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CHAR'SIS STATEMENT

The recovery in palm product prices experienced towards the
latter part of 1987, fortunately held up into 1988, and a
degree of confidence and stability returned to the oil palm in
dustry .

	

Prices for CPO fluctuated markedly during the period
(380-580 US$ CIF Europe), while kernels traded in a narrower
range (230-260 US$ CIF Japan) .

However, our optimism was somewhat offset with the effects
of the 1986 and 1987 droughts being felt with a vengeance .
Yields from all sectors of the industry were depressed which in
turn greatly affected our income with a resultant net deficit
of some K74,606 for the year . Despite tight budgetary control,
our cash reserves were severely eroded .

In this regard, it is again pleasing to note the ongoing
support from the PNG Government, essential in view of our in-
creased activity, and their continued support for our Associa-
tion is most welcome .

Emphasis was again placed on nutritional experiments and
it is pleasing to note that firm recommendations for all sec-
tors of our industry were issued .

	

Undoubtedly the key to in
creased productivity in PNG, nutritional experimentation must
continue to be the major element of our research programme .

Smallholder needs were well catered for with an increased
programme of demonstration and rehabilitation blocks being ef-
fected .

	

Coupled with this was a much closer liaison with
Department of Agriculture and Livestock (DAL) staff, aimed at
improving and intensifying advice to smallholders . The impor-
tance of this sector to the well being of our Association must
not be underestimated, and I am sure our efforts are well jus-
tified, to the mutual benefit of growers and Association alike .

Mr . Menendez retired as Director of Research (DOR) during
the year and we welcomed Dr . Hugh Foster as his successor . His
experience, particularly in the key 'nutritional' area, will be
of great benefit to the PNG oil palm industry and our best
wishes and thanks go to the DOR and all his staff for their ef-
forts and support during the year .

Finally, as I shall shortly be leaving Papua New Guinea, I
would wish to express my thanks to all those involved with
PNGOPRA over the years . My best wishes for continued success
in the future .

F . E . McGuire



PART 1 . ADMINISTRATION AND DEvELOPMENT

MANAGEMENT BOARD AND SCIENTIFIC ADVISORY BOARD

The Management Board met twice, at Lae on 24th March and
at New Britain Palm Oil Development Ltd, Mosa Management
Centre, on 14th October . The Seventh Annual General Meeting of
the Association was held in Lae on 24th March at which Mr .
F .E .McGuire was re-elected as Chairman .

	

Messrs . Harrisons and
Crosfield (PNG) Ltd were re-appointed as

	

Managing

	

Agents

	

for
the coming year .

The Scientific Advisory Board met at Dami Oil Palm Re-
search Station, W .N .B .P . on 13th October . This was preceded by
an informal meeting between Scientific Advisors and PNGOPRA
staff on 12th October and a field trip to surrounding estates,
attended by most Board members .

FINANCE

The research levy was increased from 65 toea at the start
of the year to 80 toea per tonne of fresh fruit bunches with
effect from 1st April 1988 and the Government grant for the
year was increased to K100,000 .

	

However the budget for 1988
was based on an expected cess of K1 .00 per tonne with effect
from April and the FFB crop was 15-20% down against estimate .
Hence income for the year was K150,298 less than estimated .

Expenditure for the year was K52,182 less than the budget
estimate, resulting in an excess of expenditure over income
amounting to K74,606 . Thus accumulated funds have been reduced
from K159,332 to K84,726 during the year, the latter including
fixed assets valued at 888,927 . Hence the Association ended
the year with net liabilities of K4,201 .

Full details of the Association's Accounts for 1988 and
the Auditor's Report are presented in Appendix II .

1989 .
Messrs . Price Waterhouse were re-elected as auditors for

STAFF

The year saw the establishment of a new team at PNGOPRA,
under the direction of Dr . Foster, who took over from
Mr-Menendez in April, as Director of Research . Mr . Wilkie,
Officer-in-Charge, PNGOPRA Higaturu and Mr . Orrell, Soils
Agronomist, both of whom had arrived late in 1987, fully
settled in during 1988 . Mr . Talopa, a graduate from Unitech,
Lae, joined Dami as a Research Assistant in March . Mr . Navus,
Extension Agronomist, successfully completed his M .Sc . course
at Reading University, U.K . and returned to duties in Septem-
ber . Thus at the end of 1988, PNGOPRA had a full establishment
of 4 expatriate executive officers, including a DAL Senior En-
tomologist attached to PNGOPRA, and 3 national executive of-
ficers .

	

Four of these executive staff are stationed at Dami
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Headquarters, and two at Higaturu sub-station .

	

With an in-
crease in activities in Milne Bay Province, an additional na-
tional executive is expected to be recruited for Higaturu next
year .

At the end of the year non-executive staff numbered 15 at
Dami, 10 at Higaturu and one each at Hargy and Milne Bay .

TOURS AND CONFERENCES

Regular visits have been made by agronomy and entomologi-
cal staff at Dami to Bialla and Kapiura in West New Britain and
occasionally across to Oro Province to check on trials, to give
advice on pests and other problems and to carry out soil sur-
veys . Similarly staff at Higaturu have made regular visits to
the Rokoda valley in Oro Province and to Milne Bay . The Direc-
tor of Research attended Research Advisory Meetings at the
Coffee Research Institute and the Cocoa and Coconut Research
Institute, and the Officer-in-Charge PNGOPRA Higaturu also at-
tended a Coffee Research Meeting .

Mr . Prior presented a paper at an Entomological Conference
in Vancouver during his long leave in July and Mr . Orrell at-
tended a Soil Management Workshop at Honiara in September .

A new 4WD twin-cab Utility was purchased for the Director
of Research in March and a 4WD single-cab Utility was obtained
for the Officer-in-Charge, Higaturu in May . The Senior
Entomologist's Utility is now 5 years old and urgently in need
of replacement . A second-hand Daihatsu Delta truck was pur-
chased in May to replace the previous truck in use at Dami
which had blown its engine . Details of all vehicles at the end
of the year are shown in Appendix IV .

EQUIPMENT

No new equipment was purchased at Dami during the year,
except for an additional hard disc for the computer . At
Higaturu, a new IBM computer, printer and UPS, a photocopier, a
drying oven and a deep freeze were all purchased during the
year, bringing the facilities into line with those at Dami . In
addition a telephone has now been installed at Higaturu, making
communication with HQ much easier . A new drying oven has also
been installed at Milne Bay, in expectation of much increased
leaf sampling .

BUILDINGS

Minor modifications were made to the offices at Higaturu
and additional non-executive housing was rented at Dami during
the year . The allocation of buildings, rented from New Britain
Palm Oil Development, Higaturu Oil Palm and Hargy Oil Palm is
shown in Appendix III .

VEHICLES
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I . IIIT~ODUCTItw

II . l~igT~tITION

Ni tro en

IXU OF RZSV__A_X_CZ

(N .L .F .)

The Papua New Guinea Oil Palm Research Association
carries out research and extension for the benefit of oil palm
growers in both the estate and smallholder sectors of the
country . Consistent high production in both sectors has been
shown to depend crucially on the maintenance of optimum fer-
tility - hence nutrition currently has the highest priority in
our research programme and extension efforts are largely
directed to improving fertilizer use . Based on trial results,
estates are provided with optimum fertilizer recommendations
and the emphasis of smallholder demonstrations is to show the
benefit and correct use of fertilizers . However other fields
concerned with oil palm management are not neglected . In par-
ticular, pollination and crop protection are given special at-
tention . Whilst PNGOPRA is not involved in breeding work, it is
planned to carry out comparisons of commercial planting
materials in the future .

Nine experiments were concluded at the end of the year, in-
cluding all the factory waste experiments in West New Britain,
whilst 33 existing experiments will be continued next year . In
addition another 20 new experiments have been approved for
1989, which will bring the total number of experiments next
year up to 53 . A particular effort has been made recently to
increase smallholder demonstrations and a total of 14 sites at
Popondetta, 13 sites in West Nakanai and 2 sites at Milne Bay
have been established, making a total of 29 current demonstra-
tions altogether .

1) Advisory leaflet No .3, which gives minimum fertilizer
recommendations for smallholders, was released during the year .
Particular emphasis is given to the importance of maintaining
nitrogen levels on volcanic soils in all oil palm growing
areas, through the application of ammonium fertilizers .

2)

	

Yield and leaf N levels in Ezperinents 305, 306 and 309 at
Popondetta, have all shown a drastic decline in the absence of
N fertilizer .

	

FFB yields have fallen in three years from over
30t/ha/yr in all trials, to 22t/ha/yr on the most fertile soil
and only 8t/ha/yr on the poorest soil . Leaf N levels have fal-
len concomitantly from 2 .6% to 2 .0% or less . These results
dramatically emphasise the importance of regular N fertilizer
application to prevent serious yield decline with time .



3)

	

Major yield responses to N fertilizers continued to be re-
corded in Experiment 108 at Mosa, Experiment 112 on smallholder
blocks in West New Britain and Experiments 305 and 306 at
Higaturu, whilst new Experiments 116, 117 and 118 at Mosa are
all now starting to show marked N responses .

	

A nitrogen
requirement is also indicated in Experiment 201 at Hargy and in
Experiment 501 at Milne Bay .

4)

	

of the types of N fertilizer, Experiment 110 now clearly
shows that Ammonium Chloride is superior to Ammonium Sulphate
if chloride levels are low, whilst Experiment 117 indicates
that response to Urea is erratic and ineffective at high rates .
Experiment 110 also warns that Ammonium Nitrate is depressive
in low chloride areas .

5)

	

The existing series of factory waste trials at Mosa Ex-
perinents 109a and 109b), Hargy (Bxperinent 202) and Higaturu
(Experiment 309) were all closed during 1988 and a report on
the use of factory wastes is in preparation .

	

Experinents 108
and 110 at Mosa also include empty bunch mulch treatments . All
these experiments have clearly demonstrated a significant
beneficial effect of both mill effluent and empty bunch ap-
plication .

	

In all areas the latter has generally improved
nitrogen uptake in particular .

	

However EFB rates above 50t/ha
have given little extra response, perhaps due to the limiting
effect of another nutrient (such as magnesium) .

6)

	

New factorial fertilizer trials, including N as a major
treatment, were laid down during the year on estates at Isavene
(Experiment 311) and Ambogo (Experiment 312) in Oro Province,
and at Navo (Experiment 204) and Kapiura (Experiment 401) in
West New Britain Province, to determine optimum methods of N
fertilizer application in these additional environments .

	

An
EFB mulch treatment is included in Experiments 311 and 312,
which will allow direct comparison of this soil amendment with
the effects of the inorganic N and K fertilizer treatments .

7)

	

Because of the dominating importance of nitrogen in main-
taining and increasing yields in all areas, more detailed
studies of N in the oil palm system will be started next year .
Experiment 716 will investigate the effect of cropping and crop
residue management on soil nitrogen availability in existing
trials,

	

(including Experiment 115 which is currently comparing
methods of frond placement), with the aim of determining the
best system for maintaining soil N fertility .

	

Experiment 720
will compare the efficiency of different methods of applying N
fertilizer in a full scale field trial, which will be tied in
with Experinents 712 and 713 in which detailed measurements
will be made in specially designed lysimeters and run-off plots
in order to quantify N leaching and run-off losses under dif-
ferent conditions .



Chlorine

1)

	

Advisory leaflet No .3 for smallholders, strongly recom-
mends the application of N fertilizers in the chloride form if
chloride fertilizers have not recently been applied .

	

However
since chlorine has the undesirable effect of stimulating cal-
cium uptake (Experiments 108,305 and 306), Ammonium Sulphate is
recommended once chlorine levels have been built up .

2)

	

Rachis analysis in Experiments 305 and 306 has revealed an
extraordinarily large increase in chlorine levels due to ap-
plication of KC1 fertilizer, from less than 0 .1% to more than
1% in some cases, which is accompanied by a significant in-
crease in uptake of all cations, which are required to maintain
ionic balance . Both chlorine and calcium (being the most immo-
bile cation) accumulate in the leaflets, the latter effect
tending to depress K concentration .

3)

	

Potassium chloride fertilizer markedly increases yields in
trials in the Popondetta area (Experiments 305 and 306), but
whether this is due to the K or Cl constituent, or possibly
both, has not yet been resolved . Strong yield correlations are
shown with both leaf Cl and rachis K levels .

4)

	

Existing Uperiments 110, 309, and 310 are investigating
the effect of chlorine in comparison with other anions, but
only Exper3arent 110 has been established long enough to give
significant yield effects .

	

In 1988, Ammonium Chloride gave a
significantly higher yield response compared with Ammonium Sul-
phate, thus indicating a definite benefit of chlorine .

5)

	

Disappointing responses to fertilizer have so far been re-
corded in Experiment 107 on a young replant at Mosa, which also
appears unusually susceptible to fan blight attack .

	

None of
the current fertilizer treatments contain chlorine and a common
salt treatment will be introduced next year to determine if an
improvement in the chlorine status will increase response to
the major fertilizer treatments and possibly reduce fungal at-
tack .

6)

	

Two new trials (E periments 119 and 120) comparing N fer-
tilizer applied together with different anions, due to be es-
tablished on Malilimi and Dami estates in West New Britain
Province next year, are also designed to help resolve the
chlorine issue .

Potassium

1)

	

Marked responses to R fertilizer are generally shown by
oil palm when the percentage of K in the leaflets of frond 17
falls below approximately 25% of total leaf bases .

	

Such low
leaf K levels have been recorded only in Experiment 309 (18%)
in an area near Popondetta previously under food crops and in
Experiment 501 (17%) at Milne Bay .

	

Thus the response to EFB
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mulching in

	

eriment 309 and to KC1 fertilizer in ZzVorisont
501 is almost certainly mainly due to the K constituent in
these amendments .

2)

	

In all other trials, either no response to K amendments
has been observed, or chlorine levels are low indicating that
response could be to this nutrient .

3)

	

Analysis of rachis samples has also indicated fairly high
concentrations of K (exceeding 1 %) in most trials .

	

In cases
of severe K deficiency, the concentration of K in the rachis
is always found to be below the concentration in the leaflets
and this has only been observed in Rxporinent 309 (rachis data
is not available for Zgperiment 501) .

Magnesium

1)

	

As with K fertilizer, marked responses to Mg fertilizer
are usually observed when leaf Mg makes up less than 25% of to
tal leaf bases .

	

On this criterion, palms in many oil palm
areas of the country would seem to be Mg deficient, which is
supported by the frequent symptoms of Mg deficiency often shown

2)

	

Despite the apparent need for magnesium, yield responses
to applied Mg fertilizer are not frequent or marked .

	

This
would appear to be due to the difficulty in achieving Mg uptake
from high Ca soils, since Kieserite application generally
brings about only a slight increase in rachis and leaflet Mg
levels .

	

Indeed results from ZzVerinent 305 and 306 indicate
that chloride and phosphate anions can be more effective than
Kieserite in increasing magnesium levels in the rachis .
However accumulation of Mg in the leaflets depends on the
balance with other cations in the rachis and if these are also
increased, leaflet Mg may actually be depressed . Thus the net
effect of chloride fertilizers is generally to decrease leaflet
Mg (e .g . effect of Ammonium Chloride in Experiment 108 and of
Potassium Chloride in Experiment 306) but phosphate fertilizer
can appreciably increase leaflet Mg as shown in Zxperinent 201
at Hargy .

3)

	

Three years after Kieserite application during im-
maturity, yields are still significantly higher due to this
treatment in Zzperinont 106 at Mosa and cumulative yields in
the neighbouring Z3qp*rixwmt 107 have also been significantly
raised by Kieserite .

	

Thus in extreme situations (e .g . where
leaflet Mg accounts for less than 20% of total leaf bases) Mg
fertilizer application does seem worthwhile . Furthermore if Mg
fertilizers are withheld, response to other major fertilizers
may be limited as indicated in Zxporinent 108 at Mosa .

by lower fronds . Exceptions are soils having high levels of
extractable Mg due to the presence of minerals rich in this
element, such as Experiment 306 at Popondetta and Mqp*rinent
501 at Milne Bay .



Phosphorus

1)

	

Analysis of most oil palm soils in Papua New Guinea
reveals a low level of extractable P and often a high phosphate
retention capacity, indicating a low availability of phosphate
as commonly found in volcanic soils elsewhere in the world .

2)

	

Pot tests on soils from both West New Britain (xxperinent
102b) and Oro Province (Experiment 313b) using maize as a test
plant have confirmed the low availability of phosphate to
plants in these soils, at least in the short term .

	

Pot tests
using oil palm and cocoa seedlings as test plants (iqperinent
3134 and 313e) are still in progress .

3)

	

Despite the apparent low levels of available phosphate, as
indicated by both soil and pot tests, significant yield
responses to triple superphosphate have not been recorded in
Uperinents 106 and 107 at Mosa, ~xperinent 112 on smallhold-
ings in West Nakanai or in Uperinents 305 and 306 at Higaturu .
Furthermore average leaflet P levels in these trials are
reasonable, being at least 0 .15%, and in no case have they been
significantly increased by TSP application .

4)

	

Only in Mperinent 201 at Hargy, which is sited on a soil
recently derived from airfall ash material, has a significant
yield response to P fertilizer been recorded . Leaf P levels in
the absence of fertilizer were below 0 .15% and were sig
nificantly increased by TSP application .

	

However the P fer-
tilizer also significantly increased both leaf N and Mg levels
(which were both extremely low) and at least part of its
benefit may have been due to these effects .

5)

	

As well as the factorial trials mentioned above, phosphate
is being tested in all the anion trials (Ezperinents 110, 119,
120, 309 and 310) and in new factorial trials at Kapiura
(Zzperinent 401) and Navo (lbcperiment 204), the latter being on
another soil derived from air-fall ash .

	

These trials, plus
others planned for Milne Bay and the Kokoda valley in Oro
Province, cover a wide range of environments and should estab-
lish the broad situations in which a response to P fertilizer
by oil palm can be expected .

	

It may then be worthwhile to
carry out soil studies, including characterisation of phosphate
retention and mycorrhizal activity, in order to further clarify
these situations .

Trace Elements

1)

	

Leaf nutrient data indicates generally low levels of man-
ganese and boron on the volcanic soils of Papua New Guinea .
The level of manganese generally improves with time as a result
of soil acidification by N fertilizer, but boron tends to
decline further with palm age .
2)

	

Sxperinent 102b has indicated no major trace element
deficiencies in soil from the Mosa area, in pot tests carried
out with maize .
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3)

	

Experiment 313a has indicated no significant trace element
deficiencies in soils collected from new developments in Oro
and Milne Bay Provinces, in pot tests with maize, although on
soils from Mamba, yields tended to be lower in the absence of
zinc, whilst on soils from Milne Bay, yields tended to be lower
in the absence of manganese .

III . sMhT-r-HOLDER --=SION

1)

	

Yields and leaf nutrient levels in many smallholder plots
in both West New Britain and Oro Province are similar to those
recorded in control plots of fertilizer trials (e .g . many
smallholder FFB yields are as low as 8t/ha as in Experiment
309) . It is clear that the low yields in many smallholdings
are mainly due to inadequate nutrition . As shown by fertilizer
trials on similar soils, yields in many smallholdings could be
increased by at least 50% through the application of recom-
mended fertilizers . The emphasis in all smallholder demonstra-
tions is thus on the application of the optimum fertilizers in
dicated from trial results .

	

However other recommended prac-
tices are also promoted by explaining that fertilizers will be
wasted if other management tasks are neglected .

2)

	

The eight smallholder demonstrations at Buvussi in West
Nakanai district comprising Experiment 112, showed very en-
couraging results to smallholders during the year, giving on
average a marked response to the recommended nitrogen fer-
tilizer .

3)

	

In the Popondetta district of Oro Province, two new series
of smallholder demonstrations were initiated, a total of 14
sites being established during the year .

	

All demonstrate
recommended fertilizer practice . Experiment 314 involves sites
in good condition chosen to demonstrate overall recommended
management, whilst Experiment 315 involves sites initially in
poor condition chosen to demonstrate rehabilitation .

4)

	

In the West Nakanai district of West New Britain Province,
5 sites for a new series of smallholder demonstrations
(Experiment 121), each to be carried out in a different sub-
division, were chosen at the end of the year . They are all in-
tended to demonstrate overall good management as well as
specific fertilizer recommendations .

5)

	

In the Milne Bay area, two sites for proposed smallholder
demonstrations (Experiment 506) were chosen at the end of the
year . Emphasis will be given to fertilizer use, since Experi-
ment 501 has shown that this is absolutely essential right from
planting in this new development .

1 3



b)

	

All smallholder demonstrations have additional research
plots to check whether fertilizers additional to the recom
mended application may be needed in some cases .

	

Furthermore
all smallholder sites are fully characterised, including the
collection of soil and leaf samples, in order to be able to ex-
plain the variation in recorded yields and responses in the
different areas .

7)

	

Regular meetings with smallholders have been organised, in
conjunction with the Department of Agriculture and Livestock,
at the various demonstration sites, to explain and demonstrate
improved management practices .

8)

	

Illustrated posters are being prepared to encourage the
use of fertilizers and to demonstrate their correct applica-
tion . These posters will be distributed and explained at meet-
ings held with DAL staff at demonstration sites .

9)

	

To date, a total of 29 demonstration plots have been es-
tablished in different sub-divisions throughout West New
Britain, Oro and Milne Bay Provinces .

	

It is intended to in-
crease the number of these demonstrations, which are sited on
both Settlement and Village Oil Palm schemes, to at least 40
next year .

IV . OIL PALM

	

IAL

1)

	

PNGOPRA is not involved in breeding, seed production or
clonal propogation, but several trials to compare available
planting materials are planned .

2)

	

In the small existing progeny Bxperiment 709, Cameroon
material is significantly shorter and produces less vegetative
dry matter per year than Dami material . However only the "High
Bunch Number" Dami material has very significantly out yielded
the Cameroon material . Fruitset in the lowest yielding
Cameroon material is distinctly poorer despite very open
bunches .

3) The clonal Experiment 705 has now been reduced to a small
observation block, in which UF12 and UF15 are now producing

5)

	

The proposed Dami Seed Trial has been cancelled, but known
DxP crosses will be included in the agrogenetic fertilizer Ex-
perizent 319 proposed for Warisota in Oro Province .

1 4

normal inflorescences .

4) The proposed International Seed Trial, S%cperiment 711,
originally designed to test elite commercial mixtures, will now
compare known material from only IRHO and Dami sources, at dif-
ferent densities at Mamba in Oro Province .



V .

	

A- - ANmMOGY and PATHOLOGY

Pollination and Fruitset

1 .

	

In Experiment 603 fruitset continued to be monitored at
representative sites throughout the country to check the
adequacy of pollination .

	

Fruitset remained above 50 percent
throughout the year in the Bialla area, but a very low average
fruitset of below 40 percent was recorded over a 4 month period
at a site in the Popondetta area despite an adequate pollina-
tion force .

2 .

	

At one site in the Popondetta area, the low fruitset could
be explained by the stress of a yield peak six months earlier,
but a similar correlation was not observed at a second site in
the area .

3 . Fruitset measured in adjacent high and low fertilizer plots
in a trial near Popondetta was found to be very similar
throughout the year despite marked yield differences . This
suggests that neither yield nor nutritional stress are the
direct cause of fluctuations in fruitset .

4 . Correlation studies are due to be carried out with the data
in Experiment 603 in an attempt to identify the factors which
cause variation in fruitset .

	

Experiment 603 will also be ex
tended to measure the effect

	

of partial disbudding on fruit-
set, in order to determine any relationship between fruitset
and high yield stress .

5 .

	

In Experiment 703, possible factors which affect weevil
pollination will be monitored intensively in two trials which
will be planted simultaneously next year with clonal material,
one in Oro Province and the other in West New Britain . Par-
ticular attention will be given to differences between the two
environments .

Pest control

1 .

	

During 1988 there was again minimal damage by oil palm
pests, including Sexava, Scapanes and bagworms, in the Hoskins
and Popondetta areas .

	

However Sexava damage was widespread in
the Bialla area .

2 . In Experiment 608 observations were concluded at the end of
1988 in the two areas of replants at Mosa being monitored for
Scapanes damage . One area was clear-felled and the other under-
planted in late 1986 . Since establishment, damage by Scapanes
has been minimal in both areas and no cause for concern .

3 .

	

The few areas in the Hoskins scheme and most of the areas
around Bialla, requiring chemical treatment to control Sexava,
had not previously been infested ; nor had parasites been
released in these areas, suggesting that biological control may
be working in West New Britain .

1 5



4 . In Experiment 607, approximately half a million Sexava egg
parasites

	

(L .bicolor) were released at different sites during
1988 .

	

Lack of Sexava resurgence in these areas was encourag-
ing, but the continued failure up to the end of the year to
recover the parasite from Sexava eggs collected in the field
was disappointing .

	

However early in 1989 the parasite Leafman-
sia bicolor was successfully recovered from Sexava eggs col-
lected from a site in West New Britain where the parasite had
been released six months earlier . This is the first proof that
the parasite is establishing itself and is a very encouraging
indication that the biological control of Sexava in Papua New
Guinea may be successfully achieved .

Pathology

1 .

	

In Oro Province, crown and stem rotting has been observed
in a number of smallholdings . In almost every case, a poor
nutritional status appears to have predisposed them to infec-
tion .

2 . In Racperizent 801 at Mosa in West New Britain, in which oil
palm seedlings were planted close to the stumps of a previous
oil palm planting felled by various methods, no sign of any
Ganoderma infection was observed in the sixth year .

2 . In Experiment 803 at Dami, in which infected palm wood was
buried at the base of young field palms, no sign of any infec-
tion by Ganoderma was noted in the fifth year .

3 . The two experiments in West New Britain indicate that the
risk of Ganoderma infection in replants in this province, is
minimal .



AGRONONY TRIALS

WEST NEW BRITAIN PROVINCZ

EXPERIMENT 106 : Factorial fertilizer experiment on young,
replanted palms, Bebere Plantation .

Site Details : The area was planted in August 1982 at a density
of

	

135

	

palms

	

ha- 1 .

	

1152

	

palms

	

are used in the experiment,
covering an area of approximately 8 .5ha .

	

The site had pre-
viously been under oil palm for 14 years .

Design :

	

Two replicates of a 3222

	

factorial

	

(N, Mg, P and Age of
Planting Material) .

	

The 72 plots are arranged in 6 blocks of
12 plots .

	

Each plot consists of 16 recorded palms without
guard rows between plots .

Treatment :

	

Fertilizer treatments, the last of which was in
June 1985, were applied twice yearly at rates increasing with
age .

	

The rates of fertilizers applied,

	

in kg palm- I were as
follows :

Nitrogen was applied as Sulphate of Ammonia, phosphate as
Triple Superphosphate, potassium as Bunch Ash (later as Muriate
of Potash) and magnesium as Kieserite .

	

Triple Superphosphate
was applied during the first year only .

	

Bunch ash was applied
3 months after the nitrogenous fertilizer to prevent risk of
ammonia volatilization .

	

The ratio of potassium to magnesium
was kept constant in plots fertilized with the combination of
potassium and magnesium .

	

Seedlings were planted at either 16
or 24 months of age .

	

An atypically long drought immediately
after planting checked growth .

Results and Discussion : The plot data means of the treatment
main effects on FFB production, number of bunches produced and
single bunch weight, are presented in Tables 1 and 2 for the
periods January to December 1988 and January 1986 to December
1988 respectively .

1 7

4
8
2
0
0

LEVEL
N

0 1 2 0
P

1 0
K
1 2 0

Mg
1 2

Months from
planting

6 0 .25 0 .25 0 .4 0 0 0 0 0 0 0 0
10 0 0 .3 0 .6 0 0 .2 0 0 .5 1 .0 0 0 .2 0
16 0 0 .6 1 .2 0 0 .2 0 1 .0 2 .0 0 0 .4 0
22 0 0 .6 1 .2 0 0 0 1 .5 3 .0 0 0 .6 1
28 0 1 .2 2 .4 0 0 0 1 .25 2 .5 0 1 .0 2
34 0 1 .2 2 .4 0 0 0 1 .25 2 .5 0 1 .0 2



Table 1: Experiment 106, Production per hectare, Jan-Dec 1988

rote : Ia this Ill all sebsepest tables, ssibers is bold type silsift a silaificut fiffereice at p(O .05 .

Table 2 :

	

Experiment 106, Production per hectare per year,
Jan 86-Dec 88 .

C .V (%)

	

7.8

	

8 .2

	

5.4
LSD . os

	

(N, K/Mg)

	

1 .04

	

108

	

0 .32
LSD.os (P, Age)

	

0.85

	

89

	

0.26

Both 1988 and cumulative 1986 to 88 data show Sulphate of
Ammonia application to have caused a small but significant
(1988 : p=0 .006, Jan86-Dec88 : p=0 .037) increase in single bunch

18

Wt . of
bunches
(t ha- i yr-1 )

No . of
bunches
(ha- i yr-1)

S .B .W
(Kg)

No 24 .31 1987 12 .34
N1 23 .91 1903 12 .68
N2 24 .60 1914 12 .95

K/Mgo 23 .20 1901 12 .33
K/Mg1 24 .87 1952 12 .85
K/Mg2 24 .75 1951 12.80

Po 24 .67 1975 12 .58
P1 23 .88 1894 12 .74

16 month old planting 25 .21 2121 11 .92
24 month old planting 23 .34 1748 13 .40

C.V (%) 9 .6 10 .3 5 .8
LSD.os (N K/Mg) 1 .36 115 0 .42
LSD . os (P Age) 1 .11 94 0 .35

Wt . of
bunches
(t ha-1 yr-1 )

No . of
bunches
(ha- 1 yr-1 )

S .B .W .
(Kg)

No 22 .67 2286 10 .01
N1 22 .83 2271 10 .16
N2 23 .03 2249 10 .32

K/Mgo 22 .16 2264 9.87
K/Mg1 23 .18 2283 10 .25
K/Mg2 23 .18 2260 10 .36

Po 23 .00 2291 10 .14
P1 22 .69 2247 10 .18

16 month old planting 24 .00 2524 9 .53
24 month old planting 21 .69 2014 10 .79



weight .

	

There are no significant effects of Sulphate of Am-
monia on number of bunches produced on FFB yield, though the
cumulative data shows non-significant trends of an increase in
FFB yield and decrease in number of bunches produced due to the
Sulphate of Ammonia treatment .

	

Considering the last nitrogen
application was made in June 1985, the lack of nitrogen treat-
ment effect in 1988 is to be expected .

	

Figures 1 to 3 il-
lustrate the annual production data for years 1985 to 1988 for
the nitrogen treatment main effects .

Sulphate of Ammonia applications stopped in June 1985, but
the FFB yield benefit from the nitrogen application persisted
into 1986 where there is a 7 .4% higher FFB yield for the Ns
treatment relative to the No treatment . In 1987 and 1988 no FFB
yield benefit was observed for the earlier Sulphate of Ammonia
treatments . The FFB yield increases due to Sulphate of Ammonia
application in 1985 and 1986 are due largely to higher numbers
of bunches produced . In 1987 and 1988, the numbers of bunches
produced in the earlier Sulphate of Ammonia treated plots
dropped below that of the No control . This experiment il-
lustrates clearly the need for continuous nitrogenous fer-
tilizer applications .

	

Cessation of nitrogen fertilizer ap-
plications rapidly results in the loss of any yield benefits
attained from earlier applications .

Both 1988 data and 1986 to 1988 cumulative data, show
Triple Superphosphate application to have had no significant
effect on FFB production or yield components .

	

Bearing in mind
the very small amounts of Triple Superphosphate applied in this
trial - the lack of identified phosphorus response is not
surprising .

The combined Muriate of Potash (Bunch Ash in earlier
applications)/Kieserite applications, in both the 1988 and the
1986 to 1988 cumulative data, produced significant (1988
p=0 .028, 1986-88 p=0 .001) increases in single bunch weight
which are largely responsible for the significant (1988
p=0 .025, 1986-88 p-0 .04) increases in FFB production . As dis-
cussed in the 1987 PNGOPRA Annual Report, the FFB production
response to the combined Muriate of Potash/Kieserite applica-
tion is probably due to the addition of magnesium .

Figures 4 to 6 illustrate the annual production data for
the years 1985 to 1988 for the Muriate of Potash/Kieserite
treatment main effects .

	

Despite the fertilizer application
being stopped in June 1985, the FFB production increases due to
the K/Mg treatments appear to have persisted through this
period, 1985-1988, unlike the nitrogen response . The FFB
production response to K/Mg application appears to be due to
higher single bunch weights in the K/Mg treated plots for the
whole of this period .

The use of 16 months old planting material over 24 months
old planting material has produced a significant (1988 data :
P=0 .001, 1986 to 1988 data : p<0 .001) increase in FFB produc-
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tion .

	

The higher FFB production in the 16 month old planting
material is due to a greater number of bunches produced, al-
though the greater number of bunches produced has depressed the
single bunch weight .

ftg Experlannt 100

	

Fia 8 Exp@rbmnt 109
Pnodualbn pa yrer, 1096 to 1099,

	

PIoduollon per yaw, 1066 ID 1159.

28

24

22

20

i8

18

14

12

Fig. 1 Experiment 108
Production per yw,1985 to 1988.

FFB Production (t/ha/yr)

OMOM WAM ~t OW

1985 1988 1987

War

D N O

20

N1 MN2



no. 6 Exp~rinent 108

	

Fig. 8 Exparhnant 108
Pnoduolbn W vow, MG bIM

	

P~oduoUon Pw yaw, IM 10a.

26

24

22

20

18

18

14

12

FFB Production (t/ha/yr)

0 K/Mg 0

2 1

Fig.4 Experiment 106
Production per year, 1985 m 1988.

1986 1988 1987

Year

e Ok wwrob VISVII 00

K/Mg 1

	

1111111 K/M2 2



FW s ExpwrMnt 106

	

FW a Exp~r-

	

lsl , 106
"Wa+own + a- "W,Um to Uee.

	

Produonon per yw,IM "am

26

24

22

20

18

16

14

12

Fig. 7 Experiment 146
Production per year, 1985 to 1988.

FFB Production (t/ha/yr)

16 Month Old

	

=24 Month Old

22

1067



Figures 7 to 9 illustrate the annual production data for
the years 1985 to 1988 for the 16 month old and 24 month old
planting material main effects .

	

The higher number of bunches
produced and slightly depressed single bunch weight of the 16
month old planting is evident throughout this period . As il-
lustrated in Fig . 7, the 16 month old planting material reaches
a peak yield of around 25t ha- I yr- i much more rapidly than the
24 month old planting material reaches its peak of around 24t
ha- i yr- i

There are no significant treatment interactions affecting
FFB production or yield components .

Due to the length of time since the last experimental
treatment and the lack of guard rows, this experiment was dis-
continued at the end of 1988 .

EXPERIMENT 107 :

	

Factorial fertilizer experiment on mature
replanted palms Bebere Plantation .

Site Details : The palms were planted in December 1982 and
January 1983 at a planting density of 135 palms ha- ~ . The ex-
periment uses 2592 palms in total, 1152 palms being recorded .
The experimental area is approximately 19 .2ha . The site had
previously been under oil palm for 14 years .

Design : This experiment consists of a mixed series 32 23 fac-
torial design (N,P,K,Mg and Establishment N) . The 72 plots are
arranged in 6 blocks of 12 plots each .

	

Each plot consists of
36 palms of which the central 16 are recorded .

	

The recorded
palms are of 16 different progenies arranged in the same spa-
tial configuration in each plot .

	

Five of these progenies were
selected from high bunch number (HBN) families and eleven from
families with medium sex ratio (MSR) .

Treatments : Except for nitrogen, no fertilizers were applied
during the first two years following planting . At three
months, all plots received 0 .25kg sulphate of ammonia per palm
and an additional lkg sulphate of ammonia per palm was applied
at 12 months as the treatment "establishment nitrogen" .

	

The
other treatment applications commenced in February 1985 .

	

Fer-
tilizers are applied as two equal split doses per year . Annual
fertilizer application rates are as follows :-

23

Kg palm' year-1

LEVEL 0 1 2

Sulphate of ammonia 0 .0 1 .0 2 .0
Triple superphosphate 0 .0 0 .5 1 .0
Sulphate of potash 0 .0 1 .8 --
Kieserite 0 .0 2 .0 -



Results and Discussion : Table 3 displays the FFB production
per hectare, yield component data and petiole WXT measurement
data (main effects) for the period January to December 1988 .
Table 4 displays the FFB production per hectare per year and
yield component data (main effects) for the period January 1986
to December 1988 .

Table 3 : Experiment 107, Production per hectare and Petiole
WxT measurement (adjusted means), Jan-Dec88 .

There is a good correlation between pre-treatment petiole
WxT measurements and the FFB production, yield component and
post-treatment petiole WxT measurement data . Adjustment of the
experimental data by the pre-treatment petiole WxT measurements
using analysis of covariance (ANCOVA) greatly reduced the ex-
perimental error . ANCOVA was carried out on both 1988 and
cumulative data . As with most trials on West New Britain, in-
clusion of blocking into the model, had little or no effect on
reducing experimental error and was therefore not included in
the analysis .

Although the Sulphate of Ammonia treatment shows no sig-
nificant (p<0 .05) effects on FFB production, yield components
or petiole WxT measurement data, the Jan86 to Dec88 data does
show non-significant increases in numbers of bunches produced
and single bunch weights and these trends produce a non-

2 4

(t

Wt . of
bunches

ha- iyr-1 )

No . of
bunches

(ha- iyr-1 )

S .B .W
(Kg)

Petiole
WxT

June88

No 25 .90 2431 10 .66 24 .59
N1 25 .88 2412 10 .74 25 .26
N2 26 .13 2432 10 .75 25 .31

Po 25 .75 2394 10 .77 25 .02
P1 26 .27 2467 10 .66 24 .90
P2 25 .90 2415 10 .72 25 .24

Ko 26 .16 2448 14 .70 25 .15
Ki 25 .78 2404 10 .74 24 .96

Mgo 25 .56 2422 10 .57 24 .88
Mg1 26 .38 2430 10 .86 25 .23

-Estn . N 26 .37 2468 10 .70 25 .11
+Estn . N 25 .57 2383 10 .74 25 .00

C . V M) 7 .3 7 .1 4 .6 5 .6

LSD. o5 (N&P) 1 .11 100 0 .29 0 .82
LSD . o5 (K, Mg & Estn .N) 0 .90 81 0 .24 0 .67



significant increase in FFB production .

	

Sulphate of Ammonia
application also produces a non-significant increase in petiole
WxT measurements .

Table 4:

	

Experiment 107, Production per hectare per year,

In both the 1988 and cumulative data, Triple Superphos-
phate application has produced no significant effect (main
effects), on FFB production, yield components or petiole WxT
measurements .

The Sulphate of Potash treatments have produced no sig-
nificant responses with regard to FFB production, yield com-
ponents or petiole WxT measurements in both the 1988 and 1986
to 1988 data .

The Kieserite treatments have produced an increase in FFB
production of 1 .3t ha-1 year -1 for 2kg palm- ' year- ' kieserite
applied in the cumulative data, which is significant (p=0 .028) .

It is now about 5 years since the last establishment
nitrogen treatment was applied . Although there appears to be a
significant (p=0 .041) decrease is number of bunches produced
due to establishment nitrogen treatment in the Jan-Dec 1988
data, this result should be treated with caution .

25

Jan86--Dec88 . (Adjusted means)

Wt . of
bunches
(t ha- ' yr- ')

No . of
bunches
(ha-1 yr-1 )

S .B .W
(Kg)

No 22 .51 2541 8 .86
N1 22 .78 2561 8 .89
N2 23 .02 2579 8 .93

PO 22 .83 2551 8 .96
P1 22 .78 2584 8 .81
P2 22 .71 2547 8 .91

Ko 22 .78 2571 8 .86
K1 22 .76 2551 8 .93

Mgo 22 .11 2528 8.75
Mg1 23 .43 2594 9.04

-Estn. N 23 .01 2596 8 .87
+Estn . N 22 .53 2523 8 .92

C .V (%) 6 .5 6 .3 4 .1
LSD.oo (N&P) 0 .87 94 0 .21
LSD,oo (K,Mg+Estn . N) 0 .71 77 0 .17

The increase in FFB production is due to increases in both
single bunch weight and number of bunches produced . The same
effects are seen in the Jan-Dec 1988 data, although the trends
are not statistically significant .



The analysis of covariance of the cumulative data shows a
significant (p=0 .03) N * P interaction . The predicted FFB
production values from a multiple linear regression model gen
erated on the cumulative (Jan86-Dec88) data, using a step wise
method with an inclusion limit of p=0 .05, are presented in
Table 5 .

Table 5 : Experiment 107, Predicted FFB production per hectare
per year Jan86-Dec88 .

At Mg =

At Mg =

Po 24 .02 22 .53 22 .91
Pi 23 .15 23 .15 23 .15
P2 22 .29 23 .78 23 .40

TSP fertilizer apparently depresses yield in the absence
of N fertilizer .

Sampling of frond 17 leaflet tissue was carried out in
June 1988 .The results of the analysis are presented in Table 6 .

Table 6 : Experiment 107, Frond 17 Leaflet Tissue (dry matter)
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Analysis . June

P t
(1) M (4)

88 .

00
(8)

CI
M

S
M

C1
(1)

Fe
(PPI)

h
(PPI)

Ca
(PPI)

Lt
(PPI)

1
(PPI)

00 2 .62 0 .175 1 .13 0 .22 0 .99 0 .19 0 .18 71 .2 37 .2 6 .08 22 .4 11 .8
11 2 .610 .172 1 .09 0 .21 0 .98 0 .19 0 .17 63 .5 11 .1 6 .21 22 .6 11 .8
12 2 .59 0 .178 1 .09 0 .21 1 .00 0 .19 0 .19 66 .5 49 .5 6 .38 12 .5 12 .2

P0 2 .66 0 .174 1 .14 0 .22 0 .98 0 .19 0 .17 68 .1 41 .6 6 .13 22 .2 12 .0
P1 2 .610 .173 1 .10 0 .21 1 .01 0 .19 0 .19 66 .6 43 .3 6 .38 21 .9 11 .5
P2 2 .54 0 .174 1 .08 0 .21 0 .98 0 .19 0 .18 66 .4 44 .1 6 .17 23 .3 11 .8

80 1 .59 0 .171 1 .11 0 .22 0 .99 0 .19 0 .18 66 .4 42 .5 6 .12 12 .6 11 .4
81 2 .62 0 .173 1 .10 0 .21 0 .99 0 .19 0 .18 67 .6 43 .5 6 .03 22 .1 12 .1

I00 1 .60 0 .174 1 .12 1 .11 1 .00 0 .19 0 .18 67 .7 44 .0 6 .36 22 .6 11 .7
if 1 2 .61 0 .173 1 .09 1 .11 0 .99 0 .19 0 .19 66 .4 41 .9 6 .08 22 .3 11 .8

-IST .1 2 .63 0 .174 1 .11 0 .21 1 .00 0 .19 0 .18 64 .2 43 .6 6 .15 22 .6 11 .6
+IS? .[ 2 .58 0 .173 1 .10 0 .21 0 .98 0 .19 0 .18 69 .9 42 .4 6 .19 22 .3 12 .0

C . t . (4) 7 .3 - 8 .1 - 7 .1 - 34 .6 16 .5 15 .6 18 .4 10 .7 19 .6
U1.05(M) 0 .11 - 0.05 - 0.04 - 0 .04 6.4 3.9 0 .67 1 .4 1 .3
bSS.053+19) 0 .09 - 0.04 - 0.03 - 0.03 5.3 3.2 0 .55 1 .1 1.1

0 No Ni Nz

PO 23 .26 21 .78 22 .16
Pi 22 .40 22 .40 22 .40
P2 21 .53 23 .02 22 .64

2 No Ni N2



There is little treatment effect on the elemental composi-
tion of frond 17 leaflet samples . The exceptions being a sig-
nificant (p<0 .001) increase in leaflet manganese level follow
ing Sulphate of Ammonia application, probably due to manganese
mobilization following soil acidif ication at the site of fer-
tilizer application . Secondly, there is a small but signif icant
(p=0 .002} increase in leaf Mg level due to application of
kieserite .

Beginning in 1989 fertilizer treatment applications will

"orthogonally" over the establishment nitrogen treatment .

The purpose of the amendment of treatment rates is to in-
crease the dose rates which it was felt were too law to allow
satisfactory determination of rate response curves .

Secondly leaf chlorine levels are all exceptionally low,
which it is believed may be limiting response to existing
treatments and may also be the reason for the high incidence of
leaf fungal attack (mainly fan blight } observed in this trial .
Application of sodium chloride as a treatment will allow
statistical analysis of any chlorine effects or interactions on
yield, growth measurements, leaf nutrition levels and disease
incidence .

BXPBRIMBHT 148 : Systematic Nitrogen Fertilizer Trial Kumbango .

Site Details : This area was planted in 1972 at a planting den-
sity 120 palms ha-1 .

	

2134 palms are used in the experiment
covering an area of approximately ~.8 ha .

	

This experiment was
initiated in 1985 in an area of Rumbango plantation which was
felt to be suffering a decline in soil fertility .

a7

be amended as follows :-

LBVEL

Kq

0

palm-- ~

1

year-

2

Sulphate of Ammonia 4 .0 2 .0 4 .0
Triple Superphosphate 0 .0 1 .0 2 .4
Sulphate of Potash 0 .0 3 .6 -
Kieserite 4 .0 3 .0 -
Sodium chloride 0 .0 4 .0 ~-

The sodium chloride treatment is to be applied



Design : Two sources of nitrogen are compared in systematically
increasing levels of 8 equal steps, replicated four times . A
set of levels of each source abutts a second set but with the
direction of increase of dose in one set being opposite to the
other .

	

Two replicates of this arrangement were placed in a
block mulched with 30 t ha- i empty bunches in March 1985 and
two replicates placed in an unmulched one . There is a total of
64 plots, each plot consisting of the two rows on either side
of a harvesting path (twin row) and on average consisting of 33
palms .

	

There are no guard rows between levels but the two
sources are guarded from each other and the end rows are
guarded .

Application commenced in July 1985 .

For each level of application, both ammonium chloride
diammonium phosphate supply the same quantity of nitrogen .

Results and Discussion :

	

FFB production, yield components
petiole WxT measurements data are presented in Tables 7 to
for the period Jan-Dec 1988 .

Cumulative FFB production and yield component data for
period (Jan 86-Dec 88) are presented in Tables 11 to 13 .

Table 7 . Expt . 108, FFB production (t ha-1 ) Jan-Dec1988 .

28

and

and
10,

the

Auonius chloride Diaa oniui phosphate IBS

-Mlch +Mlch -Mlch 4 Mlch -Mlch * Mlch AC DAP

0 14 .92 16 .44 13 .40 16 .04 14 .16 16 .24 15 .68 14 .72
L 1 16 .18 15 .76 15 .67 15 .56 15 .93 15 .66 15 .97 15 .62
E 2 17 .72 20 .41 16 .52 15 .87 17 .12 18 .14 19 .06 16 .19
V 3 18 .76 18 .08 15 .32 18 .68 17 .04 18 .38 18 .42 17 .00
E 4 17 .19 17 .88 16 .17 19 .67 16 .68 18 .78 17 .54 17 .92
L 5 16 .49 17 .69 18 .03 16 .03 17 .26 16 .86 17 .09 17 .03

6 17 .56 19 .05 18 .91 14 .42 18 .24 16 .74 18 .30 16 .67
7 17 .12 18 .72 15 .40 16 .12 16 .26 17 .42 17 .92 15 .76

Treatments : The annual fertilizer
ment are as follows :

Kg
LEVEL 0 1 2

applications to

palm- ' year-
3 4 5

this

6

experi-

7

Ammonium chloride 0 0 .9 1 .8 2 .7 3 .6 4 .5 5 .4 6 .3

Diammonium phosphate 0 1 .2 2 .4 3 .6 4 .8 6 .0 7 .2 8 .4

The fertilizer is applied as two split doses per year .



Table 8 . Expt . 108, Numbers of bunches (ha-1 ) Jan-Dec 1988

Table 9 . Experiment 108, Single bunch weight Jan-Dec 1988 .

Table 10 . Experiment 108, Petiole wxT (cm2 ) Jan - Dec 1988 .

2 9

Amonius

- Mlch

chloride

+Mlch

Diamonius

-Mlch

phosphate

+Mlch - Mlch +Mlch

MEANS

A . C DAP

0 714 755 680 879 697 817 735 779
1 765 743 750 761 758 752 754 756

L 2 748 905 808 734 778 819 827 771
E 3 799 751 714 850 757 801 775 782
V 4 722 747 669 914 696 830 735 791
E 5 762 695 824 742 793 718 729 783
L 6 753 775 812 773 783 774 764 793

7 679 747 673 838 676 793 713 756

Amonium chloride Diammonium phosphate MEANS

- Mlch +Mlch - Mlch +Mlch - Mlch +Mlch A . C DAP

0 40 .3 43 .0 33 .4 35 .3 36 .9 39 .1 41 .6 34 .4
L 1 40 .3 44 .6 35 .8 36 .2 38 .0 40 .4 42 .5 36 .0
E 2 41 .2 45 .6 39 .4 37 .9 40 .3 41 .8 43 .4 38 .7
V 3 43 .5 48 .9 40 .7 43 .1 42 .1 46 .0 46 .2 41 .9
E 4 48 .4 53 .2 47 .5 46 .5 48 .0 49 .9 50 .8 47 .0
L 5 49 .9 51 .8 46 .6 48 .1 48 .3 50 .0 50 .9 47 .4

6 48 .7 49 .4 43 .5 49 .2 46 .1 49 .3 49 .1 46 .3
7 47 .2 48 .0 43 .9 46 .9 45 .5 47 .4 47 .6 45 .4

Assonium chloride Diamoniun phosphate NZANS

- Mlch +Mlch - Mlch +Mlch - Mlch +Mlch A . C DAP

0 20 .83 21 .40 19 .72 18 .40 20 .28 19 .90 21 .11 19 .06
L 1 21 .10 21 .18 20 .91 20 .46 21 .00 20 .82 21 .14 20 .68
E 2 23 .69 22 .55 20 .53 21 .60 22 .11 22 .11 23 .12 21 .06
V 3 23 .47 24 .07 21 .44 21 .96 22 .45 23 .01 23 .77 21 .70
E 4 23 .86 23 .93 24 .24 21 .70 24 .05 22 .82 23 .90 22 .97
L 5 21 .68 25 .49 21 .87 21 .76 21 .77 23 .63 23 .58 21 .81

6 23 .29 24 .74 23 .45 18 .68 23 .37 21 .71 24 .02 21 .07
7 25 .23 25 .03 22 .94 19 .18 24 .08 22 .10 25 .13 21 .06



Table 11 . Expt . 3.08, FFB production (t ha- 1 yr-1 ) Jan86-Dec88 .

Table 12 Experiment 108, Number of bunches produced(ha- iyr- i)

Table 13 . Expt . 108, Single bunch weight (Kg) Jan86-Dec88 .

30

Jan 86 .

Ammonium

- Mlch

chloride

+Mlch

Diammonium

- Mlch

phosphate

+Mlch -Mlch

MEANS

*Mlch A . C DAP

0 745 780 669 815 707 797 762 742
L 1 799 797 804 801 802 799 798 803
E 2 855 873 857 852 856 862 864 855
V 3 903 823 873 923 888 873 863 898
E 4 853 867 814 992 834 930 860 903
L 5 904 837 938 903 921 870 871 921

6 939 891 968 949 954 920 915 959
7 854 895 858 912 856 903 875 885

Asssonius chloride Diareonium phosphate MEANS

- Mach + Mach -Mlch +Mlch - Mlch +Mach A. C DAP

0 15 .14 17 .03 13 .34 15 .51 14 .24 16 .27 16 .08 14 .42
L 1 16 .95 17 .03 16 .29 16 .38 16 .62 16 .71 16 .99 16 .34
E 2 19 .01 19 .62 17 .13 18 .24 18 .07 18 .93 19 .31 17 .68
V 3 20 .28 19 .47 18 .50 19 .94 19 .39 19 .70 19 .88 19 .22
E 4 19 .33 21 .04 18 .29 22 .20 18 .81 21 .62 20 .18 20 .25
L 5 20 .26 20 .31 20 .01 20 .22 20 .14 20 .27 20 .29 20 .12

6 21 .31 21 .14 21 .05 20 .55 21 .18 20 .84 21 .23 20 .80
7 20 .51 21 .39 19 .54 20 .04 20 .02 20 .71 20 .95 19 .79

Ammonium chloride Diammonium phosphate MEANS

- Mlch +Mlch - Mlch +Mlch - Mlch +Mlch A .C
DAP

0 20 .3 21 .5 19 .9 19 .0 21 .1 20 .3 20 .9 19 .5
L 1 21 .1 21 .3 20 .3 20 .4 20 .7 20 .9 21 .2 20 .4
E 2 22 .2 22 .5 20 .0 21 .4 21 .1 21 .9 22 .3 20 .7
V 3 22 .4 23 .7 21 .2 21 .6 21 .8 22 .6 23 .1 21 .4
E 4 22 .7 24 .2 22 .5 22 .4 22 .6 23 .3 23 .5 22 .4
L 5 22 .4 24 .3 21 .3 22 .4 21 .9 23 .3 23 .3 21 .8

6 22 .7 23 .7 21 .8 21 .7 22 .2 22 .7 23 .2 21 .7
7 24 .0 23 .9 22 .8 22 .0 23 .4 22 .9 23 .9 22 .4



Due to the non random nature of this type of experimental
design, there is a biasing towards a lower fertility on the
parts of this trial site occupied by Diammonium phosphate
treatments . Bearing in mind this biasing, it appear that both
ammonium chloride and diammonium phosphate are equally good
sources of nitrogen, excepting the much higher price of D.A .P .
The similarity in the nitrogen response surfaces of ammonium
chloride and diammonium phosphate also indicates that there is
no specific response to chlorine or phosphorus . The FFB yield
responses are due to increases in both single bunch weight and
numbers of bunches produced .

	

The ammonium chloride treatments
appear to have a greater effect on single bunch weight than
diammonium phosphate, conversely diammonium phosphate has a
greater effect on number of bunches produced .

	

These relative
differences between the two nitrogen sources on yield com-
ponents, are most marked where 30t/ha E .B . mulch was applied in
March 1985 .

The EFB mulching in 1985 is still affecting FFB produc-
tion . The cumulative data (Jan86-Dec88) shows an overall 4 .4%
yield increase in FFB yield, whilst the data for Jan-Dec 1988
shows an overall 4 .2% increase in FFB yield due to this E .F .H .
application . The effect of the EFB mulching is most marked at
lower fertilizer application rates, indicating that the effect
of the mulching may be due to its influence on nitrogen nutri-
tion .

	

The effect of EFB mulch on nitrogen supply is probably
due to the effects of the mulch on the dynamics of the soil
nitrogen rather than its own fertilizer value in terms of
amounts of nutrient applied in the mulch .

Nitrogen application from both sources has produced an in-
crease in vegetative growth as indicated by the response of
Petiole WxT measurements to nitrogen application .

	

The EFB
mulching has increased Petiole WxT measurements overall by
5 .4% .

Figures 10 to 12, illustrate the FFB production and yield
component data and best fit regression curves for the period
Jan86-Dec88 .

Analysis of the monthly FFB production data, starting with
the first recorded harvests in this experiment, was carried
out .

	

Figure 13 illustrates the FFB yield responses per month
relative to the "no nitrogen applied" control .

	

The graph was
produced as a 3 dimensional surface plot, but here has been
displayed as a "side" view with the "application rate" axis
hidden, so illustrating more clearly the changes in responses
with time .

At between 10 and 11 months after the first fertilizer ap-
plication, there was a rapid increase in FFB yield due to the
nitrogen fertilizer applications .

	

The majority of the yield
benefit derived from such nitrogen applications comes as a
result of peak treatment responses which usually coincide with
period of normally higher yield . Work is continuing to explain

31
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the response pattern with time in terms of climatic parameters,
agronomic management and palm physiology . There is an indica-
tion that the magnitude of peak responses is diminishing with
time . If this is so, it would be indicative of a second factor
limiting yield .

	

Tissue analysis results and the trial results
from experiments 106 and 107, indicate that the most likely
limiting factor after nitrogen is that of magnesium .

1500 FFB Yield Response (Kg/ha/month)

1200

900

600

300

Fig . 13 Experiment 108, Nitrogen Yield Response Relative to Control

Months after 1st Fertilizer Application

From vegetative measurements largely carried out in June
1988, values for Fractional Energy Interception (f), Efficiency
of Energy Conversion (e) and Bunch Index (BI) were calculated .
The f,e, and BI data are summarized in Tables 14 to 16 .

3 3



Table 14 : Expt . 108, Fractional Energy Interception (f), 1988 .

Table 15 : Expt . 108, Efficiency of Energy Conversion (e), 1988 .
(9 MJ-1

(*Bunch dry matter calculated as carbohydrate equivalent,
assuming oil energy = 2 .1 x carbohydrate)

3 4

Ammonium chloride Diammonium phosphate MEANS

- Mulch +Mulch -Mulch +Mulch -Mulch +Mulch A .C . DAP

0 0 .87 0 .87 0 .86 0 .84 0 .86 0 .85 0 .87 0 .85
L 1 0 .86 0 .86 0 .85 0 .86 0 .86 0 .86 0 .86 0 .86
E 2 0 .87 0 .88 0 .86 0 .87 0 .86 0 .87 0 .87 0 .86
V 3 0 .89 0 .89 0 .87 0 .88 0 .88 0 .89 0 .89 0 .88
E 4 0 .91 0 .87 0 .90 0 .89 0 .91 0 .88 0 .89 0 .90
L 5 0 .91 0 .87 0 .90 0 .89 0 .91 0 .88 0 .89 0 .90

6 0 .90 0 .87 0 .89 0 .89 0 .89 0 .88 0 .88 0 .89
7 0 .90 0 .84 0 .88 0 .87 0 .89 0 .86 0 .87 0 .87

Ammonium

-Mulch

chloride

+Mulch

Diammonium

-Mulch

phosphate

+Mulch -Mulch

MEANS

+Mulch A .C . DAP

0 0 .93 1 .01 0 .81 0 .92 0 .87 0 .96 0 .97 0 .87
L 1 0 .99 1 .04 0 .94 0 .93 0 .96 0 .99 1 .02 0 .93
E 2 1 .07 1 .12 1 .00 1 .01 1 .03 1 .06 1 .09 1 .00
V 3 1 .10 1 .13 1 .04 1 .09 1 .07 1 .11 1 .12 1 .07
E 4 1 .09 1 .24 1 .06 1 .20 1 .07 1 .22 1 .16 1 .13
L 5 1 .14 1 .21 1 .10 1 .15 1 .12 1 .18 1 .17 1 .13

6 1 .17 1 .22 1 .13 1 .16 1 .15 1 .19 1 .19 1 .15
7 1 .13 1 .25 1 .09 1 .16 1 .11 1 .20 1 .19 1 .12

Table 16 : Experiment 108, Bunch Index* (BI), 1988

Ammonium

-Mulch

chloride

+Mulch

Diammonium

-Mulch

phosphate

+Mulch -Mulch

MEANS

+Mulch A .C . DAP

0 0 .51 0 .52 0 .52 0 .55 0 .52 0 .53 0 .52 0 .53
L 1 0 .54 0 .52 0 .55 0 .55 0 .54 0 .53 0 .53 0 .55
E 2 0 .56 0 .54 0 .54 0 .57 0 .55 0 .55 0 .55 0 .56
V 3 0 .56 0 .53 0 .55 0 .56 0 .56 0 .54 0 .54 0 .56
E 4 0 .53 0 .53 0 .52 0 .57 0 .52 0 .55 0 .53 0 .54
L 5 0 .53 0 .52 0 .54 0 .54 0 .54 0 .53 0 .53 0 .54

6 0 .55 0 .54 0 .57 0 .54 0 .56 0 .54 0 .55 0 .55
7 0 .55 0 .55 0 .55 0 .54 0 .55 0 .55 0 .55 0 .55



The FFB yield response to the nitrogen fertilizers, is
largely due to an increase in the efficiency of energy conver-
sion .

	

The amount of applied nitrogen has had only a moderate
effect on fractional energy interception and bunch index .

	

The
effects of the different sources of nitrogen and mulch treat-
ments, were negligible on fractional energy interception and
bunch index, but ammonium chloride appears to produce a greater
efficiency of energy conversion for a given level of nitrogen
applied than diammonium phosphate and the mulch treatment ap-
pears to produce a greater efficiency of energy conversion than
the non-mulch treatment .

Frond 17 leaflet samples were collected in June 1988 and
results of their analysis are presented in Table 17 .
Figures 14 to 19 illustrate the frond 17 leaflet levels of N,
P, K, Mg, Ca and Cl respectively for ammonium chloride and
diammonium phosphate at each level of application .

Both nitrogen sources increase frond 17 leaflet nitrogen
levels . The lower fertility of the soil upon which the diam-
monium phosphate treatments are placed is clearly illustrated
in the lower initial levels of nitrogen in the diammonium phos-
phate treated palms .

The diammonium phosphate treatment has increased frond 17
leaflet phosphorus level . The magnitude and slope of this
response is very similar to that obtained from the 1987 tissue
analyses, reported in the 1987 Annual Report .

	

Unlike the 1987
frond 17 leaflet tissue analysis, the ammonium chloride ap-
plications do not appear to have increased the leaflet phos-
phorus levels .

Ammonium chloride and diammonium phosphate application ap-
pear to have had little effect on leaflet potassium levels .

Both ammonium chloride and diammonium phosphate applica-
tion reduce leaflet magnesium levels . If magnesium shortage is
accepted as the yield limiting factor most significant after
that of nitrogen, there is a need to apply magnesium along with
nitrogen in any fertilizer regime .

Ammonium chloride application as observed in many trials,
increases the calcium level of frond 17 leaflets . This is
probably due to mobilization of soil calcium resulting in an
increase of calcium uptake into the palm . Diammonium phosphate
application, particularly at high application levels, decreases
the calcium level in frond 17 leaflets .

Frond 17 leaflet chlorine level shows a marked increase
with application of ammonium chloride, but diammonium phosphate
has no effect on leaflet chlorine levels .

Frond 17 leaflet manganese levels are markedly increased
following application of ammonium chloride, whilst diammonium
phosphate has little effect on leaflet manganese levels .

3 5



Table 17

	

Experiment 108, Frond 17 leaflet nutrient levels, June 1988

Gate litroqen Phosphorus Potassias llapesin Calciai Sulphur Iron daaganese Zinc Copper Boron Chlorine

(kq1PaltlYr)

	

(tD " J .)

	

(%D .I .)

	

(1D.C .)

	

(1D.I .)

	

l%D .d .l

	

ItD .ll .l

	

IPDi D " I " I

	

(PPS D " K " )

	

(PPS D "d " )

	

(DPI 0 " x " )

	

14Pa D " K .)

	

(%D.R .)

-ll1cD +X1cD -Mlch +dlcs -K1cE +filch -lllcb +filch -Mlch +ll1cD -ti1cD +1Ich -Mlch +lllch -fl1cG +Xlch -fllch +ll1cD -Ulch +1lcb -dlcb +1lch -11cE +tilcs
-----r------n------r----------r--------------------r--------------------w-----------r-r----w------r------r-r----------------------------------r--------------------r-------------

-------rr-------------rw------------r-------r------------------------------------------------------------------------------------------------------------------------------------

0 .0 1 .10 2 .20 0 .15 0 .16 0 .81 1 .16 0 .25 0 .22 0 .88 0 .89 0,16 0 .11 68 .0 10 .5 68 .0 58 .0 15 .0 23 .5 7 .5 4 .5 10 .5 13 .0 0 .19 0 .28
0 .9 2 .30 2 .30 0 .15 0 .15 0 .87 0 .84 0 .24 0 .19 0 .93 0 .85 0 .15 0 .16 10 .5 68 .5 11 .0 59 .0 31 .0 Zl .5 6 .5 4 .5 12 .0 12 .0 0 .34 0 .39
1 .8 3 .35 2 .15 0 .15 0 .15 0 .81 0 .88 0 .11 0 .32 0 .99 1 .03 0 .16 0 .16 61 .5 12 .5 66 .5 62 .0 21 .0 2E .5 1 .0 4 .S 10 .5 11 .5 0 .41 0 .43

111onius 2 .1 1 .30 2 .10 0 .16 0 .15 0 .88 0 .91 0 .19 0 .22 1 .11 0 .96 0 .16 0 .16 19 .0 72 .5 80 .5 64 .4 23 .5 26 .5 6 .5 5 .0 11 .0 11 .5 0 .45 0 .50
chloride 3 .6 3 .25 1 .30 0 .15 0 .15 0 .15 0 .86 0 .16 0 .10 0 .91 1 .05 0 .16 0 .16 73 .0 14 .0 19 .0 69 .5 21 .5 23 .5 6 .0 4 .5 9 .5 11 .5 0 .51 0 .50

4 .5 2 .35 2 .10 0 .16 0 .15 0 .81 0 .89 4 .20 0 .20 1 .01 0 .99 0 .11 0 .17 18 .0 11 .5 95 :5 14 .0 21 .5 24 .0 1 .5 1 .4 11 .0 13 .0 0 .51 0 .51
5 .4 2 .50 2 .30 0 .16 0 .15 0 .80 0 .83 0 .11 0 .11 1 .09 0 .91 0 .11 0 .17 81 .0 10 .0 90 .5 80 .5 21 .0 21 .9 5 .5 6 .0 10 .5 12 .0 4 .53 0 .56
6 .3 2 .45 2 .35 0 .16 0 .16 0 .88 0 .91 0 .20 0 .18 1 .00 0 .91 0 .16 0 .16 83 .0 11 .0 94 .0 87 .0 23 .5 22 .5 6 .5 7 .5 10 .0 10 .0 0 .59 0 .53

0 .0 2 .15 2 .00 0 .11 0 .14 0 .80 0 .95 0 .12 0 .28 0 .81 1 .03 0 .15 0 .15 66 .0 60 .0 16 .0 11 .0 26 .5 19 .0 5 .4 4 .5 11 .0 11 .5 0 .11 0 .19
1 .2 3 .19 2 .05 0 .15 0 .14 0 .99 0 .84 0 .21 0 .23 0 .98 0 .89 0 .16 0 .15 67 .5 58 .5 14 .0 61 .4 18 .0 29 .0 1 .5 5 .0 11 .0 11 .5 0 .25 0 .29
2 .1 1 .20 2 .05 0 .15 0 .15 1 .00 1 .03 0 .23 0 .46 0 .89 0 .95 0 .15 0 .16 92 .0 62 .0 66 .5 62 .0 14 .5 18 .5 6 .0 1 .5 10 .0 11 .5 0 .13 0 .18

Diauooin 3 .6 2 .25 1 .95 4 .16 0 .15 0 .98 1 .02 0 .13 0 .24 0 .91 0 .92 O .I6 0 .16 17 .5 65 .0 66 .0 64 .9 29 .5 30 .5 6 .5 5 .5 10 .0 10 .0 0 .21 0 .19
phosphate 4 .8 2 .25 1 .15 0 .16 0 .15 0 .99 0 .96 0 .20 0 .11 0 .81 1 .03 0 .16 0 .16 99 .5 61 .9 65 .0 74 .5 22 .0 18 .5 8 .0 5 .0 11 .5 11 .0 4 .23 0 .28

6 .0 1 .35 2 .10 0 .11 0 .16 0 .96 1 .02 0 .20 0 .23 0 .81 1 .01 0 .11 0 .17 12 .5 61 .0 15 .5 13 .0 Z3 .0 Yi .5 1 .0 S .S 11 .0 11 .5 0 .1Y 0 .28
1 .2 2 .35 2 .40 0 .16 0 .16 1 .01 1 .01 0 .20 0 .20 0 .92 0 .09 0 .16 0 .11 16 .0 65 .5 61 .4 73 .0 19 .5 18 .0 6 .S 6 .0 11 .5 10 .5 0 .10 0 .16
8 .1 2 .35 2 .45 0 .15 0 .16 0 .93 0 .94 0 .30 0 .20 0 .81 0 .11 0 .16 0 .11 69 .0 69 .9 11 .5 15 .0 11 .5 23 .9 8 .0 6 .0 11 .0 9 .5 0 .32 0 .18
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BXPRRIKBNT 110 : Nitrogen/anion experiment on young, replanted
palms, Bebere .

Site Details : The experimental site was planted in February
1985 at a density of 135 palms/ha .

	

The experiment uses 1152
palms, covering an area of 8 .8 hectares .

	

Plots consist of 16
palms with no guard rows .

Design : The experiment consists of 24 treatments, in 3 repli-
cates of completely randomised blocks . Blocking was based on
petiole WxT measurements .

Treatments :

	

Fertilizer treatment application rates are as
follows :

(N .B .

	

Treatment 13 to 24, as above, but mulched .)

Apart from the 'Nil' treatments, all treatments and levels
receive the same amount of nitrogen, the only difference be-
tween them being the type and level of accompanying non
nitrogenous anion (either chloride, sulphate or phosphate) .
Plots receiving treatments 1 to 12 are unmulched, plots receiv-
ing treatments 13-24 were mulched with about 100 kg of empty
bunches per palm in April and May 1984 . Application of fer-
tilizer started in June 1985 and was continued at half yearly
intervals . The above rates are those used since June 1986, the
two applications prior to this time were at half these rates .

3 9

Treatment

Non-N Anion
and Level

Non-N anion
Source

Kg

Additional Ammonium
Nitrate

Palm-1 Year- I

1 Chloride 0 0 .0 1 .6
2 Chloride 1 0 .5 1 .2
3 Chloride 2 1 .0 0 .8

4 Sulphate 0 0 1 .6
5 Sulphate 1 1 .25 0 .8
6 Sulphate 2 2 .50 0 .0

7 Phosphate 0 0 .0 1 .6
8 Phosphate 1 1 .4 0 .8
9 Phosphate 2 2 .8 0 .0

10 Nil 0 0 .0 0 .0
11 Nil 0 0 .0 0 .0
12 Nil 0 0 .0 0 .0



Results and Discussion : FFB production and yield components
data for the period Jan-Dec 1988 are presented in Table 18 .
Cumulative FFB production and yield component data for the
period Jan87-Dec88 are presented in Table 19 .

Table 18, Expt . 110, Production per hectare, Jan-Dec 1988 .

Table 19, Experiment 110, Production per hectare, Jan87-Dec88 .
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Total N Non-N FFB Yield No . of S .B .W .
applied anion & bunches

(9 palm- ' yr- ~) level (t ha-1 yr-1 ) (ha- I yr-1 ) (ka)

+Mich -Mich +Mich -Mich +Mich -Mich

580 0 25 .15 21 .55 2903 2538 8 .73 8 .49
580 Chloride 1 25 .20 24.58 2908 2781 8 .68 8 .85
580 2 25 .94 26 .51 2832 2966 9 .17 8 .94

580 0 25 .15 21 .55 2903 2538 8 .73 8 .49
580 Sulphate 1 24 .02 23 .99 2825 2623 8 .50 9 .15
580 2 24 .98 23 .19 2873 2627 8 .70 8 .82

580 0 25 .15 21 .55 2903 2538 8 .73 8 .49
580 Phosphate 1 24 .48 23 .42 2672 2677 9 .16 8 .74
580 2 24 .80 25 .70 2753 2979 9 .02 8 .63

0 .0 No Fert . - 24 .42 23 .88 2852 2723 8 .57 8 .78

MEAN 24 .88 23 .64 2844 2703 8 .76 8 .74

'total N lion-N FFB Yield No. of S .H .W.
applied anion & bunches

(Q palm- ' yr-1 ) level (t ha- ' yr-1 ) (ha-1 yr-1) (kg)

+Mich -Mich +Mich -Mich +Mich -Mich

580 0 23 .61 19 .67 3227 2770 7 .33 7 .11
580 Chloride 1 23 .91 22 .02 3277 2967 7 .30 7 .42
580 2 23 .71 24 .13 3077 3233 7 .71 7 .47

580 0 23 .61 19.67 3227 2770 7 .33 7 .11
580 Sulphate 1 22 .43 21 .95 3159 2843 7 .09 7 .73
580 2 23 .20 21.47 3106 2931 1 .47 7 .32

580 0 23 .61 19 .67 3227 2770 7 .33 7 .11
580 Phosphate 1 22 .54 21 .12 2981 2931 7 .57 7 .20
580 2 22 .85 22 .84 3037 3179 7 .53 7 .19

0 .0 No Fert . - 22 .80 21 .71 3173 2934 7 .19 7 .40

MEAN 23 .16 21 .47 3153 2933 7 .35 7 .32



Overall, mulching has produced a significant increase in
FFB production in both the 1988 and cumulative data (Jan-Dec88 :
p=0 .002, Jan87-Dec88 p<0 .001) of 1 .24 t ha-1 yr-1

	

(5 .2%) and
1 .69 t ha-1 yr-1 (7 .9%) respectively .

	

The yield response to
mulching is due to an increase in the number of bunches
produced .

In the presence of mulch and nitrogen application, the
non-nitrogenous anion treatments produced no significant effect
on FFB production, number of bunches produced or single bunch
weight .

	

In the absence of mulch with the addition of 5808 N
palm- ' yr-1 , the chloride treatment produces significant in-
creases in FFB production, number of bunches produced and
single bunch weight (p=o .0002, p=0 .0008 and p=0 .035 respec-
tively for 1988 data and p=0 .0001, p=0 .0001 and p=0 .056 respec-
tively for cumulative 1987 and 1988 data), the sulphate ap-
plication produces a significant (p=0 .046) increase in FFB
production in the Jan87-Dec88 data, which is due to non-
significant trends in both number of bunches produced and
single bunch weight, and the phosphate treatment produced sig-
nificant increases in FFB production and number of bunches
produced (p=0 .0016 and p=0 .0023 respectively for 1988 and
p=0 .0041 and p=0 .0015 respectively for Jan87 to Dec88 data) .
Unfortunately these responses only serve to raise the produc-
tion from below to just above the level at the nil fertilizer
treatment .

Figures 20 to 25 illustrate the FFB production data for
the Jan-Dec88 and Jan87 to Dec88 period .

Frond 17 leaflet tissue sampling was carried out in Sep-
tember 1988, the results of the elemental analysis of these
samples are summarized in Table 20 .

Both sulphate and phosphate treatments appear to reduce
leaflet nitrogen levels, although only the effect of phosphate
in the presence of mulch is significant (p=0 .035) .

	

Phosphate
application also appears to reduce leaflet nitrogen level in
experiment 107, though here again the trend is non-significant .

Chloride application appears to significantly reduce
leaflet potassium levels in both the absence of mulch (p=0 .045)
and presence of mulch (p=0 .0016) .

In the presence of mulch, chloride application sig-
nificantly (p=0 .011) increases leaflet calcium level .

In both the presence and absence of mulch, chloride ap-
plication dramatically increases the leaflet chloride levels
(significant at p<0 .0001) .

Chloride, sulphate and phosphate application have all sig-
nificantly increased the leaf Mn levels (p=0 .0009, p=0 .01 and
p=0 .0035 respectively in the absence of mulch, and p=0 .011,
p=0 .056 and p=0 .013 respectively in the presence of mulch) .
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ABLE 20 . ExPnIlQ11? 110, Effects of treatment on tissue analysis of
frond 17 leaflets .

Total I

	

[on-[
applied

	

anion i

	

I

	

P

	

i

	

If

	

Ca

	

S

	

Cl

	

Fe

	

In

	

In

	

Ca

	

H
(p pala)

	

level

	

tD1

	

Of

	

fD1

	

tDI

	

1Dll

	

fDd

	

1Dll

	

ppM

	

pp&DC

	

pp&Dll

	

ppiDd

	

ppM

550 0 2 .65 2 .60 .119 .180 1 .31 1 .31 .24 .24 .11 .94 .188 .184 .31 .21 59 .9 11 .0 52 .152 .0 21 .1 22 .6 6 .1 7 .0 10 .1 11 .2
550 Chloride 1 2 .13 2 .50 .183 .174 1 .24 1 .14 .25 .25 .93 .96 .190 .186 .51 .11 59 .3 11 .3 51 .1 59 .3 21 .3 21 .3 6 .3 6 .3 10 .3 10 .1
550 2 2 .63 2 .60 .180 .186 1 .11 1 .23 .23 .13 .99 .94 .181 .190 .51 .53 60 .7 59 .3 X1 .0 11 .3 14 .0 23 .1 6 .1 6 .0 10 .3 11 .0

550 0 2 .65 2 .60 .119 .180 1 .32 1 .33 .34 .24 .81 .94 .188 .181 .31 .28 59 .9 68 .0 52 .1 52 .0 21 .1 21 .6 6 .7 1 .0 10 .1 11 .2
550 SalpDate 1 2 .13 1 .41 .180 .119 1 .28 1 .35 .14 .14 .93 .91 .183 .181 .14 .32 59 .1 64 .0 0 .3 0 .1 21 .3 21 .3 5 .0 5 .1 11 .1 11 .0
550 2 2 .53 1 .53 .118 .116 1 .35 1 .36 .23 .22 .94 .88 .183 .183 .31 .29 65 .0 63 .3 12 .1 0 .1 13 .0 11 .0 6 .0 5 .0 11 .1 11 .3

550 0 2 .65 2 .60 .119 .110 1 .32 1 .33 .24 .24 .81 .91 .188 .111 .31 .28 59 .9 68 .0 52 .1 52 .0 21 .1 22 .6 6 .1 1 .0 10.111 .2
550 Phosphate 1 2 .S1 2 .53 .188 .183 1 .32 1 .34 .24 .25 .95 .99 .191 .113 .29 .29 61 .1 66 .0 S1 .1 60 .0 22 .1 24 .3 6 .0 5 .0 11 .1 10 .7
550 2 1 .43 2 .41 .185 .110 1 .26 1 .32 .24 .23 .88 .98 .190 .110 .29 .31 10 .1 E8 .7 X1 .0 66 .0 21 .0 20 .0 6 .0 6 .0 11 .0 10 .3

0 .0 10 . Pert . 2 .58 2 .66 .180 .181 1 .32 1 .28 .25 .24 .88 .90 .183 .188 .32 .12 62 .1 61 .5 44 .6 46 .0 11 .6 21 .1 6 .1 6 .2 10 .2 11 .4

lean 2 .59 2 .91 .181 .180 1 .30 1 .31 .24 .21 .91 .92 .186 .184 .35 .33 62 .5 f4 .1 51 .9 56 .2 22 .2 22 .5 6 .2 6 .1 10 .8 11 .2



EXPERIMENT 116 : Systematic Nitrogen fertilizer trial, Bebere .

Site Details : This trial is situated on sections E3 and E4 of
Bebere Plantation .

	

The area was planted in 1971 at a planting
density of 120 palms per hectare .

	

The trial covers an area of
approximately 15 ha .

Design :

	

This experiment comprises a systematic design of 8
replicates of 7 treatments (5 treatment rates) .

	

4 replicates
receive 1 year's ammonium chloride application and 4 replicates
receive 2 year's ammonium chloride application . Each replicate
contains 5 treatment rates of ammonium chloride increasing sys-
tematically in one direction .

	

This dose rate gradient in one
replicate abutts a second replicate with the dose rate gradient
in the opposite direction . There is a total of 56 plots, each
plot consisting of the two rows of palms on either side of a
harvesting path (twin row) and containing about 30 palms .
There are no guard rows between different treatment application
rates .

Treatments : Fertilizer application rates are as follows ;

Annual fertilizer application rates are split into 2 ap-
plications per year .

Fertilizer applications commenced in April 1987 .

Results and Discussion : Yield recording began in July 1987 .
FFB production and yield component data for the period Jan-Dec
1988 is presented in Table 21 .

Table 21, Experiment 116 Production per hectare Jan-Dec 1988 .
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LEvEL 0

Kg

0

palm- '

0

year- '

1 2 3 4

Ammonium chloride, one
year application only 0 .0 0 .0 0 .0 1 .5 3 .0 4 .5 6 .0

Ammonium chloride, two
years application only 0 .0 0 .0 0 .0 1 .5 3 .0 4 .5 6 .0

Fert . Application

Ammonium chloride

Year 87

FFB

87+88

Yield

87

No . of

87+88

bunches

87 87+88

S .B .W .
application rate (t ha- 1 ) (ha-1 ) (kg)
t palmsyri )

0 12 .92 13 .76 603 635 21 .6 21 .7
1 .5 14 .78 16 .13 644 707 22 .9 22 .9
3 .0 16 .20 17 .56 743 727 21 .6 24 .1
4 .5 15 .33 19 .36 703 792 21 .8 24 .4
6 .0 19 .60 18 .06 813 732 24 .1 24 .7



FFB

production and yield component data for the period

Jan-Dec88

are illustrated in Figures 26 to 28
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There is an obvious yield response to fertilizer applica-
tion . Both numbers of bunches produced and single bunch weight
are increased by nitrogen fertilizer application .

Comparing 1987 only and 1987+88 fertilizer application
treatments, there is a rapid flattening of the yield response
curve brought about by a rapid fall in single bunch weight
after only one years' lack of fertilizer, following earlier ap-
plications . Oil palm growing on soil similar to those of Ex-
periment 116 trial site, will respond rapidly to a cessation or
reduction in nitrogen fertilizer application .

EXPERIMBNT 117 : Systenatic Nitrogen Fertilizer Trial, Kumbango .

Site Details : This trial is situated in sections D8 and D9 of
Kumbango Plantation . The area was planted in 1975 at a plant-
ing density of 120 palms per hectare . The trial covers an area
of approximately 15 ha .

Design : Two sources of nitrogen are compared in a systemati-
cally increasing level of application rate .

	

Treatments are
replicated four times .

	

A systematic set of application rates
for a nitrogen source abutts a second set with it rates in-
creasing in the opposite direction .

	

There is a total of 56
plots, each plot consisting of the two rows of palms on either
side of a harvesting path (twin row) and containing about 35
palms .

	

There are now guard rows between different treatment
application rates .

Treatments : Fertilizer application rates are as follows ;

Kg palm- '

	

year- '

LEVEL

	

0 0 0 1 2 3 4

Ammonium chloride

	

0 .0 0 .0 0 .0 1 .5

	

3.0

	

4.5

	

6.0
Urea

	

0.0 0 .0 0 .0 0 .85 1 .7 2 .55 3 .40

For a given application level, both sources supply the
same quantity of nitrogen .

Annual fertilizer application rates are split into 2 ap-
plications per year .

Fertilizer application commenced in April 1987 .

Results and Discussion : Yield recording began in July 1987 .

FFB production and yield component data for the period
Jan-Dec 1988, are presented in Table 22 .

4 7



Table 22, Experiment 117, Production per hectare Jan-Dec 1988 .

Ammonium chloride application produces a significant rate
response with regard to FFB production . This increase in FFB
production is due to an increase in number of bunches produced
and to a smaller extent single bunch weight .

	

Urea produces no
clear yield response .

	

Even though urea produces a response
similar to ammonium chloride with regard to numbers of bunches
produced, urea application appears to reduce single bunch
weight .

	

The responses seen with urea application tend to drop
back towards zero level values at higher application rates .
This may be due to an increase in ammonium volatilization oc-
curring when soil surface urea concentration rises .

EXPERIMENT 118 : Systematic Nitrogen Fertilizer Trial, Kumbango

Site Details : This trial is situated in section B9 of Kumbango
plantation . The area was planted in 1977 at a planting density
of 120 palms per hectare . The trial covers an area of ap-
proximately 7 .5 ha .

Design : This experiment comprises a systematic design of 4
replicates of 7 treatments (5 treatment rates) . Each replicate
contains 5 treatment rates of ammonium chloride increasing sys-
tematically in one direction . This dose rate gradient in one
replicate abutts a second replicate with the dose rate gradient
in the opposite direction . There is a total of 28 plots, each
plot consisting of the two rows of palms on either side of a
harvesting path (twin-row) and containing about 33 palms .
There are no guard rows between different treatment application
rates .

48

FFB Yield No of bunches S .B .W
(t ha-1 yr-1 ) (ha- IL) (Kg)

LEVEL A .C Urea A .C Urea A .C Urea

0 15 .33 15 .33 698 697 22 .1 22 .2
1 15 .93 17 .01 692 747 23 .0 22 .8
2 16 .95 15 .73 774 748 21 .9 21 .1
3 18 .69 16 .97 777 776 24 .2 21 .9
4 16 .97 15 .23 739 708 23 .0 21 .5

FFB production and yield component data for the period Jan-
Dec 1988, are illustrated-in Figures 29 to 31 .
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Treatments : Fertilizer application rates are as follows ;

Kg palm- ' year- '

LSYSL 0 0 0 1 2 3

Ammonium chloride

	

0 .0

	

0 .0

	

0 .0

	

1 .5

	

3 .0

	

4 .5

	

6 .0

Annual fertilizer application rates are split into 2 ap-
plications per year .

Fertilizer applications commenced in April 1987 .

Results and Discussions : Yield recording began in July 1987 .

FFB production and yield component data for the period
Jan-Dec 1988 are presented in Table 23 .

Table 23, Experiment 118, Production per hectare Jan-Dec 1988 .

FFB production and yield component data for the period Jan-
Dec 1988 are illustrated in Figures 32 to 34 .

Ammonium chloride application appears to have had little
effect on single bunch weight, but has produced a marked in-
crease in the number of bunches produced .

	

The result is a
clear increase in FFB production due to ammonium chloride ap-
plication . The FFB production figure for the highest ammonium
chloride application rate is depressed due to an unusually low
single bunch weight value .

LEVEL FFB Yield
(t ha-1 yr- ')

No . of bunches
(ha-1 yr- i)

S .B .W .
(]Kg)

0 22 .16 1096 20 .2
1 22 .02 1080 20 .4
2 23 .54 1177 20 .0
3 24 .25 1172 20 .8
4 22 .14 1199 18 .5
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EXPERII~BHT 201 : Fertilizer Trial, Hargy .

Site Details : The palms (IRHO DxP) in the trial site were
planted in 1973 at a planting density of 115 palms ha-1 . The
trial contains 2916 palms palms in total, 1296 of these being
recorded . The trial covers an area of approximately 25 .4 ha .

Design :

	

The trial consists of one replicate of a 34 factorial
design .

	

The 81 plots are divided into 3 blocks of 27 plots
each .

	

Each plot consists of 36 palms, the central 16 of which
are recorded .

Treatments : Treatment application was initiated in June 1982,

Fertilizers are applied twice yearly . Previous to October
1986, potassium was applied as bunch ash at rates of 0 .0, 1 .5
and 3 .0 kg palm- ' year- '

Results and Discussion : FFB production and yield component
data for the period Jan - Dec 88 are presented in Table 24 .

Table 24 Experiment 201,

Wt . of
bunches
(t ha- ' yr- ')

Production per

No . of
bunches

(ha- i yr-')

hectare, Jan-Dec 1988 .

S .B .W

(Kg)

No 18 .37 913 20 .2
Ni 18 .20 898 20 .2
N2 18 .98 955 20 .0

P0 17 .29 880 19 .7
Pi 18 .33 912 20 .1
P2 19 .93 974 20 .6

Ko 19 .03 966 19 .7
Ki 17 .96 871 20 .6
K2 18 .56 928 20 .1

Mgo 18 .72 923 20 .3
Mgi 17 .64 873 20 .2
Mg2 19 .19 969 19 .9

C .V (%) 16 .5 17 .8 6 .0
LSD .05 1 .77 94 0 .7

52

the rates are as follows ;

Fertilizer 0

Kg

LEVEL
2

palm- ' year- '

3

Sulphate of ammonia 0 .0 1 .0 2 .0
Triple superphosphate 0 .0 0 .8 1 .6
Muriate of potash 0 .0 1 .0 2 .0
Kieserite 0 .0 1 .0 2 .0



Cumulative FFB production and yield component data for the
period Jan 86 - Dec 88 are presented in Table 25 .

The only significant main effects in both the 1988 and
cumulative data are those in Triple Superphosphate application .
From the cumulative data, TSP application has produced sig
nificant increases in single bunch weight (p=0 .016), numbers of
bunches produced (p=0 .033) and FFB production (p=0 .0002) .

Stepwise Multiple linear regression analysis using a
p=0 .05 selection limit was carried out on the annual and
cumulative data . Analysis of annual data resulted in selection
only of the linear component of the TSP treatment . Analysis of
the cumulative data produced a more complex model, with
nitrogen, phosphorus and magnesium being important parameters
with regard to FFB production .

Table 26 presents the predicted FFB yields expected for
various levels of N,P, and Mg .

Within the constraints of this trial, the highest FFB
production appears to be attained at a mixture of highest rates
of P and Mg with low rate of nitrogen (N1 P2 M92)-

	

There ap
pears to be a complex nitrogen/magnesium interaction, possibly
an antagonism between the two elements .

53

Table 25, Bxperizent 201,

Wt . of
bunches
(t ha-1 yr- 1 )

Production per

No . of
bunches
(ha_ 'Lyr_ 1 )

hectare, Jan86-D*cSS .

S .B .W

Mg)

No 22 .22 1047 21 .3
N1 22 .68 1062 21 .4
N2 23 .15 1106 21 .0

PO 21 .54 1037 20 .8
Pi 22 .68 1071 21 .2
P2 23 .83 1107 21 .6

Ko 23 .13 1108 20 .9
K1 22 .30 1038 21 .5
K2 22 .61 1069 21 .2

Mgo 22 .82 1059 21 .6
Mg1 22 .03 1042 21 .2
M92 23 .2 1114 20 .9

C .V (%) 9 .1 10 .4 5 .4
LSD,o5 1 .19 64 0 .7



Table 26 Experiment 201,Predicted FFB production (t ha- tyr-1 )
from data of Jan 86-Dec 88 .

No Ko

	

Po

	

Pi

	

Pz

Mgo 22 .23 22 .00 21 .77
Mgi 21 .30 22 .03 22 .75
Mg2 22 .34 24 .02 25 .70

Frond 17 leaflet tissue samples were collected in July
1988 . A summary of the results of the elemental analysis of
these tissue samples, is presented in Table 27 .

Table 27 Experiment 201, Frond 17 nutrient levels, July 1988

54

I P I It C1 S C1 re

PPI

B

PPI

Cr

PP1

Ze

PPS

I

PPI

1# 2 .18 0 .168 0 .95 0.135 0 .908 0.161 0.280 65 .6 66 .5 5.7 23 .3 14 .8
It 2 .23 0.153 0.97 0 .135 0.817 0.165 0 .287 61 .8 61 .9 5.6 22 .5 14 .7
1= 2 .19 0.153 0.95 0.160 0.871 0.161 0 .279 $8 .8 69 .0 5 .6 22 .3 13 .5

2.11 1.111 0.97 IM 0 .811 0.162 0 .211 61 .5 61 .3 5.1 12 .1 13 .4
P1 3 .31 L11i 0.96 bill 0 .816 0.161 0.279 64 .5 68 .0 5 .6 23 .3 11 .9
P2 1 .34 1 .151 0 .95 1 .111 0 .189 0.162 0.279 60 .1 66 .1 5.5 22 .6 16 .2

Is 2.22 0.150 1.!! 0.188 0.876 0.166 1.331 63 .2 67 .1 5 .6 23 .1 14 .4
11 2.19 0.151 1.K 0 .138 0 .885 0.161 1.111 62 .0 66 .1 5.7 23 .0 14 .2
Is 2.20 0.152 1.91 0.133 0 .904 0.165 1.331 61 .0 67 .5 5.6 22 .0 13 .9

If$ 2.20 0.161 0.96 1.111 0 .907 0.161 0 .277 59 .5 68 .1 5.6 22 .7 11 .5
I9, 2.16 0.153 0 .96 1.151 0 .877 0.159 0.280 60 .1 67 .7 5.7 23 .1 11 .1
Its 2.26 0.153 0.96 1.111 0.171 0.166 0 .281 65 .1 65 .6 5.6 22 .2 15 .1

Ni Ko Po Pi Pz

Mgo 21 .98 23 .01 24 .04
Mgi 20 .04 22 .03 24 .01
Mg2 20 .07 23 .01 25 .95

N2 KO Po Pi P2

Mgo 24 .25 24 .02 23 .78
Mgi 21 .30 22 .03 22 .75
M92 20 .32 22 .00 23 .68



Analysis of frond 17 leaflet samples shows triple super-
phosphate application to significantly increase levels of
nitrogen, phosphorus and magnesium .

	

The increase in leaflet
nitrogen has been observed by other workers after application
of phosphates, and may be due to the phosphate increasing
nitrogen mineralization in these phosphorus deficient condi-
tions . In this site both phosphorus and magnesium levels are
very low . The fact that triple superphosphate application in-
creases magnesium levels so markedly, suggests that the benefi-
cial effect of triple superphosphate on FFB production may be
in part due to the increase in magnesium in the leaflets .

Application of muriate of potash, as expected, has sig-
nificantly increased the leaflet chlorine levels . The applica-
tion of potash though has caused a significant reduction in
leaflet potassium levels .

	

This reduction in leaflet potassium
levels due to application of fertilizer potassium has been seen
before on similar soils .

	

Frond petiole samples will be taken
shortly for analysis and should give more information about
this phenomenum .

Kieserite application has significantly increased leaflet
magnesium and boron levels .

EXPERIMENT 109a : Mill Waste Manurial Trial on Young palms,
Bebere

Site Details : The palms in the trial site were planted in 1978
at a planting density of 135 palms per hectare . The trial area
contains 1080 palms in total, 480 of these being recorded . The
trial covers an area of approximately 8 ha .

Design : The trial consists of a randomised block design, with
5 replicates and 6 treatments . Each plot consists of 36 palms,
the central 16 palms being recorded .

Treatments : Treatments include the use of raw palm oil mill

POME was applied annually, the other treatments being ap-
plied once only .

5 5

effluent (POME) and munched (chopped)
rates :

bunches at the following

Treatments Date of Application

1 . Nil -
2 . Nil -
3 . POME 500 1/palm Oct .84, Sept .85, Nov .86
4 . POME 1000 1/palm Oct .84, Sept .85, Nov .86
5 . Munched bunches and POME 100 t/ha April '86
6 . Munched bunches 100 t/ha May-July '85



Results and Discussion : FFB production and yield component
data for the period Jan-Dec 1988 are presented in Table 28 .
FFB production and yield component data for the period Jan 86
to Dec 88 are presented in Table 29 .

Table 28 : Experiment 109x, Production per hectare, Jan-Dec 1988

Table 29 : Experiment 1092, Production per hectare per year,
Jan86 - Dec88

Conclusion

The 1988 production data shows a significant (p=0 .028) in-
crease in FFB production due to application of the mill waste
treatments as a whole compared with the 'Nil' treated control .
The linear component of the PONE rate response is significant
(p=0 .016) .

The data for the period Jan 86 to Dec 88 shows a sig-
nificant (p=0 .001) increase in FFB production due to applica-
tion of the mill waste treatment as a whole compared with the
'Nil' treated control .

	

The linear component of the PONE rate
response is significant (p=0 .001) . The FFB production response
is largely due to an increased

	

number of bunches produced .

Over the three years since the application of the various
mill waste treatments, cumulative F .F .B . yields have on average
been raised by an impressive 9 t ha-1 . There is no significant
difference between the effects of the treatments so there is no
advantage in applying the higher rates . This trial was closed
at the end of the year .

5 6

FFB Yield
(t ha-1 yr- 1)

No of Bunches
( ha- ' yr- 1)

S .B .W .
(kg)

Nil 21 .80 1104 19 .8
PONE 500 1 palm- ' 24 .16 1179 20 .6
PONE 1000 1 palm- ' 25 .26 1238 20 .5
M .B . & PONE 100 t ha- ' 24 .92 1208 20 .7
M .B . 100 t ha-1 24 .92 1249 20 .0

C . V . % 11 .5 9 .6 8 .7
L .S .D . .oa 4 .45 184 2 .9

FFB Yield
(t ha- I yr- 1)

No . of Bunches
( ha-1 yr-1 )

S .H .W .
(kg)

Nil 21 .99 1005 22 .0
PONE 500 1 palm- ' 24 .15 1063 22 .8
PONE 1000 1 palm- ' 26 .78 1170 23 .0
M .B .& PONE 100 t ha-1 23 .68 1040 22 .9
M .B . 100 t ha-1 25 .12 1155 21 .8

C . V . % 12 .7 11 .4 11 .4
L .S .D . .o5 4 .96 199 4 .1



EXPERIMENT 109b : Kill waste Manurial Trial on older pans,
Bebere .

Site Details : The palms in this trial were planted in 1970 at
a planting density of 143 palms ha-1 .

	

The palms were later
thinned to 123 palms ha-1 .

	

The trial is located in an area
where, after 15 years of oil palm cultivation, yields were
declining markedly and organic matter depletion appeared to be
a problem .

Design :

	

The trial consists of 4 replicates of 6 treatments in
completely randomised blocks .

	

Each plot consists of a row of
palms either side of a harvest path (twin row) containing ap-
proximately 60 palms .

	

One twin row was left between plots as
guard rows .

Treatments :

Results :

	

FFB production and yield component data for the
period Jan-Dec 88 are presented in Table 30 .

	

FFB production
and yield component data for the period Jan 86 - Dec 88 are
presented in Table 31 .

Table 30 : Experiment 109b, Production per hectare, Jan-Dec88 .

Treatment Dates of Application

1 . Nil -
2 . Nil -
3 . POME 500 1/palm June - Sept . 85, July 86
4 . POME 1000 1/palm June - Sept . 85, July 86
5 . Empty bunches 50 t/ha Sept - Oct . 85
6 . Munched bunches 50 t/ha Oct - Nov . 85

FFB Yield
(t ha-1 yr- 1)

No of Bunches
( ha-1 yr- 1)

S .B .W .
(kg)

Nil 12 .26 726 16 .9
POME 500 1 palm- ' 11 .89 727 16 .5
POME 1000 1 palm- ' 10 .73 691 15 .6
E .B . 50 t ha-1 12 .45 635 19 .5
M .B . 50 t ha-1 14 .35 752 19 .1

C .V . % 13 .1 4 .2 10 .2
L .S .D . 05 3 .17 59 3 .5



Table 31 : Experiment 109b, Production per hectare per year,
Jan86-Dec88

Conclusion

The 1988 production data shows no significant effect of
mill waste treatments over the 'Nil' control .

The cumulative Jan 86 to Dec 88 production data, shows
only the 50 t ha- ' munched bunch treatment to significantly
(p<0 .05) increase the FFB yield over the control .

Three years after the application of mill waste treatments,
effects are no longer seen except for a trend of higher mean
bunch weights shown by the two mulch applications . However
cumulative F .F .B . yields were increased by an average of 4 .3 t
ha- ' over the first two years after application of the waste
materials . This improvement might have been sustained in the
third year if additional fertilizers had also been applied to
this impoverished soil . This trial has now been closed .

EXPERIMENT 202 : Hargy Bunch Refuse Manurial Trial .

Design :

	

5 replicates of 6 treatments in a randomised complete
block design .

	

Each plot consists of 36 palms in total, the
central 16 being recorded .

Treatment : The following treatments were applied once only :
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FFB Yield
(t ha-1 yr-1 )

No of Bunches
( ha- ' yr-1 )

S .B .W .
(kg)

Nil 13 .39 699 19 .1
POME 500 1 palm- ' 15 .12 781 19 .4
POME 1000 1 palm- ' 13 .78 713 19 .3
E .B . 50 t ha-1 14 .67 707 20 .8
M .B . 50 t ha-1 15 .80 769 20 .5

C . V . % 6 .7 4 .9 3 .5
L .S .D . 05 1 .90 70 1 .4

Treatment Dente Applied

1 . Nil -
2 . Empty bunches 25 t/ha -
3 . Empty bunches 50 t/ha Aug - Dec . 84
4 . Empty bunches 100 t/ha Aug - Dec . 84
5 . Empty bunches 100 t/ha + lkg S .A ./palm Aug 84 - Jan 85

Site Details : The palms (IRHO DxP) in this trial were planted
in 1973 at a planting density of 115 palms ha-1 . The trial
area comprises 1080 palms in total, 480 palms being recorded .
The trial covers an area of approximately 9 .4 ha .



Results

FFB production and yield component data for the period Jan-
Dec 1988 and for the combined period Jan86 - Dec88 are
presented in Table 32 .

Table 32 : Experiment 202, Production per hectare, Jan-Dec88

The 1988 production data shows that the EFB applications
have had no significant effect on FFB production or number of
bunches produced relative to the control, and there are no sig
nificant differences between EFB treatments .

	

However the 100t
ha-1 EFB and 100 t ha-1 EFB plus SOA treatments significantly
(p<0 .05) increased single bunch weights .

The cumulative production data for the period Jan86 to
Dec88 shows no significant treatment effects on FFB production .
However the EFB treatments have significantly (p<0 .001) in
creased single bunch weight relative to the control and sig-
nificantly (p<0 .001) reduced number of bunches produced rela-
tive to the control .
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Production per hectare

(t

per year,

FFB Yield
ha-1 yr - 1 )

Jan86-Dec88

No of Bunches
( ha -1 yr-1 )

S .B .W .
(kg)

Nil 20 .09 1020 19 .7
EFB 25 t ha-1 20 .5 932 22 .1
EFB 50 t ha-1 19 .79 949 20 .9
EFB 100 t ha-1 21 .88 987 22 .2
EFB 100 t ha-1 + SOA 20 .09 883 22 .6

C .V . % 8 .1 6 .6 3 .8
L .S .D . 05 2 .70 103 1 .3

(t
FFB Yield
ha-11 yr-1 )

No of bunches
( ha-1 yr-1 )

S .B .W .
(kg)

Nil 15 .13 841 18 .0
EFB 25 t ha-1 15 .27 800 19 .3
EFB 50 t ha-1 13 .29 721 18 .4
EFB 100 t ha-1 15 .91 811 19 .7
EFB 100 t ha-1 + SOA 14 .78 720 20 .5

C .V . % 14 .9 11 .9 5 .9
L .S .D . 05 3 .60 153 1 .8



The results of the tissue analysis of frond 17 leaflet
samples taken in August 1989 are presented in Table 33 .

Conclusion

EFB treatments have had little statistically significant effect
upon frond 17 leaflet nutrient levels . In the contrast "Nil vs
all EFB treatments", EFB applications significantly (p=0 .032)
increase leaflet boron levels and significantly (p=0 .05) in-
crease leaflet chlorine levels . There is an indication, though
non-significant, that EFB application reduces leaflet magnesium
levels .

supply of Mg), bunch numbers have been simultaneously depressed
so that there has been no net effect on yield production . This
trial was concluded at the end of the year . Future trials
should test EFB applied together with additional fertilizers .

Table 33 : Experiment 202, Frond 17 tissue analysis, August'89

N P K Mg Ca 5 Cl Mn
PPM

Zn
PPM

Cu
PPM

B
PAM

Nil 2 .05 0.142 1 .00 .157 .965 .163 .229 63 .0 26 .9 7 .1 10 .2
EFB 25 tha-1 2 .16 0 .144 1 .03 .144 .974 .168 .278 60 .2 26 .8 7 .2 12 .4
EFB 50 tha-1 2.00 0.140 1 .03 .150 .922 .158 .220 60 .2 27 .2 7 .6 11 .6
EFB100 tha-1 2 .04 0 .143 1 .01 .142 .960 .158 .246 66 .2 27 .2 7 .0 11 .8
EFB100 tha-1 + SOA 2 .10 0 .143 1 .06 .142 .882 .158 .272 63 .2 24 .4 8 .0 13 .0

C .V . % 4 .6 7 .0 4 .4 21 .3 5 .8 6 .2 12 .9 6 .3 8 .8 12 .9 21 .6
LSD,a5 Nil vs EFB 0 .13 0 .006 0 .07 .023 .075 .009 .035 7 .0 2 .9 1 .1 2 .9

EFB vs EFB 0 .15 0 .007 0 .08 .027 .086 .010 .041 8 .1 3 .4 1 .3 2 .6

The EFB treatments have significantly increased average
bunch weights, an effect which is still seen in the fourth year
after application . However probably due to the limiting effect
of a factor subsequently depressed further by the mulch (e .g .
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SNALLNOLDZR TRIALS

WEST NRW BRITAIN PROVINCE

(P . N)

INTRODUCTION

At Buvussi Subdivision, West New Britain Province, small
fertilizer trials were carried out during the year, on selected
smallholder blocks in mature palm areas (EXPERIMENT 112), and
in immature replanted areas (EXPERIMENT 113) .

	

The aim is to
demonstrate and publicise the benefits of fertilizer applica-
tion .

EXPERIMENT 113, which includes the intercropping trial at
Kavui Subdivision and the three nitrogen fertilizer demonstra-
tions at KAPORE, SARAKOLOK and BUVUSSI were all concluded
during the year .

	

A new series of demonstrations covering more
extensive areas of West New Britain Province was initiated un-
der EXPERIMENT 121 .

	

The emphasis is on preventing yield
decline which occurs in the absence of fertilizer and
demonstrating methods and rates of fertilizer application based
on PNGOPRA's official fertilizer recommendation No .3 .

	

Five
sites have been selected and are being characterized, based on
soil collection, leaf samples, and management assessment . In
this series, N will be required in nearly all areas with cer-
tain regions requiring special attention (for example, Kavugara
and Buvussi Subdivisions, in the West Nakanai Oil Palm Scheme) .

EXPERIMENT 112 : NITROGEN AND PHOSPHATE TRIAL
BUVUSSI SUBDIVISION

Planted : 1980

Design

	

: 8 Replicates of 3 treatments (- , P, N+P)

Treatment : 1 . Nil
2 . 1kg/palm/year TSP
3 . 1kg/palm/year TSP + lkg/palm/year A .C .

Treatment Commenced : April/May 1986

1988 is the third year since the initial treatments were
carried out . As shown in Table 34 differences in yield fall
into three basic categories comprised of 3 high, 3 medium and 2
low yielding blocks .

	

The treatment results in Table 35 show a
significant response to N only (ie difference between (N+P) and
P plots) largely due to the increase in bunch weight . The
response to N fertilizer at the different sites is shown
graphically in Fig . 35 .

	

At four sites there is a response of
at least 40 % with one site giving a response of 80 % , whilst
at the remaining sites responses are either low or negative .
There is no significant response to the application of P alone .
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Table 36 illustrates progressive FFB production in the
Buvussi problem area where the trials are sited, compared with
average results for the sub-division .

In Table 37, yields and leaf nutrient levels have been sum-
marised in three groups according to yield level . It appears
that leaf nutrient levels do not explain the large differences
in yield between sites, although the lowest yielding group does
have the lowest leaf N levels .

Table 35 : EXPERIMENT 112 BUV'IJSSI Production Jan-Dec 1988
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S
I

FFB
tonnes/ha

Bunch No Bunch Wt .
Kg

T
E (-) P N+P Mean

-----------------------
(-) P NO Mean (-) P N+P Mean

1 10 .93 7 .05 10 .42 9 .47
------------------
745 448 674 622

--------------------------------------------
14 .67 15 .76 15 .47 15 .30

2 11 .00 11 .46 16 .24 12 .90 742 767 880 796 14 .83 14 .94 18 .45 16 .07
3 7 .97 9 .09 16 .63 11 .23 673 784 1088 848 11 .85 11 .59 15 .29 12 .91
4 14 .08 12 .63 13 .56 13 .42 938 1059 884 960 15 .02 11 .93 15 .35 14 .10
5 20 .00 21 .38 21 .02 20 .80 1469 1160 1189 1272 13 .62 18 .44 17 .68 16 .58
6 12 .65 17 .08 15 .61 15 .11 871 1080 980 977 14 .53 15 .82 15 .93 15 .43
7 16 .09 16 .17 24 .93 19 .06 1130 1177 1617 1308 14 .24 13 .73 15 .42 14 .46
8 18 .02 21 .64 19 .38 19 .68 1320 1452 1138 1303 13 .65 14 .91 17 .03 15 .20
M
E -------------rr----err-- ----r------r------r- -----------------------
A 13 .84 14 .56 17 .22 15 .21 986 991 1056 1011 14 .05 14 .64 16 .33 15 .01
N

LSD. oo 2 .72 302 1 .42

C .V . (%) 16 .7 17 .1 8 .80

Table 34 EXPERIMENT 112, Yield Performance (Jan-Dec 1988)

Replicate FFB Bunch No Bunch Wt Black Bunch

No t/ha/yr per ha Kg
Count

No/palm

5 20 .80 1273 16 .34 3 .73
8 19 .68 1303 15 .05 4 .19
7 19 .06 1308 14 .57 4 .00

6 15 .11 977 15 .47 3 .30
4 13 .42 960 13 .98 4 .34
2 12 .90 796 16 .21 3 .40

3 11 .23 848 13 .24 3 .70
1 9 .47 622 15 .23 3 .62

LSD .oo 4 .44 182 2 .31
C .V (%) 16 .7 17 .1 8 .80



F.F.B . Yield (t/ha/yr)

1 2 3 4 5 6 7 8
Sites

r/-/M No Fertilizer With Fertilizer

Fig . 35 Experiment lal, Response to N fertilizer at different smallholder
sites at Buvussi in 1988



Table 36 : Simple Comparative FFB Production of Buvussi
Problem Areas .

(1) Without-Fertilizer

	

With Fertilizer (Trial 112)

(2) Subdivision Aver aae (1973 - 1988)
(without fertilizer)
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(1972 Planting) (1980 Planting)

Block No 1980
t/ha

1983
t/ha

1987
t/ha

1988
t/ha

1142 13 .1 - 12 .09 8 .74
1150 13 .3 8 .8 12 .66 13 .85
1151 12 .2 8 .8 13 .14 12 .86
1152 12 .9 11 .8 18 .15 13 .10
1193 15 .4 - 15 .14 21 .20
1396 13 .8 6 .9 18 .61 16 .35
1397 13 .6 8 .2 19 .36 20 .55
1194 16 .3 - 22 .22 20 .51

Mean 13 .8 8 .9 16 .42 15 .90

Year FFB
t/ha/yr

Year FFB
t/ha/yr

1972 - 1982 13 .9
1973 18 .3 1983 16 .8
1974 18 .8 1984 15 .7
1975 21 .5 1985 15 .6
1976 19 .8 1986 13 .04
1977 20 .0 1987 13 .41
1978 17 .1 1988 N/A
1979 16 .7
1980 12 .9
1981 20 .9

Source : (1) DAL
(2) H .F .A .S . Report 15 . p95



TABLE 37 EXPERIMENT 112 : Yields and leaf nutrient levels in
different yielding blocks (1988) .

Low _Yield Medium-Yield High Yield

FFB
t/ha/yr

Bunch No .
ha/yr

10 .35

735

13 .81

911

19 .85

1295

Bunch Wt . 14 .24 15 .22 15 .23
(kg)

Leaf 17

N 2 .20 2 .33 2 .27

P 0 .165 0 .165 0 .166

K 1 .01 0 .95 0 .99

Mg 0 .21 0 .23 0 .22

Ca 1 .11 1 .06 1 .11

Cl 0 .23 0 .17 0 .17

Na 0 .01 0 .01 0 .01

S 0 .20 0 .19 0 .19

p .p .m . Mn 49 52 44

p .p .m . Fe 78 63 62

p .p .m . Zn 25 26 23

P .P .M . Cu 7 7 7

p .p .m . B 11 12 12



In Table 38 percentage yield responses to N fertilizer in
1988 have been tabulated for each site along with leaf nutrient
levels in 1987 . The results indicate an unexpected positive
correlation (r=0 .783) between FFB yield response to nitrogen
fertilizer application and leaf nitrogen levels . Response is
only obtained in the better sites, which means that some fac-
tor, possibly adverse soil physical properties or management,
is limiting response . Despite this relationship, large dif-
ferences in yield between sites remained unexplained .

	

In 1988
yield varied from 9 .47t/ha to 20 .8t/ha .

	

It is concluded that
limiting factors are inhibiting the effect of applied nitrogen
fertilizer in achieving optimum yields .

TABLE 38 EXPERIMENT 112 1988 % Yield Response (N+P/P)
and 1987 Leaf Nutrient Levels .

Yield Assessment .

In the Buvussi trials it has previously been found that car-
rying out a full harvest recording every four months is a
satisfactory short-cut method of estimating annual yield
(PNGOPRA's 1987 Annual Report pages 55-57) .

	

To further inves-
tigate yield assessment, through estimation of bunch number,
black bunch count was continued in this trial . Table 34 indi-
cates that this observation is only very approximately related
to yields, which is confirmed by a low correlation coefficient
(Table 39) .

During 1988 several other restricted methods of estimating
annual yield values have been explored . Table 39 summarizes
these findings . It is suggested that a correlation of at least
0 .800 is required .
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% FFB Yield Response Leaf Nutrient Level in Control Plot

Site

FFB BNo BWt N

%

P

%

R

%

Mg

%

Ca

%

Cl

%

Mn

ppm

1 47 .8 50 .4 -1 .8 2 .4 .15 1 .0 .22 1 .13 .10 37
2 41 .7 14 .7 23 .5 2 .3 .15 0 .92 .22 1 .28 .06 58
3 82 .9 38 .8 31 .9 2 .3 .15 0 .91 .21 1 .16 .06 55
4 7 .4 -16 .5 28 .7 2 .2 .15 0 .97 .18 1 .12 .09 50
5 -1 .7 2 .5 -4 .1 2 .2 .15 1 .01 .19 1 .11 .07 37
6 -8 .6 -9 .3 0 .7 2 .2 .16 0 .94 .22 1 .18 .08 54
7 54 .2 37 .4 12 .3 2 .3 .15 1 .06 .22 1 .18 .07 44
8 -10 .4 -21 .6 14 .2 2 .2 .15 1 .00 .24 1 .17 .07 45
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TABLE 39 : Simple correlation of various recordings with
annual FFB yield

Recording

in 1987 .

No . per year Months r

1 Black bunch count (BBC) 3 .560

2 Bunch number 3 .667
3 Bunch number 4 .709
4 Bunch number 12 .800

5 Mean bunch weight 12 .440
6 Mean bunch weight x BBC 12/3 .799
7 Mean bunch weight x Bunch No . 12/3 .832

8 Total bunch yield (whole month) 2 January, July .496
9 Total bunch yield (whole month) 2 February, August .689

10 Total bunch yield (whole month) 2 March, September .552
11 Total bunch yield (whole month) 2 April, October .726
12 Total bunch yield (whole month) 2 May, November .788
13 Total bunch yield (whole month) 2 June, December .844

14 Total bunch yield (1st half of month) 3 Feb, June, Oct . .308
15 Total bunch yield (1st half of month) 3 Mar, Jul, Nov . .713

16 Total bunch yield (1st half of month) 6 Jan,Mar,May,Jul,Se,No .717
17 Total bunch yield (1st half of month) 6 Fe,Ap,Ju,Au,Oc,Dec .569
18 Total bunch yield (2nd half of month) 6 Ja,Mr,My,J1,Se,No .675
19 Total bunch yield (2nd half of month) 6 Fe,Ap,Ju,Au,Oc,Dec .860

20 Total bunch yield (whole month) 3 February,June,October .834
21 Total bunch yield (whole month) 3 March, July, November .869
22 Total bunch yield (whole month) 3 January, May, Sept . .823
23 Total bunch yield (whole month) 3 April, August, Dec . .808

24 Total bunch yield (whole month) 4 Feb, May, Aug, Nov . .845
25 Total bunch yield (whole month) 4 Jan, Apr, Jul, Oct . .851
26 Total bunch yield (whole month) 4 Mar, Jun, Sept, Dec . .801

27 Total bunch yield (whole month) 6 Jan,Mar,May,Jul,Se,No .963
28 Total bunch yield (whole month) 6 Fe,Ap,Ju,Au,Oct,Dec .976



Comments on the results are :-

1) Methods 4 - 7 require recording every month so are not
practical .

2) Methods 8 - 19, in which a limited number of harvests
are recorded, give too variable results .

3) Of the remainder, recording total bunch yield 3 times a
year gives satisfactory and consistent results .

4) Recording total bunch yield 4 times a year is no better .
5) Recording total bunch yield 6 times a year tie every

alternate month) is appreciably the best .

From a practical consideration, it is recommended that
recording total bunch yield three times a year (i .e . every 4th
month) be adopted .

EXPERIMENT 113a, FERTILIZER DEMONSTRATIONS, WEST NABtANAI SCHEME

Based on PNGOPRA's

	

official fertilizer Advisory Leaflet
No .1, fertilizer demonstrations have been carried out on three
smallholdings in the West Nakanai Scheme . Table 40 gives a
simple comparative yield summary of the three result demonstra-
tion sites (SARAKOLOK, KAPORE and BUVUSSI), involving the imma
ture replanting phase .

	

The yield obtained over the first 3-7
months of harvest, as shown in Table 40, serves to confirm the
fact that by putting on fertilizer in the right way, a grower
may benefit by harvesting nearly twice the amount of fruit he
would have obtained without any fertilizer .

	

The main aim was
to encourage growers to 'apply' their fertilizers with emphasis
on physical observations indicating nutrient deficiencies, e .g .
yellowing of leaves, retarded growing features and the general
appearance of the replanted palms .

TABLE 40 : Nitrogen demonstration on replanted oil palm .

Summary of yield, black bunch count and
petiole measurements in first months of harvesting .

6 8

Period Site Zecorded III Stick to Stick It Kick Stick it?

I-)

palls

D

I1/pals

l-) D

per

f-)

pill

t

ID

I_? 8

Coast
per

1 .1

pale

I

(cal)

I-) d

lag-Dee 1987 Sarakolok 67 128 2 .03 3 .46 1 .1 1 .7 1 .89 2 .06 1 .79 2 .41 21 .3 23 .2
liQ-Dec 1987 tapore 73 172 0 .61 3 .54 0 .3 1 .8 2 .10 1 .00 0 .40 3 .19 14 .1 22 .5
Dar-Dec 1988 Sanssi 43 83 18 .43 31 .10 4 .7 8 .1 3 .90 3 .98 1 .35 5 .82 13 .9 16 .9

Bean 7 .0213 .03 2 .03 3 .87 1 .63 1 .68 1 .18 3 .81 16 .43 20 .87



EXPERIMENT 113b : Intercropping and fertilizer demonstration on
replanted palms, Ravui .

Design

Treatments

Demonstration :

Unreplicated demonstration plots on 2 sites .

Intercropping for 2 years after replanting oil
palms, using crops typical of three main ethnic
groups among settlers of the Hoskins oil palm
development, in conjuction with fertilizers as
recommended in PNGOPRA Advisory Leaflet No . 1 and
D .A .L . for the foodcrops where available .

Sepik

Tolai
Singapore (Xanthosoma)

Recording : Visual inspection, measurement of petiole cross
section and black bunch counts .
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Taro (Colocasia) Sweet banana Sweet banana Covercrop
Yam (Dioscorea) Sweet potato Sweet potato
Sweet banana

Cooking banana - Cooking banana Peanut Covercrop

Ammonium chloride/palm N P K /Mg
Kg

1987 1988 12 :12 :17 :2
applied to

1 . Covercrop alone 1 .5 1 .8 Nil
2 . Intercropping system : Chimbu 1 .5 1 .8 food crops

Sepik 1 .5 1 .8 food crops
Tolai 1 .5 1 .8 food crops

Cropping schedule :
Round 1 Round 2 Round 3 Round 4

Chimbu Sweet potato Peanut Peanut Covercrop
Maize
Aibika
Sugarcane



The initial objectives were :

1) To judge the effect on oil palm of intercropping with
foodcrops for up to 18 months or so . This effect may be
good or bad .

2) Assuming this effect is detrimental, is this compensated
for when the palms receive the recommended rate of
fertilizer?

3) What benefit does the farmer obtain from the food-crops
themselves?

Progressive details :

Food crops : Some records have been made especially of sweet
potato, yam and bananas . No measurements had been
scheduled to be made on palms at this stage . It
is intended that vegetative measurement should be
carried out to check if the food crops have affected
palm growth perhaps after 12 months of production .

There have been numerous problems ; upkeep of blocks has been
the main difficulty especially when the farmer is heavily in-
volved with off - farm activities, other social commitments,
and lack of available able manpower willing to work the block .

Secondly, control of foodcrop harvest is very difficult .
Especially, sugarcane (S . officinarium), bananas (musa sp)
peanuts and aibika .

Foodcrop harvest on the allocated 1 .0 hectare :

Crop We

Sweet potato 510 .1
Yam 76 .3
Xanthosoma 13 .0
Bananas 44 .4



EXPERIMENT 121 : DEMONSTRATION OF NITROGEN FERTILIZER
RECOMMENDATION .

Site Details .

The new series of Nitrogen Demonstration plots will be
evenly distributed in the Hoskins Scheme . Five sites have been
selected, which are located as shown in the map in Fig . 36 . The
identity of these sites is as follows :

On each site there will be approximately 240 palms, cover-
ing an area of 2 hectares, which will be used to show PNGOPRA's
current nitrogen fertilizer recommendation (Advisory Leaflet No
3) .

	

Each will be mapped and sub-divided into 6 observation
plots including one 'control' which will receive no fertilizer
and one 'demonstration' plot which will receive the current
nitrogen fertilizer recommendation .

The remaining 4 plots will be used to check on other fer-
tilizer rates in order to provide future recommendations
relevant to the area .

	

Three of these plots will be used to
test rates of Ammonium Chloride at 2kg per palm annually in the
presence of triple superphosphate (TSP), potassium chloride
(KCI) and kieserite (Mg) respectively . The last plot will test
Ammonium Chloride only but at a higher rate (3kg/palm/yr) .

All other palms within the observation area, but not in-
cluded in recording work will also be fertilized to ensure that
the appearance of the whole block is of a good standard .

	

The
effort will help the surrounding smallholders to realize that
increased yield and consequently income is possible in this
way, given time .

Initial pretreatment data shown in Table 41 indicates avail-
able background information for the sites . These are leaf
area, petiole-cross-section measurements and leaf nutrient
levels of December 1988 .

	

Nitrogen and chlorine levels are
below optimum in all areas, but especially in Tamba, Galilo and
Galai respectively . This data highlights the essential
requirement for correct fertilization to ensure reasonable
yields .

	

As in Oro Province, this baseline data indicates the
potential value of the trial in providing guidelines regarding
nutrition and eventually yield in the various smallholder loca-
tions in the Province .
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Tamambu village oil palm WOP) Block No 0020

2 . Tamba settlement Block No 0565

3 . Galai settlement Block No 1538

4 . Siki settlement Block No 1066

5 . Galilo VOP Block No 0005



Fig . 36 Experiment lZl, Distribution of smallholder demonstrations
in pest Nakanai oil pale scheme
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Name : TAMAMBU TAMBA GALAI SIKI GALILO

No : # 19/0020 # 02/0565 # 05/1538 # 10/1066 # 27/0005

Planted : 1982 1983 1984 1984 1985

Phase : New Replant III New New

Table 41 : Experiment 121 Pre-treatment data for frond
measurements, and leaf nutrient levels in December 1988 .

Leaf Area
(M2)

Leaf Wt .
(kg)

7 .51

2 .86

6 .28

2 .77

6 .07

2 .21

6 .92

2 .65

4 .47

1 .81

Leaf 17

% N 2 .4 2 .1 2 .4 2 .4 2 .2

% P .162 .163 .171 .171 .164

K 1 .00 1 .10 1 .07 1 .00 0 .99

% Mg 0 .17 0 .19 0 .30 0 .24 0 .25

% Ca 0 .95 0 .90 1 .09 0 .99 1 .22

% Cl 0 .23 0 .11 0 .06 0 .12 0 .18

% S 0 .16 0 .17 0 .18 0 .17 0 .17

% Na 0 .01 0 .01 0 .01 0 .01 0 .01

ppm Fe 70 76 79 59 49

ppm Mn 44 54 46 51 35

ppm Zn 22 23 25 22 18

ppm Cu 10 6 7 6 7

ppm B 11 9 10 11 10
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TRIAL 305, Fertilizer factorial trial, Arehe

Purpose :
To provide an indication of fertilizer response on
Higaturu soils, for guidance on commercial fertilizer
practice .

Bx erimental details
Statistical design : Trial 305 is a randomised incomplete
block factorial design, with two replicates each of 3
blocks, comprising 3x2x3x2 treatments for NxPxKxMg .
Layout : The plots consist of a core of 16 recorded palms,
surrounded by a guard row, making a total of 36 palms per
plot .

Trial details
Location : Arehe Estate HOPPL, block 78F .
Genetic material : Dami commercial DxP crosses .
Soils : Higaturu family, which is of volcanic ash
origin,consisting of deep sandy clay loam, with good
drainage and physical properties .
Planting date : 1978 .
Spacing: 130 points ha .
Size : The trial comprises 72 plots : 2592 experimental
points, and is surrounded by additional areas of buffer
palms, separating it from estate areas .

Modifications : Until 1984, sulphate of ammonia was applied at
1 .0 and 2 .0 kg, and triple superphosphate at 0 .5kg per palm
per annum .
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Treatment details
Trial commencement : September
Trial progress : Ongoing .
Treatments in Kg/palm/year :

1981 .

Rate : 0 1 2

Ammonium sulphate 0 2 .0 4 .0
Triple superphosphate 0 2 .0 -
Muriate of potash 0 2 .0 4 .0
Kieserite 0 1 .0 -



Results

1 . Yield

General yield levels have fallen during 1988, particularly on
the poorest plots, which are now well below 20 t/ha .

Yield data is summarised in Table 42 .

	

To give a more reli-
able indication of recent trends 1988 data is also given in
combination with 1987 results .

	

Consideration of the joint
values helps to avoid possible anomalous annual fluctuations .

(In this and all following tables, significant
treatment effects are indicated by bold figures)

There has been a continued major response to SOA, and a smal-
ler response to MOP . Responses to TSP or Kieserite alone were
absent, but TSP showed significant interactions with SOA and
MOP .

Multiple regression was used to provide precise predicted
yields . The fitted equation gave a coefficient of determination
(R2 ) of 74 .97, correlation coefficient 0 .87, mean 22 .6, stand
ard error 2 .73 and coefficient of variation of 12% .
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Table 42 : Experiment 305, Yield data

TRTMNT
1988
Wt of
bunches
t/ha

1988
No of
bunches

/ha

1988
s .b .w .

kg

1987/8
Wt of
bunches
t/ha

1987/8
No of
bunches

/ha

1987/8
s .b .w .

kg

1984-88
Wt t/ha

N 0 19 .5 973 20 .0 22 .5 1162 19.6 28 .0
N 1 26 .6 1226 21 .9 28 .7 1403 20.6 32 .3
N 2 28 .0 1311 21 .4 30 .1 1486 20.3 32 .8

P 0 24 .9 1190 21 .0 27 .3 1373 19 .9 31 .1
P 1 24 .5 1150 21 .3 26 .9 1328 20 .3 31 .0

K 0 23 .6 1191 19 .0 25 .8 1373 18.9 29 .6
K 1 24 .8 1135 21 .8 27 .6 1330 20.7 31 .5
K 2 25 .7 1184 21 .6 27 .8 1348 20.7 31 .9

Mg 0 25 .2 1210 20 .8 27 .5 1376 20 .0 31 .3
Mg 1 24 .2 1129 21 .4 26 .7 1325 20 .2 30 .8

19d (N&K) 1 .67 78 .4 1 1 .32 73 .4 0 .8 0 .94
lsd (P&Mg 1 .36 64 0 .82 1 .08 59 .9 0 .66 0 .77
s .d . 2 .87 135 1 .72 2 .28 127 1 .39 1 .62
C .V . 12 12 8 8 9 7 5



Predicted results for all N, K combinations (at zero levels
of P and Mg treatments) are given in Table 43, and for maximum
and minimum yields in Table 44 . The actual progressive yield
data for selected plots is provided in Table 48 .

Table 43 :

	

Fitted F .F .B . yields in t/ha for different
N and K treatment combinations in 1988

Table 44 : Predicted values for treatments giving highest and
lowest yields - 1988

Figure 37 gives iso-yield contours for all SOA and MOP com-
binations, over the period 1986-88 predicted in the absence of
TSP or Kieserite . This indicates a major response to SOA with
rates around 2 kg/palm providing yields of 28 t/ha for the min
imum fertilizer input .

	

At application rates of 3kg plus, SOA
without MOP depressed yield .

	

At 3 kg of SOA therefore, addi-
tional application of even 1 kg of MOP provided a flatter yield
plateau, and avoided the yield depression occasioned by higher
SOA applications .

	

For absolute maximum yield (32 t/ha), 3 kg
of SOA plus 3 .5 kg of MOP would be necessary .

Although the major response was to SOA, selection of the cor-
rect rate was important . Application of SOA at 4 kg depressed
yield compared to 3kg . The most profitable fertilizer combina-
tion under average market conditions was approximately 2 .5kg
SOA palm 2kg MOP per palm per year .
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Maximum Yield Combinations Minimum Yield Combinations

Yield N P K Mg Yield N P K Mg
t/ha t/ha
30 .0 1 1 2 0 18 .0 0 0 0 1
29 .8 2 1 1 0 18 .7 0 0 0 0
29 .8 2 2 2 1 18 .9 0 1 1 1
29 .6 2 0 1 1 19 .1 0 1 0 0
29 .3 2 1 2 0 19 .2 0 0 1 0
29 .2 2 0 1 0 19 .2 0 1 0 1
29 .2 1 0 2 0 19 .5 0 0 1 1
29 .0 2 1 1 1 19 .5 0 1 1 1
28 .5 2 0 2 0 19 .7 0 1 1 0

NO N1 N2

KO 18 .7 27 .3 26 .5

K1 19 .2 27 .0 29 .2

K2 20 .6 29 .2 28 .5
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Fig . 37 Trial 305, Iso-yield contour map for period 1986-88

(Most profitable fertilizer combinations indicated
for poor, average and good market conditions)
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2 . Growth

Introduction of new recording techniques during 1988 has
enabled basic data on the various aspects contributing to palm
production to be elucidated . This is presented in Table 45 .

Table 45 : Trial 305 Palm Growth and Conversion Data for 1987
and 1988 (annual basis)

(*Dry matter calculated as carbohydrate equivalent, assuming

oil energy = 2 .1 x carbohydrate)

There was no significant difference between bunch index
values for the different fertilizer treatments . However SOA
raised TDM production by about 10t/ha, and also raised the LAI,
both through leaf number and leaf weight .

	

This resulted in a
major improvement in efficiency of energy conversion .

MOP also increased TDM production, by a lower amount of
about 2 t/ha, and also produced a significant improvement in
the efficiency of energy conversion .

3 . Nutrient analysis

The latest plant analysis results are presented in Tables 46
and 47 for rachis and leaflet samples respectively .
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TITBIT Leaf
prdn
(D)

Dry frond

weight k1
A)

frond

DI that

(FDB)

Bunch*

DI tha- t

(BDB)

vegetative

DI tha- '

(YDI)

Total"

Db tha
(TDB)

Bunch*
Index
(BI)

Leaf hrea
Index
(LII)

If ficiencf
of conversion
(e)

10 21 .3 3.11 11 .2 11 .1 11 .1 11 .1 1.571 5 .00 1 .11

11 23 .2 1.22 11 .1 23 .5 11 .4 41 .1 1.519 5 .12 1 .44
12 23 .7 1.21 12 .9 24 .7 17 .1 11 .7 1.591 5 .51 1 .47

P 0 22 .9 4.11 12 .0 22 .4 15 .8 38 .2 0 .586 5 .45 1 .35
F 1 22 .6 4 .06 11 .7 22 .0 15 .4 37 .5 0 .586 5 .19 1 .40

10 22 .9 3.11 11 .3 21 .2 11 .9 31 .1 0 .586 5 .23 1 .29
11 22 .7 1.11 12 .1 22 .1 15 .1 31 .1 0 .587 5 .25 1 .41
1 2 22 .7 1.22 12 .2 22 .1 11 .1 31 .9 0 .585 5 .49 1 .37

Bg0 22 .8 4.Oi 11 .7 22 .5 15 .5 38 0 .592 5 .18 1 .42
Ifl 22 .7 1,15 12 21 .9 15 .7 37 .6 0.58 5 .46 1 .33

lsd(fl) 0.53 0 .15 0 .66 1 .08 0 .74 1 .39 0.01 0 .44 0.12
lsdmig) 0 .43 0 .12 0 .54 0 .88 0 .61 1 .13 0 .01 0.36 0 .1
s .d . 0 .92 0 .25 1 .14 1 .87 1 .28 2 .39 0 .03 0.76 0 .2
C .T . 4 6 10 8 8 6 5 14 15



Table 46 : Trial 305, Frond 17 Rachis Analysis : 1988

Whilst for most nutrients the rachis results conform
closely with leaf results, albeit at lower levels, for potas-
sium the results are completely opposed .

	

MOP application
lowered K levels in the leaf by about 10%, but rachis levels
were substantially raised from an initial rachis level at KO
which was already higher than the leaf level .

The rachis levels indicate that the low leaflet K levels
do not indicate a problem in root uptake, but rather that ac-
cumulation in the leaflets has been inhibited by MOP applica-
tions .

%N %P %K %Mg %Ca %C1 %S

NO .23 .113 1 .54 .083 .468 .72 .038
N1 .25 .079 1 .45 .076 .485 .58 .039
N2 .26 .088 1 .51 .074 .480 .59 .038

LSD ( .04) ( .024) (0 .15) ( .010) ( .086) ( .12) ( .004)

PO .24 .078 1 .50 .072 .468 .58 .041
P1 .25 1 .09 1 .51 .083 .488 .68 .036

LSD ( .03) ( .020) (0 .12) ( .008) ( .071) ( .08) ( .003)

KO .25 .061 1 .10 0 .68 .398 .12 .041
K1 .25 .106 1 .61 0 .78 .496 .74 .038
K2 .24 .113 1 .80 0 .86 .540 1 .03 .037

LSD ( .04) ( .024) (0 .15) ( .010) ( .086) ( .12) ( .004)

MgO .25 .093 1 .51 .074 .483 .58 .042
Mg1 .24 .094 1 .50 .081 .473 .68 .034

LSD ( .03) ( .020) (0 .12) ( .008) ( .071) ( .08) ( .003)



Rachis chloride levels are also affected by MOP to a greater
extent than leaf levels, varying from about 33% of the leaf
level at R0, up to about 150% of the leaf level at R2 . Calcium
levels are increased in both rachis and leaflets by MOP .

	

The
chloride and cation uptake would therefore appear to be as-
sociated in some way with the variation in R levels between the
rachis and the leaf .

Responses to P also differ between the rachis and the
leaflets .

	

TSP application increased rachis P levels but did
not affect leaf levels .

	

SOA application reduced rachis P
levels, but increased the leaf P levels .
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Table 47 : Leaf analysis related to fertilizer treatments in 1987

DO 11 12 PC PI to 11 12 t10 111
LSD . i i

111 Pilo C .1 . M

1.31 1.11 1.11 2.48 2.47 2.46 2 .47 2 .50 2 .48 2 .47 .09 .07 6
1N 111 111 100 100 100 100 102 100 100

P~ .111 .111 .111 .153 .153 .153 .153 .152 .151 .151 .003 .0025 3
III l14 111 100 100 100 101 100 IN 91

1% .855 .875 .888 .869 .831 .935 .111 .134 .811 .869 .044 .036 9
100 102 104 100 101 IN 93 11 100 99

C14 .419 .403 .368 .410 .383 .213 .459 .531 .394 .400 .072 .059 31
100 96 88 100 93 1N 331 111 100 102

3% .151 .111 .113 .160 .159 .159 .160 .160 .160 .159 .004 .003 5
IN 111 111 100 99 100 100 101 100 99

CA .933 .159 .111 .U9 .113 .131 .111 .911 .883 .868 .031 .028 7
IN 93 91 IN 91 1N 111 111 100 98

114 .311 .313 .195 .206 .204 .209 .204 .202 .203 .207 .012 .009 10
1N 93 91 100 99 100 98 97 100 102

In PPt Ill 133 W 133 133 Ill 135 113 136 130 17 .5 14 .2 23
IN 131 111 100 100 IN Ill Ill 100 95

In PP& 11 .1 15 .1 15 .1 16 .7 16 .4 16 .8 16 .3 16 .6 16 .5 16 .6 1 .41 1 .15 15
1N 14 11 100 98 100 97 99 100 100



Summary

General yield levels have fallen during 1988, particularly
on the poorest plots, which are now well below 20 t/ha .

There has been a continued major response to SOA, and a
smaller response to MOP . Responses to TSP or Kieserite alone
were absent, although in certain cases they did interact with
SOA or MOP applications .

Over the period 1986-88 there has been a major response to
SOA with rates around 2 kg/palm providing yields of 28 t/ha for
the minimum fertilizer input . For absolute maximum yield (32
t/ha), 3 kg of SOA plus 3 .5 kg of MOP would be necessary .
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Table 48 : Progressive changes in yield and nutrient status

NOKO 82 83 84 85 86 87 88

Yield 28 .3 28 .27 30 .44 30 .22 23 .34 19 .96 17 .60
N% 2 .8 - 2 .45 2 .6 2 .4 2 .2 2 .0
K% 1 .2 - 0 .97 1 .02 0 .95 0 .91 0 .98
P% 0 .18 - 0 .17 0 .17 0 .16 0 .15 0 .14
C1% 0 .21 - - 0 .19 0 .16 0 .13 0 .12

N1K0 82 83 84 85 86 87 88

Yield 28 .99 33 .22 34 .02 34 .68 29 .7 32 .22 25 .26
N% 2 .9 - 2 .55 2 .65 2 .5 2 .65 -
K% 1 .05 - 0 .94 0 .94 0 .89 0 .96 -
P% 0 .16 - 0 .15 0 .17 0 .16 0 .16 -
C1% 0 .17 - - 0 .14 0 .11 0 .07 -

NOK1 82 83 84 85 86 87 88

Yield 26 .95 32 .24 36 .91 34 .68 28 .36 25 .81 21 .85
N% 2 .95 - 2 .6 2 .6 2 .45 2 .2 -
K% 1 .05 - 0 .86 0 .93 0 .9 0 .85 -
P% 0 .16 - 0 .16 0 .18 0 .16 0 .15 -
C1% 0 .27 - - 0 .46 0 .48 0 .44 -

N1K1 82 83 84 85 86 87 88

Yield 28 .25 31 .94 36 .51 38 .02 33 .7 32 .61 29 .08
N% 2 .7 - 2 .65 2 .7 2 .55 2 .55 -
K% 1 - 0 .86 0 .94 0 .86 0 .81 -
P% 0 .16 - 0 .16 0 .17 0 .16 0 .15 -
C1% 0 .37 - - 0 .5 0 .47 0 .45 -



TRIAL 306, FERTILIZER FACTORIAL TRIAL, AMBOGO

Experimental Details
Purpose : To provide an indication of fertilizer response on
Ambogo and Penderetta soils, for guidance on commercial
fertilizer practice .

Statistical design : Trial 306 is a randomised incomplete
block factorial design, with one replicates of 3 blocks,
comprising 3x3x3x3 treatments for NxPxKxMg .

Layout : The plots consist of a core of 16 recorded palms,
surrounded by a guard row, making a total of 36 palms per
plot .

Trial details
Location : Ambogo Estate HOPPL, block 79B .
Genetic material : Dami commercial DxP crosses .
Soils : Ambogo and Penderetta families - recent alluvial
origin, having silty loam topsoil and sandy loam subsoil,
with mottling due to seasonally high water tables .
Planting date : 1979 .
Spacing : 143 points ha .
Size : The trial comprises 81 plots : 2916 experimental
points, and is surrounded by additional areas of buffer
palms, separating it from estate areas .

Treatment details
Trial commencement : 1982 (first fertilizer application
April 1983) .

Results

1 . Yield

The previous exceptional yields in trial 306 have fallen
substantially during 1988 to the 15-26 t/ha range . Substantial
responses to appropriate fertilizer combinations have been
maintained .

	

Yield data is given in Table 49, and details of
significant interactions in Table 50 .
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Trial progress : Ongoing .

Treatments in Kg/palm/year :

Rates : 0 1 2

Ammonium sulphate 0 1 .5 3 .0
Triple superphosphate 0 0 .5 1 .0
Murate of potash 0 2 .5 5 .0
Kieserite 0 0 .75 1 .5



Table 49 : Trial 306 yield data

Table 50 : Fertilizer interaction tables : annualised means

NxP

Note : N,P & K are coded for the fertilizer rates given at the start
of this section .
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TRTMNT
1988

Wt of
bunches
t/ha

1988
No of
bunche
/ha

1988
s . b. ~.
kg

1987/8
Wt of
bunches
t/ha

N 0 19 .0 1157 16.5 21 .9
N 1 21 .8 1253 17.7 26.9
N 2 22 .5 1296 17.4 25 .7

P 0 21 .1 1238 17 .0 23 .9
P 1 21 .2 1233 17 .2 24 .0
P 2 21 .0 1215 17 .4 24 .7

K 0 19.8 1244 15.9 22 .3
K 1 21.8 1226 17 .9 25.6
K 2 21.7 1217 17 .8 24.9

Mg 0 21 .2 1236 17 .2 23 .8
Mg 1 21 .6 1264 17 .2 25 .1
Mg 2 20 .4 1187 17 .2 23 .8

l9d 1 .3 72 .3 0 .68 1 .28
s .d . 2 .39 133 1 .25 2 .35
C .V . 11 11 7 10

Yield t/ha 87/88 KxP Yield t/ha 87/88

PO Pi P2 KO K1 K2
NO 20 .1 22 .2 23 .4 PO 20 .5 25 .5 25 .8
N1 25 .9 24 .3 24 .8 P1 22 .3 25 .9 23 .8
N2 25 .8 25 .5 25 .9 P2 24 .2 24 .8 25 .2



Multiple regression was used to provide precise

	

predicted
yields . The fitted equation gave a coefficient of determination
(R2 ) of 64 .76, correlation coefficient 0 .805, mean 20 .2, stand-
ard error 2 .30 and coefficient of variation of 12% .

Predicted results for all SOA and MOP combinations (at zero
levels of P and Mg treatments) are given in Table 51, and for
maximum and minimum yields in Table 52 . Actual ongoing yield
for selected plots is given in Table 56 .

Table 51 : Fitted yields in t/ha for different N and K

Note : N and K are coded for the trial fertilizer rates of
SOA and MOP, as given in the trial details at the
start of this section .

Table 52 : Trial 306, Predicted values for treatments giving
highest and lowest yields - 1988

Note : N,P,K, & Mg are coded for the trial fertilizer rates given
at the start of this section .

Major responses to MOP and SOA are continuing .

	

Little over-
all response to Kieserite or TSP has been identified, although
there are various significant interactions, and also evidence
of a minor quadratic response to Kieserite .

	

The NxP and KxP
interactions in Table 50 indicate a response to TSP in the ab-
sence of SOA or MOP, which is lost when SOA or MOP are applied .

8 5

Maximum Yield Combinations Minimum Yield Combinations

Yield N P K Mg Yield N P K Mg
t/ha t/ha
26 .07 2 2 2 2 15 .55 0 1 2 2
26 .03 2 0 2 2 16 .00 0 0 0 2
25 .61 2 0 1 2 16 .06 0 0 0 0
25 .19 2 0 2 0 17 .27 0 1 0 2
25 .14 1 1 1 0 17 .48 1 0 0 2
24 .86 1 0 2 0 17 .62 0 2 1 0
24 .68 2 1 1 0 17 .84 0 2 1 2
24 .46 1 0 1 0 17 .95 2 0 0 0
24 .27 2 1 2 0 18 .41 0 2 0 0
24 .25 2 1 1 2 18 .53 0 0 2 2
24 .18 2 2 2 0 18 .61 1 1 2 2

fertilizer

NO

combinations

N1

in 1988 .

N2

KO 16 .1 19 .2 17 .9

K1 20 .1 24 .5 24 .0

K2 20 .5 24 .6 25 .2



Application of a combination of SOA and MOP is now necessary
for high yield (see Tables 50 and 56) . Although response to
either fertilizer on its own is limited, the combination of
level 1 of SOA and MOP was one of the highest yielding treat-
ments in 1988 .

E
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Application of Kieserite or TSP in addition to MOP and SOA
has a relatively minor effect, and interactions are such that
this may be positive or negative .

	

Table 52 indicates that the
correct fertilizer balance is vital, and even high rates of MOP
or SOA either alone or in certain combinations can result in
very poor yields .

Figure 38 gives iso-yield contours for the period 1986-88
for all SOA and MOP combinations, predicted in the absence of
TSP or Kieserite .

	

This indicates that a combination ap
proximating to 3 .5kg of MOP plus 2 .5kg of SOA approached the
economically optimum yield . Application of both fertilizers is
essential, even at low rates, to obtain an efficient response .

3 Good Mark

1

	

2

	

3

	

4
Potassium chloride (kg/palm/yr)

Fig .38 : Trial 306, Iso-yield contour map for the period 1986-88
(Most profitable fertilizer combinations
indicated for different market conditions)
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2 . Growth

Table 53 indicates the components of production in 305 for
1987 and 1988 .

Table 53 : Trial 306, Palm growth and conversion data for
1987 and 1988

(* Dry tatter calculated as carbohydrate equivalent, assning oil energy = 2 .1 x carbohydrate)

Palm height continues to be significantly increased by SOA,
and to a leser extent MOP . SOA has also particularly raised
frond dry matter production, bath through increased frond
production, and increased individual frond weights . In view of
the spacing of 143/ha at Ambogo, it is necessary to avoid ex-
cessive N applications, which would result in undue competition
and excessive height increment, to the detriment of yield .

MOP also has a minor effect on total frond dry matter,
through an increase in individual frond weights .

SOA has increased total dry matter production, with propor-
tional increases in both vegetative dm production, and bunch dm
production .It has thus not affected the bunch index .

	

MOP has
particularly improved partition of assimilates to bunch produc-
tion, resulting in a significant improvement in the bunch in-
dex . TSP has also improved the bunch index .
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TITBIT Height
in a
(1988)

Leaf
prdn
f n)

Dry Frond
night tg
(FT)

Frond
DH tha
(FDH)

Branch*
DH tha
(BDH)

Vegetative
DH tha
(VDH)

Total*
DD tha
(TDB)

Bunch*
Index
(BI)

10 3.11 23 .5 3 .55 11 .9 10 .0 15 .3 33 .1 0 .539
1 1 3 .91 21 .6 3 .16 13 .6 20 .5 11 .1 31 .9 0 .541
12 1.09 21 .1 3 .92 13 .9 21 .1 11 .1 31 .9 0 .541

P 0 3 .99 24 .4 3 .85 13 .5 19 .6 17 .2 36 .8 0 .531
P 1 3 .95 24 .2 3 .71 12 .9 19 .7 16 .5 36 .2 0 .513
P 2 3 .92 24 .2 3 .77 13 .1 20 .3 16 .8 37 .0 0 .541

10 3.12 24 .3 3 .64 12 .1 11 .3 16 .2 31 .5 0 .530
11 1 .01 24 .1 3 .11 13 .2 20 .1 16 .9 31 .1 0 .551
12 4 .03 2 4 . 4 3 .11 13 .6 20 .1 11 .1 31 .1 0 .540

11 0 3 .95 24 .2 3 .70 12 .8 19 .5 16 .4 35 .9 0 .542
flg 1 4 .00 24 .4 3 .83 13 .4 20 .5 17,2 37 .7 0 .543
Bg 2 3 .90 24 .3 3 .81 13 .2 19 .5 16 .9 36 .4 0 .535

lsd 14 .82 0 .35 0 .18 0 .71 1 .05 0 .84 1 .62 0 .013
s . d . 21 .23 0 .65 0 .34 1 .31 1 .93 1 .54 2 .97 0 .023
c .T . 7 3 9 10 10 9 8 4



3 . Nutrient analysis

The most recent plant analyses are given in Tables 54 and
55 .

LSD

	

( .Ol) ( .016) (0 .13) ( .011) ( .041) ( .14) ( .005)

The recent rachis analyses give a fuller picture of nutrient
uptake and levels within the palm, sometimes diametrically op-
posed to values in the leaflets .

	

In particular MDP boosts
rachis K, Ca, P, Mg and C1, whilst only C1 rises in the
leaflet, and Mg and K actually fall . SOA has raised leaflet P
levels, whilst reducing rachis levels . Such effects may indi-
cate reasons far the absence of response to TSP and Kieserite
in the presence of MOP and SOA .

Table 54 : Trial 306, FrOnd 1? Rachis Analysis : 1988

~N ~P ~K ~Mg ~Ca ~C1 ~S

NO .Z3 .18a 1 .54 .107 .390 .61 .032
N1 .Z5 .133 1 .54 .100 .396 .59 .033
Na .a6 .094 1 .54 .097 .391 .63 .034

PO .24 .132 1 .57 .100 .389 .61 .036
P1 .25 .135 1 .53 .103 .407 .62 .033
P2 .25 .142 1 .51 .101 .380 .61 .031

KO .24 .103 l .lb .090 .335 .08 .034
K1 .25 .151 1 .67 .107 .418 .70 .034
K2 .25 .155 1 .78 .106 .4z4 x .05 .032

Mq0 .25 .129 1 .48 .096 .379 .56 .033
Mg1 .25 .13Q 1 .57 .099 .400 .67 .034
Mg2 .25 .140 1 .57 1 .10 .398 .60 .033



a

Table 55 : Leaf analysis related to fertilizer treatments 1987

100 93 94

	

100 103 99

	

100 88 85

	

100 100 106

4 . Fruitset

During 1988 the fruitset in high and low fertilizer plots
was monitored . Despite marked yield differences, fruitset on
both high and low fertilizer plots has been remarkably similar,
following similar seasonal variations : see Figure 39 .
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Figure 39 : Fruitset related to Fertilizer Treatment

With full
fertilizer

----- W1 1houl
f ert i 1 izer

Mean uith
fertilizer

www Mean no
fertilizer

10 11 12 PO P1 P2 10 11 I2 Dg0 Igl Dg2 LSD, es C .V . (1)

1% 1 .11 3 " 11 1 .11 2 .32 2 .25 2 .30 1 .33 3 .11 3 .15 2 .29 2 .28 2 .3 0 .089 7

100 105 105 100 97 99 100 103 105 100 100 100

P% 1 .111 0 .15 1 .11 0 .149 0 .148 0 .15 0 .149 0 .148 0 .15 0 .15 0 .149 0 .148 0 .003 4

100 103 103 100 99 101 100 99 101 100 99 99

1% 0 .823 0 .846 0 .823 0 .83 0 .831 0 .829 1.119 1 .115 0 .141 0 .831 0 .818 0 .831 0 .036 8

100 103 100 100 100 100 100 92 92 100 100 100

C1% 0 .339 0 .34 0 .357 0 .334 0 .342 0 .35 0.115 0 .131 0 .111 1 .113 1.30 1 .357 0 .044 23

100 100 105 100 102 105 100 382 418 100 117 114

S% 1 .117 1 .173 4.117 0 .171 0 .173 0 .172 0 .173 0 .171 0 .172 0 .173 0 .193 0 .17 0 .005 6

100 104 106 100 101 101 100 99 99 100 100 98

Cad 0 .754 0 .763 0 .755 0 .749 0 .762 0 .761 0 .753 0 .762 0 .757 0 .746 0 .767 0 .759 0 .033 8

100 101 100 100 102 102 100 101 101 100 103 102

Dq% 0.1151.3510.15! 0 .262 0 .269 0 .26 0 .319 0 .151 1 .141 1 .119 1.2511.271 0 .014 10



Summary

The previous exceptional yields in trial 306 have fallen
substantially during 1988 to the 15-26 t/ha range .

Application of a combination of SOA and MOP is now necessary
for high yield .

Over the period 1986-88 a combination approximating to 3 .5kg
of MOP plus 2 .5kg of SOA approached the economically optimum
yield . Application of both fertilizers is essential to obtain
an efficient response .

During 1988 fruitset was compared between high and low fer-
tilizer plots on trial 306 .

	

Despite marked yield differences,
fruitset in both high and low fertilizer plots was

	

remarkably
similar, indicating that a direct major nutrient influence can
be discounted .
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Table 56 : Progressive changes in yield and nutrient status

NOKO 83 84 85 86 87 88

Yield 26 .1 30 .3 23 .2 14 .4 15 .7
N% 2 .8 2 .8 2 .6 2 .4 2 .3
K% 1 .2 1 .22 1 .13 1 .01 0 .77
P% 0 .18 0 .18 0 .17 0 .15 0 .14
C1% 0 .23 0 .1 0 .09 0 .05 0 .04

NIKO 83 84 85 86 87 88

Yield 23 .7 38 .0 32 .9 27 .7 19 .4
N% 2 .6 2 .7 2 .9 2 .5 1 .9
K% 1 .2 1 .07 1 .02 1 .06 0 .81
P% 0 .16 0 .18 0 .18 0 .16 0 .16
Cl% 0 .21 0 .09 0 .1 0 .09 0 .04

NOK1 83 84 85 86 87 88

Yield 21 .4 33 .7 31 .4 22 .5 16 .7
N% 2 .7 2 .8 2 .7 2 .6 2 .2

1 .2 1 .13 0 .98 0 .87 0 .79
P% 0 .16 0 .17 0 .17 0 .14 0 .14
C1% 0 .31 0 .36 0 .56 0 .46 0 .48

NIK1 83 84 85 86 87 88

Yield 29 .9 33 .1 33 .6 31 .3 22 .6
N% 2 .7 2 .8 2 .6 2 .7 2 .5
K% 1 .1 1 .05 0 .97 0 .89 0 .78
P% 0 .16 0 .17 0 .17 0 .15 0 .15
C1% 0 .32 0 .47 0 .47 0 .47 0 .44



TRIAL 309, EMPTY BUNCH APPLICATION TRIAL, AMBOGO/
TRIAL 309 (b), SOURCES OF POTASSIUM TRIAL, AMBOGO

309 -- Original Trial

Experimental Details :
Purpose : To provide an indication of the effect of EFB

application, in comparison to an unfertilized control .

Statistical design : Trial 309 is a randomised complete block
design, with five replicates of 5 plots, comprising 4 treat-
ments (2 controls per replicate) .

Layout : The plots consist of a core of 16 recorded palms,
surrounded by a guard row, making a total of 36 palms per
plot .

Trial details
Location : Ambogo Estate HOPPL, block 80H .
Genetic material : Dami commercial DxP crosses .
Soils : Penderetta family -- recent alluvial origin, having a
thin dark sandy clay loam topsoil, overlying a sandy loam
subsoil, with mottling due to seasonally high water tables .
Planting date : 1980 .
Spacing : 143 points ha .
Size : The trial comprises 25 plots : 900 experimental
points, and is surrounded by additional areas of buffer
palms, separating it from estate areas .

Treatment details
Trial commencement : 1984 .
Trial progress : Converted to Trial 309(b) in 2988 .
Treatments :

	

A single application of empty bunches was made
between September and December 1984 .

Treatment codes :

	

1 & 2

	

3

	

4

	

5

Empty bunch t/ha 11/84

	

0

	

50

	

100

	

100
SOA kg/palm 11/84

	

0

	

0

	

0

	

1

309 (b) Details of changes

Experimental Details
Purpose :

	

To provide a comparison between bunch ash and
MOP, with and without SOA, both as a basis for practical
fertilizer recommendations, and to extend the understanding
of anion effects and K uptake within the oil palm .

Statistical design : Trial 309 is a latin square design, with
5 treatments, each occuring once on each previous treatment,
and once on each previous block .

9 1



Trial details : As for 309 above .

Treatment details
Trial commencement : 1984 .
Trial progress : Converted to Trial 309(b) in January 1988 .
Treatment application : January 1988 and then every 6 months .

* Note : The exact rate of Bunch Ash is to be adjusted to
achieve equivalent K content to the MOP applications .

1 . Background

The trial design has enabled analysis of the EFB effect to
be continued, although the superimposition of new treatments
will raise overall yield levels .

At this stage the new treatments are not expected to be
significantly influencing yields, but full analysis has been
completed for both the original and the superimposed treat
ments . The results are reported in 2 separate sections .

2 . 309 (a)

As indicated in Table 57 yield in 309 has fallen dramati-
cally on all plots during 1987 and 88 . The 1985 mean yield was
29 .5 t/ha which had declined to 9 .7 t/ha in 1988 .

	

This
demonstrates the susceptibility of Ambogo and Penderetta family
soils to rapid declines in yield if nutritional problems occur .
Examination of leaf data (Table 58) indicates that the major
yield decline was occasioned when leaf N% fell below 2 .5% .

With the decline in yield, error variation in the trial has
increased due to the proportionally greater effects of local
soil variation .

	

In spite of this there remained a significant
difference between plots with EFB application and those without
during 1988 .

In yield terms the advantage was a 33% increase in comparison
to the control plots, bringing the cumulative yield advantage
for the average EFB treatment to 17 t/ha between 1985 and 1988 .

The 1984 EFB application, although still providing some
benefit, is now quite inadequate for satisfactory yields
without further supplementation .

9 2

Treatment codes : 1 2 3 4 5

MOP palm/yr 0 2 0 2 0
Bunch Ash palm/yr * 0 0 4 0 4
SOA palm/yr 0 0 0 2 2



(1) Data presented exclusively for 309 (a) is based upon the original
analysis of variance to facilitate comparisons

Table 58 :

Control

EFB

9 3

Progressive changes in yield and nutrient status

84 85 86 87 88 AVG
Yield 27 .02 25 .45 16 .00 8 .10 19 .14
N% 2 .56 2 .66 2 .48 1 .93 1 .88 2 .30
P% 0 .18 0 .17 0 .16 0 .15 0 .14 0 .16
K% 0 .88 0 .91 0 .83 0 .86 0 .62 0 .82
Mgt 0 .33 0 .29 0 .32 0 .36 0 .34 0 .33
Cad 0 .92 0 .84 0 .87 0 .90 0 .88 0 .88
S% 0 .17 0 .17 0 .17 0 .13 0 .15 0 .16
Cl% 0 .34 0 .22 0 .20 0 .19 0 .20 0 .23

84 85 86 87 88 AVG
Yield 31 .05 30 .63 21 .21 10 .80 23 .42
N% 2 .59 2 .81 2 .57 2 .18 1 .97 2 .42
P% 0 .18 0 .17 0 .16 0 .15 0 .14 0 .16
K% 0 .90 1 .06 0 .93 0 .97 0 .70 0 .91
Mg% 0 .33 0 .25 0 .29 0 .32 0 .29 0 .30
Cad 0 .91 0 .79 0 .85 0 .88 0 .85 0 .86
S% 0 .17 0 .18 0 .18 0 .13 0 .15 0 .16
C1% 0 .35 0 .28 0 .24 0 .22 0 .23 0 .26

Table 57 : Yield data for trial 309

Treatment

S Bunch wt
Mean
1988

Bunches/ha
Mean
1988

Yield
Mean
1988

tonnes/ha
Mean
1987

Mean
1986

Mean
1985

Mean
85-88

Control 8 .43 954 8 .1 16 .00 25 .45 21 .02 19 .1
50 t/ha 9 .67 1099 10 .8 19 .31 29.53 31 .30 22 .8
100 t/ha 9 .39 1117 10 .7 20 .83 30.11 30.02 22 .9
100 + SOA 10 .02 1078 10 .9 23 .42 32 .25 31 .92 28.6
(b)
Control 9 .01 1069 9 .8
BA 9 .03 992 9 .1
MOP 9 .45 1074 10 .3
-SOA 9 .27 1014 9 .6
+SOA 9 .20 1053 9 .8

gm 9 .19 1040 9 .7 21 .7
sd 1 .47 213 3 .12 2 .55 2 .87 3 .29 2 .81
lsd 1 .44 210 3 .07 3 .42 3 .85 4 .41 3 .66
cv 16 20 32 13

Note :



With the depressed yields and nutritional levels currently
pertaining, it will be of interest to observe the extent to
which recovery can be achieved, and the length of time taken .
This will be useful in guiding policy for rehabilitation of
smallholdings .

At present 309 is also proving a most valuable trial for
demonstration to visiting smallholders of the dangers of in-
adequate fertilization, and the benefits of N and K fertiliz-
ing .

For other components of yield (see Table 59) EFB has led to
significant increases in frond number and frond dry matter
production .

	

It has also led to slightly greater values for
palm height and bunch index (not statistically significant in
1988) .

For comparison the 1988 total dry matter production was only
about 50% of that for trial 306, and the bunch index was also
poorer, resulting in a ffb yield of less than half .

	

The dif
ference is likely to be due to shortage of N limiting dm
production .

Table 59 : Trial 309 Palm Growth and Conversion data for 1988

(* Dry matter calculated as carbohydrate equivalent, assuming oil
energy = 2 .1 x carbohydrate)

The ongoing EFB effects in 1988 were also reflected in significantly
higher leaf and rachis levels of K, and reduced leaf and rachis levels of
Mg . N levels were also higher, but not at a statistically significant
level .
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TRTMNT Height
in m
(1988)

Leaf
prdn
(n)

Dry Frond
weight kg
(FW)

Frond
DM tha
(FDM)

Bunch*
DM tha
(BDM)

Veg .
DM tha
(VDM)

Total*
DM tha
(TDM)

Bunch*
Index
(BI)

(a)
Control 2 .10 21 .8 2 .16 6 .7 6 .6 8 .1 16 .8 .444
50t EFB 2 .23 23 .0 2 .29 7 .5 8 .6 9 .4 18 .2 .480
100t EFB 2 .34 22 .9 2 .35 7 .7 8 .8 9 .5 18 .3 .471
100t + N 2 .28 22 .1 2 .38 7 .6 9 .0 9 .5 18 .6, .477

(b)
Control 2 .23 21 .1 2 .33 7 .1 8 .0 8 .7 16 .8 .466
MOP 2 .29 21 .7 2 .32 7 .2 8 .3 8 .9 17 .2 .472
BA 2 .14 21 .5 2 .23 6 .9 7 .5 8 .5 16 .0 .454
MOP+SOA 2 .18 23 .7 2 .32 7 .9 8 .6 9 .7 18 .3 .465
BA+SOA 2 .22 23 .9 2 .10 7 .2 7 .4 8 .8 16 .2 .457

gm 2 .21 22 .39 2 .26 7 .24 7 .97 8 .9 16 .9 .463
lsd 0 .42 1 .2 0 .25 1 .14 3 .73 1 .62 5 .22 .085
s .d . 0 .29 0 .86 0 .17 0 .78 2 .56 1 .11 3 .59 .059
C .V . 13 4 8 11 32 12 21 13



Summary :

In particular the decline is likely to be due to shortage of
N, limiting dm production : for comparison the 1988 total dry
matter production was only about 50% of that for trial 306 .

In spite of this there remained a significant yield increase
of 33% on plots with EFB . The 1984 EFB application, although
still providing some benefit, is now quite inadequate for
satisfactory yields without further supplementation .

The ongoing EFB effects in 1988 were also reflected in sig-
nificantly higher leaf and rachis levels of K, and reduced leaf
and rachis levels of Mg . N levels were also higher, but not at
a statistically significant level .

3 . 309 (b) :

The new fertilizer treatments commenced on 20th January
1988, and the leaf and rachis samples were taken after a rela-
tively short period on 9th May 1988 (details in Tables 60 and
61) . This is insufficient time for full treatment effects to
become clear in the palm . The initial changes observed were an
increase in N and Slevels occasioned by SOA application, and a
marginal rise in Cl levels on plots receiving MOP .

Although fertilizer treatments take some time to effect sig-
nificant production responses, application of SOA did produce a
significant increase in leaf production during 1988 .

Careful inspection of the data will show poorer yields being
achieved with bunch ash application . This is not currently a
treatment effect, but the result of random allocation of poorer
plots to this treatment, since factors such as bunch number
which were determined prior to treatment application fully
reflect the poor performance of these plots .
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Yield in 309 has fallen dramatically on all plots to a mean
value of 9 .7 t/ha in 1988 . This demonstrates the suscep-
tibility of Ambogo and Penderetta family soils to rapid
declines in yield if nutritional problems occur .



tote :
(1) Siliificut hterectioi betien 1 aid I sources for Cs levels :

Keel lop 11
-Sol

	

0.898 0.852
+Sol

	

0 .838 0 .874

Table 61 : Rachis analysis related to fertilizer treatments :1988

Summary

SOA significantly increased leaf production in 1988 .
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Table

7111!180!:

60 :

0

Trial

el 10?

309, Leaf

-Sol +Sol

analysis

0 Sot

: 1988

loot 100+1 le lsd sd cv

11 1.11 1.11 2.11 1.19 2.9 1.88 1 .98 1 .98 1.96 1 .910 .1510.193 8
1 111 1" 113 iN 111 100 105 105 101

P1 1.13 1.1311.141 0.138 0.112 0 .135 0.14 0 .142 0 .138 0.138 0 .009 0.009 7
1 111 111 111 106 109 100 104 105 102

1% 0.666 0.619 0.684 0.651 0.682 IM 1.111 1.1N 1.112 0.666 0.086 0 .087 13
100 97 103 98 102 111 11! 114 113

111 0.29 0 .314 0.314 0.315 0.303 1.331 1 .29 UU 1391 0.309 0.016 0 .011 15
1 100 108 108 112 104 111 1i Ii

CA 0.854 0 .863 0.868 0.875 0 .856 (1) 0.8810 .848 0 .86 0.816 0 .366 0.0510 .039 11
1 100 101 102 102 100 100 96 98 96

31 1.131 1.155 1.1§2 1.16 1.112 0.118 0 .152 0 .152 0.118 0 .150 0 .01 0.01 7
1 111 III 112 1M 121 100 103 103 100

C11 0.198 0 .206 0.238 N 0.219 0 .225 0.203 0 .222 0 .24 0.218 0.217 0.034 0 .035 16
1 100 104 120 111 114 100 109 118 107

0 11 10? -Sol +Sol 0 Sot loot 100+1
p lsd sd Cr

11 0.7 QA91 0.845 0.767 0.769 IA91.191 1.112 1.914 0.754 0.2 0 .2 26
1 100 99 121 110 110 1H 123 119 129

111 0.092 0 .101 0.095 0.103 0.093 1.12 1.112 1.11 1.1122 0.097 0.026 0 .026 27
1 100 110 103 112 101 11! i1 11 N

CA 0 .36 0 .374 0 .361 0.368 0.367 0.374 0 .358 0 .334 0 .39 (2) 0 .366 0.038 0.039 11
1 100 104 100 102 102 100 96 89 104



TRIAL 310, ANION AND FERTILIZER FREQUENCY TRIAL, AMBOGO

Experimental Details
Statistical design : Trial 310 is a randomised complete block
trial, of 5 replicates, each comprising 7 different treat-
ments .

Layout : The plots consist of a core of 16 recorded palms,
surrounded by a guard row, making a total of 36 palms .

Trial details
Location : Ambogo Estate HOPPL, block 80 D .5 .
Genetic material : Dami commercial DxP crosses .
Soils : Ambogo and Penderetta families, which are of recent
alluvially reworked volcanic origin, with silty loam topsoil
and sandy loam subsoil, with seasonally high water tables .
Planting date :

	

1980
Spacing : 143 points ha .
Size : The trial comprises 1260 experimental points, and is
surrounded by additional areas of buffer palms, separating
it from estate areas .

Treatment details
Trial commencement : November 1986 .
Trial progress : Ongoing .
Treatments :

Modifications during 1988

1 .

	

Originally Magnesium based salts were used as the non-
potassium source for sulphate and chloride . These have
presented serious problems in supply, storage and application .
From November 1988 sodium chloride and sodium sulphate have
been substituted, which will both overcome these problems, and
also provide a comparable mono-valent anion source .

2 .

	

The trial area has never received any nitrogen, and sup-
plementation to maintain reasonable yields was therefore con
sidered necessary .

	

An initial application of urea at 600
gm/palm was undertaken on 22/12/88 and it is intended that ap-
plications will be continued twice a year .

2 . Rachis analysis has been commenced in order to more fully
identify fertilizer effects upon the palms .
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Treatment Fertilizer Kg/palm/yr Applications/yr
code

1 None 0 .0 0
2 Sulphate source 2 .0 2
3 Chloride source 1 .5 2
4 KZ S04 3 .0 2
5 KC1 2 .5 2
6 Kz S04 3 .0 1
7 KC1 2 .5 1



Results
1 . Performance

Since the trial was only commenced in November 1986, sig-
nificant yield effects cannot yet be expected . The 1988 data
has been summarised in Tables 62 and 63 . The general trends in
dicate that a response to K is developing, although it is not
statistically significant at this stage .

Table 62 : Trial 310 yield data

lsd K

	

3 .03

	

168

	

1 .021
lsd C1,S

	

2 .85

	

159

	

0.963
lsd 1,2

	

3 .46

	

192

	

1 .167
C .V .

	

17

	

16

	

11
(ix, 2x = Frequency of K fertilizer application - total annual
amount remaining the same)

Table 63 : Trial 310 Pals Growth and Conversion data for 1988

( Dry sitter calculated as carbohydrate equivalent, assesing, oil energy = 2.11 carbohydrate)
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TITIDt Deight
is a

Leaf
prdn
(n)

Dry frond
weight kg
(FT)

Frond
DD th
(FDD)

Be1CP
DD tha
(SDI)

Vegetative
DD tha
(VDD)

Total'
DR tha
(M)

Bench'
Index
(6I)

Control 3.69 23 .4 3 .28 10 .96 18 .4 14 .22 32 .9 0 .562

-1 3 .63 23 .1 3 .34 11 .33 19 .9 14 .6 32 .5 0.548
3 .68 23 .6 3 .42 11 .54 19 .1 14 .9 34 0.551

CI 3 .51 23 .8 3 .38 11 .52 18 .3 14 .8 33 .2 0.551
S 3.1 23 .5 3 .39 11 .35 18 .1 14 .1 33 .3 0.455

11 3 .66 23 .1 3.39 11 .5 19 .1 14 .9 34 0 .560
21 3.1 23 .8 3 .44 11 .51 19 .1 14 34 0 .555

Isd 1 0.205 0.462 0 .139 0 .491 2.48 0.135 3.09 0 .026
Isd C1,S 0.193 0.436 0 .131 0 .466 2 .34 0.693 2.91 0 .02(
Isd 1,2 0 .231 0.534 0.161 0 .565 2.84 0 .84 3 .53 0 .029
C .T . 1 2 5 5 19 6 12 6

TRTMNT
1988

Wt of
bunches
t/ha

1988
No of
bunche
/ha

1988
s .b .w .
kg

Control 22 .5 1344 11 .2

-K 21 .8 1292 11 .4
+K 23 .3 1369 12 .2

Cl 22 .4 1289 11 .8
S 22 .8 1372 11 .8

1x 23 .6 1331 12 .0
2x 24 .8 1406 12 .4



During 1987, Mg based salts recorded higher yields than the
K based salts . During 1988 the situation has been reversed,
with the K fertilizers outyielding the same ions supplied by
the non-K fertilizers .

	

For almost every parameter, including
bunch weight, bunch number, bunch dry matter, frond weight,
vegetative dry matter production and bunch index, the K source
fertilizers have an advantage of up to 7% .

The K effect is further substantiated by a constant trend
for marginally higher yields with the twice a year application
of potassium fertilizers than the once a year application .

In comparing results for the sulphate and chloride anions,
there is at present no clear trend emerging, and results for
both are virtually identical .

The present K effect in this trial (see Table 63) has a
similar impact on palm development to that of MOP application
in trial 306, indicating that there are grounds for attributing
at least a part of the MOP effect on 306 to K rather than C1 .

2 . Plant Analysis .

Rachis analysis commenced during 1988 and results of samples
collected in March are shown in Table 64 .

Leaf data shown in Table 65 indicates a depression of K
levels through MOP application, which is opposite to the effect
in the rachis (Table 64) . Overrall MOP would appear to raise
plant K levels .
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Table 64 : Trial 310, Rachis analysis related to fertilizer
treatments : March 1988

Control -I +I S Cl
lid

S
1Sd Sd

S,C1
Ct

1% 0 .9 0.928 1 .002 0 .90 0 .968 0 .091 0 .036 0.12 12
0 100 103 111 101 108

CA 1.31 1.191 1.1!'1 1.371 1.111 0.042 0.04 0 .053 14
111 131 111 11" 131

bQ .11 .119 .91 Al .111 0.0091 0 .0081 .0114 13
IN 131 131 12! 111



In summary, the K component raised rachis K levels, to the
point where levels are actually higher than in the leaf, but
had only a minor effect on other cations in the rachis, which
are at 30-50% of the leaf levels .

	

Leaf nutrient levels were
unaffected by K .

Anion application resulted in substantially raised cation
levels in the rachis, with increases in Mg (50%), Ca (36%) and
K (8%) . The increase with sulphate was generally half that
found with chloride .

Chloride application lead to a general and substantial in-
crease (of several hundred percent) in chloride levels, but
depressed the K content of the leaf (by 7%) . Sulphate applica
tion resulted in an increase in the leaf S levels (by 5%) and a
depression of K content approximately half that occasioned by
chloride .

Summary :

Initial indications point to a response to K, which is corre-
lated with rachis K levels, rather than leaf K levels .
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Table 65 : Trial 310, Leaf analysis related to fertilizer
treatments : March 1988

coltrol -1 +1 S C1
13d

I
lsd

S I C
3d ev

1% 2.3 2 .31 2 .31 2 .1 2 .28 0 .086 0.081 0.108 5
% 100 102 102 101 19

A 0 .15 0 .155 0 .154 0 .155 0 .154 0 .005 0 .004 0 .004 4

% 100 103 103 103 103

I% Ij" 1.103 0.7% 1.111 1.711 0 .033 0 .031 0 .041 5

0 111 95 H 97 13

0 .85 0 .859 0 .151 0 .849 0 .80 0 .05 0,061 0 .063 7

100 101 101 100 102

Kjt 0 .15 0 .20 0.256 0 .259 0 .211 0 .02 0 .019 0 .025 10

0 100 105 102 104 104

0 .164 0 .165 0 .169 1 .171 1 .111 0 .006 0 .006 0 .008 5

100 101 103 115

1 .141 1.lV 1.371 1 .359 0 .017 0 .016 0 .022 9

IN iii in so



Table 66 : Trial 310, Progressive changes in yield and
nutrient status

Control 87 88 AVG
Plot 6 Yield 32 .05 25 .19 28 .62

N% 2 .4 2 .4 2 .4
P% 0 .16 0 .15 0 .16
K% 0 .95 0 .82 0 .89
Cad 0 .81 0 .85 0 .83
Mgt 0 .19 0 .23 0 .21
S% 0 .16 0 .17 0 .17
C1% 0 .17 0 .16 0 .17

Cl 87 88 AVG
Plot 1 Yield 31 .11 21 .56 26 .34

N% 2 .4 2 .2 2 .3
P% 0 .17 0 .16 0 .17
K% 1 0 .83 0 .92
Cad 0 .72 0 .76 0 .74
Mg% 0 .24 0 .25 0 .25
S% 0 .16 0 .16 0 .16
C1% 0 .2 0 .31 0 .26

KCl 87 88 AVG
Plot 7 Yield 32 .35 26 .71 29 .53

N% 2 .6 2 .4 2 .5
P% 0 .16 0 .15 0 .16
K% 0 .96 0 .74 0 .85
Cad 0 .8 0 .91 0 .86
Mgt 0 .23 0 .25 0 .24
S% 0 .15 0 .16 0 .16
C1% 0 .2 0 .37 0 .29

S04 87 88 AVG
Plot 5 Yield 34 .72 27 .36 31 .04

N% 2 .4 2 .4 2 .4
P% 0 .17 0 .15 0 .16
K% 0 .93 0 .76 0 .85
Cad 0 .86 0 .87 0 .87
Mgt 0 .23 0 .2 0 .22
S% 0 .16 0 .17 0 .17
C1% 0 .17 0 .16 0 .17

K2S04 87 88 AVG
Plot 2 Yield 34 .41 28 .35 31 .38

N% 2 .3 2 .2 2 .25
P% 0 .17 0 .16 0 .17
K% 0 .91 0 .79 0 .85
Cad 0 .76 0 .79 0 .78
Mg% 0 .24 0 .25 0 .25
S% 0 .16 0 .19 0 .18
C1% 0 .16 0 .17 0 .17



TRIAL 311, N, R, EFB FERTILIZER FACTORIAL, ISAVENE

Experimental Details :
Purpose : To provide more detailed understanding of
responses to N and K fertilizers, and their interaction with
EFB, in order to provide guidance on fertilizer policy .

Statistical details : Trial 311 is a randomised incomplete
block factorial design, with one replicate and 2 blocks,
comprising 4x4x2 treatments for NxKxEFB .

Layout : The plots consist of a core of 16 recorded palms,
surrounded by a guard row, making a total of 36 palms per plot .

Trial details
Location : Isavene Estate HOPPL, block 78A .
Genetic material : Dami commercial DxP crosses .
Soils : Higaturu family, which is of volcanic ash origin,
consisting of deep sandy clay loam, with good drainage and
physical properties .
Planting date : 1978 .
Spacing : 130 points ha .
Size : The trial comprises 32 plots : 1150 experimental
points, and is surrounded by additional areas of buffer
palms, separating it from estate areas .

Treatment details
Trial commencement : April 1988 .
Trial progress : Ongoing .
Treatments in kg/palm/year :

2) EFB

EFBO receives no EFB .
EFB 1 receives EFB .

The EFB was applied by hand between 5th and 24th November
1988 at a rate of 333 kg (fresh ex-mill weight) per treated
palm, as a mulch between palm circles .

	

It is intended to
repeat applications at 16 month intervals, to achieve an effec-
tive rate of 250 kg/palm/year . At 130 palms/ha, this equates
to 32 .5 t/ha/yr .
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Level

0 1 2 3
1) Fertilizer

N SOA 0 2 6
x MOP 0 2 4 6



Modifications during 1988

1 .

	

Originally the trial was set up with N and R fertilizers
only, with a dummy treatment incorporated . With increasing in-
terest in EFB application, and requirement for an EFB trial,
EFB treatment was incorporated in order to identify fertilizer
interactions with EFB, so as to provide more accurate recommen-
dations in the future .

Results

Composite 0-20 cm soil samples and frond 17 leaf samples
were collected from each plot and average results for the two
blocks are shown in Table 67 .

Table 67 : Summary of 0-20 cm soil status at commencement of
trial - Block means 1988

SOIL ---------------------------------------- .------ .--- .---------------------------------
Bulk Extractable cations Percentage saturation 01 P Total

Block density pB P I.e .Il00g reta I

9111 p .pa I Ca Bg Ba CEC I% CA 11% [a%

Block 11 .039 6 .825 5 .125 0 .141 7.337 1 .143 0.077 11 .06 1 .262 66-06 10 .29 0 .7 2.112 17 .18 0.136

Block 11 .028 6.65 4.5 0 .119 8.187 1 .345 0.066 12 .12 1 .056 67 .37 10 .85 0 .537 2.837 20 .81 0.131

Bean : 1 .03 6 .59 4.81 0 .14 7 .76 1 .14 0 .07 11 .59 1 .16 66 .71 10 .97 0 .61 2 .48 19 .00 0 .130

LEIP ------------------------------------- IICIIS kpril 88

1% P1 Ik S% Cad Bgk C11 Ik Cad 14%

Block 1 2.269 0 .148 0.799 0.16 0.959 0 .246 0.327 0.996 0 .423 .076

Black 2 2 .194 0 .146 0 .758 0 .154 0 .916 0 .253 0.327 0 .888 0 .401 .090

Bean : 2 .23 0.15 0 .78 0.16 0 .94 0.25 0 .33 0.940 0 .410 .083



TRIAL 312, H, R, EFB FERTILIZER FACTORIAL, AMBOGO

Experimental Details
Purpose : To provide more detailed understanding of responses
to N and R fertilizers, and their interaction with EFB, in
order to provide guidance on fertilizer policy .

Statistical details : Trial 312 is a randomised incomplete
block factorial design, with one replicate and 2 blocks,
comprising 4x4x2 treatments for NxKxEFB .

Layout : The plots consist of a core of 16 recorded palms,
surrounded by a guard row, making a total of 36 palms per
plot .

Trial details
Location : Ambogo Estate HOPPL, block 80 .E .2 .
Genetic material : Dami commercial DxP crosses .
Soils : Ambogo family, which is of recent
volcanic origin, with silty loam topsoil and sandy loam
soil, with seasonally high water tables .
Planting dated : 1980 .
Spacing : 143 points ha .
Size : The trial comprises 32 plots : 1150 experimental

points, and is surrounded by additional areas of
buffer palms, separating it from estate areas .

Treatment details
Trial commencement : April 1988 .
Trial progress : Ongoing .
Treatments in kg/palm/year

R

2) EFB

EFBO receives no EFB .
EFB 1 receives EFB .

alluvially reworked
sub

The EFB was applied by hand between 29th November and 15th
December 1988 at a rate of 333 kg (fresh ex-mill weight) per
treated palm, as a mulch between palm circles .

	

It is intended
to repeat applications at 16 month intervals, to achieve an ef-
fective rate of 250 kg/palm/year . At 143 palms/ha, this equates
to 35 .75 t/ha/yr .

10 4

Level

0 1 2 3
Fertilizer

SOA 0 2 4 6
IOP 0 2 4 6



Modifications during 1988

1 .

	

Originally the trial was set up with N and K fertilizers
only, with a dummy treatment incorporated . With increasing in-
terest in EFB application, and requirement for an EFB trial,
EFB treatment was incorporated in order to identify fertilizer
interactions with EFB, so as to provide more accurate recom-
menedations in the future .

Results

Table 68 indicates the background data for the site at the
commencement of the trial .

Table 68 : Summary of status at commencement of trial 312 -
Block means 1988

TRIAL 313, MISSING NUTRIENT SOIL POT TRIAL SERIES

In order to assess potential major and minor nutrient
deficiencies on largely unassessed soils from areas of support-
ing estates, either currently planted to oil palm, or with fu
ture planting potential, implementation of missing nutrient pot
trials was recommended at the 1987 Scientific Advisory Board
Meeting .

David Coomes, an undergraduate student from Cambridge UK,
assisted in setting up the trials during an 8 week visit . His
contribution is gratefully acknowledged .

Soil origin details :

s .1 . Sagarai oil palm nursery area . 0 - 15 c
2 .
3 .
4 .
5 .

Gili
Gili
West
West

Gili
Gili
Waigani,
Waigani,

(corranous
(corranous

ex forest .
ex plantation .

area) .
area) .

0 -

0 - 15 cms .
15 - 30 cms .
15 cms .
0 - 15 cms .

6 . Mamba lower terrace . 0 - 15 cms .
7 . Mamba upper terrace . 0 - 15 cms .
8 . Mamba river terrace . 0 - 15 cms .
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LEAF ------------------------------------ RACHIS April 88
H% P% K% S% Ca% Mgt CA K% Ca% %Mg

Block 1 2 .475 0 .174 0 .844 0 .184 0 .893 0 .279 0 .362 1 .169 0 .352 .080

Block 2 2 .513 0 .174 0 .837 0 .188 0 .923 0 .249 0 .345 1 .313 0 .319 .068

Mean : 2 .49 0 .17 0 .84 0 .19 0 .91 0 .26 0 .35 1 .24 0 .34 .074



The series currently consists of 5 separate trials, using
maize, oil palm and cocoa as the indicator plants . Maize was
used to provide rapid results, oil palm as a benchmark, and
cocoa as an additional indicator plant for the Mamba soils .

Soil details are presented in Table 69, and details for each
individual trial are reported separately .

Table 69 : Soil Characteristics

Sail origin :
.. .. .. . ..w . ... .. .. .

luaber

	

1 2 3 4 5 6 7 8
Location

	

Sagarai Gili-

	

Gili-

	

Baigni Baigani

	

laaba

	

laaba

	

laaba
Gili Gili

Detail

	

larsery Corran- Corran- f-

	

11-

	

hT

	

QT

	

IT

ous ous forest coconut

Depth (cis)

	

0-15

	

0-15 15-30

	

0-15

	

0-15

	

0-15

	

0-15

	

0-15

Texture:

'"""'""'"'"""'"' Clap Clap Clay Clay Loan Sandy Sandy Saudi

loll

	

loll

	

loaf loll loaf

Particle distribution :
.. ..... .. . .. ... .. .. . ..w .. ..

Coarse sand 3 17 14 6 36 23 24 21
Pine sand % 32 7 9 16 8 39 39 43

Silt 1 37 35 33 47 31 29 27 26
Clay % 28 41 44 31 25 9 10 10

Cheikical analysis :

Bull density g/il 0 .96 1.04 1 .06 0 .96 0.99 0.93 0.85 1 .05
pfl 6.9 7 .4 7 .8 6 .8 6.5 5 .3 5 .4 5 .1
Phosphorus p.p .i . 4 4 6 2 4 4 9

Extractable catioas ae/100g
. .. .... ... .. ..... .. ... ..... .. ... ...

Potassiul 0.36 0.14 0 .23 0.3 0.17 0 .21 0 .22 0 .19
Calcill 19 .7 58 .6 19 .5 33 .4 11 .3 1.1 3 1 .3
lagaesial 6 .11 1 .09 1 .34 13 .99 5 .45 0 .18 0 .36 0 .31

Sodia 0 .07 0 .07 0.08 0.37 0.1 0.05 0.05 0.04

CBC Re/1001 29 61 61 52 21 11 15 8

Percentage saturation
. ... .. .. . .. ... .. .. . .. ... .. .

Potassiua 1 .3 0 .4 0 .4 0 .6 0.8 2 1 .4 2 .3
Calcia 69 96 97 64 52 11 20 15
11gaesiul 11 .3 3 .4 2 .2 26 .9 15 .4 2 .5 2 .4 3 .8
Sodiai 0 .2 0 .1 0 .1 0 .7 0.9 0 .4 0 .3 O .4

Other

Organic latter t 4 4 .2 3.1 3 .5 3 6 .5 9.3 2.7
Total 1 h 0.15 0.21 0 .11 0 .35 0 .2 0.61 0.88 0 .19
Phosphate retn % 31 43 74 36 52 91 96 35
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Trial 313 (a)

	

Maize Trace Element Trial

Experimental Design
Statistical background : Trial 313(a) is a randomised block

split plot trial, consisting of 7 replicates, each divided into
8 main plots (soils) . The main plots are split into 7 for
nutrients .

Layout : The split plots are unguarded single pots .

Trial details
Location : Adjacent to GPRA premises at HGPPL .
Genetic material : Commercial corn seed .
Soils : 8 soils as described above .
Planting date :

	

August 1988
Size :

	

The trial comprised 392 experimental plants plus
guard rows around the trial .

Treatment details
Trial commencement : August 1988
First fertilizer application : 18/8/88
Trial progress : Completed 25/10/88 .
Treatments :

Compound fertilizer of analysis 15 :15 :6 :4 was applied as the
source of major nutrients . Trace elements were applied at the
commencement of the trial and fortnightly, with treatment
structure as shown (Table b) .

Table 70 : Treatments for trial 313(a)

Treatment :
Mixed
TE Fe

Chelated
Cu Zn Mn Comment

A + 0 0 0 0 Commercial mixed TE
B 0 + + + + Full treatment
C 0 0 + + + No Fe
D 0 + 0 + + No Cu
E 0 + + 0 + No Zn
F 0 + + + 0 No Mn
G 0 0 0 0 0 No TE



Results

Table 71 : Harvested dry matter for Maize with TE Application

In extrapolating results to oil palm it must be borne in
mind that maize is a more sensitive plant than oil palm, and
that indications of deficiencies in a pot trial are not always
corroborated in the field .

	

Also in comparisons between soils,

only a guide, which requires subsequent confirmation by further
work in the field .

Under the trial conditions, with generous applications of
commercial major nutrient fertilizer, there was no overall sig-
nificant difference between omission of the trial trace ele
ments .

	

This confirms a major influence of the main nutrients
on these soils in the short term, but does not rule out trace
element responses in the longer term .

	

Major and highly sig-
nificant differences did arise between the soils within the
trial .

For soils, the Waigani ex forest soil proved the best, fol-
lowed by Sagarai and the Mamba UT . The worst growth was on the
Mamba RT and the Corranous sub soil .

	

In fact it is surprising
that growth on the Corranous sub-soil was not even poorer,
bearing in mind that this was the only sub-soil included in the
trial .
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TABLE OF MEANS : g/plant

FERTILIZER TREATMENTS
A B C D E F G Average

SOILS 1 37 .9 40 .0 39 .9 30 .7 30 .7 32 .7 39 .0 35 .8
2 19 .4 33 .7 22 .3 18 .1 29 .0 21 .3 20 .0 23 .4
3 8 .0 22 .3 11 .6 20 .1 21 .0 17 .6 15 .3 16 .6
4 47 .1 51 .0 54 .3 46 .0 39 .9 36 .3 46 .9 45 .9
5 36 .9 37 .9 21 .4 29 .7 37 .1 18 .6 16 .1 28 .2
6 26 .4 24 .0 23 .7 27 .7 17 .1 30 .9 24 .6 24 .9
7 30 .7 34 .9 25 .4 43 .4 24 .7 37 .9 34 .4 33 .1
8 8 .3 14 .0 15 .1 6 .9 6 .9 14 .6 23 .6 12 .8

Average 26 .8 32 .2 26 .7 27 .8 25 .8 26 .2 27 .5 27 .6

COMPARISONS
sd cv lsd

Soil<>Soil 19 .43 70 7 .85
Fert <> Fert 14 .75 53 5 .58
Fert <> Fert (1 soil) 15 .77
Fert <> Fert (2 soils) 16 .58
Soil<>Soil (1 or 2 ferts) 16 .58

growth in pots is not the same as growth in the field, and
maize has different soil requirements from oil palm . Thus
whilst the indications particularly for nutrients give a valid
guide to possible problems and requirements in the field, it is



Examination of the detailed results between individual plots
does indicate a number of trends developing, which provide a
basis for careful consideration of trace element requirements
in the field .

Overall treatment b (including high levels of Fe, Cu, Zn and
Mn) gave clearly higher yield than any of the other treatments .
Of more interest is the effect of nutrients on individual
soils .

For Milne Bay on the Waigani ex-coconut soil both treatments
omitting Mn gave poor results . On the GiliGili corranous sub-
soil, all treatments including Fe gave clearly higher yields .

At Mamba on the UT soil treatments without Cu yielded well .
For both UT and LT omission of Zn decreased yield, but omission
of Mn improved yield . The RT soil gave best results in the ab
sence of any TEs, but combinations including both Cu and Zn
also yielded better than others .

Conclusions

The major aim of the trial is to identify possible nutrient
problems . Differences between comparative soil performance may
not reflect field performance with oil palm, but further inves
tigation would be justified for any soils giving particularly
poor performance .

Only soils had an overall statistically significant dif-
:Lerence . The best growth was on the Waigani ex-forest soil,
and better than average growth was found on the Sagarai and
Mamba UT soils .

Poor growth occurred on the Mamba RT soil, and on the Gili-
Gili corranous sub-soil . On the other hand oil palms are
presently growing satisfactorily in both these locations .

For TE nutrients, supplementation of Fe, Cu, Zn and Mn
provided the highest yields overall .

For individual soils, the problem areas at Milne Bay appear
to be ex-plantation soils and the corranous soils . At Waigani
the ex-coconut soil benefitted from Mn application, and at
G~liGili the corranous soil benefitted from Fe application .

The Mamba soils exhibited various trace element problems .
Mn appeared potentially toxic, and on the UT soil additional Cu
appeared harmful . Zn however was beneficial on all Mamba
soils, and Cu possibly also beneficial on the RT soil .
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Trial 313 _-(b)

	

Maize Mayor Nutrient Trial

Experimental Design
Statistical background : Trial 313 (b) is a

	

randomised

	

block
split plot trial, consisting of 7 replicates, each divided into
3 main plots (soils) .

	

The main plots are split into 6 for
nutrients .

Layout : The split plots are unguarded single pots .

Trial details
Location : Adjacent to OPRA premises at HOPPL .
Genetic material : Commercial corn seed .
Soils : 3 Mamba soils .
Planting date :

	

August 1988
Size : The trial comprised 126 experimental plants plus
guard rows around the trial .

Treatment details
Trial commencement : August 1988
First fertilizer application : 18/8/88
Trial progress : Completed 25/10/88
Treatments :

SOA, TSP, MOP, Kieserite and commercial TE mix were applied in
various combinations at fortnightly intervals, with treatment
structure as shown (Table 72) .

Table 72 : Treatments for trial 313(b)

Mixed
Treatment : TE SOA TSP MOP Kies Comment

A + + + + + Full
+ 0 + + + No SOA

C + + 0 + + No TSP
D + + + 0 + No MOP
E + + + + 0 No Kieserite
G 0 0 0 0 0 Control



Results

Table 73 : Harvested dry matter for Maize with Major
nutrient Applications

TABLE OF MEANS : g/plant

FERTILIZER TREATMENTS

100

0

b0

40-,

Yields relative to complete treatment

No TSP

	

No MOP

	

No Kieserite

	

No SOA

	

Complete

Figure 40 : Relative Yields for Trial 313(b)
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A B C D F G Average

SOILS 6 31 .7 16 .5 2 .3 11 .3 16 .7 2 .7 13 .5
7 26 .0 14 .5 0 .0 6 .8 3 .0 2 .2 8 .8
8 31 .5 17 .3 0 .0 4 .8 21 .8 3 .8 13 .2

Average : 29 .7 16 .1 0 .8 7 .7 13 .8 2 .9 11 .8

COMPARISONS
sd Cv lsd

Soil<>Soil 11 .72 99 5 .80
Fert <> Fert 10 .46 88 6 .97
Fert <> Fert (1 soil) 12 .08
Fert <> Fert (2 soils) 12 .33
Soil<>Soil (1 or 2 ferts) 12 .33



In extrapolating results to field practice for oil palms the
provisos indicated in section 313(a) should be borne in mind .

Differences between soils were not significant . Differences
between nutrients were highly significant .

For nutrients the complete treatment (a) was significantly
superior . The omission of TSP virtually prevented growth (6% of
the full treatment) . Very poor growth also occurred with omis
sion of MOP (26%) . Omission of SOA or Kieserite was the least
harmful, but even these treatments only attained 50% of the
yield of the full treatment .

Although not identified by these results, soil analysis indi-
cates that the RT soil has a substantially lower phosphate
fixation capacity than the other 2 Mamba soils .

Conclusions

The results indicate potential requirement for fertilizing
with all 4 major nutrients on the 3 Mamba soils . In order of
response, application of phosphate was essential, MOP applica
tion was the next requirement, and major benefit was also ob-
tained by inclusion of SOA and Kieserite .

Trial 313 (c)

	

Oil Palm Trace Element_Trial

Experimental Design
Statistical design : Trial 313(c) is a randomised block

split plot trial, consisting of 7 replicates, each divided into
3 main plots (soils) . The main plots are split into 7 for
nutrients .

Layout : The split plots are unguarded single pots .

Trial details
Location : Adjacent to OPRA premises at HOPPL .
Genetic material : Commercial Dami DxP seed .
Soils : 3 Mamba soils .
Planting date :

	

August 1988
Size : The trial comprises 147 experimental plants plus

guard rows aroufid the trial .

Treatment details
Trial commencement : August 1988
First fertilizer application : 22/8/88
Trial progress : Ongoing
Treatments :

Compound fertilizer of analysis 15 :15 :6 :4 is applied as the
source of major nutrients . Trace elements were applied at the
commencement of the trial and monthly, with treatment structure
as shown (Table 74) .



Table 74 : Treatments for Trial 313(c)

Results

Table 75 : First leaf count for Oil Palm with TE nutrient
Applications

TABLE OF MEANS : leaves/plant

FERTILIZER TREATMENTS

The initial results are based on the first leaf count taken
on 21/12/88 . Although the oil palm is far slower to express
nutrient effects than maize, the initial results do indicate
certain trends, and are particularly valuable in indicating the
extent to which the maize results can legitimately be extrapo-
lated to oil palm .

In general the results obtained on the maize do appear to be
borne out, but oil palm had not responded so markedly to soil
differences, and in some cases has indicated a different rank-
ing for the soils .

In considering soil differences it should also be borne in
mind that the water holding capacity of the soil may unduly in-
fluence results in a pot trial, where water stress may develop

A B C D E F G Average

SOILS 6 5 .71 6 .00 5 .57 5 .71 6 .14 6 .14 6 .00 5 .90
7 5 .86 5 .71 6 .00 6 .00 5.71 5.86 5 .57 5 .82
8 6 .14 5 .86 5 .57 5 .86 6 .43 6 .57 5 .86 6 .04

Average : 5 .90 5 .86 5 .71 5 .86 6 .10 6 .19 5 .81 5 .92

COMPARISONS
sd cv 1sd

Soil()Soil 0 .699 12 0 .311
Fert <> Fert 0 .756 13 0 .466
Fert <> Fert (1 soil) 0 .808
Fert <> Fert (2 soils) 0 .800
Soil<>Soil (1 or 2 ferts) 0 .800

Treatment :
Mixed
TE Fe

Chelated
Cu Zn Mn Comment

A + 0 0 0 0 Commercial mixed TE
B 0 + + + + Full treatment
C 0 0 + + + No Fe
D 0 + 0 + + No Cu
E 0 + + 0 + No Zn
F 0 + + + 0 No Mn
G 0 0 0 0 0 No TE



rapidly .

	

This might not be extrapolated to field conditions,
where a free draining soil might actually be beneficial rather
than harmful .

At this stage the oil palm on the 3 Mamba soils have not
developed any overall significant differences, and there is no
identification of any overall difference between the 3 Mamba
soils .

Examination of the results in detail does generally confirm
the TE results obtained with maize . On the LT and RT soils
omission of Mn appeared beneficial for both maize and oil palm
(indicating excessive Mn availability from the soil) . Opposing
results however arose for Zn, which appeared beneficial on
maize but harmful on oil palm . However, with the relatively
higher rates applied to the oil palm due to the longer duration
of the trial it is possible that deficiency may easily have
shifted to toxicity, which could explain apparently contradic-
tory effects .

For the UT soil omission of Cu gave higher production with
both maize and oil palm .

Thus the results from maize indicating potential Mn toxicity
(LT & RT) and Cu toxicity (UT) are confirmed, but the Zn situa-
tion is unclear .

Trial 313 (d)

	

Oil Palm Major Nutrient Trial

Experimental Design
Statistical design : Trial 313(d) is a randomised block split

plot trial, consisting of 7 replicates, each divided into 8
main plots (soils) . The main plots are split into 7 for
nutrients .

Layout : The split plots are unguarded single pots .

Trial details
Location : Adjacent to OPRA premises at HOPPL .
Genetic material : Commercial Dami DxP seed .
Soils : 8 soils : for details see introductory section .
Planting date :

	

August 1988
Size : The trial comprises 392 experimental plants plus

guard rows around the trial .

Treatment details
Trial commencement : August 1988
First fertilizer application : 22/8/88
Trial progress : Ongoing
Treatments :

SOA, TSP, MOP, Kieserite and commercial TE mix were applied
in various combinations at fortnightly intervals, with treat-
ment structure as shown (Table 76) .



Table 7 6 : Treatments for Trial 313(d)

Results

Table 77 : First leaf count for Oil Palm with Major
Nutrient Application

TABLE OF MEANS : leaves/plant

FERTILIZER TREATMENTS

Initial results are based on the first leaf count taken on
21/12/88 . Although the oil palm is far slower to express
nutrient effects than maize, the initial results confirm the
emergence of highly significant differences, both for soils and
fertilizers . These show that the maize results can by and
large be extrapolated to the oil palm .

A B C D E F G Average

SOILS 1 6 .14 4 .43 5 .86 6 .29 5 .71 5 .86 5 .14 5 .63
2 4 .57 4 .29 6 .00 5 .00 5 .00 4 .86 5 .29 5 .00
3 5 .00 4 .29 5 .29 4 .57 4 .29 4 .14 4 .00 4 .51
4 6 .00 5 .43 4 .86 5 .71 5 .86 6 .43 4 .71 5 .57
5 6 .43 5 .29 5 .00 5 .57 4 .86 5 .57 4 .86 5 .37
6 6 .00 5 .14 5 .29 5 .86 6 .29 5 .14 4 .71 5 .49
7 5 .43 5 .00 5 .00 4 .43 4 .43 5 .14 4 .57 4 .86
8 5 .43 5 .00 4 .57 5 .00 5 .14 4 .86 4 .71 4 .96

Average 5 .63 4 .86 5 .23 5 .30 5 .20 5 .25 4 .75 5 .17

COMPARISONS
sd cv lsd

Soil<>Soil 1 .26 24 0 .509
Fert <> Fert 1 .08 21 0 .409
Fert <> Fert (1 soil) 1 .156
Fert <> Fert (2 soils) 1 .185
Soil<>Soil (1 or 2 ferts) 1 .185

Treatment :
Mixed
TE SOA TSP MOP Kies Comment

A + + + + + Full
B + 0 + + + No SOA
C + + 0 + + No TSP
D + + + 0 + No MOP
E + + + + 0 No Kieserite
F 0 + + + + No TE
G 0 0 0 0 0 Control



Although there is general agreement between the parallel
trials, the oil palm have not responded so markedly to soil
differences, and in some cases have indicated a different rank
ing for the soils . For nutrients also, although there is
general confirmation of results, the extent of response has
differed in some cases between the 2 crops .

At this stage the soil ranking based upon the oil palm
results indicates superior growth on the Sagarai, Waigani ex-
forest, Waigani ex-coconut and Mamba LT soils (Sagarai and
Waigani ex-forest were also superior for maize growth) .

	

The
corranous sub-soil (as with maize) produced the poorest growth .
Difference between the best and poorest soil at this stage is
only 31%, compared with 359% in maize trial 313(a) .

Overall the main nutrient effect to be expressed is SOA,
with the TE plus all nutrients superior, and the control and
SOA omission treatments particularly poor .

For Milne Bay soils, at Sagarai omission of MOP was not harm-
ful, but omission of SOA was . This corresponds with soil
analysis indicating the highest extractable K level for any of
the Milne Bay soils at Sagarai .

On the corranous soils SOA was necessary, but TSP was not .
In addition the corranous sub-soil also indicated particular
benefit from Kieserite application and TE inclusion (also con-
firmed in the maize TE trial) .

The ex-forest soil gave poor results without TSP .

For Mamba LT and RT soils omission of TSP was harmful .

	

On
the LT soil yield was also depressed in the absence of SOA and
of TE . Yield on the UT soil was depressed by treatments omit-

Trial 313 (e)

	

Cocoa Major Nutrient Trial

Experimental Design
Statistical design : Trial 313(e) is a randomised block split

plot trial, consisting of 7 replicates, each divided into 3
main plots (soils) . The main plots are split into 7 for
nutrients .

Layout : The split plots are unguarded single pots .

ting MOP or Kieserite .

These preliminary results should be treated with some cau-
tion, but in so far as they confirm the maize results they are
particularly valuable, and overall indicate several potential
nutritional problems for the various soils involved .



Trial details
Location : Lejo cocoa nursery, HOPPL .
Genetic material : A single selected HOPPL cross .
Soils : 3 Mamba soils .
Planting date :

	

7th August 1988
Size :

	

The trial comprises 147 experimental plants plus
guard plants at the edge of the trial .

Treatment details
Trial commencement : August 1988
First fertilizer application : 26/10/88
Trial progress : Ongoing
Treatments :

SOA, TSP, MOP, Kieserite and commercial TE mix were applied
in various combinations at fortnightly intervals, with treat-
ment structure as shown (Table 78) .

Table 78 : Treatments far Trial 313(e)

Results :

Purpose :

Not yet available .

TRIALS 314 & 315, SMALLHOLDER DEMONSTRATION SITES,
ORO PROVINCE

1 .

	

To demonstrate the value of fertilizer applications, for
the benefit of all smallholders .

2 .

	

To monitor the selected sites so as to obtain agronomic
data (e .g . soil, leaf and yield) in order to improve under-
standing of the basic agronomy for all smallholder areas .

3 .

	

To provide an improved assessment of fertilizer response
and requirement for smallholder locations .

Treatment :
Mixed
TE SOA TSP MOP Kies Comment

A + + + + + Full
B + 0 + + + No SOA
C + + 0 + + No TSP
D + + + 0 + No MoP
E + + + + 0 No Kieserite
F 0 + + + + No TE
G 0 0 0 0 0 Control



Statistical background : Each smallholder block provides a
single replicate . Within this there are 6 plots, comprising 2
with overall treatments, and 4 with systematic applications of
N and K fertilizers, each applied in a gradient at right angles
to the other . 2 of these 4 plots also receive TSP, and 2 do
not .

Layout : The plots consist of a core of 25 recorded palms,
surrounded by a guard row, making a total of 49 palms per plot .
The systematic gradients have a zero fertilizer guard row
around the plot and on both sides of the 0 treatment the guard
row beyond the highest treatment receeives an incrementally
higher rate .

	

There are no guards between the remaining treat-
ments which are in equal increments .

	

On each plot there are 5
recorded palms receiving each of the 4 rates for individual
fertilizers, and 1 palm for each of the 16 combination of the 2
fertilizers . These are replicated 4 times at each site .

Trial details
Location :

	

Currently at 14 sites up to 60km apart and
throughout the major smallholder oil palm areas of Oro
Province .

	

Locations are listed in Table 79 and marked on the
map in Fig . 41 .

Table 79 :

Location

Key to

Area

smallholder areas

Block

map

Map Number

West Waseta 300029 1

West Waru 520003 2

West Isavene 101179 3

West Igora 111578 4

West Igora 111611 4

West E Sangara 050157 5

East Dobuduru 260002 6

East E Ambogo 030309 7

East Ahora 230003 8

East Sorovi 040232 9

East Sorovi 121763 9

East Awowota 220010 10

East Soputa 250041 11

East Embi 881111 12
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Genetic material : Dami commercial DxP crosses .
Soils : Soils generally approximate to those described for

the estate trials, with the major divide occuring at the Ambogo
river . Further variation may occur, particularly inland, and
characterisation has not been completed .
Planting dates : Various .
Spacing : 120 points ha .
Size : The trial presently comprises 14 sites : 13 of 4 ha and

1 of 2 ha - total 54 ha .

	

At each site the entire block is
fertilized .

	

On the 4 ha holdings there are 6 experimental
plots (150 experimental points, 294 points with guards) .

	

On
the 2 ha holding there are only 4 plots .
Trial naming :

	

The trials have been divided into 2 projects :
1) Trial 314 being "Smallholder Demonstration Blocks"

i .e . those in good condition, which it is hoped that
fertilizer application will maintain as exemplary
blocks .

2) Trial 315 being "Smallholder Rehabilitation Blocks"
for blocks with low production, which it is hoped that
fertilizer application may rehabilitate .

Treatment details
Trial commencement : June to December 1988 .
Trial progress : Ongoing .
Treatments :

1 . The "control" plot receives no fertilizer whatsoever .
2 . The "demonstration" plot receives whatever fertilizer is
considered most appropriate for the block .

	

This may vary from
time to time .

Table 80 : Fertilizer rates for demonstration plots :
kg/palm 1988

Location
West East

Fertilizer
N SOA 2 .5 2 .5
K MOP 1 2

Table 81 : Systematic component rates in kg/palm/year

Fertilizer

N SOA 0 1 .25 2 .5 3 .75
K MoP 0 1 .25 2 .5 3 .75

120



Modifications during 1988

1 . Several modifications have been undertaken at the commence-
ment of the trial, as experience was gained, to ensure that
treatments and results are applicable and comparable at all
sites .

Application frequency for K fertilizers was originally once a
year .This has now been converted to twice a year .

Originally bunch ash was used as the K source .

	

In view of
various practical considerations the source has been changed to
MOP .

The original systematic application rates were to vary be-
tween trials 314 and 315 . They have now been unified, at the
rates given .

Since the demonstration plot and the perimeter palms at each
site receive fertilizer according to the current recommendation
for the specific site, rather than any overall fixed rate,
flexibility is built into the trial .

Results

Initial yield and petiole cross-section data is shown in
Table 82, whilst initial leaf nutrient and soil data for the
different sites are shown in Tables 83 and 84 respectively . The
tables indicate available background data for the sites at the
commencement of the trial . Samples for the remaining sites are
still under analysis .

The initial data highlights the essential requirement for
correct fertilization to ensure reasonable yields in all trial
areas . It also indicates the potential value of the trial in
providing basic data regarding nutrition and yield in the
various smallholder locations .

The initial records confirm the primary division between
locations to the west and east of the Ambogo river .

For these 2 areas, soil data confirms lower K supplies to the
east, which corresponds with the Ambogo soil where the major
response to MOP has been found in the OPRA trials .

	

Throughout
both areas leaf N levels vary, and low N levels correspond with
low yields .

Greatest site variation occured in the western sector . Both
sites in the Waru/Isavene area had low pH (5 - 5 .7) high or-
ganic matter levels (13 .5 - 16 .6%) and relatively lower soil
Mg, making their conditions different from the rest .

	

Waseta
and Waru also had particularly high P retention (77 - 96%) .



Table 82 : Comparative Smallholder Baseline Performance
Yield and petiole cross-section Data 1988

Consideration of Table 82 indicates yields .

	

The majority of the blocks
are harvested regularly, so most low yields directly reflect low produc
tion .

	

Very few blocks had received any fertilizer prior to 1988, and many
of the sites have never been fertilized since bearing commenced .

1988 yields varied from 7 .3 t/ha to 21 .8 t/ha .

	

Examination of the data
indicates that the reason for low production is normally exhaustion of soil
nutrients by cropping .

In combination with the information available from other OPRA trials,
this indicates a poor outlook for smallholder production in 1989 . Deple-
tion of nutrients at many sites, through absence of fertilizer has in
stituted a decline in yield, ultimately to levels below 8 t/ha .

	

The
delayed nature of response to fertilizer by the oil palm means that even if
fertilized in 1988, little improvement can be expected before 1990 .

	

For
older areas with seriously depressed production, replanting would be an ef-
fective alternative to rehabilitation .
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Location Area Block First
harvest

Previous
fertilizer

Yield
Petiole c .s .

D C

West Waseta 300029 19/7/82 ? 17 .4 21 .94 17

West Waru 520003 11/9/80 1 kg MOP 1988 7 .5 34 .66 29 .95

West Isavene 101179 6/5/81 None 12 .1 26 .14 27 .21

West Igora 111578 21/5/82 ? 15 .8

West Igora 111611 26/2/82 BA 2 .5 kg 10/87 18 .2 20 .9 23 .7

West E Sangara 050157 12/10/82 1 kg SOA 10/88 18 .6 24 .9 27 .44

East Dobuduru 260002 10/9/82 ? 11 .1 20 .19 19 .1

East E Ambogo 030309 2/9/80 0 .5 kg SOA 1988 12 24 .52 29 .4

East Ahora 230003 8/7/81 MOP lkg 4/88 12 .5 27 .04

East Sorovi 040232 30/1/81 BA 2 kg 11/87 7 .9 33 .44 37 .49

East Sorovi 121763 2/9/82 None 21 .8 31 .64 31 .62

East Awowota 220010 21/8/81 ? 16 30 .9 23 .12

East Soputa 250041 3/1/88 SOA 0 .4 kg 8/85 7 .3 16 .34 10 .02
MOP 0 .8 kg 9/86 (young)

East Embi 881111 27/8/82 lkg MOP 1987 7 .3 30 .83 25 .56
2 kg SOA 1988



Su=ary

The initial data highlights the essential requirement for
correct fertilization to ensure reasonable yields in all trial
areas .

Low leaf N levels corresponded with low yields .

There was a distinction between areas west and east of the
Ambogo river : soil data confirms lower K supplies to the east,
which corresponds with the Ambogo soil where the major response
to MOP has been found in the OPRA trials .

With yields as low as 7 .3 t/ha there is a poor outlook for
smallholder production unless fertilizing is improved .
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Table 83 : Smallholder Baseline Leaf Data 1988

Location 8rea Block Plot Previous fertilizer Yield Nt ?% 1% Cad Ng% S% C1%

Test Taseta 300029 C None 17 .4 2 .3 0 .148 0 .76 1 .18 0 .31 0 .17 0 .09
D 2 .3 0 .153 0 .76 1 .03 0 .28 0 .16 0 .11

Test fart 520003 C ? 7 .5 1 .6 0 .138 0 .79 0 .95 0 .33 0 .13 0 .32
D 1 .7 0 .137 0 .8 0 .87 0 .29 0 .14 0 .28

Test Isaven 101179 C None 12 .1 2 0 .13 0 .82 0 .89 0 .31 0 .14 0 .11
D 1 .90.130 .88 0 .9 0 .33 0 .13 0 .14

Test Igora 111611 C ? 18 .2 2 .2 0 .144 0 .96 0 .89 0 .26 0 .15 0 .23
D 2 .1 0 .136 0 .87 0 .85 0 .26 0 .17 0 .26

Bast Dobudun 260002 C None 11 .1 1 .8 0 .151 0 .63 0 .9 0 .39 0 .14 0 .16
D 2 0 .156 0 .74 0 .94 0 .34 0 .15 0 .15

Bast 8bora 230003 C 10P lkg/plr 4/88 12 .5 1 .7 0 .147 0 .84 0 .91 0 .36 0 .15 0 .11
D 1 .7 0 .142 0 .8 0 .94 0 .37 0 .14 0 .19

Bast Sorovi 040232 C B8 c 1 kg c 1/88 7 .9 2 .4 0 .147 1 .09 0 .81 0 .34 0 .18 0 .29
D 2 .1 0 .135 1 .05 0 .77 0 .31 0 .16 0 .3

Bast Sorovi 121763 C None 21 .8 2 .4 0 .141 0 .87 0 .72 0 .23 0 .15 0 .11
D 2 .6 0 .152 0 .91 0 .76 0 .33 0 .16 0 .17

East iroxota 220010 C ? 16 2 .3 0 .156 0 .81 0 .81 0 .29 0 .17 0 .27
D 1 .7 0 .142 0 .86 0 .82 0 .3 0 .16 0 .22

East Soputa 250041 C SOA 0 .4 kg 8/85 7 .3 2 .7 0 .164 0 .88 0 .92 0 .41 0 .17 0 .57
D UP 0 .8 kg 9/86 (young) 2 .8 0 .181 0 .91 0 .97 0 .35 0 .2 0 .41



Table 84 : Smallholder Baseline 0-20 cm Soil Data 1988

lttractable cations CIC Percentage 0.1 . P Tot .

Location lrea Rock Plot Past fertilizer

(tg/paln)

Yield

PI P

PPI I

I.e ./I001

Ca D9 II CBC 1%

Sattration

Cab Dgb Deb 4

ret1 . D

Test Meta 300029 C Done 11 .6 6.0 3 0 .23 9 .6 1 .35 0.06 18 1 .3 53 7.7 0 .6 9 .6 82 0.58

D 6.1 4 0 .19 7 .7 1 .25 0 .03 16 1 .2 48 7.8 0 .1 7 .6 77 0.46

Test fire 520003 C ? 7 .5 5.7 3 0.18 1 .9 0.36 0 .12 22 0.8 9 1.6 0.6 15 .6 96 0.61

D 5 .3 4 1 .33 2 .8 0.62 0 .13 24 5.6 12 2 .6 0.5 16 .6 96 0.59

Test Isarene 101179 C Done 12 .1 5.0 4 0 .74 1 .3 0 .36 0.16 27 2.8 5 1.6 0.5 IM 0.56

D 5 .3 90.42 0.90.230 .11 23 1.8 4 1 .0 0.513 .5 0 .42

Test Igora 111611 C ? 18 .2 6.3 3 0.25 7 .3 1 .3 0 .04 13 2.0 58 10 .2 0.3 2 .9 28 0.20

D 6 .2 30.15 7 .2 1 .30.09 12 1 .2 6110 .9 0.7 2 .8 250.16

Bast Dobldirs 260002 C Dane 11 .1 6.2 10 0.07 5.2 0.65 0 .03 9 0.7 55 6 .9 0.3 4.3 37 0 .20

D 6 .4 7 0.07 5.8 0.83 0 .05 10 0 .7 56 8 .0 0 .5 4.3 36 0 .24

East lbora 230003 C IN Itg :4188 12 .5 6.4 29 0.40 26 .5 8.59 0 .16 38 1.1 64 22 .3 0.4 4.3 35 0.25

D 6 .5 27 0.34 26 .1 6 .56 0 .08 38 0 .9 69 17 .4 0 .2 5.5 34 0 .33

Bast Sorovi 40232 C 11 1x1 :1/88 7 .9 6.3 5 0.28 6 .1 1 .73 0 .05 12 2.3 50 14 .1 0.4 4.3 29 0 .28

D 6 .2 4 0.32 5 .8 1 .48 0.04 13 2 .5 46 11 .8 0 .3 4.4 42 0 .21

Bast Soroii 121763 C Done 21 .8 6 .2 11 0.09 4.4 0.85 0 .03 8 1 .1 56 10 .9 0 .4 2.1 12 0 .16

D 6 .4 15 0.13 9.2 2.23 0.05 15 0 .9 63 15 .2 0 .4 3.0 22 0 .20

list 1104ota 220010 C ? 16 .0 6 .1 5 0.08 6.9 1.52 0 .06 13 0 .6 52 11 .4 0 .5 3.2 40 0 .14

D 6 .2 3 0.08 7 .8 1.26 0 .06 13 0 .6 59 9 .4 0 .4 3.3 41 0 .12

last Sopita 250041 C S010.011/85 7 .3 5.9 7 0.19 3.9 0.99 0 .05 13 1.5 30 7 .6 0.4 6.1 54 0 .29

D 10P 0 .8tg :9/86 (10411) 5 .9 7 0.21 5 .3 1 .59 0 .07 15 1 .4 35 10 .5 0 .5 7.1 50 0 .91



INV$STIGATION 31b, Cover Crop and Nitrogen Bvaluation

This investigation was undertaken to obtain preliminary data
on nitrogen fixation by leguminous cover craps . Two lines of
research have been undertaken .

1 .

	

Three areas were identified , one on each estate, where
there were uniform stands of oil palm with patches of
leguminous cover crop interspersed with areas virtually without
leguminous cover . On Arehe and Ambogo the cover selected was
Calopogonium caerulium, under mature oil palm, whilst at
lsavene it was Pueraria under young palms .

In each case measurements and samples were taken at 60 points
(each separated by at least 1 intermediate palm) in each area :
30 with and 30 without leguminous cover, For the palms, frond
17 was used for petiole wxt measurement and far leaf sampling .
A soil sample, and leaf and root samples of the cover crop were
also taken .

2 .

	

During the annual estate leaf sampling round a detailed
survey of ground cover conditions adjacent to the sampled palms
was undertaken on Ambogo and Arehe estates, in an attempt to
identify possible relationships with the leaf N levels .

Results

Table 85 indicates the relative N percentages within the
cover crop on the 3 estates, in bath leaves and roots, when the
covers were categorised according to the number of nodules ob
served on the roots . In comparison to published data (Watson,
1960 ; Tan et al, 1960) all these results are very high, and
indicate that all the covers sampled, irrespective of observed
nodulation details, were fixing nitrogen effectively . This
confirms the visual observation of vigorous green growth of
most leguminous species on these soils, including areas with
low nutrient status .

Table 85 : Percentage Nitrogen in Leguminous Cover Crop Samples

Nodule Frequency

Leaf :

Root :

High Med Low Mean

Arehe 4 . 0 4 . 2 4 .1_ . 4 .10
Ambogo 4 .5 4 .4 4 .4 4 .43
lsavene 4 .4 4 .2 4 .4 4 .33

Mean 4 .30 4 .27 4 .30 4 .29

Arehe 2 .4 2 .2 2 .2 2 .27
Ambogo 2 .7 2 .3 2 .3 2 .43
lsavene 2 .6 2 .3 2 .3 2 .40

Mean 2 .57 2 .27 2 .27 2 .37
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Table 86 indicates that the leguminous covers also had
similar high nitrogen contents both in areas of prolific estab-
lished growth, and also in areas of sparse or new growth . This
would indicate that there is neither a problem in commencing
fixation in new areas, nor with exhaustion in established
areas, and further confirms that the high N levels are due to
fixation rather than extraction .

Table 86 : Percentage Nitrogen in Leguminous Cover Crop Samples

Cover Crop Density

Table 87 summarises the oil palm leaf data and the soil
data from the 3 sites . There were no major differences observ-
able exceptfor N .

	

In the case of N level in oil palm leaves,
the major increase was in the young palms at Isavene (from 2 .4%
to 2 .9%) . This might be expected, since energy for fixation is
supplied by sunlight, so that under open conditions, more
vigorous growth, fixation and N turnover is possible . With
younger palms the total N uptake may also be less (smaller
leaves) allowing a proportionately greater effect .

For sail organic matter and nitrogen measurements, the areas
with cover crop have overall higher values in each case . The
largest benefits were recorded at Arehe, with Isavene not
having any improvement in soil N and organic matter levels due
to cover crop - possibly due to the shorter period of estab-
lishment .
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Leaf : High Low Mean

Arehe 4 .2 4 .1 4 .15
Ambogo 4 .4 4 .3 4 .35
Isavene 4 .3 4 .3 4 .3

Mean 4 .30 4 .23 4 .27

Root :

Arehe 3 .1 2 .2 2 .65
Ambogo 2 .2 2 .3 2 .25
Isavene 1 .6 2 .6 2 .10

Mean 2 .30 2 .37 2 .33



Table 87 : Nitrogen Levels in 4i1 Palm Leaves and Soil Samples

Cover Crap Incidence

Table 88 indicates the petiole wxt measurements . Surpris-
ingly, these appear to contradict the previous data, since the
palms growing amongst vigorous cover crop have rather lower
petiole wxt values in each case .

	

Thus, although there is a
clear indication of nitrogen fixation by the covers, the ques-
tion of their ultimate benefit to the oil palm is left open .
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Leaf : N~ High Low Mean

Arehe 2 .5 2 .3 2 .40
Ambogo 2 .6 2 .7 2 .65
lsavene 2 .9 2 .4 2 .65

Mean 2 .67 2 .47 2 .57

Soil : Percentage organic Matter

Arehe 2 .9 2 .7 2 .80
Ambogo 3 .4 3 .2 3 .30
lsavene 2 .9 2 .9 2 .90

Mean 3,07 2 .93 3 .00

Soil : Available N kg/ha

Arehe 136 108 122
Ambogo 119 107 113
lsavene 113 130 121

Mean 122 .6 115 .0 118 .8

Soil : Total N as percent

Arehe 0 .17 0 .12 0 .15
Ambogo 0 .19 0 .20 0 .20
lsavene 0 .20 0 .20 0 .20

Mean 0 .19 0 .17 0 .18



Table 88 : Oil Palm Petiole wxt Measurements mm

Cover Crop Incidence

It is possible that if other nutrient/s are in short supply
there is a competition effect, due to the vigorous cover crop
growth, though in the long term no nutrients are permanently
removed by the leguminous covers . 4n the other hand, some form
of ground cover is essential to avoid soil loss, which would
lead to a far more serious and permanent loss of nutrients .

For the ground cover surveys, examination of the data from
Ambogo did not identify any relationships between vegetation
and leaf N content, possibly due to other factors giving rise
to overall variation, and the lack of variation in cover crop
percentages between samples .

General overall analysis of the Arehe data also failed to
identify any clear relationship between ground cover and leaf N
levels in the oil palm .

	

However, one multiple regression was
identified involving soil type, palm age and leguminous cover
crop percentage, which gave a positive and statistically sig-
nificant regression between the cover crop and palm leaf N
levels .

However, since the overall effects are not clear, iden-
tification of a single expression giving statistically sig-
nificant results should not necessarily be interpreted as a
direct cause and effect .

Generally the large scale surveys have yielded disappoint-
ingly little in terms of increased understanding of the role of
the ground cover in relation to oil palm leaf N levels .
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High Low Mean

Arehe 3444 3530 3487
Ambogo 3936 4230 4083
Isavene 1610 1830 1720

Mean 2997 3197 3096 .

Percentages :

Arehe 100 102 101
Ambogo 100 107 103 .5
Isavene 100 113 106 .5

Mean 100 107 .3 103 .6



Conclusions

1 .

	

The initial data indicates that existing leguminous cover
crops at HOPPL are fixing nitrogen .

2 .

	

For young palms the fixation by leguminous covers resulted
in a relatively higher value for leaf N within the palm .
Surprisingly, the same palms also had a reduced rachis cross-
section .

3 .

	

Under closed canopy conditions there is no evidence of any
substantial effect upon leaf N by the leguminous covers . Under
these conditions, the potential for fixation, which relies upon
sunlight, will be limited, and consequently any effect upon
yield is likely to be relatively minor .

4 .

	

Slightly reduced rachis cross-section measurements were
found on the palms growing leguminous cover .

	

This association
should be treated with caution, since it has not been proven
that it is caused by the leguminous cover, or even that it
necessarily indicates any yield reduction . However, some
degree of yield reduction or decreased growth due to leguminous
cover cannot be ruled out .

5 .

	

Since the leguminous covers are fixing nitrogen, if they
do have any harmful effect, this is likely to be due to com-
petition (for nutrients or water) .

6 .

	

The present data has not given any clear indication of
factors which might possibly be involved in competition .

	

if
details were established then the effect could be overcome by
supplementing any items for which there was competition .

	

For
example, if P were limiting, then application of TSP would
overcome the consequent competition effect .

7 .

	

The value of leguminous covers in terms of influence on
oil palm production is unproven by the present data, so that no
recommendation for choice of cover can be made on agronomic
grounds .

8 .

	

Some form of ground cover is essential to avoid soil loss,
which would lead to a far more serious reduction in yield than
any choice between ground covers .

9 .

	

Since no substantial effect of leguminous cover has been
demonstrated, appropriate ground cover can be selected on the
basis of management criteria .
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TRIAL 316, COVER CROP INVESTIGATION SERIES
COMPETITION COMPONENT

Competition from the cover crop has been investigated by
David Coomes, an undergraduate student from Cambridge, UK .

Experimental Design
Statistical details : Randomised block design, with 7 repli-

cates, 10 plots per block and 2 treatments .

Layout : Blocking was for time of day, and there was one palm
per plot .

Trial details
Location : Isavene Estate HOPPL : young planting between Lejo

and 78D .
Genetic material : Commercial Dami DxP crosses .
Age :

	

c . 3 years .
Size : The trial comprised 10 experimental plants .

Treatment details
Trial date : 20th September 1988 .
Trial progress : Completed .

Method :

	

Stomatal conductance was assessed by application
of different concentrations of iso-propanol mixed with water,
and observation of leaf appearance . Due to surface tension
characteristics, the more dilute the alcohol solution which can
enter the stomata (producing a temporary white flecking) the
wider open the stomata are (Wormer and Ochs, 1959) .

Testing was conducted on 5 palms surrounded on all sides by
vigorous Pueraria (as detailed in the previous report) and 5
palms surrounded on all sides by vigorous Momordica charantia
growth .

Results :

	

The mean alcohol concentration which entered the
palms surrounded by Momordica was 54% whilst the mean value for
palms amongst Pueraria was 63% .

	

This difference was highly
significant (p< 0 .1%) indicating increased water stress on the
palms amongst Pueraria, despite a heavy shower interrupting the
measurements, and 217 mm of rain during the preceding 30 days .

Conclusions
Leguminous cover increased water stress on the oil palm

significantly .

Since competition is occurring for water which is relatively
plentiful, it is possible that there may also be competition
for nutrients, which can be in restricted supply .

Reference
Wormer M & Ochs R, Humidite du Sol, Ouverture des Stomates et
Transpiration du Palmier a Huile et de 1'Arachide

	

Oleagineux
y .14, No . 10 .

	

October 1959 pp 571-580
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TRIAL 501, PRELIMINARY FERTILIZER TRIAL, HAGITA .

Purpose : To assess initial nutrient responses at Milne Bay .

Statistical details : Trial 501 is a randomised complete
block trial, of 3 replicates, each comprising factorial ap-
plication of 3x2x3 N,P,K treatments . Boron treatments have
been superimposed on a split plot basis .

There are 4 additional observation plots to monitor effects
with zero MOP application, since this treatment has been
removed from the trial

Layout : The plots consist of a core of 16 recorded palms .
Guards were introduced as a modification to the original
design, and in consequence many plots are only guarded on 2 of
the 4 edges .

Trial details
Location : Hagita Estate MBE .
Genetic material : Dami commercial DxP crosses .
Soils : Plantation family, which is of recent alluvial origin,

seasonally high water table .with (sandy) clay loam soils and a
Planting date :

	

April 1986 .
Spacing : 127 points ha .
Size : The trial comprises 1397 experimental points, and is
surrounded by additional areas of buffer palms, separating it
from estate areas .

Treatment details
Trial commencement : July 1986 .
Trial progress : Ongoing .
Treatments :

Table 89 : Treatments for Trial 501

Modifications during 1988

1 .

	

Originally no guard rows were included in the trial, but
all plots had at least 2 sides not adjoining other plots .
Wherever possible guard rows have now been introduced .

Age
Mnth

Date SOA
0 1 2

TSP
0 1 0

MOP
1 2

B
0 1

3 7/86 0 .3 0 .3 0 .4
6 10/86 0 .3 0 .6 0 .5 0 .25 0 .5

12 4/87 0 .6 1 .2 0 .5 0 .5 1 .0

18 10/87 0 .6 1 .2 0 .5 0 .5 1 .5 2 .5 0 .05
24 4/88 0 .9 1 .8 0 .5 0 .5 1 .5 2 .5

36 10/88 0 .9 1 .8 0 .5 0 .25 1 .25 2 .25 0 .05



2 . It has been agreed to extend the life of this trial until
results from trial 502 (at present still at the design stage)
make it redundant .

	

Fertilizer rates are intended to be those
indicated at 36 months .

Results

As shown by the growth data in Table 90, the major MOP ef-
fect has continued in 1988, and a lesser benefit from SOA ap-
plications has also emerged . The extent of the response to MOP
is under-estimated in the results given, as the KO rate also
receives MOP to avoid the severe impairment occasioned by com-
plete absence of K .

Table 90 : Trial 501 Palm Growth and data for 1988

Note :

(1) Borate values based on 4 palms only, ie excluding palms
adjacent to those with a different borate treatment .
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TRTMNT Petiole Maximum Bunch
cross
section
(mm)

Height
m

count

N 0 10 .2 3 .09 10 .3
N 1 10 .7 3 .22 11 .3
N 2 10 .9 3 .31 11 .4

P 0 10 .6 3 .22 10 .8
P 1 10 .6 3 .2 11 .2

K 0 9 .4 3 .06 9 .7
K 1 11 .0 3 .23 11 .4
K 2 11 .3 3 .34 11 .9

B 0 10 .57 3 .29 10 .33
B 1 10 .74 3 .27 9 .81

B 0 (1) 10 .5 3 .24 10 .78
B 1 (1) 11 .0 3 .27 10 .07

lsd (N&K) 0 .525 0 .221 1 .39
lsd (P&Mg) 0 .429 0 .181 1 .14
lsd (B) 0 .349 0 .0832 0 .803
lsd (B-1) 0 .689 0 .109 0 .996
s .d . 0 .78 0 .328 2 .07
C .V . 7 10 19



The first borate applications were made in October 1987, and
measurements nearly 1 year later give no evidence of any
benefit : some indicate a marginal decrease in production and
others a slight improvement .

	

No differences are statistically
significant .

The leaf results in Table 91 indicate the levels correspond-
ing to the various fertilizer rates .

Table 91 : Trial 501., Leaf analysis related to fertilizer
treatments : September 1988

1sd 18d sd Cy

10 11 12 Po pi 10 11 12 If P

1.11 1 .1 1 .11 2 .72 2 .16 2 .68 2 .74 2 .8 0.126 0.103 0.188 1
1N 119 111 100 101 100 102 104

Pt 0 .115 0.181 0 .111 0 .111 0 .184 0.175 0.181 0.181 0 .007 0.005 0 .01
100 103 103 100 104 100 103 103

1% 0.777 0 .782 0.779 0 .188 0 .111 1.131 1.14 1.811 0 .053 0.043 0 .079 10
100 101 100 100 98 110 111 131

Cad 0.888 0 .892 0.897 0 .886 0 .899 0.872 0 .893 0 .911 0 .062 0 .051 0 .092 10
100 100 101 100 101 100 102 104

11% 1.4111.4111.411 0,415 0 .411 1 .411 1 .414 1.411 0 .025 0 .02 0 .036 9
10 91 91 100 100 1N 91 91

S4 1.111.194 1 .191 0 .189 0 .193 0 .189 0 .191 0 .192 0 .008 0 .006 0 .011 6
1N 111 111 100 102 100 101 102

C14 0 .49 0 .513 0.499 1.111 1.419 1.47 1.117 1.111 0.043 0 .035 0 .064 13
100 105 102 1N 91 111 111 111

Fe ppt 82 .2 86 .9 91 .8 90 .4 83 .6 81 .6 91 88 .4 12 .8 10 .4 18 .9 22
100 106 112 100 92 100 112 108

h PPI It 117 171 113 114 ill ill 119 10 .6 8 .6 15 .6 14
4 1N 111 111 100 101 100 100 107

Za ppt 11 .4 11 .1 17 .1 19 .1 18 .4 19 .2 18 .5 18 .6 1 .16 0 .94 1.71 9
111 19 17 100 96 100 96 97

C8 ppr 7 .28 7 .78 8 .44 7 .89 7 .78 8 .06 7 .33 8 .11 1 .1 0 .9 1 .63 21
100 107 116 100 99 100 91 101

H ppa 8 .61 8.83 8 .94 8 .85 8 .74 9 .33 8 .72 8 .33 0 .82 0 .61 1 .21 14
100 103 104 100 99 100 93 89
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Table 92 provides interesting information on individual NK
treatment effects . In all cases the major initial response was
provided by the K1 rate (2 .5 kg MOP) : addition of N at the K1
rate did not provide any benefit .

Table 92 : Trial 501, Mean values for the NK treatments

Considerable further response compared to K1 or KIN1 was ob-
tained by increasing the fertilizer rates to K2N1 (4 .5 kg MOP
plus 1 .8 kg SOA) which combination provided the best perfor
mance in every case . The alternative rates of K2, K1N2 or K2N2
were all poorer, and generally similar in performance to the K1
rate .

This confirms a particularly high K requirement, especially
where other fertilizers are also applied .

Summary :

The major MOP effect has continued, and a lesser benefit
from SOA applications has also emerged .

There was no evidence of any benefit from borate .

The major response was provided by the K1 application (2 .5
kg MOP) and considerable further response was obtained by in-
creasing the fertilizer rates to K2N1 (4 .5 kg MOP plus 1 .8 kg
SOA) which combination provided the best performance in every
case . This confirms the particularly high K requirement .

13 4

1 . Relative % Petiole cross section

KONG = 8 .945 cm2
KO K1 R2

NO 100 120 120
N1 105 123 131
N2 110 126 129

2 . Relative % Vertical Height

KONG = 2 .865 m
KO Ki R2

NO 100 112 112
N1 110 107 121
N2 110 120 116

3 . Relative % of Bunch Count

KONG = 8 .533 bunches/palm
KO K1 K2

NO 100 133 130
N1 113 133 150
N2 126 134 139



EXPERIMENT 503, Nursery fertilizer trial, Hagita, KBE

Planted :

	

May 1987
Design :

	

A single Latin Square, with 7 nutrient
treatments, on plots of 4 polybags .

Treatments commenced : August 1987 .

Total weight applied on each treatment in grms/month/seedling :

Although this was a simple trial, it has produced clear
results . Reference to the final results taken in May (Table 93)
indicates firstly that N was essential for good growth in the
nursery polybags .

	

TSP and Trace Elements were not of any par-
ticular benefit .

	

MOP was of relatively minor benefit .

Extrapolation of these results to field application is
fraught with danger, particularly as the nursery soil used is
not representative of field soils . However, certain of the
findings do agree with field trial results .

Firstly both trials confirm the requirement for K, although
this is far more major in the field than suggested by the nurs-
ery trial . Possibly the use of MOP may also have some drawbacks
through the osmotic effect of chloride in the confined soil
volume of polybags .
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Trt code : 1 2 3 4 5 6 7

Month : 1 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
2 0 .0 6 .0 4 .0 4 .0 4 .0 6 .0 3 .0
3 0 .0 6 .0 4 .0 4 .0 4 .0 6 .0 3 .0
4 0 .0 12 .0 8 .0 8 .0 8 .0 12 .0 6 .0
5 0 .0 18 .0 12 .0 12 .0 12 .0 18 .0 9 .0
6 0 .0 30 .0 20 .0 20 .0 20 .0 30 .0 15 .0
7 0 .0 30 .0 20 .0 20 .0 20 .0 30 .0 15 .0
8 0 .0 30 .0 20 .0 20 .0 20 .0 30 .0 15 .0
9 0 .0 30 .0 20 .0 20 .0 20 .0 30 .0 15 .0

10 0 .0 30 .0 20 .0 20 .0 20 .0 30 .0 15 .0

Original details : 7th Annual Report (1987)

Treatments : Nutrient allocation :

Treatment N (SOA) P (TSP) K (MOP) Trace E .
code

1 0 0 0 0
2 1 1 1 0
3 1 1 0 1
4 1 0 1 1
5 0 1 1 1
6 1 1 1 1
7 0 .5 0 .5 0 .5 0 .5



The lack of P response is common to both the pot and field
trials (in spite of soil data suggesting a P requirement) .

Nitrogen response in pot trials is almost inevitable, since
growth for a year, with N leaching through watering, would al-
most invariably lead to a nitrogen deficiency .

	

On the field
scale, the greater volumes of soil exploited can delay response
to nitrogen, although it is very rare that a soil can support
high production for extended periods without eventually
developing a requirement for fertilizer nitrogen supplementa-
tion . In the initial stage of the establishment trial at Milne
Bay, no significant response has yet been identified to
nitrogen .

In interpreting the results, it should further be borne in
mind that although they suggest that growth was almost as good
when fertilizer was halved, this probably reflects inadequacies
in the mix used, such as possible excess anion concentrations .
The estate nursery which received a different fertilizer for-
mulation, resulting in higher nutrient inputs, produced see-
dlings which were visibly superior to the trial seedlings over
the same growth period .

Note : Leaf Index (L .I .) is the product of leaf number and
rachis cross-section .

Table 93 : Trial 503, Nursery Results, May 1988

Leaf Rachis Av Height Lf No
Treatments Index cross sn

Mean Mean Mean Mean

F : NPK +TE 6973 148 147 11 .7
D : N K +TE 6765 156 143 10 .8
B : NPK 6648 147 145 11 .3
G : 1/2NPKT 6443 144 139 11 .1
C : NP +TE 6113 139 141 11 .0
A : Control 3205 94 100 8 .5
E : PK +TE 3165 90 97 8 .7

lsd 596 13 7 .5 0 .59
sd 546 12 .3 6 .8 0 .54
gm 5616 131 130 10 .43
cv 9 .7 9 .4 5 .2 5 .2



TRIAL 505, TRACE ELEMENT AND POTASSIUM TRIAL, MILNE BAY

Purpose :

1 .

	

To investigate whether trace element application improves
the growth of poor palms at MBE .

2 . To compare the possible TE effect with the R effect .

Statistical details : Trial 505 is a randomised complete
block trial, of 10 replicates, each comprising 6 different
treatments .

Layout : The plots consist of a core of 2 recorded palms .

Trial details
Location : Waigani Estate MBE .
Genetic material : Dami commercial DxP crosses .
Soils : Plantation family, which is of recent alluvial origin,
with (sandy) clay loam soils and a seasonally high water table .
Planting date :

	

1986
Spacing : 127 points ha .
Size : The trial comprises 120 experimental points, and is
surrounded by additional areas of buffer palms, separating it
from estate areas .

Treatment details
Trial commencement : 11/2/88 .
Trial progress : Terminated 16/11/88 .
Treatments :

Table 94 : Treatments for Trial 505

Ash

Rates : 6 monthly applications of

TE - 2 g/palm in 1 litre of water .
MOP - 1 kg/palm .
Bunch ash - approx . 2 kg/palm (adjusted to equivalent X
content to MOP) .

Materials : The TE mix was Fetrilon-Combi red, supplying Fe,
Zn, Mn, Cu, B, Mo, MgO and S .

Other : The entire area was accidentally fertilized by the
Estate with 750g/palm of MOP and 250 g/palm of TSP in May .
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Treatment :
Mixed

TE
Bunch
Ash MOP Comment

A 0 0 0 Control
B + 0 0 TE
C 0 + 0 Bunch ash
D + + 0 TE + Bunch
E + 0 + TE + MOP
F 0 0 + MOP



Results

The trial comprised 2 sources of trace elements (foliar TE
mix and bunch ash) and 2 sources of K (bunch ash and MOP) . Un-
fortunately the trial had to be terminated before sufficient
time had elapsed for proper assessment, so that the maximum in-
terval between initial trial fertilizing and final trial
measurement was 9 months : too short by any count .

Even under these particularly adverse conditions, initial
differences of a statistically significant proportion did
develop, at the p<0 .1 and p<0 .05 levels .

The results shown in Table 95 show that although both bunch
ash and MOP increased growth, bunch ash was inferior to MOP .
This may have been due to the levels of calcium and magnesium
in the bunch ash, which would both counter-act the K effect,
and also immobilise some trace elements .

Table 95 : Trial 505, Palm Growth Measurements

Interestingly, there was also a consistent trend for somewhat
higher yields with TE application . This indicates a pos-
sibility of TE response at Milne Bay, although it was rela-
tively minor compared to the potassium response . Unfortunately
the duration of the trial was too short to obtain a clear pic-
ture of this aspect .

Conclusions

1 .

	

At Milne Bay there is a yield response both to bunch ash
and MOP .

2 .

	

For equivalent K content, the response to MOP is greater
than to bunch ash .

3 . There is an indication of a trace element response in addi-
tion to the K response .
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TREATMENT Petiole
cross
section
(cmz)

Increase
in
PCs
(cm)

Leaves
11/88

(n)

Increase
in
FDM

(t/ha)

Control 6 .18 2 .00 9 .8 0 .854

-TE 5 .98 2 .17 10 .3 0 .943
+TE 6 .46 2 .25 10 .0 0 .960

BA 6 .08 2 .07 10 .0 0 .899
MOP 5 .94 2 .36 10 .3 1 .000

lsd 0 .648 0 .378 0 .754 0 .142
s .d . 0 .724 0 .497 0 .991 0 .187
C .V . 12 23 10 20



ExPERIMENT 10aa

Planted

Design (Current)

Treatments

Current Details

4 GRl1ERAL INVESTIGATIONS

DENSITY AND FERTILIZER TRIAL AT DAMI (P .T .)

October/November 1970

Split-plot with four replicates of two
planting densities (main-plots) and four
levels of ammonium chloride (sub-plots) .

Commencing in November 1986 the trial has
been re-randomized for 4 levels of ammonium
chloride . In 1988 the two extreme densities
(which had no fertilizer treatments) were
dropped and only the two medium densities
(110 palms/ha and 148 palms/ha) are now

13 9

" 1987 Annual Report, page 91 and
1st and 2nd Quarterly Progress
Report, 1988 .

Table 96 shows the 1988 production results .

	

Differences
in total bunch weight per hectare were significant for density
at p=0 .058 in the first half of the year and differences due to
fertilizer were significant at p=0 .060 in the second half of
the year . The effect of fertilizer on total number of bunches
per ha in the second half of the year was significant at
p=0 .060 . However over the whole year the effect of fertilizer
was significant (at p=0 .057) only at the lower density for
single bunch weight .

The calculated optimum density for yield per hectare for the
current year was 113 palms per hectare as compared to 118
palms/ha for 1987 and 136 palms/ha for the period since plant
ing 15 years ago .

	

In 1988 optimum responses to fertilizer
could only be obtained at the low density.

considered .

Density
(palms/ha)

Ammonium Chloride
Level

(kg/palm/yr)

0 1 2 3

110 0 2 4 6
148 0 2 4 6

Current Recording Commenced : 1987



Table 96

	

Experiment 102, Yield Production 1988

* LSD com ares means within densities .P

Density
(palms/ha)

Ammonium Chloride
(Kg/palm/year)

January 1988 -
No . of

bunches/ha

June 1988
Wt . of

bunches/ha
(tonnes)

July 1988 -
No . of

bunches/ha

December 1988
Wt . of

bunches/ha
(tonnes)

January 1988 -
No . of

bunches/ha

December 1988
Wt. of

bunches/ha
(tonnes)

S .B.W

(Kg)

0 476.0 10.97 441 .7 10 .18 917 .7 21 .15 23.05
110 2 347 .5 8 .62 440.5 11 .06 788.0 19 .68 25.17

4 437 .3 10 .04 518 .7 13.28 956.5 23.32 24.28
6 418.5 11 .27 521 .2 13 .57 939.7 24.83 26.74

0 349.5 7 .29 603.2 13 .68 952 .7 20.97 22.06

1-4 148 2 493 .0 9 .99 414.2 9.78 907 .2 19 .76 21 .41
'p
O

4 381 .0 8 .76 491 .2 11.19 872.2 19.94 22 .94
6 280.7 5 .86 625 .0 14.29 905.7 20.15 22 .29

I.SD0.05 138 .64 3 .103 144.63 3 .48 258 .1 5 .96 2.38

C.V'(X) 21 .77 21 .32 17 .83 17.95 17.83 17 .56 6 .33

110 Mean 419.83 10.23 480 .53 12.02 900.48 22.25 24 .81

148 Mean 376.05 7.98 533.4 12 .24 909 .45 20.21 22.18

LSD
0 .05 146 .56 1 .703 249.50 4.99 219.28 4 .529 2 .79

C.V.(Z) 32 .73 23 .41 43 .76 36.57 14.16 18.96 10 .56



The leaf analysis results of frond 17 (Table 97 ) showed sig-
nificant differences in the levels of N, K and Mg between the
two densities . Presumably due to increased competition, the N
and K levels fell at the high density, which allowed Mg to
rise . These leaf nutrient differences with density are exactly
the same as those recorded in the thinning Experiments 104 and
105 at Bebere (PNGGPRA Annual Report 1984, p .35) . In par-
ticular K levels in the leaflets of all the experiments were
depressed in the high N plots at the higher density . This sug-
gests that the lack of response to N fertilizer at the higher
density in the present trial may be due to induced K
deficiency .

Conclusion .

Since the palms in this trial were in their late stages of
production there was an intensive competition for light and
nutrients at the higher density .

	

This resulted in the single
bunch weight response being significant for N fertilizer only
at the lower density where the competition effects were less .
The high competition effect at the higher density also saw the
leaf levels of N and K falling, with a consequent increase in
the levels of Mg in the leaves . Thus if nutrition is a limiting
factor at the higher density it is most likely to be due to K
deficiency .



Table 97 Experiment 102, Nutrient Levels in Frond 17 December 1988

N

LSD compares means within densities .

Density
(Palms/ha)

Ammonium Chloride
(Kg/Palm/Year)

N
O)

P
U)

R
M

S
U)

Ca
(Z)

Mg
U)

Na
O)

Fe
(PPm)

Mn
(PPm)

Zn
(PPm)

Cu
(PPm)

B
(PPm)

C1
(PPM)

0 2.225 0.149 0.808 0 .158 1 .002 0.165 0.01 74 .00 60.00 25 .25 7 .25 9.25 0 .488
110 2 2.250 0.149 0 .850 0 .158 0.918 0.188 0.01 64 .75 52 .00 21 .50 8 .50 9.00 0 .503

4 2 .250 0 .151 0 .800 0 .153 0.985 0 .180 0.01 70 .50 55 .75 24 .25 8 .75 9.50 0 .525
6 2 .200 0 .146 0 .823 0.153 0.890 0 .175 0.01 71 .75 58 .75 20 .75 7 .50 9 .75 0 .488

0 2 .150 0 .148 0 .810 0 .158 0 .977 0 .208 0 .01 63.25 52 .00 20 .75 9 .75 12 .00 0 .475
148 2 2 .225 0 .149 0 .753 0.150 1 (`15 0 .190 0 .01 65.25 69 .25 23 .00 9 .50 10.00 0 .538

4 2 .175 0,146 0.783 0.153 0 .990 0.188 0 .01 68.00 64 .00 18 .75 9 .00 9 .00 0 .490

6 2.125 0,146 0.745 0.153 0 .985 0.220 0 .01 65.25 63 .00 20 .25 8.75 9 .75 0 .528

LSD0.05* 0.139 0,014 0.098 0 .008 0 .142 0.033 0 8.65 13 .56 8 .06 3 .42 2 .60 0 .08

C .V . (Z) 3 .95 2 .71 7 .7 3 .26 9.12 11 .04 0 7 .96 14.29 23.10 24.82 16 .62 10.26

110 Mean 2.231 0,149 0.820 0 .156 0.949 0.177 0.01 70 .25 56.63 22 .94 8.00 9.38 0.501

148 Mean 2.181 0 .148 0.773 0 .154 0.992 0.202 0.01 65 .44 62.06 20.69 9 .25 10 .04 0.508

X0 .05 0.039 0 .006 0.034 0.012 0 .102 0 .008 0 6 .94 9 .05 4 .58 2 .41 3.55 0.047

C.V . (Z) 2 .41 3,9 3.8 7 .10 9 .38 3 .85 0 9.1 13 .36 18 .66 24 .82 32 .25 8 .3



EXPERIMENT 102b : POT TEST EXPERIMENTS (P .T .)

Trial 1 :

Trial 2 :

In Trial 2 each pot received an additional fixed rate of NPK
and Mg, which were the same rates as in level 2 of Trial 1 .
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Test Plant : Maize (Zea mays)

Planted : Trial 1 30th September 1988
Trial 2 9th September 1988

Harvested Trial 1 21st November 1988
Trial 2 19th October 1988

Objective To evaluate fertility of top soil in Expt . 102
at Dami .

Design There were two trials . One testing NPK and Mg
and the other testing trace elements, Cu, Fe,
Mn and Zn . Both were 34 factorial trials
without replication and arranged randomly in
polythene bags in the field .

Treatments : There were three levels in each trial .

Fertilizer rates and their levels were as
follows :-

Level
(Fertilizer grams/pot)

0 1 2

Cu (EDTA) 0 1 .00 2 .00
Fe (EDDHA) 0 4 .85 8 .70
Mn (EDTA) 0 0 .45 0 .90
Zn (EDTA) 0 1 .00 2 .00

(Fertilizer

0

Level
grams/pot)

1 2

N (Urea) 0 1 .00 2 .00
P (TSP) 0 0 .84 1 .70
K (K2 S04 ) 0 0 .45 0 .90
Mg (Kieserite) 0 1 .70 3 .40



Soil samples were taken at the site of Expt . 102, away from
the ring weeded and fertilizer areas at a depth of 9-12cm .
Soil was filled in medium large polythene bags (Volume, 17
litres) and fertilizer mixed into the top 10-12cm .

	

Sowed with
two maize seeds per pot and thinned to one after germination in
the field .

	

Plants were sampled before tasseling after 7 weeks
in Trial 2 and after 5 weeks in Trial 1 . Samples were dried in
the oven at 750 C and dry weight results were analysed .

Trial 1 Results :

While
fects of
98 gives
nificant
and P .
cient in

Table 98

Trial 2 Results :

Conclusion .

there

	

was no significant effect for K and Mg the of -
N and P were very highly significant (P<0 .001) . Table
the NxP effect on mean dry weights, which shows a sig-
linear improvement with the increase in the level of N
These results show that for maize this soil is defi-
N and P, but appears to contain adequate K and Mg .

Expt .102 . Mean dry weights (grams) for NxP effects

N (Level)

L .S .D . for table = 6 .75
L .S .D . for means = 3 .90

In the trace element test there was no main effect sig-
nificant at 5% level . However, when the components of these
effects were further compared and examined, a significant
linear depression due to managanese was noted, which was cor-
rected by the middle but not high rate of Fe . It is concluded
that since there was no positive effect of individual trace
elements these soils have no major trace element deficiency .

These pot test experiments suggest that only N and P are
deficient in the soil of Experiment 102 . K, Mg and trace ele-
ments all appear to be adequate . This agrees with the response
of oil palm (at the lower density) to ammonium chloride .

	

Fur-
thermore most trials even on soils low in extractable P have
indicated little response of oil palm to P fertilizer . Thus it
is concluded that N is probably the only nutrient required by
oil palm on this soil .
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0

P (Level)

1 2 Mean

0 6 .86 15 .82 21 .81 14 .83
1 9 .48 29 .31 44 .22 27 .67
2 13 .84 33 .79 61 .79 36 .47

Mean 10 .06 26 .31 42 .61



EXPERIMENT 115 : Frond Placement Trial - Kumbango Estate (P .N .)

Planted : 1976

Site

	

: Kumbango Field D11 - 13

Objective : To determine the optimum placement of cut fronds
in the Mosa environment .

Design

Results :

Table 99

12 replicates of two paired treatments testing the
effect of ; 1) Fronds stacked in alternate row

2) Fronds spread uniformly except in
paths .

Plot size : 6 - 7 lines consisting of 102 - 119 palms, the
central 56 - 71 palms being recorded .

Treatments commenced : February 1987

BACKGROUND INFORMATION : The plantation management is initially
maintaining the treatments with the role of PNGOPRA restricted
to limited yield and growth measurements . If differences in
palm performance become apparent, full yield recording will
later be introduced .

Table 99

	

indicates the palm performance during the second
year (1988) after treatments started .

	

As yet, there are no
significant differences between the two methods of frond ap-
plication . However, any effect would be expected to take some
time to build up, and these observations are scheduled to con-
tinue .

EXPERIMENT 115, Assessment of Palm Performance,
24 months after initial treatment .
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3/88 - 7/88 8/88 - 12/88 3/88 - 7/88 8/88 - 12/88

SPREAD STACKED SPREAD STACKED SPREAD STACKED SPREAD STACKED

Replicate Single Bunch Weight Black Bunch Count

1 20 .0 19 .3 18 .4 23 .4 2 .46 2 .80 3 .32 2 .64
2 18 .9 19 .2 24 .2 25 .3 2 .92 2 .66 2 .64 2 .10
3 18 .4 19 .5 22 .8 24 .2 1 .98 2 .46 2 .58 2 .62
4 20 .2 20 .3 24 .1 22 .3 3 .28 2 .42 2 .34 2 .26
5 18 .1 17 .4 22 .8 22 .6 1 .84 3 .06 2 .30 1 .88
6 19 .3 21 .2 22 .8 25 .8 2 .42 2 .32 2 .84 2 .32
7 20 .7 18 .6 19 .8 18 .2 3 .12 3 .98 2 .62 3 .00
8 23 .1 19 .0 23 .8 21 .4 2 .38 2 .54 2 .00 2 .26
9 20 .9 21 .6 19 .2 27 .6 3 .28 3 .06 3 .54 2 .32

10 25 .0 19 .8 23 .5 26 .2 2 .86 3 .12 1 .78 3 .18
11 18 .2 19 .5 20 .1 20 .3 2 .52 2 .70 3 .28 2 .84
12 18 .9 19 .4 25 .5 22 .3 3 .28 2 .98 2 .94 2 .98

Mean 20 .14 19 .57 22 .25 23 .30 2 .695 2 .842 2 .598 2 .533

LSD . 05 1 .39 2 .1 2 .8 0 .4
C .V . (%) 7 .8 10 .4 14 .2 15 .7



TRIAL 705, CLONAL OBSERVATION BLOCK, AREHE (S .W .)

Experimental Design
Statistical background : The trial now effectively comprises
randomised complete blocks for 4 clones, with 2 replicates
remaining .

Layout : The plots consist of a core of 9 recorded palms,
guarded on 2 sides only .

Trial details
Location : Arehe Estate HOPPL, adjacent to the nursery .
Genetic material : Unifield clones .
Soils :

	

Generally Higaturu family, but affected through pre-
vious use as a nursery .
Planting date : December 1985 .
Spacing : 130 points ha .
Size : The trial now comprises 8 plots : 63 experimental points,
and is surrounded by additional areas of buffer palms, separat-
ing it from estate areas .
Trial progress : ongoing .

Modifications

As agreed at the 1987 SCAB meeting, this trial has been
reduced in size during 1988, and most of the palms removed for
expansion of a new nursery area .

	

The density component of the
original trial has been abandoned, particularly since the
clones within the trial have not grown normally, and are un-
likely to be representative of possible performance of clones
which will be available in the future .

However, 2 plots of 9 palms each have been retained for con-
tinued observation of the performance and development of each
of the 4 original clones .

Results

Of the clones included, UF12 and UF15 are now producing nor-
mal male and female inflorescences, UF18 is producing normal
male flowers, but abnormal female inflorescences (mantled
fruitlets), and UF6 is producing both abnormal male flowers
(androgynous mantled) and abnormal female inflorescences
(mantled fruitlets) . UF6 has produced a preponderance of male
inflorescences, but for the other clones the sex ratio is
balanced . Little sterility or abortion was observed .

Table 100 gives the most recent results, and Figures 42 and
43 indicate the floral morphology guidelines provided through
Unifield, as the basis for the assessment .
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Key for assessment of female inflorescence type
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Key for assessment of male inflorescence type
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Table 100 : Floral Characteristics of the clones at HOPPL

Mean values of inflorescences per palm, counted 3/2/89

Sumary

UF12 and UF15 are now producing normal male and female in-
florescences, UF18 is producing normal male flowers, but abnor-
mal female inflorescences, and UF6 is producing both abnormal
male flowers and abnormal female inf lorescences .

INVESTIGATION 708 : Continuous variation
levels . (H .L .F .)

Leaf nutrient levels have been monitored
sites in Oro Province (Trials 305 and 306) over a period of
three years .

Objectives of this investigation included a better under-
standing of seasonal fluctuations and time trends, both of
which cause problems in foliar diagnosis .

Results

149

of leaf nutrient

monthly at two

Seasonal fluctuations in rainfall, FFB yield and solar
radiation for Trial 306 averaged over three years (1985-87) are
shown in Fig . 44 . Rainfall generally exceeds 200mm in 6 months
of the year, but from March to October conditions are usually
much drier, with very little rain being received in July in
particular . FFB yields follow a similar trend due almost en-
tirely to variation in bunch numbers which are most reduced
from July to September .

The corresponding leaf nutrient levels are shown in Figs . 45
and 46 . Multiple regression analysis was carried out to detect
any significant and consistent effects on leaf nutrient levels
due to rainfall, yield, solar radiation and fertilizer applica-
tion during the six month periods prior to leaf sampling .

Clone

Male

N AA

Female

N M A

Bunch

Development

UF6 0 .71 6 .28 - - 1 .89 -

UF12 7 .11 - 3 .67 100% normal

UF15 7 .05 - 4 .56 - - 100% normal

UF18 6 .11 - 0 .17 0 .06 4 .5 -



Fig . 44 Average monthly rainfall, solar radiation and
F .F .B . yields in N2K2 plots of Trial 306 at Ambogo .
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Fig . 45 Average leaf H, P and K levels in H2K2 plots in
Trial 306 in different months (the solid line indicates fitted
time trend and broken lines the standard error of the means) .
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Fig. 46

	

Average leaf Mg and Ca levels in N2K2 plots in
Trial 306 in different months (solid line indicates fitted time
trend and the broken lines the standard error of the means) .
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Whilst highly significant multiple correlations were found
with the levels of all the nutrients, none of these correla-
tions were consistent from year to year or with similar cor
relations calculated for Trial 305 (which showed similar
seasonal variation) - except for the time trend . The average
change in leaf nutrient levels with time in Trial 306 is shown
in Table 101 for both fertilized and unfertilized plots .

	

On
average the annual decline in leaf N,P, K and Ca ranged from 5-
7% ; fertilizer appreciably reducing the decline in N, S and Ca .

The fitted time trends for the major leaf nutrients are
shown in Figs . 45 and 46, and can be compared with the average
observed monthly values . The standard errors of the latter are
indicated by the broken lines in the figures .

	

It may be noted
that observed monthly means deviate from their standard errors
in the following cases :

4) Mg : Low in October

5) Ca : Low in July (driest month)

These results generally agree with those obtained in Trial
305 . Thus it is recommended that leaf sampling in the Popon-
detta area should definitely be avoided in August when par
ticularly low levels of P, K and Ca tend to be recorded,
presumably due to the dry conditions . Similarly April and May
should be avoided if possible, as N tends to fluctuate markedly
over this period .

Table 101 : Change in leaf nutrient levels with time in
Experiment 306 (1984-87)

NO KO Fertilizer N2 K2 Fertilizer

Nutrient Mean Change/year (%) t Mean Change/year W t

N 2.50 - 0.200 (8 .0) -1 .4*** 2.63 - 0 .126 (4 .8) -4 .9***
P 0 .16 - 0 .012 (7 .7) -8 .5*** 0 .16 - 0.009 (5 .9) -7 .2**-
K 1.02 - 0.082 (8 .0) -5 .3*** 0.93 - 0.061 (6 .6) -5 .2***
S 0 .17 - 0 .011 (6 .5) -6 .0*** 0 .18 - 0.008 (4 .3) -4 .3***
Mg 0 .29 (n .s .) 0 .26 - 0.009 (3 .3) -2 .3*
Ca 0 .72 - 0 .053 (7 .4) -7 .0*** 0 .80 - 0.042 (5 .3) -5 .0***
Cl 0 .12 + .029 (24 .1) 3 .4** 0 .52 - 0.021 (4 .9) -2 .2*
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1) Low in April (last month of wet season)
High in May (first month of drier period)

2) P : Low in August (month after driest month)

3) K . Low in August (month after driest month)



TRIAL 709, PROGENY TRIAL, AREHE (S .W .)

Experimental Design
Purpose : The initial HOPPL agronomy planting was recovered by
OPRA, primarily for assessment of the possible influence upon
fruitset of genetic variations and inflorescence characteris-
tics .

Statistical background : Trial 709 is a latin square design,
with two replicates each of 4 treatments .

Layout : The plots consist of 12 recorded palms, which are un-
guarded .

Trial details
Location : Arehe Estate HOPPL, adjacent to the office complex .
Genetic material : 4 selections have been included . From Dami
there are HBN (high bunch number) and MSR (medium sex ratio)
selections, whilst from the Cameroons are 2 selections coded
CF1 and C01, also exhibiting high bunch number and medium sex
ratio characteristics respectively .
Soils : Higaturu family, which is of volcanic ash origin, con-
sisting of deep sandy clay loam, with good drainage and physi-
cal properties .
Planting date : 1980 .
Spacing : 130 points ha .
Size :

	

The trial comprises 32 plots : 384 experimental points,
and is surrounded by additional areas of buffer palms, separat-
ing it from estate areas .

Treatment details
Trial commencement : January 1987 .
Trial progress : Yield recording of this trial was undertaken
from January 1987 to December 1988, and fruitset studies com-
menced in November 1987 and are ongoing .

Results

1 . Yield

in Table 102 indicates that in terms of
is continuing to give superior perfor-
there is no significant difference cur-
MSR and HBN selections, although HBN

ighest yield .

t bunch weight and the lowest bunch num-
est bunch weight but the highest bunch
SR material is very similar for bunch
erial has borne 7% more bunches .

The Cameroon material is more variable than the Dami
material, with a substantial proportion of poor palms, but also
some excellent material .
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Table 102: Yield per hectare for Trial 709 : 1987 and 1988

2 . Growth

For growth and conversion data in Table 103, the Cameroon
material is distinctly shorter in height, which puts it at a
disadvantage in an unguarded trial of this nature .

	

Interest
ingly, the highest bunch producing progeny C01 also had the
lowest height .

The Cameroon material also had a lower vegetative dry matter
production . With a similar bunch index and efficiency values
the Cameroon material's yield appears to be limited, par
ticularly for C01, by lower vegetative dry matter production
due mainly to smaller leaf area indices . In the case of MSR
the bunch index was slightly poorer, so that bunch dry matter
yields were similar for MSR and CF1, although the CF1 had a
significantly lower vegetative dm production .

	

For commercial
use of Cameroon type material, a denser planting might there-
fore be advantageous .
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Table 103 : Trial 709 Palm Growth and Conversion data for 1987
and 1988 (annual basis)

nm "eilbt Waf Dry lroid Yroad Duck* teletative Total* Duct*
1911 9rh .eila tl 11 tlha 1t VIA It t/ha DI tl1a 12du

r U1 (TV) (M) (D11) (111) (tit) (11)

kd free
liie of
(1l)

Ifficiucy
co11ersin

(el

of 2.73 21 .1 1,92 1.11 21 .9 11 .4 33 .4 U11 1.53 1.1*

01 2.1 22 .5 2 .11 1,23 20 .3 11,1 31 .1 1.09 1.11 1.111

C11 2.4 22,0 1 .15 1.39 19 .1 10 .4 30 .2 1.191 1.31 1.131

col 1.11 19,1 2 .17 1.72 11 .1 9,5 21 .3 0.61 1.31 1.131

111 1.215 0.979 0.111 0.111 2.11 0.111 2 .113 1.011 1.311 1 .025
1.1 . 0.219 1.955 1.157 1.111 1 .91 1 .511 2 .113 1.117 1.319 1.125
C.V . 1 4 1 5 11 5 1 3 9 3
(* Dry latter cilcalated 11 carbohydrate epiraleat + 1ssaaing oil eserly = 2 .11 carbohydrate)

Treatment

(annual basis)

Wt of
bunches

t/ha

No of
bunches

ha

s .b .w .

kg

HBN 26 .74 2061 13 .0
MSR 24 .80 1928 12 .9
CF1 24 .14 1837 13 .2
C01 22 .84 2495 9 .1

lsd 2 .46 143 0 .888
sd 2 .4 140 0 .866
cv 10 7 7



3 . Fruitset

During 1988 two methods of fruitset assessment were under-
taken . In addition to ongoing assessment of every bunch from a
number of selected palms, assessment was also undertaken on a
more representative basis, by selecting successive plots for
each progeny in every month, allowing assessment based on every
plot within the trial .

It has been argued that the palms receiving continuous
monitoring may achieve higher than normal fruitset, due to in-
creased exposure of inflorescences by bending down of the
fronds during inspection and marking of the crown .

	

Comparison
of the 2 methods of assessment provides an indication of
whether or not this effect is significant (see Figures 47 and
48) .

In general assessment by both methods was in vary close
agreement . However, with the continuously monitored palms the
MSR material achieved substantially superior fruitset to the
HBN material, whereas on the representative samples the fruit-
set for both Dami progenies was very similar .

Under both assessments the C01 progeny had distinctly poorer
fruitset than other progenies . This is not due to problems of
access by the weevils, since the Cameroon material is well
suited to insect pollination, with good bunch exposure .

There is marked seasonal variation from a high of 74% (mean)
in April, down to a trough of 54% in July . Variation of this
extent is not matched by any particular variation in weevil
pollination or inflorescence accessibility .

	

Rather it would
appear to be a physiological effect, mirroring as it does the
annual cycling of bunch production, with lowest fruitset occur-
ing on the bunches pollinated during higher production periods
(see Figure 49) .

Thus high yielding material which generally cycles between
extremely high production alternating with rest periods, would
also inevitably be particularly subject to fruitset variation .

Whilst the mechanism of reduction of fruitset is not yet
known, it appears to be physiologically controlled by the palm,
which would account for the marked variations found in similar
material according to age, location and season .

	

Amelioration
of the situation would therefore partly be by genetic means,
although any high yielding material must risk susceptibility to
poor fruitset .

In addition any measures which can reduce stress to the palm
should also improve fruitset .
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Figure 47 : Monthly Fruitset values for overall sampling
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The Cameroon material is more variable than the Dami
material, with a substantial proportion of poor palms, but also
some excellent material .

The Cameroon C01 had the poorest yield, but there was no
significant difference between the CF1, MSR and HBN selections,
although HBN continued to have the highest yield .

For growth the Cameroon material was distinctly shorter in
height, and also had lower frond dry matter production .

The C01 progeny had distinctly poorer fruitset than other
progenies, although it was morphologicaly well suited to insect
pollination .

Study of the seasonal variation in fruitset suggested a
physiological effect, mirroring the annual cycling of bunch
production, with lowest fruitset occurring on the bunches pol-
linated during higher production periods .

	

This would account
for the marked variations found in similar material according
to age, location and season .
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INVESTIGATION 602 : POLLINATORS

5 . ENTOMOLOGY

(R . N . B . P .)

It was decided to shelve further investigation on a second,
backup pollinator until sufficient funds are made available to
properly advance the work required .

INVESTIGATION 603 :

	

BLAEDOBIUS KAMSRUXICUS FIELD STUDIES

Fruitset

Figs . 50 - 56 show average fruitset data collected on a two
to three weeks harvesting cycle from twenty marked palms
three areas in West New Britain and two in Oro Province .
palm has every bunch harvested in a pre-ripe condition to
any loss, and the contents of every frond is recorded .

Comparison of monthly fruitset averages for each site with
last years data : In West New Britain the 1973 I .R .H .0 material
at Hargy maintained an average of between 60 and 84 percent ex
cept for April with the lowest monthly average of 54 percent
which may, in part, be due to the very high rainfall in the
previous December . Last years data is similar except the
lowest fruitset of 62 percent was recorded in August and this
low could also have been an effect of exceedingly high rainfall
in the preceding March .

	

Also at Hargy the 1979 Dami material
followed a similar seasonal pattern with a range of 48-67 per-
cent, the lowest recorded in March .

At the Buluma site the 1979 Dami material had large seasonal
fluctuations similar in scale to the 1987 data but not in time .
The lowest average fruitset was 41 percent in March which
correlates with the second highest recorded rainfall for the
preceding December . The highest average fruitset of 70 percent
was recorded in September .

In Oro Province the fruitset on Ambogo continues to be cause
for concern . The range of 29 to 63 percent was similar to the
previous year but the prolonged very low average fruitset of
below 37 percent for July to September was only matched pre-
viously in 1985 . With no pronounced dry season through out
this year, and with what can be regarded as optimum rainfall
for weevil reproduction and activity, no correlation can be
found to explain the low figures .

It is noteworthy to compare P .N .G's fruitset data with that
of Malaysia . In PORIM's 1988 Annual Report tables of fruitset
data for the past five years show that the annual average
fruitset has remained consistently above 70 percent . In P .N .G .
only the I .R .H .O . materia l growing at Hargy W .N .B . can equal
that level . Kernel to bunch rates in Malaysia is above 7 per-
cent which is a level rarely reached in P .N .G .
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Because of the possibility that nutritional or other related
stress factors might be involved in fruitset, data from high

and low fertilizer plots in Fertilizer Experiment 306 were ex-
amined and is shown graphically (Figs . 57 and 58) .

	

The fer
tilizer treatments were :-

	

HIGH = N2K2P2 and LOW = NOKOPO .
Quite clearly the results, although illustrating a high peak in
fruitset on the high fertilizer plots, were very similar . The
depression following the peak period is similar in both graphs
and indicates that enhancement of fruitset could not be sus-
tained with this particular fertilizer regime .

	

It is notewor-
thy that both these sets of data and those from the 20 palm
study plot compliment each other and illustrate the general
trend for this area .

Fig . 57 % Fruitset in High Fertilizer Plots of Expt . 306
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In Oro Province weevil emergence data over the year gave an
average of 70 per spikelet for Ambogo compared with 68 at Dami
in West New Britain .

	

The pollination force for the two
Provinces also appears similar with an average per month of
200,000 per hectare . However the figure for Oro Province could
only be compiled from six month data due to a gap in recording .
Numbers of male flowers in anthesis per hectare are normally
recorded every month in both Provinces . The range for West New
Britain is 10-35, average 17 (12 months data) and for Oro the
range is 7-19, average 11 (6 months data) .

In a further attempt to explain the low fruitset data, Am-
bogo plantation (Oro Province) yield data was plotted against
the fruitset using a six month time differential .

	

The monthly
yields from 127 hectares on Ambogo, incorporating the fruitset
study plots are shown in Fig . 55 . The very large peak yield in
January does correlate with depressed fruitset in June and sub-
sequent months .

	

Interestingly the peak yield also corresponds
with the highest fruitset and vice-versa .

	

That stress factors
are involved with a lowering of fruitset appears likely .

	

If
the mechanism involved is discovered it might be possible to
prevent recurring unacceptably loW fruitset . However no strong
correlation could be found between yield (Fig . 53) and fruitset
(Fig . 54) in the 1983 planting study block at Arehe (Oro
Province) .

Rainfall (Figs . 59 & 60)
In West New Britain Province the two main areas :- Hoskins

(Dami Plantation) and Bialla (Hargy Plantation) followed a
similar seasonal rainfall pattern and reached record peaks
during February and December .

	

The total annual rainfall of
5485mm at Dami is the highest since recording began in 1969 .

In Oro Province rainfall was fairly evenly distributed over
the year without the usual dry season between May and August .
At Arehe the total annual rainfall was 2700mm and Ambogo
slightly less with 2597mm . Only one month, June at Ambogo, re-
corded less than 100mm, with 97mm .

INVESTIGATION 601 : SEXAvA CHEMICAL CONTROL .

The amount of chemical treatment increased over last year
but other than small outbreaks on Navarai plantation, the areas
infested were new and had not had parasites released pre
viously .

	

In the Hoskins scheme, West New Britain, the worst
area affected were parts of Kavugara - 50 blocks requiring
treatment in July and a further 15 in November .

	

Previous
Sexava damage at Kavugara was confined to a different area .

Damage to Navarai plantation required 20 hectares treated in
February along with a release of about 60,000 egg
parasites, Leefmansia bicolor .

	

Further chemical treatment of 5
hectares in June and 15 hectares in August were in different
areas on Navarai . Parasites were released at the same time as
the chemical treatment .
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On Dami Research Station in July, 15 hectares of seed palms
were treated for a light Sexava infestation, principally be-
cause they were valuable seed producing palms . Three blocks of
V .O .P's at Gule required treatment in October .

At Bialla West New Britain, damage continued on Hargy plan-
tation but significantly areas where parasites had previously
been released appeared not to have further outbreaks .

	

However
Sexava damage was widespread throughout the area and required
almost continuous treatment . Approximately 500 hectares were
treated during the year .

In Oro Province small areas of Sexava damage, often in con-
juction with cockchafer (Dermolepida species) and or Stick in-
sect (Eurycantha species), continued to be reported and
monitored throughout the year .

	

At Isaveni 10 smallholder
blocks were recommended for treatment in January .

	

Later sur-
veys carried out in smallholder blocks at Koropata, and Sorovi
indicated a high percentage of biological control, which
resulted in these blocks not being recommended for treatment
and which during the course of the year improved - with damage
never reaching economic levels .

INVESTIGATION 607 : SEXAVA BIO-CONTROL .

In West New Britain, at Dami, mass rearing and release of
biocontrol agents continued throughout the year . The details
of the releases made in West New Britain area are as follows :-
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No . o f L . Bicolor

FEB Navarai Pltn NBPOD, 2 releases 81,315
Bialla, Hargy Plantation 22,500

MARCH Kavugara Smallholdings 49,275
Bialla, Hargy Plantation 26,280

APRIL Bialla, Hargy Plantation 55,575
JUNE Bialla, Hargy Plantation 39,150

Dami Plantation NBPOD 22,500
JULY Dami Plantation NBPOD 20,000
AUGUST Kavugara Smallholdings 30,720

Navarai Plantation NBPOD 21,360
SEPT Dami Plantation NBPOD 48,320
OCT Dami Plantation NBPOD 34,400

Gule V .O .P . 16,840
NOV Bialla, Hargy Plantation 15,360

Bialla, Tiauru Smallholdings 15,360

Total parasites released Jan-Dec 88 498,955



Conclusion :-

	

As mentioned under Investigation 601 above, it
appeared significant that in the majority of areas where
parasites

	

have released no resurgence of Sexava had occurred
and this had lead to extreme difficulty in finding any Sexava
eggs at all after the initial releases were made .

At Navarai small outbreaks had occurred in areas adjacent to
release sites and a few eggs collected there had parasite emer-
gence holes similar to those made by L. bicolor. However field
collected unhatched eggs kept in the laboratory produced no
parasites .

The problem of resurgence of Sexava at Navarai, even after
treatment and parasite release, is probably linked with the
presence of two species of Sexava, one of which - Segestes
decoratus is parthenogenetic .

	

S . decoratus is found only in
the female form in this area and thus every individual is
capable of reproduction and adding to the population explosion
in the current high rainfall conditions which favour egg and
nymphal survival .

In Oro Province two internal parasites of nymphs and adult
'Sexava' - Segestidea nouvaeguinae occur - they are the
Tachinid fly, Exorista notabilis (Wlk), and the Stresipteran
Stichotrema dallatoreum Hof f .

	

Sometimes

	

both

	

parasite

	

are
found in the same host .

	

Rates of parasitism vary greatly from
area to area and during the year . The records of parasitism by
Exorista from September 1985 number forty seven and give an
average rate of parasitism of 43 percent for this insect .
Stichotrema was recorded in twenty two collections and gave an
average of 27 percent .

	

In many cases both parasites occurred
in the same collection and frequently in the same insect .
Where both parasites were present combined levels of parasitism
were usually above 60 percent and, at this level, numbers of
Sexava were reduced with damage levels remaining below the
economic threshold .

Since 1987 transfer of live parasitised 'Sexava' to areas
where no parasites could be found resulted in establishment of
both parasites after a few months . Numbers of parasitised
'Sexava' transferred were usually in the order of 30-40 adult
insects .

Attempts to transfer both these 'Sexava' parasites from Oro
Province to West New Britain have not so far resulted in
success, principally because the emergence of adult Exorista
parasites, had insufficient numbers of both sexes emerging
simultaneously . In the case of Stichotrema the identity of the
host of the male parasite has to be discovered . Oro Province
remains fortunate in having both these parasites occurring
naturally and although Sexava egg parasites have also been
released, no proof of their field establishment has been re-
corded .
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RECENT ADVANCES IN BIOLOGICAL CONTROL IN EARLY 1989

First proof of field establishment of laboratory reared
Sexava ega parasites Leefmansia bicolor in West New Britain .

Over 3 million egg parasites have been reared and released
from the PNGOPRA laboratory at Dami West New Britain since
November 1985 .

	

In all areas where both chemical treatment and
parasite releases were made no reappearance of Sexava has oc-
curred during the past three years . However in January 1989
reports of a further outbreak at NBPOD's Navarai Plantation
gave us the opportunity to collect Sexava eggs in fields near
to sites where the parasite Leefmansia bicolor had been
released six months previously .

	

Two collections were made at
Navarai and each batch of eggs were divided and placed either
singly, or in groups, in tubes and containers .

The first parasites emerged from these field collected eggs
on 7th February and continued to emerge until 5 March . Leef-
mansia bicolor emerged from eight different samples and in one
case the total number of parasites recorded emerging from one
Sexava egg was 52 . The distance from the original release site
to the recent collection sites is about 1 kilometer . This
agrees well with the only previously recorded field release
data in 1935 (Froggatt J .L . 1935) which gives 1 .2 kilometres as
being the range covered by this parasite after five months
release in a coconut plantation .

Of additional interest was the recovery of two indigenous
egg parasites which have been recorded in WNB previously by the
author .

	

The largest Sexava egg parasite, known as Prosapegus
sp ., was recorded from two samples, only one parasite emerges
from each Sexava egg . A second indigenous parasite, probably a
Tetrastichus species, was the most numerous ; recorded from
thirteen different samples . Little is known about the fecun-
dity or efficiency of this species and it was interesting to
record 62 Tetrastichus emerging from a single Sexava egg .
Samples of both parasites are being sent to Dr . Huber (Canadian
biosystematics unit) who expressed interest in Sexava egg
parasites at the Entomology Congress in Vancouver last year .

The percentage parasitism in the two collections was 17 per-
cent of which 7 percent was due to the introduced parasite L .
bicolor . Although this low percentage may appear insignificant
it has to be viewed as part of the total mortality affecting
the Sexava population where the percentage of Sexava surviving
to the adult stage on coconuts has been found to be as low as 8
percent of all eggs laid in the absence of any egg parasitism
(Room et al 1984) .
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It is of interest to compare this field data with those of
Frogatt's coconut data (1935) which gives 11,6 and 8 percent
respectively for three parasites of Sexava eggs laid in the
soil with a culmutive total of 25 percent . Levels of
parasitism of Sexava eggs laid in epiphytes on the coconuts was
27 percent and in the crown of the palms 24 percent, giving an
overall rate of egg parasitism of 25 percent .

Whilst the above information enables one to be optimistic in
terms of establishing laboratory reared parasites in the field,
cautious optimism remains for the ability for both introduced
and indigenous egg parasites to limit Sexava population explo-
sions when suitable climatic conditions prevail . However the
rainfall pattern over the past two years in West New Britain
has been very suitable for Sexava population development .

	

At
the end of the third year since regular parasite release were
started, it is significant that no major outbreaks have oc-
curred in the Hoskins development .

	

In Bialla, where far fewer
parasites have been released, a very large number of outbreaks
have occurred during the prolonged wet weather and are continu-
ing to spread, particularly among smallholdings .

	

The Bialla
scheme is now receiving most of the egg parasites produced and
will continue to do so over the rest of this year .
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INVESTIGATION 606 BAGWORM (Psycididae) CONTROL .

Throughout this year, which had well above average rainfall
for all the oil palm development areas, no significant damage
by any bagworm species occurred .

INVESTIGATION 605 RECORD AND OBSERVATION ON OTHER PESTS .

Longicorn beetle : Mulciber Iinnaei in Oro Province .

Damage by M. Iinnaei was first recorded in September 1982
where its larvae were found tunnelling inside the frond rachis
on moribund oil palms affected by lightening strike .

	

In July
1984 damage by the adult beetle was observed on leaves of oil
palms in the same area and up to six adult beetles were found
resting around the base of the central spear on affected palms .
M. Iinnaei causes considerable damage to Pandanus spp and its
characteristic rough edged holes, about lcm across, often
reduced Pandanus leaves to a 'lace curtain' effect .
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In 1984 this beetle was observed on oil palms over a wide
area in oro Province . In June this year, larval damage was
confirmed on numerous palms growing on three smallholdings at
Sehora, oro Province . The palms were 2 1/2 years old and in a
very poor condition . Damage to several fronds per palm was
severe and death of the frond occurred following destruction of
the internal tissue of the rachis by the beetle larva .

	

It is
considered that this attack by M. Iinnaei was because of the
extremely poor condition of the palms and as such it was an ex-
ceptional occurrence .

Treatment recommendations were as follows :-

1 .

	

In very young palms, by trunk injection using a smaller
diameter drill and only 5m1 of concentrated monocrotophos . The
systemic applied by trunk injection would reach the larvae in
side the frond rachis .

	

Larval damage was easily confirmed by
splitting the rachis longitudinally when both tunnelling and
larvae were revealed .

2 .

	

A mixture of moist sawdust and Lindane granules were ap
plied around the central spear .

	

This technique, used for
Rhinoceros beetle control, is to control adult M . linnaei which
were found resting in between the fronds and the spear, and
against which the smell of Lindane should have a repellant ef-
fect . During the dry season in oro Province this method should
give a longer period of protection to young palms than any in-
secticide applied as a spray .

1 Kg of Sulphate of Ammonia was applied to each palm at the
same time as the insecticide treatments . In November 88, apart
from a few palms which had died from a combination of insect
attacks and poor nutritional condition, the affected blocks had
fully recovered and no further insect damage was observed .

Stick Insects :

	

Eurycan tha species (Phasmidae )

A Eurycantha species damaged smallholder blocks at Igora in
April and at Korupata in May and August .

	

Damage was light to
moderate and usually in conjunction with 'Sexava' damage .

	

No
treatment of this insect was recommended and although
parasitism by a tachinid has been confirmed, no adult flies
have emerged to identify the fly species .

	

More specimens of
the Eurycantha have been sent to the E .I .E . in London for a
species dertermination .

Sugarcane Weevil, - Rhabdoscelis obscures (Coleopteral
Curculionidae)

No damage by this insect to unripe or ripe bunches has been
recorded this year . However examination of sugarcane stools in
a garden at Dami research station, West New Britain, revealed
several larvae which had been parasitised by a Tachinid .

	

This
is believed to be the first record of Rhabdoscelis parasites
outside the Port Moresby area .
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INVESTIGATION 608

	

SCAPANBS CONTROL. (Coleoptera, Dpnos tidae)

Observations were concluded in September this year on two
1000 palm plots on Bebere Plantation, West New Britain set up
in December 1986 .

	

One plot was clear felled prior to replant
ing and one was underplanted and then subsequently the mature
palms were poisoned and left standing . After initial damage of
between 1 and 4 percent of the underplanted palms and no damage
to the control plot, recovery of some of the damaged palms
resulted in a net loss of between 1 and 2 percent .

No further incidence of damage has been recorded for this
year and the palms are now considered old enough to withstand
any subsequent damage by Scapanes .

	

It would be pre mature to
draw any firm conclusions from the observations on these plots
as they did not exactly represent what is happening in practice
with the replanting phase . However, in conjunction with
reports from Bebere plantation it can be said that the in-
cidence of Scapanes damage in underplanting has not been any
greater than is usually experienced under the clear felling
system, and at 1-2 percent damage it is quite uneconomic to
consider any form of chemical treatment .

An interesting development in October with the underplanting
programme was the severe damage by Scapanes to one smallholder
block at Galai sub-division .

	

Here 43 palms out of 245 were
damaged by Scapanes which at 18 percent, is an unacceptably
high level of damage . On investigation it was noticed that the
block was very dark and although it had been scheduled for
poisoning, prior to underplanting, the work had not been
carried out .

On the estates a heavy pruning round is commenced before un-
derplanting and poisoning is scheduled to be done about a year
later . Previously the only serious level of damage by Scapanes
was recorded in the underplanted plots in the OPRA Ganoderma
trial, where it was also very dark and over-shaded, and there
may be a connection between the two incidents . It has been
conveyed to DAL that they should endeavor to keep their
replanting programme in step with the poisoning of the palms to
avoid a repetition of this damage .

	

Because Scapanes damage is
often locally severe due to proximity of suitable breeding
sites in recently felled forest, these few observations cannot
be conclusive .

	

However it is encouraging to report that with
on both
Scapanes

the quite extensive replanting carried out to date,
smallholder and plantations, no serious incidence of
damage has been reported outside those discussed here .

In conjunction with work on Scapanes in coconuts carried out
by the Cocoa and Coconut Research Institute in East New
Britain, future control strategy may incorporate pheromone
baiting systems if pheromones are identified in studies on
Scapanes behaviour .
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PATHOLOGY

In Oro Province, crown and stem rotting occurred in many oil
palm smallholder blocks, mainly on Isavene sub-division, but
also on Sorovi, Wasita, and Sangara .

	

Most of the affected
blocks had less than 6 palms diseased, but one block on Isavene
recorded 26 dead palms, which must be the largest number ever
recorded for one locality in P .N .G .

	

Many of the palms col-
lapsed with middle or upper stem rot .

	

Possible fungal causa-
tive organisms Phellinus noxius and Ganoderma were reported . A
full investigation was carried out by Dr . Peter Turner, Direc-
tor of the Cocoa and Coconut Research Institute who considered
that the very poor nutrional condition of the palms could have
predisposed them to infection .

Two experiments are ongoing in the Mosa area of West New
Britain to monitor incidence of lower stem rot :

EXPERIMENT 801, Incidence of Ganoderma disease (H .L .F .)

This experiment was set up in 1982 in Section 9 of Bebere,
to monitor the incidence of Ganoderma disease after replanting .
There are three replicates of six treatments comparing dif
ferent methods of felling the old stand . After felling, three
seedlings were planted within one metre of each stump . Since
1984, samples of seedlings have been dug up every year, split
and the stem and root tissues examined for any sign of fungal
infection .

In 1988, a total of 300 seedlings were examined and as in
all previous years, not one showed any sign of infection . All
the remaining seedlings will be dug up and inspected next year .

EXPERIMENT 803, Ganoderma pathogenicity tests (H .L .F .)

In this experiment established in the Dami beach area, in-
fected palm wood was buried at the base of young field palms .
In 1988, five years later, no visual signs of any infection by
Ganoderma has been observed .
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APPENDIX I

Table 104 : Meteorological Data, Dami, 1988
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Table 105 : Rainfall (mm) all sites 1988

Jan Feb Inch Bpr lay Jane Jalr Bag Sept Oct toy Bee Total

I.I .B . PIOTIRS

Dai 855 1006 255 614 318 138 358 611 182 643 216 833 5485
Bebere 868 1226 262 216 127 128 166 331 155 260 273 691 6659
11ebaago 552 981 538 122 86 2 210 53 120 116 132 950 3826
WIT 986 1789 256 312 63 257 it it tt Ot it i95 11
[a14 1309 2058 322 613 185 200 188 233 277 601 231 801 6610

(tt = tat recorded)

010 PIOVIOCB

Brebe 387 183 232 269 180 138 306 126 232 311 117 192 2711
Btbogo 313 186 283 216 209 97 231 167 164 317 259 217 2591
131rene 305 275 166 183 166 108 225 113 191 286 273 199 2666

OILOB BBT PIOOIRS

111ita 116 237 178 222 165 28 lit 65 115 25 97 335 1737

Rainfall Rainy Sunshine
mm days (h/m)

1970-88 1988 1970-88 1988 1970-88 1988

January 643 .9 855 .0 24 .7 29 115 .8 104 .1
February 648 .9 1005 .6 23 .9 23 109 .9 84 .9
March 521 .8 255 .4 25 .0 19 123 .9 153 .9
April 355 .5 413 .8 21 .2 21 149 .6 139 .3
May 234 .1 314 .2 17 .8 17 167 .2 152 .1
June 152 .2 133 .8 16 .0 17 161 .1 141 .6
July 188 .7 354 .2 15 .7 20 151 .8 136 .0
August 159 .0 420 .8 15 .1 20 179 .4 178 .7
September 178 .5 182 .0 13 .9 16 179 .5 151 .6
October 174 .9 443 .2 15 .2 20 178 .4 130 .7
November 248 .5 274 .4 17 .8 22 174 .3 125 .2
December 411 .2 832 .8 22 .7 24 128 .4 113 .4

Total 3917 .4 5485 .2 229 .0 248 1819 .2 1611 .5



Table 106 : Meteorological Data, Higaturu 1988

Rainfall Sunshine Rainy
hrs days

1987 1988 1981-88 1987 1988 1981-88 1987 1988
1981-88

January 327 387 257 172 132 157 23 21 18
February 157 183 253 99 154 125 21 19 20
March 586 232 348 174 170 165 25 21 20
April 307 249 255 153 177 170 24 18 19
May 114 140 180 216 205 178 11 17 15
June 61 138 163 161 123 140 11 14 16
July 34 306 96 203 190 168 5 19 10
August 23 113 116 100 187 179 10 14 14
September 276 232 159 136 187 174 16 14 13
October 96 311 228 225 206 186 12 24 18
November 103 217 236 223 184 187 12 20 17
December 277 192 293 146 143 154 23 22 20

Total 2361 2700 2584 2108 2058 1983 193 223 200



THE ASSOCIATION'S ACCOUNTS FOR 1988

Auditor's Report to the members of Papua New Guinea Oil
Palm Research Association Inc .

In our opinion the attached balance sheet, income and ex-
penditure statement and accompanying notes thereon are
drawn up so as to give a true and fair view of the state
of affairs of the Association as at 31st December 1988 and
of its income and expenditure for the period ended on that
date .

APPENDIX II

Price Waterhouse
Chartered Accountants
Lae, 29th March 1989

Balance sheet as at 31st December, 1988
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Accumulated funds

KINA

1988 1987

84,726 159,322

Represented by :
FIXED ASSETS (Note 2) . . . . . . . . . . . . . . . . . . . . . 88,927 49,498

CURRENT ASSETS :

Cash at bank and on hand . . . . . . . . . . . . . . . . . . 6,769 91,652
Debtors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89,850 110,992

96,619 202,644

CURRENT LIABILITIES :

Trade Creditors . . . . . . . . . . . . . . . . . . . . . . . . . . 78,897 78,352
Other Creditors and Accruals . . . . . . . . . . . . . 21,923 14,458

100,820 92,810

Net Current (liabilities) . . . . . . . . . . . . . . . . (4,201) 109,834
Assets

84,726 159,332



Statement of Income and Expenditure for the year ended
31st December 1988

FFB Levy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 372,541

The accompanying notes form part of these accounts .
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KINA

INCOME :

	

1988 1987

379,527
Profit on Disposal of Fixed Assets . . . . . . . - 1,499
Interest received . . . . . . . . . . . . . . . . . . . . . . . . 3,845 15,895
Government grant received . . . . . . . . . . . . . . . . 100,000 93,300

476,386 490,221

EXPENDITURE ;

Agency, Audit, Legal and Professional fees 13,917 14,057
Bank charges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 975 1,309
Depreciation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27,581 13,915
Direct experiment costs . . . . . . . . . . . . . . . . . . 59,981 57,936
Electricity, water and gas . . . . . . . . . . . . . . . 14,547 15,376
Insurance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,518 8,305
Laboratory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 886 504
Medical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,424 4,908
Motor vehicle . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24,769 33,705
Office expenses . . . . . . . . . . . . . . . . . . . . . . . . . . 22,906 14,411
Rentals and other accommodation costs . . . . 84,312 73,951
Repairs and Maintenance - buildings . . . . . . 19,166 20,413
Salaries, wages and allowances . . . . . . . . . . . 248,941 211,235
Staff recruitment . . . . . . . . . . . . . . . . . . . . . . . . 7,972 10,440
Staff training . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,499 6,484
Travel and entertainment . . . . . . . . . . . . . . . . . 12,724 23,473
Loss on disposal of fixed assets . . . . . . . . . 2,874 -

550,992 510,422

(DEFICIT)ISURPLUS FOR THE YEAR (74,606) (20,201)

ACCUMULATED FUNDS BROUGHT FORWARD 159,332 179,533

ACCUMULATED FUNDS CARRIED FORWARD 84,726 159,332



NOTES TO AND FORMING PART OF THE ACCOUNTS
31 December 1988

STATEMENT OF ACCOUNTING POLICIES

Basis of Accounting :

	

The accounts have been prepared on
the basis of historical costs and do not take into account
changing money values or current valuations of non-current
assets .

Fixed assets and depreciation : Fixed assets are recorded
at cost . Depreciation is calculated by the straight line
method at rates considered adequate to write off the assets
over their estimated economic lives .

Current rates of depreciation are as follows :-
Furniture & equipment 10% per annum
Motor vehicles

	

33.33% per annum

Direct experiment costs : Costs in relation to experiments
are written off as direct experiment costs in the year they
are incurred .

FIXED ASSETS

CAPITAL COMMITMENT
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KINA

1988 1987

Capital expenditure authorised and contracted for totalled
K Nil (1987 K Nil) .

Household, office and laboratory,
furniture and equipment at cost . . . . . . . . .
Less accumulated depreciation . . . . . . . . . . .

64,138
18,759

47,039
19,955

45,379 27,084

Motor vehicles at cost . . . . . . . . . . . . . . . . . .
Less accumulated depreciation . . . . . . . . . . .

95,173
51,625

59,691
37,277

43,548 22,414

Total written down values . . . . . . . . . . . . . . . 88,927 49,498



We, F .E . McGuire and J .P .C . Baskett, being two of the
members of the Management Board of the Papua New Guinea Oil
Palm Research Association Inc ., hereby state that in our
opinion the accompanying balance sheet is drawn up so as to
exhibit a true and fair view of the state of affairs of the
Association at 31 December 1988 and the statement of income
and expenditure is drawn up so as to give a true and fair
view of the results of the business of the Association for
the period ended on that date .

F . E . McGuire

J .P .C . Baskett

MANAGEMENT BOARD'S STATEMENT 31 DECEMBER 1988

For and on behalf of the Board

Lae
28th March 1989

SECRETARY'S STATEMENT

I, Alfred Ross McMaster, Secretary of the Papua New
Guinea Oil Palm Research Association Inc ., do hereby state
that the accompanying balance sheet and statement of income
and expenditure are, to the best of my knowledge drawn up
so as to exhibit a true and fair view of the state of af-
fairs of the Association as at 31 December 1988 and of the
results for the period ended on that date .

A .R . McMASTER
SECRETARY

Lae,
28th March 1989



APPENDIX III

ALLOCATION aF RENTED BUILDINGS

APPENDIX IV

ALLOCATION aF VEHICLES

MR .= Not recorded)
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NEW BRITAIN PALM OIL DEVELOPMENT LTD .

Offices and laboratory (7 rooms) 1
Entomological building 1
Store (4 rooms) 1
" SM" houses 1
"A" houses
"AR" houses
"IB" houses
"JG" houses 7
"DLQ" houses 2
"SMQ" houses 2

HARGY OIL PALMS PTY LTD .

Office 1
Bossboi quarters 1

HIGATURU OIL PALMS PTY LTD .

Agronomy and main office 1
Entomological office 1
Insectory 1
Executive duplex 1
Sirogo house 1
Supervisor's houses 2
Intermediate 1
Labour houses

Purchased Km run

3/88 15,640
5/88 21,217
8/87 55,180

11/83 100,695
2/86 (N .R .)
1/86 54,996
3/85 153,919
9/87 22,867

Vehicle Reg .No . User

Toyota Hilux 4WD (twin) AFL 659 DOR
Toyota Hilux 4WD (single) AFH 562 Oic, Higaturu
Toyota Hilux 4WD (single) AFF 235 Soils Agron .
Toyota Hilux 4WD (single) AEJ 558 Entomologist
Daihatsu Delta AHA 967 Driver (Dami)
Daihatsu Scamp 4WD AKA 951 Asst . Agron .
Toyota Hilux 4WD (single) AEQ 283 Driver (HOPPL)
Yamaha XT 125 AO 057 Agron (HOPPL)



APPENDIX V
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LXST aF INVESTIGATIaNS

Number Location Title Initiated Concluded

AGRONOMY

101a Bebere NPKMgMnP factorial fertilizer trial 1968 1982
101b Bebere Leaf nutrient monitoring plots 1982 1984
102a Dami Density/fertilizer trial 1970
102b Dami Pot test experiments 1988 1988
103 Kumbango Sources of potash fertilizer trial 1976 1983
104 Bebere Thinning trial 1978 1984
105 Bebere Thinning trial 1979 1984
106 Bebere Replanting establishment trial 1982 1988
107 Bebere Replanting fertilizer trial 1982
108 Kumbango Mature palm nitrogen/anion systematic trial 1985
109a Bebere Factory-waste manurial trial 1984 1988
109b Bebere Factory-waste manurial trial 1985 1988
110 Bebere Nitrogen/anion trial on young replanted palms 1985
111 Malilimi Nitrogen and Phosphate fertilizer trial 1985 1987
112 Buvussi Nitrogen & phosphate fertilizer trial 1985
113 W .Nakanai Smallholder N fertilizer and food crop demos 1985 1988
114 Togulo Discoloured frond investigation 1985 1986
115 Kumbango Frond placement trial 1987
116 Bebere Systematic nitrogen fertilizer trial 1987
117 Kumbango Second systematic nitrogen fertilizer trial 1987
118 Kumbango Third systematic nitrogen fertilizer trial 1987
121 W . Nakanai Smallholder Demo/Trial series 1988

201 Hargy Fertilizer trial 1982
202 Hargy Refuse manurial trial 1984 1988
203 Navo Effect of establishment phosphate 1986 1988

301 Higaturu Monitoring plots 1977 1982
302 Higaturu Monitoring plots 1977 1982
303 Higaturu Monitoring plots 1978 1983
304 Higaturu Sources of potash and nitrogen trial 1979 1982
305 Arehe Fertilizer factorial experiment 1981
306 Arehe Fertilizer factorial experiment 1983
307 Popondetta Smallholder fertilizer trials 1984 1987
308 Arehe Mill effluent manurial trial 1985 1987
309a Ambogo Bunch refuse manurial trial 1984 1988
309b Ambogo Sources of potassium trial 1988
310 Ambogo Fertilizer frequency and anion trial 1986
311 Isavene NK Fertilizer Trial 1988
312 Ambogo NK Fertilizer Trial 1988
313 Higaturu Soil assessment trial 1988
314 Higaturu Smallholder demonstration Trials 1988
315 Higaturu Smallholder rehabilitation trials 1988
316 Higaturu Cover Crop Investigations 1988 1988

501 Hagita Establishment fertilizer trial 1986
503 Hagita Nursery fertilizer trial 1987 1988
505 Waigani Trace element trial 1988 1988



Number Title Initiated Concluded

BNTONOLOGY

601 Sexava: chemical control 1981
602 Pollinators : introductions 1980
603 Pollinators : field studies 1981
604 Sexava : field studies 1981
605 Other pests : general studies 1981
606 Bagworms : general studies 1982
607 Sexava : biological control 1983
608 Rhinoceros beetles 1986

PHYSIOLOGY

701 Flower fertility project 1979 1981
702 Effects of competition 1981 1986
703 Botany of Pollination and fruitset 1985 1986
704 Soil moisture relations project 1985 1985
705 Arehe Clone and density trial 1986
706 Continuous flowering census 1981 1986
707 Continuous vegetative growth study 1980 1986
708 Continuous leaf nutrient study 1981 1988
709 Arehe Progeny experiment 1987

PATHOLOGY

801 Incidence of Ganoderma disease 1982
802 Treatment of oil palm stumps with AMS 1983 1985
803 Ganoderma spp . tests of pathogenicity 1983

WSBD CoNTROL

901 Weed control project 1986 1986
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