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SECTION 1 INTRODUCTION AND BACKGROUND

1.1 Intreoduction

This report iz a compilation of results of trials conducted in

the first phaze of the Santo IFP Frodjasct (1989 - 1994).
Results of trials on Santo established by Department of

Forestry and those formerly managed by Carter Holt Harvey are
also included.

1.2 Santo IFP Projsct Site

The island of Espiritu Santeo. or Santo as an abbreviation is
located at about 13 3 and 167F and is  the largest island in
Vanuatu, with a land arvea of 4,248 km® (Ses Map 1.2.1)
Climatic informatio

L i
n, from Luganville, the main town on the
island is shown in Figurs 1
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Figure 1.2.1. Climatic Information

The Santo IFP Project site is a leasehold situated about 32 km
north north west of Luganville. The lcocation is shown in Map
1.2.2 and the layout of planted area of the project site ig
shown in Map 1.2.3. Other trial sites mentioned in the report
are alsc shown on Map 1.2.1 and a description is given in
Table 1.2.1. Total area of the Sants IFP leasehold is
approximately 5,490 ha, with about 350 ha having been planted.
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Soils are fervalitic clays, formed from volcanic ash and
Taptility  is "modsrately  limited™. The constraints to tree
gqrowth being variable soil depth overlyin W limestone. chemical
fertility being concentrated near the surface and the pH of
5.5 to 6 (Forestry Service, 1983). Over most of the area
potassium defi,*d“cy was thought to be the only nutritional

-~

constraint to growing Cordia alliodora (Bennetb,. 198593,

Topography is mostly plateau at betwsen 200 and 300m alititude,
with & broad river vallsy draining to the south and three flat
topped hills along the eastern boundary rising to about 200m.

Natural vegetation over the central part of the project area
is open bush with woody lianes and shrubs about 4 to 3 m high.
Clumps o©f high forest, dominated by Milktree, (3dntiarus
toxicara) and Whitewood (Endospermum medul losum) are s
over the whols area, with Nakatambol (Dracontomelon vi
Stinkwood (Dysoxylon amcorcides) and Bluwota (Pier
indicusy alsc bsing common. Vine growth, of Merremia, M‘
and Ipomea is considerable over most of the site. The
some  logging of the site by the U3 Army during World War 2
' g. 1984} and thers thaz heen cattle ranching on
Towards the w@st of the proie graas of
L

The cobjectives of the irst phase of the Santo IFP Project
were described in  the Project Proposal (Forest Service, 1586} .
The main goal was to produce a 6,000 ha forestry plantation by
2006, to supply guality saw and veneer timber to local and

foreign markets.

Regearch was & prominent feature of the programme, as there
had been littlies experience of large scale plantation forestry
in Vanuatu. Silvicultural vressarch was to concentrate on cost
effective sclutions to problems encountersd in plantation
establishment and growth. Three species were £o be used for
most of the plantings; 70% of the trees were to be C(ordia
alliodora, while Sweitenia macrophylla and Agathis macrophylla
were to make up the other 30%. Studies would continue for
identifying superior species and provenances fo venger and
quality timber production.

Agroforestry was also to  be investigated. Timber would
provide long — term returns and agricultural crops grown under
the trees would provide short - term returns, If results from

the ftrials were favourable, growing cash crops with the trees
would be practised over most of the project area. Cash crops
favoured due to their shade tolerance were coffee ((Coffea
robusta), Kava (Pipsr methysticum) and Cocoa (Theobroma
cacao) . Other crops mentioned included garlic (Allium sativum)
and cardomon).

Zilvopastoral research was also to be included in the rasearch
programmne. Grazing cattle would be used to clear the existing
vegetation before planting and might also be ussd to contrel
weeds during establishment of the forest crop. Legumes and



graszes Wwere also to be Lested as cover crops and as a source
of cattle feed. Like agricultural crops, cattle raising would
provide short - term raturns

There have been a total of three Research Officers during the
first phase 2f +the Santo IFP project and one Research

Technician. The Research Qfficers Thave bheen Joanna Secker
Walker (19%1 — 189833, Allan Vira (1992 - 1693) and Andrew
Leslie (1993 — 1594). Kasen Alick Jjoined the Project in 1692
as the Research Technician, being transferred from Carter Holt
Harvey. Seth Messk was employed 1n 1992 as a Research
Labourer.

Other staff members have been involved in research activities,
notably Rossina Mabeon (Administrative Assistant) and Mesek
Setty {(Nursery Manager) .

Five trainees, Alick Berry. Eric Jonah., Simon Naupa. Mandes
Kilman and Michael Tapi from the Department of Forestry Thave
also besn placed wzt“ the project and ceonducted research work.
Also, Elianeth Ephraim a student from Matsevulu College Thas
assisted In experiments

4
[



SEECTION 2 SEED COLLECTION AND HANDLING RESEARCH

2.1.

Tnformation on Seed of Native Timber Species.

{(C75-6)

Information on
compiled to produce a

Walker, {(1993m} which is
same document

seed collection of
geed

reproduced in
numbers of seed per Kilogramme

native species has
coliection timetable in
Appendix 1. In

pretreatments were also described.

been
Secker
the
and recommended

2.2. BSeed Dormancy and Prstreatment Trials. (077)

In 1993 a trial was conducted to test a variety of technigues
such as goaking, Dboiling, gcarifying, as possible pre-
treatments for seed of six native speciles. Nine treatmenits

ware tested,

of the species (See Table 2.2.1).

{i) No treatment

{ii) Scak in water for 24 to 48 hours

(iii} Soak in alkali

goaked for 13

{Andrew’'s

{iv) Beoil in water for two minutes

(v} Soak in acid {(Corn
species soaked for 1 hour
21 hours.

{(vi} Oven dried for 21 hours
fvii) Cleaned and air dried
(viii) Alternative soaking

1 day in water and 1 day out.

out,

others for 1

and drying: 2 days in water,

(ix) Part of seed coat being removed

although all nine were not applied to seed of any
Treatments were as follows:

. Blkali); seed of some species
/, hours other species for 21 hours.
Wells White Vznegar) seed of some

4 hours and others for

1 day

Species Treatment

[!Nakatambol (1), (i1}, (ii1i) for 13 72

(Dracontomelon vitiensis) hours, (iv)., (v) for 1 / hours,
(vi), (wviii) I

3t inkwood (i), {iiy for 24 hours, (v) for
(Dysoxyvlion amooroides) 1 hour, ({(vi) I
Beantree (i), (iv), (v) for 1 72 hours I
(Castaneospermum {viii)

Ilaustrale)
Milktree (i), (ii} for 24 hours, (iv).
(Antiaris toxicara) {ix)

Wild Natapoa
(Terminalia sepicana)

(i1i)
(v} for 1
(viii)

(1), (11) for 24 hours,
for i5 / hours, (iv),
/,, 15 A and 72 hours,

1Navasvas (Alphitonia
zizyphoides)

Table 2.2.1 Trsatments Applléd'td'Each Species

Results of the best treatiment (Mabon,

2.2.2.

(i), (ii), (iv)

1993} are shown

in Table



Species Best Treatment Days to %
germinate | Germination |
Nakatambol Soak in vinegar i8 - 28 52
(Dracontomelon for 72 hours
vitiensis)
Stinkwood No treatment gave Not 0
(Dysoxylon satisfactory recorded
amooroides) regults
Heantree Seoaking and Not 50
(Castaneospermum drying recorded
australe)
MilKktree Socak in water Not 34
i (Antiaris for 24 hours recorded
toxicara)
Wild Natapoa None 31 - 41 72
(Terminalia
sepican)
Navasvas No treatment gave | Not 0
(Alphitonia satisfactory recorded
il Zizyphoides) results
Table 2.2.2 Best Treatments
Recommended treatments obtained through informal trials are

shown in Appendix 1.




SECTION 3 NURSERY RESEARCH

3.1. Nursery Cuttings Trial

A nursery cutting trial was established in November 1893 and
assessed in January 1994. The cuttings were treated with two
commercial rooting hormones, Seradix and Planofix. Seradix,.
which contains the active ingredient Indolybutic Acid (IBA)
was applied following the manufacturer’'s instructions.
Planofix, which contains B Naphthylacetic Acid (NAA) was
applied at several dilutions as instructions were not
available.

Five species were used, although most of the cuttings were
from two species, Bluwota (Pterocarpus Iindicus) and Kauri
(Agathis macrophylla). Three other species were tested, Wild
Natapoa (Terminalia sepicana)l, Whitewood (Endospermum
medullosum) and Navasvas (2dlphitonia zizyphoides) . Seradix
only was applied and the cuttings placed only in trays in the
shade.
For Bluwota the following treatments were applied to cuttings:
(i) Seradix, Trays in the Shade

(a) Old wood cuttings with waxed tops

(b) New wood cuttings with waxed tops

(c) New wood cuttings with waxed tops
{ii) Seradix, Trays in the Open

(1ii) Planofix at concentrations of 100%, 50%, 33%, 25%
and 1%, Trays in the Open

For Kauri a similar set of treatments was applied:

(i) Seradix, Trays in the Shade
(ii) Seradix, Trays in the Open
(1i1) Planofix at concentrations of 50%, 33%, 25%. 10% and

1%, Trays in the Open
Trays in the "open" were 1lightly shaded by a single layer of
transparent polythene. Those in the “shade" were placed in a
wooden framed box covered in a layer of 90% shade netting.

The number of cuttings that were green (still tiving), brown

- (dead), -showing root development and/or shoot development were

recorded for each treatment. Where roots or shoots had
developed the number of vroots and/or shoots was recorded and
the length of the longest root and/or shoot.

There was some success with the cuttings of Wild Natapoa, of
which 33% developed vroots and healthy shoots. Unfortunately
the Whitewood cuttings developed no roots or shoots and had



bequn  te vot by the énd of the experiment. Cuttings of
Navasvas alsc showed no root development, which is unfortunagte
ag this species ig difficult to raise from seed.

Bluwota is known to Striks readily from cuttings and staves
directly planted into the ground and is used widely as living
posts for fencing and other purposes (Wheatley., 1992). From
the IFP Project trial raising Bluwota from cuttings is
relatively straightforward (See Tables 3.1.1 and 3.1.2). The
lack of success with Planofix may be due to all treatments
with this Thormone being in trays left in the open. Certainly
shade increased the success of rooting with Seradix. From
observations it also appeared that larger diameter cuttings (>
lcem) produced more vigorous root and shoot growth.

Use of cuttings of Bluwcta trees of exXcellent form may be
worthwhile, instsad of seedling stock, which may vyield trees
of poor form. A further argument for using cuttings is the
reduced time in the nursery. To produce a transplant of 40cm
height it would take about 2 - 3 months with cuttings and
about 4 - 5 monthsg through seed, (Setty, pers.comm.) Presgsent
recommended practices for Bluwota are to use Seradix on large

dimension, new wood cuttings with wax applied to protect the
top. -

Kauri has been successfully raised from cuttings (Neil, 1987)
in Vanuatu in high humidity propagators. Three main factors

could have prevented rooting in the IFP Nursery Cuttings Trial
(See Table 3.1.1 and 3.1.2):

(i) That the wrong rooting hormones were useg or the correct
oneg, but at the wWrong concentrations.

Neil, (1987) found that IBA at 0.4% solution in alcohol O no
hormone gave best results, with 35% rooting. Neither of these
treatments was tested at the IFP Project trial and it is
poessible that water was used instead of alcohol to dilute the
hormones. Seradix treatments were found to give poor results,
Wwith rooting of 5% of cuttings. NAA in 0.4% sclution, (the
active ingredient in Planofix) promoted roocting in 25% of the
cuttings (Niel, 1987). Later trials conducted by Neil, (1987}
increased rooting with 0.4% IBA to 100% and with 0.4% NAA to
60%. The poor results in the IFP Project trial, suggests that
humidity and age of cuttings have alsc had an influence. With
Plancfix none of the cuttings showed either root or shoot
development. With Seradix some cuttings produced shoots (See
Table 2.2.3) but none started rooting.

(i1} That even in the shaded area the humidity was not
sufficiently high to stimulate rooting,

The cuttings in the "open” were watered by 1the nursery
irrigation system for about 2 minutes every 1 /2 hours and
were shaded by polythene only. Humidity was low.

Those cuttings in the shaded box eéxperienced a more humid



environment and lower temperatures. However, it is still
likely that the humidity was not sufficient to promote
rooting. A high humidity propagator should be tried.

(111) That the cuttings were taken from material that wa=s too
cld or of the wrong size.

Cuttings from older parts of branches of seedlings of Xauri
were found by Neil, {1987) to have poorer ability to vroot than
younger parts. The cuttings used in the IFP Project trial were
taken from trees about 1m tall. In future it would be worth
trying cuttings from younger plants, preferably small
seedlings. Despits no root development, some Kauri cuttings
developed small shoots, most about Zmm long, with one growing

Species/ Number of |Length of |%
Treatment Roots Longest Cuittings
Root {(mm) {Rooted
Shade, Waxed* 11.2 31.3 36
“Open, Waxed® 20.7 43.7 12
Shade, New, No 2.5 13 4
Wax
Shade, New, 13.5 4.7 77
Waxed
Shade, 01d, i4.6 120.5 42
Waxed
Table 3.1.1 Meanyg for Bluwota Treated with Seradix
Species/ Number of |Length of |%
Treatment Roots Longest Cuttings
i Root (mm) {Rooted
100% Planofix 23 32 5
50% Planofix 32 15

2
’33% Flanofix 0 0 0 “
23% Planofix 0 0 )
0

0 0 H

Table 3.1.2 Means for Bluwota Treated with Planofix in Trays
in the Open

1% Planofix

3.2. Container Trials. (081.1)

In October 1991 a nurssery itrial was established to test the
growth of Cordia alljiocdeora seedlings in 8 different
sontainers. Unfortunately, C. alliodora no longer features
in the IFP planting programme but the results may be useful as

@ basis for other container trials for other fast growing
gxotics.

The trial was a completely randomised design with each



treatment having three replications. Numbers of seed sown for
the different containers was not recorded in the experimental
file. The bare rooted treatment was replicated three times as
with the others but the plots were not randomly located. It
was assumed the numbers noted on the data sheets in brackets
following the short paper pot sizes denotes the number of pots

in each plot.

Container types and their dimensions and

Tablie 3.2.1.

volumes are shown in

Container Length (cm) Diameter {(cm) Volume (go)
Plastic Pot 22 6 622
Seed Trays & (depth) 37.5 x 58.5 151
(length x%
breadth)
Long Root 20 5 393
Trainer
Small Root 11.5 3.5 1iG
Trainer
t Short Faper G.3 3.5 226
Pot (80) ‘
Short Paper 2.5 4.3 151
pot (130)
Tall Paper 15 5.5 356
Pot
Bare Rooted Not recorded Not recorded Not recorded

Table 3.2.1 Dimensions and Volumes of Containers

Volume for the seed tray was calculated as volume of seed tray
divided by average number of seedlings per tray.

Mean heights at 4 months are shown in Table 3.2.2.

| Container Type Height (mm)

HPlastic Pot 137
iSeed tray 96
Long Root Trainer 105
Small Root Trainer 71
Short Paper Pot (8(Q) 142
Short Paper Pot (130) 109
Tall Paper Pot : 134
Bare Rooted 29

Table 3.2.2 Mean Height of Seedlings in Different Containers



W

2t Lreatment for seedling height was the plastic pot, which
as the largest volume of any of the containsrs, Those with
smaller volumes appeared to have smaller height growth.

3
h

Differences in growth between the plastic pots and the other
containers were examined statistically through t-tests. Only
three containers had statistically significant differences in
seedling height compared with plastic pots. These were small
root trainers, bare rocted and seed trays.

| Container Type Height/Container Volumex*
iPlastic Pots 22.0

Seed Trays £€3.7

Long Root Trainers 6.7

Small Root Trainers 63.9 "

Short Paper Pots (80) §2.9

Short Paper pots (130) 72.1

Tall Paper Pots 37.5
ﬁggie Rooted= _ #__mmyot known I
* x 100

Table 3.2.4 Height: Container Volume Ratios

The statistical analysis indicates that a smaller container
can be used than the plastic pot, without compromising growth.
The smaller size of short psper pot gives the best ratio of
height: container volume (See Table 3.2.4) and a container of
this size should be recommended for raising (. a@lliodora in
Vanuatu.

Smaller containers have correspondingly smaller costs, such as

soil collection, container filling and transport costis. A
smaller nursery will be required alsoc for storing the same
number of seedlings. In response to a wvisual assessment of

this trial . alliodora was raised in smaller pots than other
species.

3.3. Combined Growth medium/ Fertiliser Trials. (081.2)

A Growth Media Trial was established at the IFP Nursery on 9
Cctober 1991 to examine the effect of different growing media
and fertiliser regimes on germination and growth of seedlings
of Cordia alliodora.

Seeds were sown in trays and pots containing the different
growing media/ fertiliser treatments. There were 14 treatments
in total, 13 in trays and 8 in pots:

1 Seoil/Sand mixture 50/50
2 Seil only
3

Top Dressing 1: 20g NPK applied to soil 2 weeks before

seeds sown and placed 1/3 depth from top.
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4 Top Dressing 2. 20g NPK dpplied to so0i}] Same day as seeds
Sown and placed 1/3 depth from top.

5 Top Dressing 2 ang 16g NPK:

& Bat guano: A mixture of s0il, sand and bat guano from
Acre in equal proportions by volume.

7 20 g NPK added to s0il,

8 Cattle Manure: A mixture of soil, sand and cattle manure
from the Abattoir in equal broportions by volume,

10 40g NPK added to scil and 20g NPK added 10 weeks later
11 20g NPKX added to S01l and 20g NPK added 10 weeks later
12 40g NPK added to Soil and 10g NPK added 10 weeks later
13 20g NPK added *o scil and 10g NPK added 10 weeks later
14 40g NPK added to so0il.

Some treatments were replicated others were not,

The NPK fertiliser was the standard used by the IFP Project,
This is produced by mixing three commercial fertilisers, urea
(46% N), double Super phosphate (40% P} and muriate of potash
(60% K) in Proportions to produce a fertiliser with 1:1:1 NPK
with a concentration of 47%. '

Trays were those used by the IFp Project for tegting
germination. These are 37.5 fm wide by 58.5 e long and are 7
tm deep (volume = 0.01536 m’) . The heights of the seedlings
Were assessed twice during the exXperiment. Results from the
second assessment at 13 weeks are described in this report.

pots of Gem length and 4.5cm diameter (volume = 0.00014 m
These were pPlaced 120 to & tray. There were fewer treatments
with treatments 1,2,3,4,6,7,8 being appiied and also a further
treatment (treatment 14) not used in the tray trial; 40g NPK
added to the 30il. Three Seeds per pot were Sown to ensure
adequate germination. Resylts at 9 weeks are described.

In addition a Similar trial wag e¢stablished using small baper
)

A summary of the height results is shown 1in Figure 3.3.1. j
significance test Was used to separate thosge treatments that
were statisticaliy different from one another. Those that were
not significantiy different at p= 3% in trays are shown Table
3.3.1.

13 + 11 12 + 7 12 + 9 12 + 10 12 + 11 11 + 10
11 + 7 11 + 5 10 + 7 S + 8 9 + 7 8 + 7
7 + 6 7+ 5 7 + 4 6 + 5 4 + 3 2+ 1

Table 3.3.1. Treatments in Trays Not Significantly Different
at P= 5%

Treatments that were not significantly different at P= 5% in

pots are shown below:
8 + 14 7 4+ 3 6 + 2 6 + 1

Germination rates in the pots are shown in Table 3.,3.2. Three
Seeds per pot were sown and germination is therefore exXpressed
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Height in Pots {mm)

Height in Trays {(cm)
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] Pots (9 weeks)

B Trays (15 weeks)

Figure 3.3.1 Growth for Different Treatments



a5 a per¢antage of 240, Numbers sown into the trays was not
recorded.

Cmitting to apply fertilisers to the growth medium depresses
growth of the seedlings. This was found in both trays and in
pots. Heights in trays for the soil and soil/sand treatments
were significantly smaller than those of all other treatments
and heights in pots were significantly worse than all other
treatments except bat guano (Figure 3.3.1.).

In trays the 20g NPK with by 10g NPK added 10 weeks later was
significantly better than all other treatments except twe more
expensive regimes; 40g NPK followed by 10g NPX 10 weeks later
and 20g NPK followed by 20g NPK 10 weeks later.

In pots where a smaller range of treatments were tested,
treatment 4, Top Dressing 2 gave significantly better height
growth than the other

treatments. The poorer

growth of the bat guarno Tanle
treatment in pots, compared
with +trays could be due to

3.2.2 Germinaticon for
Treatments

variation in  the nutrient ll iy :
concentration of the media. Treatment % Germination
Differences in the ranking of i L 20
Lreatments tested in both 2 50
trials could also be

‘explained by  the longer | 3 46
duration of the tray trial. 4 59
Some treatments, such as Top

Dressing 2 may give good “ & 21
initial growth but then the

nutrients may be completely 7 35
assimilated by the growing ' g 62
gseedling and growth may then

decline. 1t would be wise fo 30

base recommendations on the
tray trial Dbecause it was
ovey a longer period.

Prices of the fertiliser for the different treatments were
calculated and, for trays are shown in Table 3.4.2 and for

pots in Table 3.4.3. Thiz 1s based on the cost of the last

order of fertiliser, which was priced at 80vi/kg.

A Cost/(height with fertiliser — height without fertiliser)
was calculated. Height without fertiliser was calculated from
using results for the soil only treatment. Results are shown
in Table 3.3.3 and Tabkle 3.3.4.




Treatment Cost per Mean No. Cost per |{Cost/

Tray {(vt) | of 100 (height with
Seedlings |seedlings |fertiliser -

Height

without

g 1 ONPK o ._
6. Bat Not 61
available
MMWMWM o ST R
{7- NPK20 1.6 si. s joar ]
8. Cattle Not 87
available
19. TD1 + 2.4 47 5.1 0.15
10NPK
10. NPK40 + 4.8 21 22.8 0.25
HZONPK B
L -
11. NPK20 + 3.2 50 6.4 0.16
| 20NPK )
12. NPK40 4.0 14 28.6 0.20
+10NPK B |
| - T T
13. NPK2G + 2.4 82 2.92 0.11
| LONPK

—

* = Cost per tray for every extra cm growth {éEMééiI”bﬁly
Table 3.3.3. Cost of Different treatments and Cost per om
extra growth in Trays

Treatment Cost per Tree (vt) Coat/ (height with
fertiliser -
Height without
Fertiligser)»
‘3. TDhi 1.6 2.3
4. TD2 1.6 9.9
"6. Bat Not available
7. NPKZ20 1.6 19.1
8. Cattle Not available
14. NPK40 3.2 ~33.8

* = Cost for every extra mm growth (cf Soil conly) x 100.

Table 3.3.4. Cost of Different treatmente and Cost per mm
extra growth in Potsg



The growth medium trial Presents several problems when trying
to determine the optimum fertiligser treatment. Large
variationg in survival in the trays meant that some geedlings
had access to much larger volumes of soil than others. The
pots may give a better indication as each seedling has a
finite space in which to grow. However the duration of this
trial was shorter. Examining the results from pots, there
were no statistical differences between the 20g application
and the 40g application. Although fertiliser is a small cost
there would appear to be no point in applying it at the higher
rate. There were statistical diffsrences between Top dressing
1 and the 20g NPK application. Therefore, the fertiliser
should not be applied two weeks before the seed is sown.

In the pots, the TD2 treatment where the fertiliser was
applied +to the soil one third of the way down the pot gives a

better cost: growth ratio. However in the trays the normal
20g top dressing gave better results for cost than the TD2
treatment. As & normal top dressing 1is easier to use in

plantation scale operations it should be the preferred method
of appiication.

Recommended treatment for raising cordia seedlings within 3 -
4 months is 20g yPK added to soil, Converting this
application rate tom of so0il, this represents 1.2kg NPK. Per
100 pots this application rate is approximately 17g NPK, which
costs about 1.4 wvatu. If the seedlings are in the nursery for
lonegr than 10 weeks it may be worthwhile applying the extra
10g NPK per 120 pots.

These treatments are suitable for raising cordia seedlings
within 3 to 4 months.

3.4 Nurgery Fertiliser Trials,. (081.3)

A collaborative nutrition trial was established with ACIAR
(Project 911i4) to investigate the effect of 8 different
fertiliser regimes on the nursery growth of whitewood raised
in soil from the IFP planting site.

Seven treatments were tasted:

(1) No nutrients applied (0)

(ii) Complete nutrients applied (T)
(iii) Complete minus N (N)

{(iv} Complete minus P (P)

{(v) Complete minus K (K)

(vi) Complete minus Ca, S, Mg (CaSMg)
{(vii) Complete minus trace elements (~T)

Details of these treatments can be found in Appendix 2.

Pots were filled yith 1kg of air dried soil, which had a
volume of 0.00128 m”.

The +trial consisted of 8 replications, 4 blocks, the two
replications for each treatment being randomly arranged in
cach block. Placement of treatments within blocks was
randomly changed every week.
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Results for mean height at 3 months are shown in Tabkle 3.4.1

En ANOVAR wag applied to +the Table 3.4.1 Mean Theights by
means for each treatment and Treatment

no significant Aifforercas

were found.

o Treatment Height {cm)
Regponses to fertiliser were
found in the (. alliodora 0 13.22
growth media trial (Section
3.3). A compariscn between F 14.01
the ACIAR treatment and the N 13 .98
20g NPK and 10g HNPK treatment
are shown in Table 3.4.2. P 13.1090
The application rates of the
ACIAR trial per tree are in K 12.27
general greater, exgcept for _ ,
P. The rates per unit soil S 12.04
however are much less in the CaSMg 14.13 |

ACIAR trial.

The other difference Dbetween
the trials 1s the species

tested and it may be that FE. medullosum has different
requirements for nutrients in its early growth than C.
allicdora. The amount of nuirients in the zoil may have been
sufficient before adding the fertiliser treatments. Luxury
nutrients would not increase growth and it would appear that
the amounts added were not sufficient to have a toxic effect.

il Treatment PqF Size N (mg) P (mgj
(ni)

ACTAR 0.00128 100 22.7 62.9
20g NPK + 0.00014 39 39 3¢
10g NPK

Table 3.4.2. Nutrient applications in the Two trials
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SECTION 4 FIELD FERTILISER TRIALS

Fertiliser application can influence the economics of tree
growth in two main ways:

(i) Increasing growth, thereby producing mere wood in a given
time or reducing the rotation length.

(11) Increasing growth, thereby attaining cilosed canopy in a

Crop more quickly than otherwise. This can reduce weeding
costs.

All of the IFP trials have concentrated on examining the
influence on production of the trees rather than weed
suppression, as they are at present less than two vear old.

For combined fertiliser and site treatment trials see Section
5.,

4.1. Whitewood Fertiliser Trial in Cut Linss

A fertiliser experiment was established in May 1993 in
whitewcod (Endospermum medullosum) planted in cut lines,
Trees were planted on 15 May and fertiliser was applied on the
12 October 1993. The design of the trial was a randomised
complete block design, with four treatments. These were:

(i} 1:1:1 NPK (50) Fertiliser applied at SQg/ tres
(i1) 1:1:1 NPK (50) Fertiliser applied at 100g/ tree
{(11i) 1:1:1 NPK (50) Fertiliser applied at 250g/ tree
{iv}) No fertiliser

Each plot was a line of ten treses with a spacing of 2Zm between
trees and 10m between lines, In April 1994 height of all
trees within the plot was measured using a height pole.
Results of mean height and survival for each treatment are
shown in Table 4.1.1.

Treatment Height (m) Survival (%)
30g fertiliser 1.403 77
100g fertiliser 1.356 &0
,*250g fertiliser 1.185 20
No fertiliser 1.253 37

Table 4.1.1, Results of Height and Survival at 11 months

Differences between height of different treatments were tested
with an ANOVAR. No statistically significant differences were
found. Survival appeared to be related to growth of Merremia
vine on the site and the statistical differences between
treatments was not tested.

Poor maintenance and rampant weed growth in some areas of the
trial have made any differences in growth or survival due to
fertiliser treatments difficult to detect. Fertilisers will



not  ingreasze growth 1f other factors, such ag light and
moisture are 11m1t1ng It iz likely that the competition from
weads haz reduced any beneficial effects from the fertiliser.

Furthermore, applying fertiliser 5 monthz after the treas ws
fec

planted may alsc Thave reduced any beneflclal_ e
Fertiliser should generally be applied as close to the ti
planting as possible.
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4.2 Mahogany Fertiliser Trial in Cut Lines

The same layout as the trial in whitewood was adopted for a

fertiliser trial in mahogany (Swistenia macrophylla). Results
of mean height at age 11 months for each treatment are shown
in Table 4.2.1. Survival was wvery good with only one

mortality in one plot.

Table 4.2.1. Height and Survival at age 11 months

Differences between height of different treatments were tested

with an ANOVAR. No statistically significant differences were
found.

Poor weeding may have made any differences 1In growth or
survival due to fertiliser treatments difficult to detect.
Also, the fertiliser was applied 5 months after the trees were
planted which may also have reduced any beneficial effect. A
suitable fertiliser regime cannot be identified from this
trial nor even if applying any fertiliser is worthwhile.

4.3, Study of Effectiveness of Slow — Release fertiliser
Tablets

A small replicated trial was established in Cl0 to test slow
release tablets “Fertimel', supplied as a free sample on the
growth of (. alliodora (San Carlos, Cesta Rica provenance}. As
the tablets were provided in small quantities only four plots
testing them were added to a fertiliser and ripping trial.

Results were described in SBecker Walker, (1993g). Two plots
tezted tablets only while two plots tested tablets in
conjunction with ripping. The tablets which weighed 13g
contained nutrients in the following concentrations: 20%

nitrogen, 15% phosphate, 10% potassium, 2% calcium, 1%
Magnesium, 3% sulphur and 1% of trace elements. Tablets were
buried in the ground 15c¢m from the tree. When the trees were

lemss +than 25 cm tall one tablet was applied, when the trees

Treatment Height (m)

50g fertiliser 2.294

100g fertiliser 2.257 l
250g fertiliser 2.223

‘No fertiliser 2.341 h
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were 25 - 50 cm tall an additional 2 tablets were applied and

when over 50 cm tall an extra 3 tablets were applied.

One vyear old results showed a greater mean height 1in
fertimel plots, compared with those with no fertiliser,
the difference was not significant. Growth of the 150g
(509 each) was found to be better than Fertimel though
significantly so.

the
but
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not



SECTION 5. ESTABLISHMENT RESEARCH

5.1. Landclearing and Site preparation

5.1.1., Cattle—-bulldozer time study (105.1)

Using cattle before bringing in the bulldozer was found to
slightly reduce the time (41 hours versus 47 hours) taken to
clear one area compared to ancther where cattle were not used.
The areas were of similar size and vegetation cover. No
difference 1in ease of the operation wag reported by the
driver.

5.1.2. Line planting study (108.1)

Between the 28 and 3C March 1994 an assesgment was made of the
growth of six species in cut lines and open areas. A further
species, stinkwood was only represented in cut lines. Mean
survivals and heights at age 2 vyears are shown in Figure
5.1.2.1 Mean height for stinkwood in cut lines was 184.5 cm and

bt
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Figure 3.4.2.1 Growth and Survival in Cut Lines and in the Open

gsurvival was 85%.

There are large differences between the site preparation costs
in cut lines and copen areas. Cost for cut lines is about 7.500
vt per ha (500 stems/ha) and for open areas about 45,000 vt
(400 stems/ha). t age ftwo vyears height growth and survival
are similar for the two preparation methods.

5.1.3. Site capture techniques study (107.1)

A trial was established Lo test mahogany {Swietenia
macrophylla) growth with 5 different cover crops and with no
cover Crop. Nine trees were measured in 3 randomly locatsd

plots for each cover crop. Cover crops were made up of the
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following species:

88 - Sorghum sp — Hybrid with Silk (Silk Sorghum)

Set - Setariae sphacelatas var. sericea

GL - Desmodium intortum {(Greenleaf Desmodium)

cs -~ Stylosanthes quianensis var. cock (Cock's Stylo)
DO - Desmodium ovalifolium

HAM - Panicum maximum var. hamil

LLE — Lab Lab

SIc - Jignal grass

Propertioens of each species in  each cover c¢rop are shown in
table 5.1.3.1.

e
Cover Type 58 Set Gl C8 3IG |LLB DO HAM
Setaria 3.0 2.0 1.5 1.0 E
Greenleaf 2.5 1.5 1.0
Hamil 3.0 1.5 1.0 4.0
Signal 2.0 2.515.0
S5ilk 3.0 2.0 1.5

Table 5.1.3.1 Components of Cover Crop

Measurements were made o©f root collar diameter (RCDY and
height. For results at final assessment see Table 5.1.3.2.
Smaiian’'s formula was used to calculate a voliume for the trees
and results of volumes of mahogany with different cover crops
are shown in Figure 5.1.3.1.

The no cover crop treatment was found to give gooed resulits and

produce the most uniform stand (See Table 5.1.3.2). When the
trees were 33 weeks <ld hamil, signal and setaria grasses
slowed growth of mahogany. whereas greenleaf and silk sorghum
gave similar growth to no cover crop. Variahility of growth

of the frees was greater, however (See Table 5.1.3.2).

Means and 9%% Confidence Limits for nc cover, greenleaf, hamil

and silk are shown in Figure $.1.3.%. There were not
significant differences in volume at 85 - 87 weeks between
these ftreatments. However differences between Hamil and the

others are large and a larger sample may give statistically
significant differences.
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Type weeks (cm) (cm) | Survival |Volume ratio
' {cm?) Volume
None 87 263 4.811 74 586 0.79
Setaria 38 99 1.881 93 83 9.47
"Greenleaf 85 233 5.681 70 579 40 .36
Hamil 85 2032 4.0¢1{ 85 363 42 .26
!lSignal 33 56.2 1.37 1] 74 28 5.47
Silk 85 284 5.20 | 81 606 19.67

Table 5.1.3.2 Growth with Different Cover Crops

5.1.4. Legume cover crop versus Chemical Weedkiller (107.2)

A replicated randomised trial was assessed at 1 vyear old to
compare the differences in growth of . alliodora with a
legume cover crop and with a glyphosate weedkiller sprayed at
2 litres/ha. The trees were planted at a 9m spacing. Results
of height growth, between age 7 months and Age 12 months and

zgurvival at 12 months are shown in Table 5.1.4.1 {(Secker
Walker, 19931}.
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Figure 5.1.3.2.Mean Volumes of Mahogany with 95% Confidence
Limits with different Cover Crops

ISite Capture Metho Age

% Survival | Height

(months) Growth per
week (cm)
Mixed legume 7 - 12 B¢ .8 5.68

Glyphosate Weedkiller | 7 - 12 8,00

Table 5.1.4.1, Growth and Survival with Cover Crop and
Herbicide.

Height growth was 41% greater in the weadkiller plots and the
difference was significant at the 5% level. Survival was not
gignificantly different.

Details including costs in vatu in 1991 of the different
treatments are shown in Table 5.1.4.2. The cost of Bulldozing
and stickraking the sites was the same at 30 ~ 40,000 vt/ha

Glyphosate was found to be effective in reducing weed growth
over a period of 7 to 8 months after planting. This reduced
competition between weeds and trees and enhanced the growth of
the tress. The legume plots were completely covered hy the

legumes and by some weeds, which must have competed with the
trees and slowed growth.
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Site Cogt/ha |Weeding Weeding
Capture Site labour Cogts
method Capture jmd/ha/mth
Mixed 7,328 0.7 at ages 11, 479 vt/]l
Legume vt/ha 0 -~ 8 mths ha

0.52 at

ages 8 - 12

mths "
Glyphosate 4,900 None at 7, 114 vt/
weedkiller vt/ha ages 0 - 8 ha

mths

1.03 at

ages 8 - 12

mths

Table 5.1.4.2 Cost of Cover Crop and Herbicide

There were soms factors that may affect the reliability of the
results:

{i) Areas in the Compartment were egtimated, which affects the
weeding costs per ha.

(11) weeding costs in the legume plots were assessed in 1991,
two years before the weedkiller plots.

(i1i) By the time of the second measurement two of the plots
had Dbeen invaded by vegetation from plots with the other
treatment. Legumes invaded one weedkiller plot and weeds from
the weedkiller plot invaded one legume plot.

Even when weed cover had establishsd itself in the weedkiller
plots trees in  those plots grew faster than with legumes.
This was thought to be because the trees in the weedkiller
plots were much largser and because of the marked difference in
growth it was thought that the legumes were offering more
competition to the treses than the weeds. -

Where mechanical land clearance, especially with the rootrake,
which provides a relatively c¢lean planting site was used it
was doubtful whether the glyphosate would be needed. However,
this method is more expensive than manual clsaring or roller
crushing.

The conclusion of this trial was that glyphosate is a more
cost effective way of controlling weeds than legume cover
crops. This experiment was conducted on a fairly fertile sgite
and it may be that on poorer sites the nitrogen from the
legumes may compensate Ffor their competitive nature (Secker
Walker, 19631).
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9.2. Eatablishment; Other

5.2.1, Direct sowing studies {(111.1/2/3)

Direct sowing is a financially attractive alternative to
potted {ransplants. Nursery costs and planting costs are
avoided, although there will be sowing and ground preparation
costs. Also, weeding costs may be greater, between 22/10/92
and 4/1/93 9% mandays were spent weeding the 15 ha area of
this trial.

Unfortunately, experience with direct sowing of indigenous
species has not been encouraging. Table 5.2.1.1 shows the
species, number of seeds sown and the dates of sowing for a
direct sowing trial established in Compartment 10C.

The compartment had a legume cover crop and the seeds were
buried 4 to 6cm deep to keep them moist.

Dates of Sowing

Species

28/09 - 12/10/92 Castaneospermum 4,315 4.0
australe

30/09/92 Dysoxylon amooroides

30/09 — 01/10/92 Dracontomelon 1,831 5.0
vitiense

02/10/92 Antiaris toxicara 882 1.1
112/10/92 — 21/10/92 Alphitonia 7.031 4.0
zizvphoides

Table 5.2.1.1. Numbers, Species and Dates Sown

By the end of February 1993 three Blackbean (C. australe) had
germinated and were growing. However, these later died because
of weed competition. It may be that the seeds were buried too
deep and of those that germinated the legume cover crop may

have been too aggressive for the seedlings to survive.

Direct sowing of mahogany has also been tried. Two seeds were
sown at a depth of about 7.5 cm in each sowing hole during
April 1992. A handful of cut legume was placed over the hole
to try and retain moisture. About a month later the trial was
assessed, in general direct sowing gave successful
germination, with 65 sowing holes with no germination, 150
sowing holes with 1 seed germinating and 160 sowing holes with
2 seeds germinating. Seven holes were recorded having 3
seedlings and four having 4 mahogany seedlings, presumably
more than two seeds were sown in some holes.

5.2.2. Direct Planting of Cuttings (111.3)

In addition to raising transplants from cuttings in the
nursery (See Section 3.1) a trial was established in December
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1992 to test planting staves of bBluwota (FP. indicus) directly
into the ground. This was prompted Dby the success others hava

had establishing Bluwota ag living fence posts. Also, Des
Parkes on Erromango has had good results from using 1m  long
staves of about 2.3cm diameter {(Anon, undated). Staves used

in the IFP trial were atleast 2.5cm in diameter and atleast
1.5m long.

By April 1993, 22 of the 100 cuttings established had flushed.
From the trial Thistory some of the cuttings fell down and
there may be a need to try shorter staves or to piant them
deeper in the ground. An examination of the arsa in August
1964 zhowed no survivors.

5.2.3. lUse of bheef cattle to weed cordia plantation. (117)

In the last week of May 1990 Compartment I was cleared by
using 100 Wiener cattle. Any trees remaining., except iLthose
with a dbh greater than 30cm were cleared manually. The
compartment was planted with Cordia alliodora at a 3Sm x OSm
spacing.

Treas were sampled in January 1992 and no damage was found.
On February 11 about 10ha of Compartment 1 was fenced off and
15 Wiener cattle (aged 12 - 132 months) were introduced. After
1 month a visual assessment showed that the cattle had not
damaged the tress. Although they had not cleared the ropes
(Merremia and Mikania) they had cleared the areas under them.
Access was easier in the cattle cleared area than outside
(Secker Walker, 1993f).

Tn the last week of April, 2°4 months after the cattle were
introduced a detailed damage assessment was made. The only
damage was to some of the lower branches on some of the trees.
The ground vegetation was low in some places and so 3 cattle
ware removed from the compartment later in the wesk.

A second detailed damage assessment was made in  the second
half of July. The only damage was to the lower branches and
foliage. Towards the end of July the cattle made several
escapes from the enclosure. This was thought teo be due to the
batteries for the electric fence being low due to <c¢loudy
weather preventing the golar charger from operating
afficiently. All the cattle were removed from the area on 31
July 1992 about 4 /, months after first being introduced.
Later, on 7 September six cattle were reintroduced to the
area.

Later intreoductions of cattle into 2 to 3 vyear old trees have
heen less successful with mecst 5. macrophylla in Compartment 9
having bark chewed by the cattle.

5 2.4, Time and Motion Study of Weeding time in Cut lines and

Open Areas. {118}

From observations weed growth in open areas was worse than in
cut lines (Secker Walker, 19931). Trees were completely
covered in weeds and it took a longer time to . carefully clear
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. without damaging the trees. In the cut lines the
d was Msrremia, which although it climbs tha tras GAT
¥ ramoved by cutting through a section of thick rope
ush knife.

The lagume cover crop  in Compartment 10 had not estaklished
itself well and so the cleared site was ideal for weed growth.
This was compared with the cut line area, which was dominated
by two ropes, Merremia peltata and Mikania micranthka.

The results showed that wesding trees in cut lines was guicker
than weeding trees in open areas, with 40.8 seconds/ tree in
cut lines and 44.5 seconds/ tree in the open. The differences
were not statistically significant. These results reinforce
the financial attractiveness of cut lines as compared with
open planting. Initial costs are much cheaper with cut lines
costing about 7 - 10,000 vt/ha and open areas costing 42 -
45,000 vt/ha (1993 prices).

S5.2.5. Weeding Time andg Costs for Different Site
Preparation Methods

Two compilaticns were made of information on weedling times and
costs. These can be found in Secker Walker, (1993j) and Secker
Walker, (1993k). The first is a preliminary examination of
times taken to weed areas with thres different site
preparations over the first 4 34 months after planting.
Results are shown in Table 5.2.5.1. Weeding cordia appears to
take longer than weeding eucalypts. although no statistical
analysis was applied to the data to test gignificance.
r—“m%

iSub iTreatment c1s cl4 Means "
Compartment Eucalypts Cordia
i 1 4Lequmes 0.68 0.67 0.67
2 Lequmes 0.83 1.71 1.27 vﬂ
3 Roli-Weed 1.24 1.76 1.50

| 0.92 _1.38
mes (mandays/ha/month)

Table 5.2.5.1 We g
The gecond compilation of data on weeding times, costs and
assumptions is reproduced from Secker Walker, (1593k) and are
shown in Appendix 3. Prices are averages covering a period
from 1991 to 1993. Full details are described in Secker
Waiker, (1993k). Jome growth rates are also shown in the
compilation.

5.2.6. Fertiliser & Ripping Trial (128.1)

The growth of . alliodora in Compartment 10 was examined
using two cultivation techniques and three different nutrients
in a factorial design. ‘This gave 16 different treatments:

R = Ripping
N = Nitrogen (50g/tree)} = 109g Urea
P Phosphorous (50g/tree) = 125g Double supers

il
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agzium  (M0g/tres) - B39 Muvriate of potash

These are descibed below in Table 5.2.6.1.

Treatment R N P K ”
1. Treatment 0000 - - - — l
4. Treatment 000K — - — yes
3. Treatment 00PO - - ves -
4. Treatment 0O0PK - — yes yes
5. Treatment ONGCO - Ves - -
W;, Treatment ONOK - ves - ves "
7. Treatment ONPO - ves ves -
8. Treatment ONPK - vas ves Ves
S, Treatment RO0O YV &S -~ - -
il 10. Treatment ROOK | ves - - ves _ﬂ
11. Treatment ROPO Ves - ves -~
112. Treatment ROPK yes - ves Yes
13. Treatment RNOO ves ves - —
14. Treatment RNOK ves Vas = ves
15. Treatment RNPO vedg Vs Ves - i
16. Treatment RNPK Yeg yeé yes veg

Table 5.2.6.1 Description of Treatments

Ripping was to a depth of 45 cm. Planting was undertaken from
the 7 to 24 April 1992 and fertiliser was applied between 10

and 28 July, three months after planting. Fertiliser was
applied at 15 cm distance from the tree into a 13 to 20 ecm
deep cut made by a vam spade. The cut was then closed by

pressing down the hsel of a boot.

Plots were 5 % 5 trees with the inner 3 =x 3 being measured.
At 3 months. height was measured and at 1 year old the heights
and dbh were measured. The trial was partially replicated
with two blocks.

Height growth was calculated and additien of phosphorous gave
an increase in growth of 48.6%, which was significant at P=
1%. Adding nitrogen also increased growth, by 30.36% which was
significant at P= 5%. Height growth between blocks was also
found to be significantly different at P= 1% (Secker Walker,
1293hy .

Results of height growth are shown in Figure 3.2.6.1.

An economic analysis was undertaken to investigate the costs
and benefits of the different fertiliser treatments.
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FERTILISER & RIPPING TRIAL, CORDIA.
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Figure 5.2.6.1 Height of Different Treatments

Assumpticns included that the effect of the fertilisers would
only last during the period that the growth was measured (35
waeks) . However, this is a conservative assumption as the
increase in growth is likely to persist until cancopy closure.

The reduction in the rotation was then calculated for addition

of nitrogen and of phosphorous. This is shown in Table
5.2.6.2.
Nutrient Growth Growth with Rotation
without (em) | (cm) Reduction
(wks)
ENitrogen 145.6 174.1 .84
EPotassium 140.7 179.0 9.52

Table 5.2.6.2 Reduction in Rotation Length

Other assumptions were:

Interest Rate: 3.5% per vear
Felling age without fertiliser: 20 vyears .
Stumpage valus: 1,300 vit/m
Volume of tree at felling: 1m/ tree

Assuming that the only increase in growth due to the
fertiliser application was that during the first 35 weeks it
was not worth applying N or P fertiliser. Howsver the effects
on growth are likely to be longer term.



5.2. . IF'F Cordia Spacing Trial

An unreplicated sgpacing trial was estahlished with Cordia
alliodora at the TIFP site on 25 July 1988. Four sguare
spacings were tested 3m, 4m, %m and 6m. In addition the plots
were divided 1n half and so two provenances were planted in
each plot. The provenances were San Carlos, Costa Rica (1849)
and San Francisceo, Honduras (20/77). Plots were roughly the
same size and so the number of trees in each varied:

6 ¥ 6nm -~ 64 trees

S % 8 m — 100 trees
4 x 4 m ~ 144 trees
I3 x3m - 236 trses

Data collected in early 1991 <(age about 30 months) was
assessed to examine the effect of spacing on cordia growth.
The data from the first 64 trees in each plot were used.

Hesults are shown in Table 5.2 .8.1.

Although the trees were still young there would already appear
to be & relationship between dbh and growing space. This 1is
likely to become more pronounced as the irees get older and as
competition between trees becomes greater.

S

Spacing (m) Growing Space |Dbh (cm) Height (m)
{ha) per tree

3 3.0009 14.0%8 11.07

4 0.00L6 17.48 13.72

5 0.00825 18,05 14.18

& 0.0036 20.42 16.04

Table 5.2.8.1 Results at 30 months of IFP Spacing Trial.

For an economic appraisal more growth data is required and
also information on the costs, such as weeding and thinning of
the different treatments. It was also unfortunate that the
species used was cordia which is wunlikely to feature
prominently in future planting programmes.
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SECTION 6 SPECIES TESTING

There are several preblems associated with most of the gpecies
trials. The older trials were neglected for a long period of
time and high mortality in some plots has made initial spacing
of normally 3m x 3m irrelevant, as has copious natural
regeneration of some Species, such as cordia. The small size
of many of the plots in the trials established in the 1570s,
such as Monbiftek and Navota Farm makes the results indicative
at best. They do however, show that valuable timber trees can
be grown for almeost a whole rotation in plantation conditions
on Santo. Most line plantings were originally egtablished at
10m between lines with 2.5m spacing within lines.

Files of most of the trials are still available although
records of previous assessments for some trials were missing.

None of the species trials established by the IFP project are
more than a couple of Years old. Some of those previously
managed by Carter Holt Harvey date as far back as 1988.

6.1 Forestry Dept Species Research (071.2)

The Forestry Department Trials comprise unreplicated plots 1in
four locations on Santo {See Map 1.2.1 and Tabie 1.2.1). The
oldest, Navota Farm and Monbiftek date from 1972, Growth of
Some species at the Monbiftek site is likely to be slower than
can he achieved due to heavy competition 3in some plots from
natural regeneration of Cordia alliodora and Gmelina arborea.
A more detailed discussion of results from Monbiftek can be

found in Leslie, (19%4a) . Spacings are not shown ag many of
the older trials have Ppoor survival cor have been sporadically
thinned. For many of the plots the original number of trees

planted is not known and SC¢  survivals cannct be calculated.

Results of growth of Species arranged in alphabetical order
are shown below. '

Agathis macrophylla

Relatively slow growing but highly cyclone resistant,

Site “ Type of Age (months) Dbh (em) | Height
Planting (m)
L, Vanafo Block 80 18.0 8.9
[ Monbiftek Block 228 37.9 21.4
Navota Farm Block 263 35.5 21.6
Monbiftek Line 266 40.9 2024

Antiaris toxicara

The only species used on Santo for plywood preduction. Not
durable, but if treated is sometimes wused as a cheaper
alternative to whitewood for construction purposes where
little strength is reguired. Establishment of this Species



hasg proved to be difficult on open

needs some shade in its early vyears.

Type of

Age (meonths)

sites and it may be that it

Plantin
Vanafo Block 75 9.9 | ——ee
Araucaria c¢olumnaris
A fairly fast growing species. Many of the trees at Navota
Farm have a sweep to the stem. Seed for the trees at Vanafo

originated from Coen,

Queensland (Batch No.

138356) .

M
Site Type of Age (months) Dbh (cm) | Height
Planting {(m)
Naveta Farm Blecgk 2753 36.3 24.8

ArBucaria cunninghamiana

Trees of

this species lock h
Perhaps a bit faster than 4.

columnaris

ealthy and growth is reasonabile.

e
Site Type of Age (months) Dbh (cm)
Planting '
Monbiftek Line 251 39.8

Casgia gsiamea

Grown in
caugses,

Site

a plot at Navota Farm. Many have died from

unknown

Type of Age (months) Dbh (cm)
Planting {m)
Navota Farm Block 273 39.8 26.1
Castanecspermum australe
Growth 1is slow and conversion rates are poor compared with

some other native
(Croucher, pers.

comm.). Also,
Jboor for the dark brown woo

4 this tree

species, even Rosewood (Pterocarpus indicus)
at present the international

Droduces.

Site Type of Age (months) Dbh (cm) | Height
Planting (m}

Monbiftek Line 251 31.5 16.4

Monbiftek Block 228 18.8 19.3

3



Cedrella angustifolia

A promising

better than (.
Vanafo

South American
alliodora or

timber tree
S. macrophylla.
trial were spaced at 3 x 3 m and have not

with growth

Site Type of Age {months) Dbh (cm)
Planting
Vanafo Prov. 75 20.0
1 Trial _
Cedrella odorata
Three provenances tested at .Vanafo (ST3/8B630N) showed
excellent survival and growth. Better growth rate than

alliodora

height
Vanafo but

damage. For details of provenance performance see Sectio

or 5.
spacing of 3m x
for the
at Ipota

macrophylila. Trees
3m. The table below shows
three provenances.

on Erromango it

are still

Survival
suffered severe

at the initial
the average dbh and
of over

Site Type of Age {(months)
Planting {m)
Vanafo Frov. 75 19.1 13.0
_ Trial .
Cordia alliodora
Although fast growing its early vyears growth of this

species
predictions

disappointing.

slows after

about 12 vyears.
long term growth rates

this

Compared with initial
species

Site Type of Age (months)
Plantin {m)
Shark's Bay Prov. 107 20.4 | ———mmmn
Trial
Monbiftek Block 244 34.8 a6.7
Navota Farm Block 263 38.8 23.0

Graphs of

} Monbiftek Line

cordia dbh and height
in Figures 6.1.1 and 6.1.2.

266

growth across Sante are shown

rates
Trees at the
been thinned.

20% at
cyclone
nh 7.4.

were

37
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Eucalyptus camaldulensis

Slower growing than

E. urophylla.

cther eucalypts.

such az E. deglupta

39

and

Site Type of Age (months) Dbh (om)
Planting
Monbiftek Block 228 25.7
Navota Farm Block 275 34.7

Eucalyptus deglupta

Fastest growing eucalypt on mosi sites on Santo.

Site Type of Age (monthsg) Dbh {cm) | Height
Planting (m)
" Monbiftek Block 243 ~ 244 43.3 31.4
Monbiftek Line 266 38.4 25.5

L Navota Parm Block 275 53.2 31.2
Eucalyptus grandis
Planted at Monbiftek in 1972 but trees surviving by
September 1973. Planted at the IFP site by PDL where growth is
nct as good as E. deglupta or E. urophylla (See 6.3},
Susceptible to a foliar fungus, Cylindrocladium
guingueseptatum, as 1is E. urophylla.

Eucalyptus torellana

Only planted on Santo at Navota Fayrm, much slower
cyclone resistance not kKnown.

E. deglupta and

particularly gocd.

growing than
Stem form not

{Site Type of Age (months) Dbh (cm) | Height
Planting (m)
L“ Navota Farm Block 275 26 .4 23.9

Flueggia flexuosa

Site Type of Age {monthsg} Pbh (cm) | Height I
Planting {m)
l Navota Farm Block 275 22.9 14 .6

A much favoured tree for poles and posts.



Gmalina arboresa

A wvery fagt growing gpecies producing profuse natural
regeneration. Unfortunately the wood 1is relatively soft and
the stem tapers considerably and is often crooked.

!Site Type of Age {months)
Plantin

H Monbiftek Block 243 45 .4 26.4

Gyrocarpus americanus

A native species used for canoe building and tested in one
small plot at Vanafo. Growth is slow.

Site Type of Age (months) Dbh (cm)
Planting
Vanafo Block 20 11.5

Intsia bijuga

A desirable hardwood, with good international and local
markets. Growth is a lot glower than mahogany (5.
macrophylla) and the timber is uniikely to command a premium
over mahogany.

Site Type of Age (months) Dbh (cm) | Height
Pianting (m)
Monbiftek Block 228 28.5 19.6 "

Khaya ivorensis

Growth of this mahogany is much slower than 2. macrophylla and
it does not appear to have any advantages over that

Site Type of Age (months) Dbh (cm)

Planting {m)
Monbiftek Block 243 20.2 19.7 I
263 24.3 21.0

Naveota Farm Block

Ligquidambar styraciflua

A provenance trial of this timber tree was established in 1986
and the means for all provenances shown below:

Site Type of Age (months) Dbh (cm} { Height
Planting {m)
Vanafo Prov. 8z 15.1 13.8
Trial

Performance Of Lhe different pProvenonces are desormies in

Section 7.3.



MNauclea diderichii

A tall, straight timber tree with light branching and a clear
bole. Unfortunately, tends to have poor diameter growth.
Site Type of Age (months) Dbh (cm) | Height
Planting {m)
Monbhiftek Block 244 16.3 18.5
Monhiftek Line 266 36.1 24.8
Navota Farm Block 263 16.0 28.0 ”

Pinus carribaea

%Mm

Pinus ococarpa

Four trees were

Trial

thought to have been
which one survives.

Site Type of Age (months) Dbh (cm)
Planting (m)}

Navota Farm Block 239 35.3 24 .06

Monbiftek Frowv. 241 27.9 | ————

planted at Monbiftek of
Growth and stem form is good.

Swietenia macrophylla

A promising species for Santo the
trees over twenty vyears old.
shown 1in

overy Santo are

performance is discussed in Section 7.1.

Site Type of Age (months) Dbh {(cm) | Height
Planting (m)
l Monbiftek Block 228 40.0

re are several small plots of
Graphs of height and dbh growth
Figures 6.1.3 and 6.1.4.

Frovenence

,Site Type of Age (months) Dbh (cm)
Planting
IFP Site Prov. 70 15.78
Trial
Monbiftek Biock 244 35.9
Monbiftak Line 266 52.0
Navota Farm Block 275 52.8
Tectona grandis
The trees at Monbiftek are thought to have been planted in
April or May 1978. Stem form is poor and branching heavy,

although growth rate

(1987) to

has been quite good. Considered by Nietl,
be very windfirm but moderately susceptible to wind
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snap and very susceptible to leaf loss. However in 1985 older
trees on Santo suffered considerable wind snap in Cyeclone Eric
and Nigel (Barrance, 1988). Unfortunately, too little has
been planted in Vanuatu to give concrete recommendations
regarding this species.

Barrance, (1588) suggested that many of the problems with the
quality of teak in Vanuatu may be provendnce related and
suggested establishing provenance trials of this species.
Certainly the species has established markets and even small

4z



roundweod 12 durable and suitable for posts. Thus thinnings
could also have a local market. Further work is warranted,

ISite Type of Age (monthsg)
Planting

ﬂ Monbiftek Line 196 37.5 | me—ee

Terminalia calamansanagi

In the Solomon Islands, this species has been found to Jrow
excepticnally fast on sites but is very site sensitive and t=fa
is not considered suitable for large plantations.

Growth on the sites in Santo where it has been tested has been

excellent but it 1is a species considered to be thighly
susceptible to damage by cyclones (Niel, 1987).

Site Type of Age (months) Dbh (em) | Height
Flanting {m)

Sharks Bavy Block 59 25.9 14.6

Monbiftek Block 228 41 .6 27 .4

Terminalia ivorensis

Stems are tall, straight and clean. Cyclone resistance not
known. Worth further investigation.

Site Type of Age (months) Dbh (cm) | Height

Planting

Navota Farm Bilock 263 49 .5

6.2. IFP Project Species Trials

Three formal species trials have been established by the
project. Growth information on species 1is also being

collected through the Permanent Sample Plot Programme
described in Section 13.

6.2.1. Species Trial, IFP Compartment 12. {071.3)

This trial was planted in January 1993 with 9 species: 5§
indigenous; Endospermum medul losum, Agathis macrophylila,
Flueggia flexuosa, Terminalia sepicana and Castanospermum
australe and 4 exotics: Samanea saman, Grevillea robusta,
Cordia allicdora and Schizolobium parahybum. The layout was a

randomised Dblock design with 3 replications. Plots are 25
trees (5 x 5) at 5 m spacing.

Preliminary results, at age 1 vear indicate that there may Dbe

species that «can be planted that grow as fast as Cordia
alliodora.



Species Height (em) % Survival
Schizolobium parahybum 208 100
Cordia alliodora 206 100
Samanea saman 192 100
Grevillea robusta 177 100
Endospermum medu!l losum 163 86
Flueggia flexuosa 153 96
Castaneospermum australe 126 100

,Terminalia sepiceana 8l* 74
Agathis macrophylla AN 93

* statist&cally different from Cordia alliodora @ 1%
Table 6.2.1.1 Results of Species Trial in C12F, Age 1 year

6.2.2. Pine and Casuarina Species Trial, Compartment 172

In November 1993 a smal! replicated trial testing three
species was established. Design was completely randomised
with four replications. Species tested and their origin are
shown in Table £6.2.2.1.

Seedlot Species Origin Supplier
36/84 Pinug Los Limones, Oxford Forestry
" carribaea var |[Honduras Institute
Hondrensis
65/83 Pinus patula Yucul, Nicaragua Oxford Forestry

Var Institute
i Tecuamanii

Kagsen Alick

‘ ~~~~~ Casuarina Palekula, Santo
eguisetifolia

Table 6.2.2.1 Origin of Seedlots

Originally it was hoped to test six provenances covering three
species of pine. Unfortunately poor germination meant only
two of the pine seedlots yielded sufficient plants for even a
small trial.

An assessment at age 9 months, see Table 6.2.2.2. showed the
C. equisetifolia and the P. carribaea to have gimilayr growth
and survival. The other species tested., 2. patula was poorer
in growth and survival and from these early results would not
seem to De well suited to the site. Results for Table 6.2.2.2
are means from three of the four plots for each species as the
identity of the last plots was uncertain.



Species

Height (em)

% Survival

E. carribaea

16.7

87

P. matula

4.9

47

C. eguisetifolia

14,7

86

Table 6.2.2.2. Height and survival at Age S months

6.2.3, Species Trial,

Compartment 17B

A small
Cordia alliodora

mollucana and two

trial testing four indigenous

which produce

specleg and an
was planted on 23 June 1893.
species include two nut trees,

Lrees

exotic,
The indigenous

Canarium Iindicum and Aleurites

high grade timber,

Dracontomelon vitiense and Dysoxylon amoorocides.

The trial is a

Wwith the inner 3 x
between trees,

randomised complete
replications, testing five species.

3 trees

block design
Each plet is 5 x 5
being measursd,
Origin of seedlots is shown in Table 6.2.3.1.

with three
trees

Spacing is 5m

Species

Origin

Supplier

C. alliocdora

San Carlos, Costa
Rica

CATIE, Turrialba,
Costa Rica

D. vitiense

Chapuis, Santo IFF, Santo
C. indicum Kole II., Banto IFP, Santo
D. amoorocides Vanafo, Santo IFP, Santo

"A. mollucana

Malekula

| — ——

| Daniel Leyang

Table 6.2.3.1 Origin of Seedlots

Results of the
Table 6.2.3.2.

’ISpecies

assesgsment at

12 months

Height (cm)

are shown below in

% Survival

{
C. allicdora

250.5 96

D. vitiense 49.1 44
Pc. indicum 62.1 85
[D. amooroides 78.4 100
A, molliucana 315.0 89

Table 6.2.3.2 Results of Dbh and Survival at age 12 months

An  ANOVAR showed
of seedlots,

Height of all
smaller (@ P<L0C.2%)

but highly

than C. alliodora

gignificant differences between blocks.

A=z the trial is

only

12 months old

all results

no significant differences between survival
significant differences
species except A. mollucana

in height.
was gignificantly
There were no

should be

15



viewad as preliminary. For wvolume of wood produced .
alliodora and A. mollucana would be the preferred species.
However, if high grade timber was reguired both of these

species have shortcomings. . alliodora can produce high
grade joinery timber and veneer but has a habit of retaining
dead knots. It is alsc relatively susceptible tc Brown root

Rot, Phellinus noxius. The wood of A. meollucana is only noted
as being an ordinary fuelwood and the nuts it produces are not
considered particularly tasty. Of the two indigenous timber
treeg, D. amooroides would appear to be faster growing than D.
vitiense. Both have good markets in Vanuatu and also abroad.
The remaining species, . indicum is a favoured nut tree and
the slow growth in plantatién conditions may not reflect its
potential. It would probably grow better if considered as an
horticultural c¢rop and be incorporated into a home garden
where more intensive weeding and tiliage should increase
growth. In the Solomon Islands this species has averaged 2.8m
height growth per year (Evansg, 1993). When the trees begin to
produce nuts, amounts produced should be assessed. In the
Solomon  Islands  trees start to produce nuts after three to
five years and continue up to an age of about 50 vyears.
Timber is a fine textured non-durable wood.

Growth of all species may have Dbeen reduced due to the late

planting of this trial. It was planted in June. at the end of
the rainy season.

If the slow growth of the two native timber species centinues
it will !imit their use in plantations, unless a high premium
iz paid over exotic timber species., such as mahogany
(Swietenia macrophylla). Unfortunately, A. mollucana does not
appear to provide a useful and valuable product or service and
so despite its impressive growth it cannct be recommended for
planting. The nut tree, (. Indicum should be assessed for nut
producticon and guality and ceompared in a trial with other nut

trees. The remaining species €. allicdora has, from older
trials, disappointing growth rates later in the rotation and
the timber has proved to be difficult to market. It is also a

weed under certain conditions and is relatively prone to
attack by Phellinus noxius. However, It may still have a role
as a tree producing timber for local markets.

6.3 Carter Holt Harvev Managed Trials

The trials previously managed by Carter Holt Harvey originate
from plantings by Plantation Development Ltd and CFK. They
were established to test the growth and wood properties of
species considered suitable for pulp plantations. in early

1994 Carter Holt Harvey handed over these trials to the Banto
IFP Project.

6.3.1. Lorevulko, Bara and Port Olrvy Trials

The trials are a randomised design with all species being
represented by four plots. plots were planted 10 x 9 trees at
3 ¥ 3 m spacing. At Lorevulko the plots of the Brazillian E.
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grandis X
not randomised.

urophylla hybrid were placed

in one blogk and

The trials were established in June 19849,

Seedlots are described in Table 6.2.1.1.

Specieg/

Clone

Seedlot No

Origin

weare

Transvaal, South Africa

‘k@. grandis

E. grandis x
urophylla

Brazil

’E.deglupta 13618 Geshes Clone Orchard, PNG
G. arborea = | ——me local collection

C. alliodora | ——mm————u_ local collection

A. mangium 15644 Oriomo, PNG

A, _ 15645 Boite, PNG

crassicarpa

The results

the Lorevulkoe
survival in Table 6.3.1.2.

Species

Table 6.3.1.1 Seedlots used in CFK Trials

at & years for

dbh and top height

and Sara trials in Table 6.3.1.2 and for
m
dbh (cm) dbh (cm) Top Top
Lorevulko | Sara Height Height
{m) (m) Sara

Lorevulko

are shown for

E. grandis Not i1.8 Not 14.5
planted planted

. grandis x 13.¢8 Not 18,1 Not
urophylla pianted planted

IE. deglupta 15.9 17.1 21.6 23.8
G. arborea 16.7 17.0 16.7 17.8

HC. alliodora 15.4 17.1 17.9 21.1
A. mangium 21.3 No 17.3 No

survivors survivors

A. crassicarpa 18.0 18.9 18.2 20.3 "

Table 6.3.1.2 Dbh and top heights, Age 6 y

ears
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Species % Survival % Survival Sara
Lorsvulko

E. grandis Not planted | 52

E. grandis x urcphylla 28 Not planted

E. deglupta 33 87

G. arborea 96 58

C. alliodora 52 87

A. mangium 10 No survivors il

A. crassicarpa 5 10

Table 6.3.1.3 Survival at Age 6 years

Hesulls from the Port Olry trial at age 5 vyears are shown in
Table 6.32.1.4.

Species Dbh (cm) Top Height % Survival
{m)

C. alliocdora 13.89 17.16 83.3

E. deglupta 15.51 20.75 76,7

3. arborea 15.26 16.23 9%7.5

Table 6.3.1.4 Results at Age 5 years

In the acacia plots at Port Olry there were only one or two

alive. Burvival of &. arborea was exceptional on all sites
and dbh was not sgignificantly different from the best
performing speciss. Top Theight of G. arborea however was

often significantly smaller than the best species, in all
trials except Port Olry.

C. alliodora showed gocd growth at all sites but survival was
poor at Lorevulko due tc attack by the pathegen P. noxius. Of
the eucalypts., E. deglupta has the best greowth and survival of
those tested. Other experience in Vanuatu has shown sucalypts
to be relatively susceptible to wind damage, although not as
much sc as the acacias.

6£.3.2 Carter Helt Harvey Trials at IFP

In Compartment 7 a balanced lattice design trial was
established in April 1991 with 18 treatments and five
replications. The same design was used in the Matevulu Pico
trial described in 6.3.3. Plot size was 6 x 6 trees with a 3m
square spacing.

Seedlots are described din Table 6.3.2.1. Results at age 30
months are described in Table 6.3.3.2.
Anovars were applied to the plot means and significant
differences (@ 5% or less)were found between dbh, top height
and survival for treatments and blocks.



Acacias have proven themselves to be gsusceptible to wind
damage and despite good growth should not be planted.
FEucalypts ars slightly more rasigstant to damage and a good
choice would be E. urophylla (145327 . Survival, dbh and top
height were not significantly different to the E. deglupta
{15615) and the wood has bstter pulping prcoperties.

£.3.3. Other Carter Holt Harvey Trials

Three trials were established on land leased by Matevulu
College. One tested growth on a "bush” site, one on a "coral"
site and one on a site previously dominated by the weed pico
{5olanum sp.). The coral and bush sites test five seedlots in
a randomised complete block design with four replications,
whereas the pico site tests 16 seedlots in a balanced lattice
design with five replications. All are planted at a 3m sqguare
spacing. The coral and bush sites have plots 4 x 4 trees
whereas the pico site has plets 6 X 6§ tress.

Seedlots tested are the same as those tested at IFP.

Latest results for these trials are described below in Tables
6.3.2.1, 6.3.3.2 and 6.3.3.3.

TR s
Species Seedlot Origin
E. deglupta 13615 Clonal Orchard. PNG
E. deglupts 15311 Phillipines I
HE. urobhylla 16682 Mt Egon, Flores, Indonesia
E. urcphylia 14532 Mt Lewotibi, Flores, Indonesia
E. grandis 15244 NE Atherton, Quenensland, "
Australia
E. grandis 14838 WNW Cardwell, Queensland,
Australia
|L§. pellita 13999 NE Wenlock, Queensland, Australia
E. pegllita 16120 Keru, Mata, Papua New Guineau
A. crasgicarpa 13682 Oremo River, PNG
A. mangium 15644 Oromo River, PNG
A. mangium 15677 Iron Ra. Queensland
i A 16485 Kings Plain, Queensland
auriculiformis
IIA. 16684 Bensbach River, WP, Papua New
auriculiformis Guineau
il c. Jjunghamiana 16872 Botanic Garden, Indonesia
C. grandis 15923 Toma, Papua New Guineau

Table 6.3.2.1., Origin of Seedlots
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Species dbh (cm) ?;? Height | % Survival
E. deglupta 15615 10.5 13.1 91
E. deglupta 15311 9.3 10.5 93
#E. urophylla 16682 8.8 10.2 63
E. urcophylla 14532 10.3 11.7 77
E. grandis 15244 8.3 190.0 49
E. grandis 14383 10.1 10.8 47
E. pellita 13999 6.2 5.6 69
’E. pellita 16120 6.8 5.5 30
;iA. cragssicarpa 13682 8.2 7.7 60
A. crassicarpa 15646 7.7 7.2 18
A. mangium 15644 8.6 8.5 91
A. mangium 15677 1C.6 8.3 81
A. auriculifcormis 16485 9.2 5.0 52
A. aurculiformis 16684 5.8 7.6 g4
C. Junghamiana 16872 7.5 7.3 76
i C. grandis 15923 7.3 8.7 89

Table 6.3.2.2

"Species/ Seedlot

Results from IFP C7 PDL, Age 30 months.

dbh {om) Top Height % Survival
(m)
E. deglupta 15311 11.73 11.54 58
E.deglupta 15615 12.9 13.85 69
E. urophylla 10.15 11.56 42
16882
A, crassicarpa 13682 11.5 5.39 44
![A. mangium 15644 12.06 11.22 28

Table 6.3.3.1 Results from

An  Anovar showed

The only significant differences (@
the coral site were:

- dbh between A.
- top height between A. mangium and C.
- Survival .

deglupta and &. urophylla

betwesen

Matevulu Bush at Age 3 years.

no differences
height between seedlots at the Matevulu bush site.

crassicarpa and C.

deglupta

(8 5%)

grandis
grandis
and (.

betwesen dbh

grandis

and top

5%) between treatments at

and £E.
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Species/ Seedlot dbh (cm) % Survival
‘ (m)

E. deglupta 15311 9,54 10.98 53
IC. grandis 15923 7.08 7 .47 23
E. urcphylia 9.79 9.99 27
16682

lA. crassicarpa 13682 10.57 10.75 63
‘A. mangilum 135644 12.47 11.51 41

Table 6.3.3.2 Regults from Matevulu Coral at Age 3% months.

- nsemen e
Species dbh (cm) Top Height | % Survival
(m)
E. deglupta 15613 14.05 15.78 56
uE. deglupta 15311 12.44 16.24 75
E. urephvlla 165682 14,77 16.63 20
E. urophylla 14332 14.97 16.55 64 “
“E. grandis 15244 13.64 15.01 36
E. grandis 14383 15.01 15.39 49 i
|E. pellita 13999 11.16 12.94 1
lE. pellita 15120 11.65 13.16 30
A. crassicarpa 13682 10.57 12.27 &5
A. cragssicarpa 136%6 12.C3 12.33 60
A. mangium 15644 14.71 13.14 59
A, mangium 13677 13.54 13.74 &0
!A. auriculifcrmis 16485 13.22 15.2 41
A. aurculiformis 16684 12.98 14.33 75
€. Jdunghamiana 16872 9.60 12.31 76
lIC. grandis 15923 8.80 13.13 75

Table 6.3.3.3 Results from Matevulu Pico, Age 38 Months

The dbh and top heights of the FE.deglupta and £E. urcophylla
sesedlots at the Matevulu Picce site were compared and no
significant differences were found and alsc in top height and
dbh between the two E. urophylla seedlots and between the two
E. deglupta seedlots.

The fastest growing £. pellita provenance was compared with
the fastest growing E. urophylla provenances and both dbh (G P
= 0.2%) and top height (@ 5%) were found to be significantly
different. Top height of E. pellita was also found to be
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gstatistically different (@ P = 2%) from the fastest growing E.
deglupta.

No significant differences were found in dbh and top height
between the fastest growing £. g¢grandis and the fastest growing
E. deglupta or E. urophylla.

A statistical examination of the data from the acacias was not
undertaken as they have proved o be susceptible to wind
damage.
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gignificantly smaller (@ P = 2%) than the fastest growing F£.
deglupta.

No significant differences were found in dbhk and top height
between the fastest growing E. grandis and the fastest growing
E. deglupta or E. urophylla.

A statistical examination of the data from the acacias was not
undertaken as they have proved to be susceptible to wind
damage.
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SECTION 7 FROVENANCE RESEARCH
A

t tha IFP there are provenance t*rials of two species,
Swietenia macrophyvlla and Cordia allicdora, Comparisons of
brovenances can be made in some of the PDL plots, where two
seedlots of Eucalyptus deglupta and £E. urophylla were tested.
A further four . alliodora provenance trials were established
by the Departmesnt of Forestry on Santo. Three other
Department ¢f Forestry provenance trials were established on
Santo: one of Liguidambar styraciflua. one of Cedrella odorata
and another of Pinus carribaea.

7.1. IFP Mahogany Provenance Trial. {(072.1)

This trail was planted in 1988 and tests 8 seedlots in a
Randeomised Complete Block design trial with 4 replications.
Plets contain 5 = 5 trees at a square spacing of 4m, of which
the inner 9 treses were measured. Origin of seedlots is shown
in Table 7.1.1. Results of height, dbh and survival are shown
in Table 7.1.2, Survival is poor, due to cyclone damage and
high infection rates of Brown root rot, FPhellinus noxius.

Seedlot Species/ Hybrid Details of Origin
322 5. macrophylla PR 30. Guarabo. Puerto Rico
X 5. mahogani -
220 S. macrophylla Guarica Forest, Puerto Rico
X G. mahogani
319 5. macrophylla Rio Piedras, UPR Botanic
Gardens. Puerto Rico
B/34/87 5. macrophyvlla Lancetilla, Honduras I
713 S. macrophvlla Bacaramanga, Colombia
P/4s87 F. macrophyvlla La Venta, Honduras i
23/85/F S, macrophyvlla Colo — i — Suva, Fiji
tVANB/BSVLI | 5. macrophyllia Tagabe. Efate, Vanuatu I

Table 7.1.1 Origin of Seed

Height, dbh and % survival of provenances relative to a trial
mean are shown in Figure 1. Two seedlots, 322 of hybrid
mahogany from Puerto Rico and P/4/87, a 5. macrophylla seedlot
from La Venta, Honduras ars not suited to Santo conditions
and have very poor survival and growth. Of those with
relatively good survival; seedlot 31%, from Puerto Rico; 713
from Colombia and B/34/87 from Honduras have fagtest growth.
Seedlot 319 is also noted as being one of the provenances most
registant to cyclone damage in a damage assessment afteyr
Cyclone Betsy (Secker Walker, 1993).

In the previous assessment, at 58 months, seedlot 319 had the
largest dbh and was significantly better (@ 1%) than the other
seedlots (Santo IFP, 1593). 1In the most recent assessment, at



70 months., this

seedlot no
longer has the
largest dbh but
has better
survival than
713, the seedlot
with the largest
diameter. As a
compromise
between goad
growth and
survival,
seedlot 319 and
B/34/87 are a

good choice.

4
B -
30 -

A0
a0 -1
20 -
e
[o I
-4 ]
—7G
-30 —
40
-0
-8l

¥ [Mrrerenca fTron the Bean

-0 -4

B

T T T T T H T T
322 328 318 & awdr 713 DiAFa? QB GSF  VANBS B5VLI

Some imports of _— T X Sarvival

g e e d f or

management . Figure 7.1.1 Performance of Seedlots relative
plantings of 5. +4" 5 trial mean

macrophylla at

Santo IFP hawve

been from Lancetilla din Honduras. This provenance (B/34/87)
has shown above average growth and survival was considerably
better than average and was a good choice. The other
promising seedlot , 319 from Rio Piedras, Puerto Rica may not

be as suitable for wide scale planting.
Botanic Garden and may therefore have

It originated from a
a limited genetic base,

possibly being represented by few trees.

Seedlot Height (m) Dbh (cm) Survival (%)

I|322 6.50 10.8 6 E
ﬂ320 13.7S 18.0 31

319 15.86 19,0 41 E

13/34/87 14.78 18.5 42 E
731 16.16 19.7 31 |
lp/a/87 7.73 9.3 17 |

23/835/F 16.08 14.6 52

VAN 8,83 VLI 13.86 16. 58

Table 7.1.2 Results of

Records on file

Aggegsment at Age 70 months

for other management seediot comprise seedlots
from Poptun — Peten Region in Guatemala,
geedlot from Sardinal Puntarenas.

Fijian seedlots and a
Costa Rica.
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7.2, Cordia provenance Trials. (Q72.2)

Cordia alliodora was the favoured tree species in the 1980s
and this is reflected by the relatively large number of
provenance trials of this species. Since then cordia has
fallen out of favour mainly due to pocor marketability, timber
guality and susceptibility Lo some pathogens, notably
Fhellinus noxius. TFuture planting of . alliodora in Vanuatu
is therefore unlikely, at any large scale. The results may
however be of interest and are described for each trial.

7.2.1. IFP Project Cordia Provenance Trial

This trial was planted in 1988 +to test both provenance and
mother tree performancs. Seed was imported from CATIE and
originated predominantly from Costa Rica, as provenances from
this country appeared to have superior growth in other cordia
provenance trials. It was intended that the results would be
used tc find the best trees for seed of ¢. alliodora for Santo
conditions.

The trial idis a relatively complex design with provenances
being randomised within blocks and mother trees randomised
within provenances. Nine replications were used, each rmother
tree being represented by a line plot of six trees within each
hilock.

Seedlots are identified by the name of their place of origin.
No further records could be located in the files.

Data from threes Dblocks from a 1991 assessment was analysed.
The trial was 36 months old. Means for the provenances are
shown in table 7.2.1.2. ©No significant differences were found
for dbh or survival by block or trestment.

Provenance Dbh (am) % Survival “
Talamanca _13.0 41
Guapiles 13.1 27
Noche 13.1 36
Honduras 14.8 45
Pascua 14,1 47
Jan Carlos 14.3 51
Unala 15.8 25
La Suiza 13.4 - 43
Guacimo 15.5 26

Table 7.2.1.2 Performance %f provenences

For the 39 trees reresented in all of the 3 blocks examined
there were found to be no significant differences. Should
seed be collected from the cordia provenence trials it would



be better to collect from those trials that superior seadlotg
can  be identified rather than the IFP trial. Furthermore
growth rates are similar to those at the Sharks Bay trial.

7.2.2. 1978 Vanafe Cordia Provenance Trial

A trial established in 1978 was clear felled in June 1985 due
to poor maintenance and heavy losses from Cyclone Nigel in
January 1985. No records were available of the ‘assessments.

7.2.83. 1985 Sharks Bay and Vanafo Cordia Provenance Trials

Cordia alliodora provenance trials were established at Sharks
Bay and Vanafo in 1985 and five of the seedlotis were common to
both trials. These trials and another one at Vanafo
established in 1986 were designed to identify superior
seedlots of (. alliodors. Unfortunately, it is unlikely that
this species will be planted widely 1in Vanuatu in the future
due to lack of markets for the timber, a tendency to retain

dead knots in the wood and disease problems, particularly from
Phellinus nexius.

Both trials are randomised complete block designs. The Sharks
Bay trial has three replications, plot size being 7 x 7 trees
with the inner 5 x 5 trees being measured. Spacing between
trees was 3 m but was thinned in June and July 1987 leaving

about half the number of treeg. The Vanafo trial has five
replications, plot size being 7 x 7 trees with the inner 3 x 5§
trees Dbeing assessed. Spacing between trees was 3m but

death, mainly due to P. noxius has left the spacing and
survival very patchy.

Seedlots tested in the trials and their origin are shown in
Table 7.2.3.1.

Seedlot Trials Origin
14,77 Vanafo, Sharks| Esteli, Nicaragua
Bay
20777 Vanafo, Sharks| Sar Francisce, La Ceiba,
l Bay Honduras
67/78 Vanafo, Sharks| Lago Agrio, Ecuador
Bay
80/3237 Vanafo, Sharks | Turrialba, Costa Rica
Bay
34,78 Sharks Bay Columbia
1849 Sharks Bay San Carlos, Costa Rica
Monbiftek Vanafo, Sharks| Monbiftek Plantations, Santo
Bay (originally from Fiji)

Table 7.2.3.1 Origin of Seedlots

Results for survival and dbh at 109 months from Sharks Bay are
shown in Table 7.2.3.2 and relative to a trial mean in Figure
7.2.3.1.
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Figure 7.2.3.1 Dbh and Survival relative to a Trial Mean

Bay Sharks Bay | Vanafo

14,77 17.08 16.63 87 36

20/77 22.35 20.3 84 19

57/78 18.63 15.8 78 36

80/3237 21.82 23.6* 100 37 l

34/78 20.21 e 5 e 4
1849 PR e — L N De—
EMonbiftek 20.83 20.7 100 37 g
Table 7.2.3.2 Results from Latest Agsessments

* Biased by one plot containing two large trees only.

There were difficulties in the latest assessment of the Sharks
Bay trial in assigning trees to plots and so the results from
the previous assessment at 77 months were wused for further
analysis. Two seedlots have above average growth and
survival, 80/3237 and 1849. 2 significanace test was applied
to the survival data and no differences (@ P= 5% or less) were
found between seedlots. Statistically significant differences
in dkh were found between seedlots. However, significance
tests, comparing all seedlots against 1849 showed only 14/77
to be significantly different (@ P= 3% .
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At Vanafo the trial had been badly infected by Brown Rcocot Rot
(Phellinus noxius) and there were 13 plots with no trees
gsurviving., comparsed with 12 plots with survivors.

The latest results of survival and dbh from Vanafo at 110
months are shown 1in Table 7.2.3.2 and are compared with a
trial mean in Figure 7.2.3.2. Again, seedlot 80/3237 exhibits
relatively good growth and survival. However, if one plot with
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Figure 7.2.3.2 Dbh and Survival relative to a Trial Mean

only two large trees surviving is excluded from the mean then
mean dbh of this seedlot falls below that of the Monbkbiftek
seedlot and seedlot 20/77.

As with +the Sharks Bay trial a statistical analysis was
conducted on the data from the previous assessment., taken at
5% months. An ANCOVAR showed differences between dbh and height

of seedlots were statistically significant (@ P = 1%).
Seedlots were compared with 80/3237 to examine 1f there were
gstatistically significant differences. The Monbiftek and

20/77 were found to have significantly better dbh growth than
80/3237 but height of the Monbiftek seedlot was significantly
poorer. The dbh of the other twe seedlots was significantly
smaller than 80/323 and the height of 14/77 was also
gignificantly smaller.

At Dboth trials the 1local seedlot from Monbiftek gave good
results. Seedlots 8B0/3237 and 1849, hoth from Costa Rica
showed above average growth and survival. Growth of sgeedlot
20/77 was good at both sites but is not recommended due Lo
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poor survival at Vanafo. The high mortality could be valatead
L hlgh suscsptability te P, noxius, which is prevale
that site. This seedlot was noted as growing well over a wids
rangs of agltes in a review of . alliodora provenance tri
(Greaves and McCarter, 1990).

Fortunately, should importing seedlots be difficult there
would Dbe little loss in production by using seed from the
iocal land race from Monbifitek,

7.2.4. 1986 Vanafo Cordia Provenance Trial

This Cordia Provenance Trial (ST4/8650N) at Vanafo was
established in Cctober 1986 by the Department of Forestry.

The trial is a randomised complete bhlock design with four

replications. Each plot contains 36 trees (6 x 6) with the
inner 16 (4 x 4) being assessed. Spacing between the treses is
3m. Six imported seedlots are tested and unfortunatsly no

seedlot ¢f the icecal land race was included as a marker.
Origin of the seedlots is described in Table 7.2.4.1.

P
Seadlot Origin
9777 Tres Piedras. Honduras

HlO/?? Finca El Chilerc, Guatemala
18/77 Finca la Pineda, Matagalpa, Nicaragua
17,78 Rio Canas, Puerio Rica 1
30/78 Finca Rincon Alegre, Guatemala ]
33/78 Nueva CGuineau, Nicaragua

Table 7.2.4.1 Origin of Seedlots

Table 7.2.4.2 gives the survival, mean dbh and mean height for
gach seedlot.

iSeedlot Dbh (cm) Height (m) % Survival 1
S/77 13.16 13.02 70 l
|]10/77 12.57 13.03 G4
18/77 18.07 18.74 86
17/78 14.62 15.45 88
30/78 18.20 16,99 87
33/78 19.5 18.64 353

Table 7,2.4.2 Dbh, Height and Survival at 89 months

Figure 7.2.4.1 shows the performance in terms of height, dbh
and survival compared to the trial mean at age 89 months. A
seedlot with both above average growth and survival is 18/77.
The dbh, height and survival of this ssedlot was compared with
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other seedlots to examine which were significantly different.
Only 33/78 was Dbetter than this seedlot and although survival
of this seedlot was poorer it was not significantly so.

It was wunfortunate that a local seedlot was not inecluded in
this trial. It is not known whether any of the seedlots
tested have performed better than the 1local land race.
Furthermore, the seedlots testsd were not included in any of
the other . alliodora provenance trials, which also makes it
impossible to compare the growth with other exotic seedlicts.
Of the seedlots tested 18/77 from Finca La Pineda., Nicaragua
and 33/78 from Nueva Guineau, Nicaragua would appear to be
good performers being above average in Dboth growth and .
survival. These seedlots should be considered, in addition to

other promising cnes in the other provenance trials.

7.3 Liguidambar styraciflua Provenance Trial

Ligquidambar styraciflua is a timber tree, with a wide
gecgraphic range in Central and South America and is known to
occur from altitudes as low as 650m up to 1600m. The wocd can
be used for saw timber, wveneer, plywood and pulp. Tree form
is good in natural conditions and in plantations.

The Liguidambar styraciflua trial (5T17/85 SON) was
established to test five provenances in a randomised complete



block deaign with four replicates. Origin of seedlots is
shown in Table 7.3.1. Plots contain 36 trees {6 x 6) with the
inner 16 (4 x 4) Deing measured. Spacing between trees was
2.5m. Heavy damage by cyclones has left the trial with large
gaps and one provenance (48/83) has no survivors in the trial.

Seedlot

Origin

48/83 Yucul, Matagalpa, Nizaragqua
3/84 San Esteban, Olancheo, Henduras l
2/84 Buenocs Aires, Sierra del Omoa, Honduras
5/84 Finca las Victorias, Sierra de las Minas,
Guatemala
84/83 Gomez Farias, Tamaulipas, Mexico

Table 7.3.1 Origin of seedlots

Due to missing plots in all blocks an Anovar was not possible.
The data sheet for Block II was missing from the trial and so
results are from three blocks only. The data from all blocks
was clumped and means for dbh, height and survival calculated.
For dbh and height 95% c¢onfidence limits were also calculated.
Results from the most recent assessment (15 December 1992) at
age 82 months are shown in Table 7.3.2.

Results from the trial at Vanafo would suggest that L.
styraciflua 1s not well suited to the conditions on Santo.
All seedlots failed completely on at least one block and one
in all Dblocks. However., at Ipota on Erromango this species
has grown well and shows good survival and little wind damage
Tolfts, pers. comm.). There is therefore too little
informaticn to dismiss this species completely.

dSeedlot Height 95% CL Dbh (cm) 9%% CL Survival
(m) Height DPbh (%)
f3/84 14.9 0.8 i4.56 0.9 58
84,/83 12.4 0.8 13.5 1.1 =8
48/83  |e-—————-— | e | oo | Q
2/84 4.5 1.5 15.8 1.7 31
“5/84 13.4 7.6 16.5 1.3 23

Table 7.3.2 Height, Dbh and Survivals at Age 82 months

Examining the 65% confidence limits for the mean height and
dbh of seedleots there is no obvicusly superior seedlot.
Figure 7.3.1 shows means for dbh. Theight and survival
expressed in % deviatlon from the trial! mean.

The L. styraciflua trial at Vanafo has not allowed
identification of a superior seedlct. The poor survival also
indicates that this species may net be suited to conditioens on
Bantc. Possibly the best L. styracifiua seedlot at Vanafo is
3/84 from San Estaban, Honduras. Height and survival was
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Figure 7.3.1 Height, Dbh and Survival Relative to the Trial
Mean

better than the mean and dbh was only marginally inferior to
the trial mean. Results from this trial should be compared
with those from Ipota.

7.4 Cedrella odorata Provenance Trial

Cedrella odorata is a species with a wide distribution, from
Mexico to Argentina and is found at altitudes up to 1200m. In
natural forest and plantations it has the characteristics of a
good timber tree with a straight clear stem and compact crown.
The wood has been used as sawn timber, plywood, veneer and
pulp. (. angustifeolia is a close relative to (. odorata.

Jeed for the trial was cbtained from the Commonwealtih Forestry
Institute, now the Oxford Forestry Institute. The €. odorata
provenance trial (5T3/86 S0N) tests the growth and survival of
three provenances of (. odorata and one of ¢, angustifolia

(Table 7.4.1). The trial is a randomised complete block
design with 4 replications. Plots are 6 % 5 trees, with the
inner 3 x 4 trees being assessed. Spacing between trees was

3m. Age of the trees was 75 months at the last assessment (195
December 1992).

An Anovar was applied to the dbh and height data and no
significant differences in dbh were found between seedlots.
However there were statistically wsignificant differences 1in
height (8@ 5%) between seedlots. There were also significant
differences in dbh and height (@ 5%) between blocks. The dbh



and zurvival of each seedlot is shown in Table 7.4.2.

e e e e
Seedlot Species Crigin

42/79 C. codeorata Chetalon, Guatemala
50/79 C. cdorata Copar, Honduras
53/79 C. odorata Taulabe, Honduras
16/80 C. angustifolia El Vigia., Egquador

Table 7.4.1 Origin of seedlots

Growth and survival were good. although there was guite a high
incidence ¢of forking (23%) or broken tops (6%). Wind damage
was slight compared with the nearby Liquidambar styraciflua
{Roata, pers. comm.)

,_____mm“mmg#=========mmmmmTWmmmmw========ﬁr=m#mmmmmmmmmmmm‘
Seedlot Dbh (cm) Height (m) Survival (%)
42/79 18.30 13,13 97 .2
50/79 15.17 15,91 91.7
33/79 19.72 15.96 180

I 16/80 20.01 16.76 94.3 i

Table 7.4.2 Height, Dbh and Survival at 75 monthsg

Growth and survival of both Cedrella species was good and

is compared in Table 7.4.3 with Cordia alliodora and Swietenlia
macrophylla, two mainstays of planting programmes in Vanuatu.
The (. allicdora data iz the average of provenances at Sharks
Bay and the 5. macrophylla data is for & Vanuatu land race at
the Santo IFP Provenance trial.

Species Age (monthg) | Height (m; Dbh (ecm) g

C. oderata 73 15.0 19.06 B
C. angustifclia 75 15.76 20.01 E
C. alliodora 77 | mmmmmm——— 16.9 E

IIS. macrophylla 78 13.86 16.1 E

Table 7.4.3 Comparison with C. alliodora and 5. macrophylla

Wind damage of the Cedrella species at Vanafo was much less
that that in the neighbouring Liguidambar syraciflua

provenance trial. However at Ipota, Erromange, L. styraciflua
showed little damage after a cyclone, whilst Cedrella spp.
were badly damaged. Many subseguently died possibly from

infection by pathogens (Tolfts, pers. comm.}. A further
constraint to growing cedrella in plantations in Vanuatu maybe
wood quality. Wood of cedrella grown in Fiji was found to be
less dense and strong than expected (Tolfts, pers. comm).

The performance of the three . odorata gseedliots vrelative to a
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trial mean 1ig shown in Figure 7.4.1. The geedlcot with the
best dbh, height and survival was seedlot 53789 from Tallabs,
Honduras.
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C. odorata and . angustifolia are two species with potential
for use in plantaticons in Vanuatu. However, some doubts
remain of their resistance to wind damage and disease and alsc
their wood guality. Further investigations are necessary and
testing of Vanuatu grown timber would be worthwhile. Should
¢. odorata be planted on a limited scale for production
plantaticns, the seedlot best suited to Santo conditions is
Taulahe, Honduras.

7.3. Monbiftek Pinug carribaea Provenance Trial

A P. carribasa trial established in March 1972 was assessed at
age 241 months. Six seedlots were tested in a randomised
complete block design trial with four replications. Available
information on origin ¢f the seedlots is shown in Table 7.3.1.

Only cdbh was assesssed as it is unlikely that P. carribaea
will be widely planted on Santo. Species with much Thigher
value timber grow equally or more guickly. An ANOVAR was
conducted on the dbh data and no significant differences were
found between =seedlots or blocks. Results of dbh and survival
are shown in Table 7.5.2.
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Seedlot Origin

120/73 Fiji, Seguoga Plantation

R169B Queensland, Select seed trees

R179R Queensland, Good gquality crop trees

28/71 Fiji, Drasa Plantation |
uRlﬁzP Queensland, Progeny Trial No. 158 E

R17ZR Queensland, Crop Trees o %==!
Table 7.5.1 Origin of Seedlots =

| Seedlot % Survival Dbh
i18/73 49 27 .7
HRIﬁQB 28 26.2 i
R179R 33 31.6
28/71 H 41 27.2
“Rlﬁzp 44 29.4 H
R172R 29 23.0
Table 7.5.2 Results of Dbh and Survival
Should F. carribaea be planted again on Santo a reasonable
choice in terms of growth and survival would be R162P. a

seedlict from a Queensland Progeny Trial.
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SECTION 8. Agroforestry Research

5.1, Mahogany with O L5, (0ez.

c
i
1
o
1))

A trial was established comparing mahogany growth with five
agroforestry treaiments. The trees were planted in March and
June 1991 at 5 x 5m spacing in silk sorghum pasture cover
crop. The first crops were planted in November 1991. The 5
treatments were; Root crop rotation 1. root crep rotation 2,
kava. Melanesian mixed food crop gardsen plot, silk soraghum
control. These are described in table 9.1.1. The trial was
designed as a randomised block design with 4 vreplications.
Each plot contains 15 es (4 x 4) at a square spacing of 5n.
Thizs was a collaborat trial and Agriculifure was to monitor
crop production.

= o

Results of dbh and height growth at 110 weeks are shown in
Figure 9.1.1. wtatistical differences in dbh at 5% were
found between the Kava with 8ilk and Food Crop I  treatments
and between the Silk Pasture and the Food Crop IT  *reatment.
Also, statistical differences in dbh at 1% were found between
Food Crop 1 and Silk Pasture (Secker Walker. 19934).

MAHOGANY GROWTH N AGROFORESTRY TRIAL
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Figure 9.1.1. Results of Dbh and Height at 110 weeks

The better growth of the trees in the Food Crops treatments
were probably due to the intensive weeding of these plots.
The soil was Kkept completely free of wseds. In the silk plots
an area of 1 m diameter was spot weeded and in the kava plots
the ground was initially complete weeded, Dbut later +the

weeding was gimilar to the silk plots.
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Treatment | Species Cultivar |Spacing No./ | % area Plant Harvest:
{m) plot | covered | date date
Mahogany Swietenia Efate, 5x5 16 < 0.06 | Mar, 2016~
trees macrophylla |ex-Fiji Apr, 2021
May 1991
1. Kava Piper Puariksi 2.5 x 2.5 33 6.5 | Feb, May |Nov
methysticum | Borugu 1992 1994
” Forst. Visul
Melmel
2. Food Yams 1x1 220 55 Nov 91 Jul 92
Crops I Maize 16 Nov 91 Jun 92
Island taro 0.8 x 0.7 Jul 92 Failed
! Peanuts May 93 Sep 93
Sweet Sep 93 Jan 94
potato
Cassava Jan 94 Nov 24
13. Food Island taro 1x 0.75 297 74 Nov, Dec |Jul 92
Crops II 1991
Sweet Apr 93 Aug 93
potato
IL Fiji taro Sep 93 |Dec 93
4, Mixed Sweeat: 1x1 56 34 Dec 91, {Depends
Garden potato 1x1 39 20 Jan 92 on
Cassava 1.5 x 1.5 50 13 crop
Yains Ix1 36 9
Pineapple varies 17 4
Maize varies 16 4
Dwarf bean 1x1 15 4
l Fiji taro varies g 2
Bananas 253 S0
Spring onion, Island cabbage Dec 92 |
!5. 8ilk Sorgiim hybrid 3kg/ ha Plots were 7~15 “
pasture Spp. silk mainly Sorghum | Oct 90
cover . spp., as + 21 Nov
crop Desmodium 2kg/ ha legumes did 90 !
I(control) 1ntortum not take well.
Stylosanthe | Cook 1.5kg/ ha
5
[ quianensis B I
Table 9.1.1 Treatment Summary B



Due to  the early age of the frial a precise sstimats of the
inproved Tinancial  refurnz of  intercropping is  not pogsible.
A rough estimate was mads by Secker Walker, (19934) .
Agzumptions on growth were conservative. It was asgssumed that
the trees in both treatments would grow at the same rats in
the future and that the only advantage would be the reduction
in time for the trees in the Food Crop I ifreatment to reach
harvestable size compared with the trees in the Silk
treatment. The same was undertaken for the reduction in time
for Food Crops II compared with Silk. Projecting the results
at age 110 weeks the Food Crops I treatment added 1.05% to the
valus of the trees, and the TFood Crops II added 0.8% to the
value of the trees, compared with the Silk treatment . There
iz alsc the value of the crops themselves to consider.
A nearby management planting of mahogany was assesssd o give
data on growth in normal wead growth. This was poorer +than
for any of the agroforestry treatmsnts. To check whether this
was not simply due to the mors intensive management associated
with research trials a management planting of mahegany in silk
pasture was alszo measured. Growth of mahogany in this was
still better than in natural weed growth.
Other Dbensfits of intsrcropping included mors visits to the
site and therefors more attention being given to the quality
of the trees. For examples, it would be easy to prune or zingle
tress at the same time as tending crops. A farmer is likesly
Lo visit the site less frequently if only trees are being
gYoWn
Marketable crop yields from the first vear (Anon., 1992) of the
expeviment are shown in Table 9.1.2. crop values wsre not
asseassed,
I' Block Taro Cassgava Yam Gardan

1 241 332.5 171.4 48

2 278 455 280.3 48
!‘ 3 22.5 417 .8 113.2 135 I
ﬂ 4 2.3 536.5 130 134
[ITotal 523.8 1981.8 554.9 365
l T/ha 3.274 12.368 4.343 1.486

Table 9.1.2. Marketable VYields (kg/plot)

9.2 Coffee/ cogoa intercropping pilot study. (092.2)

A trial of coffee (. robusta and . arabica) intercropped
with cordlia and with mahogany was established in June 1993,
when a small number of (. robusta seedlings were planted into
an area of mahogany for the IFP Open Day. The Vanuatu Public
—cervant’s Association  Strike in November 1533 prevented
further planting of coffee into the cordia and mahtogany areas.
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Proposed lay out of the trial was: 5 unreplicated plots approx
1 he s=ach:

(1} Mahogany (10 % 4m) with rchbusta coffee
(1) Mahogany (10 x 2.5m) with arabica coffee
(iii) Mahogany (10 x 2.5 m) with cocoa
(iv) Cordia (5 x 5%m) with arabica coffee

(v} Cordia (5 ¥ 5m) with cocoa.

The trial was designed 1in collaboration with IRCC (CIRAD
Coffee and Cococa Research station). Cocoa  would not  be
planted until the trees were providing sufficient shade.

No assessments were made of the arsa planted with coffes.



BECTION &.. CYCLONE DAMAGE SURVEYS

Thres damage zurveys were made following Cyclone Betsy, which
hift Sante in January 19%3. At Pekoa Airfisld at Luganville
wind speseds of average 28 knots and maximum 48 knots ware
recorded.

8.1 IFP Mahogany Trial Cvclone Damage Survay

A survey was made in February 1592 of damage by Cyclone Betsy
in the IFP mahogany provenange trial (5T1/82380N) and were
described in Secker -~ Walker. (1993a). The trees were age 58
months. The data were reviswed and certain tests applised to
examine the significance of differences of interest,

Only the data from the inner ¢ treses of the 25 tree
nlet were used for analysis, boundary trees Dbe2ing excluded.
Two provenances, 322 and F/4/87. which showed very peor
asurvival of 6% and 25% respectively, and poor growth were also
ommitted from any analyses. Details of origin of seedlot are
shown in Sectiocn 7.

The summarized resulits of numbers of trees in each damage
category are shown in Table 8.1.1. The categories used for
the survey were as f[ollows:

Broken Top » &m high
Some crown damage

0 No Damage

1 Uprooted

2 Snapped stem < Sm high
3 l.eaning

4

=

s

_m_mm“_m_w_w“mj. poamage Category
Seedlot 0 1 2 3 “4 5 L
| 13/34/87 11 0 2 2 9 4
23/85/F 1 0 2 0 0 3
713 15 3 2 5 0 5
i 319 12 1 0 3 0 2
320 15 2 2 4 0 2 i
| VANS/BSVLT 15 1 0 1 1 2 l

Table 8. .1..1 Damage by Seedlot and Damage Category

There were insufficient numbers of trees surveyed to analyse
differences in seedlicts for the 5 types of damage vecorded.
Therefore. analysis was only of proportion of %amaged and
undamaged trees. These data were subjscted to a X and there
were found to be significant differences (€ 5%) in the
incidence of damage in different seedlots.
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t wind resistant provenances were Rio Piedras, Puerto
319); Colo—i-Suva, Fiji (23/85F) and Tagabe. Vanualu
SVLI. Ferhaps selecticn had taken place for
nce to wind damage in  the Vanuatun apd Fijian land

8.2 Survey of Damage to mahogany in Different Cover Crops

Damage, after Cyclone Betsy to mahogany varying in age Ifrom 35
to 41 wesks old was surveved growing within 4 cover crops.
Composition of the cover crops in kg/ha seed is shown 1n Table
8.2.1 and the different components below:

35 - Sorghum sp ~ Hybrid with Silk (S8ilk Sorghum)
Set - Setaria sphacelata var. sericea
GL - Desmedium intortum (Greenleaf Desmcodium)
ceE - Stylosanthes guianensis war. cook (Cook's Stvlio)
DO - Desmodium ovalifolium
HAM -~ Panicum maximum var. Hamil
Cover Type 58 Set GL CE DO HAM
Setaria 3.0 2.0 1.5 1.0 i
LGreenl@af 2.5 1.5 1.0
Hamil 3.0 1.5 1.0 40 |
ySilk 3.0 2.0 1.5

Table 8.2.1 Componentgaof Cover Cropﬁ

Cyclone damage in different cover crops 1is shown in  Table
B.2.2. Thers was no vrelaticonship found between size (hieight
or root collar diameter) and damage. There wag however a
ralationship between cover type and damage (Becker - Walker,
1993a) .

Cover Type % Snapped % Leaning % Missing

Stem foliage or no
damage

Sataria 0 12.5 87.5
Greenleaf & 0 94 .0

Hamil 0 2.5 96.5 I
LSilk 0 g 100

Table 8.2.2 Cyclone damage in Different Crops

Leaning trees were found in the Hamil and Setaria cover crops.
These are dense grasses and it is thought the weight of the
grass sward may have helped push the trees. However, 1t is
alsc thought they may have supported tham preventing stem
snap. Greenleaf is a shoriter cover crop and may have left the
trees unsupported and prone to wind snap (Becker — Walker,
1893a).
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A damage assessment was made of mahogany planted with 5
different crop types. These ware:

Silk - For composition see Table 8.2.2.

Silk / Kava - As above as Kava not yelt planted

Garden - Mixed food Crops laid out irregularly,
comprising banana. pineapple. sweet potato,
Laro, cassava, pbeans. yams.

Yamg -~ Planted between lines of trees with maize in
remaining sSpaces.

Tarco — Colocaria taro planted in rows between tress.

Cyclone damage in the different crops are shown in Table
8.3.1

Crop % Uprooted % Leaning % Missing
foliage or no
damags

Silk 8] 4.8 95 .2
Silk/ Kava 0 4.8 95.2
Garden 0 1.8 80.2 ]
Yams 0 21.8 78.1 “
Taro 1.8 25.4 73.0 u
Table B.3.1 Cyclone damage in Different Crops
It was thought that damage may be linked to the roughness of
the crop ¢anopy. L dense crop or bare ground made a
relatively smooth surface which caused no damaging eddiss to
form. A rough surface however, caused eddies and more damage

to the trees. The garden, vams and tarc were by their lay out
providing z rough surface which would ancourage wind
tyurbulence and eddies and therefore more damage (Secksr
Walker, 19S3c).

8.4 Informal Assessments of Cyclone Damade

in addition to the formal assessments of damage., information
collected for other purposes has shown the following species
to be very susceptible to cyclone damage:

dcacia mangium — All trees within the PEP in Compartment 7

were snapped in January 1994 by gale force winds assoctlated
with Cyclone Sara.

Acacia crassicarpa — Only 30% of this species were left
standing in the PSP in Compartment 7. In the (7 species trial
one seedliot (13682) was more registant than the other {(153546).
See Section €.3.2.
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SECTION 10 SITE INVESTIGATIONS

10.1 S¢il Survey of IFP Area

A scil survey was conducted in 1989 by ODNRI. Findings were

published in Bennet, (198%). Transects were laid across the
site and 106 auger samples were made at 400m interval along
the transects. In addition 17 pits were dug and the samples

taken for chemical analysis.

The soilg werse classified ag Dystric Cambisols {FAQ
classification) and are derived from a layer of wvolcaniec ash
overlying a raised coral base. Laboratory analysis showed all
the =scils be clays with little colour variation. They have

gocd physical structure, rapid water infiltration, good
meisture vretaining capacity, permeability and good aeration
except where a water table occurs. there was no constraint to

reoting above the coral.

Chemically all the soils showed great similarity. They were
found to be more fertile than expected, and are beneficially
affected by the release of calcium from the weathering of the
coral below. This raises the pH, which varies from 7.1 to 7.5.
The soils have a low cation exchange capacity, high phosphate
retention and & high water retention of 15 bar. There are
however areas, generally in the oldest parts, where soils are
lime deficient and where aluminium toxicity may be present.

In conclusion the so0ils over most of the IFP area were

considered suitable for plantation forestry, with the only
major nutrient likely to become deficient being Potassium,

10.2 Invegtigation of Poor Growth in Compartment 4

A so0il survey was conducted in Compartment 4 following poor
growth of Cordia alliodora in an area vwhere growth of the
legume, lab lab was also poor. The area close to the road was
found to have particularly good tree and legume growth. Six
samples were taken from each area and bulked. These were sent
to Fiji for analysis of N content. It was found that it was

the same (9.9 mg/g) in the good growth and poor growth areas
(Secker — Walker, 1992a}. :

Better growth of the trees and legume near to the road could
be due to slope; those trees on flat areas where soil may be
deeper were growing faster than those on the slope. Also,
soil water conditions can be better for plant growth close to
the road where run—coff from the road surface is concentrated.

73



SECTION 11. PESTS & DISEASES

11.1. Brown Root Rot, Phellinus noxius (064)

Tvory, (1993) found that cordia was more susceptible o
infection by £. nRoxius than mahogany. In the Carter Holt
Harvey trials, cordia was also found to be about ten times

more susceptible to P. noxius infection than the another five
species; FEucalyptus deglupta, E. urophylla, Acacia mangium, A,
cragsicarpa and Gmelina arborea.

Inncculating young plants in field nurseries in Fiji and
Vanuatu showed mahogany and cordia to be susceptible to attack
by P. noxius, although later trials showed mahogany to be less
so than cordia. Species such as Fijian and Vanuatu whitewood
were highly resistant.

Several methods of reducing infection levels were discussed in
Ivory, (18%3):

(i) Spacing

Closer spacings, those of 3m x 3m or clossr appear to be
linked to the worst outbreaks of F. noxius. However even with
slow spread of the pathogen logses could be considerable over
a 30 vear rotation period. planting in widely spaced lines
would restrict spread between lines. This may account for the
low incidences of attack in =sarly line plantings <of c¢ordia in
Vanuatu and mahogany in Fiii. The natural vegetation in the
areas between the cut lines in Fiji may also have reduced
infection.

{ii) Thinning

No evidence vet exists of PFP. noxius ceolonising stumps of
thinned trees unlike Fomes Root Rot (Hetercobasidion annosum) .

{iii) Mixed Plantings

Ivory, (1993) suggests that interplanting susceptible species
2g mahogany with resistant species eg whitewood could be an
effective way of reducing infection. The effective distance
betwesn susceptible fLrees would be increased and alsc the

regigtant trees may act as a physical ©barrier preventing

spread.

(iv) Blocking Plants

A couple of the species thought to be successful ©blocking
plants were tested for anti-fungal chemicals. None were
identified. Alsc it was found to be possible to innoculate
the plants with P. noxius, which suggests that anti-fungal
chemicals are not formed in response to attack.
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11.2. Cther Pathogens

Ivory, (1993) mentions three pathogens, other than P. noxius
that he identified in Vanuatu.

(i} Poria Root Diszease

Two cordia trees were killed at the Santo IFP Project by the
fungus causing this disease, Rigidoporus vinctus. It is wvery
similar to brown Root rot and it may be more common than
supposed.

{ii} Pink Disease

A disease caused by Phanerochaste salminicolor which is quite
common on cordia trees between 1 and 8 years old. It causes
cankers to branches and /or the stem which can result in desath
of branches and occassionally the whole tree. Oon  more
resigtant trees it can exist as a large canker on the stem.
In Vanuatu it has also been recorded ocn the Santa (ruz
provenance of kauri.

(1ii) Eucalvptus leaf Blicght

A leaf blight caused by Cylindrocladium guingueseptatum which
has attacked Eucalyptus urophylla and E. grandis on the Carter
Holt Harvey plots at IFP. Young trees, at 6 and 15 months old
were severely defoliated (up to 80%), although the attack
declined marksdly in the period between.

11.3. Whitewood Pests and Disease Survevs

Following observations of moth larvae (Cyfura bifusciats or
Uraptercides astusniata) and fungus (Fhasoseptoria 5p.)
damaging whitewood, a survey was conducted in November 1993,
Ten rows from Compartment 13 were gsampled during the exercise
and the combined results ware:

Trees with fungus infection = 46.4%
Trees with fungus and moth attack = 1.6%
Trees with moth infestation = 0.5%

In March 1994 a further pest was found on whitewood planted at
in cut lines near Hog Harbour by Melcoffee Sawmills. A weevil
was found to be defoliating recently planted whitewood
seedlings. They had previocusly been seen on the Merremia wvine
&nd thought that they may have transferred onto the gseedlings.
As the vine grew back the weevil damage decreased.

Observations at IFP in Compartment 13 during May and June 1994
show the moth to have become more serious with most trees
having some older leaves skeletonised. Two types of moth
larvae were responsible. Infection by the fungus was no
longer obvious. It could be that in the wet seagon {(October -
April) conditions are better for the fungus, whereas during
the dry season the conditions are better suited to the moth
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larvae,

An assessment in  July 1994 comparison of damage to whitewood
in cut lines (Compartment 18) and in the open {(Compartment 13)
showed that there was not greater damage by the meth larvae in
the open areas than in the cu* lines. However, comparing both
the young whitewood areas (age 15 and 18 months respeciively)
and older whitewood (age 37 months)., in Compartment &5 and
Compartment 6§ showed highly significant differences (P< 0.1%)
in the severity of attack. It would appear that damage is
related to age of the c¢rop rather than the site preparation
(ZJee Table 92.3.1).

Open Young Open Older Cut Young
‘ H (C13) (C3 & C6) (C18)
No infestation " 24 2 25

f

Light 52 14 43
Infestation

‘Moderate 22 43 25
Infestation
Heavy 1 39 2 ”
Infestation

Table 11.3.1 ©Number of trees in each damage catégory

11.4 Mahogany Pests and Disease Survey

A survey was conducted in November 19%3 to examine pests and
diseases on mahogany in Compartment 2. The mahogany was  then
39 months old. No insect pests werse recorded and only one of
the trees in the 963 trees recorded was infected by Fhellinus
noxiug.

11.5 Natapca Nursery Pests

In June 1994 caterpillars of one type of moth and butterfly
were found eating the older leaves of Terminalia cattapa in
the IFP Nursery. They had consumed most of the ieaves. only

leaving the mid rib. The larger green caterpillars with
vellow markings and black stripes were identified as those of
the skipper Dbutterfly. Badamia exclamationis. This i3 not

noted as having attacked 7. cattapa before but is a common
nursery defoliator of 7. calamansanai and less often T,
brassii in the Solomen Islands. The white, hairy moth
caterpillars were identified as Roeselia lignifera which Thas
been recorded defoliating Terminalia spp, including 7. cattapa
in the Solomon Islands.

11.6 Whitewood Seed Pssgtsg

Whitewood seed was found to have been damaged by & small
insect. The larva ate the endosperm of the seed and the adult
emerged from a small hole in the seed coat. A survey was
undertaken of seed collected by the Santc IFP project {Mabon,
1992). It was found that between 28 and 72% (Mean of 48 .8%)



gasd of different batches contained larvae or pupae of the
eed wasp. A further 4 to 20% (Mean of 8.8%) contained little
endogperm and had been recently vacated by the wasps. The wasp
was later identified Dby Quarantine in Vila as Syceurytoma sp.,
family Eurytomidae.

1

et}
[
i
41l

[4)]

11.7. Kauri Seed Pest Identification

A small moth, Agathiphage vitiensis was found to have
parasitised seed of kauri (Agathis macrophylla) and has been
previcusly described from other islands in Vanuatu where kauri
occurs naturally.
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SECTION 12. PERMANENT SAMPLE PLOTS

12.1, Permanent sample Plots at IFP

Most plots in the permanent sample plot (PSP) programme were
only established 1in 1993 and so only very early results are
available. These are shown below in Table 10.1.1.

Compartment/ Age %
Species {months) | Survival
C13 Whitewood . 18 57

{Plot 1)

Ci3 Whitewood 131.58 10.4 18 81

(Plet 2)

Cl4A Cordia Stick 163.7 17.2 12 a3

Rake

Cl4B Cordia Stick 23%9.9 18.5 12 g1

Rake

£14C Cordia 231.3 27.0 12 87
Roller

C13A E. urophvila 410.4 26.6 12 89
Stick/legqume

Ci5B E. urophylla | 265.7 38.4 12 65 '
Stck/ legume

C13C E. urophyila 359.3 56.4 12 72
Reller

Cle Qctomelis 151.4 11.6 12 81

Cle Grevillea 248 .6 16.0C 12 100

C18 Nakatambol 46 .0 10.0 12 14

Cl6 Black Bean 125.1 8.13 i2 94 “
16 Terminalia 87.3 4,985 12 30
calamansanal

C18 Black Bean 173 .4 27.86 i3 75

Cut Lines

Ci8 Whitewood Cut 15¢.7 15.4 15 62

Lines

C18 Mahogany Cut 211 .4 24.9 15 g4

Lines

Cl8 Octomelis Cut 360 38.7 15 78 "
Lines

Cl8 Cordia Cut 387.1 31.6 15 98

Lines

C19 Gmelina 12

Table 12.1.1 Growth in PSPs at less than 36 months
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Ten older PSPs
12.1.2.

Compartment/

Dbh

95% CL

%

exist and the latest results are shown in Table

Specieg () Height | (cm) Dbh Survival
Ci2B E. 8.44 0.77 7.32 0.63 66
deglupta
Ci2B E. 16.24 0.54 $.03 0.63 86
urophylla ..
Table 12.1.2 Results of PSPs at Age 28 months )
T-. e rr—
Compartment/ Height 95% CL |Dbh 95% CL 1%
Species {m) Height | (cm) Dbh Survival
C7 A. 10.29% 2.43 11.65 1.24 30
crassicarpa
C8 A. mangium * * 12.3 0.77 632
Cq E. deglupta 15.44 0.77 14,81 0.5 68
C8 E. urophylla {7.71 0.35 9.78 3.22 84
Table 12.1.3 Results of PSPs at Age 36 months
* all tops broken
Compartment/ Height 95% CL |Dbh 95% CL | %
Species (m) Height ! (cm) Dbh Survival
C1 Maheogany 10.8¢ 1.25 15.98 1.74 70
Cattle/ Manual
{(Piot 1)
Cl Mahogany 11.75 1,11 16.13 1.3% 85
Cattle/ Manual
(Plot 2) -

Table 12.1.4 Resuits of PSPs at Age 39 months

Compartment/ Height 95% CL }Dbh 95% CL | %
Species (m) Height | (cm) Dbh Survival
Ci Cordia (Plot |17.07 0.65 17.86 1.92 68

1)

Ct Cordia (Plot |16.71 0.90 18.07 1.153 80

2}

Table 12.1.5 Results of PSPs

12.2.

Qther Permanent Sample

Plots

One

Regultg for the Solway PSP's

Table 12.2.1.

other permanent
IFP leasehold by Carter Holt

sample

plot

at

at 48 months

was established

Harvey.

outside the

age 2 years are shown below in



e g

Species/ Plot No Té? Height {Dbh (cm) % Survival

m

E. deglupta 1 8.24 9,87 &3

E. deglupta 2 5.61 8.02 62
"E. urcophylla 1 5.62 7 .25 37

E. urophylla 2 4.63 6.55 33 "

A. mancium 1 5.82 8.69 &2
“A. mangium 2 4.30 7.37 51

A. crassicarpa 1 5.23 6.9 14

A. cragsicarpa 2 4.52 .16 14

Table 12.2.1 Resultsg of the Solway PSPs.

12.3 PSPz Established in 1594

Eight PSPs were established in 1994 and are described in Table

12.3.1.

e e

Species Compartment
Alphitonia =zizvypholides 22 I
Cordia alliodora 9
JEndospermum medullosum 24 l
samansa saman 7 |
Fluegqia  flexusosa 12 I
LSweitenia macrophylla 11
Sweitenia macrophylila 11
l?weitenia macrophylla i0 .

Table 12.3.1 PSPs establizhed

in 19%4
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CHAPTER 13 SOCIAL FORESTRY RESEARCH

13.1 Eelevant Findings of the Local Supply Plantation Heview

Certain findings from the
Flantsticonz Review by Janks,
activities. Most men in the Survey said

trees. However. most women felt that they we

or were not allowed or did not have the tools.

The survey showed on Santo that there were no
of firewood, posts
(Hog Harbour, Vanafo,

survey for the
{1923) are relevant to the
they had planted
re not interested

and sawn timber in the 4 i
Beleraux and Naveta Farm)
to walk to

Local Supply

IFR's

acute shortages
llagers sampled

However, for
collect

Navota it took ©between 20 and 60 mins
enough  fuelwood, for Hog Harbour and Vanafo, more than 60
minutes. People in Belleraux could find sufficient fuelwood

in less than 30 minutes.
villages to buy some sawn timber.

All villages sampled on Zanto, were
plantations, except at Vanafo where there

although there is general concern over wood
future few people are doing anything about

womern) .

13.2 Farmer Tree Survey

A Dbrisf survey of 25 farmers was conducted by a

Extension Officer, Hinge, ({undated). Most

There was money available

in all

interested in planting
was no decision,
whether they would plant or not. The survey

found that

supplies in the

(20% men, 29%

former IFP

farmers had planted

trees and most of the trees planted were found to be citrus

trees. Of

14.2.% shows
tree and their uses.

the non-fruit trees the most popular
it having been planted by 32% of the respondents.

Wags namaumau,

Species Purposs Place
Planted

Oranges 100 fruit for home Home and

use Or market garden
Pamplemouse 100 fruit for home Home and

use or market garden
Namaumau 32 posts and Garden

poles
Avacado 4 fruit for home Home

use or market
Grevillea 4 ornamental Home
Eucalyptus experimental Garden “_
,Bredfrut g fruit for home Home and "

use or market garden
Coceoa 8 cash crop plantation ”

Table 13.2.1 Trees planted, their uses and 5ﬁanting gites

Table’
the percentage of farmers planting each type of

1



The survey alse #howed an intereest by farmers in planting nut
trees, particularly nangai and natapoa.

Other isgues included concern about logging and the resulting
disappearance of some species, such as whitewood and blackbean
from gome areas. All the farmers interviewed felt they needed
advice concerning logging. Of these 40% felt a the Department
of Forestry should create a2 logging awareness programme .
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CHAPTER 14. END USE RESEARCH

Most =nd  use research conducted by IFP and the Department of
Forestry was concentratad on uses of cordia. However, several
surveys have also been conducted in Santo and other islands on
traditional useg of different tree species and those results
ars summarised in 14.3.

14.1 Cordia Timber Properties Tegting

A study was conducted for the Santo IFP Project by the
Forestry Commission of New South Wales to assess  the
suitability of . alliedora for veneer and plywood production.
The results were published in Wade, Xsiazek and Chapmarn,
(1592},

The peeling exercise showed that C. alliodora peelsd well and
produced a smooth, tight veneer of uniform thickness. it was
considered to be comparable with other Pacific species, such
as Luaan, Meranti and Ramin. Temperature was found o greatly
affect the recovery of veneer from the logs. In the test the
recovery was low due to the small size of the legs and the
irregular coross section of the trunks. Also splitting was
found to be a problem, although it is 1likely that thess could
be overcome in production.

An adhesive test was alse performed and cordia was found to
produce good "A" beonding with two very different glues. On a
"BY and “C" bond test it was comparable to flooded gum and
forest red gum; it can therefore be wused in composites with
those sucalypts. The wveneer was found to have good handling
properties during gluing and pressing.

Tests were also conducted on the panels. Neo warp was detected
on panels wesks after pressing and they could be handled
without operators having problems with splinters. The panels
cut with smooth edges and wers easily sanded to a smooth
finish.

Samples of the five and seven ply plywood were distributed to
three Sydney plywood distributors. Thelr reactions were
favourable, the general opinion being that it was good enough
for furniture and panelling. Price would be crucial as there
iz cheap plywood available from Malaysia and Fiji.

14.2 Post Gravevard Test

Between 1986 and 1987 a graveyard test of poles of whitewood,
cordia, coconut, pine and terminalia was established at
Monbiftek. This was assessed in June 1994 when most of +the
posts were approximately 8 vyears old, the whitewood being 614
vears old and the coconut being 7 years cold. 7The cordia posts
were divided Into two types; tops and butts. The two types of
cordia posts, the pine and the terminalia had three treatments
applied:

(i) Pressure treated with copper chrome arsenate (CCA)
(11) Sap replacement treatment with CCA
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(iii) Mo treatmsnt

All thes whitewood polses were pressure treated and none of the
coconut poles were btreated A1l the pressurs treated posts of
avery species were still sound. with the cordia top posts
showing most detericration. Most treated with sap replacement

showed considerable decay or had rotted to a stump at ground
levael. GCf thoses treated by sap replacement, only three of ths
five pine posts were still reasonably sound, the other two

were missing. Untreated posts of every species were either
missing or had rotted, with a stump at ground level being the
only remaing. Although one of +the coconut posts was gtill

gtanding it showed heavy decay, three were roitfed stumps and
one was migsing.

For durabls posts of the speciss tested pressure Lreatment
with CCA would appear to be the only wviable treatment,
Treatment of coconubt poles still needs to he investigated.

14.3 Traditional Uses

A review ¢f the Local Supply Plantation programme by Jenks,
(16%2) involved a guestioconnaire designed %o identify forestry
needs of wvillagers. This algo idipvelved examining the
praferred tree species for wvarious uses. Uses and prefervred
species are listed below in Table 14.3.1.

|
|

Use Speciss
Construction Navenws, burac, nabanga, nhamaumau
Sround Posts burae, natora, navenwe

Aerial members navenwe, nabanga, namatal {(more in the H
southern islands). namaumuau

;Fuelwood Navenwe, stinkwood, buraoc, namatal, cassis,
nandac (No stirong preferences eypressed for
those for cocking)

Tococl Handles casuarina, natora, namalu, comb tree, i
natora

Digging dticks namaumau, natongtong. nakatambol, cassis, l
casuarina

Canoes Canoe tree, bredfrut and occassionally
it bluwota, burac

!Tamtams bredfrut. natora, bluwocta

]Carvings natarca, natora, black palm

Windbreaks Nambanga, mango, buraco, casuarina, nataroa

Live Fences burao, bluwota. narara.

Fruitg/ Nuts navele, nakatambol, nangail, Nakavika,
namambe, nandaoc.

Table 14.3.1 Uses and Preferred Species



SECTION 15 SUMMA

15.1. Summmary. Conclusmions and Recommendations

Seed Handling Resesarch

For most of the native speciss that produce gquality timber
appropriate sead pretreatments are known, However two
species, Alphitonia zizyphoides and Dysoxyicon amooroides
require further work.

All sesd of native species 1is sown as soon after collection as
possible and further work needs to be conducted on methods of
st

Mursery Regearch

More research needs to be undertaken on finding methods of
successfully raising cuttings of kauri (dgathis macrophylla).
Failure at the IFP trial was probably due to some basic
mistakes, notably the low humidity, that the material may have
bzen too old and possibly thﬂ wrong hormone or using water
instead of alcchol +to dilute the thormons. Successful
techniques used by Neil, ({1987) should be used and refined to
make them suifable for 2

iar gcale rather then research scale
production. Using cuttings to produce stock of bluweta
Fterccarpus indicus) would seem to be straightforwar

Other nursery trials concentrated on nursery techniques for
Cordia allicdora Unfortunately this species 1is no longer
planted at TIFP and 1s wunlikely to form a large part of any
other forestry plantings in Vanuatu. In the container trial a
relatively small container (151 ceod was found to Dbe
appropriate for raising cordia and this will give considerable
savings over using the standard plastic pot (622 co).

The combined growth medium/ fertiliser trial agasin using C.
alliodora showsed tha for this specie required additional
nutrients to  be added te the soil if & plantable seedling is
to be raised in 3 to 4 months. Mixing sand with the soil was

not found to Improve growth. Fertiliser applications of about
17g NPK 1:1:1 (47) per 100 pots szeems to be a reasconable
treatment. There i1z conflicting evidence for Dbest placement
of the fertilissr. The TRZ trezatment, where the fertiliser

is placed 1/ down the pot gives a better growth: cost ratio in
the pots but the normal top dressing gives a better growth:
cost ratico in the trays. For convenience a normal ‘top
dressing would be preferrad.

A collaborative trial Dbetween the IFP Project and ACIAR
testing the effect of seven fertiliser treatments on the
growth of whitewood seedlings yielded no significant

differences betwsen treatments. Application per unit soil was
much less than in the cordia fertiliser/ growth media trial
although applicatio per tree was greater, except for P.

Possibly the amount of fertiliser applied was toc sSmall or
there may have Deen sufficient nutrients in the soil already.

35



Fertiliser Research

The two trials 22tablished Lo test the effect of fertiligers
on growth  of mahogany and whitewood  in cut lines showed no
significant i "ences between treatments. This may have

Deen due to the affect of heavy wesad competition. Weeding was
not  as rigorous as usual due to the civil servant’'s strike of
1893/ 1594,

In the smali trial established with allicdora to test the
effect of "Fertimel" slow release fertiliser tablets on growth
the fertilised trees had a greater mean height. However, the
differences were not significant betwsen the height of trees
with the fertiliser and those with no fertiliser.

Site Investigations

A scil survey of the IFP  leasehold by ODNRI showed thsre to be
Do constraints to growth of . alliodora fkcept possibly

deficiency of K.

Species Testing

Zeveral specisz  have been found that ars well adapted to  the
conditions on  Santo. These are (. alliodora, 5. macrophylla,
G,  arborsa, P. carribaea and several of the indigenous
Speciles, notably E. medullosum, 4. macrophylla, F. rlexuosa,
L. bijuga and . australe,

Several of the indigenous species would not be cengidered for
commercial plantings, The slow growth of I. bijugs and ¢,
australe make planting of these Species unattractive compared
with some c«ther high guality timber trees, notakbly =,
nacrophylla. Early vresults indicate D. vitiense and D.
amooroides are also slow growing. At present markets for .
australe are poor and due to pipe vrot in the bole being
COmmon, recovery is often not good. f. flexucsa has a role in
future plantings as it has a highly durable heartwood and for
poies can be cut much 2arlier than trees raised for timber.
Initial growth at IFP has lbeen "easonably  fast aithough the
twenty vear old trees at Naveta Farm have grown slowly. It is
ong  of the most popular gpecies in the IFP ¢xtension
Drogramme Kauri (4. macrophylla) is anothear speciles worth
planting. Initial growth is  slow but the size of the old
trees at Navota Farm and Monbhiftek Suggests that reasonable
growth can be  expected over the rotation. Timber of thisg
species is +valuable. Pogsibly the mogt promising native
Species  is E. medullosum. This produces a pale non-durable
wood that is much in demand, prices having doubled in the past
four vears. The only commercial plantings of any scale, by
Melcoffes Sawmill have been of thig species. Some doubts
remain of its cyclone resistance, but initial growth is good,
being a bit slower than the exotic, 5. macrophylla.

Unfortunately, it may be that the trials at IFp and elsewhere
in Vanuatu have not shown the full potential of the indigesncus
species. Some have been evaluated on the basig of pericrmance
of trees from =eed collections of a few treas cnly.,
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O the =sxotic =i that have been tested for over twenty
ysars, S ¥ @ 1s a species that should be given
priovity far futurs plantations for high gquality timber.
There is much experience of this species in other parts of the
Pacific prone to cyclones; it was recommended for high guality
timber production in a review of species for Western Samoa
(Wilcox, 1991) following major damage to plantations there by
Cyclone Ofa. Experience in Fiji has shown it to be relatively
resistant to cyclone damage and disease. The species favoured
in the past in Vanuatu, ¢. alliodora has unfortunately been
shown to retain dead knots, lowering timber quality; to have
poor markets in the Asia-Pacific Region; to produce profuss,
weedy natural regeneration and to be susceptible to Phellinus
noxius. This species is no longer planted.

For utility timber &. arbeorea is a favoured gpecies with fast
growth, Quality ¢f the material in Vanuatu needs +to be
improved and much of it has poor stem form. The fast growing
eucalypt, A, deglupta should not bLe planted due to poor

resistance to cyclone damage. In Western Samca 78% of the
stands were written off due to damage by Cyclene Ofa (Wilcox,
19917y . For Western OSamca FE. pellita was suggested by
Wilcox. (1991} as a substitute. This species has grown slowly

relative to other eucalypts at Matevulu Picoe and at a trial in
Compariment 7 at IFP.

For pulp . arborea may alsc be considered. as the sucalypts
and especially the acacias tested have been shown to be

suscepltible to cyclone damage. However, the gmelina tends to
have poor stam form which would increass +transpert and
processing costs. The eucalypt. E. urophylla shows a tendency

to produce strong upright shoots when snapped and thus may be
the best of the eucalypts +tested. It is also a fast grower.
Of the seedliots tested Mount Lewotibi, 14532 would be = good
choice. Two other eucalypts may also be considered FE.
deglupta, which has shown good performance at a range of sitas
and Queensland E. grandis. which grew well at the Matevulu
Pico Site and at IFP Compartment 7. An earlier introduction

of Z. grandis from Transvaal, South Africa did not perform
well.

Of the other species tested over a reagsonably long pericd. P,
carribaea may be suitable for drier sites, such as the west of
Santo, if planting for wutility timber was ever started there.
On the wetter sites this species grows siower than much higher
value timbers such as 5. macrophylla and there seems little
point in planting it. Species which may have potential but
need further testing include ¢. odorata, C. angustifolia, L.
styraciflua and T.Iivorensis. Growth rates of these species is
reagonable but insufficient numbers have been planted to
determine c¢vclone resistance,

Recently introduced species with potential include Octomeles
sumatrana a fast growing species from the Solomon Islands.
Growth data for Santo is only for one year, but in Western
Samoa. older trees showed good growth and good resistance to
cyclone damage (Wilcox, 1961). Others include Grevillea
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robusta which has grown over two and a half metres in the
first vyear at IFP and Schizolobium parahybum, some of which
are over four metres high two Years after planting.

For windbreaks the indigenous, C. eguisetifolia would ssem to
be a good choice as a windbreak and is wused as such on a
coffee plantation on the Vanafo road.

Nut trees with potential include nangai (C. Indicum) and
Natapoa (T. cattapa).

Provenances Testing

Unfortunately, provenance testing in  the past concsntrated on
C. allicdora. This spescies is unlikely to be planted
extensively in the futurs. Jeedlots  that performed well in
the trials included Turrialba and San Carlos from Costa Rica
and Finca Fineda and Nueva Guineau from  Nicaragua. No

[ La (=8
Marksr provenancs was put in all the +trials which makes
betwe: ' e

impossible.

The 1988 =2, macrophylla provenance tri
preliminary results on those provenances m
conditions. Two hybrid seedlots. did not form particularly
well and can be rejected. Of the others urvival of the Piji
and Vanuatu land races was good and  they may be wsl] suited
for extension. Howsver, growth was not as good as some of the
other seedlots. Two seedlets gave a good compromise batween
survival and growth, one from Lancetilla, Honduras and one
from Rio Piedras Botanic Garden, Puerto Rico.

has given some
t suited to Santo

Results from a L. styraciflua provenance trial suggested that
this species was neo 11l suited to Santo conditions. one
seedlet failing compl V. However., at Ipota on Erromango
this species has aro well  and  shown good survival, A
seedlot with good vival and not significantly different
from those with 1 #2an  dbh and height was from Jan
Estaban. Honduras. » more work needs to be undertaken
before planting of %1 gpecies can be recommended.

"

A provenance trial of (. odorata, including one seedlot of .
angustifolia yielded statistiecal differences in height bhut not
diameter batween seedlots. Growth has been good and this
species has some potential, At Ipota it was badly damaged at
Ipota and more testing is needed before it can be recommendead.
Best height, dbh and survival was a seedleot form Taulabe,

Honduras. The height of this seedlot was not tested
Statistically against the other seedlots. Should growth
continue to  be good and cyclone resistance be shown to be good
further assessment and analysis would be worthwhile. The

trial should be systematically thinned in the near future.

There were inconclusive results only from a P. carribaea
provenencs trial at Monbiftek. No statistical differences
were found betwsen seedlots for dbh. This species is unlikely
Lo be widely planted on Santo as it grows no  more guickly than
species which yield more valuable timber.
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Establishment Research

Growth in line plantings was compared with growth in +the open
through a survey of two areas. It was found to be similar and
line planting is a considerably cheaper method. A replicated
trial would be useful to isolate the effsct of the diffsrent
ciearance methods and other factors such as site variation.

A survey was conducted to examine the grewth  of 5. macrophylla
trees in five cover crops and noe cover Crop. None o¢of the
cover crops gave significantly better tree growth than the no
cover crop treatment. From this survey it would appear that
the expense of a cover c¢rop cannot be justified by growth of
trees alone. Again, a replicated trial would be useful to
test the treatments to  examine differences due to site
variation and dus to the treatments.

A replicated trial examined examined +the effectiveness cf
cover Crops  in suppressing weeds and increasing growth of (.

alliodora. The glyphosate weedkiller was found to be cheaper
and more effective at reducing weed competition and increasing
tree growth. Also 1t was found that the legume cover Crop

reduced growth of the trees compared with the no cover crop
treatment.

Direct sowing of 5 indigenous species was tried with Very poor

results. This cheap establishment technigque cannot be
recemmended in  Vanuatu conditions because of the fast grwoth
cf ccmpeting vegetation. Even 1f the seed germinated the

small seedling is likely top be smothered by weeds.

A further simple and cheap establishment method is the use of
directly planted cuttings. One trial using large staves of P.
Iindicus was complstely unsuccessful. However, this technique
for this species 1is used successfully for live fencing and it
should not be dismissed.

Cattle have been used as a way of agsisting land clearance and
also to reduce weed cover in areas already planted. Some
success has Dbeen achieved with (. allicodora. Cattle. at a
stocking intensity of 1.5 cattle were introduced to an area of
17 month old trees in February 1992. ¥No damage was done to
the trees. Two and a half months later the +trees wers
assesged agian and no damage was noted except to leaves and
lower branches of some treses. Stocking was then reduced to 1
cattle per ha. Two months later all cattle removed as they
had been breaking ocut of the enclosure. Later introductions
of cattle into other areas have been less successful.

A weeding survey was conducted to examine the time to weed
trees in open. & wvisual! assessment showed that weed growth

was worge in the open a&rea than in the cut lines. Although

weeding trees in cut lines was faster the difference was not
significant.

Bata froem an unreplicated spacing trial of ¢. alliodora was
axamined. Even at 30 months spacing appeared to have an
effect cn tree growth.
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Agroforestyy Research

2 trial established with mahogany in which pleots of differeant
crops were tested showed that tree growth was better in the
intercropped plots than in plots with the normal weeding
practices. This was thought to be due to the more intensive
weeding 1in the agroforestry plots. Unfortunately. the data
collected on crop production, is not sufficient to give an
indication of any increase in growth of any of the crops.
compared with planting without trees.

One other trial has been established in collaboration with
IRCC, to examine coffee and cocoa growth in mahogany and
cordia. ©Only a small number of coffee have been planted and
it is hoped to have all the coffee planted in 1985,

Cyclone Damage Surveys

In February 1992, a month after Cyclone Betsy, & damage survey
in the mahogany provenancs trial, planted 1in March 1988,
showed three seedlots to be relatively resistant to cyclone
damage. These were a Vanuatu landrace, a Fijian landrace and
a seedlot from Rio Pisdras Botanic Garden, Puertc Rico (Becker
Walker, 1993b}. It may be that there has been some selection

for resistance to wind damage in the Vanuatu and Fiii land
races.,

A further damage assessment of younger mahogany, between 335
and 41 weeks old was made and a relationship between ground
cover type and damage was found. No relationship between age
and damage was found. All the tresg with snapped stems were
found in the gresnlsaf cover crop and it was thought that this
shorter vegetation may not have provided the suppert to the
trees’ stems of the other taller cover crops. Leaning trees
were found only in the setaria and hamil cover crops, which
are dense grass swards and it may be that the weight of the

sward contributed te pushing the trees over (Secker Walker,
1993a) .

Cyclone damage to mahogany was alsc investigated in  the

agroforestry plots. A higher proportion of damaged trees was
found in the garden, vams and taro plots than in the silk and
silk/kava plots. It was thought that the greater damage 1in

the garden, vams and taro plots may have been due to the

iayout of these plots promoting eddies and turbulence (Secker
Walker, 1953c¢).

Informal assessments have shown the exotic acacias, A.
crassicarpa and 4. mangium tc be highly susceptible to damage
v cyclones. Planting these species in Vanuatu cannol be

recommended.
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FPegtz and Dizeases

As part of an ODA funded Project investigaticons wers made into
the susceptibility of several speciss planted on Vanuatu *to
the Brown Root Rot, FPhellinus noxius. Cordia was found to De
more  susceptible than mahogany and about ten times more

sugceptible than £E. deglupta., E. urophylla, A. mangium, A&.
crassicarpa and . arborea {(Ivory. 1993). Three other
pathogens were identified on trees in Vanuatu during the
study.

Several surveys of pests and diseases on whitsewood have been
conducted. All the trees at IFP are still less than two vears
old and it is not known what pest and pathogen problems will
ocour on older trees in plantation. In the wet seascon. a leaf
fungus (Fhaeseptoria sp) can be a problem. through reducing
ieaf area, not killing the trss. In the "dry" season moth
caterpillars (Cyfura bifuscata or Urapteroides astueniatal
geem To do most damage. Damage was more pronounced in  one
compartment  than the others and this may be due to the trees
being 18 to 21 months older. In March 1994 & new pest, a
3 s found attacking newly planted trees at the
coffee Sawmill plantings near Hog Harbour.

caterpillar defoliators of Terminalia cattapa ware
ifi the moth, Roeselia lignifera and the butterfly
onis. They Thad stripped nursery stock of much
mid rib only being left,

oy

225 have been identifi
od and a moth, Agathiphaga

ad pests of two indigenocus tr
Wwasp,., Svoeuryvitoma sp.  on whiLewo
S o
('3

Permanent Sample Plotg

Most of the permanemt sample plots are less than two years old

and s¢ conclusicons cannot bhe drawn from the reaults. It is
hoped that they will provide data which will add to  the
information gained from the trials. A review of the programme

is needed soon to examine whether thers ars snough plots to
obtain a sufficiently precise estimate of growth of the
species and the compartment.

Preliminary rezults confirm the findings of the trials, with
species like FE. wrophyilia, ¢. sumatrana, . robusta, .
arborea, C. alliodeora and 8. macrophylla showing good growth
and survival. '

Sccial Forestry Regearch

Several surveys have been conducted on peoples' uses and
preferences for trees for particular purposes. This 1is
ongoling. with two botanists from the Department of Forestry
continuing to examine people's use of trees. There is now a
considerakble amcunt of informaticn collected.
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End U=ze Research

ia Io WA =ant he Foregtry Commission of New South
Wales to e tested fo eling, for wveneer and plywood. In
general 1t peeled well and adhesive tests showed it to be
suitable for plywood and there were no problems foreseen in
combining it in composites with eucalypts. The plywood panels
produced had a good finish and were not prone to  warp.
Samples sent to plywood distributors met with a favourable
response (Wade, Ksiazek and Chapman, 16%2).

A graveyard test for poles was established at Monbifiek in
1986 and 1987 by the Department of Forestry. Results showed
that pressure treating with CCA was esssntial for the species
tested and that the sap replacement {treatment was not
sufficient. None of the coconut tested was treated in any way
and it was shown toc have very poor durability.

for traditional wuses was

ion on pref =
L Jenks, (19920,

ati
acted from the

15.2 Becommendations for Future Worlk

Recommendations for pricrity areas for research for Phase IT
of the Projsct have been discussed 1in a geparatse document
(Leslie. 1994) Pricrity areas identified from a sUrvey
included

(i} Sead handling. par icularly for indigenous spescies. There
have been problems with poor or delaved germination of some of
the indigencus spescies, notably A. zlzypheoides, A. macrophylla
and E. medullosum. These are species with potential and

further work is requirsd.

=5 {

(11} DNursery vraesearch. particularly for several indigenous
species. Unfortunately, most nursery work concentrated oin
methods of raildsing €. alliodora Simple trials for optimum

pot size and nursery nutrition are needed for species such as
5. macrophylla, E. medullosum and 5. flexuosa.

{111} Establishment methods, particularly spacing. Replicated
spacing trials are needed for promising exctic speciss. such
as &. macrophylla and 1nd1ﬂanoua speciss such as E. urophylla,
&. flexuosa and E. medullosum. These should concentrate on
the cut line method of esgstablishment as it would appear to be
mest  financially attractive for large scale plantation
gztablishement. Trials in opsn areas should also he

established for $. wmacrophylla and §. Fflexuosa as thesse
species are popular with smallhclders and could be included in
gardens.

(iv) Tree improvement including further species and provenence
trials. Provenance triels should concentrate on species such
as E. medullosum (several Vanuatu seedliots and also some from
the Solomon Islands), 5. macrophylla {(Concentrating on those
sgedlots that are vreadily available from suppliers) and G.
arborea.
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(v) Agroforestry Techniques. Much oF the work undesrtaksn by
ITF  has concentrated on ewamining the way that crops affect
tree growth and information on how trees affect Crop growth is
at present lacking.

Data on growth rates, returns and costs are also important to
interest investors in forestry and also to enable comparison
of plantation forestry with other land uses.

Should IFP become a Research Centre for the Department of
Forestry it will be necessary tc move trials off the IFP site.
Trials must be established on sites representative of areas
where tree planting is likely to occur in the future. These
would include the areas where coconut is now planted and also
possibly pasturs. VANRIS, a geographical information aystem
for Vanuatu could be used to identify representative sites.

There is a need to find other ways of informing the public and

Foresters of research findings. Most Foresters have never
read a Research Report. This includes those involved in
extension. Regular field days. radio programmes and short

articles in Bislama on important research findings might help.
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Arperndix 2 @ ACIAR NUTRIENT RECIPES

Salt

CONFUIE—
KH,FPO,
NH, NO,
K,S0,
CaCl,.2H,0
MgS0,.7TH,0
MnSO,.7H,0
Zn SO, 7THD
Cu SQ.SH,O
H, BO,
Co 50,.6H,0
Na, Mo O,.2H,0
Fe Na EDTA

Complete minus N

Complete minus I’
delete KH, PO,
add  KCl

Complete minus K
delete KH, PO,
K, 8O,

mgsalt /
kg soil

100
280
140
100
LY
15
20
{0

.3

0.4
20

35

add  Ca (11, POH2.2H,0*

10

reduce Ca CL,.2H,Q 40

*added as powder

Complete minus Cu
delete Ca C1,.2H,0

Complete minus S
delete K, SO

Mg 50,
add KCI

120

Mg Cl,.6 H0 70

nig nutrient /
kg soil

P 227 K 28.7
N OO

K 62.9 S 25.8
Ca 27.3 Cl 48.3
Mg 8.0 S 104
o 2.7 S 2.1
Zn 4.6 $2.2
Culé S5t4

B 12

Co 1l S 0.06
Mo (.16 Na 0.08
Fe 3.0 Nall2
K 288 Cl2358
P24.6 Ca 159
Ca 109

K 62.%

Mg 8.4

Total mg nutrient/
kg soil

N 100
P 227
K 91.6
5420
Ca 273
Mg 8.0
Mn 3.7
7n 4.6
Cuib
B 12
Co L11
Mo (.16
Fe 3.0

Changes
N O

PO
K258
Cl25.8

KO
P 240
Ca 26.3

Cad

SO

K 9L.5
Mg 8.4



Complete minus Mg
delete MgSO,

add  Ca $0O,.2H,0 56
reduce Ca Cl,.2 H ,0 50

Complete minus Zn
delete Zn SO, TH20

Complete minus B
delete Hy; BO;

Sind Call
Ca 137

¥

104

Mg O
S 40.1
Ca 267

Zn 0

BO

[ O N TR S AL T S P
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Appendix 4

Bislama and Scientific Tree Names used in the Text.

Bisa
Blackbean
Black palm
Bluwcta
Bredfrut
Burao
Candlenut
Canoe tree
Cassis
Combtree
Cordia
Kauri
Milktree
Nabanga
Nakatambol
Namalu
Namanbae
Namariu
Namatal
Namaumau
Nandao
Nandau
Nangai
Nakavika
Natapoa (kakae)
Natapoa
Natongtong

Natora
Navasvas
Navele
Navenwe
Raintree
Sandalwood
Sea OQak
Stinkwood
Whitewood

Adenanthera pavonina
Castaneospermum australe
Not recgorded

Pterocarpus indicus
Arteocarpus atilis
Hibiscus tiliaceus
Aleurites mollucana
Gyrocarpus americanus
Leucanea leucocephala
Pouteria linggensis
Cordia alliodora
Agathis macrophylla
Antiaris toxicara

Not recorded
Dracontomelon vitiense
Not recorded

Inocarpus fagilferus
Acacia spirorbis
Klienhovia hosplita
Securinega flexuosa (Syn. Flueggia flexuosa)
Pommetia pinnata
Pommetia pinnata
Canarium Iindicum
Svzygium malaccense
Terminalla cattapa
Terminalia sepicana
Ceriops tagal, Avicennia marina, Rhizophera
spp., Sonpneratia spp.
Intsia bijuga

Alphitonia zizyphoides
Barringtonia edullis
Macaranga dioica

Samanea saman

Santalum austro-~caledonicum
Casuarina egquisetifeolia
Dysoxylon amooroides
Endospermum medullosum
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