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The project on Sustainable Palm Oil Production for Bioenergy in Thailand,
commissioned by the German Federal Ministry of Environment, Nature Conservation
and Nuclear Safety (BMU) under the International Climate Initiative (ICI) and
implemented by GTZ in cooperation with the Thai government, the Office of
Agricultural Economics (OAE) and several other partner institutions. The project aims
at supporting the Thai oil palm and palm oil sector in introducing sustainability
certification and proving its positive impacts and  practicability for smallholders. One

main objective is the successful certification of groups of smallholder oil palm growers

to an international sustainability standard.
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In respect to the efforts made to face the challenges of climate change, the
introduction of biofuels has been controversially discussed. Also related to rising
prices of fossil oil and the use of edible oils for the production of energy, the plantation
of oil palm, especially in South East Asia, increased rapidly in the last years. On the
other side the production of palm oil in particular has been criticized by the public to be
harmful to the environment, increase the pressure on rising food prices and support
inhumane working conditions, hence being incompatible with the efforts to promote
sustainable development.

Thailand will serve as an example on how to certify smallholder oil palm production
systems and optimize the whole value chain with regards to efficiency and
sustainability as well as export competitiveness. To improve the farming practices, the
pilot farmers will be participated in series of project activities to build its capacity
towards sustainability at farm level, which will require motivation, technology and
knowledge transfer as part of the project intervention. This book will be a useful tool
providing essential knowledge for oil palm farmers to develop their capacity in farm
management and enhance their productivity in compliance with sustainable
development.

| sincerely thank to the great effort of all people who made this book available. | wish
this will be a useful resource for oil palm farmers, practitioners, trainers and other

related person to improve oil palm production in harmony with the environment.

Daniel May

Project Director
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= 15{e 18-46-0 631 1.0-1.5 Alansn/mu/d
» Tufud pH A1 dransaldAunesanmnng 6ns1 2-3 Alandu/eu/d

o bwunsdes

AMNHIAG

Q

= JuasRusznaviarzasenlzdlunszuiwnnsaansizriuds Tusiw uazladn
= Faglunszuanwnistla \Wa gasiinly

o v d 4 Y = o o o o
= Awsinfgdunialdenulasnasewarnusadunaseuniednafilunis

FILATITHALLES

Janlilwunadeslaud

= Muriate of Potash (0-0-60) T#lwunaiden 60 % uaslimanin 3 %
= Sulphate of Potash (0-0-50) Tlwunaiden 50 % uazldinnzaw 17 %
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s Nunugndanwazdunsnedn nsoiduiung
= AMFNFUITLANAL AT
= fnspafnlnunaideniaeiiosainiinisld Mg anntfinly
o =1 v (=} I g DI + [=1 1 1 lﬂ'
= UranfinislinzaneluuSanmsnn wildfinaisielnunadenodrosaiion

LWUINTI ﬂ'liLLfﬂ?l LUBIAY

= A9RIANY

1d{ls 0-0-60 am31 3.0-4.0 Alanswn/Au/d uusld 3-4 A3

Tuiunduiunsie ldnzareaingulaudns 5-6 Au/ls (200-270 nn./su)

da d

AINAIAEY

I
63 < I & o o d d o d o v e L3
n \JuasAdsznavzasmaalsila dadusiningdidedluiiy Avmindaassiuas
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n JussAdsznavzasaunladlunszuiunisisaldnan wu nsasiude ns
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+ d'SL v d d ‘1 [y 1
Janlhunnuiggnlan

m Aeoslen (Mgso, H 0) TWunniliden 27 v uaslvtiuzdu 23 %

m lalalasi (Mgco_ + caco ) Tunniiden 2-20 % uasliuamiden 30-47 %
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" finsladenfunaidensin (1w Jeidedsznav)
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m dndwzasunniiiden (Mg), unaidan (Ca), lnunaiden (K) Tuin asfpsinu
o &
CHEER N

AdIk Ca : Mg luAnnuaniUaewlanasainin 5:1

s

AEIw Mg : K Iwhaniwanldenlanissinin 1.2:1

LUINT ﬂTiLLfﬂ?l 1 Uaanu

n dAzaslsy ansn 1.5-2.0 Alansu/ew/d
a d' 3 o a s U I=! U 1 %) o 1
p Tuaundwnsm o1aldlalalayt ans1 2.0 Alansn/aw/d 1o waazlvuaginiinis

. 1ZAaaslan



Sustainable Palm Oil Production for BioEnergy

Tusau

AINAIAEY

fanndanlunsaseniagazasis  senssaiulan wasn1IRAIWIZEN
LWABLED SINDINITES19NDALBDINEST

[=] o s s o =]
fanudanlunszuimnisdanszdudouazlusiiv

ﬂﬂﬁ‘lﬁ’fusaﬂﬁ’ bbfl

vawing (Na B0 10H 0) Trilusan 11 1osidus
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ﬂﬂtﬂ@‘ﬁﬂﬂéﬂﬂﬂﬂtﬂ‘iau

Aunfivsannluseudtoendn 0.5 mg/keB Fodnnuluiung vafunsedn sunsa
(pH #1191 4.5) AWA9 (pH §1NNIT 7.5)
finslddelulnsiavuazlnunasdeonludnsge

LWUINT ﬂ'l‘iLLﬁyL?l L\ UaInu

lduawsnd 8371 100-200 n5u/6w/ TuwannawUns
lauawsnd am371 300 nsn/aw/A Tnanwawnidunsnedn

I

[~ P= |
a1n1stdulunaudang

e
5 Anandnainaasiulasan/twunaden TwlufAInInndn 2.5 1du Lle3As1eH
fadnelu wualulnsandAIninndn 2.5 welnunaidandaAisinga 1
v e

asunlaidasnu

n andelulnsiaw disielwunades
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[ 4 N . ¥ o
UNN 3 31]uuun’ls‘lﬁqgmﬁwﬂﬁumuu

Urasidwduiignfengens  wazdinslinandalulsunaminuassaitos
Wafinsimande (nzaednan) sanansulnas fasdunisiisigeiniseanain
AuUIaNkmes 91nN1sAnE NI wandauraaiidn 1,000 Alansu azgaiesin
Tulmsiaw (N) 2.94 fAlansn, Weawass (P) 0.44 fAlansw, Iwundden (K) 3.71
a s d d =3 s o a s
Alansw, unniiden (Mg) 0.77 Alansy uazupaiden (Ca) 0.81 Alansw
o & 1+ v s @ o @ v o a [ I o s a
muumﬂﬂﬂa%ﬂumau A NUBABINNITUIHITIANT8EHUIZENE NN
wialdUranfinandngegnagisoiitos uazdinssnuIAINgANTHYIOI20I5

Ineunfundnazlvnzatenasaindgn Ussnim 1-1.5 U uilun159an1969%

'
U

=] =1 as 1 Qy 1 =] lﬁl vd a a o U 1
NN f\]ﬁ?\lﬂ’]i'ﬁﬂﬁﬂﬂﬂﬂ‘ﬂﬁi%ﬁjﬁaqq 3 Yusn Lwaiﬁﬂﬂqilﬂiml,ﬁu‘[ﬂﬂqﬂa’]ﬂ%aiﬂﬂ
@ o

1 ng 2+ U (=3 ca =] 1 Ca
wind ludwiianalddelnelddoyanisiinszdfnuazly nialdananuganaaysol
2095%

p15197 4 USanaderiidmsuiianiiduaiglgn 1-3 U

ongUndn giauazUSanlewndl (nn./fu)
) 21-0-0 | 18-46-0 | 0-0-60 | ndaslsr [ Tuise
1 1.25 0.5 1.0 0.5 0.09
2 2.5 0.75 2.5 1.0 0.13
S 3.0 1.0 3.0 1.0 0.13
1 1.0 0.6 0.5 = 0.09
2 2.0 0.9 1.8 = 0.13
& 2.0 1.1 2.3 0.7 0.13
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A15199 4 USanalerddmsudnaniiduwengugn 1-3 U (se)

L a18UN8 aiauazIsmiend (nn./sw)
AURBIY ’ 5 ;
(1)) 21-0-0 | 18-46-0 | 0-0-60 | ndzaslsyi | Tuwsm
Iudunsanias 1 1.0 0.9 1.0 0.3 0.09
Wagaan 2 2.2 0.9 2.5 0.3 0.13
(Acid Sulphate) 3 3.0 1.1 2.5 0.7 0.13
1 2.5 0.9 1.2 1.0 0.13
2 3.0 1.1 8.5 1.4 0.13
3 5.0 1.3 4.0 1.4 0.13
SRS yiauazUIamend (nn./sw)
AR ’
() 46-0-0 | 18-46-0 | 0-0-60 | nAwzaslsri | Tuwsm
1 0.56 0.75 0.45 0.1 0.03
2 1.5 1.0 2.25 0.5 0.12
3 2.5 1.5 3.00 1.0 0.09

91191579 1nUSInansldailenaudnaniigegm asdnen naasiug
Tuanzgfennmafimanzas (nsdianmpfivssmalaimansaaliananis
ARI1EIW)

n n1sldte Arsusldlas 2-3 A0 AnAINIMENZEN

nstelednsuliauusiuilinandn (angainndt 3 1)

o & o do o o v U+ o W o o
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2) lallemnusanmainoinisnldlunisasyiiviauazgaydeluiunansn
3) lallemumnusainiszasuiay Inelddoyanisiimssilunaziiv

Tuwneufumesldns 3 suuuusann

azfiuszAnsamainign
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gaage) dnyfin finsldle 15-10-20 ams1 5 Alanswu/auw/d wudids

=1 I= !
Nmmimm[mmﬂmau

- n15lddegns 15-10-20 891 5 Alansu/au/d Uduiiduas

TesusIm@IIIAH

Tulmsian = (15/100) x 5An. = 0.75 nn./Gw/3
Woanada = (10/100) x 5 0. = 0.50 Nn./A/U
lnunaiden = (20/100)x 5an. = 1.00 nn./6w/3

(@iwazlﬁﬂm%aagmﬂa)

wamadn n1stalulnsiaw 0.75 nn./aw/d waslineanass 0.50 nn./dw/U
WegwadInsuUIas wan1stilnunaden 1.0 nn./aw/Ad azliiieane
e mmﬁué’mﬂm{lﬁﬂﬁ 15-10-20 \Uw 7.0 An./ew/A a1avinld
UranlasulnunaBesiisons wilulpsiauuazneanasadofios
woagudd azldsuidfindie  vilwgodelulasauuaswaaass
lnglddndn wazanavirlvannazaslulnsiauuazlnunadende
Tulsr

n nsudlaiignsas mslédeililwunaden dsldud 0-0-60 Tneifialn
§m51 20 WosiFus Feemialwunasifen 20 1.0 ansdwd

1.2 nn./6w/ nian lwunadandn 0.2 nn./suw/4
Wiy g 0-0-60 = (100/60) x 0.2 AN = 0.33 AN.
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m aonnluwlanlvazldils 15-10-20 a1 5 ansswd sawnude
0-0-60 8551 0.33 AN./6w/U

o ) o+ s & o d
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WEAI LAY
2IN1SVIATIRBINS s by
1d 46-0-0 3-4 nn./8w/U
275 [wlAsLam . ..
138 21-0-0 4-6 NN./B%/U
y 16 18-46-0 1-2 nn./6w/3
AnanadanNasd . o 4
1158 0-3-0 2-3 nn./fAw/U
AW LA 1d 0-0-60 3-5 An./6n/U
L 14 nAweslsy (27%Mg) 2-3 nn./Gw/U
AVALNNTLT N . ) ..
n3o lalaluv 3-4 An./6n/U
2101 UT0% 1d Tuusnd 100-200 N5H/A/Y

2)lallemaSaasinarmsiitdlunsidayiivlauazgade luiunanin

TafinsAnwiAnadaInissinemsrasdasindueny o U fAnw
H09n15571581115 B
n Twunaiden (K) Ussanoe 47-64 Alansa/19/8 (wie 55.5 Alansy)
nlulnsion (N)  Ussa 31-44 Alansa/13/8 (i 37.5 Alansy)
muAaBen (Ca) Ussa 13-19 Alansn/13/8 (1ade 16.0 Alansy)
musniiiden (Mg) Ussana 8-11  Alanda/19/0 (e 9.5 Alansw)
svosnass (P)  Uszanm 5-7  dlansw /8 (wbe 6.0 Alansw)

INdayaninand azAniUIaaidusasnIseInlnunadeasniiga saoaslaun
d d d ol dl =) s 1 o 1
Tulosian uraiden unniiden uwasWaswads faifisudndiuzesannemisazia

K:N:Ca:Mg:P

555 : 375 : 160 : 95 = 6.0
9.25 . 6.25 2.7 . 1.6 1
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TadinsfnwUSanmeinemsigaydeluiunanis  (nzanedn)
\WWafinnsAnnzanean 1,000 Alansn azfin1sguyideassnsnorisni

n Twunaiden (K) 3.71 AN./ 1,000 NN.NA18EE
n Tulnsian (N) 2.94 nn./ 1,000 NA.NZAEER
B uAALEeN (Ca) 0.81 nn./ 1,000 NN.NALER
B uNnibzen (Mg) 0.77 nn./ 1,000 NA.NAILERA
n Waawasa (P) 0.44 nn./ 1,000 NN.NZAILHR

\HaLNEUARAI%28951681M1592H AN

K:N:Ca:Mg:P = 3.71:. 294 . 081 . 077 : 0.44
= 843:. 668 . 1.84 ! 1.75 ! 1

zAnIdRaIuzass1Re TN RS RulngasIan  uaza1ReInIe
gudelununandnazfifiamiaieni ninidayadadineeso1nanime 2 §iu

o o Y Vo o
nUsguLiieun azaqUlemnsnnsed 6
m1519%1 6 LWSeuifisudndiuzesaiseinisainsunisasyiiulauazgaieluny

neany

. AAIUSINDINTS
s1eazLden

o
LAALZTEN

nswasaiule 1.0
gandeluiunzane 1.0
ALRAE 1.0

ndayaluwensed 6 dasadssannnsgasiefimanzaniuliassingule loe

USUAT N, P, K, Mg 1Jn N, P 0., K0, Mgo Foilnsnemisioegiule faunauasi
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muummnwmﬂsaﬂﬁ’ﬂmﬁaﬂs:nauﬁ’uﬂfléuﬁ’:ﬂaﬁ'u gastenIsianaIn
6.46 : 2.29 : 10.65 : 2.78
naoUszan 7.2 11 :3
wie 21 - 6 - 33 -6 (N-PO_-KO-Mg)

sUeRAmINAINNITEIReMISIien S yAulawas TR eRanEaT

Bl
i winawnlgniiaadnisananeanasanazinsiianaanesa
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s

poungnIteatalu 21-10-33-6 fla
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e2) e
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o as =} 1 =} v é} 1 o v a [=] dl 1
] mmuﬂimmmﬂaﬂzmnmauaawagnumﬂmamammmﬂ%ﬂwmum

3)lallamunausasniszasihan lnalddayansimszilunasiiu

nslddennnaiinszaiegsiniazluidunisldenfivszdndainain

1
=]

7ga laRn1sAnEIUSNIMEIRaInIsTNeIna g MSUUIaN 11Ad59idwinnls waz

q 9

AuunalnA1ingd laninns1e9 7

A151991 7 uaRgAAsIzAluUIaNhaRluIzAUNSIRIMI5IR LNIzEN uazd

NNt

i]'lEg‘lJ'lﬁN 5'][9]8'11&'1‘3 YA RH1SEAN
Tulnsian (%) <2.50 2.60 - 2.90
Woanasa (%) <0.15 0.16 - 0.19
Iwunaiden (%) | < 1.00 1.10 - 1.30
unnbLdeN (%) <0.20 0.30 - 0.45
1. Unaadn | whaiden (w) <0.30 0.50 - 0.70
(Gt e ¥) | Fawes (%) <0.20 | 0.25 - 0.40
ARSI (%) <0.25 0.50 - 0.70

Tusan (mg/kg) <8 15 - 25

NaILay (mg/kg) <3 5-7
qanzd (mg/kg) <10 12-18
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El"lE!‘lJ"léN 5'1[5!8'1“’15 U1[ LRHNITEAN
Tulnsian (%) <2.30 2.40 - 2.80
Noawass (%) <0.14 0.15-0.18
Tnunaden (%) <0.75 0.90 - 1.20
unnhiden (%) <0.20 0.25 - 0.40
2. Uranlng uAaLden (%) <0.25 0.50 - 0.75
(i 6 ) | Faas (%) <020 | 0.25-0.35
AR (%) <0.25 0.50 - 0.70

Tusau (mg/kg) <8 15 - 25

NaLag (mg/kg) <3 5-8
qonzd (mg/kg) <10 12 - 18

i3 : Rankine and Fairhurst (1998)
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ﬁﬂ&;VLuImsL%u (N) uazwaawasa (P) "lﬁ‘idﬂﬁmuﬁmmﬁu WINANTLATIZAR

ansdesiunlaiiiv 5% anaings wazlnunaiden (K) ansdesunlsiiig 10%
B g9 1w ATAHImNNzENad lwlaslan HAWNAY 2.6%
foviw Andesun 5% = 2.6x5/100 = 0.13%

B WINANIATIZRRATAINIT 247 (wasezes 2.6-0.13) fazdinisldie
Tulnswdinanifiiiman 250 widAdaseifidannnit 2.47 1ld
EEEEEY

n nsdifnansiinszsilufiAndesungenitAing (2.0%) Ae gend
2.90 +0.15 = 3.05% lHanilgas 20%
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nsailulasiaw/naanasad = LUy 3%

. WANIZAN .
\leaeuy 3% WHeaeuu 3%
-1 T g
: 0.13 0.15 :
: // :
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247 260 2.90 3.05
oA A
vine 25% § «— ldduansuin ———  : ans 20%

NTUINUNALTEN = L8911 10%

. LANNZEAN .
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1 0.11 0.13 |
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61":1aehams‘l&iﬂlelmwhmﬁLﬂswﬁﬁ"aaei'mﬁuuas‘lu

Aaage) nuasInIlallegns 14-8-32 6m31 9 nn./ew IAvUaseny 6 U

(%

-+ o 1 13 o s v J
(1) Jegmssionan S1maw 9 Alansn azlvisngeiniseo

® Tulmsian - (14/100)x 9 AN, = 1.26 nA.

n Waawada = (8/100) x 9 Nn. = 0.72 nn.

m lnunaden = (32/100)x 9 AN, = 2.88 nn.
(2) wan1siAsIzRRIBENI U

n Iulmsian 2.73% --—> ifimewe (2.60 - 2.90)

n Waawada 0.17% ---> LW&we (0.16 - 0.19)

n Twunawden  1.07% —==> 1 (1.10 - 1.30)

suipwiAIlezAlulasian,  WeaWadd  TulufifesnaurriiAsieh
TnunaiBeansningdeingd waiagAndesun 10% 209A1 1.10 ZedA18gN 0.99
lnefA13iAsnzA 1.07 ndsadludrensuls

(3) anuan1siAszvldladednsunusn deanaldiogns 14-8-32 adraibn
a 9 1 @Y v s D ad o o &
r3elduadeile dofiaunanisnisAiuinmsi

n TR wvaanasanawane (L‘ﬁ;mmnvlaia'iwgﬂwg%'ﬂﬁ%ﬂsj@mﬁm)
- mnldfegns 15-15-15 (Duunasnesnass lae sasnisnaanass 0.72
nA. BoTh azldlle 15-15-15 11U (100/15) x 0.72 = 4.8 nn.
- 14 15-15-15 41w 4.8 nn. azls Waanadd 0.72 nn. uazlaluwlasian
0.72 NN.AIY

m USanalwlnsiandinosnis=1.26 an. laxnua 0.72 an. wie 0.58 an.
- siagn1stulasian 0.58 nn. 19{e 21-0-0=(100/21)x0.58=2.76 nn.
w38ldie 46-0-0 = (100/46) x 0.58 = 1.26 AN,

® USunaulwunaidenfidainis =2.88 nn. lANILE7 0.72 nn. 1waa 2.16 nn.
- sragnislwunaiden 2.16 nn. 14s 0-0-60=(100/60)x 2.16=3.6 Nn.
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0-0-60 8m31 3.6 NN. #¥38  0-0-60 86191 3.60 fn.

99N 11.1 An. 39H 9.66 nn.
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pH (1 :5,[?1%:1}1)
Sun3gaiuan (%)

Tulasiaunianun (me/ke)

Woswasammnng (mg/kg)
woanaaidudsslont (mg/ke)
TnunaBeadiuaniudenls (cmol/kg)
unnhideniiuaniuaenls (cmol/kg)
ANEETTalHASLANUA Y
Uszguan (cmol/kg)

ANELHABG © mg/kg = ppm WAL cmol/ kg = meq/100g.

fin1 © Rankine and Fairhurst (1998)
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