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ABSTRACT

Oil Palm (Elaeis guineensis Jacq.) grown on volcanic ash soils in Papua New Guinea
(PNG) generally respond well to N fertilisers but shows a lack of consistent response to
inorganic phosphorus (P) fertilisers. This is true even on soils with high phosphate
retention (PR) and where Olsen P values highlighted in the preliminary survey of
PNGOPRA field trial data are very low (<10 mg/kg). A notable exception occurs at
Bialla (Trial 201) where significant responses (yield and growth parameters) to P
fertilisers have been found on soils with very low Olsen P (< 4 mg/kg) and very high PR

values (>90% to at least 60 cm depth).

This study was done to characterise the PNG oil palm growing volcanic soils in relation
to P responsiveness, to identify P fractions and their relative amounts, to determine the
fate of applied P fertilisers and to compare chemical and mineralogical characteristics of

PNG soils with some New Zealand (NZ) equivalent soils.

Mineralogical analysis indicates that the PNG soils used in this study are relatively young
as evidenced by the presence of very high amounts of readily-weatherable volcanic glass
in the sand, silt and clay fractions. Soils at Hoskins, Kapiura and Bialla, all in West New
Britain (WNB) Province, contain similar amounts and types of primary and secondary
minerals. Soils at Bialla are probably older than those at Hoskins and Kapiura and
contain large amounts of secondary amorphous minerals (allophane and ferrihydrite) in
the clay fraction. Soils at Popondetta are different from those in WNB with high
amounts of hornblende and no augite or hypersthene in the heavy mineral fraction.
Allophane levels in the clay fraction are high to very high in soil surface layers at
Hoskins and Kapiura and at all depths in Bialla soils. At Popondetta, allophane content

is very low at all depths

PR in all soils and at all depths was highly correlated with acid oxalate extractable Al
(Al,) (r = 0.84%*) and iron (Fe,) (r = 0.89%). The sources of these 2 extracts (allophane
and ferrihydrite) are largely responsible for the high PR in the soils studied. High
allophane and ferrihydrite levels at all depths in Bialla soils correspond well with very



high PR values ( >90%) to at least 2 m depth. Low levels of these 2 minerals in
Popondetta soils correspond well with low PR values (30%). Intermediate PR values
(60 - 70%) for Hoskins and Kapiura surface soils correlates well with the occurrence of

intermediate levels of allophane and ferrihydrite.

In all PNG soils, a P fractionation scheme showed that the major P fractions are organic.
At Hoskins, NaOH-Po accounts for 38 to 48% of total P. For Kapiura NaOH-Po
accounts for approximately 50% of total P, and Bicarb.-Po accounts for 59% of total
bicarbonate-extractable P. For Bialla soils, NaOH-Po and Bicarb.-Po comprise between
74 and 76%, on average, of their respective total extracted P for all depths. At
Popondetta, NaOH-Po comprises 62% and Bicarb.-Po 63% of their respective total

extractable P contents.

P fertiliser accumulation in Hoskins and Kapiura soils occurs mostly in organic forms
and within the top 10 cm of soil. At Hoskins, 83% of total added P accumulated in the
top 10 cm (53% being NaOH-Po) while 17% was found in the next 10 cm depth (31%
being NaOH-Po). At Kapiura, 74% of total accumulated P was found in the top 10 cm
of soil (61% being NaOH-Po) and 26% within the 20 - 30 cm layer (81% being
NaOH-Po).

The presence of amorphous minerals explains much of the behaviour of P in trial soils,

with the major P source/sink in PNG soils being as organic forms.

In relation to soil mineralogical and chemical characteristics, PNG soils were classified
into one of the major 3 groups in terms of responsiveness to P fertilisers; (a) soils with
very high PR (>90%) and Olsen P values of less than 4 mg/kg which are considered
most likely to respond to inorganic P fertilisers e.g. Bialla soil, (b) soils with medium to
high PR (60 - 70%) will likely show inconsistent responses to P fertilisers and P
responses are most likely to be secondary to N e.g. Hoskins and Kapiura soils and

(c) soils with low PR (30 - 40%) which are unlikely to respond to P fertilisers at least in

the foreseeable future e.g. Popondetta soils.



v

This study highlights a future need for further study of the dynamics of P nutrient
cycling, specifically the mineralisation rates of organic matter and the release of Pi for
plant uptake in PNG oil palm growing soils. Also there is a need to re-establish the leaf
critical concentration because in PNG soils though leaf levels are generally less than
0.150% DM, palms do not always respond to P fertilisers. This suggests that the
“critical”” P concentrations under PNG conditions is probably less than the international

standard at 0.150% DM.

Mineralogical and P sorption characteristics of young volcanic ash soils in NZ are
sufficiently similar to those in PNG to provide useful information about the general

behaviour of P fertilisers and P reaction products in oil palm production systems.



ACKNOWLEDGMENTS

I express my gratitude to the following people for their help in doing this thesis.

Firstly to my 2 supervisors, Dr. Max Turner and Professor Russ Tillman for their

encouragement, supervision and critical suggestions.

To the New Zealand Landcare staff; Dr. Roger Parfitt for helpful suggestions and
analysis for allophane and ferrihydrite, Mr. Joe Whitton for helping with mineralogical

analysis and Ms. Linda Hill for carbon and nitrogen analysis.

To Mr. Bob Toes for assistance with Olsen P tests.

To Soil Science Department technicians for assistance in use of various laboratory

equipment.

To Mr. Ian Orrell (DOR-PNGOPRA) for help in making this study possible for me.

To Mr.Graham King and Mr. Allan Oliver for providing literature review materials and
Joe Yambun and Doreen for helping in soil sampling and handling. Also to all

PNGOPRA workers who actually helped in sampling the soils.

A special thanks to my wife, Nambua for looking after our 3 children; Enzeng, Serah
and Yandisao during my absence. Also a special thanks to my parents at home for their-

never ending support.

Finally, this piece of work though may not be the best, I would like to dedicate it to the
20 people in my village (Mataya, Wantoat Sub-District, Morobe Province, PNG) who
were covered by landslide while gardening in 1993.



TABLE OF CONTENTS
ABESTIRRALT i samsusmssionsisnnasosossaicas s o oot o A s S AR A AR ARHS ii
ACEKNOWLEDGMENTS.. ... cccomssmsmrommmssommemssssmisinet desssomsibrbsmiinssesnnsrsasamomssansss v
TABLE OF CONTENTS. o ossmaosmuncsmms i s ks s s s Vi
LIST OF TABILIES . cronsornuvsmmnsomssminsstsmssnssssessmmmssmes cinesss s s s fanssnsssy s sasisiss Xii
LIST 'OF FIGURES ..ccouicsiissnmmosmasinbinm st s i s s venias Xiv
CHAPTER 1
INAREMDUL TN, cocnmesomeomsiun s bt n s s s R s o iR 1
CHAPTER 2
LITERATURE REVIEW

2.1 OIL PALM GROWING SOILS......ccoiiiiiiiiiiiiiitiiisie s esanesssae s s 3
< M 1 3 T 4 [ | B . 3
Lol BRI s oot s 0 RS A R S 5 A WSS OS5 S35 3
2.1.3 AIVIALSOIIS, o rereamnmneenmmmrmaspsies st saesmanssmassssaesessansasssasasrasenith
2.1.4 Oil Palm Growing Soils in Papua New Guinea (PNG)..........cccccecccnvicccnnenn 4
2.1.4.1 Hoskins, Kapiura and Bialla..........cccceeiiiiniiiiniiniiniicncniec e, 5

2.1 4.2 POPOTACHR. canvminmmsvmssims s i s euiaisniss 6

2.2 MINERALOGY OF SOIL PARENT MATERIALS.............cccocviervnnirennnnnens T
2.2.1 Primary Mineral Composition of Volcanic Ash Materials ...............c.c..ee.. 8.
2.2.2 Secondary Mineral Composition of Volcanic Ash Soils.........cccceeuerveiniuciannns 8
2.2.2.1 ALIOPNANE......ccoeeeiiiiieririieeeniriessseessssesssaesssasssssesssssnsessssssessessanses 8

D [y 1 1 9

SR RS o TP e gm—. 9
2.2.2.4 Femihydrite.......icomii .10

2.2.3 Soil Weathering and ROTTIRIION ..cs o soirmsssinsissmsssbsmssassosm s s sans s 10
2.2.3.1 TeMPerattre. ....vuvissionna st 11



vil

Z2.2.3.2 Rainfall, Leaching and DEaINape......coammamsaavaismimisiisiiiim 1

2.2.3.3 Tephra Thickness and Depth of Burial Effect...........cccvvvviiiinieeeennnn. 12

2.2.3.401r2an10 TYC1e BIFOCIS s viiivsrsumiimsinisiriorams s dassspmbonsmssnnsmesssssnanss 12

2.3 REACTIONS OF PHOSPHORUS IN SOILS......ccccccccaniimiannininnsinessesasoiarsiens 13

2.3.1 Permanent and Variable Charge Clay Minerals........c.ccocevvvveeeiiieeineiecnnnennns 13

2.3.1.1 Permaneiit CRargE. ...cuinsivimerspavinms s idas s it 13

2.3.1.2 Variable CharBR. ... corossesmsonmsasosnnnenssomssssssnsiassasssnss esmassasemisssnsemssasesin 14

2.3.2 Phosphate AdSOtplion ... v st smsnsmasiiisiy s I3
2.3.2.1 Adsorption Mechanisms of Phosphates on the Variable Charge

Surface Clay MINerals..........cococceeremeeriinessceeisrsnesssveeesssnsseesssssnsessens 15

252 L AV DI consuusssmiaumissiodsinosmsions osmeasinss s s s s as 16

2.3.2.1.2 Trom OIXIARS: ....covemmrsaressnmssssmmomsumnsnonmransnssmansssssasessisnssspnnsrats I

233 PhospGIus DS O IO s sasvass oo e s s pl iy s seanainis 17

2.3 PO A R OB v umsemsunmmonssminsmmsoss s s s A S RSB AN RN 13F

2.4 PHOSPHORUS FORMS IN SOILS.......cccccccciiisnniesunissinissnnnsassansanensesaseasessnnes 17

2411 501l InOrganic’ P PIACHONS. . cuimsusssmmssisissssmmmsss soiassisims i s v ssn saishs 19

2.4.1.1 Reactions of P Fertilisers in SOilS.......cccoceerveeceneeniienscneeesnnennennnn 20
242 8611 OrPaniie P POTH . coammnivimmsassii i s s i s s 20
2.4.2.1 Factors Influencing Organic P Contents ......c..c.cceeveveiieenennicennennen 21
2.4.2.2 Nature of Soil Organic P Compounds.........ccceccevreeincemeennveeeninennnnn 21
D221 INORHOL v muvisvismavnsvomminssnssssiosssomm s e s N s s 21

2.4.2.2.2 Phospholipids....c.ceceveiesiierciiinniiencrieneennsneeessseeseseeseeenn 22

243073 NUEleic ACHEE. .cmmussrmiiiiuma s s rsio d

2.4.2.3 Organic P TUIMOVET........oocuriiriieirienienisineresnsseeseessssssnesssssnesnes 22
2.4.2.3.1 Immobilisation / Mineralisation..........cccccvvvveriiieeiineeinnennn 23

24248 Organic=P as P Source 1or Crops.. cocmaninvammssassmisssesmmmsssssasssniglh

2.5 PHOSPHORUS NUTRITION OF OIL PALM.........cccccocvmieeereeeereriernesenenenn 2
2.5.1 Oil Palm Responses to Inorganic P FertiliSers.........ccocuvivinreenerseeccencnnenne 25
2.5.1.1 Presponses in PNG ........ccooeiviieiiniiniinecsiceinsee e esnee e e saeeeen 29
2.5.1.1.1 Boskins THRS. uvumsrissniissimmiaamss smssssussssassvisnsi 25

)L D IR v Bl Bt i e I A i 27

25 LB Bl v s R R e 27



viil

w2 T U 20T T S SR SR ST 27

2.5.1.2 Oil Palm Responses to P Fertiliser Applications in Other Parts of
T m— 28
2.52 Physiologital Roles of Phosphous inOil Palif..«ccemmssacanmemmmpososmssmmencs 28
2.3:2.] Enerny TIamSIeE. oo commimsiisionsorstsvi s s e s res s s id 29
2.5.2.2 Geilelig PUICHDNR. ... s mmsessrrmssosssssmssssvemssmmsnse e s sssanes 29
2.5, 2.3 Cell Struetupal Componemis. o smmmmnusssens sy 29
Dol BICEEEE T SRS o coonenmamneimanssn e st rosr s R S SRS 30
2.9.3 Effecis of Phosphiorug Defilenon . sassnsossommnsarensivmg s ssyosess 30
2.5 P Concentoafion 1 Gl PAlin LeiVeR e iisemr o ms i s 31
2.5.5 General Description and Functions of Oil Palm Root System ...................... 32
2. TheA01] Ealn PIpspiiiins EIale: o cunaminimmmimiimssssiisisis st 33
2.5.7 Phosphorus in Soil Solution and Root Rhizosphere ..........ccccovvivuviveviienninens 34
2.5.8 Processes Involved in the Movement of Phosphorus to Root/Soil Interface..35
2.5.9 Absorption of Phosphorus by Plant ROOTS........ccccocveeiiiiiniiieeseecee e 36
2.5.10 Factors Affecting P UDaKS omvnismsminsmmmsamsimmmsmssiss sssmnss 36
2.5.10.1 Changes in P Absorption with Age........ccccoceiiiiiinicennneercnerenens 36
25102 Changes vith Sol DEp . .cumawsmmssmammsasspmssessisssin 37
2:5.10.3 Morpholegical Properties of ROOIS. cussmmimmnsss i . i
2.5.11 Rhizosphere Microorganisms and Phosphorus Uptake........ccc.ccocveevivrennnnn. 37
Bk BTN s s e R e SRR R S S R S o AR S SR 38

CHAPTER 3
METHODS AND MATERIALS

3.1 SAMPLING SITES AND SAMPLING PROCEDURES..........cccoccervrvrrnnnne 40
311 Bite DICSCTIPIONS s ususumisivssimmesimavy s s s e E AR RS0 40
3. k1.1 BHosking Toal 107..concosmnpaimimemssmsmasimssinsimss e 40
3112 Ko Tl S0, . cnuaammnnmsimansssssa e s 40
« Sl do Baatls Trals 203 300 208w i 41
3.1.1.4 Popondetta Trial 323..........oooiiiiiiiiereeeriee e 41

3.1.2 Sampling Proceolres e s e s s s 41



2.3 SOOI MINERAL ANALYSIE. ... aisissisiessamns 43
3.2.1 Determination of Non-crystalline Secondary Minerals

(Alloptane Gl PERTRPHEIEY .o o s e s 48

3.2.1.1 Acid Oxalate BXEC. . wnmmnismomsmnssmmsissssimsiss s iiwess 48

3.2.1.2 Sodium Pyrophosphate EXITACHON......c.emmmrmsesmsesnennssssmrossonsanssesss 48

3.3 BOIL CHEMICAL ANALYBYS. oo wimesesisams 49
A B T NI bt s ol AR TR A o s N e PR A 49

3. 2.2 pH T 1M BOLivcsmmsmsmmssemiemmssms s i s s s syt 49

c R AR TR RN B LIoh (T R S —————— 49

3.5.4 Phosphite Relelion. ...ocummmmnuuminsimmimouims s o s s e 50

34 PHOBPHORLUS FRAUTHINATION.  cocommernissensmmmsamimrcsasmats i 50
3.4.]1 Sequeniial Exiraction Procedure. ......cuauusssssnvasvnusmismvsins 50
3.4.2 Bltuirbonate P BravtiDiaIn. . .coemeismstnmssrastommemsh o s s sesasass 53
3421 Bioarbofate Pliusmssivsassmpsismass s st 53

3827 BICATDUITEE POV e st s s iy i s s deiaaenes 53

3.5 TOTAL CARBON AND NITROGEN DETERMINATION...........ccccccoevennn 54
38 DVENDRY WEHGHLE oo cooscinmmimierissmmmincss s o e o si s 54

CHAPTER 4
RESULTS AND DISCUSSION

B BONL IR EIORTR o innsaasmiings st s St o PR R S 55
] Band and Silt PEaeIONS somosssmamiscims s mmsssis i s pasassasseiyais 55

e 1.2 L0 BRI . s o ceonmnsesibseskamn eSS AT AT AT RS 58
4.1.3 Non-crystalline Secondary Soil MInerals.....csssuessssssssssssssssnssssassansussssss 61
1300 HOEENR S CIT Yoo s s o S v s5 S 62

4.1.3.2. Kapiia Soils (R}, cussasnsonimmunmsnmsisnamsaimisavis st 63

4.1.3.3 Bialla Sls (205 8 201 «.occinummomemmnomamsnismssrusmsssmmed 63

&.1.3.4 Papondetia SOII8 (32 ). cnunsscmmisnvssiiniissmosivionsminsis 65

4.1.2.5 New Zealant SoIlE cunvsnisammmsiimassmaisamavmmans i 65

4.2 SOIL CHEMICAL PROPERTIES............cccoceovuemimieiiniinnierisesesnesesnesesseesenns 66

4:2.1 pH in Water and IV KCLwivvsssrovsmmsussss ssssomsass susisiss s asss i 66



4.3

44

4.5
4.6

4.2.2 pH in 1M NaF and Phosphate Retention........saisimunisisismsssmivesviiss 69
S22 DHAN IV AR, . omnisnoi s s B s S e AN s Srnn s 69

4.2 2.2 Phosphate REention: . uunnicunnnamiammmssnivimiarisimsss 70
4.2.2.2.1 Hoskins and Kapiura Trials 107 and 402........c...ccccocvvviennn 70

#2222 Bidlla Tiials 205 and 20T..csuuinnmnasmsnisasmisemig: 70

4.2.2.2 3 Popondetta TAal B23.. coumsomsimmasinimmsasimssmirssmsssons 71

4.2.3 Relationships; Phosphate Retention and Oxalate-Extractable Al and Fe.......72
PHOSPHORUS FRACTIONATION. ...........cccccocooiimmimmmmmmmmomiimrmomreerooesrirenee 74
4.3.1 Introduetion < P Eractions .« oo o s mraismmans 74
4:3.1.1 Reidily Available P PORNS.coiusmsommsiosinss s seasskinese 74
4.3.1.2 Less Readily-Available P Forms.....ccasmsamesmisisssmsmmsinmsians 75
£:3.1.2. 1 OIpanic-P POTS, i rei s 75

4.3.1.2.2 IoEganic P IROTIE. cusmamsummsis s 75

4.3.1.3 Unavailable P FOIMS.....c..ccooveiiniiiiiiiiinicniinccieccneceineee e 76
432 Hosking Soils.cocunumrmnmssissmin s e e 76
2 T O R BN e sae— W e RS 82
4.3.4 Bialla Soils (Trials 205 and 201 )....iimnmmmnennsnnaisnbsraiimirs 85
4.3:5 Papondetta Soils i (Tral 323 )u.aarisusssmimimassssmume vmas s so s vt s 87
4.3.6 New Zealand SO1lS.......coceeeueeriiiiiiiiiiineceiiic e ssieicesinesesssesessvnessssneenens 87

4.3. 7Comparison Amongst PNG 30118 ..icuaimsmsismnaiamsmisissiusiinimndd
4.3.8 Comparison Between PNG and New Zealand Soils..........ccoociniiieiiiiicnninns 89
PHOSPHORUS ACCUMULATION FROM FERTILISER

TOTAL CARBON AND NITROGEN ANALYSIS........coooviiiniiiiiecienienenn 98
GENERAL DISCUSSION. ...oosmmssmssssmsiinimaaamminsssvimmsl U2
4.4.1 Reviewof PNG Oil.Palm Pield Trigl.....vmummminsossssamairsssmmsnsmmss HOS
4.6.2 Soil Characteristics (Chemical and Mineralogical) and Phosphorus Status.103

4.6.2.1 Mineralogical Properties and Phosphate Retention........................ 103
4.6.2.1.1 Hoskins and Kapiura.........ccccecervevecinerinnneissscneesenennnnn 103
$6. 2.1 2 Bidllh v i i s 104
4.6.2.1.3 Popondetta.........cccvuereererreeriesiinersesiinsissssssesessssssesssesanse 105

4.6.3 Comparison of NZ and PNG SOIIS..cuimumscimssssiansimmmiii 105



4.6.4 Fate of P Fertilisers 1t PNG S0118...cu s 106

4.6.5 Categorising Soils for P ReSpOnSIVeNess. .......cuuieiueerrieiiieescireeeeenieneeennes 107
CHAPTER 5

5.0 CONCLUSION AND IMPLICATIONS ....oomscmsmamasssasoismisssssuansssasasssiin 109

BRIDEC B IRICINICTRES ..o 2o i 0 A 55 o A o DS ST 08 113

APPENDICES...........ototiiiieciiniersiineesstes st sressiesasesssas st sasasanesesssannsserunsssssas 128



Xil

LIST OF TABLES
Table 2.1 Total Si0; % Composition of Volcanic Ash Materials...........ccocoeiviiiiiinnn, 7
Table 2.2 Examples of Common Primary P Minerals........ccccoviiriicniienimmenneinssinseonns 18
Table 2.3 PNG Field P Fertiliser Trial Results, January 1988 to December 1990........ 26
Table 2.4 Critical Nutrient Concentration in Oil palm Leaf (IRHO Trials)..........ccc...... 31

Table 2.5 Critical Nutrient Concentration in Oil palm Leaf

(MRl BVEIEN TIHAIEY oommrimvsarsinmnsomammsan w5 S BN i 31

Table 2.6 Nutrient Removal, Immobilisation and Turnover in Adult Oil Palms

TR 34

Table 4.1 Sand and Silt Fractions Minerals in a Range of Volcanic Soils from PNG

BT P sonimnavmssnoistmminmmshomimennios i e RO S o SR B K S 57
Table 4.2 Clay Frattion NMIBETAIE: .. .ccmumsmrmtisnssmmsmssmsimtbiims s asnrios shmdn 60
Table 43 Acid Oxalate Al, Fe and Si EXITACTS. ...ccoimmmmiormusemismsnnomesssassarsasmsssnsasnusses 64
Table 4.4 Soil pH’s and Phosphate Retention at 0 - 30 cm Depths.......ccccoeeeveenieennne 68

Table 4.5 Correlation of Phosphate Retention with Al, and Fe, for all Soils and

Table 4.6 Correlation of Al,and Fe, with Phosphate Retention at Individual Depths..72

Table 4.7 Regression Equations for Relationship Between Phosphate Retention
and Allophane and Ferrihydrite Contents Over All Soils and Depths............ 73



Table 4.8 P Fractions in mg/kg (% of Total Extractable P is shown in Parenthesis).....78

Table 4.9 Average Organic P % for all Soil Depths for PNG Soils..........ccoveniiviviannnns 88

Table 4.10 Total Soil P Contents of Fertilised and Nonfertilised Soils at Hoskins (107)
S IKSPINTA (02) | scivmnciniimsisi e o G s S S R S AR 92

Table 4.11 P Accumulation of P Fractions in Hoskins Soils at O - 10 cm Depth........... 94

Table 4.12 P Accumulation of P Fractions in Hoskins Soils at 10 - 20 cm Depth.........95

Table 4.13 P Accumulation of P Fractions in Kapiura Soils at 0 - 10 cm Depth........... 95

Table 4.14 P Accumulation of P Fraction in Kapiura Soils at 20 - 30 cm Depth.......... 96

Table 4.15 Total Soil C, N and C:N Ratios for PNG and NZ SoilS.......coeuuvvveveeeeennn. 100



LIST OF FIGURES
Figure 3.1 Flow Sheet for Soil Mineralogical AnalysiS..........cccccooiiiriiiniiiiiiiiiicnnnn. 44
Figure 3.2 Outline of Hedley's Sequential P Fractionation Procedure ............c...c........ 51
Figure 4.1 P Fractionation SCRETE ....caummsssssmmssasmmisse s semcarvsssysus o bomisss 74

Figure 4.2 (a) Relative Proportions of P Fractions - P Fractions, Hoskins Soils Trial

Figure 4.2 (b) Relative Proportions of P Fractions - Bicarbonate Extractable P,

Hosking Soils TEAL TOT HP... .. ..ot somn e sansrassnmsnmmmnsosssssnsssnmnsorssmses 81

Figure 4.3 (a) Relative Proportions of P Fractions - P Fractions, Kapiura Soils Trial

Figure 4.3 (b) Relative Proportions of P Fractions - Bicarbonate Extractable P,

Kapiond Sofls Tenl 402 HP...cunamnnsimsnmnmsmmnsiimmiismis 84

Figure 4.4 (a) Relative Proportions of P Fractions - P Fractions, Bialla Soils Trial

Figure 4.4 (b) Relative Proportions of P Fractions - Bicarbonate Extractable P, Bialla
S0ils Trial 201....ccccviiriiiririrniresierriesessnesesressressssessasessssassssassessessssees s OO

Figure 4.5 Outline of P Fertilised Area per Oil Palm Tree.......ccccocoviiiriiiicinnierinnnns 91



