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Abstract 

Oil palm is the largest national crop produced in Papua New Guinea. It is grown on over 

80,000 ha of young vo lcanic soils in five Provinces, employs over 1 2,000 workers and 

uses > 1 2,000 tonnes of fertiliser to offset n itrogen deficiency which is the most limiting 

factor to production. Oil palms strip out 1 60 - 200 kg N ha- I yr- I from the soil . N itrogen 

fert i l isers account for 60-70 % of al l  variable production costs but 40-60 % of applied 

fert i l iser cannot be accounted for. Few studies have investigated the amounts of 

nitrogen lost via leaching, denitrification, vo lat i l isation or as surface runoff in tropica l  

soi ls and none have been done in  Papua New Guinea. O i l  palm soi ls typically have 

extremely high infiltrabi l it ies (80-8,500 mm h(l ) and receive high annual rainfal l  which 

throughfall makes spatial ly non-uniform. 

The objective of this study was to assess and quantify nitrogen losses and suggest 

strategies that might assist in reducing them and their impact on the environment. The 

modest faci l ities available at the two research sites, West New Britain (Dami) and Oro 

(Sangara) Provinces, meant that no analyt ical work could be done on-site, so simple but 

appropriate methods were used to evaluate losses, w ith samples col lected, preserved and 

sent off-shore for analysis. Large four-palm plots were u sed to evaluate runoff; a gas 

trap was used to col lect evolved nitrous oxide, and lys imeters, suction cups and final ly 

an in situ destructive soil sampling procedure were all used to assess leach ing losses and 

the rate of nitrification of ammonium ferti l iser. 

Results suggest that under the extreme total annual  rainfall at Dami (3 ,500-4,000 mm) 

and to a lesser extent at Sangara (2,500-3,000 mm), leaching is the dominant loss 

pathway, with the rate of loss depending, to some extent, on the rate of nitrate formation 

and the retent ivity of the soi l  for ammonium, but mainly on the rate at which drainage 

watcr is generated. 

A leaching model was developed that indicated that the average residence time of 

nitrogen fert i l iser in the root zone (0-50 cm) varied from 2 1  days in February, at Dami, 

to 1 90 days in May, at Sangara. 
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XVII 

List of abbreviations and symbols 

AMC Ammonium chloride 

AMN Ammonium nitrate 

Br- Bromide ion 

BZ Between zone 

CDE Convection dispersion equat ion model 

cr Chloride ion 

CLT Convective lognormal transfer function model 

DAP Diammonium phosphate 

FP  Frond p ile 

FT Frond tip 

H P  Harvest path 

K Kina (PNG currency, 1 kina = NZ$O.47 

LAl Leaf area index 

N Nitrogen 

NBPOL New Britain Palm Oil Limited 

NH/-N Ammonium nitrogen 

N I  New I reland 

N03--N N itrate nitrogen 

NZ New Zea land 

OPIC Oi l  Palm Industry Corporation 

OPRS Oil Palm Research Station (NBPOL) 

pdf Probabi l ity density function 

PNG Papua New Guinea 

PNG OPRA Papua New Guinea Oil Palm Research Associat ion 

SOA Sulphate of ammonium 

WC Weeded c ircle 

WFPS Water-fi l led pore space 

WNB West New Britain 



xviii 

List of Symbols 

Symbol Description Dimensions 

a Exponential decay constant r' 

C Normal ised ammonium N concentration -

C Capil lary rise L 

Co Normal ised concentration of ammonium N when t = 0 -

Cs Solute concentration i n  soi l  solut ion M L-3 

Cot Total solute concentration M L-3 

C Average solute concentration ML-J 
D Dispersion coefficient er' 
D Surplus water L 

E Evaporation L 
Eff Effect ive evaporation L 

Er Reference crop evaporation Lr' 

f Porosity -

I Added water or through fal l  L 

I Water input to the soil L 

le Calibrated throughfal l  L 

Im Leaching water L 

Ir I nterception L 

Jw Soi l water flux LJ L-2 rl 

M Ferti l iser appl ied onto soil surface M L-2 

Ms Mass of soi l solid M 

Mw Mass of water M 
n Sunshine hours T 

Pb Soi l bulk density M L-J 

Ps Soi l part icle density M L-J 

P Precipitation L 

B Volumetric water content - theta LJ L-J 

BFC Volumetric water content at field capacity e L-J 

Bpwp Volumetric water content at permanent wi lting point e L-J 



XIX 

Symbol Description Dimensions 

esp Volumetric water content at stress point L' L-J 

qs Solute flux density (mass of so lute carried across a unit cross- M L -2T1 

sectional area per unit time) 

qw Darcy flux density (volume of water flowing across a unit cross LJ L-2 TI 

sectional area per unit t ime) 

R Retardation factor -

R Surface runoff L 

S Deep drainage L 

Sf Stemflow L 

1 Time T 

11/2 Half l ife T 

T Throughfall L 

f.i Mean -

Uz Wind speed at height z LTI 

V A verage speed of solute (non-adsorbed) down through a profile LTI 

V Mean water velocity LTI 

VI Volume of soil LJ 

Vw Volume of water L' 
w Gravimetric water content M M-I 

W Equivalent depth of soil water L 

Wn Soil water storage in the root zone, relat ive to field capacity, on L 

day n 

WR Readily available water L 

WT Total p lant avai lable water L 

z Soil depth L 

Z Height above sea level L 

Z Depth of soi l  in lysimeter L 

Zm Leaching depth L 




