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IDENTIFYING POPULATIONS OF PAPUA NEW GUINEA'S
INDIGENOUS CHICKENS FOR PRIORITY CONSERVATION

Gariba Danbaro !, 8 Zhao 2%4, J Han ¢

ABSTRACT

The possible decline in genetic diversity of Papua New Guinea’s (PNG) indigenous chickens and its
consequences for food production and other concerns has necessitated a discussion of measures lo
conserve this genetic resource. As an initial step to investigate the genetic diversity and provide a
theoretical basis for a conservation program of PNG's indigenous chickens, calculation and analyses
of genetic diversities were carried out in this study using mitochondrial DNA (mIDNA) D-loop se-
quence variations in three populations of indigenous chickens. The results indicate that ail of the Alo-
tau, Madang and Port Moresby chicken populations in PNG have unique haplotypes and high genetic
diversity. Priority for conservation of these populations has been suggested on the basis of their con-

iributions to genetic diversity.

Key words: Papua New Guinea, indigenous chicken, DNA, genetic, conservation

INTRCDUCTION

Genetic diversity in indigenous ¢hickens will be
required in the future to mest production needs
in various environments, {o allow sustainad ge-

- netic improvement and to facilitate rapid- adap--

tation to changing breeding ohjectives. Mowever
the need for conserving animal genctic re-
sources (ANGR) is generally nol well appreci-
aled. According to the FAG (2007a) even
thoupgh 321 word-side chicken breeds have
been found to g not &t gk, 467 breeds @re
aither gxtinat, critical, oritical-msintainaed, endan-
gered or endangered-mainiainsd, FAD (2000,

2007z, 2007B) s thersiore included indigs-
nats chicken ireeds in its ARGR consarvation
proegrams. Hovesver, the grodoction potential of
if'ru’\,u-OUS tf-:«:d% in somie devaloning roun-
trige ia often inadequalsly Jocunmtented and ut

ized (Phii rp son and Qreyos 2008). The mcfge-
nous ehickans of PHG have never ’”;een consig-
gred i AnGR conservalion program
nous chickens were probably mucm. ad into
PNG  betweer 2000 1o 3000 years 2o
iBeilwood, 1978). The bresd iz currently found
distribuled throlughout ail par f.s of PNG and is
the most important evhry species in tha rws
areas for food ~,aL:f*Hrmf md other  s0ci0-
2CONCMIC PUrposas. Culrentiy {hese popuia-
tions of indigenous chickens are threatened by
many faciors including genelic erosion by

< o Gu
: Indige- - - of Papua Maw

crosshreeding with imported exotic breeds, in-
tensification of preduction systems and loss of
habitat due to increasing human population and
activity {Turner, 1972; Bilong 1990; Moat and
Bilong 1899). Genetic characterization of these
indigenous breeds for conservation and rationat
use is therefore necessary and urgent. in this
study therefore, the genelic diversity cf some
populations of indigenous chickens of FNG
waere analyssd and assessad for the first Hime
ising mitochondrial DA miDNA) D-loop se-
guances and priorities for conservation of these
indigencus chicken populations are discussed.

AR AN s
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Sampling

Biood samplos war
fvm stnan, !m}fo
chickens in thres d

o oollected on FTA cards
m & toiat ¢

z‘us 1% eom'apr.c,u mmom

{30 A Ginu (35 b"'"j }, _x-m -

dang (3% birds} ,snc! Port doresby {22 birds).
Within gach r€g!0rs semples were coliect Ni
from gsevarg! Birds from multipls households
gifferant spas. To minimize tha chanass tha:
the Yrds used from cach vilage ware closely
related, a single bird was samped from esch
household., The houssholds within each vilage
from which birds were used were aporoximataly
03.7-1.8km apart.
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PCR amplification, purification and DNA
sequencing

This work was done at the CAAS-ILRI Joint
Laboratory on Livestock and Forage Genetic
Resources, Beijing and the PNG University of
Technology, Biotechnology Centre.

The D-loop region was amplified directly from
the genomic DNA by polymerase chain reaction
{PCR). The primer pair, L16750 (5'-
AGGACTACGGCTTGAAAAGC-3}) and Hb547
(5’- ATGTGCCTGACCGAGGAACCAG-3), de-
scribed by Niu et al. (2002), was used to am-
plify the first 510bp segment of the D-loop hy-
pervariable region. In the primer names, L and
H refer to the light and heavy chains, respec-
tively, and the number designates the position
of the 3-end of the primer on the complete
chicken mtDNA sequence (Desjardins and Mo-
rais, 1990}. PCR reactions were carried out in
50pl volumes using 1% buffer, 1.5 mM MgCl2,
2.5 mM dNTP, 10 pM of each primer and 1 unit
Huitian Taq polymerase. The PCR cycle in-
cluded the initiai denaturation at 94°C for 10
min followed by 30 cycles of denaturation at 94°
C for 30 sec, annealing at 61°C for 30 sec and
extension at 72°C for 30 sec with a final exten-
sion at 72°C for 10 min using GenAmp 9700
_ (Applied Biosystems, CA, USA). The PCR prod-
ucts were purified with Tiangen® PCR purifica-
tion kit according to the manufacturer's instruc-
tions. Sequencing of the DNA was performed
by using Big Dye Terminator Cycle Sequencing
Ready Reaction Kit (v3.1, Applied Biosystems,
CA. USAj and electrophoresis was done by a
ABI3130XL DNA Genetic Apalyzer {Apolied
Biosystems, CA, USA).

Data analysis

Tha oA nutieoice GULOLDTCES cufaned v

this study were aligned by asing the ClustalX
program {http:// www.ighmc.ustrashg fripubf
ClustalX; Jeanmougin ef al., 1998} and identical
sequences were considered as the same haplo-
types. Caleulation of haplolype frequency and
Genetic diversity analyses were performed us-
ing Dnasp software version 4.10.3 (htip://
www.ub.es/dnasp).

RESULTS AND DISCUSSIONS

Variant sites analysis

Analysis of the mtDNA D-loop sequences from
the 92 samples showed a total of 28 nucleotide
changes which could be grouped into 22 haplo-
types (Table 1). The two largest haplotype
groups consisted of 34 and 13 individuals whiie
the remaining 20 haplotypes contained less
than 10 individuals each. The nucleotide
changes were characterized by transitions at 26
sites and transversions at 2 sites and no dele-

tions or insertions. '

Twenty eight polymorphic sites were found in
the 397bp sequenced giving an average of
7.05% polymorphic sites in the 82 samples. This
value is higher than those reported by other au-
thors. Liv et al. (2004}, Niu ef ai. {2001} and Fu
et al. (2001) who reported the average percent-
age of polymorphism in D-loop region to be 6.4
and 4.45 (33 and 21 polymorphic sites in the
same fragment of 397bp ), respectively, for a
Chinese native chicken breed. Lee et al. (2007)
reported that the average percentage of poly-
morphic sites was 3.53 for 510bp (17 polymor-
phic sites in the same fragment of 387bp) for
Korean Ogol chickens and attributed this lower
level of polymorphism to sampling from one lo-
cation where selection pressure continued for a
fong time. Moreover, low percentage of poly-
morphic sites in mBNA D-loop sequences may
be due to an evolutionary bottieneck during the
course of domestication (Moritz, 1994). There-
fore the higher level of golymorphism found in
this study suggests that the samples have wide
representation among the indigenous chiciens
of Papua New Guinea, and that these indige- .
nous chickens could have experienced a milder
bottieneck compared with those of other locali-
ties.

Distribution of haplotypes

The frequency of 22 hepictypes (H1-H22, Table
1) feund in this study ranged from
23.91%. Only one haplatype, Hé4, was found in
all the tiree regions of PNG while four haple-
types were observed in two of three regions and
17 haplotypes were detected in only one region.
The wide distribution of haplotype H4 in all three
regions suggests that this haplotype had higher
fitness during the long history of domestication
and so it might be an ancestral haplotype
among PNG’s indigenous chickens. Haplotypes
4, 12 and 1 were unique to Alotau, Madang and
Port Moresby regions respectively, giving a total
of 17 unique haplotypes. This distribution pat-
tern of unique haplotypes indicates the genetic
distinctiveness of the three indigenous chicken
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‘Table 1: Polymorphic sites of mtDNA D-loop of 1nd|genous chicken in Papua New Gumea

" Haplotypes ,I Variable Sitos* " Frequency
111122222222222233333333333 Alotau | Madang | Port | Total
6779'11224456689900112345669 Moresby
§717927583661513660052424371
GTTATGTCCCCCTCGTCCCTCTG

H1 GATCTC 1 5 6

H2 S S 1 1

H3 e T 9 9

7
2

‘Fannters indioate ruglegtrie hasa

popuiations. Thus the Madeng chicken popula-
Hon with 12 voigue haplatypes s the mest dis-
]

liric.dve Toliowad by tne &istace and Ped KMoresby
chickan populations.

Genetic distinctiveness of populations is an -
portart criterion used when populations are se-
tected for censenvation. The highest priority for
conservation is often given to popuistion with
highest genetic distinctiveness Moritz {1994).
Parker ef al. (1999, 2001) selected distinct

posiion in aochonwdnial D
“with s M1 g mnence YT Thm itslic noamber ingicate the ueigue

6Ce regon and hyphen rapresents he Blentonl nocenide

N
LyRCs,

nighest priority for conservation Todlowad by tha
Ajetan and Port Moresby ohickan popuiations,

Genatis aivergiy

Genetic diversity indices caiculaled for the three
chicken populations are shown in Table 2.

MNucieotide diversity indices ranged from
0.00446 to 0.00882 whiie haplotype diversity
indices were between 0.620 and 0.869. Values
of both indices were lower than those calculated
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by Silva et al (2008) for indigenous chicken
populations of Sri Lanka The difference in diver-
sity indices between PNG and Sri Lankan in-
digenous chickens could be explained by the
fact that Sri Lanka, located in Southeast of the
Indian subcontinent, is an important centre of
origin of indigenous chicken (Fumihito ef al.
1906, West and Zhou 2002; Liu et al. 2008) and
forms a confluence or exchange centre of other
centres from where indigenous chickens were
distributed to other parts of Southeast Asia
(including PNG) and Africa (Muchadeyi et al.
2008). Therefore Sri Lankan indigenous chick-
ens can be expected to have generated and
accumulated higher levels of genetic diversity
after several ceniuries of domestication. How-
ever, nucleotide diversity indices observed in
this study were higher than those estimated by
Liu et al. (2006} for certain clades of chickens
from Europe, Middle East, Southeast and East
Asia, and by Oka et al. {2007) for Japanese na-
tive chickens. Higher genetic diversity in chick-
ens is indicative of center of species origin and
confluence (Chen et al. 2002} where genetic
variation has been generated and accumulated
over long pericds of time. Japanese native
chickens are believed to have been established
from native chicken populations of other East
and Southeast Asian countries and this account
for the lower genetic diversity of the foundation
populations of Japanese native chicken com-
pared to original populations of other Asian
countries. Furthermore, most Japanese native
ehickens sre omamental breeds that have fow
productivity. Therefore the number of individuals
in some of these Japanese breads could he
decreasing, and this could be one of the causes
of reduction in genetic diversity (Cka ef al.
2007). Several authors have suggested that
Southeast Asia is another centre of origin of
indigenous chicken {Fumihito ef af. 1996, West
and Zhou 2002; Liv ot al, 2008) and thal one of
three major matenal lineages of the modern

. Chilpan ohicken breeds is from the. South. Chis

nese/ Indonesian/Japanese area {(Gongora el
al. 2008). Because PNG has a common border
with Indonesia io the wast it might be part of the

Southeast Asian centre of origin of indigenous

chickens. This could explain the higher genetic
diversity of the indigenous chickens of PNG ob-
served in this study. The genetic diversity gen-
erated because of originality of centre is the
most important for conservation {Chen et al.
2002).

Another approach used by some authors is to
give higher priority for conservation to popula-
tions that show higher genetic diversity {Chen ef
al. 2002). In this study, the diversity indices Pi, k

and Hd for the Madang chicken population were
0.00862, 3.422 and 0.889 respectively (Table 2)
and these were the highest values among the
three populations. The Port Moresby chicken
population had the next highest indices while
the Alotau population had the lowest. These
results also indicate the order of genetic rich-
ness in the three indigenous chicken popula-
tions of PNG and consequently the order to be
followed in prioritizing these populations for con-

‘Table 2 Diversity parameters of Indigenous
chicken in Papua New Guinea

Population | S | Hn | Hu Pi k Hd+S80
Alotay 35 |8 |4 |0.00446 {LIT |0.520:0.074
Madang 35|15 |12 |0.00862 |2422 |0.889:0.03
4
PortMoresby {22 |5 {t |0.0083% | 3316 |0787:0.033

S; The size of populations’ Hn: The number of haplotypes;
Hu: The number of unigue haplotypes, Pi; Nucleotide
diversity, k; Average number of nucleotide differences;
Hd: Haplotypes {gene) diversity, SD; Standard deviation

Genetic contribution analysis

Due to differences in the size of populations,
scarcity of funds for species conservation and
conflict between conservation and eccnomic
davelopmens, deciding what and where to cen-
serve s an essential step in managing impor-
tant specias. Generally, the main aim is usuaily
to protect the genetic resources as much as
nossihie, on the basis of both genetic distinct-
ivenees and diversity. However, the genetic dis-
tinctiveness-based approach chooses popula-
tions with more genetic uniqueness for priority
conservation. it does not consider genelic varia-
Hion within poputations {Chen et al. 2002; Pean-

nack ond Dimraick 2002), while the gznetic.di-

varsity-bassd approach chooses popuiations
with high genetic variation for pricrity conserva-
tien without considering genetic distinctiveness.
Thus some haplotypes unigue (0 some popula-
tions with low genetic variztion may not receive
sufficient attention for conservation in some
cases. Therefore, Petit ef al. (1998} put forward
the approach of genetic contribution, a synthe-
sis that considers genetic diversity. This ap-
proach appears to be the most appropriate for
selecting populations for conservation {Chen et
al. 2002; Ping ef al. 2004). The contributions of
genetic diversity (Rs () and genetic distinctive-
ness (Rp () are combined to get the total ge-
netic contribution (Ry ) of the k™ population
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ug 1.
R:{k}“— Rpg= Z——— and Ry g, RS(H"'RD(R)_Z;
it

_ Where n represents the total of populations studied and n; represents the number of populations with
; the i haplotype. Similarly the rates of contribution attributed to genetic variation {Cs ¢,) and genetic
distinctiveness (Cp ) to the total genetic contribution rate {Cy ;) of the k™ population with Ry haplo-
types are obtained by using the formulae:

i R Es . Ko ~R _E

Ro R
Stk . ( . 7
, Crs o =—"1- s Crowy= ——— aud Crrg) = —=
i R;r RI’ RT

Where Ry represenis the total of haplotypes, Ry = z s Ry fn s Ro = Z W B iy [1
Rr = Z « Ry /7. The total contribution rate Cyy gy can be partitioned into two components,
Cks ¢y, which is the rate of contribution of the k® population due to its own diversity and Crop
i, the contribution due lo jts divergence, i.e. Co vy = Cry 0+ Cri w, z Lrser =0,

3 kcﬂnm =0, Z ,‘C“-[“ =0 (Table 3).

Table 3 Genetic contribution of three indigenous chicken populations in Pupua New Guinea

F’opulations Rs {h} RD (%) RT i CRS ik) {%) CRD (k) (%:) CRT {4) {a/n)
Alotau 2 667 3157 5 534 0,020 0,048 ©.0.068
fiadang 5.000 8.334 13.334 AB7
I-..... UGBS [
PortMoresty | 1697 | 1467 2,824 9065 | 0,139

s fznd theree
> Madzng chicken
;.'";» dFe hu. afw the Part ..mfwo /
chicken population. xm:»\{.‘( e Ou :
Cor o provide relative mm._t it irr gt
prortize for conssrsaiion of FNGS indigenous
“‘:lw*" I pomtations T*‘u positive vaues of g

b on g @and Gy, i Madang chicken population
"OW !h ii 1© genetic varigtion contribution mt,,.
genatic distinolivensss sontnbution rate and tha
total J ganetc conribution rale wsre highar
than the average of the three p Gpt.,le%ion&.-,
'mev:{eby indicating thal e Maedang ohicken
popuiation could contitbule maost 1o improving
the genatic variation and hagtotypes achness of
FHG's indigenous chicken fofiowed by the Alo-
tds, and Pr‘rt roreshy indigenous chicken popis-
leticne rasnastively,

ni,qr‘rmrwc;z L’M*mu i

Alatanidhl

()

|

St cd hamiotypes mnenp thicy odlalions i
Sh wed honlatypes boetween A anmd Moo poger ot fons |
|

R

shared bigplotypes butween Moaad Po poputay o
' ‘almr'ud Laplowypes hetween Mo o Foopopuiaiion \t
[ [Hng fgue_haploiypes por popidations
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This order could therefore be followed in the
conservation of PNG's indigenous chicken
population given that human, material and fi-
nancial resources are limited. This order is the
same as the order based on genetic distinctive-
ness and implies that the priorities for conserva-
tion of PNG's chicken genetic resources de-
pends to a great extent on the genetic distinct-
iveness of the chicken populations.

CONCLUSION

Papua New Guinea’s indigenous chicken popu-
lations have unique haplotypes and high ge-
netic diversity and probably belong to the
Southeast Asia centre of domestication of in-
digenous chickens and are therefore an impor-
tant genetic resource which needs to be consid-
ered for conservation. This need is all the more
urgent in the light of global climate change and
its consequences for food production especially
in developing countries, genetic erosion and
intensification of production systems in the
country. This study has concenirated on three
indigenous chicken populations and suggests
that the highest priority for conservation should
be given to the Madang chicken popuiation fol-
lowed the populations from Alotau and Port Mo-
resby in that order.

ACKHNOWLEDGEMENTS

Thie study was supported by the National Kay
Project of Scientific and Tectinical Supporting
Programs Funded by Ministry of Science &
Technology of China during the 11th ‘Five-Year’
Plan (No. 2006BDA12208) and the initiat fund-
ing from CAAS, carried in the CAAS-ILRI Joirt
i_aboratory o livestock and Forage Genetic
Resourcas in Beljing. The aulhore also wish to

o

- thanis the Third World Scademy af Sniensa-

based in laly for providing a scholarship to
Gariba Danbaro in support of this study.

REFERENCES

Bellwood, P. (1978). Man's Conquest of the
Pacific. Caliing, Auckland.

Bitong, G.P. (1990). Dual purpose chickens,
are they suitable chickens for PNG rural com-
munities. Village Livestock Newsletter

12:2-6.

Chen X.Y,LuH.P.,ShengL.and Li Y. Y.
(2002). identifying populations for priority con-
servation of important species. Biodiversity
Science, 10(3): 332-338.

Desjardins P., Morais R. (1990). Sequence
and gene organization of the chicken mito
chondrial genome. A novel gene order in
higher vertebrates. Journal of Molecufar Bi-
ology, 212: 598-634.

Dong N., Fu Y., Jing L., Hui R., Xu-Ping Y.,
Gong C. and Ya-Ping Z. (2002). The Ori
gin and Genetic Diversity of Chinese Na-
tive Chicken Breeds. Biochemical Genet-
ics, 40(5/6). 163-174.

FAO (2005). Animal genetic resources informa-
tion: Conservation and value of iocal live-
stock breeds: usefulness of niche products
andfor adaptation to specific environments.
Rome. Food and Agriculture Organization of
the United Nations. Htaly,

FAO (2007a). The global strategy for the man-
agement of farm animal genetic re sources.
Food and Agriculture Organization of the
United Nations. Romie, Italy.

FAQ (2007b). The state of the world’s commis-
sion on genetic resources for food and agri
culture. Food and Agricuiture Organization of
the Unitad Nstions. Rome, italy.

Fu ., Rig D., Ruan H., Luo J., Chen G, Yu
2, Zhang Y-P. (2001). Studies of genetic
diversity of Zhejiang native chicken breeds.
Acte Genstica Sinica, 28(7). 606- 613.

Furpihite A., Mivake T., Takada M., Shingu
R., Endo T. Gojobori T., Hordo M
end Ohne &, (1933). Monephyletic avigin
and unigue dispersal patiems of domestic
fowls,  Proc. Natl  Acad Sei. USAT 9d

8792-6765.

Gongora J., Rawlence ®.- &, Mobegi V. A,
Han J., Alcalde J. A,, Matus J. 1., Hanotte
0., Moran C., Austin J. J,, Ulm 8., Ander
son A. J., Larson G. and Cooper A.(2008).
indo-European and Asian origins for Chilean
and Pacific chickens revealed by miDNA.
PNAS, 105(30}): 10308-10313.

Hui Ping, Shen Lang, Zhang Xin, Fan Xiao
Xia, Chen Xiao Yong 2004 Identifying
populations for priority conservation Il. Mod-
els based on haplotype richness and their
applications in Ginkgo biloba. Acta Ecologica

Papua New Guinea Joumal of Agriculture, Forestry and Fisheries

June 2013, Vol. 54  pp 03-09




9

Sinica, 24(10). 2312-2316.

Lee Y. J., Bhuiyan M. S. A, Chung H. J.,

Jung W. Y,, Choi X. D, Jang B. G., Pack
W, K, Jeon J. T., Park C. S. and Lee J. H.
(2007). Mitochondrial DNA Diversity of Ko~
rean Ogol Chicken. Asian-Aust. J A nim.
Sci., 20(4). 477-481,

Moat, M. and G.P. Bilong. (1999). Past Labu
poultry research and extension efforts. in:
Quartermain, A.R. (Editor). Proceedings o f
the NARI Poultry Werkshop 26 August 1999.
National Agricultural Research Institute, Lae

LiuYP, WuGS, Yao Y G, Miao Y W, Luikart
G, Baig M, Beja-Pereira A, Ding Z L,
Palanichamy M. G. and Zhang Y. P.
(2006). Multiple maternal origins of
chickens: out of the Asian jungles. Mof Phy!-
ogenetic Evo, 38: 12-19.

Liu Z, G., Lei C. Z., Luo J., Ding C., Chen G.
H., Chang H., Wang K. H., Liu X X,
Zhang Y. P, Xiao X. J,Wu S. L. {(2004).
Genetic variability of m{DNA sequences i n
Chinese native chicken breeds. Asian-
Aust. J. Animn. Sei, 17(7).  603-909.

WMotz C. (1994). Lefining “evaluttonary signify-

cant units” Tor conservation. Trends i
Enology and Evoivtion, 8 372374,

Fuchs iuys F. C,, EBding H, Sinwener
Waollrey . B A, Grosneveld B and Wei
{

~ LN * J TP <
Sand 8, ( 200 ’)> Aitochondgt DNA D i"'“?'
.«:(.quc wes  swgecst a
aid indiz ain ol Zimpbabwe

chickens. Animal Ganciics 39 (B 51.)-\;/...3.

x"."‘i‘sl DS

Glade . Ah Weang & KSE, Zhang Y, Wang
Jo, Groeonen A, L Crontimans R PO
&, Rogans H-d, Zhang H., Olimote B
Wereijken A, Jungerius A, Albars G, A
A, Lewley T, Dafany WL B, Basharn 3.

WL and Chisng H M {2008), Ganomaewwide
assessmeni of wondwide chicken SNP ge-
netic diversity  incicates significart absencs
of rare aileles in commercial brasds, PNAZ,
T05{aBY 1731297317,

Motter B R (1929). The impertance of genstic
d,ve%nty m hmst pomnaimm of the fu-
fwre. Jouwrna! (J’An,ma' Scisnce, 77, 61 9

Cka ¥, ino Y., Bomuwra K., Kawashima 8, Ku
wayama T, Hanada M., Amano T, Ta
kada M., Takshata M., Hayashi Y., Aki shi
nonomiya F. (2007). Analysis of mDNA se-

quences shows Japanese native chickens
. have multiple origins. Animal Genetics, 38:
287-293.

Parker K. M., Sheffer R. J. and Hedrick P. W.
(2001). Malecular Variation and Evolution
arily Significant Units in the Endangered
Gila Topminnow. Conservation Biology,
13(1): 108-116.

Patterson D. L., Silversides F. G. {2003) Farm
animal genetic resource conservation
Why and How? Canadian Farm Animal
Genetic Resources Foundation,
Brighton, Canada.

Pennock D. $. and Dimmick W. W. (2002). Cri

- tique of the Evolutionarily Significant Unit
as a Definition for “Distinct Population
Segments” under the U.8. Endangered
Species Acl. Conservation Biology, 11(3):
611-619.

Petit R. J. Mousadik A. E.,, Pong O. (1998).
tdentifying peopulations for conservation
on the basis of genet ic markers.
Conservation Bisclogy, 12: 844-855.

Philipsson J., Okeyo A, M. (2006). Global per
spactives on animal genetic reseurces for
susteinable agricultire and food produe
tan in the tropics. Animal Genetics Train-
ing Resource, GO Merston 2, ILRISSLUL

Silva P, Guan X, He-SBhing O, Jones J., K
J., Mg :“ Hlotiar (.J\in Sinith £
£2008). Mms‘ hondoa DHA-Based analy-
sis of genede varislion and reddtedness
NN o6 Lankan i L""’}O‘Ax Lf‘x Kens

and the ¢ oyiur. .m.«:esmm (Gatlus 1afay
2). Anims! Sanetios, 48 1-9.
T:'re;en WAL {TO72) An sxaminstion of paulty

istrib ul: on and sureival andass
fitans., Harvaest 2.52-86

::.ag,.u con

Q. C}

syt £
nort? Me\-' r‘v:af—rue f\,. ‘.s,m "
World's Pouliry Sxfoncs Journal, 450 206-
298,

Papua New Guinea Joumal of Agriculture, Forestry and Fisheries

Juna 2013, Vol. 34 pp 03-08



11

PANICLE CHARACTERISTICS IN HIGH-YIELDING japonica

RICE LINES CARRYING Ur7 (UNDULATED RACHIS-1)
GENE

ABSTRACT

Urt (Undulate Rachis -1), an incompletely dominant gene on chromosome 6, being characterized by
undufation of primary and secondary branches at the fowest part of a panicle, has the principal effect
of increasing number of secondary branches per primary branch, and additional effects of increasing
both spikefet number per single secondary branch and number of primary branches per panicle.
This genic effect can increase grain yield by enlarging sink size. We examined the panicle traifs of
two high-yielding Ur1-carrying lines (MR79 and MR53) and two commercial varieties (‘Hinohikari’ and
‘Nishihikari’). They were grown at high, middle and low fertilizer levels in a paddy field. In addition to
the traits mentioned above, the numbers of differentiated (developed + degenerated) primary and
secondary branches were measured. MR53 was outstandingly higher than the two commercial va-
rieties in spikelet number per panicle, number of secondary branches per primary branch and num-
ber of differentiated secondary branches per primary branch. In each of these traits, MR79 was
higher than the two commercial varieties, but lower than MR53 more or fess. By number of differenti-
ated secondary branches per primary branch, the spikelet twinning and the panicle opening in total,
plants with the Ur1/Urt genotype could be selected in a segregating population fike F, in a process
of breeding by the use of Ur1, even if undulation is little or absent fike in MR79.

Keywords : rice, Urf gene, panicle, spikelet number, number of differentiated secondary branches.

INTRODUCTION © - grounds) (Murai et al-2012). Effect of Ur1 on

number of differentiated secondary branches
Ur? (Undutate Rashis -1), an incompleteiy donii-  par primary branch was higher than number of
nant gene on chromeseme 6 (Nagac ef &/ 1658 {deveicped) secondary branches per primary
and 18583 Sate and Shinjyo 1891), being char- branch. They found twined spikelete at the tip
acterized by undutation of primary and secon- of the uppermaost primary branch of a panicie in
dary branches af the lowest part of a panicie  the Ui 7/UrT genolype (Fig. 2), because Ur!
(Fig.1), has the principat effzct of increasing sheitoned the pedice! !u*ui“ of the ton spikelst
mumber of secondary branches per prima} but it 2iongated that of the second spikelal
b.’aﬂun, viz acceieration of secondary brapnch- This visual cmrmit\*;,m was recommendsd as

ing from primary branches, and addiional ef-  one of indicatars for the Urf/Airt genotype.
fecte of increasing both spikelet number per

single secondary branch and number of primary Mural ef o/, (2008) preinvinarily reported that a
hranchas p»'s paniclz (Murai and lizawa 1904;  japonica Uri-canying line Mural 79 (hereafter
,g‘,u,a atal 2012). “MRYY" had a h;qber vielding-ability excesding
the .e» etls of crdinary japcnfca varisties in

I -sddition fo the panicle traits mentioned - - southers - Japar, duc o 18 -highar sink size
above, pumbsr of differentisted (devsloped + caused by more spikelets per panicie, which
degenerated) secondary branches, pedicel was derived from tha cross of a Japanese com-
!Pngth and other traits were Aﬂvvstmatad for an mescial vartety and an isogenic line of Taichung
iscgenic line of Taichung 65 carying both Uri 86 carrying both Ur? and sd’-¢ (dee-geo-waeo-

and sai-d (dee-geo-woo-gen dwarf), the (7 gen dwarf). Another Uri-catrying line "MIRBS
isogenic line of ‘Nishihikar?, together with the — was developed from the same cross by Mural
sd1-d isogenic fine of Taichung 65 and  {Malangen et al 2013). MR79 and MRS3 pos-
‘Nishihikari' (their respective genetic back- ~ sess extremely late and rather early heading

times, respectively (Table 1). These two lines
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2. Faculty of Agriculture, Kochi Universily, Nankoku, 783-8502 Kochi, Japan
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Fig. 1. Undulation of primary and secondary
branches at the lowest part of a panicle
in MR53 (Ur1/Urt1).

Fig. 2. Twinning of the top spikelet and next
one in the uppermost primary branch of

a panicle in an isogenic line of
Taichung 65 carrying both Ur?1 and sd1
-d (Ur1/Ur1).

Table 1. Fertilizer application leveis and heading dates of the two Ur7-carrying lines and two commercial

varieties.
Fertilizer = Basal dressing Top dressing "
level (N?g/m?) (N g/m?)
| High ' 8 ' 8%
'Middle | 4 | 49
1T 1

A slow-release coated fertilizer (LONG ¥, 100-day type presented from
readily available, was used

0. and K0 slements were sunplied at

the same level as N alement

Applied on June 30 for MRS3, July 27 for MR73, July 9 for Hi, July 14 f
p

and two commercial varieties were grown under
various fertilizer levels in a paddy field of Kochi
University in southern Japan in 2003 and 2005
in the previous study (Malangen et al. 2013).
High yields of 728 and 723 g/ni, respectively,
were obtained by MR79 and MR53 through a
heavy fertilizer application. Furthermore, MR79
was the highest-yielding in every combination of
fertilizer levels and years, suggesting that MR79
involves a high yielding-ability stable to variation
of fertilizer level.

In the present study, panicles of MR79, MR53

80%-heading date in 2003

MR 53 MR7S Ni Hi
July29 | Aug.22 | Aug. 13 | Aug.9
July 28 | Aug. 22 Aug.13 Aug.9
July 29 Aug. 22 Aug.13 [ Aug ‘4
Chisso Asahi Fertilizer Co.. Lid.), about 7% of each element of which was

n.ordinary shemical fedilizer was used

NI ir )
NI ZIUS

and the two commercial varieties grown at three
fertilizer levels in 2003 (Malangen ef al 2013)
were used for measurements of above-
mentioned panicle traits inclusive of number of
differentiated secondary branches. On the ba-
sis of the data, we examine:

1) Which traits can classify the two Ur1- car-
rying lines from the two commercial va-
rieties?

2) Whether the classification was influenced
by fertilizer level or not?
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3) Which differences were detected be-
tween MR79 and MR537 and

4) Combination of measurable trait(s) and
visual characteristics enable gentypic
determination at the Ur? locus in a
segregating population like F,?

MATERIALS AND METHODS
Uri-carrying lines

The highest-yielding F; in the yield tests for
various F, hybrids with the Ur1/ + genotype
(Murai et al. 1997 and 2003) was used for de-
veloping recombinant inbred lines with and
without Ur? (Murai et al. 2005; Malangen et al.
2013). Its maternal and paternal parents were
‘Nishihikari' and an isogenic line of Taichung 65
carrying both Ur1 and sd7-d (dee-geo-woo-gen
dwarf), respectively. The F, population was
grown in 1992, and the generation was pro-
gressed to Fg without selection in glasshouse
condition. In 1999, the 108 Fq lines originating
from the respective 108 F; plants were grown in
a paddy field; the two well-ripened lines carry-
ing Ur?, viz. MR53 and MR79 were selected
from Uri-carrying lines by field observation
The uniformity (non-segregation) in MR53 and
MR79 was confirmed from 2000 to 2003 (F; to
F14 generations)

Fig. 3. Panicles of MR53, MR79 and Hi
{‘'Hinchikari'), from left to right. MR 52
and MR 79 carry Ur1 gene (Ur1/Ur1)

4‘5

Appearances in panicles of two Ur7-carrying
lines

Fig. 3 exhibits matured panicles of MR53,
MR79 and ‘Hinohikari'. The undulation of pri-
mary and secondary rachis branches at the low-
est part of panicles was noticed in MR53 (Fig.
1), whereas little or no undulation was observed
in MR79. The panicles of the two Ur7-carriers,
particularly MR53, were more open at maturity
than the ordinary, being in agreement with the
observation by Murai et al, (2002). Moreover,
twined or semi-twined spikelets at the tip of the
uppermost primary branch, which is caused by
Ur1 (Murai et al. 2012), were observed in at
least one panicle within every hill of both MR 53
and MR 79 (Fig. 3). Such spikelets were more
frequently observed in MR53 than in MR79.
Accordingly, MR53 had typical panicle appear-
ance of the Ur1/Ur1 genotype. On the other
hand, MR7S had many panicles which were
hardly decided as Urf—carrying from their ap-
pearances.

Commercial varieties for comparison to Ur1-
carriers

Nishihikari’ and ‘Hinohikari’, (abbreviated as
“Ni" and "Hi" respectively) were used for the
field experiments. Ni is a shori-culm and pani-
cle-number type variety possessing the highest
lodging tolerance in southemn Japan (Nishiyama
1982). Hi is a leading variety in southern Ja
pan, which possesses rather late heading,
rather long culm and rather many panicles

Cuitivation and sampling

The two Uri-carrying lines and the two com-
mercial varieties were seeded on April 16 and
transplanted on May S in 2003 to a paddy field
of the faculty of Agricuiture, Kochi University,
Japan (Malangen et al, 2013). Two seedlings
per hill were transplanted at a spacing of 30.0

15.0cm. They were grown under high, mid-
die and low fertilizer levels (Table 1). The ran-
domized block design with three replications
was adopted for all combinations of the lines-
varieties and fertilizer levels. Each plot com-
prised 108 hills (4 rows > 27 hills). The largest
panicle in each of ten hills from each plot (a to-
tal of 30 panicles per line/variety at each fertil-
izer level from three replications) was used for
the measurements of traits described below.
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Panicle traits measured

Table 2 shows 12 panicle traits adopted in the
present study. There is the following relation-
ship between spikelet number per panicle and
the four components (Murai and Kinoshita
1983; Murai and lizawa 1994). NS = SB1X
NB1 + SB2 X NB2XNB1 (NB2XNB1 = number
of secondary branches per panicle). Thus,
spikelet number per panicle can be equated by
NB1 (the number of primary branches), NB2
(the number of secondary branches per primary
branch), SB1 (the number of spikelets per pri-
mary branch) and SB2 (the number of spikelets
per secondary branch). Beside the numbers of
developed primary and secondary branches,
the numbers of degenerated primary and sec-

Table 2: List of panicle traits assessed in
this study
Trait (abbreviation) Explanation

1. No. of spikelets per panicle | Measured by the largest pani-
(NS) cle in gach hill.

2. No. of primary branches Ditto
(NBI)

3. No, of secondary branches | Ditto
82)

4. No. of secondary branches
per primary branch (NB2)

No. of secondary branches
No. of primary branches per
panicle,

5. No. of spikelets per primary
branch (SB81)

No. o f spikelets sefting on
primary branches ¢ No, of
primary branchas.

6. No. of spikelets per secon-
dary hranch {SB2j

No, of spikelets sefting on
secondary branches { No. of
secondary branches. |

Percantage of spikelet seting |
on secenda ary branches to \Jo
~ul Sl l\ch\\ Perpa ul' ".:

7, 882 %

8. DWBi tio. of degeneraled primary

branches per panicle,

8. DBz No. of degenerated secondary
branches per panicle.

10. TNB1 Total number of differentiated
primary branches = NB1 +

DNB1

11. TB2 Totat number of differentiated
secondary branches = B2 +

DB2

12. TNB2 Total number of differentiated
secondary branches per pri-

mary branch = TBZ INB1

ondary branches were measured, being de-
noted by DNB1 and DB2, respectively. The
number of differentiated primary branches
(TNB1) is calculated by NB1 + DNB1. Similarly,
TB2 is calculated by B2 + DB2. TNB2 equals
TB2/NB1.

Statistical analysis

Analysis of variance was conducted using EX-
CEL Toukei Version 5.0 (ESUMI Co., Ltd., To-
kyo, Japan), and Least Significant Difference
(LSD) was calculated from error variance.

RESULTS

Table 3 shows results of analysis of variance for
the panicie traits of the two Ur?- carrying lines
and two commercial varieties at the three fertil-
izer levels. For NS, the effects of the lines and
the fertilizer levels were statistically significant
whereas the interaction was not significant.
This trait was in the order MR53 > MR79 > Hi =
{or >) Ni at each of the fertilizer levels (Table 4).
At every fertilizer level, MR53 and MR78 were
significantly higher than Hi and Ni. MRS33 and
MR79 were 34 to 43% and 23 to 37%, respec-
tively, higher in NS than Hi in all fertilizer levels.
There was non-significant or small difference
between Ni and Hi. Ns of each line/variety in-
creased with the enhancement of fertilizer level

For NB1, the effects of the lines and the farii-
izer levels were statistically significant but the
interactive effect was not significant (Table 3).
At every fertilizer level, MR79 was the highest
among all lines-varisties in this frait, while Ni
was the lowest. Differences between MR53
and Hi at the middle and low ferlilizer levels
were *xot statist‘ﬁaiiy s'g’aific«.mt Hence, the two
“[_/’ FRL MO S 3() WErE
the two non-carriers by this trait.  Every ling/
variety showed positive fertilizer response.

The effect of lines alone ameng the three fac-
{ors was significant in B2. This trait was in the
order MR53 > MR79 > Ni 2 {(or £} Hiateach
of the fertilizer levels. The B2s of MR53 and
MR79 were about twofold and about one and
half of that of Hi, respectively, at every fertilizer
level. Ni was not significantly different from Hi
at every fertilizer level.

Regarding NB2, the effect of lines was signifi-
cant, while those of fertilizer levels and the inter-
action were not significant. It was in the order
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Table 3. Analysis of variance for all panicle traits of the two Uri-carrying lines and two commercial

varieties at the three fertilizer levels

Source of Variation '
Yrait Lines Fertilizer levels Interaction All combinations of lines
(Abbreviation) {A) (8} (A X B) and fertilizer levels
NS 186.60 "2 10.95" 2 1.02% 53.46 %
NB1 52.31 " 6.58" 2.03 16.57"
B2 306.92 " 2.61 <1 84.48"
NB2 381.50 " <1 <1 104.35"
SB1 278.10" <1 <1 76.25"
SB2 58.54” <1 <1 16.62"
SB2 % 97.59" <1 2.24 27.96"
DNB1 4.41 <1 <1 1.38
DB2 210.277 6.937 3.70° 60.62"
TNB1 50.01" 8.76" 2.54 16.62"
TB2 383.49" 7.06" 1.14 106.49”
TNB2 371.977 <1 <1 102.01"

" Degrees of freedom for fertilizer levels, fines, interaction, ali combinations of lines and fertilizer

levels and error are 3,2,6,11 and 22, respectively.

2 tjumbers in the table indicate F-values.

T Glgnificant al the 5% amd 1% levels, resps

MBS » MIRTE > i & {or ») Hi st every Terti-
izar !a,fc! NATE3 ond ‘V'EP'F’} ware 107 10 117%
antd 26 @ 4%%, raspectivety, Nghes i this ‘mn
u w@an Hin all fortilisee ley frf.'s. act sienifi-

i’v aitferant from Moan ke and oy fortl-

-~
%
izar leves,

b v
Niowmne

s for 881, tha offsct of Enes slons was sign
f‘az:: Al eyery fe :.,izvr iowE, it was in u““ u’C‘ﬂ
MIRE3 <« MR7EC < (or 0 N Z HL According 1o

Mural ot & ?ii&-‘& on(' ?""} Lird
sacondary lranching toward the t.p
mary branch, resuiling in decress
directly set on a primary bram:h.

o

salse ‘br lower 3831z in the two Uri-carrisrs.

fis for SE2, the efiect of iines alone was signifi-
cant It was in tbe order MRES » MRY9 » {or
=z N2 for ) vl at eachy of the Tertiizar iov-
vls. Thus, the two Urf-carriers were higher in
582 than the two non-carriers,

Regarding SB2%, the effert of iines aione was
significant. At every fertilizer level, it was in the
order MR53 > MR79 > Ni = {or >) Hi. Thus,

tha two if-carriers ware distinelly higher than
bwo nan-cavriers, particudany, MRE3 was the

) L.
5 v paniciot

=it Cifferentiation Jranches
N the e Uri-carying i-*‘:os '-‘n\, VNG
comrmrcu varioies af th—> s fartih SREOES
31, the mf =r;t {ines alone was signifi-

Al at the 0% lavel b'c 3y This trait ranged
rom 2.02 10 0.20 ¢ ‘/e* ail combinshons of tinase
yarieties snd fertilizer nvals: no or at most ona
degonare 1{\** primary hrancrs par eanicle was
Ghoery ed i:a 2 measured panicles of ail lnaes-
AR79 hao fitte more degenerated
s Fres fine-

varstias, N

Regarding B2, the effects of iineg, ferilzer
igvels and the inloraction were all significant. it
was in the order MRTYSE > MRES » #i = Ni 2l
svery fertiizer level, MRH3 and MRR?9 were 35
t0 74% ang 105 to 140%, respectively, higher in
this trait than Hi in all fertiiizer levels. This trait
was higher at the high fertilizer levet than at the
low fertilizer level in both MR53 and MR79, but
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Ni and Hi showed no significant fertilizer re-
sponses.

The resuit in TNB1 was similar to that in NB1
(Table 4), since every measured panicle had no
or at most one degenerated primary branch.

Regarding TB2, the effects of the lines and the
fertilizer levels were significant but the interac-
tive effect was not significant. It was in the or-
der MR53 > (or =) MR79 > Hi = (or >) Ni at
every fertilizer level. MR53 and MR79 were 91
to 109% and 75 to 81%, respectively, higher in
this trait than Hi in all fertilizer levels. Significant
and non-significant positive fertilizer responses
were detected in the two Ur-1 carriers and the
two non-carriers, respectively.

The effect of lines alone was significant in
TNB2. This trait was in the order MR53 >
MR79 > Hi = {(or >} Ni at every fertilizer level.
MRS53 and MR79 were about twofold and about
one and haif of Hi, respectively, in this trait at
every fertilizer level. There was non-significant

or small difference between Ni and Hi at each of
the fertilizer levels.

DISCUSSION

Regarding NB1, MRS3 was similar to or lower
than Hi; on the other hand, MR79 was higher
than the two non-carriers (Table 4). According
to Murai ef al. {2012), Ur? increased NS by 38
and 35%, NB1 by 13 and 5%, NB2 by 45 and
58% and SB2 by 10 and 20%, but it decreased
$B1 by 5 and 18%, respectively, on the genetic
background of Ni and that of Taichung 65 with
sdi-d. Thus, Ur? increased NB1 more on the
former genetic background than on the latter
genetic background. It is assumed that gene(s)
accelerating primary branching in the coapera-
tion with Ur? inherited from Ni to MR79 in the
process of development.

MR53 was outstandingly higher than the two
non-carriers in NS, NB2, SB2 and B82%, as well
as TB2 and TNB2. In each of these traits,
MR79 was higher than the two non-carriers, but

Table 4: No. of spikelets per panicle, its components and other traits of the two Url-carrying lines
and two commercial varieties at the three fertilizer levels.
Trait Fertilizer MR53 MR79 Ni Hi LSD(sw
level

NS High 134.7° (134)" 123.9°%° (123" 92.0°%{ 91)" 100.6 ° 7.5
Middle 120.9® (143) 122.4° {134) 88.7°( onN 91.0°
tow 122.9% (141; 1201° {137) 87.0%{ o) K74

NBY  {High 10.37° { 83) 11.80% {107) 9.537 (88) 14.10¢ 0.65
Middle 10.27 ¢ {103) 11,50 (115) 9539 { 95) 16,60 ©
Low 9,77 % {102) 11.53 2 (121) .47 ¢ {99) 9.531

B2 High 29.86 ® (205) 21.57 7 {148) 14.33°{ 98) 1460° 2.15
Middle 29.50 % (225) 21.87° {166) 13.70 € (104) 13.18°¢
Low 27.90° (216) 21.63°% (167) 13.17 © (102} 12,93¢

N2 {High 2.87° (217) 1.81° (137) 1.59° {114) 1‘32“" 0.18
Middie 2.87 % (217} 1.90° (143) 1.45 1110} 1.32°
Lo - o b RBGTIRETY. £ 4BBE (A08F - 1,407 (104 408

SB1  jHigh 3847 (67} 540 {94) 56128 (g8) 5747 0.27
Middle 3.76° ( 66) 525°% (91) 558 (87) 574°
Low . S 3.87°(B7) 1. . 5.18° (80} 553% (85) £.78°

SB2 [High 3.18% (128) 2.76 % {110) 2.69 °9(107) 251°¢ 0.16
Middle 3.08% (119} 2.82° (109) 2.59 " {100) 2.59%
Low 3.042 (122) 2.81° (112) 2.63 ©°{108) 249°

8B2% jHigh 70.02 (193) 478 ° (132} 41.8° (115) 36.4 9 4.0
Middle 69.8° (188) 50.7 ° (137} 30.8% (108) 37.019
Low 68.82 (188) 50.7 ° (139} 30.7% (108) 36.6°

" percentage to Hi in parentheses

Values followed by the same letter within sach trait are not significantly different at the 5% L.SD levet.
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Table 5: Traits concerning degeneration and differentiation of primary and secondary branches
- of the two Url-carrying lines and two commercial varieties at-the three fertilizer levels.-
Trait Fertilizer MR53 MR79 Ni Hi L&D (s
(abbreviation) | Levels
DNB1 High 0.03° ( 50)" [ 0.30 * (450)" 0.03°(50)"{ 0.07%® 0.24
Middle 0.10 ® (100} | 0.23 * (233} 0.03°(33) | 0.10®
Low 017 {(125) | 0.27 ** (200) 0.03°(25) | 0.13%
DB2 High 9.83° (159) |14.90 °(240) 270" H{44) 6.20 ° 1.49
Middle 9.83° (174) |12.13°(214) 3.13° [(55) | 867°
Low 7.70¢ (135} [11.70° (205) 3.17'(86) | 5.70°
TNBT High 10.40° (93) [12.12° (109) 9.53°(85) [11.17° 0.71
Middte 10.37 © (103) |11.73®(1186) 9.53°(94) |10.10°%
Low 9.93 “€(103) |11.77 (122} 9.50°(98) | 9.67°%
TB2 High 39.70* (191) [36.47° (175) 17.03°(82) }20.80°¢ 2.78
Middle 39.33° (209) 134.00°{181) 16.83°(89) |18.80°
Low 35.60°°(191) §33.33° (179) 16.33°(88) 118.63%
TNB2 High 3.83° (203) | 3.06° (162) 1.80°°(95){ 1.86% 0.25
Middle 3.83° (203) | 2.96° (156) 1.789(94) | 1.89%
Low 3.65% (183) | 2.80° (145) 1.73¢ (87) | t99°¢

" Percentage to Hi in parentheses

Values followed hy the same letter within each {rait are not significantly different at the 5% tevel, determtined by

LSDs in the tatle

lower than MRS3 more or less. Yamagishi ef al.
{2002} feurid & GTL controling number of sec-
onda*y branches per pani icle in a genelic ftmea
nce batween o ordinary Japanose vaneties,;
1 thaugh ils effect seams {6 be smaliey
it oof the majat geneg i nienred inal
abielals) wilh minus-Cireclion effost{e; ot such
QTU{s) diminished these trals in MRTH, result
P Re less e ;);A.I;\.JL‘:A comunessd wilh
thone of MRL3

MIRG3 had  ils 'i:'-;p’(;n‘ panicle  apresrancs
caused by Urowhitc MIRYS had panicles which
cariret he distng of distinclly fromy those of
notecorrions {sce Matorzis and Mathads, Fig.
23 TB2, inciuwbng degenerated andagy
brenches, can divide BMR7S from the two non-
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from he iafor wwrﬂ ciantanty r! @n 3.
«m&, «,u'“, fetice did not show signili-
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PERFORMANCE OF PAPUA NEW GUINEA NATIVE PIGS GIVEN
IMPROVED MANAGEMENT CONDITIONS. (ORIGIONALE PEPA)

James BcGatch Duks

ABSTRACT

Pig is an important lraditional livestock species in PNG agriculture. Pigs are reared for various rea-
sons such as prestige, bride prices, feasts, initiation ceremonigs, for waedding events, for compensa-
tion payments, funeral activities, for food as protein source and quiet recently for some cash income.
Despite the imporfance of pigs in this country, there is minimum report on the nafive pig. The Labu
Research Cenire bought some native pigs from the villages within the Huon Guif, Nawae and
Mumeng Districts of Morobe Province in 1992 for a study on the performance of native pigs given
improved management conditions. The pigs were bred and raised in confinement sufficient for a five
sow and one boar piggery under a madern cement galvanised iron roof building with nipple drinkers,
The pigs were fed various feed resources depending an availability and funding situations. This pa-
per reports in two parts; the reproductive (part 1} and productive (part 2) performances of the nafive
pig given improved management for a 3 year period dafa.

Key: Native pigs, Reproductive performance, Productive performance, oestrus cycle, gestation

periad, litter size

INTRODUCTION

Pig is an important tradilional livestock species
in PNG agricutlure.” A large proportien of the
rural popuiation own pigs. ANZDEC, (1894)
report estimaiad vitage py population in PNG w0
be betwsen 1.8 ~ 1.8 millicn 2t an estimated
value of KAS400.600.60 and this ameunts to
7% of 0@l pig production. Thase pigs are
regred for various ressons such a3 piestige,
brigde pricos, feasts, inilialion ceromonies, for
wadding evems, oy compn WO,
furgra activites, Tor food s profen scurce and

ised raecery e fae o . s
et racently for some cash innome,

The Papus New Guinca (PNG) nalive pg i3
catled Sus zerofa papuansis. This wig has a

«ong anout, erect sars and strong hind tegs for
feaging. Maost native pigs are brown, blagk or

have stiipes of brovar-tiack colauring simitar o

the Phitipoines native nig {(Penalbn, etal: 1800)
Tre indiscriminate broading programime in ihe
1940°s and 1970's has resulted in various coat
colour combinabiciis. Pure native pige may be
found in the fringss of the country in isolatad
regions such as the Star Mouniaing and the bor-
der argas along the West Irian Province of Indo-
nesia.  These pigs thrive under free-ranging
management systems € reared, while their
counterparts in the wild feed by rooling, grazing

and/ar searching for wild nuts and fruits in
abandoned ald gardens close to human gar-

dening activilies.

Degpite the inportance of pigs in this country,
thore is minimum regart on ine native pig. Laoy
Reacearch Cenlre had bought scme nalive pigs
from the viliages within the Huon Gulf, Nawas
and Muameng Disiricts of Morohe Province in
1982, Thesa pigs were Drad and raised in con-
finemeant swhcient Tor 3 five sow and one boar
piagery undar g reodern cement -~ galvanises

fran rool bullding wiihy nippie driniers.

The piggery has two hosr pens, fve dry sow
and five Tasrowing pens, three weansy and Uvee
faitenor pans, A lank and pump were instatied
o faclitete drinking and flushing flogrs. The
pigs ware fod vanous feed regources dapaend-
ing on avaidabiily and {unding sduations. The
fesd  rescurces incidded  commesciat  pig
breeder and growar pallets, mill run-copra meal
~Vilage pig concentrzte, staplss (sweel polatof
castava) - vilage pig concenirate, wasles frorr
UniEech mass, broken biscuils end fresh ceoco-
nuts,

The sows were mated and their reproductive
and productive data were coltected and re-
corded over a three yegar time period (1992-
1995).

Dopartmen: of Agricuiture and Livesiock, Erap, P.O. Box 1984, LAE. Papua New Guinea.
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This paper reports in two parts, the reproductive
(part 1) and productive (part 2) performance of
the native pig given improved management for
a 3 year period data,

Part 1. The reproductive performance of native
pigs given improved management conditions.

Methodology

Five sows and one boar were introduced to
Labu from Huon, Nawae and Mumeng districts
of Morobe Province. The pigs were mated
when beat was detected from swollen-reddish
vulva and from riding test when the sows stood
to pressure on the hump. Sows were brought to
boar pens (4m square) for mating. During mal-
ing, inexperienced boars were assisted by in-
serting the penis into the vagina. The native
boar had high libido, good and strong hind legs
and was a docile animal. It was noted that
sows were receptive for about farty eight hours.

After three weeks, sows were confirmed im-
pregnated if they did not return to heat. The
sows were feed and maintained in dry sow pens
(1m?) untit one or two weeks from farrowing
when they were moved to the farrowing pens of
0.5m by 2m (1m? that also had creep pens
(0.5m square} on both sides. These pens were
tharoughly washed and disinfected before sows
were moved.

Farrowing limas were detected from records,
profapse of stomach, general swelling and
enfargement of vagina as well as squeezing of
sows nipples to detect milk. At fairowing, sows
were assisted in parturition by attendant and
mesenteric coalings were removed from piglats,
The piglots that dizd at birth end placenta were
bui.ed aftes partur.flm ihad u~uuily toolc two

hows,

After farrowing, wood chips were spread over
the craep pens to provide brooder for warmth of
pigiets against chilling.

After three days from farrowing the piglets were
given intra-muscular iron injection in the hip
area with dexavin, while canine teeth were
clipped with tooth clippers to prevent leat dam-
age to sows during suckling. Piglet ears were
also notched using a ear notcher indicating sow
and piglet numbers for identification purposes.

Sows were replaced depending on reproductive
ability while still maintaining the five sow status.

Pigtets were weaned after 21 to 28 days from
hirth and sows were returned to dry sow pens
for reconditioning and subsequent mating.

Data recorded include oestrus cycle, time on
heat, gestation period, littersize at birth and
weaning, piglet weight at 3 days from farrowing,
mortalities, functional teats of weaners and
weaning te service interval in sows.

Part 2: The productive performance of native
pigs given improved management conditions

Methodology

The pigs were weaned by removing the piglets
from the sows into weaner pens (2m square)
after 3 to 4 weeks from farrowing. The weaner
pigs were moved to |larger grower/finisher pens
(4m square) after one to two months from wean-

ing.

Weaner pigs were dewormed with Nilverm Pig
wormer at weaning and repeated after 3 to 4
months. Pigs were identified form ear-noiches.
Tactic Ec was used to spray for Sacoptic mange
infections while sulfamez was administered
orally for £.cofi infection that causes piglet diar-
rhoea.

Pigs were weighed weekly and their records
were kept. When pigs reached about 35 o
40kg in 8 to 9 months they were sold to custom-
©rg.

RESULTS

Part 1: Repreductive Performancs.

Table 1. Reproductive Performance of Natve
Prgs” .
Perfermance Samg!e Mean
ize H

TRl SGN Of Grdtras 0 IS NGRS § Kb 3 8
Castrus cycte in gilts, sows (days) 23 21
Tine on heat {hrs) ki) 42
Gestation period in sows {days] 20 114
Litter size at birth in sows (3 days) 20 8
Pigiet weight at birth in kg (3 days) 122 1.24
thter size at weaning in sows {1 20 6
month)
Functional teats of weaner 144 11
Mortality in pigletsfweaner (%) 20 21
Weight at weaniag in kg {30 cays) 132 4.6
Weaning to service Interval in sows 7 8
(days}

* About 75% Native and 25% Exotic. # number of
observations.
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Part 2 Productwe Performance

'I able 2:

Mean Body We:gh{ (kg) of thters of Natlve Prgs from B|rth to Market

Age {(weeks) Birth

Sample Size

Mean Body Weight (kg)

3

16

1.2

6

16

3.6

9

17

6.3

12

15

8.00

15

17

10.40

18

17

15.00

21

16

19.00

24

17

22.00

27

14

33.60

30

8

34.80

F:gurn'i %@ec.n Body Weight{kqg} of Mative P:ga from Birth
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Figure 2: Growth Rate(gms/day) of Native Pigs From Birth to
' : Market
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The results presented here are weekly data
over a 3 year time period. Table 1, gives the
female reproductive performance while the pro-
ductive perfcymances are shown in tables 2.

The reproductive performance of the nativa pigs
with various sample sizes or nuraber of chser-
vations and ihielr arthematic means are given in
tabte 1. The mean cesirus cycle, tine on heat,
gestation pericd and weaning to service inter-
vals are similar 1o improved breeds.  Low fitter
size is common in native pigs as reported else-
where {Cheng, etal 1980 & Penalba, efal
1950) and subseguent weaning coupled wilh
How birlh and wearing weights inctuding high

moftalities may 10 serme exent give the riprey- -

sion that native pigs are inferior to the improve
pig bresds. However, large numbers of func-
tional teats, may meen there is. scope to im-
prove litter size with good breeding whife mor-
talities may be decreased given sound manage-
ment.

The weight gaining performances of the litter is
given in table 2 and also presented in figure ?
as a sigmoid growth curve. The graph shows
that weight gains increase gradually from birth
to 27 weeks of age at about 30kg and plateaus
thereafter when most pigs were sold due to
good taste and customers demand. The steep

should be remembered that native pigs can be
improved by good breed and / or nutritional in-
puts. Dr. A. Quarterman remarked that Native
pigs can make 70% improvement given good
husbandry and nutrition {pers. com.).

The preductive performances at post-weaning
are low (table 2). The growth potential is rela-
Hvely low only reaching 34kg in @ months sfter
Birthh (iable 2). This is sirnifar to the Taiwanese
native pig thatl reaches 40-70kg in 1 vear (Lee,
etay;, 1990). A decline in growth rate at 60 days
is expected due to weaning time in 1 month
(figure 2) and subsaguent weaning stress. A
guadratic respense on growth is shewn in figure
2 and this indicates that nalive pigs reach a
maximurn growth rate of 187 gms per day in the
& rmonth and thereaiter the growth rate declines.
The native pig with such low growth potentiz
coutd be bresd related and Malynicz {1973}
posiulaled this to be a fitness character. Work
onh native pigs in the Phifippine (Penaiba, etal:
1990) and Taiwan Native pig, Taoyuan, {Cheng,
etal: 1990) also reported low growth potentiai.

CONCLUSION

Native pigs on the whole are reproductively
similar to those of the exotic pig and if litter size
is to be increased some crossbreeding pro-
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grammes be initiated. Alternatively identify from

~ihe local poo! of native pigs in country with large

fitter size and do crossbreeding to increase little
size.

The productive performance may be increased
with good nutrition and sound management if
low growth potential is filness character that is
breed related. However, native pig can be sold
after 6 to 7 months of age at an average live
weight of 30 kg as smalier carcases. Further-
more, native pigs reach maximum growth rate of

187ams ner day in § to 6 months and then
drops.
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UNDERSTANDING BIOCHEMISTRY OF COCOA FERMENTATION TO
ARREST BEAN ACIDITY IN PAPUA NEW GUINEA COCOA

Noel Y.Kuman

ABSTRACT

The dominant microbial species observed in a commercial fermentation of Papua New Guinea cocca
were Yeast, Acetobacter, Lactobacillus and Baciflus species. Maximum growth of different species of
rnicrobial was observed starting from day 2 of the fermentation. The microbial activities and their rate
of metabolism during the fermentation correlated fo total acid production, rate of pulp sugar utiliza-
tion, oxygen concentration and temperature regime. Betler understanding of cocoa biochemistry
would enable devising of better interventions to arrest acid production during the fermentation to re-
duce residual bean acidity to improve the overall cocoa flavaur.

Key words: Cocoa microbiology, fermentation and biochemistry

INTRODUCTION

Cocoa beans are essential raw material in
chocolate production. They are produced as
seeds in pods of the planl Theobroma cacao.
The first stage in processing of the bean is fer-
mentation. The beans are removed from pods
and placed in mass in heaps or boxes where
fermentation developed naturally. Fermentation
is rogamea as being essontial for initialing the
reaction that leads to the formation of substiance
that confer charecteristic of chocolate flavour
(Lohrian and Patterson, 1833).
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be prevenied (Hansen, 1975 a, by S8anchez of
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presence of particular microorganism with key
chemical and biochemical changes with the puip
and bean, such as changes in turning of the
beans being related to the sensory properties of
chocolate (Lopez and Quesnel 1873b; Hansel
1975 a, b; Passos et al, 1984b). Despite nu-
merous studies that have been conducted, a
clear link between the microbial ecology of fer-

mentation, hiochamical changes within the
beans and bean quality have nol been estab-
lished, thaugn the imonrtant of microbial aotivi-

s is precursor to flavour development.
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fermentation produced beang that have exces-
sive acidity pH 4.4-4.7). Chocolate derived from
these beans wers not erlively acceptabie, nav-
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ing bitter taste and lacking chocolate strength
{Shepherd and Yap, 1984).

To understand the relationship between the mi-
crobial ecology and biochemistry of fermenta-
tion, it is important to have quantitative informa-
tion about the growth of individual species of
microorganism throughout fermentation, as well
as some knowledge about their biochemical
proprieties. The concentration of metabolites
and potential chocolate flavour precursors pro-
duced by individuat microbial species during the
fermentation will depend upon the quantitative
extent of their growth (Ardhana, 1990).

Many variables are considered to affect the con-
fent of cocoa bean fermentation. These include
the scale and physical conditions of fermenta-
tion, sanitation of fermentation containers and
surrounding environment, degree of bean mix-
ing during fermentation, maturity of beans at
harvest and cultivar of the beans {Rohan 1963;
Minifie 1980). The literature suggested the par-
ticipation of a range of microbial species in the
fermentation including yeast, fungi and bacteria,
which is influence by different factors including
environment, tocation and country and fermen-
tation practices.

Cocoa is an important export commodity of
Papua New Guinea, however some quality at-
{ributes of the bean are considered inferior to
those produced it some other countries and
there 15 an urgent need to address these prob-
fems. One such initiative involved cbtaining
more knowledge about the fermentation process
and practices and understanding the involve-
ment and influence of micrabial activitios and ite
effect on cocoa flavour. This would iead to de-
velepment of improved processing technigues
to Improve the quality of PNG cocoa. This pa-
par intends to identify the generat acology of

PNG cocoa and #s influence on goneral coco
biochemisiry, in particular, bean acidity and to
make recommendations on how the residual
acidity can be reduced to mprove overall cocoa
flavour.

OBJECTIVES

Identify genera! profile of microbial species in
commercial fermentation of Papua New Guinea
cocog, and its influence on fermentation pattern
and cocoa biochemistry; with an attempt to ar-

rest acid production to reduce residual acidity of

the bean to improve overall flavor attributes of
cocoa.

MATERIAL & METHODS

Experimental Design
Fermentation process

Cocoa pods of mixed cuitivar were harvested in
the field and their pods were removed and
bagged before they were transported to the fer-
mentry. The wet beans were fermented inside a
standard commercial fermentation box (120 x
90 x 90) cm and dried on a conventional com-
mercial dryer. The dried beans from each of the
25 fermentation replicates conducted were col-
lected, bagged for quality assessment.

Sample collection and preparation

The bean acidity, sugar concentration of the
pulp, and sample for flavour assessment were
prepared following the standard cocoa quality
laboratory procedure (PNGCCR!, 1995). The
oxygen concentration was measured using an

oxygen logger. The laboratory mercury ther-

mometer was used to measure temperatures of
the fermenting mass inside the fermenting box.

Flavour assessment

Organoleptic evatuation was conductad by the
trained taste pane! following the procedura da-
soribed by BCCCA (1996); Sukha (2001).

fiicrobiaf analysaes

Microbial isclation and enumeration was deter-
raingd following procedures described by Carr
and Passmore, (1579

RESULYS

Figure 1, shows that all microbial aclivities
reached their maximum level during day 2 of
fermentation, before decreasing afterwards. The
Yeast population increased between days 2-3
before decreasing sharply until it disappeared at
day 4 of fermentation. The Acetebacter followed
a similar pattern as Yeast, but continuo to main-
tain its poputation at a low ievel towards the end
of the fermentation. As for Lactobacillus spe-
cies, its population decreased after day 2 of fer-
mentation, but maintained a relatively high
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Figure 1: Profile of average microbial population of commercial cocoa fermentation

Microbial population during fermentation
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Figure 2: Pattern of average total acid production (a) and major acids: Acetic and Lactic acid (b) in

a commercial fermentation
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Total acid con.
(mg/g)
/

i Total acid M3/4
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population toward the end of fermentation unlike
Yeast and Acetobacter. The Bacillus population
decreased after day 2 of fermentation, before
increasing from day 3 onwards and maintained
a large population throughout the rest of fer-
mentation.

Figure 2 a, shows the average total acid
(Oxalic, Citric, Ethanol, Succinic, Lactic and
Acetic) concentrations produced during the fer-
mentation. The individual concentration of minor
organic acids is shown in Figure 3. The total
acid concentration began to increase from days
| — 6, with a sharp increase between days 2 - 3
coincided to the increase microbial population
and activities (Figure 1). Among the acids pro-
duced, acetic (range 0.6 - 18.5 mg/g wet beans)
and lactic acid (range 0.5 - 8 mg/g wet beans)
were dominant throughout the fermentation,
thus become the potential candidates responsi-
ble for high level of residual acids found in the
beans. Acetic acid was produced in large quan-
tity than lactic acid, showing a sharp increase

Pattern of acetic and lactic acid production during

fermentation
0
18
16
14 -
12
Acid con.
10 - |
melk Acetic acid
B ~@=~1actic ocid
0
3 3 6 §
B

Days

from day 3 - 4 (range 0.7 - 16.5 mg/g wet
beans) before decreasing (8.5 g /mg wet beans)
in day 5, and increased afterwards to reach its
maximum level (18.5mg /g wet beans) at the
end of the fermentation. As for Lactic acid, it
shows a gradual increase in concentration, but
remains at a lower level than acetic acid
throughout the fermentation.

For average minor organic acid conicentration
(Fig. 2); Succinic and Oxalic acids were present
in small quantities with an average concentra-
tion ranging from 0.1 - 2mg/g wet beans. Etha-
nol was present in large quantity with an aver-
age concentration ranging from 0.1 - 17.5 mg/g
wet beans during the fermentation. However, its
concentration fluctuated at each day of the fer-
mentation and this can be related to the acid
being used mainiy for microbial activities. The
citric acid concentration decreased starting from
days 1 — 3 ( from 10 to 1 mg/g) before increas-
ing towards the end of the fermentation with
acid concentration of 3 mg/g wet beans.
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Note: Higher the Titratable acidity (TA) value,
the higher the bean acidity.

The average acid profile of the fermenting
beans ranged from 0.05 - 0.26 mg/g beans.
From the start, this was gradual, followed by a
sharp decrease in pulp TA after day 3 of fer-
mentation; corresponding to a sharp build up of
acid concentration in the bean kernel; an indica-
tion of acid migration from the pulp to the kernel.

production as the result of microbial activities
(Fig.5)

The oxygen concentration during the fermenta-
tion (Fig. 6) ranged from 18 - 75 % saturation.
At day 1, the oxygen concentration was high
(70 % saturation) for fresh beans placed inside
the fermentation box, but decreased as the fer-
mentation condition becomes anaerobic at day
2-4 of fermentation. However, the oxygen con-

Figure 3: Average minor organic acid concentration in a commercial fermentation

Minor organic acids concentration found in a commercial
fermented beans

Succinmc

Citric

Oxalic
Ethanol

20
8
16 4
a
Acid iz 7
concentration 10O
(mg/g) 8 :
6 +
a
2
o §
1 2 3
Figure 4:

pulp and kernel (b).

Reletionship between puly TA and kernel TA during fermentation

The pulp sugar production decreased during
fermentation with the highest concentration
(82mg/g wet beans) at the beginning of the
fermentation and reached the lowest concen-
tration (7mg/g wet beans) on day 3, before
showing a slight increase towards the end of
the fermentation; indicating a possible sugar

4 S G

Days

Relationship between average pulp and kernel TA (a) and rate of acid diffusion between bean

Rate of acid diffusion (pulp-kernel)

e of acxd deffusion

e.15
¥
TA{mg/gl I
7) - l - — - - -
] ] 3 ¢ 5 ;

ulp-kemad) (mp/e

B 005 e

centration increased after day 4, reaching the
maximum concentration (75 %) at the end of the
fermentation as the result of maceration
(physical solubilisation of pulp) and daily turn-
ings of beans, introducing aeration into the fer-
mentation box. Aeration is required for oxidation
reactions to take place to produces acids that is
required to cause the death of the bean.
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Figure 5: Profile of Pulp sugar production during the fermentation
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Figure 6: Oxygen saturation (%) (a), and temperature regime (b), during the fermentation
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C respectively (Fig. 6b). The temperature of the
fermenting mass at all parts of the box In-
creased during the fermentation, reaching their
naximum temperatures at day 4, before de-
creasing towards the end of the fermentation. A
slow increase in temperature was observed for
fermenting mass at the sides of the box during
the initial phase of fermentation before the tem-
perature increased rapidly from day 4 - 5. The
temperature profile of the fermentation indicated
that the maximum temperature of 53 "C was
reached in the middle of the fermentation mass
with lower temperatures recorded at the top and
sides of the fermentation box

The average flavor attributes of commercial fer
mented beans generated was compared against
Ghana cocoa, which is considered as universal
standard. PNG cocoa produced low level of
chocolate flavour intensity with pronounced
acidity, bitterness and astringency (Table ).

Temperature regime of fermening mass inside a
| far on box
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aclivities and their rate « ibotism i

el

fermentation '”"r,"--:fv.?':-.! 0 ow@al a id '
rate of pulp sugar utilization, oxygen concentra
tion and temperature regime as shown by the
result of this study. By understanding the role
and presence of each of the microbial activities
during the course of the fermentation, acid pro-
duction can be arrested to the leve! of
i in the beans to improve the overall

flavour cocoa

reduce

residual :

Yeast

Yeast population was predominant from day 0 -
2 of fermentation with a population range of 10’-
10° cells/g, before decreasing to a population of
10° cells/g at the end of the fermentation. Simi-
lar results were obtained by Ostava and Keeney
(1973). The proliferation of yeast population
(Figure 1) corresponded to decrease in pulp
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Table 1: Average sensory assessment result of commercial fermented heans

Sample Chocolate Acidity Bitterness Astringency
Commercial fermented Beans 6.0 3 1.0 2.3
Ghana {Control) 8.4 7 1.6 1.0

The flavour intensity was estimated using 0-10 scale, with 0 being weak and 10 being strong. The lower the
acidity value, the higher the acidic taste in flavor scoring or vice versa.

sugar concentration (Figure 3a). High popula-
tion of yeast was observed during the pericd
when the pulp sugar concentration was high,
but decreased as the puip sugar being utilized.
The dominant of yeast population in the early
stage of the fermentation could be responsible
for converting pulp sugar primarily into ethanol
that appears to be used in the later part of the
fermentation to produce carboxylic acids as well
as enzymes to aid pulp maceration. The initial
low temperature, high pH and aerobic condition
favour yeast proliferation. The presences of
high yeast population in the beginning of the
fermentation could be the result of pulp being
cross contaminated with remnant of yeast pre-
sent inside the fermentation box from previous
fermentations. Yeast is- also responsible for
ioosening physical structure of the pulp and to
some extend metabolize citric acid to give a
slight increase in pH. In figure 3, it shows con-
centration of citric acid decreasing, coincided to
the same period when the yeast population was
highest. Sequence of different yeast species
identified to be present at different stages of
fermentation (Carr and Passmore, 1978). The
pulp sugar or its metaboiites are used by Aceto-
bactor and Lactobaciilus species to produce
acetic and lactic acid respectively.

Lactobaciifus

out the duration of the fermentation. The maxi-
mum population was reached in day 2 of fer-
- mentation with a population range of 10°10 ®
cells/lg. They are responsible for high acetic
acid production, which eventually migrate into
bean, hence increasing the acid concentration
of the kernel (Figure 2 & 3). Similar results were
obtained by Carr and Davies, (1980 ) for Malay-
sian cocoa. Qualitative and quantitative analy-
ses of volatile and non-volatile low molecular
acids have indicated that acetic and lactic acid
are primarily responsible for the excessive acid-
ity of beans. Individual species of Lactobacillus
varies through out the course of fermentation of

which some play predominant role than others.
Both acids are products of fermentation of puip
sugar.

Acetobacter

The Acetobacter growth started in day 1 of the
fermentation, with a population range of 10* -
10° cells/g. The maximum population was
reached in day 2, before decreasing and repre-
sents fess than 1 % of the total microflora popu-
lation during rest of the fermentation {Figure 1).
Acetic acid was prominent during fermentation
of cocoa beans at estates in Ghana and Malay-
sia by days 3-% and present at a population of
10°%-10° cells/g. They were present at the com-
mencement of the fermentation being more
prevalent on the beans in Ghana than those in
Malaysia (Carr and Davies, 1980). Their growth
coincide with conversion of ethanol into acetic
acid, aeration of the bean mass by turning and
collapse of the physical structure of the pulp,
which also promoted aerobic condition. The
oxygen concentration in the fermenting mass
fluctuated due to daily turning of the beans as
well as being utilized for oxidative reaction. The
oxygen concentration started to increase in day
2, reaching a maximum concentration of 75 %
saturation at day 5 and remain at relatively high
concentration throughout the rest of the fermen-
tation {Figure § a). The diminished of Acetobac-
tion could be attributed to their inability to toler-
ate the increasing temperature, which in-
creased to-47-53 -°C by days 4-5 (Figure 5b).
Similar result was reported by Forsyth and
Rombouts (1951). Acetic acid bacteria appears
to make significant contribution to cocoa bean
fermentation involving different species ac-
counting for high concentration of acid, though
lower than lactic acid (Figure 2b).

Bacillus

The Bacillus species appears on day 2 of fer-
mentation with an initial population of 10° cells/
g, and continuo to increase and reached a
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maximum population of 10° cells/g in day 2, be-
fore decreasing, and wmaintained reasonably

" high population of 105107 cells/g towards the’

end of fermentation (Figure 1). Similar profile of
Bacillus popuiation was observed by others
studies during the fermentation {(Ostavar, K.,
1971; Ostavar and Keeney, 1973). The contri-
bution of Bacillus to quality of bean is not fully
understood, but their contribution may not be
significant. However, with an increase of Bacil-
lus population towards the end of the fermenta-
tion that coincided to high acid production
{Figure 2), their role needs to be further investi-
gated.

Pattern of acid production

The initial decrease in pulp acidity between day
0-1 {Figure 3a) couid be resuit of pulp sweating;
acid in the pulp are lost through sweating. Bean
acidity started to increase from day 1 of fermen-
tation and this is when acid migration from pulp
to kernel started (Figure 3 a & b). Large amount
of total acids and acetic and lactic acids (9-10
mg/g} were produced towards the end of the
fermentation (Figura 2 a & b shown by arrows),
which may be an ideal period to arrest the acid
production to reduce residual acid in tha bean.

Acid migration

Telal ecid concentrations buld up from day 1
and continte o Incrensa during the fermenta-
fion with a sharp increase botwesn Cays 2 and
3. The concentration of miner acids (Figure 3}
may nol conbibute signiffcantly fo total acidily as
they wearg presented  in low concantration
iroustoul the verdalizse except for Sthandt,
The acd migration Form the pulp fu the kemel
starled st day 1 of the furmentation, showing a

aiarp moreass afler day 2 and reached ihe

an orale gt dey 4, before
¢ anG ramiging al 2 reascoaiply b ste
ras the end of the fermeantation. The impor

fance of acid production is, ¥ contribuies to-
wards causing death of the beans.

Folpy sdgar Consenireion

The nuis sugar started 1o decresse from day 3
of fermentation concided 10 veast aclivity. In the
initial stage of the fermentation day G-1), the
yeant was rasponsitle for metebolising the pulp
sugar 1o ethaiel, which is then ulilised by the
Lacichacilivy and Acatobacter species o pro-
duce mainly large quantity of lactic and acidic
acid respectively. Besides yeast, the other mi-
crobial activities started from day 1 of the fer-

mentation and this is when the acid production
commenced.

Oxygen and temperature regime

The initia! aerobic condition of the fermenting
mass could be the result of freshly harvested
beans been saturated with oxygen. The aerobic
condition changes to anaerobic from days 2-4 of
fermentation, as the result of rigid compact
structure of the fermenting mass formed inside
the confinement of the fermentation box after
the collapse of pulp, which iimit oxygen flow into
the fermenting mass. The fermentatien condition
changes to agrobic after day 4 of the fermenta-
tion as the result of physical solubilisation of
pulp. The slight increase in oxygen concentra-
tion between days 3-4, could be the result of
daily turning of the beans. Under agrobic condi-
ticn, it favours proliferation of Acetobacter re-
sulting in high acetic acid production, while |.ac-
tobacillus population is not being affected since
it favours aerobic condition.

Temperature regime

The temperature of the fermenting mass can be
related to the micrehial activity, as fermentation
is an exothermic reaction. Higher temperature
was measured for all sides {top and sides) of
the fermentation mass betwesn days 3-5 coin-
cided wilh proliferation of Acelohacter populbs-
ton. The tempontire ¢

manling mads ncre:
ermentation. Lower lampe
=5 end top of the fermenting
duo tn heans exposed fo the

et Slowasr tam

vresd 2t tha =id &5,

SV H G-
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conoived ot thaorp 3

a0ing mass

eSOy

P S - i~ L S eyt PR
wiieh ia less alfec e Nl Lhirain-
menh. Tha fuctuats y iemperatire

througheul e {ermenial
of dady Bean lurping

CONCLUSION

The resuils of this atudy indicabed ibal mavimum
microbial population were obsarvad from days 1
- 3, which coincidad with sharp incranse in acid
produstion and migraticn of soid produee from
e puip into the kernst, During the same pered,
there was 2 sharp decrease n tow! pulp sugar
indicating the conversion of putn sugar by yaast
to ethanct or other metabolites which was used
by other microbial population to produce acids
as the main byproducts. Besides, yeast also
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produced enzyme fo aid pulp maceration. The
study highlighted several important aspects of
fermentation process that can be manipulated
to reduce residual bean acidity, while retaining
the overall flavor attributes of cocoa. The acid
production can be arrested by reducing the fer-
mentation days from 7 to 5 days. On average,
large quantity of total acids (84 %) were pro-
duced from day 3-7 of which (45 %) was pro-
duced between day 5-7 (Figure 2 a & b). From
the total acid produced, large amount (66 %)
migrated from the pulp into the kemel (Figure 4
a & b) as the result of high level of microbial
activities. The high temperature and oxygen
concentration in the fermenting mass (Figure 6
a & b) correlated to increase microbial activities;
converting ethano! and other metabolites (by
products of pulp sugar) into organic acids. Heat
and acid produced during the fermentation com-
bined to kill the bean. The bean death causes
loss of cell membrane and integrity of interceliu-
lar compartments resulting intra and intercellular
mixing of water-solubie compartment. This reac-
tion is a prerequisite to development of flavor
precursors, which develop into the chocolate
flavor plus other ancillary flavours. Therefore,
the fermentation process can only be arrested
towards the end of the fermentation and the
most ideal time would be at day 5. This is when
fermentation can be siopped to reduce residual

bean acidity by preventing further migration of |

acid into the bean kernel. At that point, fermen-
tation process is complete and the large amount
of volatite acids produce is expected to remain
i the pulp that can sasily be removed by drying
as compared to acids locked insids the kernsl
fn the later case, it will be difficult to remove
most of the acids especially the none-volatile
acid. The 5 days fermentation has shown to
proceduce similar quality attributes as 7 days
fermentation (Hallywood, 1994}, The fermenting
mass also needs to be turned and mixed prop-
erly daily during the farmentation to maintain
homogeneily. This will aflow all beans to be

nropatly T farmented Debauss of lemigerailuge

variaiion observed at different sides of the fer-
mentation mass. Similarly, adeguate mixing and

© turning would be required to ensure adeguste

aeration inside the fermenting mass especiatly
during the anaerobic phase (before day 4) to
facilitate oxidative reactions 1o generate suffi-
cient heat and acid to kili all the beans to reach
fuil fermentation status. Maximum temperatfure
of 48-50 °C is required to cause the death of the
beans. The temperature range between 47 - 53
%C was reached for all sides of the commercial
fermentation, which is sufficient o cause the
death of the bean.

e

Furthermore, residuai acidity can be further
reduced by applying slow drying initially to give
sufficient time for acids within the kernel to
make its way out to the bean pulp to be re-
moved before the shell hardens. Commercial
dryer temperature can easily be adjusted to
meet this requirement, while initial slow drying
can be applied for klin dryers used by majority
of smallholder farmers. This requirement suits
the solar dryers. This process adjustments
would improve chocolate flavour and reduce
bean acidity to reach quality attributes near to
Ghana cocoa {Table 1) since high level of bean
acidity usually tainted chocolate fiavour.
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INFLUENCE OF POST HARVEST PROCESS, GENOTYPE
AND ENVIRONMENTAL FACTORS ON SELECTED COCOA

QUALITY ATTRIBUTES

Noet Y. Kuman®

ABSTRACT

The cocoa bean qualily attribules are influsnced by genotype, environmental factors, and plant size.
The fat content of the bean is influenced by pod ripeness and affected by pod storage period. The
clonal material produce desirable physical quality parameters; however there is negative correlation

Key words:

INTRODUCTION

Fat is an important quality attributes that de-
cides in most case, the end price of cocea.
The standard fat content most manufacturers
prefer is greater than $6 %; expressed in dry
weight basis. Fat content of the beans in-
creases during pod development. Fully ripe
pods usually have maximuns fat level as com-
pared to unips and partially ripe pods. Fal'is
test if pods are not harvest on time. Querripe
pods can lose fat through germination. Fat hoss
duricg fermontation iz net cignificant as shown
by work '“‘z.n.a,\i oLt E 3y RPosl nfaci {1083Y; For-
syth and Quasnel (1863).  Also, chemicils
stuadias of g*mmauun showwed 'mf o ZICAse in
fal, sigrch snd protein ooour i the cotviod
over pericd of soveral days, Wi ¢
aneurs, b realces tite vaiue of oo f‘u! 0‘ radiae-
g the =t content and opens the tesia.

That Tal content varnes betwean different geno
types, and i infivancad by wn\r.mr:mer.; ¥ fae-
tors, The fzd conlent of the cocoa beans s chs-
wrmned by the genetic c,o.n,)os,u.on of the
plant Tha iWvoaehce of genolype
straled hy Forastero genctypes. with o fat con-
tent botween 5658 %, In conlrast o some
Amazonian corosses from Ghana and vor ~,'
Coast with a {af content range betesen 53-8
% . Crivdlo beans haw a low fot conterd arou m*
52 % (Woned, 1875). it appears tnat there s no
genetic corretation bc, hween cocoa butler con-
tent and yse’d or bean we:chl {Lockwood and
Pang, 1895), but thare is a correlation betwee
bean weight and cocea butler within the clones

Wt GENIoh-

Paost harvest process, quality parameters, genotype and environmental factors

(Beek ef al., 1877). The genetic effect on cocoa
butter hardness is small compared to the envi-
ronment factors (Lockwood and Eskes, 1995).
Low fat content was associated with beans de-
veloping during the dry season. However, re-
suits of some studies proposed that, in addition
to rainfell, temperature could influence the fat
content. Some of the variation in cocoa butter
content may aiso be due to xenia effects
ehrencran and Heemskerk {1976) found that
change of palien parent could allsr cocoa butter
content By up to 4.8 % a similar, bl smaller
effect was raparted by (Beak ef 2/, 1977}

Bean walant is the average waight of ona boan
and baan count is the toial weight of 100 beans,
staniciard beon waigh! prefesred by mes!

5 s bebvean 0.8-1.0 e
witght i degatively coraated with sbel con-
tent. The averags Bean weicht s determined i:y
envirenment, buy the there is no mfi s
terastion  betweaen and

{Lockwood and Edward, ‘J

oo

G m“'rn
frave shown high neritanility of bean v.oniu an

B Tan

agditve component of genotype vatiance a“c‘

©absenoss of matsnialefecs, -

Tha sheil content of bean vades 4 ”b‘ﬂf"hj 34

genolypes, and ¢ c,qauvrvf / correlated with bea n
weight (Vello ef o, 1872}, The s wi conbant of
ihe baans was uc.s.fuantu rfiuenced by monin

and genotyps. The shall content is a"‘ signifi-
cantly inflienced hy plant size {(Kumen of al,
2005&a). The shell content ¢f the bean couid be
genetically controlled.
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Recovery rate is the ration of dry fermented
beans to wet unfermented beans expressed as
a percentage. Recovery rate can be influenced
by seasan, genotype or method of processing.
Pod storage prior to fermentation increased the
recovery rate (Kuman, 1898). Howat et al,
(1957) reported the influence of cocoa genotype
on recovery rate (i.e. Amelonado 44 % and
Amazon 38 %). The recovery rate varies con-

siderably from 30 % to well aver 40 % (Kuman,
1996). KOman (1903} published Uatd On 1euov-

ery rates varying from 31.5 % in Ecuador to 46
% from Zaire. Season is another major factor
affecting the recovery rate. Recovery rate rises
during the dry season, and fall in the wet sea-
son {Wood, 1975). Are and Atanda (1972} re-
ported a 46.3 % recovery rate in the dry season
and 38 % in the wet season. Pod ripeness also
influences recovery rate; recovery rate in-
creases as the pods ripens (Maclean and
Wickens, 1851).

OBJECTIVE

The objective of this study is to assess the influ-
ence of post harvest process, pod ripeness and
environmental factors on bean quality attributes.

MATERIAL AND METHODS
t.ocation

The quality data of genotype (Kuman, 2005)
wera collected from a breeding trial conducted
at the Papua New Guinea Cocoa and Coconut
Research Institute, Tavilo Rabal; East New Brit-
ain. The environmental condilion of the trial site
was reporied in cocca breading report in the
Papua New Cuinea Cocoa and Coconut Re-

erage reinfall of 134.5 mm with & madimum of

343.8 mm and minimum {(12.5 mm) was re-
carded during the 24 months when this triat was
conducted. The clonal material assessed were
the progenies of original Trinitario and Amazo-
nian parents (Kuman, 2005).

Experimental Design

The breeding trial was divided intc three sub
trials based on the three size: small trees (1-1.5
m}, intermediate (1.5-3 m) and large (>5 m).
The trees of each class were of the same age
uniform in each replicate and were planted in

split-plot design. Four replicates were used with
12 trees in a2 (3m x 3 m) plot.

Effect of harvest and pod storage
The effective harvest and pod storage experie-

ment was conducted to assess the effect of har-
vest interval pod storage on fat content. A fac-

torial experimental design was set up with har-

vest intervals of 1, 2 and 3 weeks combined
WIlN puJ storayge ume of L, b and TU gays as

shown in Table 1. The experiment was con-
ducted for a period of 6 months.,

Table 1: Effect of harvest intervals and pod
storage on fat content

Treatment PSO PS5 PS10
HI Week Ti T2 T3
Hl Week T4 15 Te
Hi Week T7 T8 T9
Key:

Hi=HMarvest Interval
PS=Pod storage
T= Treatment

Data collection

a)  Quality analysis

Rips pods of approximalaly 1 ky {equivaient to
6 pods) were harvested twice every month from
aach of the genoiyne. The pods ware trans-
ported 1o the laboratory and their husks were
removed. The wet heans of approximately 1 kg
were collected from each genotype, labeled,
wrapped inside the shade cloth bags andg fer-
menisd using a procedure described by Clap-
perton af al, {1884).The beans were dried at
the end of 6 days fermeniation and their quaiily

Fhpidn, .. { Al 1 vy b vt i~ EY H
-afribuigs (shell content, fat content, hean <ize

including recovery rate) wars ceterminad over a
period of 12 mmonths.

By Effect of harvest and pod storege

Wet beans collected from each treaiment (Table
1) were micro-fermented (Kuman, et al., 2010),
dried and their fat content was analyzed. The
beans processed using fermentation methods
described by Clapperton ef af., (1994) and Ku-
man et af., (2010) produce same quality attrib-
utes. The two fermentation methods were used
alternative to generate samples for quality as-
sessment.
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Sample collection and Preparation

Approximately 600 g of dried beans from each
genotype was dried inside the oven {Contherm,
New Zealand). At 115 °C for 15 min to stan-
dardize maisture content to less than 7 % be-
fore being emptied into a mixing container, and
thoroughly mixed. Any foreign materials and
debris were removed before passing the sam-
ples into a funnel of a quartering, which ran-
domly divided the sample into four quarters.
Approximately, 150 g of beans received from
each quartering devise was used to analyze the
bean size, fat content and shell content.

Sample Analysis

Fat contert of the beans was extracted using
the standard fat extraction method (AOAC,
1970). The other quality attributes (bean size,
shell content, recovery rate) were determined
using the standard cocoa quality analysis proce-
dure described by Kuman et al., (2001).

Data Analysis

Quality data were subjected to analysis of vari-
ance to determine the influence on bean guality
attributes and reported (Kuman ef al., 2005a).

RESULTS

There was a significant amount of fat Icss re-
corded during pod storage and harvest inter-
vals. There was no economical benefit in pro-
longed pod storage beyond two days, as the
pods were shown to be heavily infected by fun-
gus resulting in heavy loss of pods (75-80 %
loss to fungus infection).

Pods harvested at week 2, has the maximum
average fat content of 58.3 %, an increase of 1
% fat. This is when fully matured pods were
harvested and fermented. Large amount of fat
(1 % on average) was lost between week 2 and
3, which coincided to an increase in bean ger-
mination from week 2 to week 5 (Figure 1} as
the result of harvesting overripe pods.

- Table 2; Effect of harvest interval and pod storage on fat content

Treatment PSO pss : -PS10 - Mean
HI Week 1 57.69 (x 0.2} 56.95 (£ 0.3y~ 56.36 (x 0.2)* 57.0
Hl Week 2 58.54 (£ 0.2) 58.46 (+ 0.4)" 58.03 (x 0.3)* 58.3
Hi Week 3 57.51 (+0.2) 56.78 (+ 0.2)* £6.18 (+ 0.1)* 56.8
tMean 58.2 57.4 55.9
Key: Hi=Harvest PS=Pod storage T= Treatment
P 0.05 Pz .01 = P2 0.001 (NS) Mot significant
Figure 1: Effect of harvest interval on fat contenl
: 50
l 57

24 Tat o6 ;

‘.J ?‘J . -

: 4
53
!§ Mook Aok 2 Wioel 3 VWoek 4 Week S
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Figure 2: Relationship between bean counts (%) against bean weight (g)
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o
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The bean count is expressed in percentage (weight of 100 beans) and average bean weight (average
weight of single bean) expressed in percentage as shown in the figure 2 to illustrate the relationship
between the two attributes. There is a negative correlation between bean count and bean weight.
The lower the bean count, the bigger the bean or vice versa.

Table 3: Effect of pod storage on recovery rate

Recovery rate
Clone Beans fermented straight after harvest Bean fermented after two days of
pods storage

38-3/4 39.5 46.3
38-8/2 32.7 42.5
33-15/1 29.2 42.5
34-13/2 31.3 46.5
23-3/1 32.5 40.5
KA2-101 30.0 434
16-2/3 38.7 45.0
67-9/3 31.3 436
23-6/1 32.5 44 4
67-9/3 35.0 40.3
23-6/1 32.5 40.5
Mean 33.2 43.2
Range 29-39.5 40-46.5
Std 3.3 .
*Minibox fermentation method described by Kuman et al.. (2009)

7

- Braa | A T WA r e B Al 'h R, o nO &0/ £, O 5 5hs § > P P Arard
| Ne averaqe r overy rate was 33.¢ o, and range irom 29-34 1OF pOUS Ol sStored F GS sStoreac

1avs !,.c:‘_’\’ iermentatio Y‘(“v‘ Nnigher recoverv rate (averaoe crease of ( than beans fer-

mented straight after harvest. Similar results were obtained for commercially fermented beans

Table 4. Assessment of individual quality atiributes of the hybrid clones-Recovery rate
q y Yy y

a) Plant density: Big plants

Clone 16- 16- [73- 38-8/2 |K82 |[38-3/4 |34- ([36- ([37- |[36-8/3 |KA2- |37-
3/2 2/3 2/2 14/4 |3/1 [13/3 101 | 13/1

Range 27- |28- |28.5- |28.5- |31- 32- 29- |26- |26- |30- 21-  |26.2-
321 |33.6 |32 31.7 |393 (36.8 |34.2 (317 (34.1 (327 329 [31.3

Mean 30 30 30 30 35 34 33 129 |30 32 28 29

Std 2 2 2 2 2 2 2 2 3 1 3 2
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b) Plant density: Intermediate plants

Clone |67~ . . |25- 73 |73-. 17-14/4 133-. - 123- - |37- . [33-15/1{38-10/3
9/3 6/3 6/1 3/3 8/3 31 6/4

Range 126-30.4 }31-36.8 |29-36.4 |31-37.3 |29-33 |29-32.6 | 28-32.8 [30-34.8 | 25-29.1 | 26-32.2

Mean |29 33 34 33 32 32 32 32 3 30

Std 1 2 2 2 1 1 1 2 2 2

¢} Plant density: Small plants

Clone {24-4/1 17-3/1 24-9/1 23-6/1 17-714 [34-13/2 [73-14/%1 |24-7/1 |63-7/3

Range [28-32.6 [27-32.6 |26.6-30.3 |23-28.9 [30-34.1 [21-27.3 |30-31.9 |30-32.6 ]25-29.6

Mean |[30 29 29 26 32 25 31 32 27

Std 1 2 2 2 1 2 1 1 2

The quality attsibutes of individual ctones are presented in Table 4, 5, 6 & 7 to assess the relationship

between each bean quality aftributes, its influence by the environmental factors and plant size
{density).

The recovery rate of the clones varies with an average of 30.6 %, range from 21-39.4 %. The recov-
ery rate was shown to be influenced by genotype and monih, but neot tree size (Kuman, 2005a}.

Table 5: Quality attributes of the hybrid clones-Shell content

. A Plant densiiy: Big

¢ Ui - . ety ey o . - T PO Y - ~ [ [ 7
Cigng  116-3/2 1 18-2/3 1 73-2/2138-812 t K2 33-3/4 | 34- 36-371 | 3633 | KAZ- j57- 37- ¢ e
i44 i 1ot (13 iyt e
— |
Racge 4. |16 115 {18- D45 [14- (13- 145 (14 {4 18- {1d- [43- |
174 18.2 8.5 15,7 5.8 177 16.2 T34 5'2‘2.8. 174 18.8 1641 {'1".2’
Mesn 16,4 1174 17.0 (148 1172 1184 1148 §174 li4o 453 1153 1853 (1B
I S - Y I B . R S — [ S
Y 1 ] N
St 1 3 e L1 i1 r 1 | ' 1 i
% i I 1 ¢ 1 H J
—e— g ———————— — o e G e P = ————— PP S . J. L
B. #lant density: Mermadiate
R DR D SN SR T DU o [ asr mrpe 3
?Cis. @ 67-072 | 2563 1 T5EN 75-3 TE-ldid [ 33-83 0 (T30 BTANS P A3-1 28D
Ranne 10148 E'22~-16‘2 15478 195488 (44705 [14-17.9 {15176 {15181 118-1C.5 {14-15.6
H H
P . S -
Mean 979 I 14.7 16.2 17.5 145.4 18.% 16.6 174 i15.5 16,0
Std He H 1 1 { s ' 1
L . { i j erre s e e S SV
Plant denuty: Smak
A R N . SR — : , -
{ Clona 2441 117-3i1 249414 23-611% 17714 24437 173140 24.711 R3.713 !
Range 14-16.8 15377 117-18.0 8-17.2 6-18.0 5-17.8 i6-18.7 17-15.4 1%5-14.8
) ” - N N . H
Reaan 15.8 5.4 7.8 16.4 159 16.6 i7.4 4.8 i
5t 1 1 1 1 i 1 1 4 1

The shell content of the clones varies with an average of 15.5 %; range from 14-17.9 % .The shell
content of ine beans size was shown to be influenced by month, genotype and tree size.
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Table 6: Quality attributes of the hybrid clones-Bean size

Flant density: Big

Clone [16-3/2 |16-2/3173-2/2 (38-8/2 [K82 }38-3/4 | 34- 36-3/1 { 36-8/3 | KA2- {37- 37- 34-
14/4 101 13/3 11311 [14/4
Range | 1.0- 1.2~ 1.0- 1.0- 0.92- 11.3- 1.4- 1.2- 1.3- 1-1.56 {1.0- 1-1.2 [1.2-
2.1 1.6 159 (1.8 1.2 1.7 1.8 1.7 1.6 2.0 1.7
Mean [1.7 1.4 1.5 1.6 1.1 1.6 1.5 1.6 1.5 14 1.8 1.1 15
Std 0.3 0.2 0.1 0.2 03 01 0.1 04 0.1 0.1 0.1 0.1 0.2
Plant density: Intermediate
Clone |67-9/3 |25-6/3 |73-6/1 [73-3/3 [17-14/4 [33-8/3 [23-3/1 |37-6/4 |33-15/1 |38-10/3
Range |1.2-1.5 [1.3-16 [1-3-1.7 (1.6-20 [(0.8-1.3 [1.1-t4 [1-13 1.05-1.511.1-1.3 {1.0-1.8
Mean 1.3 1.3 1.3 1.4 1.2 1.2 1.2 1.3 1.2 16
Std 0.5 0.4 0.2 0.6 0.1 0.2 0.1 0.2 0.1 0.2
Plant density: Small
Cione 24-441 17-31 24-911 23-6/1 17-714 34-13/2 | 73-1411 | 24-T11 63-7/3
Range 1.3-1.5 0.8-11 1.1-1.2 0.8-1.0 1.041.2 0.9-1.4 0.8-1.2 1.1-1.2 0.9-1.8
Mean 1.2 1 1.1 0.9 1.1 1.2 1.1 1.1 1.3
Std 0.2 0.1 0.1 0.1 0.1 0.2 G.1 0.1 0.3

The bean weight of the clones varies with an average of 1.3 g, range from 0.9-1.7 g. The bean
weight was shown to be influenced by genotype and plant size, with no effect of monthly enviren-

mentai

factors.

Tabie 7: Quality stiributes of the hybad dones-Fat content

iPlant density: Big

Clone }16- 15~ 173- |38- ‘K82 38- 34-  36- 36- | KA2- {37- 37- |34~ 1Across
312 23 1212 [8)2 314 14/4 131 3 101 13/3 113/t | 14/a |Cione
tean
Range (85~ BE.8- |B8- {48.8-1586.5- {523 541~ 184.0- 157.2-|52.4- [54.5 |56.4- [52.5
593 1507 (847 152.2 157 634 15881 1654 |50 f4.8 00,6 :.377 56.1 :
(Mean i/ © 158 ©E6 {60 67 © 83 453 186 8D @1 A “H ks X
Std 2 1 12 1 1 1 1 it ! 1 i
Plant density: Intermediate
Clone {87-9/3 |25-6/3 |73-6/1 |73-3/3 |17-14/4 {33-8/3 23-3/1 |37-6/4 |33-15/1|38-10/3 |Across
Clone
Mean
Range |55.1- 56.2- 59.3- 55.6- {58.2- 53.1- |54-65.8 | 66.8- 57.3- |56.5-59
58.9 57.1 60.6 58.7 58.6 53.9 58.9 59,2
Mean [S57 57 60 57 59 53 54 58 58 57 57
Std 2 1 1 t 1 1 1 1 1 1
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Plant density: Small

Clone |24-4/1 |17-3/1 [24-9/1. |23-6/1

17-7/4

34-13/2 173-14/1 | 24-7/1 |63-7/3 | Across -
Clone
Mean

65.2- |60.1- |51.6-
55.5 60.6 55.7

Range

55.4-57 157-58.6 | 54.1-

54.4- |56.5- [58.2-
53.9 56.7 58.5 |5681

Mean {55 60 54 56 58

54 55 58 58 56.4

Std 1 1 1 1 1

The fat content of the clones varies with an av-
erage of 58.3 %, and range from 53-60 % on
dry weight basis. The fat content was shown to
be influenced by genotype and environment
variations but not tree size (Kuman, 2005a)

DISCUSSION AND CONCLUSION

Pod harvest & storage

Pod harvest can be delayed up to a maximum
period of two weeks. Pods can be left on the
tree, uniil they are fully ripped before harvest-
ing, and this is when the maximum fat content
of the beans is reached (Figure 1). When pod
harvest is delay beyond two weeks, the beans
started to loss significant amount of fat as the
resuit of seed gurmination; seeds used focd
resaive {fat) to gaminate,

There i3 no sconomical Denelil to harrest, and
store pods boyond 2 days as they were shown
to ha infested with fungus, rosuiting high pod
ss, Pods though, can be harvesi=o amd stored
up b & maxinbem of 2 days in order W increass
he recovery rate. Higher average recuvery rals
of 4G % was achleved for beans from storage
wods comparad to 30 % for heans fammunted
shraighl sfter harvast 2a increass of 10 % re-
GOV TaNg,

Fat content

Fat content of the hears v inlivenced by geno-
type and genotyps X enviconman! (G x £) inter-
action. Fat cantent cortributed 28 % (o the tolal
sum of squares (88). The piant size does not
affect the fat content (Kuman o al, 20053), The
rasuits in {Table 7Y indicated that fat contery is
not influsnced by bean weight and shall content.
For example, cicne 16-2/3 has an averags bean
weight of 1.4 g and shall contert of 17.4 %, but
has a high fat content of 58.0 %. Contrary,
clone 34-14/4 has the average bean weight of
1.5 g and sheli content of 14.8 %, but has a low

fat content of 54.0 %. This means, clones with
targe bean size and low shell content does not
necessary produce high fat content. Pearson
correlation ceefficient indicated that there is no
association between any of the quality parame-
ters, except belween recovery rate and the fat
content (Kuman, 2009).

Sheli content

The shell content of the b2an was significantly
influenced by monthly environment variation
and genotype. Genotype contributed (25 %) to
the total SS followed by month (3 %} (Kuman
et al., 2005a). The average shell content of the
clones was 15.5 %, and range from 14-17.9 %.
The shell content of the beans does not influ-
gnce the fat content or the bean weight. Beans

“with high sheli content sHll have farge bean

vwaight containing high fab content. The sheli
conta of the baan could be genetcally con-
trofled. Morslzsohn ef al, (1098} showad that
shall thickneas of the saad was likely 1o be cen-
trollad by 2 singie locus with twe alicles (sh®
arkd it} showing  co-dominant  expressi
Thara ia 1o econoimica val i

with fow sheti gontent as o

1o Hierkily ol

e
ONeD

4 P o
4 %, wihveh

[CRT S S Tayprr g 2 e G X
nas baant the focused of rassarch n the pash
I ey eapin - H 3 e R L
Shndzny, thore i3 no need o maka Tunther ¢f-
fart or adont pesl havest insthans © reduce

shetf conent as ihere are 0o sconominal hono.
shedi conient as ihwre are 1o economingl hono

fits: this can omy ingur addiionsl overbead cost

to the farmers.
Bzan weight

The besn weight ¢ the dongs varies with an
average of 1 3 g and ranga frem 0.9-1.7 g All
the genctypes mroduce largs bean waighl
greater than the normal required bean weight
of 0.9-1 g. The weight is influenced by genoc-
ype and less affected by monthly environ-
merniial variation and res size. Genotype con-
tributed iargest percentage of sum of square
(35 %) to the fotal 88 (Kuman et a/l., 2005a).
There is no positive correlation betwsen bean
weight, shell and fat conteni. A targe bean
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does not necessarily have high fat content, and
low shell content. For instant, clone 36-3/1
(Table 5,6 & 7) has an average bean weight of
1.6 g, but has high shell content of 17.1 % and
fow fat content of 55 %, while clone 38-10/3 has
smaller bean weight of 1.3 g, with reasonably
high sheil content of 16 .0 %, but stili produce
high fat content of 57.0 %.

Recovery rate

Recovery rate is significantly influenced by
monthly environment variation and genotype.
Genotype contributed (22 %) to the total SS
followed by month (3 %). The recovery was not
influenced by the tree size (Kuman ef al,
2005a). The mean recovery rate was 30.6 %
with a range from 21-39 %. Some clones that
shown {o have high recovery rates above 30 %
{Table 3 & 4). The recovery rate is also infiu-
enced by post harvest process; beans from
stored pods yield high average recovery rate of
43.4 % compared to 33.2 % for bean fermented
straight after harvest (Table 3 & 4). The possi-
ble reason for difference observed in the recov-
ery rate could be related to the bean composi-
tion. Beans that developed during wet season
have large pulp volume to bean ratio, and would
normally have a lower recovery rate than beans
produced in the dry season (Wood and Lass,
1985). The increase in the recovery rate of
beans as the result of pod storage could be the
resutts of increase in fat due to pod ripeness as
demaonstrated in figura 1.This also confirms the
strong correlation exist between recovery rate
and fat cordent.

CONCLUSION

The selection of the clones for breeding and
distribution {0 the farmers obviousiy has lo be

©hased on what the marndaciures prefers. Thae -

manufactuiers orefer bean quaiity attributes
based on their specific quality requirements and
operational specification. The quality reguire-
ments may vary between manufacturers, but fall
with the following acceptable standards. The
manufacturers prefer bean fat content above 56
%, shell content between 11-12 % (beans offer-
ing a large edible proportion and tess waste).
The shell content of the beans have to he as
fow as possible, but of adeguate thickness to
protect the beans from mould and insect inva-
sion. However, thick shell content is also valu-
able as it protects the beans from cracking dur-
ing storage and handling. The bean weight pre-

fers by most manufacturers is between 0.8-1.0
g/bean. The selection of the ideal clones has to
be based on the combination of the quality at-
tributes preferred by the manufacturers.

Pod harvest can be delayed for two weeks to
allow fat content in the beans to reach its maxi-
mum level before harvest. This practice is eco-
nomical viable and convenient to smallholder
farmers, who need time to coliect sufficient pods

for fermentation. There is a risk of significant

pod loss, if pods are harvested and stored be-
yond two days, prolonged storage pods was
shown to be heavily infected by fungus.

The recovery rate is another value adding attrib-
ute that needs tc be included in selection of the
clones, as it is an in direct measure of yield. An
increase in recovery rate is an economical gain.
The high recovery rate is also an indication of
beans containing fat content as there is a strong
correlation between recovery rate and fat con-
tent.

In this study, it shows that nearly all the clones
have large average beans weigh around 1 g /
bean. Most of the clones produce high fat con-
tent above 56 %, while few containing higher fat
content from 59-60 %. The shell content of the
beans is high, well above the standard (11-12
%) preferred by the manufacturers. However,
this should not be a concern because manufac-
turers prefers large edible portion of the beans,
which the clones can produce in the form of
high fat content and large bean weight. The re-
sults from this study indicated that there is no
correlation betwesn each of these qualities at-
tributes, iherefore beans with high shell content
can still produce high fat content and targe bean
weight to meet the requirements of the manu-
facturers.

FUTURE RESEARCH

The future quatily resesrch nacds (o be focused
on breeding and distribution of clones with high
fat content and large bean size. The shell con-
tent becomes secondary importance. The im-
portant quality parameters (fat and bean size),
which dictate the final price of cocoa can be
produced by the clones. This study shows that
clonal materials produce beans with high shell
content still produce large beans weight, and
high fat content. Likewise, smaller beans with
high shell content can still produce high fat con-
tent. The recovery rate is another attribute that
can add value to other physical quality parame-
ters, which is important in terms of economical
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_LOCI(WOOD, R., ROMANCIYK, L.

gain; therefore this parameter needs to be in-
. cluded in selection-of the clones. :

Clones with high fat content large than 56 %
and large bean size {around 1 g) ¢an be se-
lected for breeding and distribute to the farmers,
The shell content of the beans becomes secon-
dary importance as clones with high shell con-
tent produce large bean weight, and contain
high fat content.
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'EFFECT OF HOT WATER PRE-TREATMENT, LIGHT AND STORAGE |

ON GERMINATION OF SCHLEINITZIA NOVOGUINENSIS VERD

SEEDS

Haron Jeremiah', Ruth Turia®

ABSTRACT

S. novoguinensis is a multi — purpose legume tree that is indigenous to the Melanesian group of
islands in the pacific region. Though commonly used locally in these isiands, there has been very
little study regarding fts use, management and seed germination. This study assesses the germina-
tion rate of two seed types (stored and fresh) treated with hot water under different immersion times
and germinated under three shade levels. Stored seeds immersed between 30 to 40 seconds and
germinated in 100% sunlight achieved the highest germination as compared to other treatments.
Most viable seeds germinated between 3 — 9 days and gradually declined after 18 days.

Keywords Schieinitzia novogumens:s Papua New Guinea, germination, shade level, boiling water

immarsion.

INTRODUCTION

Mulé purpose tree legumes (MPTL} have
been widely used fo improve farming systems
-as fand becomss scarce in many parts of
Papua Mew Cuinea (ACIAR 2004). MPTL
increase productivity whan integrated into
cropping systeins, and are very uwseful in
managing composition of fallow vegatstions
(Bourke 1897} Species cuch «s Caswing
oligodon end fe m raaa hisve baen widaly
used (0 sustain and provide scil nutrient as
will as cover crops and forsgs forlivesiock.

Seileisiizia novoguinensis s commaonty used
i ihe coastal cobvnu zlm. of RHew Cuines
{Hofi 1902). Loval sutsisience farmers grow
ihe spocies in newly clesred gardsns by
transplanting wild saglings and rarely from
sesds dus o the hard seed coat durmancy.

Vergoourt {1978} doscribes the t*o.«rzc:ﬂi al-

tribuies of Whe species, however there is itle
information published regarding .ts inciige-
nous use, and seed germination potentis!
(Bourke 1887  Like  other  legumss,
Schiteinitzia novogifnensis has a hard sead
oAt mm causes dormancy in normat environ-
mentat conditions (Krugman ef al. 1974).

Many studies have used mechanical scarifica-
tion, acid treatment and hot water at controlied
lower temperatures to break dormangy in leg-
ume seeds (Bonner et al. 1974, Emery 1987).
This study however opted to use bolling water
&t reduced immersion timaes as the findings will.
be greatly adopted in rural areas where highly
avtomatic temperature control devices are
rarety zveilable. The main obinctive of the
slsdy is to assess the potential to improve
sn-\J germination by this s.nm'e seed pratreat-
ment IPP\mﬁlugy velich wilt n tum norease it
ecological and soainl benellt o the subsl
farming envirornert and conununitas n Pi‘»iG
CcOslal areas.

r/-,n

MATERIALS ANLD METHOOE

Seads of 8 novoguinensic were cotisctad from
Mitne Bay Province of Papus Hew Guinge.
FFirst collection was done i November 2008,
while secend collection was in July 2007 Seed-
trews were located on fallow secendary forasls
along the coasis of the ma 4..1:; w and atoll is-
lands of the Province. The earier collecied
seeds werg sicied at room tcm parature for the

ericd of ning {9 monthe, Geiminztion as-

easment was underiaken gt the PNG Univer.
sity of Technology's Foreshy Nursery in

(ﬁ T.'!

! Forestry Deparlment — Papua New Guinea University of Technology, PMB Unitech, Lae (411)
Email: hardy divirah@yahoo.com Teiephone: {(675) 473 4651,

? Director - Palicy and Planning, PNG Forestry Authority, P.O. Box 5055 Boroko, N.C.D
Email: ruth_turia@iotmail.com Telephone: (6875) 327 784
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Morobe Province. The two seed groups were
treated through immersion in 100 °C (boiling
water) for 0, 10, 20, 30, 40 and 60 seconds
then sowed under 0, 50 and 80 percent (%)
shade levels.

A factorial arrangement of treatment was ap-
plied consisting of 2 seed groups, 6 immersion
fimes, 3 shade levels and 3 replications conse-
quently 108 experimental units in a random-
ized complete block design. Each experimental
unit {seed tray) contains 100 seeds sowed on
treated soil with an average of 65% seed vi-
ability for the stored seeds and 60% for the
fresh seeds. Germination counts were under-
taken in 3 days interval for a period of 30 days.
Non immersed seeds sown in 100% sunlight
{0% shade level) were used as controls. Aver-
age number of germination of the 3 replications
were taken for the 10 counts and entered into
SPSS for mean differences and ANOVA analy-
sis at 95% Cl.

RESULTS AND DISCUSSIONS

Seed germination performance between
seed groups and shade levels

During the germination period, the folfowing
results were obtained. Stored seeds’ germina-
tion differ significantly compared to fresh
seeds, indicated by mean differences and
ANOVA (Table 1 and Figure 1).

Assessment of Germination by immersion
time and germination period

General trend of germination (Figure 2), indi-
cates that seeds immersed at shorter times
germinate better in lower shade levels. Seeds
immersed for longer times on the other hand
performed better in higher shade levels.
There is high significance of variance (P >
0.05) in germination between shade levels
and between the 6 immersion times. Least
Significant Difference (LSD} analysis showed
that germination performance of seeds in 0%
shade level were significantly higher to those
in 50% and 80% shade levels. Similary, LSD
analysis for immersion times indicates that
immersed seeds perform significantly better
than the untreated seeds (control).

Treated seeds immersed between 10 - 40
seconds germinated with less significant dif-
ference at lower shade levels however as
shade leve! increases, 30 — 40 seconds im-
mersed seed displayed a significant germina-
tion performance from the other treatments.
An average combine regression analysis is
made to identify the best germination perform-
ance of the immersion times (Figure 3). The
analysis confirms that on average, immersion
times between 10 — 40 seconds achieved bet-
ter germination than the other fower and up-
per immersion times. The R? values for linear

Tabie 1: ANOVA betwaen Seed {ype and Shade levels

Sum of Square | df klean square | F Slg.
Belween Seed Groups  11168.84 1198.84 43.44 1.000
Between Shade Levels ;518.75 258.38 8.77 |.000

Table 1 indicates that there is a significant dil-
ference in germination performance of the two

" seed’ gioups and shade igvels. Stored seeds”

performed better than fresh seeds &t signifi-
cance level of 0.00 (F value of 43.44). There is
alsc signilicant germination performance be-
twaen the 3 shade levels. Seeds germinated
under 0% shade level (exposed to 100%
sunlight} performed better f.iowed by 50% and
80% shade levels (Figure 1), where averages of
14%, 10% and 6% of the total stored seeds
sown germinated under 0%, 50% and 80%
shade levels respectively. Fresh seeds germi-
nation performance indicates a significant differ-
ence between 0% shade level and an insignifi-
cance difference between 50% and 80% shade
levels with germination percentages of about
7% and 8 % respectively.

(0.073) and quadratic (0.216) are very low and
czn not be used o malke precise germination

radicton vsing the immersion dmre nowaver, U

shows a general frend of germination with in-
creasing immersion times.

Most seeds germinated between 3 -10 days
then progressively subsided after 10 days
(Figure 4). There was no germination in ail the
samples after 20 days. The R® values (R? <
0.5) show that germination projection on daily
basis can not be made using the regressions
{linear and quadratic) in Figure 4. This may be
factored by the obvious germination differ-
ences between the treatments and their repli-
cations, though general trends are indicated.
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CONCLUSIONS AND FURTHER RESEARCH nificant variance to 10 and 63 immersion
times. These results also reconfirmed OComen

Stored seeds germinate better than freshly col- and Koppe (19868) findings that most tropical
lected seeds. Shading of = eds from sunlight and sub tropical hard coated seeds germinate
during germination does not improve germina- well between temperature ranges of 10°C ~
tion performance. In addition, germination im- 35°%C. Basra (1995) approves this theory by
proved significantly in treated seeds as com- the development of automatic cabinet incuba-
pared to non treated seeds (0 seconds). Gen- tor for seed germination with standard tem-

eral average trend indicated the best germina-  perature range of 10°C - 35°C. Most germi-
tion at 20 — 40 seconds immersion times for the nation occurred within the first two weeks and
three shade levels however, there was no sig- no seeds germinated after the third week.
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General germination trends indicated in this
study can be utilized by the practicing farmers
who méstly grow the trée by transplanting natu-
rally germinated seedlings. Seeds picked from
matured trees can be stored for monthis until
the next cropping season. This seed can then
be immersed in boiling water for half a minuie
and germinated on a prepared open seed bed
for transplanting in due time.

This is a preliminary study into the seed germi-
nation of the species using boiling wa'er. Re-
suits from this study incicated a very low ratic
of actual seeds germinated to the guantity of
viable seeds. Thus, there is a need for more
research into other germination inducement
techniques to improve germinaiion quantities
and rates. Lower shade levels should be trialed
to increase surh:ght and redugce shifting erosion
in seed trays from direct raincrops as experi-
enced in this study.
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(1985) 108 {1995) 104 Waine, W,
(2003) 194
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INSTRUCTIONS FOR CONTRIBUTORS

| Pabefs 'mlljs"r u'su'all'y contribute to the advance-

ment of knowledge in the discipline(s) con-
cerned but short papers discussing technigues
or published results, notes, bibliographies, book
reviews and invited reviews of current knowi-
edge in selected areas of interest to the journal
would also be considered for publication. Pro-
ceedings of seminarfmeetings/workshops/
symposia and conferences of adequate stan-
dard and of interest to the Journal may also be
considered for publication. Arlicles offered for
publication elsewhere or published previously
will not be considered. All material submitted
for publication will be refereed, reviewed and
edited to meet the standards of the journal.

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

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

and tables should be numbered consecutively -

at the tep right.

2. Witle - The title should be as briel as possi-
ble but should clearly incicale the content. R
Aot necessary to start the fitls with “A ... Or
“The ... or othier non-signiiicant wosds.

3. Authors name - First names or initiagis can
be used sctording to e preference of the au-
thor, Howaver, authors 2re sirongly advised to
use the same style for thek ng ame in &l publica-
fions 1o avoid giving the imprassion that they
&re two or more different authors, Tho address
of each author ai the place where the work was
done is given in a focinous. f there has been a

'chan;}x. of agdress, the present address is alse

given for the first author.

4. Abstract - An informative absiract suitable
for use Ly absiragcting seivices shauld precade
the infroductory peragraph. Because itis not &
part of the paper, an abstract should be intelligi-
bie on its own and should summarise the con-
terits and conclusions of the paper. It should be
written as simply as possible lo assist people
who are not specialists. It should not inciude
unfamiliar terms, acrenyrns, trade riames, ab-
breviations of symbols without exptanation. The
abstract should not exceed 2% of the total ex-

tent of the contribution, maximum 200 words.

5. Key words - A short list of key words should
be provided for rapid scanning of the contents
of the paper and use by abstracting agencies/
journals.

6. Headings - In experimental papers the gen-
eral order of headings is: Abstract, Introduc-
tion, Materials and Methods, Results, Discus-
sion, Acknowledgements, References, Appen-
dix. In descriptive, or other types of papers, as
far as possible, a simiar format should be fol-
lowed. No headings should be underlined.

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

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

Numbers under 11 should be spelt out uniess
qualifying a unit of measurement. If a number

~ovar 10 and a number-under 11 appear in the

same sentence, both are written as numerals
Do not hegin a semence with 3 numeral, Frac-
tions should be given as decimals or spait oul
All dacimal numbers loss hon unity ut“rw'(!
have a zore hefore the dacimal warker, e.g.
0.25. Al urits should be In the 8.1 Systam,

Al sclentific names of animals and glants imus
be undaning to disate that thay should Se st
in itafic woe or written in fzlics. The asuthorid
should be ciied in full on the first occasion @
scizntific namae is usad. Whers the same name
is usad repeatedly, the genus may bs ablrevi-
ated o 2 capital :e;leér gher the first citation.
For example, use Homo sagiens Linnaeus or

+

“the first oocasion and M. sapians thersahier.

Common or loca! names may be used bul the
scientific name should be quaoted on the first
gocasion.  An agricultural chemical must be
referred o by {is generic or common rame
when it is first rLoted.

& Tobles - Numerical results should be dis-
played ae means with refevant standard errors
rather than as detailed data. Standard errors
should be given to one place of decimals more
than the means to which they refer and the
number of degrees of freedom should also be
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quoted. Tables should be complete in them-
selves so that they can be understood without
reference to accompanying text. Each table
should have a brief and self explanatory title.
The presentation of the same data in tabular
and graphic form is not permitted.

9. Figures and photographs - Line drawings
should be drawn in black water-proof ink on
smooth tough paper. Labeling should be dear
and always produced with stencils using black
water-proof ink and should be legible when re-
duced. No alterations or additions to artwork
can be made by the editors. Figures should be
no larger than an A3 page, and no smaller than
final published size. Photographs should be
glossy prints of good quality and must make a
definite contribution to the value of the paper.
indicate the top of the figures and photographs
on the back: the plate number of each figure
and photographs, the author's name, and the
title of the paper. Do not write on the back of
photographs: use an adhesive label with the
data previously written on it. Artwork should be
of appropriate proportions for the final dimen-
sions.

10. Acknowledgements - The names, initials

and place of work of those the author wishes to

mention may be included. It is unnecessary to
mention everyone who has been marginally in-
volved in the work,

11. Refarences - These should be cited in the
text by the authar's name and data as follows:

“Moran and Brown (19865} showed or “Various
works” (Miller and Smith 1956; Adams et al.
1860; Wiison 1978, 1979 a) found ... The
term et al. chould be used when there are more
than iwo authors. The letters a,b ¢, shauld be
usad 1o distinguish several papers by the samie
EeRer Y CNE VST
All references in the bibliography should be
given in full and in alphabetical order. For a
journal the reference should include surname
and initials of all author(s), (year), title of paper,
full title of the journal, volume, {part}) and full
page numbers. For a book the reference
should include author(s) surnames and initials,
(vear), title of chapter and page numbers if ap-
propriate, full title of book, published and city
and total page numbers. Conference proceed-
ings should include the year and place of the
conference. The ftitle of the journal or book is
underlined to be printed in italics. Examples:

Bowet, C.M. and Smith, L.N. (1950). Measure-

ment of phosphorus. Methods of Soil Analy-
sis. C.A. Lack. Ed. Department of Primary
Industry, Port Moresby.

Sanders, A.J. (1940). Plant responses to Mo-
lybdenum. Papua New Guinea Agriculfural
Journal 48(4). 981.995.

Troben, M.M. (1973}, Genetic fine structure in
Drosophita. Department of Primary Industry
Research Bullefin No. 102: 196-197.

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

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

Work that has not been accepted for publication
(unpublished data) and personal communica-
tione are nol included i the list of references
but may be refereed 1o in the text. References
cited in an appendix should be inciudad in the
list of references at the end of Lhe paper.

Special care should be take to see that every
reference in the text is included in the list of ref-
grences and vice versa, and that there is con-
sistency in the spelling of suthors names and
the citation of tha dates throughout the paper.

milted to suitebie professional referees. Majer
changes will be referred to the author for cor-
sideration. Minor editorial changes will be
made without consuitation but vili be presented
to the author(s) at proof stage. The final deci-
sion to accept or reject a paper, rests with the
Editor.

13 Offprints - Twenty-five free off-prints are
given to the author. Where there are several
authors, the first author will be sent the off-
prints. Extra off-prints may be ordered at the
time the galley procfs are returned to the editor.
Costs will be determined at the time of printing.
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14. Recognised abbreviations in this journal

are:.

var
sd.
s.e.m.
df.

3

Levels

gram
kilogram

tonne

litre

millilitre

hectare

millimetre

centimeter

metre

above sea level

year

week

hour

minute

second

kina

not applicable or not available
not recorded

variance

standard deviation
standard error of difference
degrees of freedom

of significance

not- significant -

.01 p< 005

0.001 p<0.01
< 0.001

Either kgrhas or kgha s acceptable, bul largs
combingtions of units shiculd be v the form

fgha o avoed possible mathemeticad ambigu-

Ly,

15 Submission of mo
spondar

WEeTipts - Al corre-
e shogid be addressed for Egilor,

FNG Journal of Agrisuiture, Forastny and Fich-
erings, Agricuiturat information Branch, Publica-
ton Seclion, Department of Agriculture and

Livestock, #.0, Box 2033, Port Morsshy,
Papun  Mew QCGuinza - or - e-mai -
delit@daltron.com.pg  and  ghrisde-

Huku@yshoo.couk
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