i
0.25b 0.97b 10.27a
75 3 0.40a 1.28a 8.66¢
6 0.15g 0.78gh 13.20de
12 0.19f 1.04c 10.40f
24 0.16fg 0.83fgh 27.03a
48 0 0 0
0.18c 0.78c 11.86a
CV.% 37.10 21.76 25.74

Table 5 Evaluation the correlation of growth.

Trunk Leaf Leaf leaf dry stomata Stomata Stomata

Character size length area  weight width length density
(em) (cm) (cm) (m? (kg)  (um) (um) (mm?)
Stem size 0.64**
Leaf length 0.57** 0.54**
Leaf area 0.67* 0.61%  0.73**
leaf dry weight 0.47* 0.36* 0.62**  0.63**
stomata width (um) 0.34* 0.02™  0.03™  0.20% 0.21*
Stomata length (um) 0.30* -0.01™  -001™ 0.16* 0.09* 0.76**
Stomata density (mm?) 0.03™ -0.13* 0.12*  0.05™ -0.07™  -0.31** -0.15%

ns = non significance, *=significantly different at P < 0.05
***=sjgnificantly differentP < 0.01

dyunanisnnasy

nautanslaadfufusdasonurduhdugnuauimuen &
navhlvudusuiinsnevaueonsasyiivla syiuaan
dudu 25 9adluad uavszeziian 48 $alus nevaussianis
\3nulaldffian
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Figure 1 Size of guard cell in oil palm form colchicines a) control
b) large size of guard cell treatment colchicines concentration

2.50 mM and duration of immersion 48 hr.

Figure 2 Density of guard cell change in oil palm form colchicine
a) control b) guard cell treatment colchicine concentration 2.50
mM and duration of immersion 48 hr.
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Response of Oil Palm Seedling Genotypes to Different Soil Types
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NIIIA AIFY , INTI YVLSANUUN HAST IS DNANNITUNHY
Rittirong Srisuk, Vipawee Bunyatulanon and Theera Eksomtramage
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Abstract

This study was aimed to evaluate the vegetative growth characters of tenera oil palm seedling in
different soil types. The experimental design was the 5x4 factorial in CRD with five varieties. PSU-T-52-81
(PSUS81), PSU-T-52-139 (PSU139), PSU-T-52-140 (PSU140), Nong Ped (NP) and Golden Clonal Tenera (GCT)
and four soil types; Control (C), soil Ranod (Ran), soil Chieryai (Cyi) and the Phatthalung (Ptl). The results
showed that lanceolate leaves were produced in 1-4 month-old with the highest average was obtained from
three month-old PSU/Ran. The bifurcase leaves was first produced in 5-7 month-old palm with the highest
average was from six months NP/Ran. The pinnate leaves were early produced in 8 months and the highest
mean was from 12 month-old GCT/Cyi. The highest average for leaf length and plant hight at 12 months old
was from PSU.139/Cyi, but the highest stem size in given by NP/Ran.

Both positive and negative correlations between characters were found. Stem size was found to be
positively correlated with palm hight leaf length, number of bifurcate and pinnate leaves (r = 0.71, 0.71, 0.51
and 0.63 respectively.). In contrast, negative correlations, was found between number of bifurcate leaves and
leaf length, palm hight and stem size (r = -0.41,-0.58 and -0.58, respectively). Estimates of broad sense
heritabilities for all vegetative characters of oil palm seedlings ranged from moderate (32.76%) to high levels.
The highest heritability of 94.19% was obtain for leaf number.

Keywords : Oil palm seedling, soil types, vegetative characters, correlations
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Table 1 Means of number of lanceolate leaf, bifurcate leaf and pinnate leaf on different soil types at 3 6

and 12 month-old seedling stage of oil palm.

) number of lanceolate leaf number of bifurcate leaf number of pinnate leaf
i

C Ran Cyi Ptl Means C Ran Cyi Ptl Means C Ran Cyi Ptl Means

NP 420" 3.93°% 3.53" 4.00°%  3.92° 4.80° 487 4.40% 453 465 5.40° 6.87°%° 598  7.02™ 632
GCT 3.87° 445" 3.53" 407" 398" 380° 267" 3.00% 273 3.05° 673" 6.52% 8.72" 758 7.39°
PSU-140  4.33™ 4.80° 3.53" 400 417" 290  222° 2.87""® 2.52% 263 7.02" 680"  6.84°°  7.10™  6.94°
PSU-139  3.73""  4.00™" 3.60% 380" 378 267 2.87"% 2.53"® 280" 272° 627 5.87" 7.60° 728% 675"
PSU-81 3.47 4.60% 3.47 407" 3.90° 3.60° 313" 3277 340 335" 6.80°° 727" 6.53°" 713" 6.93°

Means 3.92° 436" 3.53° 3.99° 3.55" 3.15" 3.21° 3.20° 6.44° 6.66" 7.13° 7.22°
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Table 2 Means of vegetative characters on different soil types at 12" month-old seedling stage of oil palm.
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NP 476" 601" 475" 558 508 927" 1167 783 1L12Y 997" 7747 96.53°  77.58°  90.98° 85.64" 8673 10820° 8542 102.10° 95.61"
GCT 5219 519 5179 515 518 1373 1513 1735 1833 16.14° 7353 75.02°%  8478° 7533 77.17° 8727 90.15" 102.13° 9367 9331°
PSU-140 524 497 489" 498" 502" 1468 17.13" 1591 1590 1591 73.97"  69.07%" 8471° 68.82" 74.14° 8865 8620" 100.62°  84.72% 90.05"
PSU-139  5.04* 4.8 522 542" 513" 1433°%  13.93"% 18.48"  16.30™°  15.76" 79.47°° 75.00°% 9838 81477 83.58° 93.80° 88.937 11687 97.77° 99.34°
PSU-81  4.61% 455" 447" 456" 455 1367 13.87°% 1327 15377 1405 6047 5707  6627" 5938  60.80° 74.13" 7093  79.53"  74.76"  74.84°
Means 497" 511" 490" 5.14 13.14" 14.35" 14.57" 15.40" 72.98" 7454 8234 7520 86.12°  88.88" 96.91" 90.60"
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Table 3  Correlation coefficients of vegetative characters on different soil types of 12 month — oil

palm seedling

Stem size  Plant height Leaflength ~ No.leaf  No. of lanceolate  No. of bifurcate

Plant height 0.7095%*

Leaf length 0.7108**  0.9663**

No. leaf -0.0642 -0.2259 -0.3656**
No. of lanceolate ~ 0.0262 -0.0883 -0.081 0.2392
No. of bifurcate ~ -0.4079**  -0.5794** -0.5955%* 0.5112%* -0.1565
No. of pinnate 0.2886* 0.2904* 0.146 0.6313** -0.0298 -0.2336
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Table 4 Broad sense heritability of vegetative character on different soil types of 12 month — oil palm

seedling
Character Heritability
Stem size 32.76
Plant height 41.53
Leaf length 51.95
No. leaf 94.19
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Response of oil palm (Elaeis guineensis Jacq.)
genotypes to irrigation regimes at seedling stage
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ABSTRACT: This study, which was carried out from March 2010 to April 2011 in Songkhla province, aimed to
evaluate the growth, physiological responses, correlation and heritability at the seedling stage of oil palm subjected
different irrigation regimes. Five oil palm varieties (hybrid tenera) including Nongped, Golden Clonal Tenera,
PSU-139, PSU-140 and PSU-81 were used. The experiment was arranged as a factorial experiment in CRD.
The five oil palm varieties were subjected to 3 irrigation regimes: daily watering, or control; 4-day interval watering;
and 8-day interval watering. The experiment showed that there were some physiological responses of the cil
palm seedlings to water deficits in both 4-day and 8-day interval watering treatments, resulting in lower stomatal
conductance, lower leaf water potential, lower the rate of dehydration and lower net photosynthesis compared to the
control. The degrees of physiological responses of the five oil palm varieties depended on the magnitude of water stress.
The oil palm seedlings which were recorded for vegetative growth showed that those imposed with 4-day interval
watering could recover from the dry condition while those imposed with 8-day interval watering had decreased growth
rates. The correlation coefficients among the traits were positive at the significance level of P<0.05 or P<0.01. These
traits included the number of lanceolate leaves, number of pinnate leaves. plant height, width of bulb and leaf length.
Keywords: oil palm seedling, drought, physiological responses, correlation

NAITTWTANEAT ALUININENTEITNTNF UM INENSHRITAUATUNS WeNIAV A INY 9.walug 981287
90112

Department of Plant Science, Faculty of Natural Ressources, Prince of Songkla University Thailand, 90112

1

* Corresponding author: theera.e@psu.ac.th




112

UNU

1/a41] Tunl@ningu (Elaeis guineensis Jaca.)
LﬂuW‘H‘ﬁNﬂQ‘mﬁ’]ﬁmﬁﬂlﬂ?ﬂﬁﬁﬁﬁﬂuﬁ‘“ﬁutﬂﬂ
uarseAulszing mmmmmmauﬂmnnmau
muuuum‘luumu%uwﬂﬂq mﬂqmnﬂmumuu
Lfluww‘lumuuia»mamLuamﬂunuwmmuu
TRADU (‘ﬁ‘i“‘" LWATATLY, 2548) uanainid Ruma
(2007) a19lme Okwuagwu et al. (2008) N&19"
1_I'mumuutﬂuwmmﬁuwummsﬁ’lﬂmﬂumu 2
fMnananiulauiuanini Taslulsznea
TuAGEs8UN ﬁuamammaumuumnmq 70%
yaaR T naMNaRTin1 s lnAtin muﬂﬁau
mumi’luwmwmmmﬂmmm’lum?mcymuim 34
ﬁmﬂuﬁq'ﬁ’amﬁmwmnmm?m?mLmu'f,maz
HANRATDINT Tmﬂnﬂﬁ‘mmﬁﬂﬁuaﬁiﬂﬂm@?m LG
warTununananualau (Dufrene et al., 1992
&almg Kallarackal, 2004) mniin1sanminly
Unanagiaiiuani11in1sva w91 aug1aa
N uasiinunluien wAA MU UL auengunn
HUAlTNTUHN1T89 LB UT AL A HHAFABN1TTU
LaaEnten TR ARuINA N1TLRITUUAY
NITWRIUITDINARA FEILT UN U (ﬁ:rmwf LWASATULY,
2547) enanbiiefiaan neatinswl Ui n
wﬂﬂnw‘mﬂuualwmﬁ‘@muwmwmmnmuamm
YUNALDITRALANAY NTTUIUNITAIUATIEWUA
AnUnd suiluavinlisuisfiaaus nsa¥eimns
Sl lsiiai ﬁmﬂnvi’nmﬁ‘vﬁmtﬁu‘[m LRSI
Uszauganwguiidl unatuiufazuiannele
(UNNT, 2543) muuﬂrw'mﬂqmquﬂuwm
wmmumm"lﬂnumﬂ%ﬁuﬁm (83A0, 2551)

o ddu

ﬂmq'l'mm'mmﬁ“m..,'lﬂnmﬂfmumuuﬂuanwmv
ﬂnmm”mi‘mmﬂm'lﬁﬁﬁu Tusrasndndaniniu
Facldiuinetruiaaneiunnudeanisluwsay
daaa1g nndnthdninTulduinldieaweasd
HAN AU NLAAIANHUTENITHALNR 11U

TuGEumass nanalulvsidy ngulugeuiniengu

WAUINEAT 41 (2) : 111-120 (2556).

o’ i [ < -9 = =i
AuuINN9T 1 nauuazdulalng wasinalaemns
AONITRNARALIUINLT 999U 1a W10 Li189]nn
Urnlutlavisaiiarnisinindnlusn nasuasisi
b % -=l| = | v = «
ANLILAIAARY TIRCHUNAFDNT IUHANANUDILINAN
sialdluaunms TaganIZanHULRTUIUNZANE
Unguanas ammiunisAne il WunisAnswug
ﬂ'muumuqnuammumﬂm“ﬂ nmﬂflau
mwuﬁm?m meuﬁwamwmmﬁ*ﬂmﬂm L‘Wﬂ
ﬁnmmimﬂmumLu'aqmuﬂfanw'luuwmﬂmu
o cj v
dNy ANAUNUE uay cAnLRaNWUENH LU Ty

ﬂumumﬂm*mum LA

A8N1SANKN

ar -

NIMAREN LIRUENAABLATUIN 5 WUGAB WUS
gNHANMILELTUUR U 3 Wughe 1.9.139,
1.9.140 LAY 1.9.81 Ltﬂ:ﬁuﬁ'@nmﬁummﬂmﬁw’ﬁm
untsArludszmalnadiuau 2 Wug As
Wuguuaaila (NP) uar Inasaumnues (GT) W)

AMaNTaLAssRUgHLgnalugInaNaAnARY

= e

NUAULTIIAENITALLIAULLATILALD UUIAUDS
qqﬁiﬂumimﬂ:mﬁmanﬂjmﬂ’]ﬁuﬁﬂﬁu 1194
WANARANTUIA MY ABTUA (40X45 LTURLNAT YU
500 1na) witihdundt @il Fou
NITAN NNATTNTIANARNT ATUENINENNIEITHTNG
UMV NRUAITATUATUNS BUNBUIA VDL [INIA
A97A1 NIMNIAaeLLLLWNNaTea LNy CRD
(Factonal Experiment in CRD) Tﬂﬂﬂuuﬁ 3 'i“"‘ﬂ‘l_l
(’lumwmu NN 4 U UAY N 8 M) s Bunning
1%iAe 1.20 AR3/é 419w 3 51 Haunamisemaass
10 Kuwmimuu/dn NINTENAUNAT AU 3
FUMUNEMAREY aTARNH TN NAELTDINE
Unduusasiugine lavinaasu 1aun AINgY
uuly 1uIaaAE WAL ANITIRuTaya
N 1 wau Winad 12 view uasguaunaliau
i Bnduau SPﬁwummmam Lﬁﬂﬁwﬂquﬁﬁqq

YRIAUNATLNA NN NN AANBIUEN A F UL



v o et L R T Y A A TR AR T

o ki il Jr,-.'-,-;'..-.._h.i'i-l'-

KHON KAEN AGR. J. 41 (2) : 111-120 (2013).

yinansdu téun thwings wuily Lm“ﬁ'mﬂfn LA
YN9iLUTayann 3 1Aau U 3 e (mJ']au
a1g 3, 6 UWAT 9 Lcﬂ@u) uazinsdadnduain
W ludundrtduningudas pressure chamber
Inendanneluit duasi@enlutioslussazinaans
PRIUAATTNDEY IUn1aiudays Aaan1ulumss
nanan s luldasliluqnenenes pressure chamber
'l.ﬁ"ﬂmﬂ'iua'ﬂﬂ'ﬁ’muu sian W lutiaslwiFey
anifunsuqnenaltui waAaL ] Uaetung
‘lu‘immumnmmmuunﬂ 'lmmummmmmw
muludan mwmmﬂﬂnmnmu'lu durnfiniinile

” v
pressure chamber WaUREALILINNAANNIRNN

9 1 =J i Q= i = © ' II: i v 7
AUy Amerulanvdaetdy uag daaneuls
TN pressure chamber tuaailu MPa Tasi
10 UNg = 1 MPa @ 115un1sianisinuidanly ems9
m?mﬂm LLa“ﬁmmmﬁ‘ﬁqLﬂﬁ‘wmum‘lumunm
ﬂmumuuwuﬁmaq inmsindneieiesioTndnm
NITAIATIEUUAY TU LCi Photosynthesis System
(ADC Bio Science Ltd., United Kingdom) Tagiiaan
ﬂj =4 i 1
NN 4 uaziaan lutas lUs e INRA DI LR
199878 LN LLaYA 11 chamber MTLATINANY
lutiee Iuuuatnlszunnd 1 A waanaiiunn

mﬂuﬁwQﬂ1m
- a
NANISANHILAZIANS T

ANBUSNINFTIINE
Anfntaaninlulusesdungd g uinguy
VNWug (Table 1) ﬁﬁms’lﬁﬁmni’u NN 4 WA 8 U
WL 'Luuuﬂmﬂmmmnm (P>0.05) wanuullii
'.1muna'nhﬂumuu'luﬂnwuﬁwumﬂumwn 4
war 8 Ju HArdnduainluluanasiedeyinmy
-1.42 UaY -1.76 N ﬂ']ﬂﬂ’]ﬂﬂ'mﬂ']ﬂu m'l.uwuﬁ
1.9.139 :4mﬂnmlmm'lu'lumﬂmmmﬂ?‘ﬂumﬂu
nuwuﬁﬂu mummnumunﬂﬂﬂﬁaumuu'lmm
AN mﬁ*ﬂﬂm‘[mﬂaﬂ‘luamwmmumu 60 URY
90 Fu fiArdnianiadatinly Angdeeaiiluly

113

ﬁuﬂmﬂﬂﬂiﬂﬂﬁmu‘m‘ln Lm:ﬁ’mﬂn'\?ﬁ’qmm:ﬁ
LA Andadundang umuummu &350
mﬂnm) (NURAATN LAZATLY, 2553) mﬁ*ﬁwwmﬁfl
W3a LATLTIR N WA NARINI T A U LR LT
fnnsdfusalaeiinnrandngdaainluly uay
metnindanluidanas Feannisiansunen
*nnmﬂ'ln'l'u'uﬂqﬂunmﬂﬁﬂumuunnwqumﬁ‘
'luu'mmu NN 4 LAY 8 Ju Wuin LiflAuueAnsg
naana waAdninnluresdundtduingiu
*nnﬁ’uﬁ"ﬁﬁmﬂﬁ'ﬁwni’uﬁd'\'ﬁ'nﬂﬁﬂﬁn'lumﬁﬂ
WY 102.00 mM m? s™ ‘mummnmqmunm
ﬂﬁauumunnﬁuqmmﬂumwn 4 Uz 8 Fu ol
Ardniindanluddaulstunuiudngaeainly
U uBNAINLEATINTANE N TB IR UNd NG
nnﬁ’uﬁ-ﬁﬁmﬂﬁﬁ’mnﬁu NnN4uUac 8 U (Table 2)
WU TR AtuN19a s Tﬂﬂmﬁ"luu'mmuum
ANGABEITININ 1.11-1.56 pMH,0 m2s™ T
m:r'lumwn 4 fi’uuﬂmqmﬁ‘mﬂmﬁmm WANAN
mnnmmmmmlumﬂumwn 8 U UAMNIIN
‘lumﬁ"l.umwn 4 U umﬁmﬂﬁ‘ﬂmuﬁ?mmuaﬂ nan
mmimﬂmmmawmﬂﬂﬁumuutuﬂwnmﬁ‘
Tathnly Wesneraninsesinnielugad s
AUAR Lta“ﬁ'qr;mﬁians‘zmumm%"}qmmm’%ma
FUATITTUAIPNAINY TeERPINIRIATITULAS
ﬂfaamunﬁ’nJmuumuwnwuﬁﬁumﬂumﬂmu
NN 4 LAY 8 TU WU NAMHNLANFAIBLN9TTE
ANATUNNADH (P<0.05) Thedundnduinguns
nslhimnduiiAnisdaanm “AUAIgININIT I
Jmn 4 W8T 8 U uﬂ:ms"luumn 8 Ju {8mIIN"g
ﬁqmm*u’umﬁtﬁm FaN17RIATIEWUEITD S
'Luﬂmumuuﬁmumﬂum?mmm’luumamw
SinuiaTiiRLTY foudnanAanS mﬂﬁmu’%u
AEILTUNY (Suresh and Nagamani, 2006) uﬂﬂmnu
Henson et al. (1991) WU 8AFTIN17RIUATIEW LAY
meldianniiinuuansneresaudule (Vapor
Pressure Deficit sa VPD) anvanisuanluluiud

i A - 3 H
WASABE AARY 4-12% NaulFariauiunud



ﬂil v e t’ 1 = A/ A-EJ 9 o ‘u‘, |

NATULIaE 1NEINe TaaNunNlaSutinas g
y .

N1TATINBIMITIN DA AN LA AT/ UIUL A

330

- o
=h.
ZZh

N5t ULAULANINAIA Y

) X
umLﬂmumuwm‘lﬂumumﬂﬂawﬂﬂﬂ 5.38
Lwﬁmm ‘lmmnmqmmnmnuwuﬂnaﬂLﬂu

«

WU

IMIUBTT 1.9.139 WAYN.9.140 WALANFIIDEN9T]
YAy naatian P<0.01 NUAUGN.9.81 WaTWUg
1.9.81 ﬁmmm’tﬂuﬁumgﬂﬁﬂqmﬁﬂ 4.96 TURLNAT
Tmﬂﬁunéﬁﬁﬁmﬂﬁﬁmn 4 uay 8 Ju Nuwalily
ﬂmﬂ‘lﬂumuwﬂmmmnmﬂmﬂuummu LAZAn
m‘lumunmwumﬂumm 8 TU AR 3.71 [IURLNAT
ustIfizen @i 2 Tlade 'luuuﬂmmymmnm
Jacquemard (1979) T7897U2" m'mmmwwu
u.mﬂ“ﬁ'nuﬂﬂnuammmmammqlwmmuﬂ']au
Yinaid 'lumﬁ‘ul'%'ﬂumﬂummmmunmﬂwumuu
WU AANULANFat N RTad1ATuNn19aa
(P<0.01) ‘;ifqﬁuﬁfuuml,ﬂﬂﬁmmaaﬁumﬁ;ﬂgmm

o

A 20.5 [UFLNAT 14 LANFIINIIARE A URL

otf)q 2q

INAALBUINILAT LANANLANFNIN AT R UWL
3.8.139, 1.9.140 UAT3.9.81 uBNAINUAUTINAMLAL
NLUETT, 8.9.139 LAZN.9.140 luTAuLanNFg
= . . 4
NNADH LATRUSTH.9.81 ﬁmmqﬁumaﬂm@mﬁﬂ
Y 9 9 -ﬂi'd l..rt’ o
15.8 LIURALNAT WATAUNAIMENNT IINNIULAL
NN 4 U ldRdedAtyn1eada wiilauumansing
ﬂﬂﬂﬁﬁﬁﬂﬁﬁﬁEUWWQﬁaﬁ (P<O. 01) ﬁ’uﬁunﬁﬂﬁﬁm?

N P<0.01 Tmﬂﬁuﬁ'uumLﬂmﬁﬁmﬂﬁ’ﬁmni’u
HANGIAY

ANEAAD 23.5 [TUFILNAT T lHLANAD
NNATHNUAUTINARLAUNIUDTT 1.9.139 LATN.D.
GJ-I:‘ 9 :‘: ar = o s a Vv
140 NHUNTT IVUNTZAULREINU LLﬁ"WuﬁTﬂﬁﬂLﬁum
lUDTT LAZN.9.139 wumﬂv]mmn 4 1Y meuﬁ
11.9.81 ﬂumﬂumwn 8 U umwamumﬁﬂﬂﬂ
a
12.3 memwamﬁmnmm'lumﬁumuumm

Winugeanassontuiy usarinaiaslulan

WNULNEAT 41 (2) : 111-120 (2556).

A P " 1 -=."i -=!lI t = I
NAVTRLAANT T naad Tl va uIuiluase
nIsRNIUN s uNsETuRLiaAanisfi e lu g
=4y i i =9 (~1 cj Y ar
e LU Tneludasneuniswsayladiunvanlésu
ANINLMILAIRHain1saslutes USunouly
AILIRAAY WAINAN (Noor and Harun, 2004)
d:z; :: i o 9 a
wazlunstuineIainat gL e I duans
v ‘d — L] o LB
& uszidiafansanmraeiamialu wudn Wugue.
139 fiArnsnannlugegaladawiniu 89.92
IuBAs TatiAMNLANFAeE NHTEdNATuNIS
a0AN P<0.01 Auiufuueada Tnamdumuen
4.9.140 LAY 14.9.81 'l.umm**ﬂwuﬁu 8.81 HAIN
mqmq'lumﬂmmﬁﬂmﬂnu 67.45 HURLINAT WA
e
munmmﬁumuuﬂum5"[uummuummmqmq
lugegaaduviniy 93.10 wumwms Tususisy
4 e t’ ar Iﬂl ¥ Iﬁf o =
nahanudunliiagn 4 uay 8 du HAueg
NN ILAARURALIVINGL 83.29 WA 51.33 TURLLAS
AMNATAL TuanFvet9iTadrAyuniadi
(P<0.01) WaNansufjisenduussendnaiug
nuu wudn UfAreduiusidadnAtyuniaais
(P<0.01) Taeviuiga..139 ﬁﬁmﬂﬁﬂwnﬁ'uﬁ AN
mqmq‘lmmmﬂ@ 105.25 [IURINAT WATWUGH. 9.
81 w’l,vm'mn 8 71U umfmmqmq'l,umamﬂﬂ 41.25
LIUBRILURS (Table 3)

o rﬂi-ﬂ'—i [

Wuﬁ‘nuﬂﬂLﬁﬁﬂﬁﬂﬁﬂﬂﬂ‘l“fﬂﬂﬂﬂﬁﬂﬂfﬂ@@“ﬁd
wa‘lﬁﬁﬁumumnwmulﬂmﬂ N1 IYNTEUUNNS
AUATIZULEITDIA UL AN UN U~ RnENnTnE A v
At Hardon et al. (1968) Ussiiiunuilyuann
. L4 . C
et lutiouneaiga wudn dulsr@ndiiene)
TENIN 0.51-0.57 uANFAUANaNg a9 da
UNTY MNFAUUaNRAMNE19 9 lUNIN L@ A9
=] © ' < ©° !..rﬂlug ﬂj -ﬂﬂl ar
Nauulut e g N IR UR lunnTeadnous
pananadutladandranylunnsdanseiitasres
<4y ° L= 7 :- = = = L Tr="]

Tk YR T IV S TR P R  or
v 7 & l; o Ad '.I.-rr o = o
muﬂmﬂmumuuwum:r'lumwmuuﬂnwm:
X
m‘«awwmwuua"uﬂ?mmmnwmnm'\muna'1
ﬂﬂﬁumﬂ’wumﬂumm 4 Y urﬂmﬂumm 81U

ansusnawnianllss duidn auianiel



KHON KAEN AGR. J. 41 (2) : 111-120 (2013).

ABWINNLAN UFHNtuaIntas Lazs nAeud 19w
-gi;d -d' 7 o i 9
UBNANUNNITARTDI LLE N9 luinee Tuanauwiis
A =y i =1 LT
AE dauTe lunine vdvein wazuaniin Taguans
AN luiug 3.9.81 sounaiinnsaneresfiundnlu
Fanamunndniugeu Tususinashi 4 5u
WinalaiuanseainnisTdiagndu vadenaiu

dail cntrol)

4-day interval

115

- 7 a :: o’ - i <
waesulaninulanansenuluganandunas
mmmﬁuﬁﬂﬁwﬁammmm LANITNAUNA
thauiniulinasiiiagn 4 3u arsnsofidiansenls

; =i I 8 v .
UWARCHHANTENUABNITATNUIAAY (Figure 1)

8-day interval

Figure 1 Comparison of the seedlings of the five oil palm varieties under 3 irrigation regimes at 9 months after

starting the experiment.
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Table 1 Means of leaf water potential and stomatal conductance of the five oil palm varieties and three

irrigation regimes at 9 months-old seedling

—— ———— = — = == =

Leaf water potential

— e = == —_ = =

Stomatal conductance

_ (MPa) ) B (MM m*s™) ]
Varieties daily 4-day 8-day Mean daily 4-day 8-day Mean
control) Interval interval ‘ _S(_:ontro_l_) interval  interval

NP -1.13 -1.30 -1.68 -1.37 85.00 45.00 10.00 46.67
GT -1.00 -1.15 -1.88 -1.34 105.00 55.00 10.00 56.67
PSU-139 -0.75 -1.60 -1.93 -1.43 85.00 20.00 10.00 38.33
PSU-140 -0.60 -1.28 -1.55 -1.14 120.00 20.00 15.00 01.67

PSU_:81 , —01._9_9 =175 -1.75 -1.47 115.00 B 60.@* 10.00 _ 61.67
Mean ° 088a  -142b  -1.76c  -1.35 102.00a  40.00b  11.00b 51.00

e ==

Means with the same row followed by the d:fferent letters are s:gmﬂcantly difference accordlng to DMRT

(P<0.05)

Table 2 Means of transpiration rates and photosynthesis rates of the five oil palm varieties and three irrigation

regimes at 9 months-old seedling

== S —

Transpiration rate

Photosynthesis rate

(MMH.O m?s™) (MMCO, m<s™)
Varieties daily 4-day 8-day Mean daily 4-day 8-day ;AEan
o control)  Interval interval _ (control) interval interval
NP 1.11 0.64 0.18 0.64 4.04 2.52 0.79 2.45
GT 1.48 0.87 0.25 0.87 3.48 1.95 0.67 2.03
PSU-139 1.25 0.34 0.22 0.60 3.40 1.24 0.60 1.75
PSU-140 1.56 0.37 0.28 0.74 3.60 1.54 0.59 1.91
_ PSU-81 148 - 0.94 0.23 0.88 4.20 229  0.82 243
Mean ' 1.37a 0.63b  0.23c 0.75 3.74a 191b  0.69c  2.11

' Means with the same row followed by the different Ietters are s:gmﬁcantly dafference according to DMRT

(P<0.05)
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lulpsiudusmevnsiifianuddgemasiyiuln msadilusiu wesluesdusenouresnaslsiladlufiy Farfunsdnen
Tuediilfingusrasdiftefnumsmouaussmaaisineivesiusurdutidusessdululnsaulussogdund TaTauaunsnasuy
uAveiSoaluuny CRD (factorial experiment in CRD) #susznaude 2 tade fe ftusunduthifugnuasmiues $1uau 6 duax
(Wdsnbsfuiusying we. 1: [snwanmundsnguialug) A B C D way E wndlulyddendn waesitugnisdn S1uau 1 siug: Sulnd P
warUSunalelulasiau 3 seau (0, 13.5 wag 27 nsululnsiawdonu) nansfnwimudl sedulelulasuiasiudiinadonsneuauss
ysaRTinevesund Uditsu Tnefunddihiugnuasmiuesiong 15 Weu fldssdutglulasiau 135 nfululnsiousiosu &
Ginadlulasiaulily Ginaunaelsilad wazAreuideveduganindundldsulelulasiou 0 uas 27 nfululasiausiesy oniuily
0 D FaflevFmalulasiaululy Usinueaelsilad wavararundevedugagailoldsutelulasiau 27 nfululasiausiodu ms
"3Lﬂiwzﬁﬁmﬂfq'a,ﬂmai%’ﬁwﬁﬁuﬁmmwumwiaamwluimmuﬁ’] (Low-nitrogen stress tolerance index; LNTI) fifuiaiannaianunde sl
Usnmuaaelsilad warlulaniaululy anansodangdusundrunduiiiudu 2 nqu Ao nduinudeanizlulasaudilduinnii
Usynoudne Undunhsiudlulnd A, D uag F LLazmjuﬁmuﬁaaﬂnziuimsLauﬁwiﬁﬁaaﬂdwszﬂaué’aamﬁuﬁwﬁuﬁiﬂwﬂ B CuayE
fdndy: dundrundinitu lulasiou Slnd

Abstract

Nitrogen is an important essential nutrient element for growth, protein synthesis and is the composition of
chlorophyll in plant. The objective of this study was to investigate the physiological responses of oil palm seedling
genotypes to nitrogen level. The experiment was arranged in factorial in CRD involving two factors. The two factors are six
oil palm genotypes (hybrid tenera) including SUP-PSU 1 genotype A, B, C, D and E and one commercial variety genotype F
and 3 levels of nitrogen availability including 0, 13.5 and 27 ¢ N plantfl. The results showed that nitrogen level and
genotype affected physiological responses of oil palm seedlings. The 15 month-old seedlings receiving 13.5 ¢ N |olan‘c_1
recorded higher foliar nitrogen content, chlorophyll content and leaf greenness compared to those receiving 0 and 27 ¢ N
pLant_l. This was with the exception for genotype D which the highest foliar nitrogen content, chlorophyll content and leaf
greenness were observed in the 27 ¢ N plant_1 treatment. Cluster analysis based on low-nitrogen stress tolerance index
(LNTI) calculated from foliar nitrogen content, chlorophyll content and leaf greenness divided oil palm genotypes into 2
groups. The group of genotypes with more tolerance to low-nitrogen stress consists of genotype A, D and F. Genotype B, C
and E were grouped together as they showed less tolerance to low-nitrogen stress.

Keywords: oil palm seedling, nitrogen, genotype
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ﬁwﬁu‘ﬁ'ﬁﬁﬂ&meslumimamﬁwﬁwiawﬁwm&Jﬁuﬁg_jnﬂd’lﬁ%fﬂﬁwﬁmgu (Corley and Tinker, 2003) lutszinalneurduhsiuduiia
ihifufinumsnsliaruadladuduiunnuasiinsgniuegunsmanslasianizniald fiusndnissdadundurduiiunn
wanmeresensulazdgUIasIuIuIn Wewninisveeiuiivgnuaslddmivgnmne wiuiduihsufifiengiu 20 B3uld
Hagtusguialdfulsvisdaaiulifuiuiivgnuiduisiu edunandathifuundulfifsmefuaudosnisuilan uasliiiy
nasnunaunulunsilulesiva

dmfunisugniundrunduiiiu anuanysivesiundruidmirduiianudidguin iesarnagdanalile
dulnduiduiifnandngs lurueddundnnduhiuiidulsavionnsmemns ashlildfundunisiuiinandnanas faduns
Fannauazquarundiduthiuresaumsindiningudaiimuddny Tasangeg1dnisinnissmeimns nisldsusnoimsld
desmoayhlilddundunduisiilianysel Tusueiinisismenslusulesnniauly asvlsifunumandngs uasdsdmanseny
soanmuIndaude s1glulnaiau Wusmomvdniiddyuesity udsnduthiu dosnlussduszneuddguesasusenoy
Bun3d 1wu nanexdilu Weku raelsflad (Dudu (ssevs uazaniz, 2541) Tunssurunmsnendnunduisiuas fnstwehiusuay
fuunau uinuimthaulunaldvesszmalvediulngfvinadunieiagimin Jehliivinalulssauliiemedmiuudu
hiulueunniuifitinisugnuidininiiu @osnd wavane, 2509) fadunsinwinmovaussvesiusunduihifudessdululasiay
Tusserdund Taflenusuduoshann dedmsdelulanaulfmnsausuaudomisvesunduduitu wiellddund widu
hifufifigaunn venanisadudeyaddyilédmsunsusvssiugirdmisidiasyduln warlvinandaluaniaglulnsauild
dioandununisnan uaznanszmueduandedluiiuiiugnunduhifusely

gunsaluazIsns
msassaFund sy

ALIUNITNARDY ) WUAINIATYPINYANENST ALENTNEINTTITUIIA UMINIFAAIUATUNS N1snAaesldiuinaaay
ANHANWLUBIITINIY 6 T (Anaw) Ygnneaeuluwlamaaes Idn1sveasuuuwinveissaluwnunisnaaeswu duauysal CRD
(factorial experiment in CRD) Sladevmaeu 2 ot fio Aundrunduthiiu 1w 6 Anas LA 18, 196 W, 206 U9, 222 U, 229
18. 230 waziugmsd wazmsladelulnsiou (gi3e) 1 3 seu Ao 0 135 uay 27 ndululasiausesiu Taeseautelulnsiouil 0 n¥y
lulanausesuiildfmmun mszhmulunsinurenssmalnglnsnmsluiiuiinaliiinsugniidinhiuduswauniivina
SuvFeimginann shlvsinalulanaulidissved wiuduthilufeunniuil (Tosn wazane, 2544) Ieseiutglulnsiaudi
135 nululasusdedsuiinisanuuasnainnisidemumuugdininuensnsvesUsewmenniady (Rankine and Fairhurst, 1989)
wagdlrszaulelulasioud 27 nfululasiusesudunainvinadslulasauduaenvessefulslulnsioud 135 a3y
lulnsiausionu

Buguadundunduiitudauseny 3-12 Weu Tagldls (15-9-15) euay 20 n3udeduliiudundt wasdinslimiuuy
aliunans sveglunmnsdunditrdaiiy 60 X 60 X 60 wufiuns vnsmaaesiunditrduihifueny 12 Weu Taeldszerinaily
N3ANWT 3 Loy
n17inAAndaly

ynsduindianuderlugesarnnisludl 3 vesdundiunduingu s1utu 6 du/mInwud lussesluwriiind (fully
expanded leaf) frewp3osnaalsiladiivnes (SPAD-502 Mimolta Co., Ltd., Japan) ¥1n1sin 3 30/lu omAade TufinAaded
5]
msanauasIAsIzinududuyasnaslsilas

vdsninmanudeavedty wudegduandu thunmzieeionznszauassiumisilfiadosnaslsiiadinesin
Aauidealy Ifdutudiuuiuluanay swaiudl 082 smagufiung Wwethlumunaeselsitad didegausululdly
viaeaulfisansiesl DMF (N, N-Dimethylformamnide) U3unas 4 fadans Unswasaui diluiiuluidafiguvgd 4 ssrwaidoa
dietlestullvinaelsiadgnihanslnsuas ndsnn 24-48 $2lus Aaelsfiadazgnannoenainluvinun dunaldanuehluiifiddag
Lifiddvandesy thansazaeildluindinisganduuss (absorbance, A) AifimNueNIAAY 647 waz 664 UlumAT FBLA3esaLUA
Inslnlafimes (spectrophotometer) Inglda1sazaty DMF U%E‘jﬂéLﬂuﬁ’Jﬁzﬁﬁ’]ﬁ@ué (quv3 uazamz, 2543) theganduuasdilald
AnUsinanaelsiladn1uisvues Moran (1982)
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mMsAsIzinsndutuvassiglulasioululy

Slosungrduhifu 01y 12 uay 15 Wou duidenludesiauysaivesmndlud 3 S1uu 12 lumslu anduilulveu
gaumgfl 70 ssmwaidoa Wuuw 72l whuasedsluwidndunsaziBeafeiniosundegneii (ginden smsiulud
upazBeaudaliluginssany Wetluiessimuiinalulnseululufielagds Kieldahl (1883) Usznaudie 4 dunaundn Ae ns
goelneldnsndaiinin mindu nmslumsn waznsduan Gudu wazdnsngual, 2557)
svilnarumunusaan wiulasiouni

Andsnnuidsavedy Uinaeaelsiied wartiinalulasnululuresdundrdhdinindueny 15 euiilésul slulnsian
FLAUAN 9) Ynfunamadsianumunuseanwlulnsaus (Fernandez, 1992) ﬁmqmé’fﬂﬁ

Low-nitrogen stress tolerance index (LNTI) = (prYS)/sz

Tae v, fio AmeadsinerveusaAulndldsululnsiou Ae 0 niusedy Y, Ao Asedsineveusarilulndildsy
lulasiaussfummnzan fio 13.5 niudedu @ansanananiads wuimmsedsiegeanileldsululasiau 135 nfudesu) uaz X
fio AeaiTinendevemndlulndldululasiaumnganie 135 niudedy
N1UATIZIN TR

thieyarmnudedly Ysuunaslsilad uazlulasiaulululduniieseiniuudsusiumeada (Analysis of variance,

ANOVA) 1agitasngianuduiusesaunsiiudunss (simple linear regression) saui9dnAIANUMUsodn WlulaslauaIiN

p

Aaserdangs (cluster analysis) Iagldlusunsy SPSS nsi3euifiguAafonuuaneiesenineiuglyss Duncan's new multiple
range test (DMRT) M1sgAUANILTDNY 95%

HAN1TVARDY
MR ST IuYaIA YA Na T INE 1 asRund e

anmslielulnsian 3 sedufo 0 13.5 wag 27 nduresu urdundniduhifu 6 Fulnd Wunan 3 Weu ldwuluinans
omsvelulnsian msdiesgisianidevedly Viinaeaelsiiad was Usinalulasiulilusesiunduduiiiu nud e
wusUswesilulnd warszaululpsiauiiduddgieedia (P<0.05 way P<0.01 auaau) (Table 1) @onndasiu Law uazAu
(2012) fivenunsmeuaue iU TaiyiulakaralTInefusnmeiuluusasiusvesiundiduihiiu annsdnwadsiay
Ladnuanuwanaramsadfvesljduiusseninaiugnssuiuseauvesinlulasiaulifidnsnavilvainnudetvedy Ysuu
paelsilad worUSualilanauliluvesiundundinbhifuinnuunndrsiu
Arndyaluvasdundruasunisiy

Mnmsindeudsestundirduinsugnaaniia 6 duan 01y 12 Weu deudunismasesielulnsiauiisydusie §
Aanudeveslunszanglutianiiasewing 28.67-55.40 SPAD-unit waznui1 marundeluresiundrundunirsudlulnd o uas F
fiAnganindlulnddug udlsifanudfaymaadi (P>0.05) (Table 2) vdsnnlaslulasiau 3 szdv unan 3 Fou wud dund
Uhduthiuey 15 e yniusiildsudelulnaounnssdu (0 13.5 way 27 nfudedu) fdmudedlugdu Asedudslulnao o
nusied fmaifintuvessadelutesiign Tnewut fundrundininsiudlulnd ¢ fennuderlusaavintu 35.85 SPAD-
unit AesdeslugsgamuliluressundidininsudTulng b fssdutglulasiau 27 n¥udedu fawifu 55.40 SPAD-unit Fslal
flanuuandstumsadnsumaudvosiundudunsiudlulnd D ﬁlé’%’uﬂaiuimmu 13.5 nSusiodu ulnd A B, C, Euay F
fienaudoveslugsandleladsuielulnsiou 13.5 n3usiesu Taofidwinfu 5322 49.70 53.55 51.40 uag 53.17 SPAD-unit
Auaw (Table 2)
VsuanaelsilasTuluvasdundaiduasiy

Usuueaelsfladluluresiunduduthifueny 12 Wou fidogsening 0.293-0.521¢ m” (Table 2) wdsanldie
lulpsiausedusingg Wunan 3 Wou nud asolsfiadvianusluludviinaniiniu Tnefundduiduiilaldsudelulnsaunaen
sevia 3 ey ImafiuturesUSunaelsiadiauslulutesiian WeiSeudeufudundnduthifud ldsule 13.5 uay 27
nusiesiu wWisuisuinmedundndinsunguillldsutslulnsunaenssezinnn 3 Wou wut Flulnd A fuiiunaelsitadly
Tugean Tnefievindu 0.565 ¢ m” luvaug@dlulnd C fvsinueaslsiadluluigaviniy 0429 ¢ m” WleFsulfisuynsesu
lulssiau wud Vinnaelsiladlulugegamulusiundrundiniguilulng o fssdudelulasiau 27 niudedu fewity 0.801 ¢
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m” ddlulnd A, B, C, E uay F fusinuesslsiiadimuaveduguamielsdutelulnsiau 13.5 ndusosiu lnefidusity 0.759,
0.692, 0.766, 0.736 wav 0.758¢ m " AudFU (Table 2)
Vsualulasioululuvesdundrwrsunisiv

wamstavsualulasadluluvesiundwduitu wuidululumafosusuaanndedly wasUinuesslsiadluly
rousunmaaedielulnnauisedusing 4 dundrunduthifueny 12 deu Sufualulasuimualdunndisiy (Table 1)
wdanladelulaseu 3 swdu bune 3 Weu nut dunduduthifueny 15 Wou nawusdlésutelulasauiissdusng 4
Uiinalilasiaululugedu uandiidui Tugamnaesiilallddutelulasiau fundunduisiuiinislélulnsiuiiviesglufu fund
Undunnsudlulngd A, B, C, Euas F fusinalulasiaugege windu 34.28  31.25 34.57 3272 uay 34.24 ¢ ke Lﬁa"l,é’%’uﬂa
lulnsiou 135 ndusesiu luazdundrundinisiudlulnd o fvsinalulasaululugegadieldsutelulngiou 27 niusiosu wilsl
Lmﬂ&h&mmﬁ&ﬁalé’%’uﬂaluimmu 13.5 n3usiadu Inefiawvindu 36.16 wae 33.23 g ke AUEFU nan1sVInaeswandliliuing
Tielulnsiau 13.5 niusedu Fundruidaniiuiuuldui g §aian
AINEUNUS TET9AIAI T Ty Usurapaelsitad uasUSualulasiaululy

AaudeTluresiundiiduingueng 15 Weu Aldsululnsiauseiusine 4 fidnegludas 35.85-55.40 SPAD-unit U3un
ﬂaaiﬁlaéﬁaﬁ’@iﬁmﬂiuﬁuﬂa"ﬂmémﬁwﬁua&ﬂmm 0.429-0.801 ¢ m” AnuduiusvesUsunanaslsiadlulunasaanudenlures
Funddunisuiidnuaesdudunse (Figure 1A) faunsaudusiugae v = 0.019x - 0.252 ( = 0.99934; P<0.0001) uanslifiu
Mimanudnluiienldfefiutuasduiutuliinueaslsiladlulufifidniviy luhueadentu Vinalulasaululuvesy
ﬂaywma‘mf’]ﬁuﬁié’%’uﬂaluimLauizﬁumq 9 ?jqagﬂuﬂm 19.28 - 36.16 g kg HAnuduiusiBadunsetuaiaudenlu (Figure 18)
Tnefaunsenuduiusfe v = 0.864x — 11.675 (= 0.99995; P< 0.0001) wanslidiuinAaandenluiifiut udusiusfuUsunn
lulpsaululufifianiindy venaninisiinnesinuduiuseniinimunaslsiaduasUialulasaululy wuaunis
AudITUS v = 0.022x — 0.005 fiAndulszansnissadula () whifu 0.99933 (P<0.0001) (Figure 1C)
sudnamunsssnwlulasioudiuaznissangunusuasusiu

nassuifisunsnevaussiesarlulanauvesuduthifuluusasiug Tagldmaieuieusedamumuniuseanin
lulnsiusi (Low-nitrogen stress tolerance index; LNTI) diafidianantanunsavsdiugifianmaaisinengsiigaiidluanmis
Tulpsiaumngan warluanwdifilulasiaus anuanisaaealIeuifisuriadsarudvedy Usinunaslsilad wazu3un
lulasaululuresundduinsudlulndss 4 o1y 15 Weuflldsulslulasausssziy nui dundridudhdunndlulnd sy
3lnd D fieanudevedy Vinueaslsilad uazUSmailulpsioululugegaileldsuusmalulasiou 13.5 ndusesy 3lulnd D
Aflermnudervedly Yinueaslsilad uazUiinalulasiaululugeanidelsisudelulasiou 27 nfusiodu udlifinnuunnsiismma
addfuranudemedy Ysinueaelsilad wardsinalulpsauliludeldsulelulasiau 13.5 nfudedu faifu nsdnuluadeilds

o

denldszaululasiau 0 waz 13.5 nSusiedu Wedudunuanneiiilulasaui wazannzfidlulasiumunzay audiiu a1nn1s
A1 LNTI wudndlulnd A uagdlulnd C fadvilgegn waginganiudidu (Table 3) kagann1suial LNTH TUAasednngy
(Cluster analysis) a@nsawusrdutsiusenilugesngude nquil 1 Uszneumedlulnd A, D uae F Junquitaunsausudalely

annznlulngau wazngud 2 Ysznousedlulnd B, C uaz E Junguitlianunsauiudilaluanzualulasiau(Figure 2)

Table 1 Analysis of variance results on the effects of genotype, nitrogen level and the interaction between genotype and
nitrogen level for SPAD reading, total chlorophyll and total nitrogen content in leaves of six oil palm genotypes

exposed to three nitrogen levels.

Trait SPAD reading Total chlorophyll Total nitrogen content
(SPAD-unit) g m?) (g kg

Genotype 2.803* 2.802% 2.801*

Nitrogen level 54.896%* 54.860%* 54.888%**

Genotype x Nitrogen level 1.446" 1.447" 1.445"

CV. 1091 15.18 15.30

™ not significant
*significantly different at P < 0.05
*** significantly different at P < 0.001
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Figure 1 Relationship between SPAD readings and total chlorophyll (A), SPAD readings and total nitrogen (B) and between
total chlorophyll (C) and total nitrogen.
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Figure 2 Hierarchical cluster of 6 oil palm genotypes based on low-nitrogen tolerance index.

5 2. WUFIANSaNYaIUASUNS 3 (aUUAY 1): MO1/1-8
Songklanakarin J. PL. Sci., 3 (Suppl. 1): M01/1-8



Tongtako et al. (2016)

Table 2 Mean values of SPAD reading, total nitrogen and total chlorophyll of 12 and 15 months old seedling at different nitrogen level.

Total chlorophyll

SPAD reading

Total nitrogen

Treatment (g m?) (SPAD-unit) (e kgfl)

12 month 15 month 12 month 15 month 12 month 15 month
A+Ngy 0.350 ab 0.565 ef 31.68 ab 4297 de 15.69 ab 2543 de
B+N, 0.432 ab 0.490 fg 3598 ab 39.07 ef 19.40 ab 22.06 ef
C+Ny 0.362 ab 0.429 ¢ 32.32 ab 3585 f 16.23 ab 19.28 f
D+N, 0.469 ab 0.545 efg 3795 a 41.93 def 21.10 a 24.54  def
E+N, 0.387 ab 0.487 fg 33.62 ab 38.87 ef 1736 ab 21.89 ef
F+N, 0.487 a 0.533  efg 3890 a 41.32 def 2192 a 24.01 def
A+N; 0.432 ab 0.759 abc 35.98 ab 5322 ab 19.40 ab 34.28 ab
B+N, 0.425 ab 0.692 abcd 35.63 ab 49.70 abc 19.10 ab 31.25 abc
C+N, 0.429 ab 0.766 ab 3585 ab 5355 ab 19.28 ab 3457 ab
D+N, 0.367 ab 0.736 abcd 3258 ab 52.00 abc 16.46 ab 33.23 abc
E+N, 0.293 ab 0.725 abcd 28.67 ab 51.40 abc 13.08 ab 32.72 abc
F+N, 0.512 a 0.758 abc 40.23 a 53.17 ab 23.07 a 34.24 ab
A+N, 0.463 ab 0.633 cde 37.65 ab 46.60 bcd 20.84 ab 28.57 bcd
B+N, 0.379 ab 0.660 bcde 3322 ab 48.00 bcd 17.01 ab 29.78 bcd
C+N, 0.448 ab 0.611 def 36.85 ab 45.38 cde 20.15 ab 27.52 cde
D+N, 0.491 a 0.801 a 39.08 a 5540 a 2208 a 36.16 a
E+N, 0.373 ab 0.639 bcde 3292 ab 46.90 bcd 16.75 ab 28.83 bcd
F+N, 0.521 a 0.755 abc 40.70 a 53.02 ab 2348 a 3411 ab

Mean values in the same column followed by common letter are not significantly different at the 5% level of probability by DMRT.

N, = Nitrogen level at 0 g plant’, N, = Nitrogen level at 13.5 g plant ', N, = Nitrogen level at 27 g plant |
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Table 3 Low-nitrogen stress tolerance index (LNTI) based

on total chlorophyll content (LNTI-Chl), SPAD Genotype LNTH-ChL LNTI-SPAD LNTIN

reading (LNTI-SPAD) and total nitrogen content A 0.785 0.840 0.782

(LTNI-N) of 15 months old oil palm seedlings B 0.620 0.713 0.619
exposed to 0 and 13.5 ¢ N/plant. C 0.601 0.705 0.598
D 0.734 0.801 0.732
E 0.646 0.734 0.643
F 0.739 0.807 0.738

INTalHaNI AR
stugnsuduiladoddyiisimuansneuauesielslulasauesivgn nnranmesssedsinuidundduthiuillng
w19 1 Snsnevaussneaisiven T anudedlu Uinueaelsiied uazlulasiaululy dessdutslulasauunndredu faduisen
namldn sundndminduusesiugisssuanuaunsalunsfsgalulasauieldusslomiunnsnaiy telinmsdamasnomnsludu
ndrduifufiusyansamgean Jsmsinismeseuuialulasauiivnzamansangasd i duusagius uenaini
Wusnssumamevavestetglulanauiirstudadulslenilunsusuussiugfelrldnduhiuiinuseannylulasausilédsnie
Uaanallulasauiidund hduhildsudssasiadmimdelu Usinueselsitad warlulpsadluly Tnefldadedifigalusy
néduindunduiilaildsulelulanau wargeiigalunguildsulelulpau 135 ndudesiu snuilulnd D Afedl¥geandoldsule
lulasiau 27 n¥usesy udlaiuansamsadftuilulndidertudsdssulelulamnam 135 nfuesu dnfuFananldinEmaglulasaud
wanzaufignanmsfnelunded] fe 13.5 nfusedu eiifiesng 4 dosnsUianallulpsauiiuandnsiu nsfineludidniiunuiins
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Genotypic Variability and Heritability of Improved SUP-PSU Oil Palm

Populations
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Sitthipong Promma, Suriyakan Srithaworn and Theera Eksomtramage

Abstract

The objective of this study was to evaluate the genotypic coefficient of variation (GCV) and broad-sense
heritability (hzb) of'yield, and yield components and vegetative traits in two SUP-PSU improved populations
(D x P and T x P populations). These populations were grown at the Klong Hoi Khong Research Station,
Faculty of Natural Resources, Prince of Songkla University, Thailand, using completely randomized design
(CRD) with 6 replications. Yield, yield components and some vegetative traits were continually recorded
for seven months. Variance components, GCV and hzb were estimated using ANOVA. The results revealed
that all observed traits in D x P population showed high GCV (6.61-25.82%) and showed low to moderate
hzb (16 - 50%) where, in the T x P population, only fresh fruit bunches, bunch number and trunk diameter
revealed high GCV (29.41 19.86 and 7.82%, respectively) and revealed low - high hzb (18%, 12% and 70%,
respectively). This result indicated that interesting traits in D x P population also represented high genetic
variation, so selection in this population may be more effective.
Keywords : Oil palm, yield and yield components, vegetative trait, genotypic coefficient of variation,
broad-sense heritability
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Table 1 Analysis of variance of yield and yield components in two oil palm populations

Source of variation d.f. MS

FFB BN ABW
DxP population
Genotypes 6 394.88 50.76* 1.73%*
Error 35 173.55 18.72 0.49
TxP population
Genotypes 3 977.65 53.17 0.75
Error 20 421.34 29.12 1.16

* ** significant difference at p < 0.05 and 0.01 levels, respectively

*FFB : fresh fruit bunch, BN : bunch number, ABW : average bunch weight

{ y a v o o a d a
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Table 2 Means, range, variance components and broad - sense heritability of yield and yield

components in two oil palm populations

Trait® Mean Range GCV (%) PCV (%) gzg gzp K (%)
DxP population

FFB (kg/palm/season) 24.71+£14.05 1.60-58.30 24.58 58.71 36.89 21044 18
BN (no./palm/season) 8.95+4.84 1-21 25.82 54.81 5.34 24.06 22
ABW (kg/palm) 2.77+0.82 1.15-498 16.41 30.13 0.21 0.70 30
TxP population

FFB (kg/palm/season) 32.74422.22 4.6-80.87 2941 69.25 92.72 514.06 18
BN (no./palm/season) 10.08+5.68 2-21 19.86 57.10 4.01 33.13 12
ABW (kg/palm) 3.17£1.05 1.62-5.68  0.00 32.96 -0.07 1.09 0

*FFB : fresh fruit bunch, BN : bunch number, ABW : average bunch weight
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Table 3 Analysis of variance of vegetative traits of two oil palm populations

Source of variation d.f. MS

RL FP LA LDW TD TH
DxP population
Genotypes 6 5541.12  0.71*¥*  146175020*%*  0.07 138.48**  1551.82%*
Error 21 2318.38  0.15 31943000 0.04 27.49 349.32
TxP population
Genotypes 3 536.39 0.04 18015477.6 0.37 83.5%* 137.14
Error 12 1289.94  0.09 14752154.7 0.38 8.13 139.74

RL: rachis length, FP: frond production, LA: single leafarea, LDW: single leaf dry weight, TD: trunk diameter,

TH: trunk height .

** significant difference at p<0.01 level.
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Table4 Means, range, variance components and broad-sense heritability of vegetative traits in two oil

palm populations

GCV

PCV

Trait Mean Range %) %) o’ o’ hzb(%)
DxP population

RL (cm) 331.80+55.10  227-467 8.55 16.85  805.69 3124.07 26
FP (frond/month) 2.71+0.53 1-3.4 13.81 19.87 0.14 0.29 48
LA (m) 2.96+0.76 1.58-5.2 18.06  26.29  28558005.00  60501005.00 47
LDW (kg) 1.31+0.22 0.82-1.78  6.61 16.64  0.01 0.05 16
TD (cm) 50.80+7.20 40-67 1037  14.63 27.75 55.24 50
TH (cm) 114.11+24.83  66-167 15.19 2234 300.63 649.95 46
TxP population

RL (cm) 326.19+33.75  286-391 0.00 10.17  -188.39 1101.55 0
FP (frond/month) 2.64+0.27 2.2-3.4 0.00 10.55  -0.01 0.08 0
LA (m) 2.76+0.39 2.16-3.51 3.27 14.27  815830.73 1556798543 5
LDW (kg) 1.56+0.55 1.00-3.28  0.00 39.39  0.00 0.38 0
TD (cm) 55.50+4.82 46-65 7.82 9.36 18.84 26.97 70
TH (cm) 119.62+11.79  100-138 0.00 9.86 -0.65 139.09 0

yniunaaeaednyazius ouliadeanm
1IAABNNIN (Okoye et al.,, 2009) ADAARDINLY
NAADINDUNII (Kushairi et al., 1999 Musa et al.,
2004) Taomnzegsednbazi Mz ats
nae Faiawsenliireammnadenteon
UIUNZAY (Hartley, 1988) d1115UA1DAT
WugnssunuunduwudnyuzNanan
wazearilaznewia 2 Usznatiad donndos

Y a
ONA13ID N0

fUMarsauNAaeiii1uLT (Corley, 2003)
wawamﬂuaﬂymwmmmumaﬂuwmﬂﬂ s
Safinwavesammnadeumdwiierdounn
ﬂjmzﬁ5ﬂym$mqﬁu‘qmimmﬁﬂymzmqmi
inuasdutiglianhunais maildaldime
Uszans D x P Idanuulsdsaumeiugnssy
vosdnumzaulaogy gty msdmidend
1529103 D x P a0

a ¢ o o 27 e w 2 2 7o
iRty L@ﬂﬁu‘ﬂﬁull‘]%lﬂ. 2554. ﬂqiﬂjﬂﬂﬁ;qwuﬁﬂ']auu’luu. ATIUNNA ZI@ LOF WIHUA LIF 1NA.

' Ad o o J a a 1 @ @ v dA =
Vlwma MANITIU 8138 ITYRYIAN azdloza NNeHDY. 2547. ‘Haﬂﬂﬁﬂiﬂﬂiﬂwuﬁv\l%. UATINYTUN :

dnindmumalulagnmsineas unameaumalulaggsuis.
Corley, R. H.V. and Tinker, P.B. 2003. The Oil Palm. Oxford : Blackwell Science Ltd.
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nawisuifisudijugnundinisuliawdidydmsutiny fusmuglumsindeyadinananldlumsdmdeniug mmsdnwiadall
fnguszasdifleisuiiivuaugnuesinduimiluiud ugnuesdminasear mufesyfiudnsiugnssuuuuniiavesdnumema
N9INEAT (HOWAR DIFUTENBUTBINANAR DIRUTENEUNYAY UazNaANARTEL) THununisvaaesuuuguanysal (CRD) Tneldundunhituts
ugn 6 Auaw 01y 5 T $1uan 5 91 eapuluiiudl 3 Sunevesfiminasuan ldud Rufilgnuessunesslun sSunenaewmeslds uas
Sno3ngdl iiuteyansmaaesiaudifoungeinneu 2556-waainieu 2557 wud Wus Auiiugn uasufduiussenineiusuasiuiiugn
faynendanuuandansadfesnedidedidnyda (P<0.01) uandliifudsanuulsusumaiugnssumesiug Weugnluiufigndraiuy Tas
Auauiues 137 luiuiivgnuessnesyiun Wamandameaiegean (127,50 Alandi/su/A) daudnamues 132 Wewandaneaiogegni
gnennamioglde (204.11 Alandu/aw/d) LLﬁsﬁé’ﬂLﬂa%’mﬁﬁwauwa% 110 iAwanAngegn (293.05 Alandu/fu/d) Msusiduedns
fugnssuMUUN RIS IuIUMEAne Tidgeiian (45.59%) ‘Luﬁumvwanwmuauﬂaﬂuivmum Ineilenagsewing 4.74-1.07% anduiius
YDIHAKER DIAUTENOUNANER BAUTENBUNEANY UazHarGntT wuh aﬂwwmamuwuﬁmqmﬂmawamamumu fg HaNAANZATY
othaiitiuddyyeadiarisziuauBulule P<0.01 Slenduussavsavduiusivindu 0,934
Fdnfy: HAKAR B3AUITNEUTBINANAR BIRUsENDUNEAY NaKAALLY SAsTiugnIT

Abstract

The oil palm progeny breeding program is for breeders to use these informatine results for the next selection. This study aimed to
compare tenera oil palm and evaluate the growth characters for the heritability including bunch yield, yield components, bunch
components and oil yield. The experiment at each location was designed as completely randomized design (CRD). Six tenera
progenies five year of age with 5 replications were grown in three districts at the Ranot, Khlong Hoi Khong and Rattaphum in
Songkhla province. Data were collected during November 2013 to November 2014. All data were analyzed using combined
analysis to test the significance of G x L interaction. The results showed that genotypes (G), locations (L)and genotype (G) x
location (L) interaction were highly significant. It was found that, environmental factors were found to affect significantly all
characters. For each location, oil palm cross number 137 could provide fresh fruit bunch 127.54 kg/palm/year more than the
other crosses at Ranot district. Oil palm cross number 132 could provide fresh fruit bunch 204.11 kg/palm/year more than
the other crosses at Khlong Hoi Khong district, and oil palm crosses number 110 could provide fresh fruit bunch 293.05
kg/palm/year more than the other crosses at Rattaphum district. Furthermore, the evaluation of broad sense heritability of
number of bunch showed the highest (45.59%), but the other characters had low heritability, which varied between 4.74-
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Published by Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University. All rights reserved.
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41.07%. Moreover, the results showed that the correlation between each of the characters. The significant and positive

correlation coefficient of bunch yield with oil yield, the correlation coefficients was 0934

Keywords: Bunch yield, Heritability, Yield components, Bunch components, Progeny test
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ﬁnmﬂwa‘uﬁwﬁu%a’um 71U 6 fwas (110, 118, 119,
130, 132 uaz 137) Uﬂauumuuma 5 iy i”ﬂ”ﬂaﬂ 9x9%9 LAY
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wlsUsIumaiugnssy (J3uns, 2545) il
UseLliugns1iugnssueeg19ning (broad sense heritability; )
vasdnwaizsing q §ail (Inena, 2527)

2 2 2
h =  06,/0,

b.s.

2 2 2 2
= GG/(GG+GGL+GF_)
AATRANAUNUTTENINENwUENANYI1NELNTS (Steel and

Torrie, 1980) ﬁﬂ‘ﬁ
z<x XJy-7)
,/ (X, =X P>y, - vf
mamuwuﬁﬁmnawmu X uag Y
AFLNAT | vearulsanvag X (L@Ja i=1,2..,n)

=
I

X, =

X = ANRAYYIENYE X

Yi = Adwnedl i vesUsanwae Y (We i =1, 2,.., n)
Y = ALRAYYRIENEE Y

Table 1 Analysis of variance for agronomic characters

Source df MS EMS
Location (L) -1
Genotype (G) g1 M, or rGZGL+ rleT
Genotype X Location (GL) (-1(-1) M, o'+ rGZGL

2

Pooled Error lg (r-1) My O

Total lrg-1

MS, mean square; EMS, expected mean square

NaNISNAABILAZ I
ﬁ)’]ﬂﬂ’]iL‘U%EJ‘ULﬁ?J‘UﬂIWLQ??J"U’ENNﬁmaﬁlw”aﬂﬂﬁﬂﬂ’]ﬂ%ﬂWUﬁ‘
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202.81 ﬂIaﬂill/G]‘LJ/ﬂ LLa”LlJEJL‘LJi’EJULWE’JUNaNaﬁlW”ﬁqﬂLﬁaEﬁﬂﬁN’ﬂd
6 QNE‘W Tu 3 ‘W‘LW] WU QNH&IL‘UEﬁ 110 Twmamammawqqqm

2. WomansaNeaIuAsuns 2 (4): 6-10
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Agaan (19.02 %) FeduUseansanuuususiuvesiilulniiidl
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B5ened wazany, 2538 ; 550N waYSTY, 2553 ; WLNIA WarSsy,
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ddgfiagldidunasilunisdadenilol Sulgafugurdudisiy
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Table 2 Average oil palm for Fresh Fruit Bunch and Oil yield each cross in each location

Traits
Genotypes Fresh fruit bunch (kg/plant/year) , Oil yield (kg/plant/year) ,
Locations Mean Locations Mean
RN KHK RT RN KHK RT
110 124.32a 188.66a 293.05a 202.01a 25.99a 38.91ab 51.4dab  38.78ab
118 126.15a 168.99ab 163.4bc 152.85abc  23.23ab 24.81ab 29.26¢ 25.77ab
119 101.57ab 101.23c 145.8c 116.20c 19.96ab 22.93b 29.95¢ 24.28b
130 80.33b 113.55bc 183.63bc 125.84bc 11.89b 22.31b 38.33bc 24.18b
132 108.53ab 204.11a 201.33bc 171.33ab 13.91ab 40.90a 51.23ab 35.35ab
137 127.54a 193.38a 229.62ab 183.51a 21.62ab 37.77ab 58.4a 39.26a
I\/\eam1 111.41b 161.65ab 202.81a 19.43b 31.27ab 43.10a
RN = Ranot, KHK = Khlong Hoi Khong, RT = Rattaphum,

Mean' = The average value of palm oil 3 locations,

Mean’ = The average of the oil palm plantation 6 varieties

Means followed by the same letters in each column are not significantly

Table 3 Genetic variability parameters for yield, yield components, bunch components and oil yield

Traits/Genetic Parameter Mean + SE PCV (%) GCV (%) hzb,s
Fresh fruit bunch (ke/plant/year) 158.62 + 0.21 28.30 18.14 41.07
Yield components
Bunch number (bunch/plant/year) 2397 £ 0.03 22.28 15.04 45.59
Average bunch weight (kg/bunch) 6.74 + 0.01 20.65 12.18 34.79
Bunch components
Fruit per bunch (%) 70.67 + 0.09 4.86 2.53 27.11
Wet mesocarp per fruit (%) 72.14 + 0.09 6.39 2.56 16.00
Oil per dry mesocarp (%) 59.96 + 0.07 4.74 1.15 4.74
Oil per bunch (%) 19.71 £ 0.02 16.19 5.08 9.86
Oil yield (kg/plant/year) 31.27 + 0.04 33.73 19.42 33.14
PCV = Phenotypic Coefficient of Variation
GCV = Genotypic Coefficient of Variation
hzbbs_ = broad sense heritability
G fnAnssuUszNA

3
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137 mmmﬂ%’uﬁaﬁﬁuﬁuﬁﬂqﬂmaﬂé’wmﬁmgﬁ 91LNOARDINDY
194 Laze1tneselun MuaIAy

2. wandanzarvandanduiuslunisuingaiunanin
thifu 0,930 uenanil Seidmsiugnasuganidnumedug (h’ =
41.07 %) lunsuivdgeiusuduthifufiodfiunananiisfunis
frsunanuandanzatvamdundniiosandnvazfinaiadl
avdiudlumavindenanaminiy

mAteillFsunuganyuandiinnunesuativayunis
7 (@M.) dUNNUAMEATINNITIVULIAVIF (30.) TaudinInenay
WINEIduavaIuAsuNg wazanuidefiunssuurdutagu
AENSNYINTEITUIR UUINYIRYAIVATUASUNS

LONEN381984

N1YAU NBIUE, W ANABITIAUN, T3 A uazaaw A1
2557. mailFeuiisuiugunduiiy 6 aeiugluiiufing
e iueenidsaniionouuuvesusundlne.
7. NAEnsasvaIunIuns. 1: 1-6.

2. WomansaNeaIuAsuns 2 (4): 6-10
Songklanakarin J. Pl. Sci., 2 (4): 6-10



Rungninrut and Eksomtramage (2015)

Baw LonAuMTIAYS. 2508, nsruesRaMnssuUduthi. Tu
umaganudiianisuanidusiu. 124, asvan: fle-
naul.

By LonauvTuas. 2557, Sindian. Ty Undanisiuluendeu. wih
16. ngamnw: ddinaunemuatiuayunsIve.

Synad Junsey, Usena neean, 95T Jauun wardse
LONAUNITMUEY. 2538, ANukUIUTIlUNIsTiNanGnvag
Undanhif. 2. asvaueSung. 17: 251-259.

F9010 WAIUIEAU waTETE LonaunI ULy, 2553, anduiusiaz
gnI1MUGNITUVRIENBUENIINITINEATIUUTEYINTUAY
thifuga. 2. inumnszanuind. 28: 41-48.

Wty wdesennmed. 2523, Unduthifu. asvan: maduivanans
AENTNEINTTITUYIR UM INNRUAIVATUATUNS.

Iwmna wangssa. 2527, wanni1susulsaiudite. aswan: aue
VSNEINTFITUVIR UNTINGIRLAIVATUATUNS.

WLNIA LONANNTNUYE UALTTE LONAUNTILUYS. 2553. A5
WugnIsukazanduiusrIanuaenIINIsineastulay
thifugNNANNLLDTN. 2. LAYRS. 26: 231-230.

TSund Fugassal 2545, IFN1TITENIUNYAT. @A AL
NINYINTFITUVIR UNTINEIFAIVAIUATUNS.

Audgniloninennaldilnzfuoen. 2558, Teyaatifeneuine
JInEaa. @avan: nsuentleuinen.

Corley, RH.V. and Tinker, P.B. 2003. The oil palm. Oxford:
Blackwell Science Ltd.

Hartley, CW.S. 1977. The oil palm. London: Longman.

Kushairi, A. and Rajanaidu, N. 2000. Breeding population seed
production and nursery management. /n: Advances in
Oil palm Research (eds. Yusof, B., Jalani, B.S., Chan, K.

W.) Vol. |, pp.
Stationer.

Noh, A., Rafi, M.Y., Saleh, G, and Kushairi, A. 2010. Genetic
performance of 40 Deli dura x AVROS pisipera full-sib
families. Journal of Qil Palm Research 22: 781-795.

M.N., C.O. 2009.

Population improvement for fresh fruit bunch yield and

171-224. Selangor: SMART Print &

Okoye, Okwuagwu, and Usuru, M.L
yield components in oil palm (Elaeis guineensis Jacq.)
American-Eurasian Journal of Scientific Research 4: 59-
63.

Okwuagwu, C.O., Okoye, M.N., Okdo, E.C., Ataga, C.D. and
Uguru, M.I. 2008. Genetic variability of fresh fruit bunch
yield in Deli/dura*tenera breeding populations of oil
palm (Elaeis guineensis Jacg.) in Nigeria. Tropical of
Agriculture 46: 52-57.

Steel, R.G.D. and Torrie, J.H. 1980. Principles and procedures
of statistics. New York: McGraw-Hill International Book

Co,, Inc.

Table 4 Correlation coefficients among yield, yield components, bunch components and oil yield

Yield components

Bunch components

Traits FFB
BN ABW %F/B Y%WM/F %O/DM %0O/B oy

FFB -
BN 0.721 -
ABW 0.409 -0.326 -
%F/B 0.653 0.053 0.843* -
%WM/F -0.081 -0.248 0.231 -0.027 -
%0/DM 0.422 -0.263 0.810** 0.902** -0.095 -
%0/B 0.410 -0.071 0.663 0.618 0.754 0.485 -
oY 0.934* 0.772 0.295 0.535 0.122 0.200 0.482 -

FFB = Fresh Fruit Bunch, BN = Bunch Number, ABW = Average bunch weight, F/B = fruit per bunch,

WM/F Wet mesocarp per fruit, O/DM = Oil per dry mesocarp, O/B = QOil per bunch, OY = Oil yield

*** = Correlation is significant at p < 0.01, 0.05
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Stability of Tenera Oil Palm Progeny

v W 1 = 1
SAYVY UINA LAY 53 LaﬂﬁﬁJ‘V]i'lLﬁJ‘Uﬁ:

Marakot, T.1 and Eksomtramage, T.1

! nedndivenans anensnenssIsied uninendeaswaiuaiund Imewemalug daminawal 90112
1 . . . . .
Department of plant Science, Faculty of Natural Resources, Prince of Songkla University, Hatyai, Songkhla, 90112

unfnga

anadssnmaesiusUduiituie anuaansolunsuiui wasnslinasdaiinluanimuindeuuandnaiu ua
Ufduiusszarinaiugudinisiufuaninuanden (GxE interaction) vaskanan Tnqusvasdvasnsnwiiioyssiiuamanninves
gnuauthduilunsususilunasaniminden Tnsvinisvasougnuautrduiiueny 5 U $1uau 5 guas 1in 118 119 130
132 waw137 Auifuggaugiond 2 Tu 3 Sunevesdwinaswande sunefagil Sunarasweslts Sunasylun MusuNIVnes
WUU CRD 9713 3 41 am'ﬁwvvwmLaaaﬁmwwawammammwmLLmakuﬁ‘ImﬁﬁLs&’ﬂmma AMMI a8 TUsunsa R wudn grnasdislen
wigsnmasludnuasnandnneaty uazdnuiunzaefe gnuaiLues 130 uay118 QﬂmammLaasJimngq”Luaﬂwmummﬂ/maw
fio guaniues 119 wasdlefinnsaniusluuiazanuil nuimdassnesslun Wusgrug 5 2 T uunzans datdn/means
HaHAAVEaTY INMigHANUDIEUY uassnonasmoslt gnuauiuad 132 Tnandmimin/meangean daugnuaiues 137
Winandangany wasdnnunganggedn wazgnuaiues 137 iduiunegate uasnandnveaiogean luuuasdnnasngd
fdndy: adosnm wandn Uiduthifu

Abstract

The stability of oil palm is its adaption and produce high yield in different environments with low value of
genotype x environment interaction. The objective of this study was to evaluate the stability of oil palm progenies in
multi-location, Five progenies and one varieties of oil palm (118, 119, 130, 132,137 and surat thani 2), aged 5 year old,
were chosen Songkhla as materials in this study. These progenies were planted in the field at 3 locations: Ranot, Khlong
Hoi Khong and Rattaphum districts. Randomized complete design (CRD) with 3 replications was used for the experimental
design. Additive main effects and multiplicative interaction (AMMI) was used for stability evaluation of oil palm yield by
analyzing with R-program. The results on varietal stability revealed that oil palm progeny number 130 and 118 showed
high stability in bunch yield and bunch number. Oil palm progeny number 119 was high stability in single bunch weight.
For each location, surat thani 2 could provide bunch number, single bunch weight and bunch yield better than the other
progeny at Ranot district. While oil palm progeny number 132 could provide high single bunch weight at Khlong Hoi Khong
district. The oil palm progeny number 137 exibited of high yield in bunch yield and bunch number while oil palm progeny
number 137 showed of high bunch number and bunch yield at Rattaphum.
Keywords: stability, yield, oil palm
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hifuhlandsiuau 10 Usane Tdun Yssmeduladide siade 1uiiEe Tne Ad Tnafaes 185 Taduide uazioniaed (Food and
Agriculture Organization of the United Nations, 2011) ﬁquwwiaﬂ’liwaﬂqﬂméuﬁwﬂu ﬁ’]ﬁ%UUSBLV]ﬂlVIEJﬁﬁUﬁLW’]SU@ﬂ‘V%WJJG]
4.5 &wls uadlvinanmiaUszine 10.94 Sudu ladsnandnsels 2,424 Alandu @fheuasughanisinuas, 2559) Tasstusundy
ihifuifesninanugnie Wugmues () Tdmawausewinaushiug g (0) uasveiusidos (P) lesnlinanangs Tnsasisy
TnandndloUszanaoy 3 95u uavannsolinandsldreideannndt 25 Pl dagtuaninundeuiiunumes 1snsenisls
wanAnlufivgn i duldanauggnia Anuuiuds gungiindegeiu wasarugauanysaiveshu Jedewariinansznude
ranaaUNdI T uAe NN (Corley and Tinker, 2003) Usenaufiunwasnsaudrdudentdnuglivanga wagliaiunsaySuda
dfuiuiigiuls Sedmaliunduihdulustazanmwndeuinislinandniiuandrstusenty Jgmiiinandrdnavesufduius
symisiugfuaninuinden (GxE  interaction) fytunsuiulgsiusfivasdmdondnuusiiannsauiufldnirmia ususalsd
ewzazasuanuiiugniu Ssinusuugniusiidusomnasuiuglunatsaniuiinasvansng (fseAnd wavUsuialy, 2508) way
mstssduafosnmdufinnsanmsusuimesiuidensneuauasioaninwindon iethluusuussiugfinananvos duniu
Wueugludunsifiuefiosnmvesnands 3aldiugilinandngauazysuilaffuanmnnden viefiiafiosnmalunslv nande
Fatusundmisiuiiddesiunsiuduinignudlinanamirdusenheiiuiidess ozinangs Vsudadnitua nwuandenldd wasd
Snwugmanuesiuanzan Gar wavany, 2565) mafnviadsiliiefnwmslinandsluanmindouiiunndsiu saonaufnu
Ufduiusserhaiugudimhdiutuaniminndouvestandn tomiusifiefesnmuasiusiamsanzasiuiiud

gunsaluazIsns

Undaniigfusitug ning 101 Swau 5 duan U dquan 118 119 130 132 uae 137 uawitugnisdn 1 wus Ao fus
49190 $57 2 (SR 2) Taefiorguszanas 5 8 Uiduthifudis 6 stusugnueaeuluutameassdiuau 3 wasiiimsruaumiagua
Fansaiilndifsaiuludminaswan daldun sunenasameslds suneszlun uazduneingdl Ineynuuasnismaasedniss
WHUN5NAaaeUY Completely Randomized Design (CRD) dulan&nin 4 egwiaw%‘muuﬁ@iaﬁuﬁﬂqﬂ waziSouifieuaiadesieis
AATILIUUY Duncan’s new multiple range test (DMRT) fiszfumnuidiediu 95 wWosidud uazAnwiufduiussevinatusiv
anmuwInden (@ufl) seBnsiins1esinnauUsUsIUTI (Combined analysis) Fsdnuwaizynamsinuasiliudeyausznoudie
NaNAAVZABAR DeFUsznaUNARAN (Sununzany wasiwiindenans)
MFAATIZIN TR

1) naaeuaudulenn1meesnuLUIUTIU (Homogeneity of error variance) 1agas Bartlett’s test (Dixon uay Massey,
1983) LilednangunInaassfisiFnAuuUsUTIuYesAIAaIALARDL (Error mean square) vowhs 3 anuitindahiunielal wn
wuhAnuUsUTuTesaEeaaiadeudidwiiy Fasaunsadidunisienesinamaasia 3 anufisuduld uinan
wstsaulduiifu Aldarsdinisnaaesdis 3 aniufinndinseisandu imsizenasilfiinnuinwaialunisneaaey
dodney (Iwena, 2547)

NAABUAT Homogeneity 989 error variance 1ne35v04 Bartlett

Y’ M/ C
= 2.3026[(N — k)logsZ — X¥_,(n; — 1)logs?

M

1 1 1
S S e S
N

3(k—1) nj-1 N-k

= degree of freedom
2
P

S

%)
I

pooled variance

N

variance NWARLANIUN

k = 117U variance NMAdaU
2) BnszvanuwUssiusidluynaniuil lnen1siaseinasinvesnunsnaeLuuduegsauysal wuggnimualmdu
Uadumafl (Fixed effect) druanufignimualiduiadvdy (Random effect) faunsmsndinaans@inuuaain Joduns (2549)

v A

AU
Yijk = M + I—i + GJ + (GL)U + gijk
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ynmsnageuA F idualdidannnit F annmsdiseiu 5% uansitanuulsusnuvesusazanuiifiinsmaaosd
muani1eiy aansahluinsesinnuatosvesiugle udinen F Adunlddaniosndn F asieiisedu 5% uansinlaifiaanlsl
wansineiuneads felddndudeshuinszianuaiosvoniug

3) msUssiduaissamuesiuduaznsuiud ilevadeunuanuuandmsadfvesu fiuiusseninafugfuaniui
1UNATIEYAA875 (additive main effects and multiplicative interaction, AMMI) Gauch (1988) lﬁLLaﬂﬁwﬁwawﬁﬂﬁLﬁﬂaﬂﬂﬁué
wazanmuandon IneliBn s ngianuuususuny dudvinavesufiuiusseviaiugivannnadendiudvinauuuna

padldldnsiasgiesdusznaundn Tsuuuluaaidudadl
N
Yij = u+ Gi + Li + Zn=1 /171 ainé'jn + 91]

HALAZINTAINANTTNARDY
1. msnadavauTuannmyeasn1uulsUsau (Homogeneity of Variance)
913197 1 negeueaiuenninveseuLUTUTIL Nuimndnuaeiidiautnagduinnndi 0.05 Gwenu
ausfiguii manuusUsweseunaandeulunnaniuiivesndnunsdalndfestu frunndnumrannsthluieses
HATIlA

Table 1 Homogeneity of error variance test

Bartlett's test Homogeneity of error variance
Number of Bunch 0.33
Single Bunch Weight 4.39
Yield 5.93

2. MITIATISIETIN NITHATIIAIIEEYT NIUSUTIUANAEY UasuHUNIWABNTIAN1Y Uenanvalzael

971u49uUNza1e (Number of Bunch)

HAYINNITIATIZIAMLLUTTIN WUTAT antnwandenlulisvinaviliiiuiunsatadanuwnne1an9aia diuiugias
UfRTnduiusssrisiudiuanminedesiidviwariliduaumeaedamuunnisegaiifod dymsadafissduaudoiu uasss
NUINTIATIERAUTENRUNANAIN SakeNdINVRIU U U TEnIneTugAvanmuIndeu (GXE  interaction)  Tudiuwnu
psAUsEnaUAAYindsanunsnofunedvinavesuféuiusld 95.5 Wediud druunuesddszneuddniiaesanunsoeduiedviwa
you syl 4.5 Weodidud (Table 2) dwmfumsuansauduiusserinaiugiuanuilaousuninaesiienis (Figure 1 way 2)

Table 2 Analysis of additive main effects and multiplicative interaction of number of bunch

Source df. SS MS
Genotype (G) 5 923.65 184.73%*
Location (L) 2 78.04 39.02"
GxL 10 523.96 52.39%
PCA1 6 500 83.36**
(% from G x L SS) 95.5%
PCA2 4 23.79 595"
(% from G x L SS) 4.5%
error 30 562.56 18.75
total ar 2088.21

™ Non significant difference, *** Significant P < 0.05 and P < 0.01 respectively,

PCA Principal Component Analysis
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Figure 1 Biplot graph between number of bunch and Figure 2 Biplot graph between PCA 1 score and PCA 2

PCA 1 score score of number of bunch

Hosmnnduumgmsvesguaunduiiiiluisazanuitliiauandistuegnsditeddy Flddeauieuiisuaiais
Yo nunzaesEINanuiiduesdvEnavesiug uasUfduiusseninaiuiuaniudl fanuuens1eneadn Seanusouily
Wsuifuaeissewingnuasunduhsiuld (Table 3)

lefiansan Table 3 $auty Figure 1 uag 2 aansoutagnuasduiuiusenldidu 2 nguldud

1) nguesgnuasdnhiufiannsausuilifluanmundeufionsiaas faduiugifinismovauowioaninuandon
Tl uiuidu Ifﬂ‘c’JﬁﬁLﬂGliﬁﬁ]’mﬁ’msLLquNﬁ‘UiSﬂavﬁﬁﬁﬁgﬁﬂﬂjﬂﬁﬁdﬂﬁﬂ@j‘ufj wud garasiues 137 Idwiunganslunlasgine
ranavieelvtlagedn Wity 37.33 neane/sw/A daudadugineselun wudiiugasugsond 2 nandngegaia 32 ngane/du/d
wazuUadluginesngiinuingnuasiues 137 iawiuveanggaanviniu 28.33 neate/mu/l

2) nduvasgnuantdutduiiansausumldRldlunans g anmuanden nquilfiufduiusssraiusivaniuiisn wasly

[ & '

Iuumgareeut el tanelunnaniun dunaldanarziuuesduseneudidyivileglindaud wuignrauurduiiues 130

U U

Hanuatiesveaiugasgn

Table 3 Average oil palm for each cross in each location, average Number of Bunch, variety PCA 1 score and variety PCA 2

score

1 Number of Bunch (bunch/plant/year) Score”
cross RN’ KHK® RT Mean" PCA 1 PCA 2
118 22.00 24.00bc 19.00 21.67bc -0.29 -0.68
119 23.00 14.67c 18.33 18.67c 1.82 0.54
130 25.67 27.33abc 25.67 26.22ab -0.14 0.84
132 23.00 33.00ab 26.00 27.33a -1.80 0.66
137 29.00 37.33a 28.33 31.56a 1.55 -0.79
SR2 32.00 22.67bc 24.67 26.44ab 1.96 -0.56
f\/\ean5 25.78 26.50 23.67 23.32
PCA 1 2.37 -2.69 0.32
PCA 2 -0.81 -0.55 1.36

Cross' a hybrid palm oil
Score’  The essential element, Principal Component Analysis (PCA1), Principal Component Analysis (PCA 2)
Loaction” Locations used in the experiment, Ranot (RN), Khlong Hoi Khong (KHK), Rattaphum (RT), If a different font show that Significant P <

0.05 and The same letter shows that Non significant difference P < 0.05 by DMRT

a
Mean

5
Mean

that Non significant difference P < 0.05 by DMRT

26

average Number of Bunch

average Number of Bunch for each cross in each location, If a different font show that Significant P < 0.05 and The same letter shows
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hwin/meane (Single Bunch Weight)

HAIINNITIATIERAMULUTTIU (Table  4) WudAn BviEwavesiug dvsnavnaninwindeu wazUfduiusvosiugiv
anmuanden anuuanianeadanszduanuidediu 0.01 wardmuiinsiameiesduszneundnanunsousnaiuvesy fauius
sewinsiusuanInandou (GxE  interaction) TudauunussAusznauddyfinisamnsnedursdninavesu fduiusly 529
Wesidud drunnussdusznevddgyfiaosanunsnoiuredninavesufduiusld 471 wWofdud (Table 4) dwmdunisuans
auduius s iaiusiuanuilaeusunwansiianis (Figure 3; Figure 4)

dosmniug anmuanden warUAsenduiiusssrinstusiuaninundonidvinariliminmeaneiinnuuandamis
afA JeanunsahAedevessandamzateniUFeuiivunsluusazadeld (Table 5)

Slefinsan Table 5 3wty Figure 3 way 4 anansoutsgnuaurduthifusentdidu 2 nguldun

1) nguesgnuasdnhiufiansausumldfluanmundeufionsiaras faduiugifinismovauowioaninuandon
dluituiidu Tndunaldaindesiuuesduszneuddyiinionsmingus Tnewud gnuauiues 132 Tiiadn/meatsluudas
Snonamoslsldgean vty 8.8 Alandu/means druuladusuaessiun wubiusarug ot 2 Whinndn/mearsgegat 8.2
Alansu/means warudadudinedngdnuingnuamues 119 Wiwmin/meansgegaity 105 Alansu/mezans

2) nguvssgnuandutdufiausouusaldFldlunans ) anmwindow nduilfiufduiusseinsiugiuaniufio uasli
i/ mzanedeutrsadnauelunnanudl duneldanarazuunosdusznevddyiiviteglndaud wuignaaundiisiuues
119 fmnuadesvesiugeadan

Table 4 Analysis of additive main effects and multiplicative interaction of Single Bunch Weight

Source df. SS MS
Genotype (G) 5 55.28 11.06**
Location (L) 2 112.97 56.49%*
GxL 10 64.54 6.45%*
PCA1 6 34 5.69%*
(% from G x L SS) 52.9%
PCA2 4 30.41 7.6%*
(% from G x L SS) 47.1%
error 30 12.96 0.43
total a7 245.75

** Significant P < 0.01 respectively

0 KHK
© & 15 i
182 118
119 g
o | 1 i 119
i 130
0.5 1119
= 2 4 130 ! RT —0— 132
g O o 130 i ™ —0— 137
& o | 118 00 20 40 6‘0;'_18 80 100 —@—SR2
e ® s O—KHK
p ¥ 1 RN e —8—-RN
RN 0K ® i —@—RT
(=] SRz -1.5
- T T f T T Single Bunch Weight (kg/bunch)
-10 05 00 05 10
PC1({529)
Figure 3 Biplot graph between Single Bunch Weight Figure 4 Biplot graph between PCA 1 score and PCA 2
and PCA 1 score score of Single Bunch Weight
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Table 5 Average oil palm for each cross in each location, average Single Bunch Weight, variety PCA 1 score and variety

PCA 2 score
1 Single Bunch Weight (kg/bunch) Score’
Cross 3 3 3 7

RN KHK RT Mean PCA 1 PCA 2
118 5.7b 5.9c 8.6b 6.76b -0.68 0.10
119 4.0bc 6.4c 10.5a 6.98b 0.16 1.24
130 2.8¢ 4.0d 7.2b 4.64c -0.30 0.55
132 4.2bc 8.8a 7.7b 6.91b 1.04 -0.60
137 4.4bc 8.4a 8.2ab 7.00b 0.81 -0.36
SR2 8.2a 7.4a 8.4ab 8.00a -1.03 -0.92
Mean 4.90c 6.82b 8.44a 6.72
PCA 1 -1.29 1.31 -0.02
PCA 2 -0.75 -0.71 1.46

Note Cross a hybrid palm oil
Score” The essential element, Principal Component Analysis (PCA1), Principal Component Analysis (PCA 2)
Loaction’ Locations used in the experiment, Ranot (RN), Khlong Hoi Khong (KHK), Rattaphum (RT), If a different font
show that Significant P < 0.05 and The same letter shows that Non significant difference P < 0.05 by DMRT
Mean" average Single Bunch Weight
Mean’ average Single Bunch Weight for each cross in each location, If a different font show that Significant P <
0.05 and The same letter shows that Non significant difference P < 0.05 by DMRT

Hasdnnzae (Bunch Yield)

HARINATIATILVANUWUTIIU Table 6 Wuden BvEnavreiug dnsnavnaninwindey asUfduiusvesiugiu
anmuwanden vhlrnandsmzaneiaruuanisnaadanszduaudesiu 001 wardmuimslinngiosdusznoundnannsousn
druvesufduiusseninsiudivanimuinden (GE  interaction) ludruunussdusznouddgfinidsansaosuedvinaves
URFuuSLH 85.1 Wedidud drunnuesduszneudiffiaesaninsneiunedvinavesufduiusld 14.9 Wedifud Table 6 dwiu
nsuanseuduiudssrinaiusfuanuillasuwunimaesiievng Figure 5 ua 6

Table 6 Analysis of additive main effects and multiplicative interaction of Bunch Yield

Source df. SS MS
Genotype (G) 5 88450 17690.1**
Location (L) 2 42271 21135.7**
GxL 10 115189 11518.9**
PCA1 6 98009 16334.8**
(% from G x L SS) 85.1%
PCA2 4 17180.01 4295*
(% from G x L SS) 14.9%
error 30 34203 1140.1
total a7 280113

*, ** Significant P < 0.05 and P < 0.01 respectively

Weaniiug aniniinden wasUiserduiussyninaiugivaninuindenidvinailiumin/eateianuunnd1ania
add JaunsathAnafeverandnnzarenUSeuiisuneluusazUadeld Table 7
\lafin1au Table 7 53uiu Figure 5 uaz 6 amsawdsgnuanUrduiiueanldidu 2 nguleiun
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Table 7 Average oil palm for each cross in each location, average S Bunch Yield, variety PCA 1 score and variety PCA 2

score
1 Bunch Yield (kg/plant/year) Score’
Cross 3 3 3 7
RN KHK RT Mean PCA 1 PCA 2
118 126.20b 140.40b 181.30 149.30bc -2.37 0.58
119 94.40b 93.87b 191.30 126.50c -3.78 4.83
130 72.17b 107.80b 163.10 114.30c -1.61 3.27
132 95.27b 290.40a 186.20 190.60ab 7.64 -1.20
137 127.50b 313.00a 214.50 218.40a 7.13 -1.29
SR2 257.6a 167.70b 207.00 210.80a -7.00 -6.18
!\/\ean5 128.86c 185.54b 190.57a 168.32
PCA 1 -8.08 10.48 -2.40
PCA 2 -4.81 -2.12 6.93

Note Cross a hybrid palm oil
Score” The essential element, Principal Component Analysis (PCA1), Principal Component Analysis (PCA 2)
Loaction” Locations used in the experiment, Ranot (RN), Khlong Hoi Khong (KHK), Rattaphum (RT), If a different font
show that Significant P < 0.05 and The same letter shows that Non significant difference P < 0.05 by DMRT
Mean" average Bunch Yield
I\/\ean5 average Bunch Yield for each cross in each location, If a different font show that Significant P < 0.05 and
The same letter shows that Non significant difference P < 0.05 by DMRT

RT 15 I
@ | KHK 118
119 !
- 10 P B2y 119
1 | [ )
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e ! ® 130
3 5 i
= 1
=N 118 S ! —0—132
e SRR IR N L
P 0 119 | —0— 137
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1
+ 5 AN E SR2 —0—SR2
RN ° | * —@—KHK
@ _|
) Sm T T T T _10 : .
5 0 5 10 Bunch Yield (kg/plant/year) RN
PC1(85.1)

Figure 5 Biplot graph between Bunch Yield Figure 6 Biplot graph between PCA 1 score and PCA 2

and PCA 1 score score of Bunch Yield
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Abstract

This research to evaluate crosses based on multiple traits and to observe trait
interrelationships in tenera oil palm. Eleven oil palm progenies were tested at Klong
Hoi Khong research station, Songkhla province, Thailand. Numerous agronomic traits,
yield and yield components were recorded. The genotype by trait (GT) biplot,
correlation coefficient and path coefficient were applied in multiple trait data. GT biplot
graphically displayed the interrelationships among traits and facilitated visual
comparison of each progenies for selection. Cross 132 and 135 were the best for bunch
yield and agronomic traits respectively, whereas c119 was the poorest genotype. The
useful agronomic traits correlated with yield and yield component were frond
production and leaflet width, while the leaflet number proved to be an important trait as
far as the average bunch weight was concerned. These traits would help to make the

evaluation in the young oil palm possible.
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Keywords: Agronomic trait, GT biplot, Oil palm, Trait relationship, Yield and yield

components,

1. Introduction

Oil palm is a valuable crop which provides the highest oil yield compared with
other oil crops. Palm oil extract is useful in many ways including alternative energy or
biodiesel production (Yusof, 2007). In Thailand, the planting areas in 2010 were 0.65
million hectares, most of them were planted in the south. Average yield was 14.50 tha™
and 1.6 million ton of crude palm oil production. In 2017, the demand of crude palm oil
for consumption and other uses is estimated to increase up to 3.2 million ton
(Eksomtramage, 2011). Therefore, suitable oil palm varieties with a high oil yield are
required for the enlargement of planting areas.

An important process for oil palm breeding is the performance testing of tenera
derived from crossing between dura and pisifera parents. In numerous breeding
programs, multi - environment trials (MET) and multiple traits have been involved to
evaluate and identify the superior varieties. Oil palms are perennial crops which start to
bear bunch yield at three years after field planting. For the early years, agronomic and
vegetative trait evaluations are highly important. In addition, the beneficial relations of
agronomic and yield traits are also restricted.

Effective interpretation and utilization of the MET data is very significant at all
stages of plant breeding, including selection based on traits (Rubio et al., 2004). A
genotype main effect plus genotype by environment (GGE) biplot methodology was
developed for graphical analysis of MET data (Yan et al. 2000). The GGE refers to the
genotype main effect (G) plus genotype by environment interactions (GE), which are

two relevant sources of variation to genotype evaluation (Jenni and Yan, 2009). The



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

GGE biplot, constructed by plotting the first two principle components (PC1 and PC2)
derived from singular value decomposition (SVD) of environment — centered data, is a
plot that simultaneously displays both effects of genotype and genotype by environment
interaction. The concept of GGE is the same as the linear-bilinear or the site regression
models (SREG) and is applied for an interpretation of crossover GE interaction (Crossa
et al., 2002). However this technique can be equally used for all types of two-way data
that assume as a row x column structure. The genotypes can be generalized as rows and
the multiple traits as columns. This application is also named the GT biplot (Yan and
Rajcan, 2002), which allows for visualization of relationships among traits and the trait
profiles of each genotypes (Yan et al., 2007).

The objectives of this study were to describe genotype evaluation on the basis of
multiple traits and to study relationships among agronomic and yield traits in tenera oil

palm using GT biplot technique.

2. Materials and Methods
2.1 Plant materials and data observations:

Eleven tenera oil palm crosses (¢58, c77, c90, c110, c113, c118, c119, c130,
c132, c135 and c137) were tested in the experiment and were derived from an oil palm
breeding program of faculty of Natural Resource, Prince of Songkla University,
Thailand. Their parents were selected from F2 population, which was collected from the
southern part of Thailand (Eksomtramage et al.,2009). The experiment was conducted at
Klong Hoi Khong research station, Songkhla province. A completely randomized
design (CRD) with four replications per treatment (1 tree/replicate) was used to
determine their trait relationships during 2011 to 2012. Growth and agronomic trait

measurements proposed by Corley and Thinker (2003), i.e., height, stem radius, frond
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production, rachis length, petiole cross section, leaf area, width, length and number of
leaflets were observed every year after transplanting, but only the third year data were
applied to assess simultaneously with yield (fresh fruit bunch) and yield component
(bunch number and average bunch weight) trait data.
2.2 Statistical analysis:

All trait data collected were arranged as row x column structure prior to the
application of the GT biplot method (Yan and Rajcan, 2002) to display the genotype by

trait two-way data in a biplot. It is based on the following formula:

(T, o ) 2 2
JS—ﬂj= Ziné:mn]n + gij = Zé:*m >l<jn +gij (1)
; n=1 n=l1

J

where T, is the mean value of genotype i for trait j, £, is the mean value of all
ij J

genotypes for trait j, S, is the standard deviation of trait j among genotype means, 4, is

the singular value for principal component n (PCn), &, and 7, are scores for genotype i

and trait j on PCn, respectively, and ¢ is the residual associated with genotype i in trait

j. To achieve trait-focused scaling between genotype scores and the trait scores the

singular value A has to be absorbed by the singular vector for genotypes &, and that

for traits 7, . That is, &*, = 2,7, and 7 jn:ﬂno‘sn .- Because different traits use

different units, for equation (1), the standardized data are necessary. Only PC1 and PC2
are retained in the model because such a model tends to be the best for extracting
pattern and rejecting noise from the data. The GT biplot is constructed by plotting

&*,and £+, against p*, and n*,,. Correlation coefficients were worked out to pair-

wise comparison of all studied traits and the path coefficient analysis among yield and
yield components were subsequently computed (Singh and Chaudhary, 1979). All

analyses in this experiment were conducted using computer software.
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3. Results

Homogeneity of variance tests indicated homogeneous error variance for each
trait in the year and allowed for a combined analysis across year. Combined analysis of
variance due to genotypes, year are significant (P < 0.05, 0.01) for all the traits observed
except average bunch weight (ABW). The (G x Y) interactions were significant (P
<0.05, 0.01) for leaflet number (LN), petiole cross section area (PCS), leaflet width
(LW), leaf area (LA), frond production (FP), and fresh fruit bunch (FFB). A non
significant
G x Y interaction of mean squares were estimated for rachis length (RL), leaflet length
(LL), height (HT), stem radius (SR), bunch number (BN) and average bunch weight
(ABW) (Table 1).
3.1 Oil palm cross comparisons

Figure 1 shows a polygon view of GT biplot application constructed by drawing
a polygon on crosses that were furthest from the biplot origin (0, 0). These vertex
crosses are referred as either the best or worst performance in one or more traits.
Perpendicular lines to each side of the polygon are drawn, starting from biplot origin.
They are equality lines between adjacent crosses on the polygon to facilitate visual
comparison of test crosses (Yan and Tinker, 2006). According to above information,
c132 was an outstanding cross when yield traits (fresh fruit bunch and bunch number)
were considered. On the other hand, most of agronomic traits (height, stem radius, frond
production, rachis length, petiole cross section, leaf area, leaflet length) located in a
sector where c135 is represented by the vertex cross, indicated that c135 provided the
highest value for those traits while, c119 was the poorest in both yield and agronomic

traits.
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3.2 Oil palm trait relationships

The GT biplot with vector view (Figure 2), based on Eq. (1), explained 78.40%
of the total variation. A vector is drawn from the biplot origin to each marker of the
traits to facilitate visualization of the relationships between and among traits, thus the
correlation coefficient between any two traits can be approximated by cosine of the
angle between their vectors. For example, two traits are positively correlated if their
angle vector is <90°, negatively correlated if the angle is >90° and independent if the
angle is 90°. Further, traits with longer vectors are more responsive to the crosses and
vice versa (Rubio et al., 2004; Yan and Rajcan, 2002).

The following can be found from Figure 2 All agronomic traits observed in oil
palm were completely and positively correlated to each other, especially leaf area (LA),
height (HT) and petiole cross section (PCS), as indicated by extremely acute angles.
Nevertheless, no association among leaflet number (LN) and leaflet width (LW) was
observed. As for the relationship between agronomic and yield traits, the most
prominent relations noticed from acute angle from GT biplot revealed that leaflet width
(LW) and frond production (FP) were highly positively correlated with fresh fruit bunch
(FFB) and bunch number (BN), while only leaflet number (LN) was positively
associated with average bunch weight (ABW). Therefore, ABW had a negative relation
with the BN but independence in relation to FFB. The whole relationships derived from
GT biplot were constant by correlation coefficient analysis (Table 2). The yield
components (BN and ABW) were subsequently calculated to evaluate the direct and
indirect effects to FFB by path coefficient analysis (Table 3). It is clear that both of
them had strong positive direct effects to FFB (0.889 and 0.438 respectively) but,

showed slightly negative indirect effects to each other (-0.009 and -0.018)
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4. Discussion

The vertex crosses derived from the GT biplot information based on multiple
traits were c132 and c135. It was indicated that both crosses had the best performance
in the experiment. However, for the advantages in oil palm breeding, these crosses were
mainly different. c132 provided the finest performance for yield, i.e., fresh fruit bunch
and bunch number, while c135 was the best in terms of agronomic or vegetative traits
(Figure 1 and Figure 2). These results indicated that most dry matter production of these
crosses was used in different pathways (vegetative growth for c135 and yield for c132).
The palm selected for high vegetative growth had little improvement in yield (Coley et
al., 1971). Therefore, for the benefit of oil palm cultivation, only c132 was selected.

Fresh fruit bunch yield (FFB) is a complex trait that can be determined by its
components. From both results of the GT biplot and correlation coefficient table, bunch
number (BN) was the first relevant trait that has a higher influenced to FFB than the
average bunch weight (ABW). Therefore, the palm that produced minimum number of
bunch is likely to produce minimum FFB (Okoye and Okwuagwu, 2008; Okoye et al,
2008; Okoye et al, 2011). However, two yield components were negatively associated
so the selection of crosses that had a high bunch number would ineritably reduce the
size of the bunch (Okwuagwu and Tai, 1995). These relationships were in accordance
with various experiments in genetic materials of Nigeria and Malaysia populations
(Okoye et al., 2007; Kushairi et al., 1999). When considering from path coefficient
analysis, the BN also showed a stronger direct correlation to FFB than ABW (Table 2),
hence the agronomic traits that were positively correlated with BN were absolutely
important. Although, all agronomic traits studied had a positive correlation, only frond
production (FP) and leaflet width (LW) were considered as beneficial agronomic traits

because they revealed a strong correlation to BN. These relationships were in
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accordance with a short-stem genetic material of oil palm in Nigeria (Oboh and
Fakorede, 1990). These traits would facilitate the possibility of evaluation in the young
oil palm. However, oil palm is a perennial crop with an eight - to ten — year breeding
cycle (Musa et al., 2004), consecutive data from several years of agronomic and yield
traits must be collected for confirming the results.

The partly different information between GT biplot and correlation coefficients
in this experiment occurred because the GT biplot graphically describes the
relationships among all traits based on the overall pattern of data, whereas simple
correlation coefficients only describe the interrelationship between two traits (Yan and
Rajcan, 2002). The GT biplot application is an effectively statistical tool for visualizing
and making an interpretative comparison of crosses on the basis of multiple traits.
Interrelationships among oil palm traits are clearly more informative than another

conventional method such as correlation table (Dehghani et al., 2008).

5. Conclusions

The best performance cross in terms of yield production was c132, while c135
was outstanding in vegetative growth when agronomic traits were considered and c119
was the poorest cross for both bunch yield and agronomic traits. The advantageous
agronomic traits which strongly correlated to yield and yield component were frond
production (FP) and leaflet width (LW). Furthermore, the leaflet number (LN) was a
relevant trait as far as average bunch weight (ABW) is concerned. The GT biplot is a
useful statistical tool for visualizing comparison crosses on the basis of multiple traits

and revealing more information of interrelationships among tenera oil palm traits.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Acknowledgments

We are grateful to the Thailand Research Fund (TRF), the Graduate School and
Oil Palm Research and Development Center, Prince of Songkla University for
supporting the scholarship of this research. Equipment and facilities were provided by
Department of Plant Science, Faculty of Natural Resources, Prince of Songkla

University and Office of the Higher Education Commission (CHE).

References

Corley, R.H.V., Hardon, J.J. and Tang, Y. 1971. Analysis of growth of the oil palm
(Elaeis guineensis Jacq.) 1. Estimation of growth parameters and application in
breeding. Euphytica. 20, 307-315.

Coley, R.H.V., and Tinker, P.B. 2003. The Oil Palm, 4th Ed. Blackwell Science Ltd.,
Oxford.

Crossa, J., Conelius, P.L. and Yan, W. 2002. Biplots of linear-bilinear models for
studying crossover genotype by environment interaction. Crop Science. 42, 619-
633.

Dehghani, H., Omidi, H and Sabaghnia, N. 2008. Graphic analysis of trait relations of
rapeseed using the biplot method. Agronomy Journal. 100, 1443-1449.

Eksomtramage, T, Songsri, N., Sriprasom, N., Chotewattanasak, A., Kaewpradub, T.,
Nilnond, C., Sopanodol, P., Juntaraniyom, T. and Tongkum, P. 2009. Final report
of oil palm breeding for high oil yielding project, Phase 1. Department of Plant
Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai,
Songkhla, Thailand.

Eksomtramage, T., 2011. Oil Palm Breeding. O.S. Printing House Co Ltd., Bangkok,

Thailand.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

10

Jenni, S. and Yan, W. 2009. Genotype by environment interactions of heat stress
disorder resistance in crisphead lettuce. Plant Breeding. 128, 374-380.

Kushairi, A., Rajanaidu, N., Jalani, B.S. and Zakri, A.H. 1999. Agronomic performance
and genetic variability of dura x pisifera progenies. Journal of Oil Palm Research.
11, 1-24.

Musa, B.B., Saleh, G.B. and Loong, S.G. 2004. Genetic variability and broad-Sense
heritability in two Deli-Avros DxP breeding populations of the oil palm (Elaeis
guineensis Jacq.). SABRAO Journal of Breeding and Genetics. 36, 13-22.

Oboh, B.O., and Fakorede, M.A.B. 1990. Interrelations among vegetative, yield and
bunch quality traits in short-stem oil palm progenies. Euphytica. 46, 7-14.

Okoye M.N. and Okwuagwu, C.O. 2008. Variability of bunch yield among the DxT
interpopulation progenies of the NIFOR second cycle oil palm (Elaeis guineensis
Jacq.) breeding programme. ARPN Journal of Agricultural and Biological Science.
3, 38-45.

Okoye, M. N., Okwuagwu, C. O., Uguru, M. 1., Ataga, C. D. and Okolo, E. C. 2007.
Genotype by traits relation of oil yield in oil palm (Elaeis guineensis Jacq.) based
on GT biplot. Proceedings of the 8th African Crop Science Society Conference, El-
Minia, Egypt, October 27-31, 2007, 723-728.

Okoye, M.N., Okwuagwu, C.O. and Uguru, M.I. 2008. Genotype and genotype by
environment (GGE) biplot analysis of fresh fruit bunch yield and yield components
of oil palm (Elaeis guineensis Jacq). Journal of Applied Biosciences. 8: 288-303.

Okoye, M.N., Okwuagwu, C.O., Uguru, M.I., Ataga, C.D. and Baiyeri, K.P. 2011.
Modelling fresh fruit bunch yield stability in oil palm using different stability

statistics. International Journal of Plant Breeding and Genetics. 5: 379-387.



10

11

12

13

14

15

16

17

18

11

Okwuagwu, C.O. and Tai, G.C.C. 1995. Estimate of variance components and
heritability of bunch yield and yield components in the oil palm (Elaeis guineensis
Jacq.). Plant Breeding. 114, 463-465.

Rubio, J., Cubero, J.I., Martin, L.M., Suso, M.J. and Flores, F. 2004. Biplot analysis of
trait relations of white lupin in spain. Euphytica 135, 217-224.

Singh, R.K. and S.D. Chaudhary. 1979. BiometricalMethods in Quantitative Genetic
Analysis.2nd Ed. Kalyani Publishers. New Delhi, India.

Yan, W., Hunt, L.A., Sheng, Q. and Szlavnics, Z. 2000. Cultivar evaluation and mega-
environment investigation based on the GGE biplot. Crop Science. 40, 597-605.
Yan, W. and Rajcan, 1. 2002. Biplot analysis of test sites and trait relations of soybean

in Ontario. Crop Science. 42, 11-20.

Yan, W. and Tinker, T. 2006. Biplot analysis of multi-environment trial data: principle
and applications. Canadian Journal of Plant Science. 86, 623-645.

Yan, W., Kang, M.S., Ma, B., Woods, S. and Cornelius, P.L. 2007. GGE biplot vs.
AMMI analysis of genotype-by-environment data. Crop Science. 47, 643-655.

Yusof, B., 2007. Palm oil production through sustainable plantations. European Journal

of Lipid Science and Technology. 109, 289-295.



Table 1. Combined analysis of variance for agronomic and yield traits in tenera oil palm showing only the degrees of freedom and mean square values.

Sources of

.. df RL* LN PCS LW LL LA HT SR Fp BN ABW FFB
variation

%

Genotypes (G) 10 329043.007 145220 4125 0.480" 6138597  1.336" 5239820 5143027 11.077° 1106.18"  0.001™  9328.01°

Year (Y) 1 7416.007 63921207 9863.15 25207  133.67 67387 311340 16.623"  7.6177 240567 45727 2112.06"
GxY 10 956.00™ 558.80" 29.13" 0.135" 8.80™ 0.585" 154.80™ 0.275™ 1.871™ 23.88" 0.559™  564.53"
Error 66 1137.00 216.70 1.06 0.004 17.20 0.005 322.60 4.569 1.409 5.23 0.341 155.17

ns: not signifi cant ,*, **: significant difference at p<0.05, 0.01 level, respectively.

* RL: Rachis length, LN: Leaflet number, PCS: Petiole cross section area, LW: Leaflet width, LL: Leaflet length, LA: Leaf area, HT: Height, SR: Stem

radius, FP: Frond production, BN: Bunch  number, @ABW:  Average bunch weight, FFB: fresh  fruit  bunch.
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Table 2. Correlation coefficients of agronomic and yield traits in tenera oil palm

Traits™ RL LN PCS LW LL LA HT SR FP BN ABW  FFB
RL 1
LN 0.642% 1
PCS 0.29 0.689%* 1
LW 0.640%* 0.363 0.425 1
LL 0.788%* 0.653* 0.614* 0.778** 1
LA 0.819%* 0.769**  0.621* 0.831**  0.954** 1
HT 0.872%* 0.753**  0.565* 0.568%* 0.833**  0.827** 1
SR 0.756** 0.871**  0.564* 0.518 0.840**  0.872*%*  0.827** 1
FP 0.557 0.632%* 0.770**  0.498 0.676%* 0.663* 0.718*  0.641* 1
BN 0.378 0.101 0.461 0.519 0.551 0.434 0.543 0.195 0.653* 1
ABW 0.535 0.745**  0.351 0.153 0.242 0.408 0.656*  0.56 0.42 -0.018 1
FFB 0.640* 0.414 0.535 0.599%* 0.639* 0.616* 0.795** 0.462  0.787** 0.883** 0.416 1

*, *%: significant difference at p<0.05, 0.01 level, respectively.

* RL: Rachis length, LN: Leaflet number, PCS: Petiole cross section area, LW: Leaflet width, LL: Leaflet length, LA: Leaf area, HT: Height, SR: Stem

radius, FP: Frond production, BN: Bunch  number, @ABW:  Average bunch weight, FFB: fresh  fruit  bunch.
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Table 3. Path coefficient analysis for yield components (BN and ABW) to yield (FFB)

in tenera oil palm

Partway
BN vs. FFB
direct effect = 0.889*
indirect effect via ABW = -0.009
correlation = 0.880%*%*
ABW vs. FFB
direct effect = 0.438*
indirect effect via BN = -0.018
correlation = 0.420
Residual = 0.180

* ** Significant difference at p<0.05, 0.01 level, respectively.



Table 1. Combined analysis of variance for agronomic and yield traits in tenera oil palm showing only the degrees of freedom and mean square values.

Sources of

.. df RL* LN PCS LW LL LA HT SR Fp BN ABW FFB
variation

%

Genotypes (G) 10 329043.007 145220 4125 0.480" 6138597  1.336" 5239820 5143027 11.077° 1106.18"  0.001™  9328.01°

Year (Y) 1 7416.007 63921207 9863.15 25207  133.67 67387 311340 16.623"  7.6177 240567 45727 2112.06"
GxY 10 956.00™ 558.80" 29.13" 0.135" 8.80™ 0.585" 154.80™ 0.275™ 1.871™ 23.88" 0.559™  564.53"
Error 66 1137.00 216.70 1.06 0.004 17.20 0.005 322.60 4.569 1.409 5.23 0.341 155.17

ns: not signifi cant ,*, **: significant difference at p<0.05, 0.01 level, respectively.

* RL: Rachis length, LN: Leaflet number, PCS: Petiole cross section area, LW: Leaflet width, LL: Leaflet length, LA: Leaf area, HT: Height, SR: Stem

radius, FP: Frond production, BN: Bunch  number, @ABW:  Average bunch weight, FFB: fresh  fruit  bunch.
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Table 2. Correlation coefficients of agronomic and yield traits in tenera oil palm

Traits™ RL LN PCS LW LL LA HT SR FP BN ABW  FFB
RL 1
LN 0.642% 1
PCS 0.29 0.689%* 1
LW 0.640%* 0.363 0.425 1
LL 0.788%* 0.653* 0.614* 0.778** 1
LA 0.819%* 0.769**  0.621* 0.831**  0.954** 1
HT 0.872%* 0.753**  0.565* 0.568%* 0.833**  0.827** 1
SR 0.756** 0.871**  0.564* 0.518 0.840**  0.872*%*  0.827** 1
FP 0.557 0.632%* 0.770**  0.498 0.676%* 0.663* 0.718*  0.641* 1
BN 0.378 0.101 0.461 0.519 0.551 0.434 0.543 0.195 0.653* 1
ABW 0.535 0.745**  0.351 0.153 0.242 0.408 0.656*  0.56 0.42 -0.018 1
FFB 0.640* 0.414 0.535 0.599%* 0.639* 0.616* 0.795** 0.462  0.787** 0.883** 0.416 1

*, *%: significant difference at p<0.05, 0.01 level, respectively.

* RL: Rachis length, LN: Leaflet number, PCS: Petiole cross section area, LW: Leaflet width, LL: Leaflet length, LA: Leaf area, HT: Height, SR: Stem

radius, FP: Frond production, BN: Bunch  number, @ABW:  Average bunch weight, FFB: fresh  fruit  bunch.
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in tenera oil palm

Partway
BN vs. FFB
direct effect = 0.889*
indirect effect via ABW = -0.009
correlation = 0.880%*%*
ABW vs. FFB
direct effect = 0.438*
indirect effect via BN = -0.018
correlation = 0.420
Residual = 0.180

* ** Significant difference at p<0.05, 0.01 level, respectively.
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provided the highest values for which traits.



PC1=64.30%, PC2 = 14.01%, Towl = T8.40%

1.5 :
i el
|
i I
I
i /
I {
1 /
Ly 13} f
L/ P
i / AV
e 14 '
- i
_3 I
= e y
L BT R
A
I
el :
14 P
113 |
bedd 3k
; \ e13
=1.64 : \ (N
I LEY
|
I
<111 1
| | | ] | ! | I I | I
11 -1.8 -1.2 18 -1t i K 1.4 W . 11
Fockor 1

Figure 2 Vector view of genotype by trait biplot for the experiment, showing the
interrelationship among all measured traits in various crosses.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

STABILITY ACROSS ENVIRONMENTS OF YIELD AND YIELD COMPONENTS
FROM AMMI ANALYSIS OF OIL PALM (Elaeis guineensis Jacq.) PROGENIES
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Hat Yai, Thailand, 90112
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ABSTRACT

This research aimed to evaluate the adaptability of six oil palm progenies grown in three

environments, i.e., Nakhon Si Thammarat, Phatthalung, and Songkhla provinces in southern
Thailand. The experiment was arranged in a completely randomized design with five replications
per treatment and environment, during 2013-2014. The annual weather data during 2010-2014

were used to assess the responses of oil palm torainfall, maximum temperature, minimum

temperature and relative humidity. The additive main effects and multiplicative interaction
(AMMD model was used to analyze the stability of yield and yield components. The results

showed that the variances attributed to environment (E), genotype (G), and their interactions (G

x E) were highly significant. The yield of each progeny depended on growth location. The AMMI

biplot analysis showed that progeny 110 was the genotype with most stable yield and yield

components in any of the environments. The highest yield of fresh fruit bunches in Phatthalung,
Songkhla, and Nakhon Si Thammarat provinces were obtained with progeny 130 (403.16
kg/palmyyear), progenies 132 and 137 (303.20 and 297.96 kg/palmyyear), and progeny 119 (283.52
kg/palmyyear), respectively. This indicates that the suitability of an oil palm progeny in general

depends on the specific environment for planting.
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Keywords: AMMI Biplot, Elaeis guineensis Jacq.,  Genotype/Environment  interaction,

stability, yield.

INTRODUCTION

Oil palm (Elaeis guineensis Jacq.) is a globally important oil crop species that is widely cultivated
in Southeast Asian countries, including Malaysia, Indonesia and Thailand (Wilcove and Koh,
2010). In Thailand, palm oil demand has continuously increased with its uses in foods, feeds, and
fuels (as alternative energy). The government of Thailand is promoting biodiesel to reduce the
importation of fossil fuels and to strengthen energy security of the country. An Alternative
Energy Development Plan (AEDP 2012-2021) has been established with the goal to increase by
25% the national renewable energy consumption by year 2021, and to expand the area planted
with oil palm Department of Alternative Energy Development and Efficiency, 2012). The

plantation area of oil palm has indeed expanded rapidly from 643,840 ha in 2014 to 684,160 ha

in 2015 (Office of Agricultural Economics, 2015).

Traditionally oil palm has been cultivated in southern Thailand, but recently this has expanded

also to northern, northeastern, and central lowlands. However, limitations to such expansion

include unsuitable soil or geography, climatic variability, crop management issues, and

unadaptable germplasms that ultimately affect growth and productivity (Corley and Tinker,
2003). Therefore, varieties need to be tested for their adaptability to and cultivation in various

planting areas, to recommend appropriate oil palm varieties for specific planting areas. On the

other hand, some varieties might have potential for use in diverse environments. These
considerations give importance to the genotype by environment (G x E) interactions (Ataga,

1993, 2010,.
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The G x E interactions are a major concern in plant breeding for two main reasons: first, they

can reduce progress from selection, and second, they make cultivar recommendations difficult

because it is statistically impossible to interpret the main effects (Kang and Gauch, 1996). Several

statistical methods for estimating the relative stability of performance by genotype across
environments, such as regression analysis, have been widely used, but they have some
limitations. Linear regression is oversimplified and potentially misinforms, making it largely

irrelevant (Yates and Cochran, 1938; Finlay and Wilkinson, 1963; Eberhart and Russell, 1966).
Gauch (1992) proposed the Additive Main effects and Multiplicative Interactions (AMMI) model,
which appears more efficient than other statistical methods with multi-environmental yield trials.
Using principal component analysis (PCA) the interactions can be further decomposed.

The AMMI model combines analysis of variance (ANOV A) with PCA. The ANOVA is used for

considering main effects of genotype and environment, and PCA is used for the residual

multiplicative interactions of genotype and environment (Zobel et al.,, 1988; Crossa et al., 1990).

AMMI biplot graphical assessment shows differences in genotype stability and adaptability

across the environments, in a scatter plot of genotypes according to their PCA scores (Gauch,
1992). Importantly, the AMMI biplot graph presents the relationship of average traits and PCA1

and shows G x E interactions. The closer that PCA1 is to zero, the more stable the genotypes are

across the testing environments. Another graph presents the relationship between PCA1 and
PCA?2, which indicates the suitability of a variety for any environment. If the plot-point of a

variety is closest to one environment, it will be considered suitable for that specific environment

(Gauch, 1992).
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4
The objectives of this study were to understand the G x E interactions on yield (and yield

components) for six oil palm progenies, and to identify progenies that are stable in yield and

specific to an environment, by use of AMMI analysis.

MATERIALS AND METHODS

Plant materials and experimental details: Six tenera oil palm progenies (code numbers 110, 118,
119, 130, 132 and 137) at 5 years of age were obtained from an oil palm breeding program at the
Faculty of Natural Resources, Prince of Songkla University, Thailand (Eksomtramage, 2011). The

experimental plots were located by the east coast of southern Thailand, in Thung Song district of

Nakhon Si Thammarat province (NRT), Mueang Phatthalung district of Phatthalung province
(PLG), and Rattaphum district of Songkhla province (SKA). The planting space per oil palm was
9 m equilateral triangle in each environment. The experiments followed a completely randomized
design (CRD) at each site with five replications per treatment (1 treereplicate), with observations
recorded from 2013 to 2014. The weather data (2010-2014)in the three environments, from the
Thai Meteorological Department (TMD),is summarized in Table 1.The crop data recorded
included bunch number, average bunch weight, and fresh fruit bunch (Corley and Thinker, 2003).

Statistical Analysis: The AMMI model was used to analyze the G x E interactions (Gauch, 1988)

based on this model:

Y,;,' =ut+a;+ ﬂj + Z ﬂ’né:innjn + 94/

Where: Yij-Trait of genotype 1 in environment j
p =Grand mean
ai = Genotype i mean deviation

Bj = Environment j mean deviation
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An = Singular value for PCA axis n

&in = Genotype i eigenvector values for PCA axis n
nyn = Environment j eigenvector value for PCA axis n

0ij =Residuals

RESULTS

AMMI Analysis: Homogeneity of variance tests indicated homogeneous error variance for each
trait in the three locations, which allows combined analysis across these locations. The combined

analysis of variance indicated significant effects from environment, genotype, and G x E

interactions, on all the traits measured (data not shown). The AMMI analysis (Table 2)showed

that the variances attributed to environment, genotype, and G x E interactions were highly

significant (P < 0.001), and in the excepted number of bunch the variance by environment was
significant (P< 0.01). For number of bunch the percentages of sum of squares attributed to
environment, genotype, and G x E interactions, were 7.67, 18.20, and 32.99%, respectively, while
the variance in average bunch weight was similarly attributed 37.77, 14.60 and 18.94%,
respectively, and for fresh fruit bunches the contributions were 12.64, 23.00 and 24.46%,
respectively. Obviously, the location affected yield and yield components across all the progenies
tested.

AMMI Biplot Analysis: The AMMI biplot for bunch number was generated by genotype and
environment and is shown in Fig.1a. The x-axis shows the main effect while the y-axis shows the
first PCA axis. The results show that progenies 137 and 110, with their PCA1 scores relatively

close to zero, have smallish response to the interaction and therefore good general adaptation to

the test environments. Around the maximal average 25 bunch/palm/year progeny 137 had a
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positive interaction score (0.12) while progeny 130 had a negative interaction score (-1.14). In

addition, the analysis of bunch number shows that PCA 1 and PCA 2 accounted for 62.4% and
37.6%, respectively, as shown in Fig 1b. Biplot analysis revealed the best genotypes for the
various environments and accurately identified the best genotype for PLG as progeny 130.
Progenies 137 and 132 were best for NRT and SKA, respectively.

Fig. 2a shows the PCAL1 scores vs. average bunch weight, with progenies 118 and 110 having
close to zero scores. Progeny 130 had the largest positive interaction score and the highest mean
bunch weight at 14.01 kg/bunch, and is best adapted for the SKA environment (Fig. 2b). The
decomposition of variance to PCA 1 and PCA 2 was 79.4% and 20.6%, as shown in Fig. 2b. The

biplot revealed the best progeny as 119 for PLG, while progenies 137 and 130 were the best for

NRT and SKA, respectively.
Fresh fruit bunch results are presented in Fig. 3a. Progeny 110 with PCA1 score closest to zero

had the least response to interactions, and showed general adaptation across the test

environments. Progeny 130 had the largest 351.12 kg/palmyyear of fresh fruit bunch, and negative
interaction score (-2.37) . Fig. 3b shows that the PCA 1 and PCA 2 accounted for 86.8 % and 13.2 %
of variations in fresh fruit bunch. The biplot also reveals that progenies 130 and 119 were the best

for PLG and NRT environments, and the progenies 132 and 137 for SKA.

DISCUSSION

The analysis showed that variances due to environment (E), genotype (G), and G x E interactions
were highly significant, which indicates that the test environments were diverse and the location

affected yield and yield components. These results are consistent with the studies by Rafii et al.

(2001;2012); Okoye et al. 2008); Ataga (2010); and Krualee et al (2012). This might be due to
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differences in rainfall by location affecting the oil palm (Table 1), which has been proposed by

Corley and Tinker (2003); and Henson and Harun (2005). Thus, access to water, including both
precipitation and irrigation system supply, is the main yield-limiting factor affecting oil palm
(Kallarackal et al,, 2004; Adam et al., 2011; Cha-um et al,, 2013; Rivera et al,, 2013). The biplot

analysis used here allows visual interpretation of G x E interactions and genotype

recommendations for multi-environment use (Fig.1-3), showing that PCA could decompose the
sum of squares for the G x E interactions (Gauch, 1992). Consequently, PCA1 represented the

differences in yield and yield components, and environmental yield effects on PCA1 enabled

assessing the stability of progenies across environments (Krualee et al. 2012). It was confirmed

that the G x E interactions significantly affect palm oil yield.

CONCLUSION

This study demonstrated significant G x E interactions when different genotypes (G) were grown

in different locations (E, for environment). The yield and yield components of oil palm progenies
were highly influenced by the GXE interactions. The AMMI biplot is an important tool for
assessing the stability (insensitivity to E) and specific adaptation (best matching E). Progeny110
had stable yield and yield components across the three environments. For maximal fresh fruit

bunch yield, progeny 119 was identified as suitable for NRT locality or environment, while

progenies 130 and 132 were suitable genotypes at PLG and SKA localities, respectively. The

breeding and dissemination strategies on developing new oil palm genotypes will need to address

specific suitability for each environment.
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220  Table 1. Characteristics of the study locations and their climatic summary statistics for the years

221 2010-2014.
Parameters ‘%7(1)31::' i Envifonients o
NRT PLG SKA
Latitude 8°13'17"N 7°31'20"N 7°04'479"N
Longitude 99°35'5"E 100°3'28"E 100°13'39.7"E
Altitude am) 45.852 15.944 38536
Soil texture sandy clay loam sandy clay loam sandy clay
2010 2,014.70 2,171.60 2,006.70
2011 2,178.80 3,543.80 2,298.20
Total rainfall mm) 2012 2,050.00 2,111.50 1,434.70
2013 1,827.20 2,418.40 1,968.50
2014 1,979.60 2,157.50 1,753.20
2010 33.70 32.65 3311
2011 3278 31.64 3198
Max temp. °C) 2012 3333 3252 3246
2013 3320 3226 32.06
2014 3332 3262 3291
2010 2262 24.69 2378
2011 22.46 2444 23.64
Min temp. °C) 2012 2275 2430 2373
2013 22.60 2462 2378
2014 2251 2433 2258
2010 8242 81.08 7758
Relative humidity (%)
2011 84.83 82.00 78.17
2012 84.00 79.25 77.08

2013 83.67 82.17 79.08
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Table 2. AMMI analysis of variance for bunch number, average bunch weight, and fresh fruit

bunch, across oil palm progenies (G) grown in three environments (E).

Average

Sources of variation  df Bunch number bunch weight Fresh fruit bunch

SS MS SS MS SS MS
Environment (E) 2 9736 4867 90.16 45.08™ 39,522.00 19761.10™
Genotype (G) 5 23099 46.19" 3485 696 71,934.00 14386.90™
GxE 10 41851 4185™ 4521 4527 76,490.00 7649.00™
PCA1 6 26127 4355™ 3591 598 66,37053  11,061.76™
PCA2 4 15724 3931 930 233" 10,119.82 2,52995™
Residual 60 52167 8.69 68.46 1.14 124,641.00 2,077.40

w0 indicates significance at 0.01 or 0.001 level, respectively, ns; not significant
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Abstract

This study aimed to compare the productivity of oil palm age 5 years to study the potential for adaptation to the
output of the oil palm planting varieties in the different location. By using including PSU 137 and eight commercial varieties (1,
2,3,4,5,6,7 and 8) in Songkhla province that including Ranot, Khlong Hoi Khong and Rattaphum. The experiment conducted
a completely randomized design (CRD) with three replications from March 2013 to January 2015. This found that oil palm
varieties and location have variabilities in the different location. Oil palm varieties No.2 gave the highest yield 325.30
ke/palm/year at Ranot while No.4 gave the highest FFB yield 378.90 kg/palm/year at Khong Hoi Khong, and PSU 137 gave the
highest FFB yield 187.00 kg/palm/year at Rattaphum.
Keywords: Oil palm, Production, Variance
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Biplot Analysis of Trait Relations and Heritability

of Commercial Oil Palm Varieties
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Abstract

The objectives of this study were to compare the performance of commercial oil palm varieties and to
evaluate trait relations and broad-sense heritability (hzb) of yield and yield components and some vegetative
traits in oil palm. The eight commercial and one promising - PSU oil palm varieties were grown at the Klong
Hoi Khong Research Station, Faculty of Natural Resources, Prince of Songkla University, Thailand. The
Completely randomized design (CRD) with four replications was used in this experiment. Yield and yield
components and some vegetative traits were observed at seventh month. The GT biplot and correlation
coefficients were used to evaluate multiple trait relations and variance components and hzb were calculated
using ANOVA. The results showed that PSU132 gave the best yield and yield components, while most
vegetative traits were the best in SR3. Frond production, trunk height and trunk diameter were important
vegetative traits, which positively correlated with bunch number and average bunch weight, respectively (r =
0.71, 0.80 and 0.70). hzb of observed traits were ranged from low to medium (0.11-0.64), which trunk diameter
showed the highest hzb . The GT biplot was a useful statistical tool to genotype evaluation and comparison
based on multiple traits, which graphically revealed more information than classical methods such as
correlation coefficients.

Keywords: Oil palm, yield and yield components, heritability, GT biplot
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Table 1 Mean comparisons of yield and yield components and some vegetative traits of oil palm genotypes

Traits '
Genotypes FFB BN ABW TH TR RL LA LDW FP
(kg/palm)  (no./palm) (kg) (cm) (cm) (cm) (mz) (kg) (frond/month)
SR1 36.87 10.75 3.45 136.13 53.25 322.25 2.81 1.28 2.85
SR2 25.25 9.75 2.81 129.75 57.50 366.50 3.56 1.36 2.75
SR3 35.21 8.67 4.19 158.83 61.67 440.00 4.54 1.73 3.07
SR4 22.36 7.00 2.34 133.50 53.50 336.75 3.28 1.35 2.80
SR5 27.38 10.00 2.73 135.63 57.50 362.00 3.16 1.33 2.70
SR6 25.88 7.50 3.68 154.00 61.50 419.25 3.73 1.86 2.65
NP 30.80 7.25 4.28 145.38 68.50 369.50 3.00 1.51 2.75
GCT 9.02 4.00 231 125.17 58.00 338.00 3.30 1.61 2.07
PSU132 41.94 16.25 2.65 141.75 48.25 356.00 3.04 1.39 3.05
F-test * * ns ns wox wox * * ns
LSD, 2036 6.59 - - - - 0.96 0.40 -
LSD,,, - - - - 9.72 84.01 - - -

* FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height , TR: trunk diameter,
RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production

* ** significant difference at P<0.05 and 0.01 level, respectively.
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Table 2 Means, range, variance components and broad-sense heritability of several observed traits in test oil

palm

Traits * meansd range o’G o’p hzb (%)
FFB (kg/palm) 29.44+13.54 0-54.45 51.56 207.49 25
BN (no./palm) 9.27+4.80 0-21 7.3625 23.6925 31
ABW (kg) 3.25+1.17 0.9-6.05 0.195 1.33 15
TH (cm) 140.20+18.20 100.50-186.00 31.645 325.25 10
TR (cm) 57.64+6.84 46.00-79.00 29.52 46.29 64
RL (cm) 369.24+45.40 293.00-536.00 989.77 2243.70 44
LA (m) 3.38+0.67 2.31-5.81 0.1375 0.49 28
LDW (kg) 1.49+0.29 1.07-2.18 0.0225 0.08 27
FP (frond/month)  2.83+0.25 2.20-3.40 0.0075 0.07 11

* FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height , TR: trunk diameter,

RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production

Table 3 Correlation coefficients of yield and yield components and some vegetative traits of oil palm genotypes

Traits * FFB BN ABW TH TR RL LA LDW FP
FFB 1.00

BN 0.83** 1.00

ABW 0.46 -0.05 1.00

TH 0.54 0.14 0.80** 1.00

TR -0.22 -0.60 0.70%* 0.40 1.00

RL 0.20 -0.06 0.63 0.85%* 0.51 1.00

LA -0.03 -0.22 0.35 0.58 0.32 0.85%* 1.00

LDW -0.21 -0.42 0.47 0.64 0.54 0.78%* 0.67* 1.00

FP 0.90%** 0.71* 0.40 0.57 -0.20 0.32 0.19 -0.19 1.00

* FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height , TR: trunk diameter,
RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production

* ** significant difference at P<0.05 and 0.01 level, respectively.
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Fig. 1 GT biplot with polygon view, showing which genotypes perform the best in which traits.

Note: FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height, TR: trunk diameter,

RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production



v
v

msszumalugiyims a3 3 48 1509 “msIoaerinnndinuIng”

2 - PC1=47.22%, PC2=34.77%, Total=81.99%

1.5 1
BN FFB
Fp

1 <

0.5 |
TH

Mﬁ
0 -

E — —————RL
LA
0.5 4
LDW
TR
4 -
1.5
2 .
1 0.5 0 0.5 1 1.5 2

PC1

Fig. 2 GT biplot with vector view, showing the trait relations in oil palm

Note: FFB: fresh fruit bunch, BN: bunch number, ABW: average bunch weight, TH: trunk height, TR: trunk diameter,

RL: rachis length, LA: single leaf area, LDW: single leaf dry weight, FP: frond production
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