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EFFICACY OF FIVE INSECTICIDES AGAINST ORIS/US INIMICUS 
MARSHALL AND 0. DESTRUCTOR MARSHALL (COLEOPTERA: 
CURCULIONIDAE) 

Pus Wesis 1
, Benjamin Niangu', Mark Ero2&3

, David Elmouttie3 and Anthony R. Clarke3 

ABSTRACT 

Onb1us inimicus and 0. destructor are serious horticultural pests of the Highlands region of Papua 

New Guinea. Adult weevils feed externally on all non-woody parts of a wide range of agricultural and 

amenity plants. No insecticides currently registered for use in PNG have been formally tested against 

these insects. In this study we used laboratory bioassays to evaluate the efficacy of five insecticides 

(Karate® [Lambda-cyhalothrin], Malathion, Chlopyrifos, Target® [Primiphos-Methyl Permethrin] and 

Orthene® [Acephate]), all of which are commercially available and commonly used by Highlands' farmers. 

Follow-up laboratory and field trials of the two most promising chemicals tested efficacy at one-quarter, 

one-half and 1 x manufacturers' label dilution rates. Of the insecticides tested, Karate®, Target® and 

Chlophyrifos were found to be the most effective in terms of both total knockdown and time to knockdown. 

In laboratory bioassays, 10(1% mortality was reached within 20 minutes for these chemicals when 

insecticide was applied topically to individuals. In field studies, plots treated with Karate® yielded a 

sigmficantly greater weight and number of fruit than plot treated with Target®, but different dosage 

rates (one-quarter, one-half or full manufacturers' recommended concentrations) within insecticide 

type did not alter yield. We recommend Karate® as the chemical of preference for Highlands' growers 

for Orib1us control because of its significantly lower cost and better fi Id con ro!. 

Keyword . Grey weevils, pest management, eff,c c A pua New Gumea 
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In common with other grey weevil , Onbius 
spec, s are fl1ghtle sand the adult wal onto tie1r 

Although recognised as important pests ince at 
least the 1950' , there has bee very little fo ma 
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study of the ecology or management of onbius 
weevil s (references cited herein cover the 
available literature). Currently, there is little control 
of 0nbius species within Papua New Guinea's 
agricultural sector, despite crop yields increasing 
100-200% when weevils are managed (authors' 
unpublished data) . While some farmers do try to 
manage oribius using insect1c1des, the efficacy of 
the different chemicals available and their most 
efficient and cost effective application rates have 
not been evaluated. Because of the highly 
significant yield gains which can be made when 
weevils are managed, it is imperative that research 
be undertaken which supplies easily implemented 
recommendations for weevil control. This paper 
represents the outcome of some of this research, 
on laboratory and field evaluation of five, locally 
available insecticides. We deliberately chose 
locally available chemicals as previous pest 
management research in PNG had demonstrated 
that trialling non-available chemicals (for example 
those registered in Australia but not sold in PNG) 
led to significant grower dissatisfaction when they 
could not immediately implement the benefits of 
trials in which they had participated or observed. 
Studies were conducted on two pest 0nbius 
species, 0. inimicus Marshall and 0. destructor 
Marshall , which occur sympatrically in the 
Highlands' cropping districts. 

ATERI L A D TOD 

tudy Si e 
Both laborator and f 1eld trial were conducted at 
the [PNG] National Agricultural Research lnstitu e 
( ARI) Main H1g lands Program A1 ura alley 
(6°20 23 S 145 54 1 B"E), via Kainantu, Eastern 
Hig I nds Provine P G Laboratory tna re 
conducted under arnb1en cond1t1ons mean 

'1 d 2 
90.0°0 respectively. 

n ect nd Lab ratory Tri 
Adult 0rib,us inimicus and 0. destructor were bulk 
collected from various host plants around the 
Aiyura valley in the week preceding their use in 
laboratory trials. Insects were held in an outdoor 
insectary containing a mix of known host plants 
until used. Insects used in trials were thus of 
unknown age and maturity, although they could 
be, and were, sexed. 

Five insecticides were used for the trials: Karate® 
[Lambda-cyhalothrin, 25g/L active ingredient], 
Malathion [500g/L active ingredient], Chlopyrifos 
[500g/L active ingredient], Target® [Pirimiphos­
M ethyl/Perm eth rin, 5 + 95g/L permethrin 

pirimiphos-methyl] and Orthene® [Acephate, 
75%w/v active ingredient]. Insecticides were 
chosen based on their ready availability for 
Highlands' growers, rather than any 
preconceptions about preferred mode of action, 
etc. For each insecticide three treatments and a 
control were applied which manipulated the 
insecticide's application mode: 

(i) Filter paper dipped into the insecticide and then 
allowed to air dry before being added as a 
lining to a petri dish; 

(ii) Insecticide misted onto weevils until droplets 
appeared (topical application); 

(iii) Host plant (Thickhead, Crassocephalum 
crepidioides) leaf material immersed in 
insecticide dilution, allowed to air dry, and then 
placed with weevils into a petri dish. 

(iv) Control - Water sprayed on individuals. 

The basic replicate, 10 for each treatment, 
consisted of a 90mm diameter disposable petri 
dish, lined with filter paper, containing five male 
and five female weevils. Recordings of weevil 
morbidity were made at 5, 15, 30, 60, 360 and 
1440 minutes after exposure, and then as required 
once every 24 hours until 100% mortality was 
reached. Treatments were abandoned after 336 
hours. Insecticides were applied at a rate 
equivalent to manufacturers' label instructions for 
g n r I ho Lieu tu al u e. T ere· Kar te" 
0.9ml/L water; alath1on 2.5ml/L ater; 
Chlopynfos 4ml/L wat r; Targe ® Sml/L ater, 
Orthene R 0.24g/L vater. 

The three mo t efficacious insecticide were then 
further est d at lower concen rations (one•quarter 

nd one half of full dosage) using the most 
ffect1 e apphc ,on me hod . Each in ecticide 
a e ted u ing he ame protocols as for the 

Fi Id Tri I 
Based on lab results, two of the three most 
eff'cacious insecticides (Karate® and Target®, see 
results) were subsequently field validated at full 
(Karate®, 1 ml/L; Targe~S) 5ml/L), one-half and one­
quarter concentrations. Three replicate field plots 
were planted on-station for each of the two 
insecticides tested. Each replicate plot consisting 
of 80 capsicum plants, separated into four 
quadrants, each quadrant of which was treated 
with the same insecticide at the three 
concentrations and a control (no insecticide 
application). Capsicums were chosen as they are 
readily available and commonly grown in the 
Highlands, have a rapid growth rate and are known 
hosts of 0ribius (authors' unpublished data). 

Papua New Guinea Journal of Agriculture, Forestry and Fisheries 2007, Volume 50, No. 1 & 2, pp 03-08 



Trials were planted at Aiyura on 19.04.2005 and 
fruits were progressively harvested and weighed 
as they reached maturity (last harvest date 
29.07 2005), in line with normal local farming 
practice. Insecticide application was conducted 
on a "as need'' basis (based on observations from 
full concentration plots): this resulted in three 
sprays being applied on 23.05.2005, 22.06.2005 
and 29.07.2005. On completion of the crop cycle, 
cumulative weights, the total number of fruits 
harvested and the total number of damaged fruits 
were calculated for each insecticide/concentration 
replicate. 

Cost/benefit of control 
A simple cost/benefit analysis was undertaken on 
the results obtained from the field trial. Costings 
were based on average local market value of 
capsicum for 2004-2005 (Kina 3.52/kg) and 
average local store costs of insecticides (Karate® 
K29.03/L, Target® K72.30/200ml, Wetting agent -
Hol1mpas K16.00/5L) . Labour costs were not 
included as we were targeting individual grower 
gardens where owner-farmers carry out all work. 
For the same reason we kept the results of the 
analysis at a small plot size, as against, for 
example, converting it to a per hectare figure, as 
horticultural crops in the Highlands are very rarely 
grown rn large, contiguous fields. 

RESU 

Laboratory ults 
Combining the differ nt 1nsect1c1des, application 
method "ignif1cantl affec ed efficacy (F -33.434 

5 

df = 2, p <0.001), with topical application of 
insecticide being the most effective exposure 
technique: this overall result was consistent 
regardless of the insecticide or Oribius species 
tested (Table 1). Independent of exposure type, 
Chlophyrifos, Target® and Karate® were 
significantly more effective than the other two 
chemicals against both 0. inimicus and 0. 
destructor (Flnim,cus= 31.376, df = 4, p < 0.001; 
Fd =24.886, df = 4, p< 0.001 ). While the estructor 
different Oribius species responded slightly 
differently to the different insecticides, with the 
most obvious difference being the much greater 
efficacy of malathion against 0. inimicus than 0. 
destructor, there was a generally consistent pattern 
in the response of both species to the different 
insecticides (Table 1). 

Chlophyrifos, Target® and Karate® were further 
tested at reduced concentrations. For all 
insecticides combined, concentration had a 
significant effect on mortality (F,nimicus= 6.489, df = 
2, p < 0.001; Fdestructor=14.375, df = 2, p< 0.001 ), 
with full strength applications being significantly 
more efficacious in seven of the twelve 
comparisons (Table 2). The efficacy of 
Chlophyrifos was most affected by a reduction in 
concentration, with time to 100% mortaiity for 0. 
destructor being 12 times slower at one-quarter 
manufacturer's recommended dose than at full 
strength. Excluding thi exception, all other 
reduced rate in ect1c1des still caused 100% 
mortality w1 hm am ximum of 40 minutes, and on 
average w1th1 22 minutes (Table 2). 

Table 1: an time (mi e ) o 1 ~ ,orta • for Oribi d uct r d Oribi 

rl inimicT , U Jn.9_!1v_ ~ r £_ "Jd nd r xp\;. rat_ ent t 

In ec~icide Oribius s~p. ~ To _ical __ LSubt_r_a_t_~====T=o=f=o=o=====• =C=o=n=t=~ol---t 
, K rate 0. destructor 18.5 _ 2.7 330 ±3- 0 360 ± 0.-00 > 201601 

Target,R : 0. destructor 12 + 1.5 468 + 108 360 + 0.0 
,

1 

Chlophynfos 

I Maia h1on 
1 Orthene'~ 

arateg 

I 
Target'R' 

Chlophyrifos 

Malathion 

OrtheneID 

0. destructor 14 .5 + 2.2 1440 ± 0 0 1440 :t 0.0 

1 0. destructor 160 +- 54 ,;> 20160 > 20160 
1 0. destructor 330 :r 30 > 201 0 1152 + 25 

0. m,m,cus 7 1: 1.3 108 ± 42 360 ± 0.00 
0 mm11cus 8 ± 1.5 10092 -t 2915 6288 + 3029 
0. immicus 16.5 ± 1.5 900 ± 180 1322 ± 108 

0. inimicus 16.5 ± 3.2 15300 ± 2195 17568 ± 1319 
0. inim,cus 2052 ± 364 13248 ± 2369 2448 ±5 28 

(Sample size for each treatment equals 10 replicates of 10 insects each). 

> 2Q16Q I 

> 20160 

> 20160 
> 20160 

> 20160 I 

> 20160 

> 20160 

> 20160 

> 20160 
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Field Results 
In the field va lidation stud ies for Karate® and 
Target®, both insecticides led to greater harvest 
yields than unsprayed contro l plots. However, 
insecticide type significantly influenced yield 
regardless of dosage treatment: plots treated with 
Karate® had a significantly greater harvestable 
weight of capsicums (t = 2.65, df = 70 , p = 0.01) 
and number of fruit (t = 2.286, df = 70, p = 0.025) 
than those treated with Target® (Table 3). There 
was no significant effect of changing dosage rate 
within an insecticide. Insecticide type did not effect 
the number of damaged fruit (t = 1.637, df = 70, p 
= 0.106) , which was high in all treatments (Table 
3). 

Cost/benefit of control 
Results of the cost-benefit analysis showed that 
treatments to control oribius weevils were highly 
profitable , with one-quarter strength Karate® 

control yielding a K66.40 increase in return over 
not controlling weevils (Table 4). 

DISCUSSION 

Th is study indicates that use of selected 
insecticides, such as Karate® and Target®, can 
be used to reduce damage and increase 
productivity in crops that are attacked by oribius 
weevils . Further, the cost/benefit analysis 
demonstrated that significant profit is to be gained 
with only a few spray applications during a 
cropping cycle . Because of its extra efficacy in 
the field (Table 3) and lower cost (Table 4), we 
recommend Karate® as the chemical of choice 
for Oribius control. 

Yield benefits were recorded despite a relatively 
high level of damage still being experienced in 

Table 2: Mean time (minutes) (± 1 S.E) to 100% mortality for Oribius destructor and 
0. inimicus using three insecticides at one-quarter, one-half and full 
manufacturers' recommended concentration. 

Treatment 

Insecticide Species ¼ ½ Concentration Full 
Concentration Concentration 

Karate 0. destructor 40.5 ± 5.5 18 ± 5.9 18.5 ± 2.7 

T~rg t 0 d~cfrur nr 27 5 .... 4 6 * 14 .... 3 12 ± 1 

Chlophyrifos 0. destructor 363 _ 47 * 38 ± 3.6 
* 

14.5 ± 2.16 

Karate 0. mimicus 22.5 ± 2.5 
* 

27 ± 2.0 
* 

7 ± 1.3 

Target 0. imm,cus 14 ± 1.0 * 9.0 :t 1.63 8±15 

0. mimicus 4 ± ◄ .0 5.5 ± .45 i6.5 ± 1.5 

d1ff rence at p<0.05 from full concentra 10n trial 

Ti bi 3: an (± 1 .E.) umb o un m d 
ig t o cap ic m fr it ro under diff 

Eas em Highlands Province, PNG. 
I - - -
I Mean treatment yield (:!: 1 S.E.} 
1 Insecticide Control ¼dose ½dose Full dose 

Karate 
Number undamaged 27.3 ± 5.9a 44.1 ± 10.1b 37.1 ± 8.7b 42.1 ± 11.9b 
fruit 
Number damaged fruit 25.1 ± 5.6a 33.7 ± 7.9b 30.8 ± 7.6b 31.5 ± 9.5b 
Fruit weight (Kg) 23.77 ± 4.6a 42.5 ± 9.0b 39 ± 9.3b 39.6 ± 10.1 b 

Target 
Number undamaged 19.3 ± 4.6 25.0 ± 7.6 28.0 ± 8.1 25.7 ± 6.8 
fruit 
Number damaged fruit 18.4 ± 4.5 22.7 ± 7.0 25.1 ± 7.9 22.8 ± 6.4 
Fruit weiqht (Kg) 16.9 + 4.5 24.6 + 7.7 22.2 + 6.6 25 + 6.4 
Each treatment consisted of three replicated, 20 plant plots. 
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Table 4: Cost/benefit analysis for con rol of Oribius species on 60 cap icum plants using 
three insecticide concentration rates for Karate® (active ingredient Lambda­
cyhalothrin) and Target® (active Ingredient Pirimiphos-Methyl/Permethrin). 

--

Parameter Unsprayed One-quarter 
manufacturer's 
recommended 

rate 
KARATE® 
Treatment 0.00 0.16 
cost 
Market 3.52 3.52 
Value (K/kg) 
Productivity 23.7 42.6 
(Kg) 
Profit 83.42 149.79 
(Kina) 

TARGET® 
Treatment 0 3.7 
cost 

I ! Market 3.52 3.52 
Value (K/kg) 

I 
Productivity 16.7 I 24.6 
(Kg) 

I Profit 58.78 82.89 
(Kina} .... 

ar 
surr - n (a 
,s common in the Highlands) 1 sect1c1 e would 
need to be applied with a very high frequency to 
eliminate all damage. Ne do no endorse uch 
an approach, however, given the well documented 
negative impacts which follow high level 
insecticide use. 

Treatment 
One-half Full 

manufacturer's manufacturer's 
recommended rate recommended rate 

0.23 0.38 

3.52 3.52 

39.0 39.7 

137.05 139.36 

7.31 14.54 

3.52 3.52 

22.2 25.0 

73.46-- _J 70.83 
I 

based on local store 
et v u nd 

r· I 

T .1e effl and ara a r duce 
a s1gnif1ca t imp ,c t,on for 

managem n ugh me to k' wa I ngthened 
in the la.bar tory env1ronm nt, efficacy at one-
quar er and one-half rec mmende 
concentrations did not lower yie d within field 
trials. Using ·nsecticides at one-quarter 
concentration reduces insecticide cost by 75%, a 
significant benefit in a cash poor society (Benjamin 
et al. 2001), and may make the difference as to 
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whether control Is applied or not. The benefits of 
a lower concentration application may also be 
magnified as, although reduced concentrations still 
provide a lethal dose to Oribius weevils, the 
general principles of Integrated Pest Management 
(1PM) would predict that impacts on potential 
natural enemies and pollinators may be reduced. 
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ASSESSMENT OF KAVALACTONES IN KAVA, PIPER METHYSTICUM 
FORST. F., CULTIVARS OF PAPUA NEW GUINEA 

Michael Dom 

ABSTRACT 

Assessment has been made of the kavalactones in eight cultivated varieties of kava, Piper methysticum, 
grown in three locations in Papua New Guinea. A total of forty-seven samples of dried root, stem and 
peeling from Lae, Madang and the Keravat Germplasm Collection of the PNG National Agricultural 
Research Institute representing eight cultivars were analyzed by HPLC methods to determine the 
kavalactones. Three chemotypes are indicated, two identified by Lebot et al (1999) and another that is 
similar to that in P. wichmannii. Kavain, dihydrokavain and dihydromethysticin were found to be the 
predominate components. The Total KL (%) however is lower than found in kava from other South 
Pacific countries. 

Keywords: Kava, Piper methysticum, Piper wichmannii, kavalactone, kavain, dihydrokavam, 
dihydromethysticin, methysticin, yangonin, desmethoxyyangonin. 

INTRODUCTION 

Kava is a plant from the Piperaceae family and 
consists of two botanically differentiated species, 
Piper w1chmanmi C. DC. and P. methysticum Forst. 
f The latter has been cultivated b people in 
Oceania for some 3000 years (Le ot 1997) and 
was first described in 1786 by a botanist ravehng 
with Captain James Coo . Evidence has sho n 
that P methyst,cum 1s the sterile, cultivated for n 
white P. wichmannii forms the fertile w Id p pulat1on 
(Lebot and Le sque 19 6 ev, Guinea, Vanuatu 
and the Solomo I I nds ar hought to be h 
cen er of ongm of the kava plant, w ere the 
natJr I occurrence of P w,chmanniJ nd other 
co ely r lated pee, 5 , isolated ( ebot et al. 
1 r 91) 

t<ava 1s a cash crop of several Pacific island 
nations. Kava die ad disease I d exporters o 
search for alternative sources fo reduction. 
cult1vat1on and export l his led to an increased 
inLr st in . ava cu1t1vars gro n in P G. The PNG 
National Agricultural Research In titute WAR!,, as 
the I admg agency for research in agricultural 
crops, has produced information on the 
horticultural and agronomic aspects of kava 
cultivation. However, there had been limited 
information on the range of cultivars in PNG m 
terms of chemical components. As well as defining 
the chemical composition, an additional aim of the 
paper was to suggest the cause of strength of brew 

('kick') reportedly found in the PNG Madang Short 
kava drink. 

Kavalactcnes (a-pyrones and 5,6-substituted 
dihydro-a-pyrones) are psychoactive compounds 
released in a brew made by soaking the 
ma ticated or po dered root. The lactones ar 
also presen• m he stump, s em, peelings and 
leaves. There are six major kavalactones each 
having different physio ogical effec s. Studies into 
the pharm cology of thes si ka alactones have 
been umm nzed by Hansel ( 1 8) as narcotic 

ensifying barb1tur en rco is) nalges1c. local 
anaesthetic, contraction inh1bitina and 
ant1convul ant, ant1spa rnolytic and fung1static 
towards select species of fungi an str ptomyces. 
Kretzschmar's s udies (1970, cit ~d by Lebot et al. 
1 99) how the p ychopharmacology of kavain is 
characterized by emotional and muscular 
rela t1on, stabilization of he eelings and 
t1mulatio of the b1hty to think nd c . 

The work here i based on analy I of 4 7 samples 
that were r ceived by th NARI Chemi try 
Laboratory from Keravat, Lae and v1adang. 
Complete descriptions of the growth sites, soil 
conditions and morphotype.., were not available 
at that time. This study is based on the observe 
chemotypic variation. Such data is essential for 
facilitating the selection of superior or 
commercially desirable cultivars (Lebot et al . 
1991 ). 

PNG National Agricultural Research Institute PO Box4415 Lae411, Morobe Province Tel: (675) 4751444/1445 Fax· (675) 475 
1450 Email Michael dom(i'vnari org pg Website www.nar1.org 
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MATERIALS AND METHODS 

The samples were received in four accessions 
from Keravat (Lon.4° 20 ' N; Lat.152° 92' E), Lae 
(Lon. 7° N Lat.146° 30' E) and Madang (Lon.6° 
30'N; Lat.145° 30 ' E). The varieties were given 
local names: Madang Short (MS var.), Madang Tall 
(MT var.), Manus Green (ManG var.), Manus Pink 
(ManP var.), Manus Tall (ManT var.), Oaru Tall {OT 
var.), West New Britain (WNB var.) and Kavieng 
(KAV var.). Samples were received as dry material 
but were further dried in a forced air draft oven at 
105°C. The phytochemical analysis was made by 
High Performance Liquid Chromatography (HPLC) 
following the INA Method 101.002 first developed 
by Shao et al. (1998). 

About 750 mg (±0.1 mg) of finely ground stem, 
peeling, or root material was placed into a 50-ml 
volumetric flask along with 40 ml of methanol/ 
water (70/30) and sonicated for 60 minutes at room 
temperature. The flask was allowed to cool and 
contents diluted to volume with methanol/water 
(70/30). About 5ml was then filtered through 
0.45mm nylon micro filters (Whatman) into a HPLC 
vial and capped. Ka vain was used as the stock 
standard prepared as for the samples. The 
literature response factors were used to quantify 
the other five components. System suitability was 
ensured for the standards 0.01, 0.04, 0.1 O and 
1.0 mg ml 1aving d Ii 1e r t.oeffa.,er t of O 9999 
and a resolution b tween de methoxyyangonin 
and yangonm of 5. 7. Ana ys1s wa carried ou on 
a Varian Sta Chromatography System Series 
9000 consisting of a 9012 SOS, 9100 AutoSampler 
and a 9065 UV-Vis. A SU1table analytical column, 
M1crosorb MV, 5 mm (C-18), 4.6 ' 250 mm 

substituted the reported YMCbasic 5 mm (C8). A 
temperature of 32-34 °C was maintained in a water 
bath in which the column was immersed. Mobile 
Phase was isocratic acetonitrile: methanol: water: 
acetic acid (20: 20: 60: 0.1 v/v) at a flow rate of 
1.0 ml/min. Injections of 10ml were made using a 
Valeo valve and sample detection was made at 
220 nm. Total run time was 45 minutes. Calculation 
of the components was made as follows: 

% Individual Kavalactone = (A}(SRHFV}(D}(FH100) 
fW) 

Where: A = Peak area response of the 
kavalactone in the sample. 

SR = The response of the corresponding 
kavalactone reference standard (slope of 
the calibration plot) 
FV = The final volume of the sample 
preparation (ml). 
D = The dilution factor of the sample 
preparation. 
F = The correction factor for quantitation 
against kavain 
W = The sample weight (mg). 

HPLC analysis allowed separation of six major 
kavalactone (KL) components; in order of elution 
(reverse phase) they are: methysticin (M), 
dihydromethysticin (OHM), kavain (K), 
di y rok v in (DHK), e methoxyy ngonin 

(DMY) and yangonin (Y). Chroma tog aph nd 
re ention times and e ponse factors used to 
calculate the percent compositions are in ab e 1. 
Dry extracts were not made as the method as ays 
directly from solution. 

Figure 1. mpl chroma ogr m of av lac on . 

:,0 -1 16. 3 ) }S 

l 
~15007 

I 

3'l4 1 4!858 ,5315 

r, 
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Table 1. Retention Times for HPLC analysis above. 

Kavalactone Retention Times Response Factors" 
(minutes) 

Methvsticin (M) 23.847 0.6602 
Dihvdromethvsticin (OHM) 24.516 1.638 
Kavain (K) 25.1 17 1.000 
Dihydrokavain (DHIL) 26.892 1.641 
Desmethoxwangonin (DMY) 37.179 0.9329 
Yanqonin (Y) 41.858 0.9669 

* From INA Method 101.002 (Institute for Nutraceutical Advancement 
2000) 

RESULTS AND DISCUSSION 

There were a total of 4 7 samples; 15 root, 20 stem 
and 8 peelings. An additional four samples were 
received in powdered form (labeled 'unknown'). 
The results of HPLC analysis and the chemical 
coding and chemotypes are presented in Table 2. 
Descriptive Statistics were applied to root and stem 
samples (Tables 3 and 4). Table 5 shows the results 
of simple linear correlation analysis for the roots 
and stems. Total Kavalactone (KL) percent variation 
in the 15 root and 20 stem sample was very large, 
coeff Ic1ent of variance of 50.522 and 59.200 
res ec 1vel et o yya e grea est 
variance 
had th 

Ch 
C 

I 

K 
B 
wher 
loca I v > 

wet per ods are more regular m Lae and Madan . 
The plantings were w II e ta llshed in all three 
locations for five to ten years or longer. Madang 
samples had three of the highest total KL percent 
from the peelings. Madang sites grew only MS 
varieties but these showed two distinct 
chemotypes (codes: 245-163/613 and 425-163/613). 

Samples from Lae were of MT and MS. Lae kava 
displayed only chemotype C for both varieties grown, 
MS and MT. There were four samples of unknown 
origin and two of these were of a different chemotype 
(code: 425-163/613). Keravatgermplasm consisted 
of all eight varieties and KL percent in these differed 
significantly at the 95% level. Keravat kava presented 
three chemotypes. 

Overall there are three chemotypes observed 
here. Chemotype C: 245, 254 and F: 421, 425 
have been assigned according to Lebot and 
Leve que ( 1989). Chemotype arbitrarily 
des1gna ed Q for co ·e : 142, 145, 146 are 
m G co lect1ons {L bot 
a et al 199 ) , T b e 

methystrcum 
3 d form , 4 
(52163 ), C 

t al 

s 
0 

r 
e 

al KL 
ihydrome Isa prommen 

and here were lo e and y ngonm. 
Kavam, OHK and OHM are of particular interest. 
Kavain and OHK both have local anaesthetic 
properties and OHM has a stronger narcotic effect 
(Hansel 1968). OHK has a relative analgesic effect 
stronger by dosage than that of acetylsalicylic acid 
(aspirin) (Bruggeman and Meyer 1963 in Hansel 
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1968). The predominance of these three lower Total KL percent content compared to that 
kavalactones may be the underlying cause of the found in other kava producing countries. 
strength ('kick') appreciated by PNG kava 
consumers. PNG kava varieties however, showed 

Table 2. Kavalactone HPLC analysis results of (47) Kava samples displaying chemotypes at three 
locations. 

Lab No. Variety Location Section otals (%) M OHM K OHK OMV y Code Chem 
0 

0143(1) Madang short Lae stem 0.39 6.77 19.28 26.94 33.84 8.61 4.57 245163 C 
0143(2) Madang short Lae peelings 2.29 7.71 17.67 26.59 32.30 8.43 7.30 245163 C 
0143(3) Madang short Lae roots 6.55 7.10 11.30 31.47 34.50 10.75 4.88 245163 C 
0143(4) Madang short Lae peelings 4.69 7.36 13.64 29.68 34.02 9.74 5.57 245163 C 
0143(5) Madang short Lae stem 5.40 7.38 11.47 32.72 34.35 9.68 4.40 245163 C 
0144(1) Madang tall Lae stem 1 73 8.26 20.07 25.56 33.05 6.76 6.29 254613 C 
0144(2) Madang tall Lae stem 0.81 5.07 22.00 18.08 43.31 6.32 5.21 254136 C 
0144(3) Madang tall Lae peelings 3.54 8.84 19.07 26.05 30.27 7.33 8.44 245631 C 
0144(4) Madang tall Lae peelings 2.96 5.77 23.56 17.10 39.99 6.46 7.12 254316 C 
0144(5) Madang tall Lae roots 5.40 7.38 11.47 32.72 34.35 9.68 4.40 245163 C 

0145 Madang Lae unknown 6.39 5.93 13.95 29.08 41.06 6.38 3.60 245163 C 
0403 Madang short Lae unknown 3.74 8.33 11.26 37.71 26.33 8.57 7.79 425163 F 
0507 Madang short Lae unknown 3.03 8.01 12.12 35.03 32.57 7.72 4.56 425613 F 

0135 (a) Madang short Madang roots 2.87 6.13 13.10 28.13 38.12 9.1 5 5.38 245163 C 
0135 (b) Madang short Madang stem 1.46 6.87 19.73 23.95 37.98 5.80 5.67 245613 C 
0135 (c) Madang short Madang peelings 2.45 6.93 20.11 23.43 35.28 7.11 7.14 245316 C 
0139(1) Madang short Madang roots 5.87 8.32 9.22 40.35 29.30 7.92 4.90 425613 F 
0139(2) Madang short Madang peelings 9.20 6.50 10.02 35.92 35.12 8.38 4.06 425163 F 
0139(3) Madang short Madang stem 2.79 8.08 14.21 34.48 33.22 5.45 4.57 425613 F 
0139(4.) Madang short Madang stem 3.29 7.99 14.07 34.92 32.67 5.39 4.96 425613 F 
0140(1) Madang short Madang I stem 2.98 7.50 13.83 34.04 34.26 5.75 4.63 245613 C 
0140(2) Madang short Madang peelings 10.47 6.30 9.80 36.21 34.88 8.63 4.19 425163 F 

1 0(3) ng hortl dan 2 2 7 5 23 31 1 4.10 .2 2 13 C 
014 (4) M n hort M d ng 4.30 a 38 I 9.40 39 79 277 2 1 3 F 
0141(1) M d ng short M d ng 11.88 6.58 . 33.30 35.85 4. 2 5 63 C 
0141 (2) ad ng hort Madan st m 2.84 .49 30.3 5.37 25613 F 
0141 (3) Madang short, Madang roots 3.59 .37 30.0 5.01 425613 F 
O 141 ( 4) M dang short I Madang I stem 2.63 . 71 32 . 5.79 2 5631 C 
0142(1) M dang short Madang unknown 2.58 .56 30. 7.09 254631 C 
0142(2) Madang short Madan stem 3.22 .13 31.5 8.221245631 C 
0142(3) Madang short1 Madang root 4.86 .51 29.2 7.53 425613 F 

3138 3.86 7. 10. 6 6 0 421563 F 
3739 2.61 03 6.0 42 1 F 
31 o· anu ·p n 1. 2 53 i= I. 

3741 Manus pin stem 1.91 17.33 26.98 37.36 6. 7 5.89 2 5136 C 
3742 Manus tall Keravat tern 0.80 10 36 15.31 7.13 50.42 4.70 146523 Q 
3743 Manus tall Kera ,at roots .48 10.84 12.30 7.92 52.3 .38 146523 Q 
3744 Manus green Keravat roots 0.64 j 11. 2 8.10 10.59 4.76 60.28 4.36 164523 Q 
3745 Manus green Keravat stem 0.56 11.45 12.13 21.74 7.13 43.01 4.54 145623 Q 
3746 Kavieng Keravat roots 3.01 

i 
7.84 13.94 29.77 32.44 9.36 6.65 245163 C 

3747 Kavieng Keravat stem 0.86 7.55 20.58 24.43 35.44 5.94 6.06 245631 C 
3748 Madang tall Keravat roots 4.93 8.25 9.42 39.94 26.63 10.05 5.70 421563 F 
3749 Madang tall Keravat stem 2.30 8.45 15.96 32.81 31.46 5.97 5.36 425613 F 
3750 WNB Keravat roots 1.01 11.86 11.70 14.40 11.63 44.42 6.00 146523 Q 
3751 WNB Keravat stem 0.72 10.60 12.13 22.16 14.95 34.49 5.67 142563 Q 
3752 Daru tall Keravat roots 6.00 7.42 11.37 35.52 27.24 11.94 6.52 421563 F 
3753 Daru tall Keravat stem 3.90 6.04 20.06 24.47 34.28 8.43 6.71 245136 C 

Measured at * Lebot et al, 1999 Chemotype coding.1 = DMY; 2 = DHK; 3 = Y; 4 = K; 5 = OHM; 6 = 
0.100AUFS M. These are not the order of elution by RP- HPLC. 
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Table 3. Descriptive Statistics Resulting from the analysis of 15 Root samples. 

KL% DMY (1) DHK (2) y (3) K (4) OHM (5) M (6) 

Mean 3.822 17.982 26.220 5.696 30.570 10.979 8.554 
Minimum 0.484 6.517 4.756 4.357 10.595 8.097 6.013 
Maximum 6.551 60.276 38.115 7.534 40.348 13.942 11.918 
Standard 1.931 18.085 9.969 0.909 10.104 1.758 1.859 
Deviation 
Coeff. Of 50.522 100.572 38.020 15.967 33.053 16.010 21.736 
Variation 

Table 4. Descriptive Statistics Resulting from the analysis of 20 Stem samples. 

KL% DMY (1) DHK (2) y (3) K (4) OHM (5) M (6) 

Mean 2.191 11.964 30.468 5.496 27.640 16.326 8.106 

Minimum 0.385 5.316 7.126 4.400 15.310 10.365 5.071 

Maximum 5.396 50.425 43.312 8.218 35.492 22.101 12.066 

Standard 1.297 13.520 9.510 0.920 5.980 3.641 1.773 
Deviation 
Coeff.Of 59.200 113.00 31 .213 16.749 21.634 22.304 21.873 
Variation 

Table 5. Simple Linear Correlation analysis of Kavalactones in Root (15 samples) and Stem 
{20 samples) . 

r-- 7' - --- ------
Roots Parameter I Stems Parameters 

I I 

-v - - - ---------
X y Corr. Co f. Corr. Coef. Si 
iOMY DHK -0.95 .. IDMY jDHK -0.94 1Wt 

,y 0.30 ns I IY -0.29 ns 
:K -0.93 frlt 

I 
IK -0.60 1r#t 

I 'OHM -0.30 ns OHM ~0.57 .. 
I 

I 'M 0.83 -lrlt I M 0.78 ~ 

IDHK 
!Totals_% 0.81 ~ Totals_% -0.46 

,.. 

!y 018 ns DHK y 0.22 ns 
I IK 0.79 tt K 0.39 ns 

I 

! 

[

HM 0.40 ns OHM 0.65 ... 
I 

v'I -0 91 ... M 0.92 tt 

Kota·1s_% 0.75 t,1r Totals_% 0.36 flS 

,v 0.25 ns y K -0.22 ns 
I 

~DHM 0.33 ns OHM 0.65 Jdt 

I 

lM -0.18 ns M -0.11 ns 
Totals_% 0.09 ns 

I 
Totals_% 0.12 ns 

K OHM -0.03 ns lK DHM -0.26 ns 
M 0.73 ... M 0.21 ns 
Totals_% 0.83 'k1t Totals_% 0.62 -lr'/lt 

IDHM !M -0.15 ns OHM 1M -0.63 tt 

I 

!
Totals_% 0.03 ns 'Totals_% -0.15 ns 

M Totals % -0.69 tt M Totals % -0.25 ns 
I 

Table values are; Root, 0.6411 and 0.5139:Stem, 0.5614 and 0.4438; for 1 % and 5% significance levels 

'k1< Significant at 1 % and 5% level; ns, not significant 
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CONCLUSION 

Kava, P methyst,cum cultivated in Lae, Madang 
and Keravat today display three chemotypes C, F 
and Q. The last is likely to be a chemotype of wild 
forms from West New Britain and Manus. There 
are eight (8) cultivars that are locally identified in 
the Keravat germplasm collection . Of these 
cultivars Madang Short variety has been the most 
successfully produced and enjoyed kava brew. 
The maior psychoactive components indicated for 
varieties having consumer preference are kavain, 
dihydrokavain and dihydromethisticin. Although 
the latter two compounds are considerably more 
potent, the lower Total (KL%) may be reducing their 
effect or there may be a modifying or synergetic 
effect with kavain , changing their physiological 
actions . This work presents a glimpse of the 
chemica l variety of PNG kava that is now in 
cultivation but more work needs to be done to 
further the development of this crop. 
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SELECTION OF RICE (ORVZA SAT/VA L) VARIETIES FOR LOWLANDS 

RAIN-FED CONDITIONS IN PAPUA NEW GUINEA. 

Stanis Malangen and Birte Komolong 

ABSTRACT 

Four rice (Oryza sativa L.) varieties, NR 1, NR 9, NR 15 and NR 16 were provisionally released in 2003 

by the National Agricultural Research Institute (NARI) for the lowland areas ranging from 0-1200 meters 

altitude. They were selected on the basis of grain yield, eating quality and pest and disease resistance 

from the first season of trials. . The varieties were tested by NARI for another two seasons at five 

different sites in the Madang and Morobe Province. The superior performance of the four NR varieties 

over the standard varieties TCS 10 and FB91 was confirmed in both seasons. The varieties NR 1, NR 

9, NR 15 and NR 16 are recommended for final release to farmers in the Lowlands of PNG based on 

yield performance and taste. 

Keywords: Vaneties, released, National Agricultural Reseach Institute, seasons, performance. 

INTRODUCTION 

Rice (Oryza sativa L) has many advantages ove 
most of the trad1t1onal food crops of Papua New 
Guinea (P G) Rice I easy o store do 
pe·1sh dur n tran ortatI0 istant loc 
consump I0n of small 
th human ppe Ite 
root 
u fo 

d1 
pu 
mo 
e 

cul 
ber 

f 1 60, 
Ing from 

Munum in the lower Mar ham vall 
of the tud1es were non con lu Ive due to lack of 
information for optimum planting dates for the 
sites, soil cond1t1ons, erratic rainfall, Rice bugs 

(Leptocorisa spp.) and unsuitab le varieties 
(Sumbak 1977). 

Superior and modern varieties ith ideal agro-
b • • o-chemica its and 

r pre-r i es o 

0 

rn ormance of 
promising varieties acros all three seasons of 
multi-location trials. 

National Agricultural Research Institute Sir Alkan Tololo Research Centre, P.O Box 1639, Lae 411, Morobe Province, Papua 

New Guinea 
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MATERIALS AND METHOD 

Location and Methods 

A series of mult1-locat1on trials was conducted 
between 2001 and 2005 at different sites in 
Madang and Morobe Provinces to evaluate the 
performance of upland rice varieties across 
different envioroments. Trial 1 was conducted at 
lntoap (Mutzing), Gusap (Ramu Sugar), Usino, 
Wareo (Finchafen), and Garaina while Trials 2 and 
3 were conducted at lntoap, Gusap, Usino, Boana 
and Dagging. Table 1 shows the soil and agro­
ecological features of all the sites used during the 
series of trials. 

Soils at the trial sites were moderately fertile with 
acid to moderately acid soil pH, low organic matter 
and total nitrogen and phosphorous low but 
medium to high ratings for Mg and K at most sites. 
Data for Wareo are not available (Appendix Table 
A1). 

The rice varieties were among 1250 accessions 
introduced from the International Rice Research 
Institute (IRRI) since 1960 (Sumbak 1977). From 
previous trials conducted between 1991 and 1996 
initial eight upland rice varieties were selected for 
the season of multi-location trials. The number of 
varieties was increased to 10 varieties for seasons 
2 and 3 (Table2). 

Table 1. Experimental sites and their agro-ecological features 

Average Seasonality Average Average 
Sites Province annual of rainfall Temperature Humidity Soil Altitude 

Rainfall (mm) {°C) (%) texture (m.a.s.l) 
mm 

lntoap * Morobe 1500-2300 100 - 350 34 84 Sandy 200 
loam 

Gusap1 2 * Madang 1500-2300 100 - 200 32 83 Clay 300 
loam 

Saussi 1 2 * Madang 3500-4000 200 - 350 33 92 Loamy 300 
Boana2 Morobe 2000-2500 100 - 200 27 90 Silty clay 940 

loam 
Dagging2 Morobe 4000-5000 200-350 29 94 600 

~ rin 1 Mor i:;oo 2700 0 0 

areo Morobe 2400-3700 200-300 94 >600 - _ _ ., ________ ...._ ____ ~ ____ ___._ ___ __._ ___ __._ ___ _.. 
rial sit n sea on 1 (2001/2002). 

2Trial sites in season 2 nd 3 (2003/2004, 2004/2005) 
*- Sites common for all hree e on 

ic vara i p 

To 

4 1 2 IRRI 
NA 9 1 2* NARl5 

R 11 2 
IRRI 

I NR 132 
IRRI 

I NR 142 
IRRI 

NR 15 14 IRRI 

NR 16 1 2* IRRI 
FB 91 14 Unknown 
TCS10 1

'
2* TATM6 

Varieties evaluated in trial 1 
2Varieties evaluated in Trial 2 and 3 
*Varieties evaluated in all 3 trials 

IA 96 
Ayung 

BG 379-2 Sri Lan a 
N6-94 PNG 

IA 841 1-1-2 Philippines 

I IRAT 104 Ivory Coast 
IRAT 170 Ivory Coast 
Salumpiktt Philippines 

Azucena Philippines 
Finsch Brown 91 (standard) Finschhafen 
Taichung Sen 10 (standard) Taiwan 

4
1nternational Rice Research Institute; 5National Agricultural Research Institute; 6
Taiwanese Agricultural and Technical Mission 

Short 
Medium 

Medium 

Short 
Short 
Tall 

Tall 
Tall 
Medium 
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Trial design and maintenance 

The trial at each site was planted using a 
randomized complete block design and replicated 
five times. Planting was done in December and 
harvested the following year following the normal 
rainy season (figure 1). About five seeds were 
sown per hole at a plant spacing of 20 x 20 cm 
between rows and plants. The plot size was 15 m 
2

. At each site inorganic fertilizer was applied at 
the rate of 100: 50: 50 Kg-ha 1 N, P and K. All P, K 
and 40 % of N were applied at the time of planting. 
The two top dressings were applied with N (30 % 
each) in the form of urea (46 % N) at 25 and 45 

days after the planting date. Hand weeding was 
done twice prior to fertilizer application. The series 
of trials was harvested at four months after 
planting. TC Seng 10 (TCS 10) and Finch Brown 
(FB 91) were used as control varieties. 

Data collection and Statistical Analysis 

Data were collected from 25 randomly selected 
hills from each plot representing 1 m2 after 
removing the guard rows. Various plant growth 
parameters were measured including yield, plant 
hei ht, panicle length, % spikelet fertility and 
T ou and ernel W igh (TKW) Grain y'e d p r 
plot was measured at 14 o/c seed mo1stur con ent 
in g and converted o t/ha. lnc·denc of pe t nd 
d1se s on differ nt riet1es a recorded a 
each site and a se d u in andard 
E al on y m prov1d d by IRRI (IRR 2002a) 

Ta I 3. 

V r ty 

Mean 
%CV 

7.44 

719 
417 

6.90 
7 07c 
5.99b 
6 71c 
3.72a 
6.32 
23.9 

e 

. 55 d 

6.48bc 
6.91 bed 

5 sob 
3.528 

6.57 
20.7 
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were then pooled and ANOVA was used to quantify 
sources of variation in the data set. The second 
part of the analysis considered a data set of 
common sites and varieties across all three 
seasons. ANOVA was applied to compare mean 
yield data of seven varieties at three sites across 
three seasons. 

ANOVA was performed using software Genstat® 
version 3.2 for each site and means were 
separated using Least Significant Difference (LSD) 
and pooled for the combined results across the 
five sites. 

RESULTS 

Third season (2004-2005). 

The results for mean grain yield (Vha) of the ten 
rice varieties tested in five locations in the third 
season of multi-location trials are presented in 
Table 3. A summary of results for the other 
parameters measured is presented in Table A2 in 
the Appendix. There were significant differences 
(P<0.01 ) between varieties as well as between 
s1 es. There was al o a significan Site x Variety 
·nteraction Table 4). The mean yield over the ten 
varieties ranged from 3.62 t/ha {FB 91) to 6.31 t/ 
ta {NR ) {T ble 3). A era e yiel f t e te 
van ties as 5.48 a. Ail Al va 1et1es 
p rform d s1 n ,can ly better compared to TC 

0 and FB 91. T e e I nif C' nt d,ff r nee 
be ween NA ariet1e he mean yield data 

cros a s1 e (Ta le 

t 
-~ 

.Q C 

/A 12r. 5.71b 
7 6 C 3 . C 5.37b 

7 2be 3.4-c .9 cd 

4.95ab 3.08c 5.41b 
4.93a 2.81bc 4.99b 
N/A 3.14(. 3.308 

3.218 2.098
b 5.56b ---

6.50 2.94 5.32 

23.7 22.3 24.8 

The local standard variety at Dagging was Finch Brown while at other sites TCS 1 O was used. 
2
Numbers followed by the same letter are not significantly different at p<0.05 using Least Significant Differences 
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Table 4. Pooled analysis of variance of grain yield (t/ha) of the ten rice varieties tested at 
the five sites in Papua New Guinea. -

Source of Variation Degrees of Freedom MS -
Variety (V) 9 15.85..wr 

Site (S) 4 114. 19..wr 

SxV 34 s.so..wr 
L_ Residual 172 1.97 

... = Significant at the 1 °o probability level . 

Among sites, all varieties at Gusap performed 
significantly lower than other sites . In individual 
sites rank ing of varieties according to yields was 
different causing the significant (SxV) interaction , 
but arrong the NARI varieties only NR 15 was 
signif icantly different to other NARI varieties in 
Boana and Dagging (lowest and highest) and NA 
14 at Gusap. In almost all sites FB 91 (local 
landrace) had the lowest yield except at Sausi 
where TC Seng 1 0 had the lowest yield . At lntoap 
the var ety NR 04 could not be harvested due to 
heavy lodging and spikelets of TCS 10 had 100% 
steri lity as a result of drought conditions during 
the reproductive phase. This variety had to be 
replanted twice as a result of poor germination 
rates. 

Incidences of pests and diseases at trial sites were 
variable across sites (data not shown). lntoap was 
free of pests and diseases while Usino showed 
th h1ghe nc1denc of e ts ,o t vane 1es were 
affected by the rice bug (Leptocon a oratonus) 
with more severe infestation on R 0 1 11 and 
09, s em borer (Chilo sp) and leaffolder 
(Cnaphalocroc1s med,analis) Dagging had the 
highest incidence of diseases among sites where 
brown spot 1Bipolans oryzae) and heath blight 
(Rh1zoctoma so/am) were observed on a number 
of varie 1es, in part c la.. R 01, 04 and 0 . Brown 
plant hopper ( 1/aparvata lugens) and . I e smut 

Table 5. n y1 Id (t/ha) of 

IV ri ty 

NR 15 

NR 1 
NR 9 
NR 16 
NR 4 

TCS-10 
FB 91 

Mean 

Lo land of orobe 
Mean yield (t/ha )f 

2001-2002 
. 

6.298 

5.53d 
5.29cd 
5.Q5bcd 
4.74bc 

4.5Qab 

3.97a 

5.05 

~ 

M n yi Id 
(t/ha) 
2003-2004 

. 
4.27ab 

4.45b 
3.92ab 

4.13ab 

4.67b 
3.73ab 

3.03a 

4.03 

(Ustilaginoidea virens) occurred in low incidence 
on a few varieties at different sites. 

Comparison of results across three seasons 

In order to establish how the rice varieties 
performed across different seasons the yield 
results of all common sites and varieties across 
the three seasons were pooled and subjected to 
statistical analysis. Comparisons across seasons 
showed that all five NAAI varieties performed 
significantly better compared to the control 
varieties TCS 10 and FB 91. NA 15 performed 
consistently well across seasons. The yields for 
2003/2004 seasons were the lowest for most 
varieties (Table 5). 

Table 6 shows the mean data across three 
seasons for other plant growth param eters 
measured durinQ the series of multi-location trials. 
Most parame er ho si ni ic t 1ff rences 
between varieties except for pikelet fertility (SF). 
SF ranged between 72.5% in TCS 10 to 83.5% in 

NA 16. NA01 and NA 04 are the shortest varieties 
while FB 91 grows tall with 151.9 cm. There was 
little variation among vane 1e for t e Number o 
Productive Tillers and Panicle Length. FB 9 
produced significantly le s number of tillers but 
had the longes panicle am n v rtet1es. I also 
pr due d t e h1ghe t Thou and Ker I ve·g 

on in th 

- ---
Me n yield 
(t/ha) Mean 

. 
Ranking 

2004-2005 
5.52c 5.36d 1 
5.43c 5.14cd 2 
5.63c 4.95c 3 
5.56c 4.91c 4 
5.25c 4.89c 5 
4.2b 4.1 4b 6 
3.62

3 
3.54

3 7 
5.03 4.70 

Numbers followed by the same letters are not s1gnif1cantly different at p<O 05 using Least Significant Differences. 
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to lowed by NR 15 and NR 16. The number of Days 
to Maturity was only available from the 2001/2002 
seasons. NA 15 reached maturity already after on 
average 104 days while FB 91 had the longest 
growth period of 145 days 

DISCUSSION 

The last series of multi location trials and the 
comparisons of yield performance of nee varieties 
have confirmed that the varieties released 
provisionally by NARI in 2003 are superior in 
regards to yield performance compared to the 
widely distributed variety TCS 10 and the local 
landrace FB 91 . Additionally variety NA 4 has 
emerged as another variety that can be considered 
for release to farmers . 

Consistent with trials in previous seasons 
(Wamala, 2003 ; Okpu l et al. 2005) all NARI 
varieties produced significantly higher yields 
compared to the control varieties TCS 1 0 and FB 
91 in 2004/2005. This is confirmed by the mean 
yield results of the varieties tested in all three 
seasons (Table 5). Discrepancies in yield 
potent,als of varieties at different location" and in 

different season ay be du to g noty e x 
en 1ronment interaction caused for e ample by 
different ,m o pan ing ra n all or 0·1 ype 
(S jjad 9 5) 

V le 

it 
for a . 

in 

ma 
nee e o niz d rvo h are h 

Ti bi 6. and 

1 b" 
838 

823 15 4cd 

05 1.88 

113c 14.2 
11 1 c 12.9bc I 
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Javanica a d Japonica types, each differing in 
morpho-ecological characteristics. FB 91 shows 
typical characteristics of a Javanica type rice with 
low tillering rate, long panicles, tall plant stature 
and high Thousand Kernel Weights (Table 6) (IRRI 
2002b}. Sumbak (1977} reported that Javanica 
type varieties were tall and susceptible to lodging 
which results in lower yields. Sajjad (1995) also 
reported a similar trend when comparing FB 91 
against Niupela and IAC 165, two lndica types, 
where the yield of FB 91 was lower. 

Among the trial sites, the site at Gusap produced 
the lowest yields in the 2003/2004 and 2004/2005 
season, while the yields at other sites were not 
much different to each other (Okpul et al. 2005, 
Table 3). Soil characteristics at Gusap are fairly 
similar to other sites (Table 1) with medium soil 
pH, medium to high content of extractable bases, 
cation exchange capacity, low organic matter and 
available P and N. Low organic matter was also 
reported in a study by Harteminck (2000} on land 
management in Ramu Sugar Plantations. Low 
rainfall at grain filling stage may have affected the 
yield in the 2003/2004 season at Gusap as 
reported by (Nass-Komolong 2005) (Figure 1). 
More rainfall was experienced in the 2004/2005 
sea ons d ri g t e rep ctive phase t Gu p 
(Figure 1). However a th r ar no weather data 
a ii ble or o her e it , no po si le to dra 
further cone! s1on egarding t e influence of 
rainfall on 1eld performance Basic wea her data 
hould e co d d • II na , in futu e tn I 

•-.---1 o __ J.- _9'; 14 2tx: _ l 
PH - Plant He1P,ht; PT um er of Productive Tillers, PL Parncle Length; SF - Sp1kelet Fertility; TKW - Thousand 

~ernel Weight· D to M Days to Maturity 
Days to Maturity data are only available from the first season in 2001/2002 

8
Numbers followed by the same letter are not significantly different at p<0.05 using Least S1gnif1cant Differences 

9not significant at p<0.05 
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and diseases was recorded but infestation levels 
varied from site to site and from season to season. 
Infestation with the Rice bug (Leptocorisa 
oratorius) affected a number of varieties such as 
NR 01 , NR 09 and NR 11 , which may explain their 
relatively lower yield at Gusap compared to other 
sites in the 2004/2005 seasons 

Stability performance establ ished by Okpul et al 
2005 found that NR 11 , NR 13 and NR 14 were 
responsive to favorable environments . This was 
confirmed in 2004/2005 when NA 14 was among 
the highest in fertile sites (Boana) but lower in poor 
site (Ramu). These varieties could be used by semi 
commercial farmers who can afford to produce rice 
using higher inputs such as the use of fertilizer. 

Comparison of rice varieties across three seasons 
showed the superior performance of NA varieties 
compared to control varieties FB 91 and TCS 1 O 
in regards to yield . In the 1990s the Department 
of Agriculture and Livestock (DAL) screened about 
1,149 exotic genotypes introduced from IRRI as 
part of a Rice and Grain Research and 
Development Project arnong them the varieties 
NR 13 (IRAT 104) , NR 14 (IRAT 13) , NA 15 
(Salump1kit) and NA 16 (Azucena) (Sajjad 1994a, 
Sajjad 1994b, Sajjad 1995). Varieties tested in 
those tr ia ls showed ge nerally lower yields. 
However, SajJad ( 1995) reported that the trials 
wf:>rP rown unrl r minimum an ut condi i n w·th 

no or only one ba al f rt1llze application and 
reduced weeding Th anet1e R 15 and R 

16 were either considered for release or for 
advanced elite selection (Sajjad 1994a; Sajjad 
1994b). 

Eating quality, milling and physico-chemical 
characteristics are important factors to be 
considered before variety release. Sumbak (1977) 
stated that a lot of varieties tested in the past with 
high yields were superseded or discarded because 
of inferior cooking qualities. Waramboi et al. (2003) 
studied the eating quality of the rice varieties used 
in the first season of multi-location trials. Results 
showed that among NA varieties, NA 01, NA 16 
and NA 09 were preferred over NA 15 and NA 4. 

Resistance to major pests and diseases of 
varieties evaluated in this series of multi-location 
trials is another important consideration for variety 
release. However, little is known about levels of 
resistance among these rice varieties. Previous 
data are not available and during the multi-location 
trials varieties were not sufficiently exposed to 
various pest and diseases for any conclusions on 
varietal resistance. A small study on resistance of 
NA 01, 04, 09, 15, 16 and TCS 10 against the 
Brown Plant Hopper is in the planning stage at 
the NARI Wet Lowlands Mainland Programme. 

In conclusion, the four varieties that were released 
on a provisional basis in 2003 have consistently 
p due hig or yield co p r to h co trol 
v riet1e TCS 1 O and FB 91 acr differ nt 
environments. The v reties how a good m1xtu e 

Figure , R nfall (l'Ml) in R rnJ u r d rin th rront of J u ry to y 

1000 

1100 

SOO 

40.0 

r-2005 

30.0 - ---t-+---.r-ti-------H-1-----H-H-ff.-l--H,l-- ~ ----.-~1--------- -2004 ! 

I Productive Phase I j Harveetlng I 
month• 
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of different maturity times with two early maturing 
varieties (NA 15 and 16) and varieties with variable 
plant heights . NA 01 and 09 are short varieties 
that may give advantages in areas with higher risks 
of lodging. Consumer preference studies 
(Waramboi et al. 2003) showed that the varieties 
are well liked by consumers. Based on this 
information they should be formally released. NA 
04 is a short variety similar to NA 01 and 09 in its 
maturity time and other features . It also produces 
superior yields but is not as well liked by 
consumers. This variety may be considered for 
release if it shows to be superior in other traits 
such as resistance to pest and diseases. This work 
1s still in progress at the National Agricultural 
Research Institute. 
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The Dagging and Gusap sites were tested in (2002-
2003) season while the Boana, lntoap and Sausi 
site sample were tested for the (2004-2005) season. 

Table 1. Soil Analysis Results 
---- --T-- Ext,-actable Bases CEC Olsen p Organic Total Particle size % 

Location 
I 

pH Ca 
l ~e%) I 

K Na (me%) (mg.,1(g) C(%) N(%) sand 

Boana 4.3* 13.9 I 09 
I 

0.05 0.09 29.7 4.3 7.6 0.4 29 
Oagging I 58 

16.5 l 7.21 0.21 0.15 348 5.9 2.73 0.29 7 I lntoap 63 17 9 9.88 I 0.73 0.35 18 7 25.4 1.52 0.14 36 I I I 
Gusap 60 15 5 5.24 

I 
0 87 014 23 

I 
20 2.54 0.2 21 

Sausi 5.4 12 9_1__ 0 14 0.05 44 .2 1 6 2.38 0.2 31 
Critical values I <5.5 __ ,_ <5.0 <1 0 I <0 .3 I >0.7 I <6.0 <5.0 <3.0 <0.3 

• Values lower than the others 
Soil samples were ana lyzed by National Agricuttural Chemistry Laboratory (KilaKJla) Using methods NACL-Standard Methods 

Table 2. Means of various growth parameters of ten varieties across five 
sites in 200412005 season 

silt 

27 
39 
39 
30 
29 

+--------1~----.~--

I Nia NR 1 86.5 21.06 69.47 33.3 
I 

NR 4 84.1 17.08 74.15 32.5 
NR9 121.8 13.44 76.94 69.2 

NR 11 76.2 16.14 78.69 39.6 
NR 13 129.0 9.00 77.67 83.1 

R 14 65.56 18.06 72.51 36.6 
NR15 122.3 6.52 75.76 51.5 
NR 16 117.3 12.82 85.10 55.7 

·Tes 1 a. • • 1 5 , o • es:ae • 45.4 
__ FB 91 , 167 9 I 8.74 83.79 83.1 

Nia 
N/a 
Nia 
Nia 
Nia 

la 
la 

Nia. 
Nia 

'r PH Plant Height; 2PT - Number of Productive Tillers; SF - Spikelet Fertility;-4 
FLA - Flag leaf area, 5TKW housand Kernel Weight; 6not available data not collected in 
2004/2005 season 

clay 

44 
54 
25 
49 
40 
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PREVALENCE OF ANTIBODIES TO LEPTOSPIRAL SEROVARS IN FARM 

RUMINANT ANIMALS IN THE MARKHAM VALLEY, PAPUA NEW GUINEA 

Andy K. Yombo1, M.A. Samad2 and S. Reid3 

ABSTRACT 

A study on the prevalence of antibodies to leptospiral serovars in adult farm animals was carried out in 

vaccinated (n = 47) and non-vaccinated (n = 47) cattle, and non-vaccinated sheep (n = 21) and goats 

(n = 39) in the Markham valley of Papua New Guinea (PNG) during the period between June and July 

2006. Sera were separated from all the randomly selected animals and subjected to the Microscopic 

Agglutination Test (MAT) against a reference panel of 22 live leptospira serovars. A titer of (31 :400) was 

considered as positive and accordingly 12.76% vaccinated as well as 17. 02% non-vaccinated cattle 

had positive titer to leptospira infection. This indicates leptospirosis is prevalent in PNG and vaccination 

has limited role in immune response. This study also confirms hardjo, tarassovi and topaz as the 

predominantly occurring leptospiral serovars in ruminant food animal populations with topaz as a serovar 

never previously recorded m PNG The seroresults of the tested sheep and goats showed none had 

positive titer (3 1: 400) to leptospirosis. This indicates small ruminants currently may not be important 

host of leptospirosis in PNG It may be concluded from the results of this study that leptospirosis is an 

important disease in ruminant farm animal herds in the Markham valley of PNG which needs attention 

for further study on it's zoonotic aspects and control in human and animal populations. 

Keywords: Ruminant, leptospirosis, serovars, Microscopic Agglutination Test (MAT) 

INTRODUC 10 

Lepto piro Is Is a worldwide bacter,al zoono ic 

d1 a e, cau ea by Sp1roch t s of the genus 
Leptosp,ra that affects human and a ide range 
of animals including rnamma 
All th pa, OQ nic lep O p 
cla 1fied as members of th 
interrogans, however t n 
re ed an patho 
,d , s veral p 
et al 1987 Ramadas et al. 1 
there are mor t an 200 
serovar recognized within t 
pathoge ic leptosp1ra (Marshall and Manktelow, 
2002) and the e are arranged in 23 e"o-group 
(Veloso et al. 2000} Serovar are 1dent1fied based 
on ntIgens on the surfac . of the organism (Bolin 
2003) . 

A r cent study in rru a farm has confirmed the 
occurrence of 15 lepto pIral serovar and 
estabhshed that hardJo as the dominant serovar 
maintained rn beef herds in Papua New Guinea 

(PNG) (Wa1'm et al. 2003). Sub-optimal fertility 1s 
an ongoing problem in beef herds and the role of 
lep o piro • 1 iii y i not clear in PNG. 

ltho JQh k i len vaccine regularly 
contam·n 1 hardJo and pomona as 
a ften persis • h might 
b • r 

s d 
1 r th i r 

t y 
I 

tee r of 
lep o cop1c ag a ion t --t 

(MAT), linked 1mmunosorbent assay 
(ELISA) and the fluorescent antib dy test (FA). 
Among th D A b ed e polym ras 
chain re ctIon (PCR) ed o de ect 
lepta pIra1 D A from t1 ody lu1ds m 

clm1cal cases. In gen e PCR tes· has 
specif1c1ty and rehabirty but can not det rmine the 
in ectmg ero ar and the process can e 

exqu1s1tely sen 1t1ve to contamination with 
exogenous leptospiral D A and therefore maybe 
prone to false-positive reactions. The MAT 
therefore; remains the only serological assay 

1 
Ex-PGD Student, Department of Agriculture, University of Technology, L.ae 411 Morobe Province PNG 

Present Address : Numundo Plantation PO Box 26 K1mbe WNBP PNG email : lclmbevet@online.net.pq 
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widely accepted as capable of producing serovar­
specific results (Smith et al. 1994; Cumberland et 
al. 1999; O'Keefe 2002). This paper describes the 
sero status of leptospiral serovars in vaccinated 
and non -vaccinated beef cattle and non­
vaccinated small ruminant farm animals in PNG. 

MATERIALS AND METHODS 

Cattle (cows) destined for the slaughter house 
from Trukai farm (vaccinated against leptospirosis 
with serovar hardjo and pomona) and Markham 
farm (non-vaccinated) were randomly selected for 
this study. Forty seven cows from each farm were 
selected for blood collection . The sheep (n=21) 
and goats (n=39) were also randomly selected 
from the Department of Agriculture and Livestock 
demonstration flock at Erap for this study. All the 
selected small ruminant animals were adults and 
sex was not considered. Blood samples of at least 
1 0mls in sheep and goats were collected from the 
jugular vein with vacutainers and a similar volume 
of blood was collected from cows slaughtered at 
the abattoir. Sera were separated from blood clots 
by centrifugation as per conventional method and 
stored in sterile vials at - 20 °C until shifted to the 
testing laboratory. The samples were then packed 
and sent to the WHO / FAQ / OIE Leptospirosis 
Reference Laboratory in Brisbane for the 
micro copic aggl • in ion tcs ( :T c eru 

ampl wa t d for antibodies to 22 live 
lepta pIra serovars as de cnbed y tallman 
(1 84) w· h some mod1ficat1ons The serovars 
included. (1) Pomona, (2) Tarassovi, (3) Celledoni, 
(4) Australis, (5) Robinsoni, (6) Kremasto , (7) 

edanens,s, (8) Cynopteri, (9) Batav,ae, (1 0 
Javanica. (11 Sherman,, (12) Hardjo, (13) 
Grippo yphosa, (14) Copenhageni.{15) 
Zanon,,(16) Can cola (17) z apzak. {18) 

u r ( b ,, ) 
Panam and (22) Topaz 

MODIFIED TEST PROCEDURE 

Doubling dilutions of the sera from 1: 50 to 1: 6400 
were prepared in 96 well microtiter plates using 
phosphate buffered saline (PBS) pH 7.4. An equal 
volume of live leptospira culture containing 
approximately 2-4 x 108 cells / ml was added to 
each dilution. After 90 minutes at 30 °C, the trays 
were examined by dark filled microscopy for 
agglutination of leptospira cells. The degree of 
agglutination was assessed in terms of the 
proportion of free leptospires. The reported titer 
was the reciprocal of the highest dilution of serum 
that agglutinated at least 50% of cells for each 
serovar used; as compared with the control culture 
diluted at 1: 2 PSS. A single titer of 3 1: 400 was 
accepted as the cut off value for this study and 
was considered as positive. The results were 
analyzed in terms of percentage, and the 
difference in leptospira infection between 
vaccinated and non-vaccinated cattle and small 
ruminants was analyzed. 

RESULTS AND DISCUSSION 

The present study on the comparative leptospiral 
antibody prevalence in vaccinated and non­
vaccinated cattle and small ruminants was earned 
out for the first time in PNG. Wai'in et al. (2003) 
repo ed p v le ce of lep o pir 5erov r in 

only non-vaccina ed cattle from PNG. The o ·erall 
prevalence of leptosp1ros1s in ruminant farm 
animals ·s presented in Table 1. 

I appears that there is no ignif1cant difference 
on the overall sere-pre alence of lepta pira 
infection between Truk i nd Markham farms. Of 
he ea le tested 25 53 % of cow from Trukai and 

27 66% from arkham farm did not demon tr ted 
a 1b die :r r a o v r; 19 I Ig 
number of suspec (1.50-1 :200) nimals on Tru ai 

Table 1. S roprevalence of lep ospirosis in adult farm ruminant animals 

MAT I nterpretatIon Sero-results in different farms, No. (%} 
lt1ter 

Trukai farm Markham farm DAL Erap Farm 
Cattle (n = 47)* Cattle (n = 47) ""*Sheep (n = 21; fH-Goats (n = 39)""* 

< 1: 50 Negative I 12 (25.53) 13 (27.66) 12 (57.14) 35 (89.74) 
1 :50-1 :200 Suspect 29 (61.70) 26 (55.32) 09 (42.86) 04 (10.26) 
? 1: 400 Positive I 

I 
06 (12.76) 08 (17.02) 0 0 
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farm (61.70%) compared to Markham farm 
(55.53%). The elevated titers from Trukai may be 
the result of the vaccination program under taken 
in the farm and a valid analysis was not possible 
in this study. However, the Markham farm had a 
high number of posItIve (e"1 :400) animals 
(17.02%) compared to Trukai farm (12.76%). In 
general high titers are suggestive of recent clinical 
disease and this work indicates Markham farm 
may have problems. Between the small ruminants, 
goats (89.74%) had negative titers for leptospira 
antibodies compared to sheep (57.14%). However, 
leptospira is widespread in sheep and goats with 
suspect antibody titers of (42.86%) and (10.26%) 
respectively. There is no evidence to suggest 
sheep and goats are reservoir hosts for hardjo and 
tarassovi, the main serovars responsible for 
clinical leptospirosis in cattle. 

The results on the prevalence of antibodies to 
leptospiral serovars in vaccinated and non­
vaccinated cattle is shown in Table 2. It appears 
that the PNG cattle had leptospira antibody titer 
at different levels against 12 serovars. However, 
the positive level of antibodies was only found 
against hardjo (8.51 %). and tarassovi (2.13%) and 
topaz (2.13%) serovars respectively m vaccina .d 
catt e, w ereas non vaccI at d cat e ad po 1tive 
t1ter only again t hardJo (14.89°0) and taras ovi 
(2.1 °o). The ominance of hard10 a11za and 
t ras ovI in P G c ttl h b e r port d by 

Total 

\ = \ al. ... inated v. 1th. erO\ ·ar harJJ 

25 

Wai'in et al. (2003). Of the dominant serovars, L. 
interrogans topaz has not been screened before. 

It is possible for cross reactions to occur among 
serovars with similar antigenic component at 
higher titers but this study was not able to 
determine cross reactivity. A positive result 
indicates exposure of animals in the herd to 
infection, but there are no published data available 
at present, which allow correlation of antibody level 
with the probability of active versus chronic 
infection. Nevertheless the results presented here 
confirm that exposure to infection is widespread 
in the unvaccinated cattle herds in PNG cattle. The 
Trukai cattle were vaccinated against hardjo and 
pomona serovars but the antibody detected only 
against hardjo, not against pomona serovar. This 
may be due to several factors including negligible 
immune response and the varying effect on the 
host with the inoculated antigen which occurs due 
to relatively low initial development of agglutinating 
antibody titers. The low immune response 
however does not mean the absence of the 
antibodies but the serological test employed 
merely could not detect the pomona antibodies. 
Although, a high cut off titer (e"1 :400) was used 
for this study and Trukai vaccinated against 
I pto piro , , an ibodie to prominently o cur ing 
sero ars in the two cattle farms are es ent al y the 
same. 

d 

0 0 
0 0 
0 0 

6 (12 76) 8 {17.02) 

egat1ve 
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The prevalence of antibodies to leptospiral 
serovars in small ruminant animal species is 
presented in Table 3. Although none of the sheep 
and gl)ats showed positive level of antibody titer 
(31: 4C0) against all tested serovars, the suspected 
level of antibodies (1 : 50 - 1: 200) was detected 
against arborea and topaz serovars . The result 
shows that three (1 4.29%) and six {28.57%) sheep 
had antibodies to arborea and topaz, respectively, 
whereas only topaz serovar was recorded in four 
(10.26%) goats (Table 3) . 

AlthoLgh more works needs to be done topaz 
seemed to be a dominant serovar maintained in 
ruminant farm animals in PNG. 

This result could not be compared due to lack of 
simila, inland reports on leptospiros is in small 
ruminants from PNG. Elsewhere however, Batra 
et al. (1 990); observed pomona as a dominant 
serovar in Haryana . Ciceron i et al. (2000) 
documented catellonis as the highest serovar in 
South Tyrol and in an earlier study in South- East 
Bolivia Ciceron i ( 1992) reported po i as the 
dominant serovar in sheep and goats . A recent 
review by Levett (2001 ) observed pomona and 
hardjo as dominant serovars in sheep. 

This variation in dominance might be due to the 
varying epidemiological andmaintenance-host 
rel8tionship· charact ric ic f thG gro "Cologico.l 
systems in different parts of the world. Data on 
clinical leptosp1ros1s in food animals and its 
significance on productivity 1s scarce in PNG. 
However, this work confirms earlier studies by 
Wai'in et al. (2003) that leptospirosis is prevalent 
in PNG beef cattle herds. There are 15 (Wai'in, et 
al. 2003) leptospira serovars known to be 
prevalent in cattle. In addition this work confirms 
L. rnterrogans topaz as a new serovar never 
prevjo l.y .recarded in .P. G. Jhe rec JI s also. 
ndicate small ruminants may not be important 
hosts of hardJo and tarassovi the main serovars 
responsible for clinical leptospirosis in PNG. There 

is a significantly high proportion of cattle with active 
infection in Markham farm compared to Trukai 
farm . 

Further work is required to determine the source 
and extend of leptospira infection in animal and 
human populations and to determine the role of 
vaccine in the control of leptospirosis in 
experimental and field conditions in PNG. 
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YIELD OF FOUR VARIETIES OF RICE (Oryza Sativa L.) IN TWO SOIL 

TYPES AND CONTRASTING AGROECOLOGICAL ZONES 

Dr. Muhammad Muneer 

ABSTRACT 

Field experiments were conducted to evaluate soil properties and the yield performance of rice in two 

agro-ecological zones of Morobe province, Papua New Guinea. Study show that with the current practice 

of low input and subsistence farming of the province, soil nutrients was not a major impediment for rice 

cultivation. However, yield had been affected by the moisture supply as a result of different mechanical 

and physical properties of soils in these two agro-ecological zones. The average grain yield of 2.8- 4. 7 

t/ha suggests that both regions have the potential to grow rice and is capable to meet the current 

demand of the province. 

Keywords: Rice, soil types, agro-ecological, zones, Markham valley. 

INTRODUCTION 

Morobe province is one of the twenty provinces of 
Papua New Guinea (PNG) that occupies 33,525 
km 2 in the north of the country (Ftg. 1 ). Population 
of the province ts 3, 07, 000 where banana (Musa 
cultivars), sweet potato (/pomoea batatas), and 
t ro (Colocassia) are ·he major s aples. While 
these are the most important crops consumed, rice 
has q ;ckly b come popular for many people, bo h 
m the rural and urban area of the pro ,·nee. 
Despite t e demand, very little nee 1s produced 
locally and almost all the rice consumed i 
1 porLd from overseas, r ulting in the pen i 
of large a cunts of foreign e change by the 
governmen ann11 19 8) . here o e, 
government of P G and many no -governmental 
organizations are promoting domestic roduct101 
o c . 1 ord r o becom elf reliant nd to en-- J e 
food securit for the hou.:>ehold . T is has 

chieved ltmtted cc s nd has never exceede 
2% of the country's r quirement (FAQ 2000). 

In the pro .11 c two kind of er ppmg st ms ar .. 
practiced, narn9ly +he cas croJ s like co fee 
(Goff a spp.), co oa (The broma cacao , --o ,onu 
palm (Cocos nuerfera), and he sub islence 
agncu! ure hich prod ce staple crop . Almost all 
of tile 25% of the arable land of t e province Is 
being used to produce b th the cash and 
traditional food crops where yield 1;:, depended on 
the inherent soil fertility and available moisture 
supply (Hanson et al. 2001). With this system of 
agriculture, however, yield is low. Therefore, to 
increase yield, since 1950, much of the research 

carried out was focused on the land use and nutrient 
status of cash crops (Baseden 1960; van Wijk 1959; 
Fahmy 1977) . Significant research on nutrient 
deficiencies in traditional food crops started only in 

the 1970s (Hartemink and Bourke 2000; Hartemink 
et al. 2000) . As rice was not considered a maJor 
staple it received little or no attention and is cul ivated 
only i a few isolated loc' tions. 

I 1s well known that crop growth and yield would 
I rgely b etermined by the cli ate, b1olog1cai, 
and edaph1c factors of th region. This tudy 
invest1ga ed soil properties , pa t1cularly oil 
chemical roperties on t ,e yield performan-e. of 
f ur rice cultivars under low input condi ions in wo 
a ro-~cological zo es in Morobe province. 011 
properties have been used to provide an overall 
assessm .nt of soil fertility, noting any apparent 
d fici ncy of n tnent el m nt that mi ht aff et 
crop gro r/1:h and yield. In evaluating rice yield, 
ainfall hich is on of the dominant characteri t 

of the region also was taken into con ideratio . It 
i oped hat finding of his in estiga ion would 
entail the land manager's, particularly smallholder 
farmers, to unde"st· nd the oil' pote tial nd 
irnitat10 , and the role of clim e on rice ie d. 

MATERIALS AND E HODS 

Climate of the experimental sites 
Two sites were selected for the study where 
agriculture is dominated by the traditional food 
crops. One is at the University of Technology 
(Unitech) experimental farm (6°39(t S, 147°00(tE and 

Department of Agriculture, University of Technology, Lae, Papua New Guinea. 
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65 m.a.s.I), Lae the capital of Morobe province and 
the other in Trukai experimental farm at Markham 
valley (6°31 <t S, 146°29<t E and 112 m.a.s.1.) which 
is about 60 km North West of Lae (Fig. 1). Unitech 
represents wet coastal areas and Markham valley 
represents the drier interior valley of the province. 

The climate of both experimental sites is tropical 
humid and classified broadly as Koeppen Af (Ford 
1974) i.e. rainy tropical climate. It has two main 
rainy seasons with short but important transition 
periods between them. The north-west season, 
influenced by the perturbation belt and occurring 
from December to late March. The south-east 
season, which occurs from May to October, when 
south-east trade winds dominate the weather. 

Unitech receive rainfall in south-east season and 
have the greatest incidence of long wet spells 
unlike other wet places in the province. Whereas, 
Markham valley receives most of its rainfall during 
north-west season. The annual rainfall at Unitech 
and at Markham valley is about 3452 mm and 1139 
mm respectively (five year average) (Figs. 2 and 
3). Annual evaporation (US Class A pan) is 2139 
mm at Unitech and 2200 mm at Markham valley. 
At Unitech rainfall exceeds evaporation whereas 
at Markham valley evaporation exceeds rainfall. 
Temperature at both exper imental sites are 
constantly high, with mean maximum readings of 
28-34 °C and mean minimum readings of 20-25 
C , n Ip ~r tu e a g rou~h Li t e, e, r • s al y 

small, 1-4 °C for the mean and 3-9 °C for the extreme 

of monthly maxima and minima. Daily range is 
usually at least double that of.the average monthly 
range (Bleeker 1983a). 

Soil and land use of the experimental sites 
Soil at Unitech is derived from alluvial deposits 
whereas at Markham valley it is derived from 
colluvial and alluvial depos_its (Bleeker 1983b). 
According to USDA Soil Taxonomy (1999) and 
FAQ/UNESCO (1988) Unitech soil is classified as 
Typic Tropofluvents and Eutric Fluvisol whereas 
Markham valley soil is classified as Typic 
Troporthents and Haplic Phaeozems respectively. 
Soil at Unitech is well drained and has moderate 
slope 10-20°, whereas, soil at Markham valley is 
moderately to poorly drain and is steeply sloping 
> 20°. The natural vegetation at Unitech farm is 
mainly savanna grassland (/mperata cylindrica) 
with scattered shrubs while Markham valley has 
predominantly grassland vegetation (Themeda 
austrailis) with scattered trees. Taro is the 
dominant crop grown at the farm , whereas , banana 
and sweet potatoes are common at Markham 
valley. 

Field Establishment and Maintenance 
A total of four experiments were conducted over 3 
year period having two at each location . At Unitech , 
experi ments were conducted du rin g May to 
October in 2001 and 2002 whereas at Markham 
valley during December to May in 2002 and 2003 
Lc:1n a k0 pt I b t .er, tt,e tn I . I-o r IC 

cultivars were used. These are Ta1chung Sen-1 

Figure1. Location of Morobe Province in Papua New Guinea 
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Figure 3 . Rainfall at Markham valley experimental site in 2002, 2003 
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(TCS 10), IR 19661-23-3-2-2 (IR 19661 ), BG 379-2, 
and Finsch. Finsch is known to exist in PNG for 
over one hundred years while other three are 
exotic varieties imported from overseas. At the 
time of land preparation, Glyphosate (Round up) 
a pre-planting herbicide was applied (4L/ha). 
Seedbed was established by ploughing and 
harrowing twice to incorporate any primary growth/ 
stubble. The trial was laid out in a Randomized 
Complete Block Design, with four replications. The 
plot size was 3m x Sm with one meter clearance 
between them. Seeds were planted by dibble stick 
method. In this method a pointed stick was pushed 
to the ground to make a hole for 3-5 seeds at a 
depth of about 4 cm. The holes were spaced about 
25 cm apart. Experimental field received 50 kgs 
of NPK (12:5: 17) per hectare as a basal dose. 
Additional nitrogen fertilizer (20 kg/ha) was applied 
as urea in two splits during early and late tillering 
stages. Fertilizer was broadcast manually. At 
Unitech three manual weeding was done at 
seedling , early and late tillering stages. There was 
very little infestation of weeds at Markham valley 
which were weeded manually at seedling stage 
only. Harvesting was car_ried out at Unitech site in 
October 2001, 2002 and at Markham valley in April 
2002, April -May 2003 for the first and second trial 
respectively. Harvesting was done manually with 
a knife (sickle). After harvest each of the treatment 
plots was threshed separately by beating on a 
w ut:m bto k Gran ere clea ect un dn d n 

e1gh e along with the mo1 ture content ata e 
01sture odel SS-5). The yield data was 

adJusted to 14% mo1stu e content. The abo e 
reatments and managemen prac ices emained 
he same in all rials. 

Soil prop rties mea urem nt 
en of 011 hys1cal pro 
1 e d I ribut1or. bulk 

-p r r 1c 
S011 particle size d tribution was 

by hydrometer method (Gee and 
Bauder 198 ) S011 bulk den ity wa determined 
using the core method (Blake and Hartge 1986). 
Field moisture capacity (m s1tu) wa determined by 

the method as described by Cassel and Nielsen 
(1986). Soil saturated hydraulic conductivity (Ks) 
measurements were carried out by ring infiltration 
method (Rowell 1994). At the beginning of each 
trial three soil samples were taken from each site 
for chemical analysis. Each soil sample consisted 
of a mixture of four subsamples taken from the 
top 20cm depth of the soil. Soil samples collected 
were air dried and then ground lightly with a mortar 
and pestle to pass through a 2 mm round-hole 
sieve. Soil chemical analysis was carried out by 
the following methods as described by Rayment 
and Higginson (1992). The procedures were as 
follows. Total Nitogen-semimicro Kjeldahl, steam 
distillation (reference: 7 A 1); Organic carbon­
Walkley and Black (reference: 6A 1); 
Exchangeable bases and CEC-1 M ammonium 
acetate at pH 7 .0 (reference: 1501); Olsen­
extractable phosphorus (reference: 9C1 ). The data 
presented here is the average of three 
measurements. 

Statistical Analysis 
The data were analyzed using the standard 
procedure of randomized block design to compare 
means for grain yield. Analysis of variance 
(ANOVA) was used to test the difference in yield. 
Treatment means were compared using the least 
significant difference (LSD) procedure and Duncan 
Multiple Test Range (DMRT) at the 5% probability 
level. 1e1c:1 mon ana oerw en tne v ri t1 and 
the yield obtained in two tria s ere computed. 

D OI CU SIO 

Rice yield obtained a Un· ech and Markham valley 
trials are given m Table 1. In the fir t trial at Unitech 
h h s yield ob aine was m TCS 10 ( .8 t/ha) 
and a a ha v II y t w in I 1 1 (5.6 + 

ha) In bo h experimental I BG 79~2 ha 
reduced the lo s yield. The y Id obta·n d in 

BG 379-2 was 1 .9 t/ha and 3 3 t/ha at Unitech and 
Markham valley re p ctively. 
The resu l of selected chemical and physical 
analysis of Unitech and Markham valley soils are 

Table 1. Rice yield (t/ha) at the Unitech in 2001 nd 2002, and at Markham valley in 2002 
and 2003 trials 

- - -rurntech a riculture farm Markham valle 
Rice variety 12001 __ 2002 2002 2003 
TCS 10 3.81a 3.21b 5.63ab 5.89ab 
Finsch 3.08b 2. 76c 5.03bc 3.82c 
BG 379-2 1.96c 1.68b 3.38d 2.75d 
IR 19661 _ ___._?.17b 3.04b 6.77a 4.87bc 

Means followed by the same letter in the vertical column are not significantly 
different according to Duncan 's Multiple Range Test (pd" 0.5) . 
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given in Table 2. Analysis of soil collected on the 
onset of first trial show that the contents of nutrients 
at Markham valley and Unitech soil were not 
different significantly except organic carbon, 
available P and CEC. At Markham valley the 
content of organic carbon was 2.24% whereas it 
was 1 .6% at Unitech. At Markham valley the levels 
of available P (Olsen- P) was 24 mg/kg compared 
to 11 mg/kg at Unitech soil. Soil CEC was 30 coml. 
/kg and 49 cmol. /kg at Unitech and Markham 
valley respectively. It ,s postulated that yield 
difference between these two sites was primarily 
due to the differences in nutrient contents 
particularly in organic carbon , available P and CEC 
(Ponnamperuma et al. 1981; Yamaguchi 1997; 
Pandey 1998). However, yield difference among 
the varieties was expected as cultivars respond 
differently to the available water and nutrients 
because of genetic variations (Hedley et al. 1994; 
Ladha et al 1998; Wade et al 1999). 

In the second trial at Unitech yield has declined 
significantly (p< 0.05) in TCS 10, Finsch, and BG 
379-2 varieties. Whereas, there was no significant 
difference in soil nutrient contents between the 
trials (Table 2). However, m the second trial at 
Markham val!ey there as a significant los of 
organic carbon and a aI ble ph s bu yield 

eclined in IA 19 1 onl fore, It Is 
e t apart 
m havem 

h rim a 
t 

ma 
do 

on 
( 

IS 

40 
Exchangeable c 

33 

Ja1yeoba 2003). Organic matter affects CEC (Bernal 
et al. 1992; Tisdale et al. 1993). Even though there 
was a significant loss of organic matter at Markham 
valley soil, but it did not show any effect on CEC 
probably due to the valley charged clay particles 
(Ca2♦, Mg2 , K· etc.). The decrease in available Pin 
the valley soil after the cropping was expected (Parfitt 
and Thomas 1975; Parfitt and Mavo 1975). 

In rainfed nee ecosystems apart from plant nutrients 
the availability of water is considered to be very 
importanttothe productivity of rice (IRRI 1993). The 
total rainfall at Unitech 2001, 2002 trials was 3057 
mm and 3828 mm, and at Markham valley 2002, 
2003 trials it was 1612 mm and 898 mm respectively 
(Fig. 2 and 3). Rainfall data show that the amount of 
rainfall that Unitech have received in both trials was 
more than double than that of Markham valley. But 
in two consecutive trials all the variety have produced 
higher yield at Markham valley (Table 1). Mechanical 
analysis show that Unitech soil was a loamy sand, 
whereas, Markham valley was a clay loam (Table 
2). The hydraulic conductivity (Ks) and field moisture 
capacity at Unitech soil was 45 mm/hand 22% and 
at Markham valley it was 15 mm/h and 52% 
respectively. It is postulated that due to the high 
hydraulic conductivity d lo field moisture 
capacI y of Unite h oil, plan s could not u e 
moisture and nutn nt eff1c1en ly and hence lo 
in yI Id (Lal 1 7 ; ing al 2000, Sal t et al. 
2000 Obe hu Kam 2000). In each 

h yi d diff renc b een th 
du t t patt n o r infall o 

19±1 .00 57±6.63 

Ite he pattern of 

23 
1 8_0.02 

, t, m d 

10 0+7 33* 
5 3.0±1.0 

Ca 
M 
K 

3+0. 3_0 76 -t1 .3 
5 -t5.77 

+1 2 
2±0.29 0 91+0 19 0 7+0.29 2+0.31 

and con ent (g, g) 840 380 
Silt content tg/kg) 140 340 
Clay content (g/kg) 20 280 
Bulk density (Mg/m3) 1 .26 1.14 

Field moisture capacity (g/kg) 260 530 

~K_s~(m_m~/~h~-------'----4_5 _ __.L_ ____ J_ ___ 15_~--------~ 

(-) not determined 
* indicates significance at p<0.05 
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that it is not the amount of rainfall but the extreme 
variabil ty both within and between the years have 
affected rice yield (Craig and Pisone 1985; Patil 
et al 1998; Fukai et al. 2000). 

CONCLUSIONS 

The average grain yield obtained at Unitech 2001 
and 2002 trials was 3 t/ha and 2 .6 t/ha and at 
Markham valley 2002 and 2003 trials it was 5.2 t/ 
ha ano 4 .3 t/ha respectively. In rainfed rice 
cropping system the global average yield of rice 
is 1-3 t/ha (Dobermann and Fairhurst, 2000) . This 
suggests that under current practice of low input 
and low intensity agriculture of the province soil 
nutrients was not a major limiting factor for rice 
cultivaton. However, hydraulic conductivity and 
moisture holding capacity of soil could influence 
the available moisture to plants and hence yield. 
It was also observed that there was no simple 
relationship between rainfall and grain yield. 
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Short Communication 

VOLATILE CHEMICAL CONSTITUENTS OF PATCHOULI 
(POGOSTEMON CASLIN {BLANCO) BENTH.: LABIATAE) FROM 
THREE LOCALITIES IN PAPUA NEW GUINEA 

Stewart W Wossa 1
, Topul Rali2 and David N Leach3 

ABSTRACT 

Fresh aerial parts of patchouli (Pogostemon cablin) were obtained from Rabaul, Port Moresby and lnawabui 
in the Mekeo area of the Central Province. The volatile oil constituents were extracted by exhaustive 
hydrodistillation where each of the patchouli samples afforded oil yields of about 0. 1 percent. Detailed 
chemical investigations of the oils indicated patchouli alcohol to be the main constituent in the oils from 
the three localities. It was noted that the patchouli alcohol composition in the cultivar from Rabaul, Port 
Moresby and Mekeo were 71.8, 71 .7 and 43.7 percent compositions respectively, suggesting that the 
patchou// oil from PNG can attract a ready market on the basis of its high patchouli alcohol contents in the 
patchouli oil as opposed to between 30 - 40 percent composition from other patchouli oil producing 
countries. 

Keywords: Pogostemon cablin. Lab,atae, Patchouli, Essential oil composition, Patchouli alcohol, 
Sesquiterpene. 

INTRODUCTION 

Patchoult oil is obtained from Pogostemon cablm 
(Blanco) Benth .. a member of •h plant f mlly 
Labiatae. It 1s a predominantly tropica herbaceous 
and erennial plant species with 1de distribution tn 

most South East Asian nations where ,t ha al o 
been documented a h ving many 1gn ,cant u 0 

in traditional m d1cme and a ncul ure ( uo 200 ) 
Th I aves and stem conta • a y lo h and v· cou 
011 tha has a unique and intense camp orac ous 
odour w, h many useful appl!c tion", h nre high 
market value m the perfumery industry. 

On the basis of its trad1t1onal uses as alternative 
medicine. agricultural pest control aoent and 
appl1cat1ons in the perfume industry, detail d 
phytochemical studies wer pursued to identify t e 
chemical cons 1tuents respons1bln forth perceived 
ac 1vIt1es. In one such study, the acetone extracts 
of the leaves were found to contain sesqu1terpen 
hydroperoxide, which showed significant 
trypanocidal actIv1tIes (K1uch1 et al 2004). Another 
study also identified the cytotoxic L1cochalcone A, 
Ombuim and 5,7-dihydroxy-3',4'-dimethoxyflavanone 
as the main chemical compounds from the aerial 

parts (Park et al 1998). The hexane extracts were 
al o noted to contain patchouli alcohol, pogostol, 
stigmast-4-en-3-one, retusin and pac 1ypodol, hich 
snowed antieme Ic activiti s (Yang et al 1999). 

Th study of the eh m1cal components w1 hin th 
e sent1al 011 extract wer found o be mad up of 
p tc ouh c ol, de! a guaiene, alpha-guaiene, 
e eh •I' ne, alpha- tcho n , acip yllene, tran -

caryophylle (Feng et I 1 99· Zhao et al. 2005; 
Guan et I. 1994). Luo arid co-workers (199 ) 
mv s ,gated the patchouh 011 from the Gao ao 
County, China and noted the stem to contain high 
pogostone cont nt while th I aves contained high 
patchoull alcohol contents. While the chemical 
components were noted to be the same from 
d1fferen regions studied, the compositions were 
found to vary between region • s influenced by 
variou environmental facto s (Singh et al. 2002; Yan 
et al. 2002). Furthermore, the oil composition from 
drffer nt cultivating locations and drfferent harvest, g 
1mes were obviously different (Luo et al. 2002), 

suggesting that detailed chemical study was required 
to establish the reasons for such differences. Such 
studies revealed that there were two main 
chemotypes in patchouli; one being the pogostone-

' Faculty of Science, University of Goroka, PO Box 1078, Goroka, Eastern Highlands Province, PNG. 
2 Chemistry Department, University of Papua New Guinea. 
3 Centre for Phytochemistry and Pharmacology, Southern Cross University, Australia 
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type and the other being the patchouliol-type on the 
basis of the molecular evidences (Liu et al. 2002). 
The pogostone-type contained rich oxygenated 
components especially pogostone in the volatile oil 
while the patchouliol-type contain rich patchouliol, 
delta-gua1ene, alpha-guaiene and other non­
oxygenated components (Luo et al. 2003). 

Morphological studies of the leaves of patchouli also 
indicated the leaves to contain external trichomes 
as well as specialized internal accumulatory cells 
where concentrations of the sesquiterpenes were 
noted to be exceptionally higher than other parts of 
the plant (Henderson et al. 1970). Further 
biosynthetic studies revealed high concentrations 
of the enzyme sesquiterpene cyclase (patchoulol 
synthase) rn the leaves, which was postulated to 
be responsible for the conversion of the farnesyl 
pyrophosphate, through biosynthetic mechanisms, 
to the cyclic sesquiterpenes (alpha and beta­
patchoulene, alpha-bulnesene and alpha-guaiene) 
found in patchouli oil (Munck and Croteau 1990; 
Croteau et al. 1987). Another study of the leaf 
extracts revealed the presence of patchoulan-1 , 12-
diol, which was also postulated to be the main 
precursor of nor-patchoulenol (Trifilleff 1980). 

Interesting biological activities have been reported 
for the extracts of patchouli by various authors. The 
patchouli oil has been reported to show actIvIty 
a inc;t hr of m thicillin r i ta t 

S phyloccoc s ure Edw r on t I. 2 04), 
cytotoxic {Park et al 1998) b cteric1dal cti ,,ty 
again t C mpylobacter 1e1un, an L1stena 
monocytogenes {Friedman et al. 2002), antibacterial 
and ant1fungal act1v1ties (Pattra1k et al 1 ; Osa a 
et I. 1990), unu ual tI u de tructIve ect on 
the exoskeletons of Fermo an subterranean 
term, es, Coptotermes formosanus Sh1rak1 (Zhu et 
al 2003), effective mo quI o repellency effects 
( rona kit.et qi 20 '>) h r rn .a 
alt rnat v pre erv t1ve of pen ha e fo d (Ho ley 
and Patel 2005), antIemetIc actIvItIe Y ng et al. 
1999) and trypanocidal activit1e (K1uch1 et al 2004) 
Such interesting b1olog1cal actIvItIes led to a number 
of synthetic studies to attempt their synt esis on a 
laboratory scale {Magee et al. 1995; Niwa et al. 
1984; Niwa et al. 1987; Cory et al 1990) including 
microbial assistance in the conversion of the 
substrates into the desired products (Arantes et al. 
1999). 

Currently, patchouli oil is one of the important natural 
essential oil because of its base and lasting 
aromatic character. The yellowish brown coloured 
viscous oil obtained from the leaves and stems have 
an intensely camphorous odour, a character that is 
utilized In the cosmetic industries to scent perfumes, 

flavour toothpastes and other health and self-care 
products. The global demand for patchouli oil has 
been noted to increase annually with Indonesia as 
the major producer of this oil (Robbins 1983; Tao 
1983). The main buyers of the patchouli oil are the 
USA, Switzerland and France. 

Preliminary studies on the chemical constituents 
in the PNG cultivar of patchouli 0fvossa et al. 2004a) 
has shown the PNG oil to contain superior patchouli 
alcohol content at 70 percent as compared to the 
oil from Indonesia, Philippines, Malaysia, China and 
other South East Asian nations, which have 
patchouli alcohol compositions between 30 - 40 
percent. In view of the economic potential in the 
cultivation and extraction of patchouli oil as an 
alternative agribusiness in PNG, we report herein 
the chemical constituents in the volatile oil extracts 
from patchouli from three localities and discuss these 
data in the light of the global market trends. This 
report is part of an ongoing study to document the 
chemical constituents in the essential oils obtained 
from the diversity of aromatic plants of PNG (Rali et 
al. 2003; Wossa et al. 2004a; 2004b; 2005). 

MATERIALS AND METHODS 

Samples of Patchouli were obtained from Rabaul, 
Port Moresby and the Mekee area of the Central 

Th s em c, 1 in s f the Rabaul ul ivar 

a ro I a P rt or by backy rd g rde to 
corn are i oil yield and chemical compo i ion wit 
that of the s mples from Rabaul. A native cultivar 
from th Mekeo area a also u ed in thi tudy for 
comparative analysis of the chemical const uents. 

The matured leaf samples of he patchoull were 
collected while fre h and the vola ile oil obtained 
through exhaust1v hydrodi tillat1on. The di tillates 
w r tract d J h. • h I (3t r o . r 
rem v d under reduced pres ur o fford yello i h 
brown-col ured pure ii . Th oil ere dried itt 
anhydrous magnesium ulphate and stored at 4 
degree Celsius until further analysis. The analyses 
of the oils were done using a gas chromatograph 
coupled to a mass spectrometer {GC and GC/MS) 
and the individual components identified on the basis 
of their individual retention indices. 

The analyses of the oil constituents were done as 
previously described (Wossa et al. 2005). The 
individual oil constituents were identified on the basis 
of their respective retention indices and confirmed 
by comparison with the mass spectral data of the 
authentic reference compounds or with the library 
of the published data (Adams 1995). 
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RESULTS AND DISCUSSION 

The results of the GC and GC/MS analysis of the 
patchoull 011 obtained from Rabaul, Port Moresby 
and lnawabui in Mekee (Table 1) indicate that the 
Rabaul cultivar of patchouli has a higher patchouli 
alcohol content than the Mekee cultivar with 
compositions at 71 .8 and 43.7 percent compositions 
respectively. Such differences can be expected due 
to the various environmental and genetic factors that 
may be involved in the genesis of the different 
chemical constituents in the two cultivars of 
patchoul1. Similarly, the Port Moresby cultivar was 
found to be superior in yield and composition of the 
patchouli alcohol than the Mekee cultivar with 
compositions at 71 . 7 percent and 43. 7 percent 
respectively. 

On the other hand, the chemical constituents and 
composItIon of the Port Moresby cultivar were noted 
to be similar to that of the Rabaul cultivar. This result 
was as expected because the cuttings were from 
the Rabaul cultivar and were cultivated in the 
backyard garden in Port Moresby to see the possible 
effects of environmental factors on oil yield and 
chemical composition. The simi lar oil yield and 
chemical constituents and composition led us to 
infer that the environmental factors had min·mal effect 
on the yield and composition of he patchoull 011. 

These re u s further suggest t ,at the Rabaul cultivar 
has a hig 1er patchouh alcohol content compared ~o 
that reported from other South Ea ... tAs1 n cultivars. 
Th comparison of the patchoull alcohol cont .nts 

T. 

lpha-p1nene 
lpha-guaiene 
eychellene 

19amma-patctioulene 
eta-patchoulene 
lpha-patchoulen 
elta-guaiene 
ogostol 

R 
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from the Mekee cultivar with that of the other South 
East Asian cultivars can be categorized as being 
similar on the basis of the patchouli alcohol 
composition at around 40 percent, however they differ 
in the composition of the other constituents. This 
study, further shows that the three patchouli cultivars 
analyzed so far belong to the patchouliol-type with 
high patchouli alcohol contents and other non­
oxygenated constituents. 

On the basis of the chemical compositional data on 
patchouli oil presented, it can be realized that the 
patchouli alcohol content in the patchouli oil from 
Rabaul are higher compared to those reported from 
other patchouh oil producing countries in the region. 
This implies that patchouli oil from PNG can be 
readily accepted on the global patchouli oil market 
on the basis of the high patchouli alcohol contents. 
These results further suggest that patchouli can be 
encouraged and cultivated as a rural based agro 
industry in PNG. With the current global market for 
patchouli oil fluctuating between US$ 12 - 27 per 
kilogram, PNG could do well in introducing patchouli 
oil production as an alternative income earner in the 
country. 

It ;s therefore recommended that further studies into 
the effects of the soil nutrients and chemistry, 
irrigation systems, age of crop at harvest, other 
important environmental as ell as genetic factors 
be pursued to identify the op Imum condition for 
maximum yield of the patchouli alcohols with high r 
pa chouh alcohol content from the patchouli cultivars 

emon c bin r 

a l 

75 
3.9 

1. 7 

9.9 
5.1 

4.6 
32 

5 
6.5 

1.2 
7.8 
6.2 
3.7 
1.8 
1.4 
9.5 

atcho Ii alcohol 
eta-caryophyllene 
ciphyllene 
eta-patchoulene 
iridiflorol 
elina-3,7(11 )-diene 

71.8 71. .7 
2.4 

Benzyl benzoate 
,sH220 

1sH24 
1sH2sO 

- = not detected. 

◄ 
• I 

1.2 
2.2 
1 4 

6.6 

5.1 
1.7 
0.7 
1.9 
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of PNG. Such studies will pave the way for 
commercial production of patchoulf oil in PNG as 
an alternative revenue earner. 

CONCLUSION 

This study has given new insight into the commercial 
potential for the patchouli oil production in PNG in 
terms of its oil yield and chemical constituents. The 
Rabau cultivar of patchouli was found to contain 
higher patchouli alcohol content compared to the 
Mekee cultivar while the patchouli alcohol content 
in the Mekeo cultivar were noted to be within the 
marke able range. It was also noted that the 
cultivation of the cuttings from the Rabaul cultivar in 
Port Moresby gave similar yield and composition, 
suggesting that the environmental factors had 
minimal effect on the oil yield and chemical 
composition. 

In view of the commercial potential in the cultivation 
and ex•ractIon of the patchouli oil as an alternative 
revenue earner in the country, further studies into 
the so I nutrients and chemistry, the irrigations 
systems, age of plant at harvest, other environmental 
factors and genetic composition needed to be 
established to assist farmers in cultivating 
Pogostemon cab/in for the extraction of its oil for 
the global patchoul i oil markets 

The au hor a e grateful to Mr Piu P1 kaut of he 
Univer i y of PNG Herbanum for he plant species 
descn fo and 1dentificat1on th Un ver 1ty of P G 
Researc Council for the research grant a d r Ian 
S x o f ew Guinea Spice L o the pa chouh 
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s.e. m - standard error of difference 

d.f. - degrees of freedom 

Levels o significance 

ns 
* 

* 

- not s,gnif,cant 
0.01 p < 0.05 
0 001 s D < 0.01 

p < 0 00 1 

1ther kg/ha o kg.ha 1s acceptable, but large 

1.;ombma 1or. of n1 _, ho Id b in the form kg ha 

o - void po s1ble mathem 1cal afTlbtg rty. 
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