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ELEMENTAL SULFUR COATED FERTILIZER MATERIALS AS SULFUR
SOURCES FOR RICE UNDER FLOODED AND NON-FLOODED
CONDITIONS

Joachim A. Pitala,”* Graeme J. Blair' and Ray A. Till'

ABSTRACT

A study was undertaken to investigate the effectiveness of a range of elemental sulfur (S°) coated TSP
fertilizer materials in rice under flooded and non-flooded conditions.

The experiment was conducted in a glasshouse at the University of New England, Armidale, N.S.W., Australia,
using a factorial combination of 6 sources of S° coated fertilizer materials [Gold-phos 10 (GP10), UNE511,
UNE1, TSP+Sf (fine), TSP+S°m (medium), TSP+S°% (coarse)], and a Control, 2 water regimes and 3
replications. The soil used in the study was an S-deficient Aquic Haplustalf. The treatments were arranged
in a randomized complete Block design (RCBD). P and S from the different S° coated materials were
applied at the rates of 46 kg P/ha and 10 kg S/ha, respectively.

The use of *S labeled soil and the employment of the Reverse Dilution Technique enabled the estimation
of the recovery of the fertilizer S in the various components derived from the different S sources.

Mean percentage recovery of fertilizer S in the straw and grain, and mean total S recovered in the rice tops
were significantly lower in the GP10 and UNES11 fertilizer treatments.

Based on the results, it was concluded that UNE1, TSP+S% TSP+S8°m and TSP+S°% were effective S

sources for rice under flooded and non-flooded conditions.

Keywords: elemental S, rice, coated fertilizers, radicactive S, tiller, grain

INTRODUCTION

Sulfur (S) is one of the major nutrients required by
piants for thewr growth, it is a major constituent of
the amino acids ~ cysteine and methionine, and
various other compounds in piants (Russeil 1973;

Anderson 1975, Thomson et al. 1986)

Despite its importance as an essential plant nutrient,
it has received littie attention compared to nitrogen
(N), phosphorus (P) and potassium (K) and only in
the recent past, has its significance been recognized.
The incidence of S deficiency is becoming
widespread and has now been widely recognized in
many countries (Morris 1987). S deficiency is
widespread in maost rice growing regions, particutarly
in Southeast Asia (Blair 1983, Ismunadji et al. 1983,
Mamaril ef al, 1983, Hoult ef al. 1983), Latin America
(Wang et al. 1976), and Africa {Osiname and Kang
1975).

In the past, the so-called “low analysis" fertilizers
such as single superphosphate and ammonium

sulfate were the principal sources of S for most
agricultural crops. Recently, however, there has
been a growing shift away from the use of these
fertilizers to the so-calied “high analysis” fertilizers
such as urea, triple superphosphate (TSP}, mono-
and di- ammaonium phosphates which contain littie
or no S (Blair 1979; Morris 1987)

As the nesed for S increases to counter the S
deficiencies resulting from the use of high analysis
fertilizers. many aitempts have been made to use
elemental S (S°) to supply crop demand (Fisher et
al. 1984). However, since plants use only 80O * - S,
S? needs to be oxidized before a plant can utilize the
S. Coating of fertilizer materials with S° has been
introduced to deliberately supply S to plants and this
employ finely ground 8° to granular products with
various binders such as lignosulfonate,
formaidehyde, etc. Most of these materials contain
10 - 100 % S (Tandon 1987).

The experiment was conducted under glasshouse
canditions to investigate the effectiveness of some

' Department of Agronomy and Soil Science, University of New England, Armidale, N.S.W. 2351. Australia.
? Present Address: Department of Agriculture and Livestock, P.O. Box 1984, Lae, PNG.
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of the S° — coated TSP fertilizer materials as S
sources for rice in terms of yield, S content and the
recovery of fertilizer S in the straw and grain
components, under flooded and non-flooded
conditions.

MATERIALS AND METHODS

Location

The experiment was conducted from January to May
1997 in a glasshouse at the Department of Agronomy
and Soil Science of the University of New England,
Armidale, N.S.W. Australia.

Experimental Design

The experiment consisted of a factorial combination
of 6 S° coated fertilizer materials [Gold-phos 10
(GP10), UNE511, UNE1, TSP+Sf (fine), TSP+S°m
(medium), TSP+S° (coarse)], and a Control, 2 water
regimes (flooded and non-flooded) and 3 replications.
These treatments were arranged in a randomized
complete block design (RCBD).

Soil Sampling and Preparation

Surface layer (0-15 cm) of an S-deficient Aquic
Haplustalf (Anderson, 1988; Dana, 1992) soil from
Uralla, N.S.W., was collected from a natural pasture
site, air-dried, processed through a soil shredder and
passed through a 2 mm sieve to obtain a uniform
before being used in the

soil particle size

experiment.
Coating of TSF Granules with Elemental S

Three different S° particle sizes were used to coat
the TSP granules. These included 53-154 um (fine),
154-263 um (medium) and 263-328 um (coarse)
Coating of TSP granules with S° was done by
weighing 20g each of the three S° particle sizes and
mixing them thoroughly with 10 mi of calcium
lignosuifonate to make a paste. TSP granules of 2-
2.8 mm diameter were then added to the S/
lignosulfonate mixture and mixed thoroughly with a
glass rod. To get a good coated material, the mixture
was transferred to a rotating drum and a slightly warm
air blown over the granules. The S° coated TSP
materials with the 3 different particle sizes were then
air-dried and stored in three different plastic jars.

Measurement of the S content of each of the coated
materials was done by using the Combined
Phosphorus and Sulfur Digest Method for Soils and
Fertilizers by Till et al. (1984). The P and S rates
used in the experiment (46 kg P/ha and 10 kg S/ha)
were thus calculated based on the P and S contents

of the coated TSP materials as obtained from the
analysis and the surface area of the pots (183 cm?).

*# S Labeling of the Soil Samples

Prior to potting, 42 lots of 1.85 kg of soil were weighed
and put in plastic bags. *S was then used to labeled
the soil samples. This was done by using a syringe
to apply 5 ml of the radioactive solution (K,**SO,) to
the soil surface in the bags. Immediately after the
application of the radioactive solution, 50 mi of
deionized water was added and mixed thoroughly
with the soil in the plastic bags. The labeled soil
samples were then kept in a storage room to incubate
for 3 weeks. Incubation allows the equilibration of
38 with the native sulfate and rapidly turning over
organic S in the soil (Dana, 1992). After the
incubation period, the sample in the plastic bag was
placed inside a second plastic bag so that there were
two plastic bags/pot as inner linings. These were
then transferred to the glasshouse, manually irrigated
with deionized water to field capacity and were ready
for basal nutrients application, which was done a day
later.

Basal Nutrients and Treatment Applications

Only N and K were applied as basal nutrients and
these were mixed thoroughly with the soils. The
nutrients were applied as Urea (400 mg urea/pot)
and KCI (35.2 mg KCl/pot), respectively. A day after
the basal applications, 6 two weeks old rice (variety
IR30) seedlings which were grown in quartz sand
were transplanted per pot

After the adjustment period of 1 week, 6 different S
coated TSP fertilizer materials and 2 water regimes
(flooded and non-flooded) were applied. The 6
different coated TSP fertilizer materials include Gold-
phos 10 (GP10), UNES511, UNE1, TSP+S"f
TSP+S°m and TSP+S°. Description of the coated
TSP material UNE1 is given by Dana et al. (1994a)
UNES511 was made in a similar manner as UNE1,
pul its coat was hardenad during the drying process
Golphos 10 is a commercial S° coated TSP fertilizer
which contains 18 % P and 10 % S. It is
manufactured by Hi-Fert Pty Ltd, Australia. For the
latter three S° coated TSP, refer to the section on
coating of TSP granules above.

All these S° coated fertilizer materials were applied
by placing the granules uniformly on the soil surface.
The flooded treatiments were imposed by adding
deionized water to a level of 4 cm above the soil
surface and maintained at that level until the ripening
period when watering was terminated. For the non-
flooded treatments, watering was maintained at or
near field capacity by weighing until the ripening
period when watering ceased. Table 1 indicates the
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Table 1. Application rates (mg/pot) of P and S of the elemental S coated fertilizer materials.

Coated material %P | %S Coated P added Extra P Uncoated
TSP incoated | needed to TSP to
mg/pot for | TSP make 84.18 | make up
10 kg (mg/pot) mg/pot for P level
S/ha 46 kg P/ha | (mg/pot)

GP10 18.0| 10.0 | 183.0 329 51.2 222.5

UNES11 174 | 9.7 189.0 329 51.2 2225

UNE1 20.0( 10.0 | 183.0 36.6 47.6 206.6

TSP+S% (53-154um) 20.7 | 10.3 | 1775 36.7 47.5 206.2

TSP+S°m (154-263um) 20.3 | 11.3 | 162.1 33.0 51.2 222.5

TSP+S°% (263-328um) 20.3 | 11.6 | 158.2 32.0 52.2 226.2

application rates of P and S of the S° coated fertilizer
materials.

Tiller Count and Leaf Sampling

Twenty days after transplanting (DAT), the first tiller
count was made and at 27 DAT, a second tiller count
was carried out and repeated at 2 weeks intervals.
The first leaf sampling was made during the second
tiller count (27 DAT) with the subsequent tiller counts
and leaf samplings carried out at 41 DAT, 55 DAT
and 69 DAT. Hence, a total of 5 tiller counts and 4
leaf samplings were conducted.

To sample the leaves, the first step was to dry the
digestion bottles (50 ml borosilicate screw-top)
without the caps, in an aven at 80 °C for 24 hours.
After coaling, the dry bottles were weighed and taken
to the glasshouse

Sampling of the leaves for each treatment was done
by clipping at the leal base, the youngest fully
expanded leal from the top of the main tilier with a
pair of scissors. Since there were 8 rice plants/pot,
ieaves were sampled from the first three plants and
at the next sampling, the samples were taken from
the other three plants, alternating at the subsequent
samplings

Immediately after the leaves were harvested, they
were cut into small pieces of about 5 mm in length
and put in the appropriate digestion bottles. The
bottles with the fresh leaves samples were then taken
to the laboratory and their fresh weights taken. These
were then dried in the oven at 80 °C for 48 hours.
Aifter cooling, the botties with the dry samples were
weighed to determine the dry sample weights for
each treatment.

Panicle, Grain and Straw Harvest

At harvest, the number of productive panicles were
counted and recorded. The grains were harvested
by stripping them from the panicles and sorted out
into filled and unfilled grains. These were counted
and recorded. The straw was harvested by cutting
approximately 1 cm above the soil. The unfilled and
filled grains, and straw were then dried at the oven
at 80 °C for 48 hours and weighed after cooling. Each
straw and filled grain sample was then ground to
pass a 1 mm screen.

Laberatory Analyses

Laboratory analyses of the leaf samples for each
harvest was done following the procedures outlined
by Anderson and Henderson (1986) for Sealed
Chamber Digest for P, 8, K, Na, Mg, Ca and trace
elements determination. Total S in the leaves for
each sampling times (27 DAT, 41 DAT, 55 DAT and
69 DAT), was measured by the ICP spectrometry
(ICP-AES) and *S content was measured by Liguid
Scintillation Counting (Till et a/. 1984), The Reverse
Dilution Technique of Shedley et al. (1979) was used
to calculaie the recovery of fertilizer S by the rice
plants whereby the radicactivity data were converted
to specific radioactivity ratio (SRR). SRR is the ratio
of the treatment to the Control specific radioactivity
(SR} and SR is the activity of **S in becquerel per
gram of dry matter (Bg/g DM) expressed per unit of
total S content of the plant leaves (ig/g). Therefore
the amounts of suifur derived from the fertilizers were
estimated as (1-SRR) x 100%.

For analysis of total S in the straw and grain, a sub-
sample of 0.20 g for each treatment and plant
component was taken and digested using the same
procedure as outlined for leaf analyses, and
measured by ICP Spectrometry. **S content was

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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measured by Liquid Scintillation Counting (Till et al.
1984) and fertilizer S recovery was calculated using
the Reverse Dilution Technique of Shedley et al.
(1979).

Statistical Analysis of Data

The data collected for the different parameters
measured were analyzed by the analysis of variance
(ANOVA) using the NEVA Version 3.3 computer
program (Burr, 1982). Mean separation for each
treatment was determined using the Duncan's
Multiple Range Test (DMRT), where treatment
effects observed at the probability level of 5% or less
are treated as significant.

RESULTS
Yield Components
(i) Tiller numbers

The effects of the different S° coated fertilizer sources
on tiller numbers were significant at 20 and 27 DAT
(Table 2). At 20 DAT, higher tiller numbers were
observed in the TSP+S%, TSP+S°m, TSP+S°,
UNE1 and UNE511 S° fertilizer sources, which were
similar.

At 27 DAT, application of UNE511 resulted in a
significantly lower tiller numbers, which was similar
to the Control treatment. No significant differences
in tiller numbers were observed between the different
S° coated fertihzer sources at 55 and 69 DAT

There were significant differences in tiller numbers
observed at different counting times (Figure 1). At
20 DAT, the tiller numbers produced in the non-
flooded treatment was significantly lower than that
of the flooded treatment. The highest tiller numbers
produced in the flooded treatment was observed at
27 DAT, although this was similar to the non-flooded
treatment with the means of 3.84 and 3.98 tillers/
plant for the non-flooded and flooded treatments,
respectively. At 69 DAT, the till numbers under
flooding, declined dramatically as compared to the
tiller numbers under non-flooding. Figure 1 also
shows that tiller numbers under flooding were
consistently lower after the second tiller count (27
DAT) compared to the non-flooded treatment.

(ii) Filled grain numbers

There was no significant water regime x S° fertilizer
source interaction (Appendix 1) on the number of
filled grains. However, the application of the different
S° fertilizer sources resulted in significant differences
in the mean number of filled grains (Table 3). The
mean filled grain numbers in the Control and GP10
treatments were similar but significantly lower as
compared to the mean filled grain numbers in the
other S° fertilizer sources.

No significant differences in mean filled grain
numbers were recorded in the UNE1, TSP+S%,
TSP+8°m and TSP+S°%, and between UNE511,
UNE1 and TSP+8°% S° fertilizer sources (Table 3),
Application of the different S° coated fertilizer sources
did not have any significant effects on the number of

unfilled grains, and panicle numbers were neithe!

Table 2. Tiller numbers (tiller/piant) counted at different times as influenced by different S fertilizer

sources,

; S° coated fertiiizer materials

|
Harvest Control [ GP10 | UNE511 UNE1 | 1SP+5% | TSP+S°m | 3
time
20 DAT 22c 2.8b 29 ab 3.0 ab 32a 3.0 ab 3.0ab
27 DAT 3.2¢C 42a 34c 41 ab 3.9ab 4.1 ab 3.8ab
41 DAT 36b 4.1a 4.2 a 44 a 4.3 a 4.2 a 44a
55 DAT 39b 4.1 ab 41 ab 4.2 ab 443 4.2 ab 4.2 ab
69 DAT 3.8a 35a 3.8a 39a 40a 38a 39a

Numbers followed by the same letter in a row within each harvest time do not differ significantly at

the 5% level by DMRT.
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Figure 1. Tiller numbers (tiller/plant) counted at various times for the non-flooded and flooded

rice.
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influenced by the imposition of the water regimes or
application of the different S° fertilizer sources (data
not presented).

The number of filled and unfilled grains were
significantly influenced by water regime (Figure 2).
I'he filled grain numbers in the flooded treatment (F)
were significantly higher than that of the non-flooded
treatment (NF) with the means of 578 giains/pot and

172 grains/pot, respectively (Table 3 and Figure 2)

Tabie 3. Effects of
number of filled grains ¢

rice under flooded and non

l Fillzd grain numbers (grains/pot)

Yield Parameters
(i) Straw and filled grain dry weights

There was no significant water regime x S° fertilizer
source interaction (Appendix 2) on straw dry weight
(DW). However, application of the different S° coated
fertilizer scurces resulted in significant differences
1 straw DW (Table 4). A higher mean straw

"W\ - sevrrtort i TCOPE COf
DW was recorded in the TSP +5

N Meal

treatment with a

the application of the different S° coated fertilizer sources on the

flooded conditions.

— - S —
| S°fertilizer source | Flooded , Non-Flooded 1 Mean :
e e e ————
| Control | 387 4 203 } 295 ¢ ‘
| GP10 | 443 L 254 ll 348c |
| UNE511 l 645 I 297 i 471b |
| UNE1 | 623 i 142 , 532 ab |
| TSP+sH | 669 421 | 54580 |
| TSP+s°m ] 645 ! 478 | °61 a

TSP+8% | 636 ' 514 L 575 a
Mean 1| 578 a 372 b |

Mean values followed by the same letters in a column or row, are not significantly

different at the 5% level by DMRT.
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Figure 2. Effects of water regimes on the number of filled and unfilled

grains of rice.
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Columns headed by different letters within the two respective grain categories
(filled and unfilled) differ significantly at the 5% level by DMRT.

Figure 3. Effects of water regime on the dry weight of filled and unfilled grains

of rice.
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Coiurmnns headed by different letters within the two respective grain categories (filled and unfilled)

differ significantly at the 5% level by DMRT

mean DW of 13 g/pot which was similar to that of
UNE1, TSP+S8°m, TSP+S% and UNES511.
Application of GP10 resulted in a lower mean straw
DW (11.8 g/pot), but this did not diifer significantly
from that of UNE511, UNE1, TSP+S°m and
TSP+8%. The lowest straw DW was observed in
the Control treatment with a mean of 7.2 g/pot.

The mean dry weights of filled grains were
significantly influenced as a result of the applications
of the different S° coated fertilizer sources (Table 4).
Higher but similar mean dry weights of filled grains
were observed in the coated fertilizers TSP+S°m,
TSP+S%, TSP+S8% and UNE1 with the means of

10.4, 10.3, 10.1 and 9.9 g/pot, respectively (Table
4). GP10 had the lowest mean DW of filled grains
There was no significant difference observed
between the GP10 and the Control treatment.

The imposition of the two water regimes resulted in
significant differences in mean DW of filled and
unfilled grains (Figure 3 and Table 4). Flooding of
the soils resulted in significantly increased DW of
filled grains from a mean DW of 6.5 g/pot without
flooding to a mean of 10.9 g/pot with flooding. Inthe
case of unfilled grains, there were significantly lower
unfilled grain mean dry weights in the flooded
treatment (Figure 3 and Table 4).

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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Table 4. Dry weight of rice straw and grain, and total dry weight of tops as influenced by
the application of the different S fertilizer sources under flooded and non-flooded

conditions.
S material Straw DW (g/pot) Filled grain DW (g/pot Total DW (g/pot)

F NF Mean |F NF Mean F NF Mean
Control 6.9 7.4 72c |71 33 5.2c 14.0 10.7 12.4d
GP10 11.7 11.8 | 11.8b |83 4.4 6.4c 20.0 16.2 18.1¢c
UNES511 | 126 12.3 | 12.5ab| 12.1 5.3 8.7b 24.7 17.6 21.2b
UNE1 13.4 12.2 | 12.8ab|11.7 8.0 9.9ab | 25.1 20.2 22.7a
TSP+S% | 13.3 12.7 | 13.0a |12.7 7.5 10.1ab| 26.0 20.2 23.1a
TSP+8°m | 12.8 11.7 | 12.3ab| 12.2 8.6 10.4a 25.0 20.3 22.7a
TSP+S°% | 13.2 12.0 | 12.6ab}12.0 8.7 10.3a 25.2 20.7 22.9a
Mean 11.9a| 11.4a 1i0.9a |65Db 229a | 18.0b

Mean values followed by the same letter in a column or row within each rice component are not

significantly different at the 5% level by DMRT.

{(fi) Total dry weight of tops (straw + grain)

Table 4 indicates that the lowest mean total DW of
tops was recorded in the Control treatment followed
by GP10, which recorded a significantly lower mean
total DW of tops compared to the UNES1 | S fertilizer
source. UNE1, TSP+5%, TSP+8%m and TSP+S%
recorded higher but similar mean total DW of tops.
Flooding of sails significantly increased the mean
total DW of teps from a mean of 18.0 g/pot without
flooding to a mean of 22.9 g/pot with floading (Table
4)

Sulfur Content and the Recovery of Fertilizer S
in Leaves at each Leaf Harvest

(1} S content of leaves

Water regimes had a significant effect on S content
of leaves only at 27 DAT, where the mean S content
averaged over fertilizers was 0.25 and .30 mg/pot
in the flocded and non-flooded treatments
respectively. Application of the different S° coated
fertilizer sources did not have any significant effects
on S content of leaves at 27 DAT (Table 5). The
Control treatment recorded a significantly lower S
content of leaves compared to the S° coated fentilizer
sources. A similar trend was observed at 41 DAT,
where the lowest S content of leaves was recorded
inthe Control treatment, which was significantly lower
than that of GP10 and UNES511 S°fertilizer sources.
LLower and similar S contents of leaves were

observed in the Control and GP10 treatments at 55
DAT. At 69 DAT, higher but similar S contents of
leaves were observed in the TSP+S°mand TSP+S%
S° coated fertilizer sources.

(il) Fertilizer S recovery in the jeaves

Table 6 shows that at 27 DAT, flooding of soils
significantly increased the mean percentage
recovery of the fertilizer S from a mean percentage
S recovery of 18% without flooding to a mean of 41%
with flooding., Application of TSP+ S% fertilizer
resuited in a significantly higher recovery of fertilizer
S in the rice leaves at the first leaf harvest (27 DAT)
with a mean of 40%, although this was similar to
that of the UNE1 (35%), TSP+S°m (34%) and
TSP+8% (31%) S° coated fertilizer sources. The
lowest fertilizer S recovery in the rice leaves was
recorded in the UNES11 S° fertilizer source.

There was a significant interaction between water
regime and S° fertilizer source on the percentage
fertilizer S recovery in the rice leaves at 41 DAT
That is, in the presence of floodwater, mast of the
fertilizers significantly improved their performances
as far as recovery of the fertilizer S is concerned.
At 55 DAT, the S°fertilizer sources UNE1, TSP+S,
TSP+8°m, TSP+S° recorded high but similar mean
percentage fertilizer S recoveries. Flooding of soils
also significantly increased the mean fertilizer S
recovery. At 69 DAT, a similar trend was observed.
Application of GP10 and UNES511 resulted in

Papua New Guinea Journal of Agriculture, Forestry and Fishernes
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Table 5. Effect of S° coated fertilizer sources on S content (mg/pot) of rice leaves at different
leaf harvest times.

S° Coated fertilizer materials
Leaf Control GP10 UNES511  UNE1 TSP+S°f  TSP+S°m TSP+S%
harvest
| time
S content
27 DAT 0.22b 0.30a 0.27 a 0.28a 0.30a 0.30a 0.30a
41 DAT 0.15d 0.22¢ 0.24 be 0.29a 0.29a 0.27 ab 0.28 ab
55 DAT 0.18c 0.21c 0.30b 0.37 a 0.31 ab 0.32 ab 0.33 ab
69 DAT 0.15c 0.18de 0.22 cd 0.25 be 0.26 bc 0.29 ab 031 a

Values followed by the same letter in a row within each harvest time do not differ significantly at
the 5% level by DMRT.

Table 6. Percentage fertilizer S recovery (%) in rice leaves from the different S° coated
fertilizer sources measured at each harvest under flooded (F) and non-flooded (NF)

conditions.
S° coated fertilizer materials
| Water GP10  UNE511  UNE1  TSP+S% TSP+S°m TSP+S%  Mean
| regime —
27DAT
l
F 41 7 36 50 39 52 41 a
NF 0 5 34 11 28 27 18b
Mean 21 be 16 ¢ 35 ab 3tabc  34ab 40 a Q
| Mez __e1bc i6¢c 3%ab 2 Jdlabc  v4a ) : —
| |
' 41DAT |
F 34 abc 38 ab 50 a 43 ab 19 bed 52 a
N¥ cd 0d 29 abe 37 ab 28 abc 18 bed
55DAT
F 25 30 56 51 46 52 43 a
| NF 0 7 32 26 19 28  19b |
| Mean 13b  19b  44a  39a  33a  40a
69DAT
F 13 28 60 57 45 47 47 a
NF 1 3 36 31 31 41 24b '1
Mean 7b 16 b 48 a 44 a 38a 44 a

Values followed by the same letter in a column or row within each harvest time are not significantly
different at the 5% level by DMRT.
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significantly lower mean percentage fertilizer S
recovery at 69 DAT.

Sulfur Content and Recovery of Fertilizer S in the
Straw and Grain Components

(i) S content of straw and grain

Flooding of the soils resulted in significant increases
in the mean S content of straw and grain with the
means of 7.5 mg/pot with flooding and 6.4 mg/pot
without flooding for the straws, and 9.8 mg/pot with
flooding and 5.7 mg/pot without flooding for the grains
(Tabie 7). Appiication of the different S° coated
fertilizer materials resulted in significant differences
in the mean S content of straw and grain, and the
mean total S content (Table 7).

Higher but similar mean S contents of straw were
recorded in the S° coated fertilizers UNE1, TSP+S°%
and TSP+8S°, followed by TSP+S°m and UNE511,
which were significantly lower. The lowest mean S
content of straw was observed in the Control
treatment, which was significantly lower than that of
the GP10 S° coated fertilizer source (Table 7).

A similar trend was observed for the S contents of
grain where higher but similar mean S contents were
recorded in the UNE1, TSP+S%, TSP+Sm and
TSP+S% S° coated fertilizers. The Controland GP10
treatments recorded the lowest mean S contents of
grain (Tabie 7).

(i) Total S content of the tops (straw + grain)

When the S content of straw and grain was summed,
a higher mean tota! S content in the rice tops was
obtained in the UNE1 fertilizer treatment, but, this
did not differ significantly from those of TSP+S° and
TSP+S% S° coated fertilizer sources (Table 7).
UNES511 recorded a significantly lower mean total S
content in the rice tops, although this was significantly
higher than that of the GP10 fertilizer treatment. The
lowest mean total S content in the rice tops was
observed in the Control treatment. Flooding of soils
significantly increased the total S content in the rice
tops from a mean of 12.1 mg/pot without flocding to
a mean of 17.3 mg/pot with flooding (Table 7).

(iii) Fertilizer S recovery in the straw and grain

There was no significant water regime x S° coated
fertilizer source interaction on the recovery of fertilizer
S inthe straw and grain components. Higher fertilizer
S recovery was recorded in the UNE1 treatment with
a mean percentage S recovery of 38.6% (Table 8),
although this was not significantly different from those
of TSP+S°f and TSP+S° S° coated fertilizer sources.

The mean percentage fertilizer S recoveries in the
straw were significantly lower inthe UNES511 (13.7%)
and GP10 (5.6%) S° coated fertilizer materiais, which
were similar.

The mean percentage recovery of fertilizer S in the
gramn (Tabie B) shows a similar trend as has occurred

Table 7. S contents of straw and grain, and the total S content as influenced by the application
of the different S fertilizer sources under flooded and non-flooded conditions.

OU———
|
|

S content of straw
S '

i

S content of grain

———————,——————————— ———

Total S content

. y

| !
| materiar | (mopev | mopoy | (mgeh) |
| [F T NF TMean [F TN JMean|F | NF | Mean |
|Controt~ |3.0 34 | 32d |50 25 |37 t, s0 | 59 | 69 |
GP10 6.0 5.6 58 |57 33 | 45c | 118 | 89 10.4d
UNE5S11 [ 7.2 66 | 69b |105 | 37 740 | 177 | 103 | 140c
UNE1 {10.3 7.9 9.1a [|12.1 8.2 1022 | 224 i 16.1 19.3a |
TSP+S% 9.2 7.4 83a (123 | 67 o5a | 215 | 141 | 1782 |
TSP+S°m | 7.4 6.6 706 {106 | 74 |90a | 180 | 140 | 1600 |
TSP+S% |9.7 7.4 86a [120 | 78 |99a | 217 | 152 | 185a
Mean 75a 6.4b 9.8a 57b 17.3a| 121D

Values followed by the same letter in column or row within each rice component do not differ significantly

at the 5% level by DMRT.
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in the straw, where application of UNE511 had a
lower grain S recovery compared to the other S°
coated fertilizer materials followed by GP10 which
recorded the lowest (4%) S recovery in the grain
(Table 8).

(iv) Total fertilizer S recovery in the rice tops

Higher but similar mean total fertilizer S recoveries
were obtained in the treatments TSP+S°%, UNE1 and
TSP+S°f with the means of 82.7%, 82.1% and 68.4%,
respectively (Table 8). The lowest mean total
recovery of fertilizer S in the rice tops was observed
in the GP10 fertilizer treatment with a mean of 9.6%,
which was significantly lower than that of the UNE511
(38.8%) treatment. Flooding of the soils significantly
increased the mean total recovery of fertilizer S from
38.7% without flooding to 75.4% with flooding.

DISCUSSION
Number of Tillers and Grains

Applications of the different S° fertilizer sources
under flooding appear to have contributed to the rapid
increase intiller numbers, thus, higher grain number
(Table 2 and Figure 1). Visual observations during
the course of the study, showed stunted growth and
less tiller numbers in the Control treatment
particularly in the early growth stages (Table 2),
which are symptoms of S deficiency (Yosida and
Chaudhry, 1979; Blair et al., 1979b). This is clearly
shown in Table 3, where applications of the different
S ferlilizer sources under flooding resulted in higher

grain numbers than when they were applied to non-
fiooded conditions.

The number of tillers is approximately constant for
any one variety under comparable conditions,
however, tillering can be influenced by cultural
conditions, plant spacings, amount of fertilizer
applied, weeds and water availability (Grist, 1986).
According to Grist (1986), if tiller numbers are few in
number and produced within a short period of time,
the ripening period of all is about equal. However, if
tillers are numerous or produced over a lengthy
period of time, a variable number of unproductive
tillers can occur. Hence, a large number of tillers is
not necessarily conducive to higher grain yield,
because it is possible that unequal ripening may
result.

In the current study, tiller numbers in the flooded
condition, increased rapidly from 3.1 tillers/plant at
20 DAT to almost 4.0 tillers/plant at 27 DAT (Figure
1). Under non-flooding, tiller numbers increased
slowly from 2.7 tillers/plant at 20 DAT to 4.6 tillers/
plant at 55 DAT (Figure 1). De Datta et al. (1970),
indicated that tiller number increases as the depth
of water decreases and as the soil dries, but, when
the soil drying reaches a relatively extreme level,
the tiller number reduces sharply. In the present
study, under flooding, water was maintained at a
depth of about 4 cm at all times whereas under non-
flooding, water was maintained at or near field
capacity. The consistently lower tiller number under
flooding after 27 DAT, may thus be due to the above
phenomencn. However despite the lower tiller

numbers under the fiooded conditions, the filled grain

Table 8. Effect of application of the different S fertilizer sources on recovery of fertilizer S in rice
straw and grain, and total recovery of fertilizer S in the tops under flooded and non-

flooded conditions.

S material } Percentage S recovery (%)
r Straw —r——- G - T Tota
oifaw arain otal
P T (o) I (o Iy ) T
1§ Aea | NE Mean | f | N | vViear:
—— L N |Mean |F | NF | Mean |F " | | Mearr —
GP10 11.1 0 5.6c 8 0 4.0d 19.1 0 9.6d |
UNE511 27.4 4] 13.7cC 37.8 12.3 25:1c 65.2 12.3 38.8c
UNE1 46,3 30.9 386a | 504 36.5 43.5ab |96.7 67.4 82.1a
TSP+S° | 44.7 18.8 31.7ab | 46.4 26.9 36.7abc|91.1 45.7 68.4ab
TSP+S°m | 33.6 237 28.7b | 39.9 24.6 32.83bc |73.5 48.3 60.9b
TSP+S% | 44.5 26.0 35.2ab | 62.2 32.7 47.5a |106.7 58.7 82.7a
Mean 34.6a 16.7b 40.8al 222b 754a| 38.7b

Values followed by the same letter in column or row within each rice component do not differ significantly

at the 5% level by DMRT.
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number was significantly higher than under non-
flooding (Table 3 and Figure 2). This implies that
the rapid increase in tiller numbers and the early
attainment of maximum tillering under flooding, had
a positive influence on grain production.
Furthermore, the higher number of unfilled grains
under non-flooding (Figure 2) appears to be the direct
result of the slow increase and late attainment of
maximum tillering. This seems to be in conformity
with Grist (1986), where he indicated that tillers
produced over a longer period of time may result in
the production of a variable number of unproductive
tillers or unequal grain ripening.

Straw and Grain Yields

In relation to straw yield, it is apparent that
applications of the different S° fertilizer sources
increased the DW of straws, however, there were
non-significant differences in straw DW amongst the
different S° fertilizer sources (Table 4). However,
grain yield was significantly influenced by the
application of the different S° fertilizer sources.
Application of GP10 and UNE51 1 fertilizer treatments
resulted in lower grain yields (Table 4). The data on
the total dry weight of tops (Table 4) show that the
applications of GP10 and UNES511 resulted in
significantly lower total dry weight of tops. Flooding
of the soils resulted in higher totai DW of tops (22.9
g/pot) compared to the non-flooded treatment, which
recorded 18.0 g/pot. The Control treatment recorded
the lowest total dry weight of tops under both water
regimes. Similar results were also found by Dana et
al. (1994a) and Blair ef al. (1994), who found that
the application of GP10 (HF) resuited in significantly
lower relative whole plant and grain yields.

Sulfur is required early in the growth of rice plants
and if it is limiting during early growth, the final yield
will be reduced (Blair et al. 1978b). Dana ef al.
(1994a) and Blair et al. (1994) found that the
application of UNE1 gave consistently higher yields
irrespective of the water regimes (non-flooded and
flooded) employed. In the current study, non
significant differences In straw and grain yields
amongst the S° fertilizer sources TSP+S*f (fine),
FSP+S%n (medium) and TSP+S° (coarse) were
obtained. This means that the different S° particle
sizes bound onto the surfaces of TSP granules had
a simiiar effect on the straw and grain yields, Dana
et al. (1994a), attribputed the different responses
principalily to the different techniques employed in
the production of the products, resulting in different
coat strengths. According to Dana et al. (1994a),
UNE1 was produced using a rotating drum-seed
coating device by binding S° (particle size <0.1 mm
or <100 um) onto the surface of 2-4 mm diameter
TSP granules with polyvinyl alcohol as a binder. In
the present study, TSP+S%, TSP+S°m and TSP+S%
were prepared in the similar manner as UNE1, but

different S° particle sizes were used (fine = 53-154
um; medium = 154-263 pm and coarse = 263-328
um). Calcium lignosulfonate was used to bind S°
particles onto the surfaces of TSP granules of 2-2.8
mm diameter. The information booklet (No.8) on
Gold-phos by Hi-Fert Pty Ltd (1997) indicated that
the Gold-phos product (GP10) is made by milling S°
to an agronomically available size (<250 pm) and
chemically bonding it onto TSP granules. The lower
yields obtained in both the UNE511 and GP10
products seem to be related primarily to the way
these products were prepared and not necessarily
due to the different S° particle sizes or coating
materials used. It is possible therefore, to suggest
that these products (UNE511 and GP10) were
prepared in such a way that impairment of water
penetration into the granules was increased thereby,
inhibiting the dispersion of S° in the soil.

The imposition of the two water regimes also
influenced straw and grain yields. Grain yield under
non-flooded condition was significantly lower with a
mean of 6.5 g/pot than that under flooded condition
with a mean grain weight of 10.9 g/pot (Figure 3).
Similar results were also reported by Dana et al.
(1994a) and Ismunadji (1985), who found higher
grain yields under flooded conditions than under non-
flooded conditions. However, these authors found
higher straw yields under non-flooded than under
flcoded conditicns whereas in the current study, a
non-significant difference in straw yield between non-
flooded and flooded conditions was observed. Visual
observations during the course of the experiment,
showed that under the non-flooded condition, the rice
plants were generally shorter but had more tillers
particularly at the later growth stages (Figure 1). On
the other hand, under the flooded condition, the
plants were generally talier but had less number of
tillers (Figur2 1). The norn-significant difference in
straw yield under these two water regimes may be
due to the compensatory effect of higher tiller
numbers under non-flooded and taller plants under
fiooded conditions. That is. it is possibie for the
generaily shorter plants under the non-flooded
condition to have lower straw vield if it were not for
the higher tiller numbers. Similarly, it is possible to
suggest that although the plants under the flooded
condition had less number of tillers, which may
contribute to lower straw yield, the fact that they were
generally taller may have compensated for any
decrease in straw yield that may have eventuated if
the plants were shorter as under the non-flooded
condition.

Sulfur Content and Recovery of Fertilizer S inthe
Leaves, Straw and Grain

Sulfur content of leaves in the Control and GP10
treatments tend to decline with each leaf harvest
(Table 5) whereas with the other S°fertilizer sources
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the S contents of leaves were generally higher and
constant at each leaf harvest. Similarly, the data on
percentage fertilizer S recovery (Table 6) indicate
that the percentage fertilizer S recovered in the
leaves from the GP10 and UNE511 treatments were
significantly lower at each leaf harvest compared to
the other S°fertilizer sources.

The fact that the higher S content of leaves were
observed in the GP10 and UNE511 treatments at
the early growth stages (27 DAT), is because the
rice plants in the early growth stages were relatively
smaller, thus the amounts of S released from the
GP10 and UNE511 fertilizer sources were sufficient
to be recovered in the leaves at the higher amounts
even though they were releasing little S. However,
as the rice plants mature the S released from these
two fertilizer sources was distributed to other leaves
or plant parts and because the fertilizers were
releasing little S, less amount of fertilizer S was
recovered in the leaves, hence, the generally lower
S contents in the leaves at the later growth stages
(Table 5). On the other hand, the other S° fertilizer
sources were able to release higher amounts of S at
a sustained level, therefore the S contents in the
leaves (Table 5) and the percentage fertilizer S
recovered in the leaves from the respective S
sources (UNE1, TSP+S°, TSP+S°m and TSP+S%)
were generally high at each leaf harvest (Table 6).

The data on S contents of straw and grain, and the
total S content (Table 7) indicate that the GP10 and
UNES511 treatments recorded lower straw and grain
S contents. This may be attributed to lack 0f S a5 2
result of littie S being released by these particular
fertilizer materials. Table 8 shows that the mean
percentage recovery of fertilizer S in the straw and
grain, and the mean total S recovered in the rice
tops (total) were significantly lower in the GP10 and
UNES11 fertilizer materials. These results further
support the assertion that both GP10 and UNES511
released little S in comparison to the other S fertilizer
sources and it is in agreement with the results of
Cana et al. (1994b), whe
from UNE1 (polyvinyl| alcohol) and UNE3 (calcium
lignosulfonate) products were similar and greater
than the release from HiF (GP10) product. Blair ef
al. (1994), found a higher amount of fertilizer S
recovered in the organic S pool from HF (GP10)
and they attributed this to the slower release of S
from HF, which resulted in the poor growth of
pastures. They also found that the immobilization
of S, which was released from this product was the
main reason for the higher S transformation into the
organic S fraction.

found that the release of S

Flooding of the soils significantly increased the total
S content in the rice tops from a mean of 12.1 mg/
pot without flooding to a mean of 17.3 mg/pot with
flooding, and the mean total recovery of fertilizer S

from 38.7% without flooding to 75.4% with flooding
(Table 8). This means that oxidation of S° was
greater under the flooded condition. However, this
is in contrast to studies, which demonstrated the S°
oxidation is favored at field moisture capacity
(Janzen and Bettany 1987c; Nevell and Wainright
1987). However, Dana et al. (1994a), found that
oxidation of S° was rapid under both flooded and
non-flooded conditions. Within a flooded soil, there
are aerobic and anaerobic zones, therefore, oxidation
and reduction reactions can occur at the same time
in the different parts of the flooded soil (Blair and
Lefroy 1987). Rice plants generally occupy a large
volume of the planted soil so that oxidized zones
occur which allow for the growth and metabolism of
aerobic microorganisms (Freney et al. 1982). As
part of the experiment, these S° coated products
were placed under water in petri- dishes for a period
of 5 days. It was observed that UNE1, TSP+S,
TSP+S°m and TSP+S° disintegrated and dispersed
faster after a day (data not presented), which would
mean that oxidation of S° by the S oxidizing
microorganisms took place quickly.

Many factors influence the oxidation of S° and these
include soil temperature (Parker and Prisk 1953; Nor
and Tabatabai 1977; Janzen and Bettany 1987b;
Germida and Janzen 1993), soil moisture and
aeration (Burns 1968; Janzen and Bettany 1987c;
Germida and Janzen 1993), soil pH (Nor and
Tabatabi 1977; McCready and Krouse 1982); nutrient
availability (Burns 1968; Lawrence and Germida
1988), sulfur oxidizing microorganisms (Vitolins and
Swaby 1969, Konopka ef 2/, 1986) and particle size
of the S°(Li and Caldwell 1966, Weir 1975; Kaehler
and Roberts 1983; Janzen and Bettany 1986;
Germida and Janzen 1993)

in the present study, the different S° particle sizes
used did not have any significant influences on the
dry weight of straw and grain irrespective of the 2
water regimes imposed. Koehler and Roberts
(1983), observed that S° particle size of 250-350 pim
Aded some Increase in lucerne yield when

applied at higher rates, but when applied at lower
rates very little effect on lucerne yield was obtained
Santosoc et al. (1995), found no significant difference
in 8° (150-250 um) oxidation when S° was applied
at 10 mg/g soil. Ina similar study, Lefroy etal. (1997),
found higher S° oxidation when S° was applied at
35.2 mg/g soil (» 20 kg S/ha). In the current study,
the rate of S° applied at 10 kg/ha with the coarse
particle size (263-328 uym) would have had a lower
specific surface area and amount of S, resulting in
lower oxidation (Lefroy et al. 1997) thus, contributing
to the non-significant effects of the different S°
particle sizes on the total dry weights of rice tops
and the S content and recovery of fertilizer S in the
straw and grain.
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As indicated earlier, the different S responses
obtained in the current study seem to be due largely
to the way the individual product was prepared. For
example, in the case of UNE511, although the
coating material used was the same as that in UNE1,
because it was prepared differently, the results
obtained differ significantly to that of UNE1. Hence,
it may be suggested that selection of the right coating
material should be accompanied by the precise
following of the right procedures in the preparation
of each individual product to realize the full potential
of a coated fertilizer product.

Comparison of the different Elemental S Coated
Fertilizer Sources

In general, the results in the current study clearly
demonstrated that amongst the S° coated fertilizer
sources, UNE1 and the TSP+S° products with the
fine, medium and coarse S° particle sizes were more
effective than the other sources. This was due
principally to the use of water-soluble adhesives
(polyvinyl alcohol and calcium lignosulfonate) to bind
S? to the TSP granules. However, it has also been
observed that the way each individual product was
prepared contributed partly to its effectiveness. This
is clearly shown in the case of UNES11, that although
it has the same coating material as UNE1, because
it was subjected to excessive warm air during its
preparation, the coat was extra hardened which
tended to impede water penetration into the granules
and the consequent dispersion of S° into the soil.
The application of GP10 also generally resulted in
poorer S response than UNE1 and the TSP+5°¢
products. It has been highlighted previously that this
particular product was prepared by milling S° to <250
pum and chemically bonding it on the TSP granules.
it is most probable that during this process the coat
strength could have been consolidated, which,
resulted in the impairment of waier penetration into
the granules thus preventing the dispersion of S° into
the soil. It seems cbvious, theretore, that the choice
of a suitable coating materal should be accompanied
by the proper preparation techniques of the product,
so that not only it can release its nutrient content but
also release them when they are required by plants
at the optimum

The rale of nutrient release from slow release
fertilizers was described by a number of researchers

s being controlled by the slow diffusion of the
nutrient ions through the membrane to the soil (Lunt
and Oertli, 1962, Ahmed et al. 1963). Kochba et al.
(1990), proposed that the mechanism responsible
for nutrient release is the diffusion of water vapor
into the granule through the hydrophobic membrane
(coat material) and the subsequent bursting or
expansion of the membrane, which lead to an
accelerated outward flow of the saturated solution
from the coated granules. In addition, they proposed

that timing of the nutrient release of the individual
granules was a random phenomenon, similar to
radioactive decay. This proposition assumes that
the release process follows first order kinetics. That
is, the granule population is considered to be uniform
and that the likelinood of the bursting of any given
granule is the same throughout the release process.
However, Kochba et al. (1994) reported that studies
on slow release rate and individual granules and
population behavior showed that individual granules
within a given population of a slow-release fertilizer
have a different release pattern. They found that
some granules released their nutrient content within
a few days, whilst others released their nutrient
contents in a period of 100 days. Furthermore, the
authors observed that the release process contains
a delay mechanism that has a different duration for
different individual granules and that a “starter”
fraction reacts soon after the exposure to water while
others react later. Studies on N release from
polyolefin-coated urea (POCU) (Takahashi and Ono
1996), indicated that individual granules of POCU
had different weights and N release rates. Also, they
found that an increase in individual weights of POCU
resulted in a decrease in the N release and they
attributed this relationship to the ceating thickness.

From the above discussions on nutrient release as
described by the various authors, it is apparent that
tor a coated fertilizer to be more effective, the coating
material must allow water to diffuse through it into
the granules and because individual granules within
a population have a different release patiern (Kochnba
et al. 1994), maximum penetration of water through
the coat into most granules should be facilitated, so
that each individual granule may release its nutrient
content according to its release pattern or behavior
It is partinent, therefore, that in the process of coating
tertilizer granules, the water-soluble nature or
characteristics of the coating material shouid be
maintained so that water penetration into the
granules, which is the beginning of the entire process
of tertilizer nutrient reiease, cannot be impeded,

CONCLUSION

On the basis of the resuits discussed above, it is
clearthat UNE1, TSP+8% (fine), TSP+S%m (medium)
and TSP+5% (coarse) are effective S fertilizer
sources for rice under non-flooded and flooded
conditions compared to GP10 and UNES511 S°
fertilizer sources. It is also evident that the use of
water-soluble adhesives such as polyvinyl alcohol
and calcium lignosulfonate to bind S° particles on to
TSP products contributed significantly to the
effectiveness of these products. Moreover, the
results indicated that the way a product is prepared
has a strong influence on its effectiveness. The use
of the different S° particle sizes of 53-154pum, 154-
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263um and 263-328um did not result in any
significant differences, and these could be
considered as agronomically suitable in respect of
providing S nutrition to rice plants under non-flooded
and flooded conditions.
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T eeeEmm————————— ]

SOURCE | DF SUM OF SQUARES | MEAN SQUARE F PROB !
1

GRAND MEAN 1 9499064.00000 9499064 .00000 2212.1680 0.00000**
R 2 0024776.38000 0012388.19000 0002.8850 0.07386-
W 1 0443520.80000 0443520.80000 0103.2883 0.00000"*
F 6 0445365.30000 0074227.55000 0017.2863 0.00000***
WF 6 0047750.09000 0007958.34900 0001.8534 0.12756
RWEF/ 26 0111644.20000 0004294 .00700
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Appendix 2. Anova for the straw (tops) dry weights

SOURCE DF SUM OF SQUARES MEAN SQUARE F PROB
GRAND MEAN | 1 5765.30400000 5765.30400000 | 7267.3840| 0.00000***
R 2 0001.58370500 0000.79185270 | 0000.9982| 0.38224
W 1 0003.12537200 0003.12537200 | 0003.9396| 0.05781-
F 6 0149.62500000 0024.93750000 | 0031.4347| 0.00000™**
WF 6 0004.14248500 0000.69041420 | 0000.8703| 0.52796
RWF/ 26  0020.62612000 0000.79331210
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CONSTRAINTS AND RESULTS ANALYSIS OF THE SPICE INDUSTRY IN
PAPUA NEW GUINEA

R. Chris Dekuku and Anton K. Benjamin

ABSTRACT

Most of the currently cultivated spice crops in Papua New Guinea [PNG] were introduced in the 1960's and
1970's, but to date, there is no spice industry plan, despite the approval of a Spice Industry Act in 1989.
This report is a component of the outcome of the PNG Spice Industry Workshop, held on the 18" and 19"
of September 2003, at the Gateway Hotel, and DAL — Konedobu Conference Room respectively to to
initiate discussions towards the formulation of PNG Spice Development Plan. It is by understanding the
issues that constraints the industry, then only would appropriate solutions be formulated to address them.
The ineffectiveness of the Spice Industry in Papua New Guinea could be classified broadly into two
inter linked sub — components, namely, Ineffective management and Poor operational components. As
such, improvements in the management and operational components would help boost the efficiency and
effectiveness of the spice industry in PNG. It is expected that, the information in this report would be useful
to the planners and people in the Spice Industry for the formulation of the PNG Spice Iindustry Plan(s] for the

future.

Key words: Spice, vanilla, cardamom, ineffective management, poor operational component

INTRODUCTION

The loss of over 80 percent of Madagascar vanilla
plantations through cyclone damages has
contributed to decline in world production of natural
vanilla in late 1990s to 2000. This has seen vaniila
prices souring in the world-wide. PNG farmers are
taking advantage of the improved world prices
through increased production and exports of vanilla.
From less than one tonne production in 1998, vanilla
exports is on the increase, reaching 46 tons in 2001,
70 tons in 2002 for a value of K23 million. [Spice
Industry Board datal. The major production areas
are, Wewak, Lae. Vanimao, Rabaul, Manus, Madang,
and the Nationa! Capital District

Other spices reporied to be exported besides vanilla
are, cardamom, and chillies, but the exports of these
have been fluctuating over the years,

The spices, espscially vanilia are now being
considered as high impact crops that must be
promoted alongside the major export tree crops;
coffee, tea, cocoa and coconut. For the first time
since the approval of the Spice Industry Act in 1989
and the inauguration of the Spice Board, the PNG
Government in 2003 allocated K1.0 million to support
capacity strengthening and operations in the spice
industry.

Spice workshop and constraints analyses were
subsequently held in September 2003, to deliberate

on issues affecting the industry, and to plan for the
future. The constraints and results analysis
component is presented here for guidance and
further deliberation by pecple in the spice industry.

MATERIALS AND METHODS

A cross section of personnel with association and
knowledge in the spice industry who participated in
the workshop aiso took part in the constraints
analysis component, following the methodology of
constraints / problem analysis [IRRI 1991, GTZ 1999
and Dekuku 2002]. The constraints were identified
and writien; one per each card. These were pinned
on the wall, re-written, if necessary. and duplications
eliminated, and finally grouped and arranged in a
problem tree based on causes and effects scenario.
Re-writing each of the constraints cards into positive
statements led to the results tree, which also
corresponds to means and ends scenario. The
participants are acknowledged at the end of this
report.

RESULTS AND DISCUSSIONS

The analysis indicated for the spice industry to be
successful, some key issues must be addressed,
and suggested also how those should be done [Figs
110 6]. These are highlighted below;

' Department of Agriculture and Livestock, P. O. Box 2033, Port Moresby.
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2. Constraints Component of the PNG Spice
Industry.

The identification of the constraints in the Spice
Industry is an essential step in understanding the
weaknesses in the industry, which in itself leads to
a better understanding of the factors that are
contributing to failures or stagnation in the industry.

The ineffectiveness of the Spice Industry in
Papua New Guinea could be classified broadly into
two inter linked sub — components, namely;
Ineffective management and Poor operational
components [ Fig 1]. Note that both components
are inter-linked and must be addressed jointly.

2.1. The Ineffective Management Component
results from; Ineffective Spice Board Leadership,
Insufficient Funds, Frustrating Interests and Lack
of Down Stream Processing [Fig. 2], as discussed
below;

2.1.1. Ineffective leadership in the industry is
compounded by lack of management and
technical capacity and lack of coordination, Other
factors are; lack of Spice Development Plans
which means there is lack of Policy and Corporate
plan for spice development. As a result, the industry
lacks rules and regulation to regulate and guide
the industry, which leads to poor linkages with
Provinces and Stakeholders. All these
cumulatively led to lack of coordination and the

subsequent Ineffective Board Leadership [Fig 3
|

)

2.1.2. insufficient funds for spice development,
Government financial support to the spice
industry is insufficient at the moment, and Private
sector investment is aiso limited. |n addition, there
are no credit facilities attuned to the spice
industry. Due to these, there is lack of funds and
credit thus resulting into insufficient funds for
spice industry development

2.1.3. Frustrating interests in the industry, There
Is stealing of spice beans in the field as well as
on the way to market through hijacking, and these
are attributed to the lack of control in spice exports,
too many export licenses/ exporters, and lack of
effective farmer associations or cooperatives.
The resulting law and order problems lead to
frustrating interest in the spice industry [ by
producers and marketing agents].

2.1.4. Lack of down stream processing in the
spice industry results from lack of collaboration
between Spice Industry Board and relevant
Departments. Lack of expertise in down stream
processing of some of the spices and lack of

processing facilities [this is interrelated to low
production base under operational component].

2.2. The Poor Operational Component results
from; Low production base for most spices [ also
influenced by lack of down stream processing],
inadequate information to guide the industry and
poor market access for some of the spices [Fig.
3], as discussed below;

2.2.1. Low production base for most spices,
results from poor spice production systems, which
in turn is a result of poor spice farm management
practices, lack of good varieties and planting
materials.

The poor spice farm management practices
results from poor farmer training, due to poor
extension information and poor extension
services. Poor extension information results from
spices not being part of the curriculum in schools
and subsequent failure to train farmers. Poor
extension service is a consequence of lack of
training and re-training of extension staff and
therefore resulting in inadequate extension staff
performances.

The lack of planting materials results from; lack
of seed and planting material multiplication
centers. While Lack of good varieties is due to
inadequate research on some spices, which also
results from slow transfer of research
technologies and insufficient research
information 1o the population

2.2.2. Lack of adequate information to guide the
industry, Lack of proper reporting and
information systems and lack of baseline data in
the Spice industry are causes of inadequate
extension, research, processing and market
information on most spices. This in turn leads to
lack of adequate information [this directly
contributes towards the low production base of most
spices as ‘well as poor marker access for-some

spices]

2.2.3. Poor market access for some of the spices
results from insufficient market outlet for most
spices, which is a consequence of high marketing
costs, inconsistency in supply and variable and
mostly low prices for some spices.

The high marketing costs result from poor road,
transport and marketing infrastructure and high
freight costs. Variable and low prices for most
spices also result from inconsistency in quality,
which in turn is a result of lack of inspection and
certification resuiting due to inadequate
regulations and mechanisms to enforce quality
control.
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3. Results /Objective Analysis of the PNG Spice
Industry.

The identified constraints in the Spice Industry, which
are factors contributing to failures or stagnation in
the industry, must be addressed, for the Industry to
make progress, as discussed below;

An Effective Spice Industry in Papua New Guinea
would result from effective management and
adequate operational components [Fig 4]. Since
both components are inter-linked, the optimum
operation of each sub - component is essential
for the overall success of the industry.

3.1. Effective Management Component would
result from; Effective Spice Board Leadership,
Adequate Funding, Stimulating Interests and
Promotion of Down Stream Processing [Fig. 5],
further discussed below;

3.1.1. Effective spice board leadership in the
industry would result from management and
technical capacity building and improved
coordination of the industry, Other factors are; the
formulation of Spice Development Plans including
Policy and Corporate plan. With rules and
regulation to regulate and guide the industry,
linkages with Provinces and Stakeholders would
improve. All these subsequently would lead to
Improved Coordination in the Industry and
therefore promote Effective Spice Board
Leadership [Fig 6 ].

3.1.2. Adequate funds for spice development,
Adequate Government financial support to the
spice industry, increased private sector
investment as well as availability of credit attuned
to the spice industry would improve access to
funds and credit thus facilitating adequate funds
for spice industry development.

3.1.3. Frustrating interests in the industry.

[he réduction in stealing of spice beans in the
field as well as on the way to market through
hijacking would result from better control in spice
exports, reduction in and monitoring of export
licenses/ exporters and effective farmer
associations or cooperatives in producing areas.
These would lead to less law and order problems
and therefore stimulate interest in the spice
industry [by producers and marketing agents].

3.1.4. Promotion of down stream processing in
the spice industry would result from increased
collaboration between SIB and relevant departments
[such as the Department of Trade and Industry, and
the Private sector], promotion of adequate expertise
in down stream processing of more spices and

facilitating for needed processing facilities [and
promoting increased production base under
operational component].

3.2. Improved Operational Component results
from; Increased production base for most spices
[ also influenced by promotion of down stream
processing], adequate information to guide the
industry and improved market access for more
spices [Fig. 6], as discussed below;

3.2.1. Increased production base for most spices
[ relates to promotion of down stream processing],
results from better spice production systems,
which in turn is a result of better spice farm
management practices, access to good varieties
and availability of planting materials.

Better farm management practices would result
from better farmer training, due to improved
extension information and improved extension
services. Improved extension information resuits
from adequate extension services, training of
farmers on spices and spices being part of the
curriculum in schools. Adequate extension
service results from adequate extension staff
performances due to training and re-training of
extension staff.

The availability of planting materials results from;
the establishment and promotion of seed and
planting material multiplication centers. While
availability of good varieties is due to adequate
ncreased transfer of research technologies and
sufficient research information to the population

3.2.2. Adequate information to guide the industry,
Adequate reporting and information systems and
availability of baseline data in the Spice industry
would result in adequate extension, research,
processing and market information on most
spices. This in turn would lead to availability of
adequate information [and also directly contributes
towards the increased production base of most
spices as well as improved market access for
most spices]

3.2.3. Improved market access for most of the
spices would resuit from sufficient market outlet
for most spices, which is a consequence of
affordable marketing costs, consistency in
supply and better prices for most spices.

The affordable marketing costs would result from
improved road, transport and marketing
infrastructure and lower freight costs in major
spice producing areas. Better prices for most
spices would result from consistency in quality,
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which in turn is a result of adequate inspection and
certification due to adequate regulations and
mechanisms to enforce quality control.

CONCLUSIONS

The PNG Spice Industry could be revitalized, if
issues raised in this report are addressed. It has
taken over 40 years and the loss of vanilla production
base in Madagascar; and the corresponding hike in
world vanilla prices for the PNG Spice Industry to
begin showing some significant financial gains. It is
expected that, the high vanilla export prices may be
short-lived. Thus PNG Spice Industry would need to
make significant efforts in terms of economic and
quality spice production for spice produce/products
from PNG to remain competitive in the World Market.
We believe that, by implementing the suggestions
in this report, the PNG Spice Industry would be taking
great strides toward the promotion of economic,
quality and competitive spice industry, for the long
term sustainability and benefit to participants in the
spice industry.
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ATTEMPTS AT GAINING SOME UNDERSTANDING OF THE POSSIBLE
FACTORS THAT PROMOTE HIV/AIDS SPREAD IN PAPUA NEW GUINEA

R. Chris Dekuku' and Joseph Anang®

ABSTRACT

Program identification and analysis methods used in agricultural program analysis, namely; Participatory /
Rapid Rural Appraisal (PRRA) were applied as methods to gain an understanding of the possibility of the
spread of AIDS/HIV in two districts in Papua New Guinea [PNG]. Based on this preliminary analysis, some
occupational groups and certain social activities were suggested as more prone to the spread of AIDS/HIV.
These are discussed below.

Keywords: participatory/ rapid rural appraisal, HIV/AIDS, Trobriand Islands., Kakar Island, pair wise analysis

INTRODUCTION

HIV/AIDS is an issue of international importance of
which no country in the world and no occupation is
immune from. in PNG, spread of HIV/AIDS is now
being recognized as an issue that demands attention,
as a result of its increasing incidence and deaths
recently. HIV/AIDS affects all types of people
irrespective of profession

This study employs the method of Participatory Rapid
Rural Appraisal [PRRA] and others in trying to gain
some understanding of factors or circumstances that
may encourage tha spread of HIV/AIDS in PNG. The
analysis presented here is a result of a two-day
workshop involving seven Research Assistants,
three each from Trobriand Islands In Milne Bay and
Karkar Island in Madang Provinces and one trom
Port Moresby. |t was assumed that these staff, who
are health and HIV/AIDS workers may have
information on AIDS/HIV in their areas. The staff from
these areas come te Port Moresby for a short training
on HIV/AIDS, and pariicipated in this exercise / study
as component of their training. The study was used
as training for the participants as well as for the
organizers to explore the local knowiedge base of
the participants; in an attempt to gain better
understanding of their rural community activities and
behaviors that may encourage and promote HIV/
AlDS spread in these paits of PNG

Brief Information on Human immunodeficiency
virus (HIV, giving rise to AIDS)

Humans inherited HIV from chimpanzees and
mangabeys and since doing so, HIV has diversified
and continues to do so. HIV parasitises T-helper cells
of the immune system and uses their genetic

machinery to produce new copies of itself. The end
result is that it kilis these infected cells and aiso
reduces the body's ability to produce new cells to
replace them. The depletion of these T-helper cells
reduces a person'’s ability to fight off disease and
when the number of T-helper cells drops to below
200 per mm?®a person is regarded as having AIDS.
He or she becomes particularly vulnerable to the
opportunistic infections and cancers that typify AIDS,
the end stage of HIV disease (NIAID).

People with AIDS often suffer intections of the
intestinal tract, lungs, brain, eyes and other organs,
s well as debilitating weight loss, diarrheal
neurologic conditions and cancers such as Kaposi's
sarcoma and lymphomas, Most scientists think that
HIV causes AIDS by directly killing CD4" T celis or
interfering with their normai function, and by
triggering other events that weaken a person's
immune function, For axample, the network of
signalling molecules that normally regulaies a
person’s immune response is disrupted during HIV
disease, impairing & person's ability to fight other
infections. The HIV-mediated desiruction of the
lymph nodes and related immunologic crgans also
plays a major role in causing the immunosuppression
seen in people with AIDS. [Fact Sheet of National
Institute of Allergy and Infectious Diseases (N/AID),

Piot et al. 2007)

Background information on Trobriand and Karkar
islands

The Trobriand Islands consist of a group of sixteen
(16) small islands or atolls situated at the south
eastern tip of PNG. The population of the island is
approximately 25,000 people of Austronesian origin.

' Department of Agriculture and Livestock, Port Moresby and
?United Nation's Children’'s Fund, Port Moresby
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(1990 National Census, Milne Bay) The main
language spoken by the people is Kilivila. (Weiner
1976.) PNG pidgin is not popularly spoken, and only
few inhabitants who attended schools outside the
Trobriand Islands or on the main land of PNG, speak
pidgin. There is very little outside influence on the
lifestyles of people in the Trobriand Islands. This is
because only few outsiders live in there. The
Trobrians practise matrilineal clan system, and there
are four main clans, namely: Malasi, Lukwasisiga,
Lukulabuta and Lukuba on the Island. Every
indigenous Trobriand Islander belongs to one of
these clans. Customary laws prohibit marriages
between the clan members, but sometimes peaple
flout these laws and marry within clans. Chieftaincy
is the main traditional hierarchy system practiced on
the Islands. The Paramount Chief is the chief of
chiefs who has jurisdiction over lesser chiefs on the
Islands. (Malinowski 1929). In Trobriand Islands
women play special roles during funeral celebrations
that give them some recognition in society (Weiner
1976).

Modern Trobriand Islanders hold firm beliefs in
cultural practices and seasonal celebrations that
have been practiced for many years. Promiscuity is
rife and sexual freedom among the youth and the
use of magic and love potions to attract partners for
sexual pleasure are widely practiced and culturally
accepted by the elders, even in this era of the AIDS
epidemic. Marriage at a very young age is practiced
and extra marital sex especially among teenagers
is common. Teenage sex is regarded as one of the
developmental stages that every young man ofr
woman should experience, before finally settling
down to marry. Group dating 'ula-tila’, 'kapugula’
between male teenagers from one village and female
teenagers from another village, for sexual pleasure
as observed by Malinowski in 1920s, is still practised
in ali villages in the Trebriand Islands. (Malinowski
1929). These factors put the people of Trobriand
Islands at a greater risk of acquiring ST! and HIV

. 4
1 pant

Karkar is an Island situated at the north easter
of mainland PNG. It is east of Madang town. The
population of the Island is between 25,000 to 30,000.
Two ethnic groups, the Takias and the Waskias
reside on the Island. Unlike the Trobriand Islands
many people speak pidgin. Karkar society presents
a similar picture as many other societies in PNG, in
terms of male dominance and control over women
and the patrilineal system of inheritance is practiced.
Mixed marriage between the two main ethnic groups
is practiced. There are also marriages between
Karkar Islanders and people from other areas in
PNG. Unlike the Trobriand Islands, people from the
highlands region of Papua New Guinea have settled
on the Karkar island and work as plantation labourers
in coconut plantations. The '‘Big Man' system of

community hierarchy is practiced. Although elected
local level government councilors and village court
magistrates exercise more power in the Island than
the ‘Big Men', when it comes to cultural matters the
Big Men's advice are sought and their directives are
always followed. The Lutheran and the Catholic
Churches have stronghold and with many followers
on the Island. There are also Apostolic Churches,
which are making their presence felt in some villages
on the Island (Mgone C., Oyang G., Yeka W., Anang
J. unpublished).

Anecdotal reports from Karkar islanders living in Port
Moresby and Goroka suggest that promiscuity and
teenage pregnancies are rife on the island. Sexually
transmitted infections are common. Many young girls
and boys are sexually active and in the absence of
employment opportunities on the Island, young girls
are drawn into the sex trade.

Interestingly, whilst among the elite circles in PNG,
the Trobriand Islands are called the ‘Island of love’
probably due to the practice of sexual freedom
among the youth, Karkar Island is known as the
‘Island of No Return’, probably due to fact that, young
men and women who visit the Island do not want to
go back to their place of origin once they fall in love
with a member of the opposite sex, residing on the
island (Mgone C. et al. unpublished).

These revelations also make Karkar Island a
potential ground, where HIV and STls can take their
toll on the lives of people; if adequate preparations
are not made 1o halp community members stem the
fiow of HIV and STis

MATERIALS AND METHODS

White board markers, pens, cards and wall papers
were used in this study.

The study explored the knowledge base of the
participants on HIV/AIDS and followed on by asking
participants to;
1. Name or indicate places where sexual
activities take place in the two sites.
2. Name traditional practices that could
promote HIV/AIDS in the country
3. Name the various groups in each
community, and using pair-wise analysis, to
rank them according to possible risks groups |
in relation to HIV/Aids spread

in the pair-wise analysis, you compare one group at|
a time against each of the other groups, and indicate
in the appropriate cell, the name or number of the
group, that in the opinion of the participants is more
at risk than the other. At the end of the group
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comparison, you count the number of times a group
appears. That gives the frequency. This frequency
can then be expressed in percentage of the total
number of groups (less one).

An exercise in PRRA was done, to highlight the
possible contributing factors to HIV/AIDS spread and
as to how best to address the issue to reduce or
contain future spread.

In the PRRA, participants were first introduced to
the method, and were asked to write as many cards
on factors that could promote HIV/AIDS; one factor
per card. Cards were pinned on the board, duplicated
cards were removed and cards not understood were
clarified and re-written. The interrelationship and
hierarchy between the cards were established. The
issues that help promote HIV/AIDS were stated in
the negative and the possible solutions identified in
the positive following standard procedures in
constraints analysis (Dekuku 2001, GTZ 1990 and
IRRI 1991)

The exercise was on 8-9" of August 2001 at the
Institute of Medical Research Office in Port Moresby.

RESULTS

Places and traditional practices that may promote
HIV/AIDS spread.

Based on answers provided by the groups, it was
identified that illegal sexual activities take place in
the two communities. The Karkar Team names the
following as the places of illegai sex; video and disco
places, sports venues, market places, piantations,
schools and private sector workers compounds. The
Trobriand island Team named Market places, shops,
Guest houses, Kebutu plantation and gardens (Table

1)

Tabie 1. Places where ‘illegal’ sexual

activities take place.

Trobriand islands
Team

Karkar Team
{Madang]

Video Places

Disco places

Sport venues

Market places
Plantations

Schoois

Private sector workers
compounds

Market places
Shops

Guest Houses
Kebutu Plantation
Gardens

Traditional Practices that may promote the
spread of AIDS.

On traditional practices that may lead to the rise in
HIV/AIDS, mentioned were; Traditional sing-sing,
traditional circumcision and initiations, traditional
marriage ceremonies and funeral practices (Table
2).

Table2. Some traditional practices that
can lead to rise in HIV.

1. Traditional sing-sing

2. Traditional Circumcision/ initiation
3. Traditional Marriage ceremonies
4. Funeral practices

Pair -wise analysis in comparing groups to each
other.

The groups of people by occupation in each locality
were listed by the participants. The Trobriand team
identified 19, while the Karkar team identified 20
groups (Tables 3 and 4),

By ranking groups against each other for perceived
risk to HIV/AIDS, the various risk groups identified
for Trobiland are as follows (Table 3);

Very Highly at risk: 50 — 100% score; Youth,
Sailors, PMV Drivers, Public Servants, Dingy
Drivers, Beach Dina Divers, Town Drifters, Canteen
Owners, and Carvers.

High Risk: 25 — 49% score; Betel nul Sellers,
Husbands, Fish Sellers, Gamblers and Kula Seliers

Medium risk: 10
and Wives

24% score; Students, Widawers

Low risk ' <10% score; Widows and Church worker

For the Karkar Group, the various risk groups are
(Table 4);

Very Highly at risk: 50 -100 % score; Two-Kina
sex workers, Private sector workers, Male plantation
workers, Female plantation workers, Settlers and
Dingy operators Public servants, Drug bodies,
Husbands, Widowers and Male sport groups.

High Risk: 25 — 49% score: Female sport groups,
Wives and Male School Leavers and Male village
teenagers.

Medium risk: 10-24% score: Female village
teenagers, Widows, Female school leavers and
Youth groups.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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Table 3. Pairwise analysis of the various groups in Trobriand Islands in relation

to HIV/AIDS risk

Group* 1(2(3|4|5|6|7|8|9([10|11 |12 13|14 15|16 {17 |18 | 19

1. Betel ] 314 (1111711111011 121713 71 1 1 17 |18 | 19

nut sellers

2. Sailors 2. 1212121212 (:10 ]2 2 2 2 2 2 2 2

3. Kula S e 1319 [:10 || 31 | 1213 14 3 16 || 37 | 18 1|3

traders

4. Beach 4 1714|410 |4 4 4 4 4 4 4 18 | 4

dina divers

S. Fish 715 |5 |20 |5 12 '|''§ 14 5 16 |17 [ 18 | §

sellers

6. 716 (6|10 |6 12 | 6 14 6 16 |17 |18 | 6

Husbands

7. Public 7 | 77110 '] 7 7 7 7 7 7 17 |-18 | 7

servants

8. Wives 10 [ 11 |12 | 8 14 8 16 [ 17 | 18 | 19

9. Students 10 9

10. Youth 10

11. 11

Gamblers

12. Town 12

Drifters

13 19

Widows

14, 14

Carvers

15. Church 19

workers

16. 16

Canteen

owners

17. Dingy 17

owners

18. PMV 18
| diiveis |

9 | =
; }\'ufnwu: i E & SR i

* Note; The numbers in row 1 correspond to group names in column 1, and interpretation is that the
number in the body of the table is more at risk than the corresponding number in row 1 or column 1.

Low risk: < 10 % score: Women groups
Constraints Analysis of HIV/AIDS in PNG.

The constraints analysis tree (Figure 1) indicated that
increasing HIV/AIDS infection rate is a resuit of
Lack of Protection. The lack of protection resuits
from; Ignorance about causes and dangers of HIV/
AIDS, Women feeling shy to negotiate for safer
sex, some people having unprotected sex for fun,
lack of condom, forced unsafe sex and sex for
money. Some of these are consequence of other
factors as explained below;

Cultural taboos prevent sex education and this
leads in some cases to the lack of awareness about
HIV /AIDS and its prevention, and these result in
Ignorance about causes and dangers of HIV/AIDS
by some individuals.

Inadequate laws to protect sexual partners, night
clubs promoting sex and overcrowded
settlements contribute to no restriction on sexual
activities In the society as well as the proliferation
of multiple sexua! partners. These in combination
with drugs and alcohol abuse lead to unprotected
sex in most cases.

Drugs and alcohol abuse also contribute to
increasing rape cases, which in addition to forced
marriages often leads to forced and unsafe sex
in these circumstances.

Some individuals turn to indulge in sex for money
as aresult of lack of food or income to support the
family and self. These in turn are due to lack of
employment which in itself is due to lack of
education, lack of employment avenues, lack of
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Table 4. Pair-wise analysis of the various groups in Karkar [Madang] in relation to HIV/AIDS risk

2 3|4 [5|6[7 |8 |9 [10]11[12[13 |14 [15[16]17 |18 | 1920
1|t {1t {t]rfwof1 [12[13|14f1 (1 [1 [18| 19|20

Group*
1. Pubic
servants
2. Drug
bodies
3. Male
school
leavers
4. Female
school
leavers
5. Male
village
tenagers
6. Female
village
lenagers
7.Women
Groups
8. Youth
Groups
9. Wives 10 9 13 (141516 (17|18 | 19 | 20 |
10. 12113141016 10|18 |19 | 20
Husbands
o1 12 (13|14 (15|16 |17 |18 | 19| 20
Widows St

12:
Widowers
‘ 13. Male

2222222102 |12[13|14]2 [2 (2 |2 [19]20

333 (339|103 [12[13|14[15[16|17 (18| 1920

S{6|4f4 [0|10]11]12|13]|14 15|16 (17 |18 1920

6 |55 |5|10fs5 |5 |13[14]|15|16] 17|18 | 19|20

6 |6 |9 1011121314 |15]|16 |17 |18 19|20

91011121314 (15|16 |17 |18 (19|20

91108 [12 (1314 |[15|16 |17 |18 (19| 20

413 |14 115 (12 (12| 18 (19|20

1| 5 S
1311513 (13|18 |19 20

plantation
| workers

14 : : . :
Female y cy N : T B (SR pevdl |
planiaiion { : ; : :

4
?j‘:“lqr( - : .— 4 9 Sl TR & ST : % 4 : T ' 4 |
| 16. Male | 5% A : e s R . f

sport

groups

| 8

temale
| sport
| groups
| 18. ﬁfngy
| operaiors
19; Two
Kina sex
workers
20.
Private
sector
workers

* Note: The numbers in row 1 correspond to group names in column 1.
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Table 5. Summary of Pair-wise analysis of various groups for HIV/AIDS risk
from two locations in Papua New Guinea

Risk Trobriands Group Trobriands | Karkar Group Karkar
positio | Milne Bay Province Risk Score | Madang Province Risk Score
n
Very high risk Very high risk
1 10. Youth 18 [100%] 19. Two Kina sex workers 19 [100%]
2 2. Sailors 17 [94.4%) | 20. Private sector workers 17  [89.5%]
3 18. PMV Drivers 16 [88.9%] | 13. Male plantation workers 15 [78.9%]
B 7. Public Servants 15 [88.3%] | 14. Female plantation workers | 15 [78.9%]
) 17. Dingy Owners 14 [77.8%)] | 15. Settlers 15 [78.9%)]
6 4. Beach Dina diver 14 [77.8%] | 18. Dingy operators 15 [78.9%]
7 12. Town Drifters 12 [66.7%] | 1. Public servants 12 (63.2%
8 16. Canteen Owners 11 [61.1%] | 2. Drug bodies 12 [63.2%]
9 14. Carvers 9 [50.0%] | 10. Husbands 12 [63.2%]
High risk 12. Widowers 11 [57.9%]
10 1. Betel nut Sellers 8 [44.4%] | 16. Male sporl groups 10 [52.6%]
11 6. Husbands 8 [44.4%] | High risk
12 5. Fish sellers 8 [44.4%] | 17.Female sport groups 8  [42.1%]
13 11.Gamblers 6 [33.3%] |9.Wives 7 36.8%]
14 3. Kula Sellers 5 [27.8%)] | 3. Male school leavers 6 31.6%]
Medium risk 5.Male village teenagers 6 [31.6%]
15 9. Students 4 [22.2%) | Medium risk
16 19. Widowers 4 [22.2%] | 6. Female village teenagers 4 [21.1%]
17 8. Wives 2 [11.1%) | 11. Widows 3 [15.8%]
Low risk 4. Female school leavers 2 [10.5%])
18 13. Widows 1 [5.6%] 8. Youth groups 2 [10.5%]
19 15. Church workers 1 [5.6%] Low risk
| 20 7. Women groups 0 [0.0%]

Across both islands, Public servants and Dingy owners/operators are at very high risk.

access to land and in some cases laziness and
unwillingness to work.

Objectives Analysis of HIV/AIDS in PNG.

Making peositive the negative factors that are
promoting HIV/AIDS gives the objectives or resulis
(Figure 2j. Low HIV/AIDS infection rate will result
from increased protection of and by individuals
Increased protection results from; Increased
knowledge about causes of HIV/AIDS and its
prevention, Women not shy to negotiate for safer
sex, there is less unprotected sex for fun, increase
condom use, less forced unsafe sex and less
sex for money. These could be boosted through
the following means as explained below;

Cultural taboos are relaxed and therefore support
sex education and this leads in most cases to
increased awareness about HIV/AIDS and its
prevention, and these result in increased
knowledge about causes and dangers of HIV/
AIDS by many individuals.

Adequate laws to protect sexual partners, night
clubs promoting safe sex and less crowded
settlements would promote restriction on sexual
activities in the society and would lead to less
proliferation of multiple sexual partners. These in
combination with less drugs and alcohol abuse
would lead in most cases to less unprotected sex

for fun.

Less drugs and alcohol abuse would lead to
decreased rape cases, which in addition to less
forced marriages would lead to less forced and
unsafe sex in many circumstances.

Lower number of individuals indulging in sex for
money would result, if people have adequate food
or income to support the family and self. These in
turn would result from increased employment due
to increased employment avenues and improved
education levels, improved access to land, less
laziness and willingness to work.
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Fig. 1. Preliminary Constraints Analysis of HIV/AIDS in Papua New Guinea
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DISCUSSIONS

This study assumes that using Medicai Assistants
with reasonable knowiedge of people and their rural
lifestyles in the two communities may give us some
understanding of the possible contributing factors to
HIV/AIDS in these areas.

The study also assumes that this study may not be
exhaustive as in all program planning and constraints
analysis exercises, because the information
presented is limited to the knowledge base of the

participants. Thus other unknown or emerging issues
may come to light in future as the sample base is
expanded or more information becomes available
Nevertheless this study gives us some understanding
of possible factors that may contribute to increasing
spread of HIV/AIDS in these sites.

First is the acknowledgement that illegal sexual
activities take place in both islands, and are
predominant in some places; market places,
plantations and gardens, shops, video and disco
places, sport avenues, guest houses and private
sector workers compounds and schools.
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Second is the reasoning that certain traditional
practices may promote the spread of HIV/AIDS; such
as traditional circumcision /initiations, traditional
marriage ceremonies, funeral gatherings and
traditional sing-sing

Thirdly, is that, depending on the area, certain groups
of people are more risk taking and therefore more at
risk at getting HIV/ AIDS than the other groups based
on pair wise analysis. The rankings from the two
Islands are not identical but similar in some cases,
indicating that group behavioral patterns may vary
in different localities in some cases, but at the same
time, similarities may exist in some instances. For
example; youths are very high at risk in Trobriads,
but of medium risk only in Kakar. While, Dingy
owners/operators and Public Servants are at very
high risk in both islands. Husbands are in high risk
(Trobriands) to very high risk (Kakar). Wives are in
Medium risk (Trobriands) to high risk (Karkar).
Widowers are in medium risk in Trobriands but very
high risk in Kakar, while Widows are in Low risk in
Trobriands and medium risk in Kakar.

All said and done, topping the risk group in Trobriand
are Youths and Sailors, and in Kakar, Two Kina
Workers and Private Sector Workers. The low risk
group in Trobriands are Widows and Church workers,
and in Karkar is women groups.

CONCLUSIONS
This exercise to our knowledge is the first attempt of
using the PRRA analysis in HIV/AIDS study in PNG
and we believe that it would provide some insight in
understanding the issues of HIV/AIDS in PNG.

The identification of places of iilegai sexuai activities
traditional practices that may contribute, groups more
at risk for HIV/AIDS and the issues that contribute to
the lack of protection, as well as the
solutions may be useful in the planning for HIV/AIDS

prevention

pcssible

The constraints analysis indicated that, the issue of
AIDS/HIV needs to be addressed holistically. Itis a
cross sectoral issue and needs to be addressed so.
Itis not only a medical issue, for exampie, education,
jobs, employment and income, land, traditional
practices, cultural taboos, inadequate laws, drugs
and alcohol abuse etc needs to be addressed by the
respective authorities. Addressing the issues
collectively, and not in isolation [as is the case now],
may be the best way to speed up the campaign and
programs to reduce HIV/AIDS in PNG.

We agree with Piot et al. 2001 that certain
ingredients are needed to effectively control the
epidemic, and the four main lessons to be learnt
from countries that have managed to contain the
AIDS epidemic are;

1. There needs to be unified national
planning.

2. Proven strategies for reducing HIV
infections need to be put into practice on
a scale that matches the extent of the
epidemic, and for strategies to be effective,
they need to be adapted to local community
circumstances.

3. People need to have ready access to
essential drugs and equipment (e.g.
condoms) for prevention of HIV infection
and for care of those infected with HIV.
Prevention and care need to operate in

synergy.

4. There needs to be a positive attitude by
the public to those people infected with
HIV and those most at risk. HIV-infected
people are vital in the process of educating
those not infected.

We hope that this study would be useful, in a smail
way to planners and HIV/AIDS workers, in planning
strategies to compact and limit HIV/AIDS in PNG.
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EATING QUALITY OF PROMISING RICE VARIETIES EVALUATED AT
SEVERAL LOCATIONS IN PAPUA NEW GUINEA

Joel G. Waramboi, Mohammad S. Sajjad, Anton Beko and Roy Masamdu

ABSTRACT

Consumer acceptability assessment of rice varieties in different locations in PNG showed significant
differences in the taste preferences for eight rice varieties (1-5 scale; 1-worst score, 5-best score).
Commercially available ‘Trukai’ rice was the most preferred in almost all locations, with a mean score of
4.23. NR 1 (3.97) had good eating quality comparable with Trukai. Varieties NR 16 (3.75), FB-91 (3.67) and
N6-94 (3.47) were moderately preferred while preference for NR 2, NR 4 and NR 15 was significantly lower.
Significant differences were also observed between sites and in the variety x site interaction. Mean scores
showed that consumers at Ramu (3.83) liked rice more than the other site tested, while those at Bogia
(3.26) and Balama (3.28) gave the lowest mean scores. The variety x site interaction shows that the order
of preference of rice varieties differed significantly between test sites, indicating that there are site-specific
differences in consumer preference for rice varieties.

Keywords: Consumes acceptability, rice varieties, eating quality, Oryza sativa (L.).

INTRODUCTION

Rice (Oryza sativa L.) has become an accepted food
staple and a preferred component of the diet of many
people in Papua New Guinea (PNG). Rice
consumption rose from very low levels to 30.4kg per
person per year in 2000 (Gibson 2001a). On a per
capita basis, consumption is either relatively stable
ot declining but has been maimained by introduc \'u,ﬂ
of a new and cheaper brand sold as 'Roots Rice
{(Gibson 2001b). The yield of some of the varieties
presently cultivated appears to be low. Their quality
IS also said to be inferior compared to 'Trukai', which
Is the preferred Imported blend of several varieties
(Amoa et al. 1996)

The National Agricultural Research Institute (NARI)
has been screening several promising rice varieties
at several locations to identity and recommend
superlor, ecosystems-oriented and high-yielding

varieties possessing good eating quality traits. New
rice varieties need evaluation for consumer
acceptability, sensory characteristics, specific end
uses and preferred physico-chemical traits. Past
research and development efforts placed little
attention on incorporating these factors in the rice
breeding and selection work.

Acguired tastas for certain types of rice may differ
from one area to another due to differences in sccial
structure, economic status and cultural traditions
Therefore, site-specific taste panels composed of
judges from the seven areas listed in (Table 1) were
conducted. Details of these sites can be obtained
from {(Hansan ef al. 2001). The work of (Amoa et al.

1995) on three modern rice varieties, Wanlok,
N;upe la and Taichung Sen 10 (TCS 10), was the
first reported eating quality assessment of rice
varieties in PNG,

Table 1. Details of multi-location consumer preference tasting trials
Site Name of ‘P Local Level District Province | Dateof | Number of 1
No. | site | Government & 4o | trial | tasters |
| ! | Wareo _Al Kote i Imsdthalcn i_Momli - r’\(_l_’()_m(l“_ 42 J
S A lm{u‘y - [g& \‘.Lﬁ_.-‘.. B | Usino Bundi | Maddng 20/08/02 66
3 | Balama South Ambenob | Madang | Madang__ | 23/08/02 | 70|
| 4 | Bogia | Bogia Coastal | Bogia “_Maqstg& | 30/08/02 64
5 Ramu Ramu Upper Madang | 13/09/02 60
- ] Ramu J
6 Mlogg Umi Atzera Kaiapit | Morobe 18/09/02 29
7 | Garaina | Garaina | Bulolo [ Morobe 01/12/02 48

‘Nationa! Agricultural Research Institute, P.O Box 1639, Lae 411, Morobe Province, Papua New Guinea
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The objectives of the current study were to identify
locally adapted rice varieties with good eating quality,
as well as to see if there were differences from one
location to another in consumer preferences.

MATERIALS AND METHODS
Sample preparation

Milled samples of pure rice varieties from the NARI
farm at Bubia were used in the tests. The varieties
studied were NR 1 (IR-19661-23-3-2-2), NR 2
(Ayung), NR 4 (BG 379-2), NR 15 (Salumpikit), NR
16 (Azucena), N6-94 (Niupela 1994, line 6) and FB-
91 (Finschhafen Brown 91). Trukai blend was
purchased from shops and used as the standard.
Unless specified, all experimental procedures for
sample preparation and sensory evaluation were
standardized at each location. Samples were pre-
soaked for 10 minutes in excess water, drained and
cooked in electric rice cookers following the method
used by (Myklestad et al. 1968). In Garaina and
Wareo, where electricity was unavailable, ordinary
cooking pots were used. In all sites, the ratio of rice
to water was the same (ie 1 cup rice: 2 cups water).
Cooking was done with no added salt or other
ingredients. Cooked samples were left to “steam off’
for 15 minutes before being placed into bowls
covered with aluminum foil. Each sample was
labeled using unidentifiable code names.

Sensory evaluation

Sensory evaluations were conducted in open air
spaces, resembling typical village settings in PNG.
Both males and females ranging from 25-40 years
old were selected as tasters. Each taster received a
dessertspoonful of the samples, served warm on
paper plates. Each plate was divided and labelled

accordingly to accommodate four samples at any
one time.

The order in which the varieties were evaluated was
the same for each panelist (Durbin 1951). Scoring
was done only once using a Hedonic scale (5=like
extremely, best score; 1=dislike extremely, worst
score) following the methods used by (Myklestad et
al. 1968, Lamond 1977 and Amoa et al. 1995).

Data analysis

Acceptability scores at each site were analysed using
panelists as replicates to compare varieties within
sites. An analysis of the variety means from each
site was also carried out, using sites as replicates to
provide an overall perspective. Where varieties were
missing at some sites, estimated values were
calculated. Site by variety interactions were tested
following the method of “Restricted Maximum
Likelihood” (REML), a modelling-based procedure
in GenStat.

RESULTS

Site-specific consumer preference trials conducted
in these sites showed significant differences in taste
preferences for the rice varieties (Table 2). Overall,
Trukai came out as the most preferred variety with a
mean score of 4.23, but NR 1 was close behind with
a score of 3.97, not significantly different to Trukai.
At three sites, Usino, Bogia and Garaina, Trukai was
significantly better than NR 1. In all other sites, no
significant differences were observed between NR
1 and Trukai. NR 16 was the next most preferred
scoring highly at Ramu and Intoap. FB-91 was the
most preferred variety at Ramu and also scored well
at Wareo, where it is the variety grown traditionally
by the farmers. Varieties NR 2, NR 4 and NR 15
gave consistently low scores at all sites.

Table 2. Mean scores for taste preference of different rice varieties
Rnu 1 S Mean scores |m lds(g_pnfunmcs at different sites SV
. variety Garaina _:r Wareo | Usino Balama Bogia Ramu lmuap | Variety |
| 4 I | - | _Mean |
'NR1 1 } 66 b | 4.10a" 3.98b" 3.89a" 3.89b" | 4.10ab” | 4.14ab" 3.97ab" |
’NR" | 2.87d 298¢ 2.97 de 279e 309de 3.68bcd | 3.17 cd 3.08d
 NR 4 _{ 3.68b | 358ab | 2.78e | 2.89de | 225f 342cde  335cd | 3.14d
'NR 15 | 3.02cd | 3.79ab | 276e | 294de | 286e¢ 3.17e 2.93d 3.07d
NR i6 3.53 be na 3.32 cd 3.31 cd 342 cd 4.27 a 441a 3.75bc
N6-94 2,70d na 341c¢ 340bc | 3.16de na 4.17ab | 347 cd
FB-91 3.98b 3.98ab | 3.14 cde 3.26 cd 3.67 be 4.40a 3.72bc | 3.67bc
Trukai | 4.68a 4.02 ab 4.89a 3.77 ab 4.56 a 3.83bc | 4.66a 423a |
*Mean scores in a column followed by the same letter are not significantly different (p <0.05)
na = not assessed
Papua New Guinea Journal of Agriculture, Forestry and Fisheries 2003, Vol 46 Nos. 1 & 2 pp 41-45
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Figure 1. Graph showing mean scores for different experimental sites

Mean scores for different trial sites

!Mean scores |

Mean scores (1-worst, 5-best score)

Trial sites

Intoap

Average scores for acceptability for rice varieties
differed from one location to another (Figure 1).
Consumers at Bogia and Balama in the Madang
Province gave rice lower mean scores than
consumers at the other sites. The mean score for
Ramu was higher than at any other site tested,
though simiiar to Wareo and Intoap.

Based on the REML analysis, significant interactions
between sites and variaties were abservad. Trukai
rice scored highest at four sites, NR 1 at two sites
and FB-91 at one site. The lowest score was given
to NR 15 (3 sites), NR 2 {2 sites), NR 4 (1 site) and
NE-94 {1 site)

DISCUSSION

The results of eating quality assessment of rice
varieties confirm that taste preference for different
rice varieties exist and does vary from one site to
another. These differences could be due to cultural
differences, social structure, economic levels and
distinct geographic environments in these
communities. Not ali varieties were tested at each
site, giving an 'unbaianced’ design for evaluating site
x variety interactions. This was approximated by
employing the chi-square distribution for Wald's test
using the REML method. Differences in scores at
different sites could also be due to use of different
samples at different sites.

Lower mean preference scores at Bogia, Balama and
Usino could be attributed to the fact that rice is a
new food crop in these areas. At Wareo in the

Finschhafen district, rice has been grown for well
over a century so the taste has been acquired, giving
a higher mean score. Consumers at Ramu liked rice
more than at any other site, maybe because they
consume rice more often due to their close proximity
to commercial outlets.

In these rural settings, ideal laboratory conditions
could not be employed and this may have affected
the results. Logistical constraints meant that the ordei
in which the rice varieties were tasted had to be the
same for each panelist. This could have led to a
certain amount of bias in the results. Scering for a
particular sampie could have been infiuenced,
depending on whether the previous sample was liked
or disliked, The use of cooking pots rather than rice
cookers at Garaina and Wareo could also have
affected the results.

Results aiso show that traditional landrace varieties
and newly introduced, modern lines in PNG generally
have less prefeired sating quality compared to Trukai
{Amoea et al. 199€). Trukai has been widely accepted
in the PNG market since 1970. Since Trukai is a
blend of several varieties, people have become
habituated to it. it is used as a yardstick tc measure
other varieties and pure varieties may be at a
disadvantage in assessment of eating quality
compared with Trukai. The results also indicate that
consumers at Wareo in the Finschhafen district have
acquired a taste for FB-91. This rice is a traditional
landrace variety that has been cultivated for more
than a century. This suggests that consumers can
acquire a taste preference for certain types of rice
over time.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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Taste preference scores for NR 1, NR 16, FB-91
and N6-94 (an improved line of Niupela) were
promising (3.5 and above) and indicate high
consumer acceptability. These findings support the
work of previous researchers including Sajjad (1995)
and (Amoa et al. 1995). NR 1 has been
commercialised in the last few years by Trukai
Industries Limited and is widely consumed by the
local population as a component of a blend called
‘Roots Rice'. On the other hand, N6-94 is an
agronomically promising variety for upland cultivation
(Wohuinangu and Sajjad 1992) and has acceptable
eating quality. NR 16 has good eating quality,
although scoring lower than NR 1 in most locations.
Low preference scores for NR 2, 4 and 15 indicate
that consumers may not accept these varieties. It
should also be noted, however, that these varieties
were not strongly disliked. Some adaptation of
cooking methods to meet the needs of specific
varieties may increase their acceptability. Future
research may need to evaluate grain quality
characteristics with a view to improving the eating
quality of these varieties.

Variety selection and recommendation for PNG
should incorporate eating quality results alongside
other parameters such as yield, suitability for
mechanization, adaptability to different soils, and
pest and disease resistance. In future, similar work
should cover other areas of the country to generate
site-specific data on preferences for new rice
varieties.

CONCLUSION

Trukai rice scored consistently well in all locations,
while significant differences were observed among
pure lines. Variety NR 1 had good eating quality for
consumer acceptability comparable with Trukai,
scoring well in almost ali sites. Other varieties that
scored well were NR 16, FB-91 and N6-94 while taste
preference scores for NR 2, 4 and 15 were

acaptation of cooking

significantly lower: -Maybe g
methods may improve their acceptability scores in
taste tests. Acceptability of rice differed from one
location to another with consumers at Ramu, Intoap
Wareo and Garaina scoring rice more highly than at

all other sites.
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SHORT COMMUNICATION

SHEATH BLOTCH OF RICE - A NEW REPORT IN PAPUA NEW GUINEA

S.l. Akanda', M.E. Wagih, Y. Tomda and M.K. Maino

ABSTRACT

Sheath blotch of rice, caused by Pyrenochaeta oryzae was reported for the first time in Papua New Guinea
(PNG). The pathogenicity was confirmed through artifical inoculation. Seasonal carryover, pre-disposing

factors and management stategy of the disease are also discussed.

Keywords: Rice, Sheath blotch.

INTRODUCTION

Sheath blotch, a minor disease of rice, caused by
Pyrenochaeta oryzae was first described in Japan
by Miyake (1910). The disease has also been re-
ported to occur in Bangladesh, Burma, China, India,
Malaysia, Sierra Leone, Philippines and Thailand
(Shahjahan et al. 1983).

The disease normally attacks the lower leaf sheath
near the lower part of the stem, but occasicnally fcund
on the leaf blade and glumes at the later stages of
plant growth. The initial symptoms are dark brown,
oblong blotching on the leaf sheath. As the symp-
toms mature, the center gradually becomes grey or
greyish - brown but the margins remain dark brown.
The center of the spots becomes a bit sunken and
associated with biack pycmidia, protruding ostioles
and setae merged from the sheath tissue. The
blotches ultimately girdle the entire sheath and the
leaves die. This in turn reduces the phctosynthetic
area, making the plants weaker and vulnerable to
lodging, and ultimately affects grain filiing

MATERIALS AND METHODS

in August 2001, symptoms typical to the sheath blotch
was observed on the rice var. IR 19661 at the Agri-
cuftural farm of the PNG University of Technology,
Lae, Morobe Province of PNG, situated at 6°45' S
and 147° E at an altitude of 65 m.a.s.l. Infected
sheaths were coliected from the field and brought to
the laboratory. In preparation for the isolation of the
causal organism, inocula were prepared by cutiing
small pieces of about 9 mm? from the lesion mar-
gins, and surface sterilized by dipping into one per-
cent sodium-hypochlorite solution for two minutes.

The sterilizing solution was decanted and the inocula
were washed thoroughly with distilled water. Four
inocula were then placed on the potato dextrose agar
(PDA) plates. The plates were incubated at room
temperature of about 25°C. In 2-3 days time, the
fungus started to grow onto the culture medium. The
fungus was transferred to one peercent water agar
plates and subsequently purified through hyphal tip
culture. On PDA medium, the fungus produced
pycnidia and singled celled, hyaline pycnidiospores
in 15-20 day-oid cuitures. The fungus was idendified
as Pyrenochaeta sp. as described by Barnett &
Hunter 1998.

o complete Koch's postulates, 1R 19661 plants ware
inoculated at booting stage with the fungus in the
screen house. Agar blocks with the 5-day-old fun-
gus were piaced on slightly wounded leaf sheaths
with sticky tape

RESULTS AND DISCUSSION

Water soaked lesions and brownish blotching simi

lar to those found in the field were produced in 5-7
days after artificial inoculation (see photograph) of
the IR 18661 rice plants in the screen house

Pyrenochaeta sp. was re-isolated from the artificially
inoculated plants confirming the pathogenic cause
of the disease. This is the first report of the occur-
rence of rice sheath biotch in Papua New Guinea

The disease with iow 1o moderate level of infection
was aiso observed in several rice varieties in Clean
Water Trukai farm in Markham Valley, Lae. The pri-
mary infection takes place from the fungus in the in-
fected straw and/or from the soil. The disease is
aggravated with insect damage that makes the plant
weaker and planting of susceptible rice varieties

Department of Agriculture, PNG University of Technology, PMB, Lae, Morobe Province
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Figure 1. Showing the typical sheath blotch symptoms on IR 19661
on artificial inoculation with Pyrenochaeta sp. in the screen house.

(Miah & Shahjahan 1987). High temperature accom-
panied by high humidity further aggravates the dis-
ease. As a preventive measure, it is advisable to
protect the crop from insect damage and to destroy/
burn the infected straws in order to reduce the inocu-
lum level in the soil that might otherwise initiate new
infections (Miah & Shahjahan 1987). Despite the dis-
ease is currently of minor concern, it could become
3 major threat when when the rice cultivation in PNG
extends in the future. This warrants a nationwide
survey to determine the epidemiology, distribution
and the possible impact of the sheath blotch on the
rice industry in Papua New Guinea

REFERENCES

BARNETT, H.L. and HUNTER, B.B. (1998). llius
Americal Phytopathological Society, St Paul
Minnesota. 218 p

MIAH, S.A. and SHAHJAHAN, A.K.M. (1987) Field
diagnosis of rice diseases and their control
Bangladesh Rice Research Institute, Gazipur,
Dhaka, Bangladesh. 60 p.

MIYAKE, I. (1910). Studien uber die Pilze der
Reispflanze in Japan, Journal of the College of
Agriculture. Imperial University of Tokyo. 2,
237-276

SHAHJAHAN, A.K.M., AHMED, H.U. and MIAH,
S.A. (1983). Sheath blotch of rice in Bangla-
desh. International Rice Research Newsletter.
8(2): 12.

Papua New Guinea Journal of Agriculture, Farestry and Fisheries

2003, Vol 46 Nos 1& 2 pp 47-48



49

PAPUA NEW GUINEA JOURNAL OFAGRICULTURE, FORESTRY AND
FISHERIES (PNG j.agric.for.fish.)

INDEX

VOLUMES 31-44
1980-2001
By

Janine Conway
With assistance from Betty Aiga and Jones Hiaso

ACNARS PROJECT
AusAID

1999

This project was done under Australian Contribution to a National Agricultural Research System

{AusAid) and National Agricultural Research Institute, 1999

Betty Aiga
DAL Information

Papua New Guinea Journal of Agriculture, Forestry and Fisheries 2003, Vol 46 Nos. 1 & 2

PP 49-65



50

PAPUA NEW GUINEA JOURNAL OF
AGRICULTURE, FORESTRY AND FISHERIES

INDEX
1980 - 2002
CONTENTS
Pages

LISEORATHOIOS .....orsasesnneacsmsssnsssiseiississssbinsmmossniiiaiiieviimiass 49-57
AULNOT INABX .ottt 58-61
SUDICCEINAOR wvsucenosnumssins:onsonmsssims s i s O O SIS mraricns 62-65
Using this Index
The articles are arranged to the order in which they were published The numbers in the Subject Index
and the Author Index refer to the numbers from the List of Articles

How to use the Index:

Look up the subject term or the author’'s name,
Locate the numbers in the list of articles
Locate the volume and issue numbers, then
Open to the page number to read the article

[he. index also provide the locations of each of the titie

Papua New Guinea Journal of Agriculture, Forestry and Fisheries 2003, Vol 46 Nos. 1& 2 pp 49-65



51

LIST OF ARTICLES

1980 - 2001

1. Rose, C.J., and Wood, A.W. (1980). Some
environmental factors affecting earthworm
populations and sweet potato production in the Tari
Basin, Papua New Guinea Highlands. 31(1-4): 1-
13.

2. Ghadhokar, P.A. (1980). Comparison of stylo
(Stylosanthes guianensis var guianensis) cultivars
in the Markham Valley of Papua New Guinea. 31(1-
4): 15-21.

3. Rose, C.J. (1980). Optimum replanting stage for
two varieties of pitpit(Setariapalmifolia) in the
highlands of Papua New Guinea. 31(1-4): 23-29.

4. Shephered, A. (1980).
plantations. 31(1-4): 31-35

Replanting on copra

5. Smith, E.S.C. (1980). Zophiuma lobulata Ghauri
(Homoptera: Lophopidae) and its relation to the
Finschafen coconut disorder in Papua New Guinea.
31(1-4): 37-45.

6. Holmes, J.H.G. (1980). Toxicity of Leucaena
leucocephala. |i: reduces fertility of heifers grazing
Leucaena leucocephala. 31(1-4); 47-50.

7. Holmes, J.H.G,; Lemerie, C. and Schottler, J.H.
(1980). Imperala cylindrica for cattie production in
Papua New Guinea. 31(1-4); 51-62.

8. Room, P.M. {1980). Insect fauna of cil paim in
the Northern Province of Papua New Guinea. 31(1-
4). 63-67

9. Rose, C.J. and White, G A, {1980). Apparent
digestibilities of dry matter, organic matter, crude
protein, energy and acid detergent fibre of chopped,
raw sweet patato (lpomoea batatas (L.) by village
pigs (Sus scrofa papuensis) in Papua New Guinea
31(1-4); 69-72.

10. Greve, J.E. van S. and ismay, J.W. (1983).
Crop insect survey of Papua New Guinea from July
1%, 1969, to December 31%, 1978. 32{1-4): 1-20

11. Smith, E.S.C. (1984). Resuits of three
nsecticide trials against cocoa podsuckers in the in
the Northern Province. 33(1-2): 1-11.

12. Young, G.R. (1984). A checkiist of mite and
insect pests of vegetable, grain and forage legumes
in Papua New Guinea. 33(1-2): 13-38.

13. McGregor, A.J. (1984). Control of Phytophthora

seedling blight of cocoa. 33(1-2): 39-50.

14. Clarkson, D. and Moles, D.J. (1984). Effects
of four fungicides on the growth of Phytophthora
colocasiae. 33(1-2): 51-53.

15. Sundberg, P. and Richards, A. (1984). Deep-
sea bottom handline fishing in Papua New Guuinea:
a pilot study. 33(1-2): 55-62.

16. Norris, K.R. and Owen, |.L. (1984). Muscidae
(Diptera) associated with cattle in Papua New
Guinea. 33(1-2): 63-67.

17. Humphrey, J.D. (1984). Note on the prevaience
and distribution of the eyeworm of the domestic fow!
in Papua New Guinea. 33(1-2): 69-70.

18. Smith, E.S.C. (1985). A review of relationships
between shade types and cocoa pest and disease
problems in Papua New Guinea. 33(3-4): 79-88.

19. Bourke, R.M. (1985). Sweet potato (/pornoea
batatas) production and research in Papua New
Guinea. 33(3-4); 89-108.

20. Hoimes, J.H.G. and Absalom, P. (1985).
Growth rates of Priangon crossbred sheep and some
effects of internal parasitism, in the lowlands of
Papua New Guinea. 33(3-4): 109-113.

21. Gwiseuk, W.R.J. and Holmes, J.H.G. (1985).
intake digestibility and growth by tropical breeds of
cattle consuming tropical grasses supplemented with
mill run. 33(3-4): 115-121

22. Smith, E.S.C.; Thistleton, B.M. and Pippet,J.R.
(1985). Assessment of damage and control of
Helopeltis caiviter (Heteroptera: Miridae) on tea in
Papua New Guinea. 33(3-4): 123-131

23. Benjamin, C. (1985). Some food market
influences of a large-scale small-hoider development
in the West New Britain area of Papua New Guinea
33(3-4): 133-141

24, Sutheriand, J.A. and Buil, P.B. (1985).
Pollination and fruit set in two species of pumpkin in
iowland Papua New Guinea. 33(3-4): 143-147

25. Street, J.M. (1985), Book review (Climate of
Papua New Guinea). 33(3-4). 149-151.

26. Parfitt, R.L. (1985). Book review (Suils of
Papua New Guinea). 33(3-4): 153-154,

27. Williams, D.J. (1986). Scale insects
(Homoptera: Coccoidea) on coffee in Papua New
Guinea. 34(1-4): 1-7.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2 PP 49-65



52

28. Arentz, F. (1986). A key to Phytophthora
species found in Papua New Guinea with notes on
their distribution and morphology. 34(1-4): 9-18.

29. D’Souza, E. and Bourke, R.M. (1986).
Intensification of subsistence agriculture on the
Nembi Plateau, Papua New Guinea. 1. General
introduction and inorganic fertilizer trials. 34(1-4):
19-28.

30. D’Souza, E. and Bourke, R.M. (1986).
Intensification of subsistence agriculture on the
Nembi Plateau, Papua New Guinea. 2. Organic
fertilizer trials. 34(1-4): 29-39.

31. D’Souza, E., Bourke, R.M. and Akus, W.L.
(1986). Intensification of subsistence agriculture on
the Nembi Plateau, Papua New Guinea. 3. Sweet
potato cultivar trials: Crop rotation trials and crop
introductions. 34(1-4): 41-48.

32. Muthappa, B.N. and Bull, P.B. (1986). Collar
and root rot of aibika (Abelmoschus manihot). |:
pathogenicity and effect of systemic fungicides.
34(1-4): 49-53.

33. Dalzell, P.J. (1986). The distribution and
production of anchovies in Papua New Guinea
waters. 34(1-4). 59-70.

34. Mahoney, D. and Yamb, R. (1986). Pathogenic
bacteria isolated from chickens sold at the Lae
market. 34(1-4): 71-75.

35. Abdelsamie, R.E. (1986). Effect of day-old
debeaking and fowl pox vaccination on the
performance of broiler chickens in Papua New
Guinea. 34(1-4): 77-79

36. Abdeisamie, R.E. {1986). A study of nutritional
problems affecting the smaliholder broiler industry
in Papua New Guinea. 34(1-4): 81-84
37. Owen, |.L.
Papua New Guinea

(1980). Blood parasites of cattle i

35(1-4): 1-11.

38. Abeyasekera, S. and Nembou, C.S.
(1990). Rainfall analysis for improved agricultural
planning. 35(1-4): 13-21.

39. Daizell, P.J. and Wright, A. (199). Analysis of
catch data from an artisanal coral reef fishery in the
Tigak Islands, Papua New Guinea, 35(1-4): 23-36.

40. Lamothe, L., Arentz, F. and Karimbaram, R.
(1990). Germination of cassowary egested and
manually defleshed fruit. 35(1-4): 37-42.

41. Cox, P.G. and Kasimani, C. (1990). Control of
taro leaf blight using metalaxyl: Effect of dose rate

and application frequency. 35(1-4): 49-565.

42. Dwyer, Peter D. and Minnegal, M. (1993).
Banana Production by Kubo People of the Interior
Lowlands of Papua New Guinea. 36(1): 1-21.

43. Gollifer, D.E. (1993). Effects of applications of
mulch and potassium on Capsicum annuum. 36(1):
22-29.

44. Cragg, S.M. (1993). Wood break-down in
mangrove ecosystems: A review. 36(1): 30-39.

45. Onaga, |.; Carrick, M. and Owens, C. (1993).
Analysis of copper an dits status in cattle from
Morobe Province, Papua New Guinea. 36(1): 40-
53.

46. Gollifer, D.E. (1993). Fertilizer trials with
tumeric (Curcuma domestica Val.) at Santa Cruz,
Solomon Islands. 36(1): 54-59.

47. Sowei, J.W. and Osillis, P. (1993). Aibika
(Abelmoschus manihot) germplasm in Papua New
Guinea. 36(1): 60-69.

48. Kuniata, L.S. and Young, G.R. (1993). The
use of chlorpyrifos in controlling weevil borer,
Rhabdoscelus obscurus Boised. (Coleoptera:
Curculionidae) in Sugarcane setts. 36(1): 76-78.

50. Moat M. and Dryden, M.G. (1993). Nutritive
value of sweet potato forage (/[pomoea batatas (L.)
Lam) as a ruminant animal feed. 38(1). 79-8%

51. Sillitoe, P. (1993). Soil and cultivation in the
Papua New Guinea Highlands: |. Indigenous
appraisal of the variable agricultural potential of soils.
36(1). 86-94.

52. Foy, T.J. (1993). Urbanization and the urban
poor — Vanuatu's food security challenge. 36(1): 95

104.

53. Sillitoe, P. (1993). Soil and cultivation in the
Papua New Guinea Highlands. !l. A comparison of
indigenous and scientific perspectives. 36(2): 1

21.

54. Onaga, I. (1993). The total mercury
concentrations in fish from certain southern coastal
waters and North Solomons Province of Papua New
Guinea. 36(2): 22-28.

55. Majer, J.D. and Queiroz, M.V.B. (1993).
Distribution and abundance of ants in a Brazilian
subtropical coffee plantation. 36(2): 29-35.

56. Rolston, L.H.; Aaibu, R.L.; Murray, M.J. and
Rider, D.A. (1993). A catalog of the Tessaratomidae

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2 PP 49-65



53

of the world. 36(2): 36-108.

§7. Evara, R. (1994). Working for a better tomorrow
for agriculture in Papua New Guinea. 37(1): 7-8.

58. Caruthers, F. (1994). Management of
agriculture sector in PNG economy. 37(1): 9-14.

59. May, R. (1994). Delivery of agricultural services
in PNG: ADB'’s perspective. 37(1): 15-18.

60. Setae, M. (1994). Strategies and options
towards the next decade — DAL views. 37(1): 19-
24,

61. Menz, K.M. (1994). Pros and cons of
agricultural research in developing countries — a
prospect. 37(1): 25-29.

62. French, B.R. (1994). Technology assessment
and transfer for sustainable agriculture and rural
development — an FAO global view. 37(1): 30-31.

63. Sitapai, E.C.; Wayi, B.M. and Ghodake, R.D.
(1994). The Papua New Guinea national agricultural
research system: Its policy framework and
development perspective. 37(1): 32-40.

64. Ihekoronye, A. (1994). Meeting the
developmental challenges of the livestock industry
in Papua New Guinea. 37(1): 41-43.

65, Bakau, B.J.K. and Galgal, K.K. (1994).
Livestock research and development in Papua New
Guinea. 37(1): 44-48

6. McKiilop, B. (1894). Extension performance
managemen: international trends for the 1990s
37(1): 49-55

67. Bakani, F. (1994). Reorganization of

agricultural extension services in Papua New
Guinea. 37(1): 56-867.

68. Daur, L. (1994). Agriculture extension services
in Madang. 37(1). 68-70.

89. Mopafi, |. (1984). Agriculture extension services
in Madang. 37(1): 71-72

70. Hamou, K. (1994). Agricultural extension
services in Manus Province. 37(1): 73-83.

71. Gumoi, M. (1994). The role of price subsidies
in agriculture in Papua New Guinea. 37(1). 84-91.

72. Fernando, N. (1994). Improving rural
institutional finance: Some lessons. 37(1): 92-103.

73. Kannapiran, C. (1994). Sustainable rural credit

for agricultural development in PNG. 37(1): 104-
116.

74. Longimire, J. (1994). Marketing systems for
agriculture: Diagnosing problems and price and
market analysis for Papua New Guinea. 37(1): 117-
132.

75. Mangila, F. (1994). Proposed Market Research
and intelligence Service Branch. 37(1): 133-138.

76. lvess, R.J. (1994). Quarantine — a client
oriented approach. 37(1): 139-146.

77. Kanawi, D.; Bannick, A. and Kula, G. (1994).
The process of quarantine in PNG an dit's present
status. 37(1): 147-151.

78. Jones, A. (1994). The development of small-
scale food processing enterprises. 37(1): 152-162.

79. Pondikou, P. (1994). Human resource
development in agriculture sector — DAL's
projections. 37(1): 163-167.

80. Hua, H.T. (1994). Agricultural information and
publication systems and services. 37(1). 168-173.

81. Erai, H. and Kumar, R. (1994). Agricultural
Information and Publication systems and Services
(AI&PSS) suitable for PNG needs. 37(1): 174-177.

82. Kaptigau, J. (1954). Resolutions and
recommendations ansing from the consultative
Seminar, 37(1): 178-180,

83. Camarofto, C. and Bourke, R.M. (1994).
Potential for exporting fruit from Papua New Guinea
to overseas markets during their off-seasons. 37(2):

213

84. Rodoeni, B.C,; Dale, J.L.. and Harding, R.M.
(1994). Review of alomae disease of taro. 37(2)
14-18,

85. Sajjad, M.S. (1924). Comparative study on
ratooning potential of standard rice varieties of PNG
37(2). 19-22.

86. Dowling, A.J.; Konabe, B. and Tigat, R.
(1994). Nutritional assessment of steeply sloping
soils from Aiyura in the Eastern Highlands of Papua
New Guinea. 37(2). 23-29.

87. Smith, E.S.C. {1994). Notes on two minor insect
pests in the Highlands region. 37(2): 30-35.

88. Kuniata, L.S. and Nagaraja, H. (1994). Insects
of the giant sensitive plant (Mimosa invisa) at Ramu,
Papua New Guinea. 37(2): 36-39.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2 PP 4965



54

89. Pitala, J.A. and Sivasupiramaniam, S. (1994).
Effects of goat manure, NPK-fertilizer, insecticides
and fungicides, and compost on potato yield at the
Yasubi Rural Extension Centre. 37(2): 40-46.

90. Kuniata, L.S. (1994). Cordyceps sp. An
important entomopathogenic fungus of cicada
nymphs at Ramu, Papua New Guinea. 37(2): 47-
52.

91. Philemon, E.C. (1994). An overview of the
pathology of genus Colocasia. 37(2): 53-61.

92. Wagih, M.E. (1994). Fiji disease virus of
sugarcane: A review of techniques for its diagnosis
and elimination from tissue culture and planting
materials. 37(2): 62-66.

93. Gibson, J. (1994). The price elasticity of
demand for Papua New Guinea exports of cocoa
and coffee. 37(2): 67-75.

94. Laup, S. (1994). Pests and diseases of shade
trees and their relation to cocoa in Papua New
Guinea. 37(2): 76-85.

95. Toreu, B. (1994). Survey results for PNG cocoa
bean quality factors. 37(2): 86-93.

96. Konam, J.K. and Waine, W. (1994). The
current status of the pink disease (Corficium
salmonicolor) of cocoa in Papua New Guinea. 37(2):
94-99.

g97. Dowling, a.J.; Bilamey, F.P.C. and Hoa, T.
(1995). Limitation to Sweet Potato growth in small
volumes of scil imposed by water and nutrient stress,
acidity and salinity. 38(1): 2-10

98, Akus, W.L. and Nema, R.K. (1995). Evaluation
of twenty five vegetable varieties at Aiyura, Eastern

Highlands Province. 38(1): 11-186.
9¢. Akus, W.L 1995). Evaluation of introduced
sweet potato cultivars at Aiyura in the Eastern

Highlands of Papua New Guinea. 38(1): 17-21.

100. Sajjad, M.S. (1995). Development of modern
upiand rice (Oryza saliva \_.) varieties with superior
milling and physicochemical trials, for Papua New
Guinea. 38(1): 22-30,

101. Ivancic, A.; Simin, A.; Ososo, E. and Okpul,
T. (1995). Wild Taro (Colocasia esculenta (L.)
Schott) populations in Papua New Guinea. 38(1):
31-45,

102. Amoa, B.; Dekuku, R. Chris and Nigo, R.Y.
(1995). Consumer preference of some rice varieties
grown locally in Papua New Guinea. 38(1): 46-50.

103. Roth, Louis M. (1995). New species of Allacta,
Saussure and Zehhntner from Papua New Guinea,
Irian Jaya and Sarawak (Blattaria, Blattelidae:
Pseudopgylodrominae). 38(1): 51-71.

104. Sowei, J.W. (1995). Onion cultivar selection
for the lowlands of Central Province. 38(2): 76-83.

105. Louman, B.; Hasagama, M.; Bigol, C. and
Gamuna, P. (1995). Regneration and residual stand
after wokabaut somil operations in seasonally
inundated forest near Lae, Papua New Guinea.
38(2): 84-93.

106. Young, G.R. and Kuniata, L.S. (1995). The
population dynamics of the borer, Sesamia
grisescens Walker (Lepidoptera: Noctuidae), on
sugarcane in the Ramu valley of Papua New Guinea.
38(2): 94-101.

107. Kanua, M.B. (1995). A review of properties,
nutrient supply, cultivation and management of
volcanic soils, with particular reference to Papua New
Guinea. 38(2): 102-123.

108. Sajjad, M.S. (1995). Influence of different N,
P, K doses on yield and yield components of two
standard rice varieties of PNG under lowland field
conditions. 38(2): 124-129.

109. Young, G.R. (1996). Anassociation between
the crazy ant Anoplolepis longipes (Jerdon)
(Hymenoptera: Formicidae) and the coconut spathe
moth, Tirathaba rufivena (Walker) {Lepidoptara
Pyralidage) on coconut paims in the Mcrobe Province
of Papua New Guinea. 1. Surveys to determine the
extent of crop loss and the incidience of natural
enemies of the moth. 39(1): 1-6.

110. Young, G.R. (1996). An association between
the crazy ant Anoplolepis longipes (Jerdon)
(Hymenoptera: Formicidae) an dhte coconut spathe
moth, Tirathaba rufivena (Walker) (Lepidoptera

yraidae) on coconut ns-inthe Morobe Vi
of Papua New Guinea. 2. The effects on yield and
nut shedding of ant and moth exclusion. 39(1): 7-
11

pal Province

111. Okpui, T. and lvancic, A. (1996).
Hybridization of taro (Colocasia esculenta) (L.)
Schott): Floral development and stigma receptivity.
39(1): 12-18.

112. Allotey, J. and Kumar, R. (1996).
Reproductive strategy of the parasitic wasp Bracon
hebetor (Say) (Hymenoptera: Braconidae) on the
rice moth Corcyra cephalonica (Staint). 39(1): 19-
21.

113. Rolsten, L.H.; Rider, D.A.; Murray, M.J. and

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2 pp 49-65



55

Aalbu, R.L. (1996). A catalog of the Dinidoridae of
the world. 39(1): 22-101.

114. Darkoh, M.B.K. (1996). Papua New Guinea,
an archipelago nation under environmental stress.
39(1): 102 -117.

115. Amoa, B.; Fuba, S; Nigo, R.Y. and Dekuku,
R. Chris (1996). Physioco-chemical and
organoleptic properties of traditional rice varieties
from Finschafen. 39(2): 1-5.

116. lvancic, A. and Okpul, T. ((1996). A new
mutation of taro (Colocasia esculenta) observed at
Bubia Agricultural Research Centre. 39(2): 6-9.

117. Young, G.Rj. (1996). The crazy ant,
Anoplolepsis longipes (Jerdon) (Hymenoptera:
Formicidae) on coconut palms in New Guinea. 39(2):
10-13.

118. Sivasupiramaniam, S.; Benjamin, A.K. and
Pitala, J.A. (1996). Effect of sheep manure and
Phosphorus fertilizer on potato and succeeding
maize and cassava crops. 39(2): 14-19.

119. Saulei, S.M. (1996). A bibliography of the
flora and vegetation of Papua New Guinea. 39(2):
29-168.

120. Kuni, T. and Hartemink, A.[E. (1997), Soil
chemical properties under primary forest and coffee
in the Kutubu area of Papua New Guinea. 40(1-2):
1-5

121. Hartemink, A.E., Johnston, M., John, P.;
Julias, W, and Kerru, A. (1997). Biomass
production and nutrient uptake of taro roots. 40(11-
2), 6-12

122, Okpul, T.; lvancic, A. and Simin, A. (1997)
Evaluation of leafl blight resistant tare (colocasia
esculenta) varieties for Bubia, Morobe Frovince,
Papua New Guinea. 40(1-2): 13-18

123. Gunua, T.G. (1997). Effect of contaminants
in tissue cultures of taro (Colocasia esculenta). A0(1
2): 19-21.

124, Gunua, T.G. (1997). Foliar diseases of taro
in the Wahgi Valley of the Western Highlands
Province of Papua New Guinea. 40(1-2): 22-26.

125. Taramurray, P. and Onwueme, 1.C. (1997).
Generation of taro (Colocasia esculenta) planting
materials using treated split corm apices. 40(1-2):
27-31.

126. Mubyana, T. and Saulei, S.M. (1997).
Vascular arbuscular mycorrhizae-tru association of
Varirata National park and the influence of vegetation

types. 40(1-2): 32-39.

127. Evans, C. and Tumi, C. (1997). Assessment
of the prawn resources of orangeric Bay, Milne Bay
Province. 40(1-2): 40-46.

128. Humphreys, G. (1998). A review of some
important soil studies in Papua New Guinea. 41(1):
1-19.

129. Freyne, D.F. (1998). Interpreting soil data
from Papua New Guinea Resource information
System (PNGRIS). 41(1): 20-28.

130. Radcliffe, D.J. and Kanua, M.B. (1998).
Properties and management of andisols in the
highlands of Papua New Guinea. 40(1): 29-43.

131. Harding, P.E. and Hombunaka, P. (1998). A
review of coffee nutrition research in Papua New
Guinea. 40(1): 44-64.

132. Hartemink, A.E.; Nero, J.; Ngere, O. and
Kuniata, L.S. (1998). Changes in soil properties at
Ramu Sugar Plantation 1979-1996. 40(1): 65-78.

133. Kanua, M.B. (1998). The response of three
sweet potato cultivars to inorganic fertilizers on an
andisol in the highlands of Papua New Guinea.
40(1). 79-84.

134. Sayok, A.K. and Hartemink, A.E. (1998).
£rosion and soil fertility changes under Leucaena
intercropped with sweet potato in the lowlands of
Papua New Guinea. 40(1). 85-90

135. Louman, B, and Hartemink, A.E. (1898)
Sweet potato production in hedgrow intercropping
system in the lowlands of Papua New Guinea. 40(1)
91-98.

136. Beaudoin-Qflivier, L.; Prior, R.N.B. and Laup,
S. (1998). A field key to identity some Rhinoceros
and other bestle larvae breeding in coconut palm
habitats in Papua New Guinea. 41(2): 1-15

137. Manua, Peter A, (1998). Production
performance: an economic analysis of smallholder
coffee producers. 41(2): 16-20.

138. Sopade, Peter A. (1998). The performance
characteristics of a typical pilot-scale tray drier
41(2): 21-26..

139. Kumar, R. (1998). Method of assessing fosses
in stored food products. 41(2): 27-31.

140. Gunua, T.G.; Kokoa, P. and Darie, A. (1998).
Effect of mixed planting of taro blight resistant
varieties on the disease and yield of a preferred

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2 pp 49-65



56

susceptible taro variety. 41(2): 32-36.

141. Gibson, John (1998). Urban demand for food,
beverages, betelnut and tobacco in Papua New
Guinea. 41(2): 37-42.

142. Evans, C.R.; Kare, B.D.; Baule, L. and Jumbi,
M. (1998). Field studies in the depth distribution of
recruit-sized prawns Penaeus merguiensis and P.
monodon in the Gulf of Papua: Implications of
management. 41(2): 43-57.

143. Poloma, S.; Onwueme |.C. and Johnston
M. (1999). Propagation of lesser yam (dioscorea
escelenta) using vine cuttings. 42(1-2): 3-6.

144. Gunua, Tony G. and Kokoa Pere (1999).
Effect of different types of fungicides an early blight
and yield of tomato. 42(1-2): 7-14.

145. Aregheore, Eroarome M. (1999). Anti-quality
and toxic compoents in some food plants consumed
by humans and livestock in the South Pacific region:
Review. 42(1-2): 15-21,

146. Gunua, Tony G. (1999). Field evaluation of
fungicides against Purple Blotch (Alternaria porri) of
bulb onion (Allium cepa). 42(1-2): 23-26.

147. Johnston, M. and Onwueme, I.C. (1999).
Productivity of lesser yam (Dioscorea esculenta) in
PNG as influenced by sett weight and staking. 42(1-
2): 27-34,

148. Sipou, R. Gubag and Omoloso, A.D. (1999)
Organoleptic Characteristics of Sapal: A traditional
fermented taro (Colocasia esculenta) corm and
coconut cream mixture from Papua New Guinea,
42(1-2): 35-37

148. Bamba, J.; Cruz, J.A.; Diambra, O.H. and
Muniappan, R. (1999), Research Note: Head
Cabbage variety study for tipburn resistance. 42(1
2).; 38-39

150. Prime Minister, Rt. Sir Morauta, Mekere Kt.,
MP. (2000). Speech at the Opening of Policy and
Strategy 2000 and the 17" National Agricuiture
Council Conference Lae, 07 August 2000, 43(1): 5-
8.

151. Honourable Avei, Moi MP. (2000). Planning
for National Economic Growth through Agriculture.
43(1): 9-11.

152. Honourable Nali, Michael MP. (2000).
Agriculture Trade. 43(1): 12-15.
153. HonourablePhilemon, Bart MP. (2000).

Transport — Key to Agriculture Development. 43(1):

16-18.

154. R. Honourable Sir Somare, Michael GCMG,
MP. (2000). Agriculture and the Bougainville Peace
Process. 43(1): 19-23.

155. Boeha Beno. (2000). Sustainable Agriculture
Credit. 43(1): 24-26.

156. Wenge Kino and Gwaiseuk William. (2000).
Agriculture Policy and Strategies for Economic
Growth. 43(1): 27-34.

157. Tololo, Alkan, KBE,; Ghodake, R.D. and
Kambori Valentine. (2000). Focus for Agricultural
Research in PNG.

158. Lahis, Sam. (2000). Strategic directions for
the Papua New Guinea Cooperative Extension
system in the New Millennium. 43(1): 45-57.

159. Kumar, Ray (2000). Importance of Agricultural
Information. 43(1): 58-63.

160. Franklin, Phil. (2000). Agriculture Marketing.
43(1): 64.66,

161. Golding Wayne. (2000). Downstream
Processing of Agriculture products. 43(1): 67.68.

162. Waghi Mohammed. (2000). Biosafety
Regulatory Policy in Biotechnology. 43(1): 69-76.

1683. Mazewin Yawal. (2000). Propects for Palm
Oil Industry, 43(1): 77-81

164, Kopi Pugma. (2000). Current status and
prospects for Coffee Industry in the New Millennium.
43(1). 82-88.

165. Namaliu Robinson. (2000). The PNG
Coconut Industry in the New Millennium. 43(1). 89-
94

166. Galrich Rahman. (2000)
Rubber Industry. 43(1): 95.101.

Hrospects for

167. Tulo, Sam, OBE. (2000). Prospects for Cocoa
industry in the New Millennium. 43(1): 102-107.

168. Waisime, Michael. (2000). Prospects for a
Spice Industry in Papua New Guinea. 43(1): 108-
119.

169. Bubar, Gonny. (2000). Prospects fora Papua
New Guinea Livestock Industry (Cattle). 43(1): 120-
122.

170. Hargreaves, Bob. (2000). Prospects for Fresh
Produce Industry. 43(1): 123-127.

Papua New Guinea Journal of Agricuiture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2 PP 4965



57

171. Takendu, Daniel. (2000). Quality Control in
Agricultural Industry. 43(1): 128-134.

172. Maru, Richard and Auntari, Caspar. (2000),
Smallholder Agriculture Credit Scheme. 43(1): 135-
143.

173. Setae, Miri, MBE. (2000). Policy and Strategy.
43(1): 144-149.

174. Honourable Zeming, Mao, MP. (2000).
Agriculture Policy and Strategies. 43(1): 150-151,

175. Bang, S. and Wiles, G.C. (2001). The
Control of Bacterial Wilt (Ralstonia solanacearum)
of potato by crop rotation in the Highlands of Papua
New Guinea. 44(1-2): 5-11.

176.  Sillitoe, P. (2001). Demographic study of
pig management in the Southern Highlands
Province, Papua New Guinea. 44(1-2): 12-32.

177. Sopade, P.A., Kuipa, W. and Risimeri, J.B.
(2001). Evaluation of selected food propteties of
white yam (Dioscorea rotundata) in Papua New
Guinea. 44(1-2): 33-43.

178.  Pitala, J. (2001). Effect of different plant
spacings on the yield and yield components of rice
variety nupela under rainfed field conditicns at Erap
station. 44(1-2). 44-48

179. Julien, Mic. H. and Orapa, W. (2001)
insects used for biological control of the aquatic weed
water hyacinth in Papua New Guuinea. 44(1-2): 4S9
60.

180 Dekuku, R.C. (2001). Constraints analysis
it the rice and grain industty in Papua New Guinea
44(1-2). 61-65

181, Dekuku, R.C. (2001). Pilot pnase tice

production in Markham valiey of Papua New Guinea
shows great promise, 44(1-2): 66-75

182, Bang, S.K. and Lutulel, R. (2001), The
performance of granola potato at four sites in the
Highlands of Papua New Guinea. 44(1-2); 76-78

183.  Ajuyah, A,Q0. (2002). Performance and
economic evaluation of broiler chickens fed two
cultivars of cassava. 45(1-2): 7-12.

184,  Aregheore, E.M. and Yahaya, M.S. (2002).
Effect of fresh leucaena (Leucaena leucocephala)
leaf supplementation on the growth of young Anglo-
Nubien crossbred goats feeding either batika
(lschaemum anistatum var. Indicum) and guinea
(Panicum maximum) grass. 45(1-2): 13-18.

185. Bino, B. and Kanua, M.B. (2002). Growth

|itter yield and litter nutrient composition of Casuarina
oligon in Papua New Guinea Highlands. 45(1-2):
19-28.

186. Ero, M.M. (2002). Host plants of Amblypelta
(Coreidae: Heteroptera) in Papua New Guinea.
45(1-2): 25-31.

187. Okpul, T.; Singh, D.; Wagih M.E. and
Hunter D. (2002). A review of taro (Colocasia
esculenta) (L.) Schott) genetic resources of Papua
New Guinea. 45(1-2); 33-45.

188. Kokoa, P. (2002). Aiternaria stem and leaf
blight of sweet potato (lpomoea batatas (L.) Lam.):
a new disease in the highlands of Papua New
Guinea. 45(1-2): 47-51.

189. Ignatius, S. and Quartermain, A. (2002).
Evaluating high and low nutrient density feed for
finishing stages of muscovy broiler ducks. 45(1-2):
53-57.

190. Mararuai, A.; Allwood, A.; Balagawi, S.;
Dori, F.; Kalamen, M.; Leblanc, L.; Putulan, D.;
Sar, S.; Schuhbeck, A.; Tenakanai, D. and Clarke,
A. (2002). Introduction and distribution of Bactrocera
musae (Tryon) (Diptera: Tephritidae) in East New
Britain, Papua New Guinea. 45(1-2): 59-65.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2 PP 49-65



58

AUTHOR INDEX

Aalbu, R.L.
(1993) 56
(1996) 113

Abdelsamie, R.E.
(1986) 35
(1996) 36

Abeyasekera, S.
(1990) 38

Absalom, P.
(1985) 19

Ajuyah, A.O.
(2002) 183

Akus, W.L.
(1986) 31
(1995) 98
(1995) 99

Allotey, J.
(1996) 112

Allwood, A.
(2002) 190

Ameoa, B.
(1995) 102
(1996) 115

Arentz, F.
(1986) 28
(1990) 40

Aregheore, E.M.
(2002) 184

Auntari, Caspar
(2000) 172

Avei, Moi
(2000) 151

Bakani, F.
(1594) 67

Bakau, B.J.K.
(1994) 65

Bang, S.K.
(2001) 175
(2001) 182

Bannick, A.
(1994) 77

Balagawi, S.
(2002) 190

Baule, L.
(1998) 142

Beaudoin-Ollivier, L.
(1998) 136

Benjamin, C.
(1985) 23
(1996) 118

Bigol, C.
(1995) 105

Bino, B.
(2002) 185

Bourke, R.M.
(1985) 18
(1986) 29
(1986) 30
(1986) 31
(1994) 83

Boeha, Beno
(2000) 155

Blamey F.P.C.
(1995) 97

Bubar, Gonny

10 IY\ ~
\1(3" ../\- 1.{“(}

Bull, P.B.
(1986) 32

Camarotto, C.
(1994) 83

Caruthers, F.
{(1994) 58

Carrick, M.
(1993) 45

Chadhokar, P.A.
(1980) 2

Clarke, A.
(2002) 190

Clarkson, D.
(1984) 11

Cox, P.G.
(1990) 41

Cragg, S.M.

(1993) 44

Dale, J.L.
(1994) 84

Dalzell, P.J.
(1986) 33
(1990) 39

Darie, A.
(1998) 140

Darkoh, M.B.K.
(1996) 114

Daur, L.
(1994) 68

Dekuku, R.C.
(2001) 180
(2001) 181

Dori, F.
(2002) 190

Dowling, A.J.
(1994) 86
(1995) 97

Dryden, R.M.
(1985) 18
(1986) 29
(1986) 30
(1986) 31
(1994) 83

D’'Souza, E.
(1986) 29
(1986) 30
(1986) 31

Dwyer, P.D.
(1993) 42

Dekuku, R. Chris
(1995) 102
(1996) 115

Erai, H.
(1994) 81

Ero, M.M.
(2002) 186

Evans, C.
(1997) 127
(1998) 142

Evara, R.
(1994) 57

Fernando, N.
(1994) 72

Foy, T.J.
(1993) 52

Franklin, Phil
(2000) 160

French, B.R.
(1994) 62

Freyne, D.F.
(1998) 129

Fuba, S.
(1996) 115

Galgal, K.K.
(1994) 65

Galrich, Rahman
(2000) 166

Gamuna, P.
(1995) 105

Ghodake, R.D.
(1994) 63
(2000) 157

Gibson, J.
(1994) 93
(1998\, 141
Gollifer, D.E.
(1993) 43
{(1993) 46

Golding, Wayne
(2000) 161

Gragg, S.M.
(1993) 44

Greve, J.E. van S.
(1993) 9

Gumoi, M.
(1994) 71

Gunua, T.G.
(1997) 128
(1997) 124
(1998) 140
(1999) 144
(1999) 146

Gwaiseuk, W.R.J.
(1985) 21
(2000) 156

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2

pp 49-65



59

Hamou, K.
(1994) 70

Harding, R.M.
(1994) 70

Harding, P.E.
(1998) 131

Hargreaves, Bob
(2000) 170

Hartemink, A.E.
(1997) 120
(1997) 121
(1998) 132
(1998) 134
(1998) 135

Hasagama, M.
(1995) 105

Hoa, T.
(1995) 97

Holmes, J.H.G.
(1980) 6
(1980) 7
(1985) 21

Homhbunaka, P.
(1998) 131

Hua, H.T.

(1994) 80

Humphrey, J.D.

(1984) 16

Humphreys, G.
(1998) 128

Hunter, D.
(2002) 187

ignatius, S
(2002) 189

ihekoronye, A.
(1924) 64

lemay, J.W.
(1983) 10

lvancic, A.
(1995) 101
(1996) 111
(1996) 116
(1997) 122

lvess, R.J.
(1994) 76

Johnston, M.
(1997) 121

John, P.
(1997) 121

Jones, A.
(1994) 78

Julias, W.
(1997) 121

Julien, Mic H.
(2001) 179

Jumbi, M.
(1998) 142

Kombori, Valentine
(2000) 157

Kalamen, M.
(2002) 190

Kanawi, D.
(1994) 77

Kannapiran, C.
(1994) 73

Kanua, M.B.
(1995) 107
(1998) 130
(1998) 131
(2002) 185

Kaptigau, J.
(1994) 82

Kare, B.D
(1998) 142

Karimbaram, R
(1990) 40

Kasimani, C.
(1920) 41

Kerru, A,
(1997) 121

Kokoa, P.
(1998) 140
(2002) 188

Konabe, B.
(1994) 86

Konam, J.K.
(1994) 96

Kopi, Pugma
(2000) 164

Kuipa, W.
(2001) 177

Kula, G.
(1994) 77

Kumar, R.
(1994) 81
(1996) 112
(1998) 139
(2000) 157

Kuniata, L.S.
(1993) 48
(1994) 88
(1994) 90

Kuni, T.
(1997) 120

Lahis, Sam
(2000) 158

Lamothe, L.
(1990) 40

Laup, S.
(1994) 94
{1998) 138

Leblanc, L.

(2002) 196

L.emerie, C.
(1980) 7

Longimire, J.
(1994} 74

Louman, B.
{1995) 105
(1898) 135

Lutuiel, R,
(2001) 182

Mahoney, D.
(1986) 34

Majer, J.D.
(1993) 55

Mangila, F.
(1994) 75

Manus, Peter A.

(1998) 137

Mararuai, A.
(2002) 190

Maru, Richard
(2000) 172

May, R.
(1994) 59

Mazewin Yawal
(2000) 163

McGregor, A.J.
(1984) 17

McKillop, B.
(1994) 66

Menz, K.M.
(1994) 61

Minnegal, M.
(1993) 42

Moat, M.
(1993) 49
(1983) 50

Mofafi, I.
(1984) 62

Moiles, D.J
(1984) 11

Morauia, M.
(2000) 150

Mubyana, T.
(1997) 126

Murray, M.J
(1993) 56
(1996) 113

Muthappa, B.N
(1986) 32

Nagaraja, H.
(1994) 88

Nali, M.
(2000) 152

Papua New Guinea Journal of Agniculture, Forestry and Fishenes

2003, Vol 46 Nos. 1 & 2

pp 49-65



60

Namaliu, R.
(2000) 165

Negere, O.
(1998) 132

Nema, R.K.
(1995) 98

Nembou, C.S.
(1990) 38

Nero, J.
(1998) 132

Nigo, R.Y.
(1995) 102
(1996) 115

Norris, K.R.
(1984) 12

Okpul, T.

(1996) 111
(1996) 118
(1997) 122
(2002) 187

Onaga, I.
(1993) 45
(1993) 54
Onwueme, |.C.
(1997) 125

Orapa, W
(2001) 179

Osilis, P.
(1993) 47

Ososo, E.
(1995) 47

Owen, I.L.
(1984) 12
(1990) 37

Owens, C.
(1993) 45

Parfitt, R.L.
(1985) 45

Philemon, Bart
(2000) 153

Philemon, E.C.
(1994) 91

Pitala, J.A.
(1994) 89
(1996) 118

Pippet, J.R.
(1985) 22

Pitala, J.
(2001) 178

Pondikou, P.
(1994) 79

Prior, R.N.B.
(1998) 136

Putulan, D.
(2002) 190

Quartermain, A.

(2002) 189

Queiroz, M.V.B.

(1993) 55

Radcliffe, D.J.
(1998)
130

Richards, A.
(1984) 14

Rider, D.A.
(1993) 56
(1996) 113

Risimeri, J.B.
(2001) 177
Rodoni, B.C.
(1994) 84

Rolston, I..H.
(1993) 56

OAL)
}98)

Room, P.M.
(1980) 8

Rose, C.J.
(1980) 1
(1980) 3
(1980) 9

Roth, Louis M.
(1995) 103

Sajjad, M.S.
(1994) 85
(1995) 100
(1995) 108

Sar, S.
(2002) 190

Saulei, S.M.
(1996) 119
(1997) 126

Sayok, A.K.
(1998) 134

Schuhbeck, A.
(2002) 190

Setae, M.
(1994) 60
(2000) 173

Shepherd, A.
(1980) 4

Sillitoe, P.
(1993) 53
(2001) 176

Simin, A.
(1995) 101
(1997) 122

Singh, D.
(2002) 187

Sitapai, E.C.
(1994) 63

Sivasupiramaniam, S.

(1994) 89
(1996) 118

Smith, E.S.C.
(1980) 5
(1984) 13
(1985) 18
(1985) 22

{1994) . 87

Somare, Michael
(2000) 154

Sowei, J.W.
(1993) 47
(1995) 104

Sopade, Peter, A.

(1998) 138
(2001) 177

Street, J.M.
(1985) 25

Sundberg, P.
(1984) 14

Sutherland, J.A.
(1985) 24

Takendu, Daniel
(2000) 171

Taramurray, P.
(1997) 125

Tenakanai, D.
(2002) 190

Thistleton, B.M.
(1985) 22

Tigat, R.
(1994) 86

Tololo, Alkan
(2000) 157

Toreu, B.
(1994) 95

Tulo, Sam
(2000) 167

Tumi, C.
(1997) 127

Wagih, M.E.
(1994) 92

(2000) 168
(2002) 187

Waine, W.
(1994) 96

Waisime, Michael
(2000) 168

Wayi, B.M.
(1994) 63

Wenge, Kino
(2000) 156

White, G.A.
(1980) 9

Williams, D.J.
(1986) 27

Wood, A.W.
(1980) 1

Papua New Guinea Joumnal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2

pp 49-65



61

Wiles, G.C.
(2001) 175

Wright, A.
(1990) 39

Yahaya, M.S.
(2002) 184

Yamb, R.
(1986) 34

Young, G.R.
(1984) 15

(1993) 48

(1995) 106
(1996) 109
(1996) 110
(1996) 117

Zeming, Mao
(2000) 174

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2

pp 4965



62

SUBJECT INDEX
A

Acidity
Varieties

Agricultural Services
Delivery

Aibika
germplasm
Rot and fungicides

Allacta
Anchovies

Ants
crazy
in coffee plantations

Asparagus
replanting

B

Banana
lowlands production

Book Reviews
climate
soils

(

Capsicum
muiching
potassium

Cassava

fertilizer

Lassowary

germination

Cattle

Copper

Diptera

feed digestability

and growth

fertility

Imperata
Leucaena toxicity
Parasites

Chicken
bacteria at market
debeaking

97

59

47

32

103

33

109,110, 117
55

42

25
26

43

&)

40

34
35

eyeworm
nutrition
vaccination

Cicada
Nymph fungus

Cocoa

bean quality

demand

Phytophera control

pink disease

pod suckers,
insecticides

seedling blight

shade trees

pests and diseases

Coconut
Crazy ants and
spathe moths
Finschafen disorder

Coffee
ants in plantations
demand
scale insects

Coffee pulp on sweet
potato

Compost
potato yield

Copper

cattle

Copra
replanting

Coral Reef
fishery data

Credit

rural
D
Dinidoridae

Diptera
cattle

E

Earthworms
Sweet potato

Economy
Management of

17
36
35

95
93
28

13
15
18, 94
18

109,110.117
9

55
93
27

89

39

113

12

Papua New Guinea Joumnal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos, 1& 2

pp 49-65



agriculture

Eggs
Preserving quality

Environmental Stress

Export
Cocoa and coffee demand
Potential, fruit

Extension
Eastern Highlands
performance trends
reorganisation
services Madang
services Manus

Eyeworm

F

Feed
sweet potato
cattle

Fertiliser
inorganic
organic

trial with tumeric

Finance
improving rural

Fish
mercury

Fisheries
roral reef data
deep sea, handline
Flora of PNG
Food Processing

Food Security

Fruit
exporl potential
Fungicides
aibika rot
potato yield

Fungus
cicada nymph

G

Germination

58

49

114

93

69
67
68
70

17

30
46

89

cassowary
H

Human Resource
Development

Imperata
cattle production

Information systems

Insecticide
potato yield
cocoa podsuckers

Insects
crop survey
highlands pests
Mimosa
oil palm
pest list

L

Leucaena
cattle toxicity,
fertility

Livestock
industry challenges
research and
development

M

Maize
fertiliser

Mangrove
wood break down

Manure
potato, maize,
cassava

Market

influences of large-
scale small-
holders

diagnosing
probiems

proposed research
service

Mercury
fish

40

79

80, 81

89
13

10
87

71

2.3

29, 30

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2

pp 49-65



64

Mimosa
sensitive plant
insects

Mites

Moth
Rice

Mulching
capsicum

Nutrient stress
sweet potato

(o}

Oil Palm
insects

Onions
cultivar selection

P

Parasites
cattle

Pathology
taro

Phytophthera
control in cocoa
distrioution
key
fungicides
morphology
Phytophthora
colocasiae

Pigs
sweet potato as
feed

Planning of
Agriculture

Planting material
virus elimination

Potassium
capsicum
Potato
yield
Price subsidies

Pumpkin

88

14

112

50,

104

37

91,

28

17, %

28
555
28

11

60

92

43

89

7

97

101

wm
o

32, 39

28

pollination
Phytophthora

Q

Quarantine

R

Rainfall
Regeneration
Research

Rice

fertiliser

properties

consumer
preference

ratooning

superior milling
varieties

S

Salinity
sweet potato
Saussure

Shade Trees
pests and diseases

Sheep
growth rates and
parasites

Small holders
market influences

Soil

appraisal
indigenous

cultivation,
indigenous and
scientific

slopping, nutrition

volcanic

Stylo
cultivar comparison

Subsidies
Subsistence
Agriculture

intensification

Sugar cane

24

11,15

76,77

38

105

61,75, 116
108

115

102
85

100

97,99
103

18

20

n
w

53

107

71

29, 30, 31

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Vol 46 Nos. 1 & 2



65

Fiji virus
borers

Sweet potato
acidity
crop rotation
cultivar trials
earthworms
introduced
nutrient stress
production
research
salinity
water stress

T

Taro
Alornae disease
Hybridisation
Leaf blight

Tea
Heliopeltus damage

Technology Transfer
Tessaratomidae

Tissue Cuiture
virus etimination

Tumeric
fertiiser trials

U
Urbanisation
v

Vanuatu
Vegetables
w

Wasp
Brachon herbeior

Water stress
sweet potato

Weevil Borer
control

Wokabaut Somil

Wood
break down

92 4
106
Zehntner

97
31
31

30, 31
97
5,19
19

97

97

84
111
41,122

22

62

29, 30

to]
~

48

15

44

103

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

2003, Yol 46 Nos. 1 & 2

pp 4965



67

INSTRUCTIONS FOR CONTRIBUTORS

Papers must usually contribute to the advancement
of knowledge in the discipline(s) concerned but short
papers discussing techniques or published results,
notes, bibliographies, book reviews and invited
reviews of current knowledge in selected areas of
interest to the journal would also be considered for
publication. Proceedings of seminar/meetings/
workshops/symposia and conferences of adequate
standard and of interest to the Journal may also be
considered for publication. Articles offered for
publication elsewhere or published previously will
not be considered. All material submitted for
publication will be refereed, reviewed and edited to
meet the standards of the journal.

Copyright for material transfers to the Journal on
publication. For permission to reproduce material
from the Journal apply to the Editor.

1. Presentation - Papers should be doubled-spaced
throughout with wide margins on both sides. A4 size
paper should be used. Send the top copy plus two
photocopies to the editor of the journal. Captions to
plates and figures must be typed on separate sheets.
All pages of typing including references, appendices,
captions and tables should be numbered
consecutively at the top right.

2. Title - The title should be as brief as possible but
should clearly indicate the content. H is not
necessary to start the title with "A Or“The ... of
other non-significant words.

3. Author's name - First names or inltials can be
used according o the preference of the author
However, authors are strongly advised to use
same style far their name in all publications to avoid
giving the impression that they are two of
different authors. The address of each author at the
place where the work was done is given in a footnote
If there has been a change of address, the present
address 1s also given for the first author.

the

more

4. Abstract - An informative abstract suitable for
use by abstracting services should precede the
introductory paragraph. Because it is not a part of
the paper, an abstract should be intelligible on its
own and should summarise the contents and
conclusions of the paper. It should be written as
simply as possible to assist peopie who are not
specialists. it shouid not include unfamiliar terms,
acronyms, trade names, abbreviations of symbols
without explanation. The abstract should not exceed
2% of the total extent of the contribution, maximum
300 words.

5. Key words - A short list of key words should be

provided for rapid scanning of the contents of the
paper and use by abstracting agencies/journals.

6. Headings - In experimental papers the general
order of headings is: Abstract, Introduction, Materials
and Methods, Results, Discussion,
Acknowledgements, References, Appendix. In
descriptive, or other types of papers, as far as
possible, a similar format should be followed. No
headings should be underlined.

7. Text - Papers should be concise. Extensive
introductions referring to the work of earlier authors
should be avoided. Lengthy discussions and detailed
descriptions should be reduced by the use of tables
and diagrams. The text should not repeat in detail
what is apparent from a table or diagram.

Names of countries or organizations may be
abbreviated to capitals without full stops but must
be given in full at the first mention.

Numbers under 11 should be spelt out unless
qualifying a unit of measurement. If a number over
10 and a number under 11 appear in the same
sentence, both are written as numerals. Do not begin
a sentence with a numeral. Fractions should be
given as decimals or spelt out. All decimal numbers
less than unity should have a zero before the decimal
marker, e.g. 0.25. Ali units should be in the S.L
System.

All scientific names of animals and plants must be
underline to indicate that they should be set in talic
type or written in italics. The authority should be
cited in full on the first occasion a scientific name is
used, Where the same name is used repeatedly
the genus may be abbreviated to a capital letter after
the first citation. For example, use Homo saprens
Linnasus on the first occasion and H
thereafer.

sapiens

Common or locai names may be used but the
scientific name should be quoted on the first
occasion. An agricultural chemical must be referred
to by its generic or common name when it is first
quoted.

8. Tables - Numerical results should be displayed
as means with relevant standard error's rather than
as detailed data. Standard errors should be given
to one place of decimals more than the means to
which they refer and the number of degrees of
freedom should also be quoted, Tables should be
complete in themselves so that they can be
understood without reference ot accompanying text.
Each table should have a brief and self explanatory
title. The presentation of the same data in tabular
and graphic form is not permitted.
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9. Figures and photographs - Line drawings should
be drawn in black water-proof ink on smooth tough
paper. Labeling should be clear and always
produced with stencils using black water-proof ink
and should be legible when reduced. No alterations
or additions to artwork can be made by the editors.
Figures should be no larger than an A3 page, and
no smaller than final published size. Photographs
should be glossy prints of good quality and must
make a definite contribution to the value of the paper.
Indicate the top of the figures and photographs on
the back: the plate number of each figure and
photographs, the author's name, and the title of the
paper. Do not write on the back of photographs:
use an adhesive label with the data previously written
on it. Artwork should be of appropriate proportions
for the final dimensions.

10. Acknowledgements - The names, initials and
place of work of those the author wishes to mention
may be included. It is unnecessary to mention
everyone who has been marginally involved in the
work.

11. References - These should be cited in the text
by the author’s name and data as follows:

“Moran and Brown (1965) showed or “Various works”
(Miller and Smith 1956; Adams et al. 1960; Wilson
1978, 1979 a) found ..." The term et al. should be
used when there are more than two authors. The
letters a,b,c, should be used to distinguish several
papers by the same author in one year.

All references in the bibliography should be given in
full and in alphabetical order. For a journal the
reference should include surname and initials of ali
author(s), (year), title of paper, full title of the journal,
volume, (part) and full page numbers. For a book
the reference should include author(s) surnames and
initials, (year), title of chapter and page numbers if

appropriate, full title of book, published and city and
total page numbers, Conference proceedings should
inciude 'thve year-and place of the conference.” The

title of the journal or book Is underlined to be printed
in italics. Examples

BOWET, C.M. and SMITH, L.N. (1950)
Measurement of phosphorus. Methods of Soil
Analysis. C.A. Lack. Ed. Department of Primary
Industry, Port Moresby.

SANDERS, A.J. (1940). Plant responses to
Molybdenum. Papua New Guinea Agricultural
Journal 48(4): 981-995.

TROBEN, M.M. (1973). Genetic fine structure in
Drosophila. Department of Primary Industry
Research Bulletin No. 102: 196-197.

VANCE, P.N. (1976). Maize in the Markham Valley.
Pp. 215-220. In: 1975 Papua New Guinea Food
Crops Conference Proceedings. K. Wilson and R.M.
Bourke (Ed.). Department of Primary Industry, Port
Moresby.

Internal reports, communications and memoranda
are not valid references. The criteria for valid
publications (in the scientific world) are that
publications are distributed widely among those
interested in the subject and are available to the
international public in major libraries and from the
publisher. This therefore excludes reports circulated
only within a department and to a few outsiders and
conference documents available only to those who
attended the conference and the like.

Work that has not been accepted for publication
(unpublished data) and personal communications are
not included in the list of references buy may be
refereed to in the text. References cited in an
appendix should be included in the list of references
at the end of the paper.

Special care should be take to see that every
reference in the text is included in the list of
references and vice versa, and that there is
consistency in the spelling of author's names and
the citation of the dates throughout the paper.

12. Review of papers - All papers will be submitted
to suitable professional referees. Major changes will
be referred to the author for consideration. Minor
editorial changes will be made without consuttation
but will be presented to the author(s) at proot stage
The final decision to accept or reject a paper, rests
with the Editor.

13 Offprints - Twenty-five free off-prints are given
to the author. Where there are several authors, the
first author will be sent the off-prints. Extra off-prints
may be ordered at the time the galley proofs are
returned to the editor. Costs will be determined at
e lime of printing

14. Recognised abbreviations in this journal are

g - gram
kg - kilogram

t - tonne

| - litre

ml - millilitre

ha - hectare

mm - millimetre

cm - centimeter

M - metre

a.s.l. - above sea level
yr - year

wk - week

h - hour
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min

s

k

n.a.
n.r.
var
s.d.
s.e.m.-
d.f.

- minute

- second

- kina

- not applicable or not available
- not recorded

- variance

- standard deviation

standard error of difference

- degrees of freedom

Levels of significance

n.s.

*
*k
w*hk

Either kg/ha or kg.ha

- not significant

- 0.01 <p< 0.05

- 0.001 s p< 0.01
p < 0.001

avoid possible mathematical ambiguity.

15.

Submission of manuscripts - All
correspondence should be addressed to: Editor,
PNG Journal of Agriculture, Forestry and Fisheries,
Agricultural Information Branch, Publication Section,
Department of Agriculture and Livestock, P.O. Box

417, Konedobu, Papua New Guinea.

is acceptable, but large
combinations of units should be in the form kg.ha to
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