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PREFACE
The delay im bringing out thisissue haspartly been, the result of fiscal constraints which have affected
the entire government machinery including the Department of Agriculture and Livestock. Problems
m receiving reviewers' comments were also a contributing factor. It is hoped however, that an
alleviation of the above problems would enable usto bring out the next issune on time.

Editor

Papua New Guinea Journal of Agriculture, Forestry and Fisheries 1995, Vol 38 No.1 pp  1-74
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LIMITATIONS TO SWEET POTATO GROWTH IN SMALL VOLUMES
OF SOIL IMPOSED BY WATER AND NUTRIENT STRESS, ACIDITY
AND SALINITY.

A.J. Dowling* 4 F.P.C. Blamey? and T. Hoa®

ABSTRACT

Sweet potato (|pomoeabatatas (L.) Lam.) is animportant smaliholder root cropin Papua New Guinea, and there

is an increasing requirement for its use as a diagnostic test species in agricultural research programs. As a

result, twas decided toinvestigate swest potato growth under conditions of water andnutrient stress, soil acidity
and solf salinity using procedures with a smalf volume (1.7 L) of poited soil. An Orthoxic Tropudult soil deficient
in phosphorus (P) and sulfur (5) from the Highlands Agriculfural Exporimont Station at Alyura was assessed,

Well<defined growth responses were apparent from about 10 days after sowing. Water stress dramatically
reduced growth, As water stress Increased, vines dacreasedin length and had fawer leaves, lower whole plant
(fops plus roots) frash weights and lower dry fop woights. Water stress afso masked effacts of nitrient stress.

Nutriont stress (P and S deficiency) reduced whole plant frash welght and dry top weight without affecting vine

longth or number of lcaves. Phosphorus and S roquiroments for 90% of maximum yleld were equivalent to 48
and 25 kg ha’', respactively. Sweet potafo proved intolerant of soluble salts at the high lovel (elactrical
conductivity of 1.5 solf.water extract 1.87 dS nr?) imposed. Application of lime raised pH (1:5 soil:weter) from
5.0t05.8, but hadlittie effect on growth. Limitations on plant size and period of growth imposedby a smali voluime
of soil strongly suggest that soil water must be maintained befween field capacity and 50% of field capactfy if
other factors (e.g. nutrition) are to be effectively assessed and exirapolated to the field.

Key Words: Sweet potato, Water stress, Phosphorus, Sulfur, Lime, Salinity

nutritional degradation under cropping. In parts of
Enga, and Southem and WesternHighlands Provinces
of PNG, the produictive life of agardenis often extended

INTRODUCTION

Sweet potato (ipomoea batatas (L.) Lam.)is the most

important staple food crop throughout the Highlands of
Papua New Guinea {Bourke 1985). At the village or
smallholderlevel, sweet potato gardensare managed
according to traditional shifting cultivation practices.
These practices typically include a period of fallow
where grass or woody regrowth is encouraged for the
maintenance of soil physical and nutriional properties.
Thusthe effective life-span of a typical garden soil will
depend, initially, upon its physical and nufritional
status and, subsequently, uponitsrate of physical and

.3 Department of Agriculture, PNG University of Technology,
Private Mail Bag, Lae, PNG

2 Department of Agricuiure. The University of Queensland,
Brisbane, Qld 4072, Australia

by the use of organic manures, and the interplanting
and sequential harvesting of crops, but rarely by
application of inorganic fertliser or by use of soil
amendments (e.g. mulch, lime). Also in the Aiyura
area of the Eastemn Highlands Province, legumes
(usually peanutor winged bean)are plantedinrotation
with sweet potato {Bourke 1990),

Due to an increasing requirement for use of sweet
potato as a diagnostic test species in experiments in
the field (e.g. Wayi and Konabe 1993}, in controlied
environments (e.g. Bourke 1977) and in solution cul-
ture (e.g. O’'Sullivan ef al. 1993), it was decided to
investigate the response of sweet potatotoa variety of
factors and amendments likely to modify its growth in
smali volumes of soil {i.e. in pots) under controlled
conditions. Using an Orthoxic Tropudult soil, deficient
in phosphorus (P) and sulfur {S) (Dowling ef al. 1994),
simple short-duration pot studies were conducted fo

“ Current address: Soil and Crop Evaluation Project, Koronivia  describe sweet potato growth responses to: (1)
Research Station, PO Box 77, Nausori, Fiji.
Papua New Guinea Journal of Agriculture, Forestry and Fisheries 1995, Vol. 38 No.1 pp -3-10
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Limitations to Sweet Potato growth

combinations of water and nutrient stress, soil acidity
and soil salinity; and (2} rates of applied P and S.
METHODS

Experimental Soil

The expenmental soil was collected from the north-

facing slope of the International Board of Soil Research
and Management (IBSRAM) project site on the High-

~lands Agricultural Experiment Station (HAES) (6° 19’

S, 1450 55' E) at an alfitude of 1650 m in the Aiyura
valley near Kainantu, Eastern Highlands Province,
PNG. Wayi and Konabe (1293) have classified this soil
as an Orthoxic Tropudult (after Soil Survey Staff 1990).

A composite surface (010 0.15 m) soil sample of six 80
kg subsamples was collected, and then air dried and
sieved <5 mm. Dowling ef al. (1994) described this
surface soil as being strongly acid (pH 5.4 in 1.5

. soil:water), containing allophane and active Al (pH 7.9
in 1:50 soil:NaF solution), and being strongly P-fixing
(P retention 73%) with low P availability (3.8 mg kg™
Olsen-P). Maize (Zea mays L.) growth was reduced
by P and S deficiency. A 2 kg subsample of soil was
retained for determination of air dry field capacity (FC)
and saturated soil water contents, and assessment of
plant available water content.

Air dry and saturation gravimetric soil water contents
were determined using procedures given by Rayment
and Higginson (1992). Gravimetric water content at
FC wasdetermined after packing approximately200g
of air dry sailinto 2300 mm column. Waterwas applied
uniformly to the top of the column, allowed toinfiltrate
and redistribute for 24 h, and FC inthe top 50 mm was
assumed. After discarding the surface 10 mm, the 10
to 20 mm layer was placed in a tared dish, weighed,
dried at 105° C for 48 h, reweighed, and grawmetnc
water content at FC determined.

Paottrials utilised shadehouse and laboratory facilities
. of the Department of Agriculture, PNG University of
Technology, Lae. All pot trials involved the use of 165
mm diameter (1.7 L) PVC pots, each lined with a
plastic bag and containing 1.9 kg air-dry soil packed to
a density of 1.1 g cm™®.

Assessment of water and nutrient stress, soil
acidity and soil salinity

Treatments were imposed to reflecta range of PAW
contents, soil nutrient levels, soil aciditylevels and salt
contents. Water stress (W) treatments were: (1} lim-

ited water (W}, in which the soil was watered to FC
twice weekly, (2) adequate water (W, ),inwhichthe soil
was watered to FC daily; and (3) excess water (W),in
which the soil was watered to saturation daily. Nutri-
ents (Nutr), lime (Lime) and saltwere either applied or
not applied. These factors were then combined to
resultinihe following freatments: (1) W ; (2)W,_ +Nutr;
(3)W_ + Nutr + Lime; (4)W,; (S)W, + Nutr, (6)W, + Nutr
+Lime; (7) W, + Nutr + Salt; (8)W_, and (9)W_+ Nutr.
Treatmentswere arrangedin acompietely randomised
experimental design with four replications.

Fertiliser grade nutrients were applied (kg ha’') as
follows: mixed NPK (as 6% N, 6% P, 5% K} at 160 N,
160 P and 130 K; Caand N (calcium nitrate with 12%
N, 17% Ca) at40 N and 50 Ca; elemental $ (100% S)
at75 8. After being thoroughly mixed, lime (CaCO,,
2.3 tha'} or salt (NaCl, 6.5t ha') were added to the
appropriate treatments. After mixing, pots were wetto
FC with distilled water and sealed. After a 10 day
incubation pefiod, two sweet potato {cv. Wanmun) vine
cuttings were planted in each pot. Each vine cutting
consisted of a growing tip and three nodes (leaves
removed), and was approximately 150 mm in length.
The base ofthe cutting was placed horizontally against
the wall of the pot at a depth of approximately 40 mm,
and the growing tip allowed to protrude 20 to 50 mm
above the soil. Agranular plasticmulch (depth 10 mm;
Hostalen®, Hoeschst, Australia) was added to mini-
mise evaporative losses from the soil surface 7 days
after sowing (DAS). To facilitate pot movement for
watering to FC, a stake was placed in the centre of
each pot. Vines would be later tied to this stake. Pots
were then watered to weight with distilled water as
required; twice weeklyto FC for W, dailyto FC for W, ,
and daily to saturation for W_. Vines were grownfor 42
daysuntil well-definedgrowthresponseswere evident.
Individual vine lengths andleaf numbers were recorded
prior to harvest. Plants tops were cut at ground level
and fresh weights immediately recorded. Piant tops
were thendried (70° C for 72 hours) and reweighed. A
25 mm diameter soil core was then taken from each
pot, dried at 40°C for 48 hours and sieved <2 mm, and
pH (1:5 soil:water) and salinity (electrical conductivity
of 1:5 soil:water suspension) determined using proce-
dures given in Rayment and Higginson (1992). Roots
were carefullyremoved fromthe soilunder astream of
water, and root fresh weights recorded. Whole plant
fresh weights were than calculated as the sum of top
and root fresh weights,

Analysis of variance was used to test effects of
treatments on vine length, number of |eaves, whole
plant fresh weight and dry top weight. Pairwise com-
parisons of treatment means were performed by the

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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protected least significant difference {l.s.d.) test at
P<0.05. '

Assessment of P and S requirements

Treatments consisted of seven P and seven S rates
{0, 20, 40, 80, 160, 320 and 640 kg ha''), applied as

Ca(H,PO,}),H,0and CaS0O, 2H,0 respectively. Basal
S (160 kg ha'') was applied to pots amended with P,
andbasal P (160kg™*) to pots amended with S; noother
basal nutrients were applied since this soil was shown
by Dowling ef &/, (1994) to be deficientonlyin P and S.
Treatments were arrangedin acompletely randomised
experimental design with three replications. After mix-
ing, pots werewet to FC with distilled water and sealed.
Aftera 10 day incubation period, two sweet potato {cv
Wanmun)vineswera plantedin each pot as described
praviously. These were thinned to one vine per pot,
7 DAS and a granular plastic mulch (10 mm depth)
added to minimise evaporative losses from the soail
surface. Each vine was tied to a stake placed in the
centre of its potto facilitate watering and vine extesion.
Pots were watered (to weight) daily to FC with distilled
water. Vineswere grownfor 28 dayswhenwell-defined
growthresponseswere evident. Individual vine lengths
and number of leaves were recorded prior to harvest,
and the vines harvested as described prevoiusly.

Analysis of variance was used to test effects of applied
P and S. Pairwise comparisons of treatment means
were performed by the protected least significant
difference{l.s.d.) testat P<0.05. Mitscherlich relations

Table 1.

of the form y = a - be™™ were fitted to data describing
dry matter yield of plant tops {y) and applied P or S (x).
Maximumyield (a, Y,,, . ywas calculated, and absolute
yields converted to relative yields. Mitscherlich rela-
tions were fitted to relative yield and applied P or S to
remove the effectof differences in,,, onthe curvature
co-efficient (k). The Pand Srequirementsfor90%Y,,,,
were then calculated.

RESULTS AND DISCUSSION

For this Orthoxic Tropudult scil, the air-dry water
content was 16%, the water content at FC was 42%,
and the water content at saturation was 55%. With
pots containing 1800 g of air-dry soil, ovendry (105°C)
soil mass was 1850 g. Water added to alr-dry soll for
FC and saturation were calculated as 440 and 850 g,
butfor convenience, pot mass at FC and at saturation
was rounded to 2400 and 2600 g, respectively.

Water and nutrient stress, soil acidity and soil
salinity

Visible growth responsestotreatmentswere apparent
from about 10 DAS. Vinesin W, pots were the longest
and greenest, whereas those in W, +Saltand W,_pots
were the shortest and displayed a mild purple
discolouration of leaf veins and underside of the leaf.
Water stress appeared to limit vine growth more
severely than did nutrient stress (P and S deficiency)
or soil acidity. The presence of ahigh level of sait (NaCl)

Treatment effect on soil pH (1:5 soil:water) and electrical conductivity (1:5

soil:water) where WLA = adequate water supply, WE = excess water supply, Nutr = added
nutrients, Lime = added lime and Salt = added NacCl following harvest of sweet potato grown

in an Orthoxic Tropudult soil.

Treatment pH(1:5) Electrical Conductivity (dS m-1)
WL 53a’ 0.03a
WL+Nutr 53a 0.24b
WL+Nutr+Lime 57b 0.32b
WA 53a - 0.02a
VWA+Nutr 53a 037b
WANuUr+Lime 58b 0.43b
WA+Nuir+Salt 53a t.87¢
WE 53a 003a
WE+Nutr 53a 0.36b
I.s.d. (p=0.05) 0.1 0.19

1 Means followed by a common fetter are nof significantly different (P<0.05).

Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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Limitations to Swest Potato growth

Figure 1. Treatment effects on {a) vine length, (b) number of leaves, (c} whole plant fresh
weight, and (d} dry top weight with water where W, = limited water supply, W, = adequate
water supply, W, = excess water supply, Nutr = added nutrients. Lime = added lime and
salt = added NaCl for sweet poptato grown in an Orthoxic Tropult soil from the Highlands

Agricultural Experiment Station, Aiyura.

Vertical bars show Ls.d. at p=0.05
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-dramatically réduced growth. Visible symptoms of P
and S deficiency, as described by O’Suilivan ef al.
(1993), were notobserved.

At harvest, vine length ranged from 0.22 to 3.64 m, leaf
number from 4 to 40 plant', whole plant fresh weight

from 10t0 102 g pot”, and top dry weight from 0.50 to
6.72 g pot. Variations in these variables were highly
inter-correlated (r>0.77),and similarly affected (P<0.05)
by treatment(Figure 1). Treatmentalsohad significant
effects on soil pHwhichrangedfrom 5.3t05.8,andon
soil salinity where electrical conductivity (EC) meas-

- Papua New Guinea Joumnal of Agriculture, Forestry and Fisheries
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Table 2. Effects of applied phosphorus and sulfur on vine length, number of leaves, whole
plant fresh weight, and dry weight of plant tops for sweet potato grown in an Orthoxic

Tropudult soil.

Application Vine length Number of Whole plantfresh | Dryweight of
rate (kg ha') {m) leaves {plant™) weight (g pot™) plant tops (g pot)
(a}Phosphorus
0] 0.43a’ 12a 24 a 153a
20 083b 16b 34b 244b
40 0.97 be -19be 43 ¢d 2.88 bed
80 1.09 bed 19 cd 46de 3.07 cde
160 124 cd 22 cd S4e 3.53e
320 1.26cd 21 cd 47 de 3.14 cde
2 640 1.38d 21cd 44c 2.94 bcde
(b) Sulfur
o} 050a 13a 25a 151a
20 1.21 bed 21cd 42cd 2.94 bcde
80 1.13 bed 21cd 49de 359e
160 1.37d 23d 45 cd ' 3.25de
320 1.38d 21 cd 45d 3.28de
640 098b 18 bc 37 be 257 be

1 Mearisifollowed by a cormmon letter are not significantly different (p<0.05).

ures ranged from 0.02 to 1.87 dS my' (Table 1). Only
lime {2.3 t ha') increased pH, but salinity was in-
creased by application of nutrients and especially by
application of NaCl (6.5t ha™').

Water stress. The degree of water stress was quanti-
fied as the range in plant available water (PAW)
between irrigations. After each irrigation, PAW was
assumed to be 100% at saturation and 0% at'air dry’,
and calculated to be 71% at FC. Water used between
irrigations was recorded oh two occasions, viz. at 21
and 35DAS. At21 DAS, W pots used 100to 130 mL
over 3days, W, pots 80to 100mL perday and WE pots
100 to 160 mL per day between irrigations. Corre-
sponding values at 35 DAS were: W, pots 150 to 200
mL; W, pots 130 to 160 mi; and W_ pots 180 to 240
mL. With W_ pots wet to saturation and W, and W
pots wetto FC, these water use data suggest W pots
were maintained at >66% PAW, W, potsat49to 71%
PAW, and W _pots at 43 to 71 % PAW. Thus, water
stress increased with irrigation treatment (W, <W, <
W,) as PAW decreased from >66% under W, to
between 43 to 71% under W,.

The impact of water stress on vine growth and dry
matter production was dramatic (Figure 1). As water
stress increased (other stresses not limiting viz.
W+Nutr < W, +Nutr < W +Nutr), vine length de-
creased from 2.4 to 0.59 m, leaf number decreased
from 32 to 19 plant!, whole plant fresh weight de-
creased from 76 to 32 g pot' and dry top weight
decreased from5.33t02.20g pot'. Similar patterns of
decrease were apparenmtwhennutrients (viz. W_<W,
< W,) and soil acidity (viz. W_+Nutr+Lime <
W, +Nutr+Lime < W, +Nutr+Lime) may have been
limiting.

Nutrient stress. Nufrient stress was minimised by
application (kg ha'') 6f 200N, 160 P, 130K, 50 Caand
75 S. As nutrient stress increased, whole plant fresh
weightdecreased from62to37 g pot™ (W, +Nutr>W, )
and dry top weight decreased (WE+Nutr > WE) from
5.3310 4.43 g pot’ and 4.30 to 2.80 g pot” (WA+Nutr
>W,). In contrast, vine length and number of leaves
were litlle affected (Figure 1). As water stress in-
creased, the impact of nutrient stress on dry matter
production became less apparent.

Papua New Guinea Joumal of Agricutture, Forestry and Fisheries
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Figure 2. - Mitscherlich fits to data describing the relationship between relative yield of dry teps and
applied P ( W , solid line} and appiied S ( A . dashed line) for sweet potato grown in an Orthoxic
Tropudult soil from the Highlands Agricultural Experiment Station, Aiyura. Fitted Equations are:

For P, RY = 100 - 53 @99%x (n =6, R? = 0.96)
For 8, RY =100 - 55 e9%7x (n=6. R? = 0.96)

(For convenience, data for 640 kg ha' additions of P and S are notincluded.)

!

Relative dry matter yield {%)

] 4

1 1 1

0 . 100
Applied nutrient rate (kg ha?)

200

300

Soil acidity. This soil was strongly acidic (pH 5.3).
Although the addition of lime (2.3 tha™) raised soil pH
levelsfrom 5.3t0 5.8 (Table 1), liming had little effect
on plant growth and dry matter production (Figure 1).

Salinty. The impact of salt (6.5 t ha* NaCl}, which
increased soil EC from <0.03t01.87dS m™' (Table 1),
on plant growth and dry matter production was dra-
matic, and perhaps more pronounced than for water
stress (Figure 1). With adequate water and nutrition,
salinity markedly depressed growth and dry matter
production (W, +Nutr > W, +Nutr+Salt}, vine length
decreasedfrom 1.3710 0.30 m, leaf number decreased
from 28to 6 per plant, fresh weightdecreased from 62
. to11 ¢ pot*and dry weightdecreased from 4.3t0 0.74
g pot’. Clearly, sweet potato was unable to tolerate
this high level of soil salinity, and further work in this

regardis warranted.
P and S requirements

Withapplied P,vine lengthrangedfrom0.35t01.80m,
leaf number from 10te 25 per plant, whole plant fresh
weight from 20 to 57 g pot', and dry top weight from
0.99104.03 g pot'. For applied S, vine length ranged
from 0.36 to 1.77 m, number of leaves from 11 to 25,
whole plant fresh weight from 20t0 63 g pot!,and top
dry weight from 1.12 to 4.37g pot’. Plant growth
variableswereinter-cotrelated (r>0.81), andwere simi-
larlyinfluenced (P<0.05) by the rate of P or S applica-
tion (Table 2).

Using data describing the weight of dry tops, separate
Mitscherlich relations were developed to describe

" Papua New Guinea Journal of Agriculture, Forestry and Fisheries
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sweet potato growth responsestoappled P aﬁd S,and
Y unx (With approximate SE) estimated. For applied P,

Y, Was3.30( + 0.12)gpot';andforappliedS,Y,,

was 3.34 ( + 0.11) g pot’. Using these estimates of

Y ax Separate relative growth responsesto applied P
and Swere developed{Figure 2), and equivalentP and
Srequirements for 90% of Y, calculated as 48 kg P
ha' and 25 kg S ha.

CONCLUSIONS

For this Othoxic Tropuduit, sweet potato growth was
depressed by water and nutriient stress and by soil
salinity, but not by soil acidity. Simple procedures
+ wereusedto growvinesinsmall volumes (1.7 1) of soil.
However, considerable care was necessary atplanting
due to the mass of the planting material and its
immediate requirementforwater. Waterregquirements
were minimised firstly, byremovingasmanyleavesas
possible and, secondly, by placing as much of the
planting material in contact with wet soil as possible.
Daily watering was essential. Senescing leaves were
alsoremoved during early growth.

Waterstress dramaticallyreduced sweet potato growth,
a resultwith great implicationsin pot experimentation.
As water stress increased, vines became shorter with
fewerleaves and lower whole plantfresh weightsand
dry top weights. Water stress also masked effects of
nutrient stress. Nutrient siress acted to reduce plant
growth, buthad little effecton vine length ornumber of
leaves. Given P and S deficiency in this soil, Pand S
requirements for 80% Y, were equivalent to 48 and
25kgha!, respectively. Sweet potato provedintolerant
of soluble salts at the high level (EC 1.87 dS m™)
imposed in this experiment. Soil acidity was uniikely
to limit sweet potato growth, and by inference, tuber
yield on this soil. Further, the application of lime did not
appear to induce potential micronutrient deficiency
(e.g. Fe, Mn, Cu or Zn} or cation imbalance.

" The results from this study suggest that sweet potato
has great potential as a test species in short duration
glasshouse studies. Although not exhibiting nutriional
disorders as given by O'Sullivan ef al. (1993),the value
of sweet potato as a test species for tropical soils was
recognised andits use is to be encouraged. However,

~ with the limitations on plant size and period of growth

that are imposed by a small volume of sail, it will be
crucial to control and maintain soil water contents
within defined limits (e.g. FC to 50% of FC} if other
factors {e.g. nutriion, acidity and salinity) are to be
effectively assessed and extrapolatedtothe field. The

qualitative exdrapolation of any response to the field
must be questioned if the factor being examined (e.g.
nutriion) does not clearly dominate all others {e.g.
water, acidity and salinity) (De Vries 1980).
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EVALUATION OF TWENTY FIVE VEGETABLE VARIETIES AT AIYURA,
EASTERN HIGHLANDS PROVINCE.

W. L. Akus' and R. K. Nema?

ABSTRACT

Two trials were conducted tc compare 25 species of fraditional and introduced vegetables. The object of the
trials was to provide the basis for making recommendations to highland institutional farmers for suitable
vegetabie species to grow. Fresh and dry weight yieid from first to final harvest are presented. The following
species recorded yields of over 5 t/ha (fresh weight) and 1 t/ha (dry weight). Pumpkin (Cucurbita moschata),
choko {Sechium edule), silverbeet (Beta vulgaris), Oenanthe javanica, cabbage (Brassica oleracea), Russian
comfirey {Symphytum asperrimum), Rungia klossii and Dicliptera papuana. Based on yield, nutritional vaiue,
acceptability to the consumer, ease of cultivation and period of harvest, the following vegetables are
recommended to institutional farmers: Pumpkin, silverbest, oenanthe and rungia. Cabbage is recommended .

withreservations.

Key words: vegetable species, nutritionally superior, high yieiding.

INTRODUCTION

Vegetables such as leafy greens and beans constitute
a significant portior of people’s dietin the Papua New
Guinea highlands,
grown by wvillagers in their gardens. Some of these
speciesare recent introductionstoPapua New Guinea
(PNG), but many are traditional. Vegetables are also
an important source of cash income for many people
in the highlands. This is confirmed by the fact that
vegetables constitute a significant proportion of pro-
duce offered for sale in the markets. The nutriional
value of many of the traditional species has not been
assessed adequately. The limited data available
suggest thatthey are nutritionally superior to many of
the introduced species.

Research work on vegetables has been done by staff
of the Department of Agriculture and Livestock, Univer-
sity of Papua New Guinea and various Christian mis-
sions. This has mainly consisted of variety trials on
introduced species. Results are presented in papers
by Aldous (1976), Anon (1975}, Blackburn (1976),
Dever and Voigt (1976), Dodd (1977), Fowter (1976),

12 Horticultunst, DAL, Highlands Agricultural Experiment
Station, Aiyura, .0 Box 384, Kainantu, ER.P.

! Present Address’ DAL. Lowlands Experiment Research
Station, Keravat, EN.B.P.

Several species are generally

Kemp (1976), Kesavan (1977a, b, 1980), Lambert
(1975), Powell (1982), Rose (1980} and Westwood and
Kesavan (1982). A complete listing of 250 agronomic
field trials done on vegetables up to 1978 is given by
Bourke (1982).

At institutions, such as high schools and corrective
institutions, introduced vegetables are mainly grownin
the gardens and the traditional PNG species are
overlooked. We suspected that at least some of the
traditional species would prove as productive as the
introduced ones being grown. Between 1979and 1982
two formal trials were conducted by the authors to
compare vields and periods of production of 25 tradi-
tional and introduced vegetable species. The main
purpose of the trials was to determine which species
should be recommended to institutional farmers.

MATERIALS AND METHODS

Two trials were conducted at the Highlands Agricul-
tural Experiment Station at Aiyura in the Eastern
Highlands (6° 19'S; 146°E; 1600-1850 m alt.; 2200
mm mean anhual rainfall). The trials were done atan
altitude of 1610 m. Trial 1 waslocated onaheavyclay
soll and Trial 2 on a dark clay loam rich in organic
matter. '

Twenty five species were compared. These are listed
inTable 1. Arandomized block design was used with
four replications. Plots were 4 m x4 minsize. Each
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Table 1. Vegetable species entered in Trials 1

and 2.
Botanical name Commonname
Abelmoschus manihot Aibika
Amaranthus tricolor Aupa
Basella alba Ceylon spinach
Brassicaoleracea var.capitata Cabbage
Brassica chinensis Pak choi
Cucurbita moschata Pumpkin
Cyanotis moluccana -
 Dicliptera papuana Dicliptera
Lagenaria siceraria Bottle gourd
‘Nasturtium schiechteri -
Oenanthe javanica Oenanthe
Phaseolus lunatus Lima bean
Phaseolus vulgaris Climbing bean
Phaseolus vulgaris Dwarf bean
Pisum safivum Peas
Psophocarpustetragonolobus  Winged bean
Rungia klossii Rungia
Saccharum edule Lowland pitpit
Sechium edule Choko
Setaria palmifolia Setaria
Solanum nigrum Karakap
Spinaciaolerarea Spinach
Symphytum asperrimum  Russiancomfrey
Vigna unguiculata Cowpea

plot included a guard row 50 ¢m wide around the
perimeter. A guard row of Oenanthe javanica was
planted around the outside perimeter of eachtrial. The
land was cultivated mechanically and the plots were
prepared by hand. In Trial 1, coffee pulp was applied
at a rate of 60 tha. No fertilizer was usedin Trial 2 as
the site was naturally fertile. Trial 1 was planted in
November 1979 and Trial 2 in October 1980.

A locally grown variety was used for each species,
exceptforcabbage, Chinesecabbage, silverbeet and
spinach where Yates seed were used. The planting
technique varied with different species, but it was
generaily done as would he normally done by village
women in their subsistence gardens. Planting was
" done directly in the field for most species. Seedlings
were raised in the nursery for cabbage, Chinese
" cabbage, silverbeet and spinach, and later trans-
planted into the field. The methods of propagation
varied betweenspecies. These aredetailedinTable 2.
Replanting was done for several species whengermi-
nation failed completely. Spacing between plants

varied with species. Plant densities were determined
afterfield establishmentand are givenin Table 2. Lima
bean, winged bean and climbing bean (Phaseofus}
were grown on stakes. Plots were weeded regularly.

Harvesting was done weekly until all species had
finished producing. For most species the young
leaves, peticles {and stems) were harvested, but fruit
werealsoharvested for pumpkinand choko, andtubers
were harvested from winged bean, The edible plant
parts harvested are givenin Table 2. Fresh weight of
the edible portion was recorded at harvest and a
sample taken from each plot to determine dry weight
yield. The samples were oven dried for seven days
before being weighed.

RESULTS

Fresh weight and dry weight yields and times to first
and final harvest for each species are presented in
Table 3. Yieldsin Trial 1 were generally greater than
those in Trial 2, but there was reasonably good agree-
ment in the rank of different species between trials
(Table 3). There was considerable variation in yield
between species. Mean fresh weights ranged from
300 kgha (spinach) to 68 tha (pumpkin fruit plus tips).
Dryweight yield ranged from 40 kg/hato 8.1 tha. The
period taken to first harvest was also very vanable.
Some species were ready for harvest from 12 weeks
after planting (Nasturtium schiechteri, peas) whilst
lowland pitpit {Saccharum edule) was not ready to
harvest till 49 weeks from planting. The harvesting
period (first to last harvest) ranged from 2 weeks
(peas) to 62 weeks (Oenanthe).

The species which recorded the highest yield were
pumpkin {Cucurbifa moschata), choko (Sechium
edule), silverbeet (Befa vulgaris), Oenanthe javanica,
cabbage (Brassica oleracea},Russian comfrey
(Symphytum asperrimum), Rungia kiossii and
Dicliptera papuana. All these speciesrecorded yields
of over 5 tha fresh weight and over 1 thha dry weight.

DISCUSSION

Avegetable suitable for growing by aninstitution would
have the following characteristics:

0] High yielding

(ii) Nutritious

(i)  Acceptabie to the consumer

{iv)  Easy to cultivate

)  Haveanextendedharvest period
(M)  Easyto prepare for cooking.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

~ 1995, Vol. 38 No.1 pp 11-16



Akus and Nema

13

{average of Trials 1 and 2).

Table 2. Method of plant propagation; parts of plant harvested; and plant density used

Vegetable species Method of Plant parts Plant
propagation harvested density
(plants/ha)

Abeimoschus manihot 2-Stem cuttings  Young leaves, petiole, stem 23,000
-Amaranthus tricolor Seed Young leaves, petiole, stem 383,000
Basefla alba Seed Young leaves, peticle, stem 59,000
Beta vulgaris Seed Leaves, petiole 68,000
Brassica oleraceavar. capitata Seed Leaves 54,000
Brassica chinensis Seed Leaves, petiole 25,000
Cucurbita moschata Seed Fruit, young leaves,

petiole, stem €,000
Cyanotis moluccana Stem cuttings Young leaves, pefiole, stem 33,000
Dicliptera papuana Stem cuttings/

splits Young leaves, petiole, stem 21,000

Lagenaria siceraria Seed Young fruit 32,000
Nasturtium schlechteri Seed Young leaves, petiole, stem - 2,560,000
Oenanthejavanica Stem cutlings Young leaves, petiole, stem 29,000
Phaseolus lunatus Seed Seed 11,000
Phaseolus vuigaris (climbing) Seed Pods, seed 34,000
Phaseolus vulgaris (dwanrf) Seed Pods, seed 27,000
Pisum safivum Seed - Pods, seed 29,000
Psophocarpustetragonolobus  Seed Tubers, pods, seed 94,000
Rungia kiossif Stem cuttings Young leaves, petiole, stem 31,000
Saccharum edule Stem cuttings Inflorescence 17,000
Sechium edule Seed Fruit. Young leaves,

petiote, stem 50,000
Setaria palmifolia Stem cuttings Young stem 20,000
Solanum nigrum Seed Young leaves, petiole, stem 1,082,000
Spinaciaoleracea Seed Leaves, petiole 10,000
Symphytum asperrimum Splits Young leaves, petiole 25,000
Vigna unguiculata Seed’ Pods, seed 26,000

Each of the eight species which gave over 1 thaof dry
weight yield will be discussed and these criteria
considered. Nutriional information is obtained from
WHO (1879). Pumpkin ( Cucurbita moschata}gave a
very high yield (mostly of fruit not ips). Both the fruit
and leaf tips are nutritious, as they contain useful
guantiies of vitamin A precursor. Possible inadequate
intake of vitamin A in thediets of residents of institu-
tionsis of concernin PNG (J. Badcock, pers.comm.).
Bath fruit and tips are acceptable to highlanders. The
crop has an extended harvest period and is easy to
cultivate. For these reasons it can be recommended
to institutional farmers, '

Choko (Sechium edule) was also high yielding. Again
this occurred because of ahigh yield of fruitrather than
fips. The fruitare of very low nutritional value and are
rarely eaten by Papua New Guineans. Hence the fruit
cannotbe recommended. '

Silverbeet (Beta vuigaria), also called Swiss chard,
gave the third highest yield in the trial and the highest
yield of |eaf/petiole, although this wasfrom Trial 1 only.
A high proportion of the yield came from the petioies
rather thanthe leaf blades. Silverbeetisrichinvitamin
A. It is not usually eaten by Papua New Guineans.
The harvest period of 47 weeks is extended, although
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vegetable species (Trials 1 and 2).

Table 3. Fresh weight and dry weight yield and time taken to first and final harvest of various

Vegetables species Fresh weight yield (tha) Dry Time to Timeto
weight first final
Trial 1 Tral 2 Mean yield harvest harvest
(tha) (weeks) (weeks)
{1 1 (1)
Abeimoschus mahihot 20 36 2.8 0.5 24 76
Amaranthus tricolor 1.5 - 1.5(2) 0.3(2) 14 54
|~ Basella atba 8.7 33 - 8.0 0.7 15 €8
Bofta vulgaris 16.4 - 16.4(2) 1.9(2) 16 63
Brassica oleracea
" varcapitata 135 74 105 1.3 20 63
Brassica chinensis 2.1 4.7 : 34 03 20 25
Cucurbita moschata (tips) 13.4 3.4 8.4 0.9 16 74
Cucurbita moschata (fruit) 78.3 403 59.8 7.2 19 71
Cvanotis moluccana 1.3 8.8 101 08 14 7%
Dicliptera papuana 7.2 28 50 1.0 15 76
Lagenariasiceraria 10.3 6.8 86 05 19 27
Nasturtium schiechteri 07 1.0 098 0.1 12 21
Oenanthejavanica 12.2 7.2 8.7 1.3 14 7%
Phaseolus lunatus - 4.9 1.2 31 05 23 72
Phaseolus vulgaris :
-{climbing) 39 26 33 - 06 15 25
Phaseolus vulgaris : :
(chwerf) 23 27 25 0.6 14 22
Pisum safivum . 0.7 06 0.7 0.2 12 14
Psophocarpus
tetragonoiobus _ . '
{pod) 33 29 3.1 06 20 29
Psophocarpus '
tetragonolobus :
(tubers) 2.3 <3) 23 0.7 45 45
Rungia klossii 8.6 4.1 6.4 1.0 15 76
Saccharum edule 0.6 0.3 0.5 0.2 49 82
Sechium edule (tips) 9.0 2.7 59 0.6 15 74
Sechium edule {fruit) 28.7 40.3 345 48 18 74
Setaria palmifolia 3.2 3.0 31 0.3 17 69
Solanum nigrum 3.4 21 28 0.5 14 70
Spinaciaoleracea 03 - 0.3(2) 0.04(2) - 27 34
Symphytum asperrimum 156 76 116 1.5 15 77
Vigna unguiculata 40 3.0 35 A 19 56
Notes:- {1) Mean of Trials 1 and 2

{2} Crop failed to establish in Trial 2. Results are from Trial 1 only.
(3) Winged bean tubers were stolen from Trial 2.
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it is shorter than some of the other high yielding
species (Oenanthe, rungia, pumpkin fruit). Silverbeet
is not easy to cultivate if seedlings are raised in a
nursery. (Note the crop failure in Trial 2). However
seeds planted directly in the field have established
successfully underinstitutional conditions {B. Calcinai,
pers.comm.). We recommend silverbeetasavegeta-
ble for institutional farmers, provided problems with
crop establishment can be overcome.

Oenanthe (Oenanthe javanica) satisfies all criteria for
recommendation. It is high yielding, acceptable to
Papua New Guineans, has an extended cropping
periodandis easy tocultivate. it also canbe harvested
from 14weeksfrom planting. We have noinformation
onits nutritional value, but presumeitto be moderately
nutritous as the leaves are medium dark green in
colour.

Cabbhage (Brassica oleracea) is high yielding and
acceptable to highlanders. Itis less nutritious than
" species with dark green leaves. Its harvesting period
of 43 weeks is less than some other species, but still
extended. Seedlingshavetoberaisedinanurseryand
it is very susceptible to insect attack. Hence itis a
maore difficult species to grow. It could only be
recommended with reservation. The average fresh
weight yields in these trials (13.5 and 7.4 tha) are

lowerthanyieldsreported elsewherein PNG {(Blackburmn .-

1976; Dever and Voigt 1976).

Russian comfrey (Symphytum asperrimum), rungia
(Rungia klossiiy and dicliptera (Dicliptera papuana)
yielded 1.0-1.5 tha of edible portion on a dry weight
basis. All these species have dark green leaves and
are presumably nutritious. All have an extended
harvest period, can be harvested from 15 weeks after
planting and all are easyto cultivate, Theycanonly be
separated on their acceptability. Rungia is a very
poputar highland green and has a an acceptable
flavour, cooked or uncooked. Dicliptera is coarser
than rungia and is only a minor species in the high-
lands. Russian comfrey is not eaten by people in the
highlands and there have beenhealth concerns about
the crop overseas. Forthese reasons werecommend
rungiaas a species suitable for institutions to grow, but
not dicliptera or Russian comfrey.

Further workis needed to determine the length of time
after planting that certain species can be economically
maintained. Most of the high yielding species consid-
ered here (pumpkin, silverbeet, choko, oenanthe,
rungia, Russian comfrey} can be maintained for ex-
tended periods. The period is dependent on the level
of weed control and saii fertility. In the present trials,

weeds were controlled regularly, but we suspect that
the economic harvesting period woulid be less under
actualfarming conditions. Furtherinformationis needed
on the nutritional value of the traditional Papua New
Guineagreens, especially Oenanthe javanica, Rungia
kilossii and Dicliptera papuana.

Crop yields are affected by the planting density and
variety used. Hence different results from those
reported here would be expectedif these two vanables
were different. Nevertheless we believe thatthese tiials
have givena goodindicaton asto the most productive
vegetable species in the highlands.

CONCLUSION

Based onyield and other criteriathe following vegeta-
bles canberecommended for use by institutionsinthe
highlands: Pumpkin, silverbeet, cenanthe and rungia.
Cabbage is also a high yielding species, but it is
recommended with reservation because it does not
safisfy other criteria. _ o
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EVALUATION OF INTRODUCED SWEET POTATO CULTIVARS AT
AIYURA IN THE EASTERN HIGHLANDS OF PAPUA NEW GUINEA.

W.L. Akus'-?

ABSTRACT

Seven selections of sweet potato were introduced into Papua New Guinea from liTA in Nigeria and Louisiana
State University in the USA after infermediate quarantine in the United Kingdom. They were infroduced as 12
separate accessions. Evaluation has been conducted at four locations in PNG including Aiyura. This paper
reports on a prefiminary unreplicated evaluation at Aiyura andtwo formal trials which include the selections from
IITA andthe USA andthree high yielding PNG releases. Consistent results were obtained between the 5 trials.
Two HTA selections (TIS 2525 and TIS 2534) outyielded the best of the PNG cuftivar, Merikan. These two
releases and other lITA selections were of acceptable flavour to local tasters. The USA selections were

generally unacceptabie in flavour lo local tasters.

Keywords: Aiyura, meristem culfuring, electron miroscopy, local maferial, eating quality.

INTRODUCTION

Sweet potato (ipomoea batfatas (L.) Lam.)remains by
far the mostimportantfood cropin PapuaNew Guinea

(PNG). Much of the on-going programme of research:

into PNG food crops has been directed towards the
collection and evaluations of thousands of cultivars
grown in this country, in order to select high yielding,
good quality varieties suitable for subsistence and
commercial growers, Although selectionand breeding
of sweet potato is in progress in other countries, the
Department of Agriculture and Livestock (DAL) has
been very cautious about making introductions from
overseas because of the difficulty of ensuring thatthe
vegetative planting material is completely free from
diseases or pests that might damage or even devas-
tate our mostimportant food crop. However, in the
mid-1970s, there wasa smallintroduction programme
for the purpose of preliminary assessment of whether
selected overseas varieties were superior to local
varieties. If the introductions proved greatly supetior,
there would be astrong case foranexpandedintroduc-
tion programme. If theintroductions proved similar or
inferior to local material it would be better, for the
present, toconcentrate onlocal material, thus avoiding
the quarantine risks involved with introductions

' Horticutturist, DAL, Highlands Agricultural Experiment Station,
Aiyura, P.O. Box 384, Kainantu, EH.P. ‘

* Present Address: DAL, Lowlands Experiment Research
Station, Keravat, EN.B.P.

Through the kindness of the Glasshouse Crops Re-
search Institute in United Kingdom, the International
Institute of Tropical Agriculture (IITA)in Nigeriaand the
Department of Horticulture of Louisiana State Univer-
sity (LSU) in the United States, seven promising
selectionswere screened and freedfrom diseaseinthe
United Kingdom (UK) and thereafter introduced to
PNG. The screening involved meristem culturing, -
electron microscopy and grafting on toindicator plants.
Thesetests indicated that much of the original material
carried some sub-microscopic particles and only ma-
terial completely free from suspicionwas sentto PNG,
whereitwas subjected to post-entry quarantine prior to
release for field planting.

Because several meristem cultures were established
in the UK and there was variable survival of cuttings
sentto PNG, each of the original varieties was repre-
sented by one to three introductions (distinguished by
different NG numbers). These were planted to sepa-
rate entries in the trials described in this paper. The
United States material comprised the commercial
varieties Centennial, selection LS-190, subsequently
named Jasper, and L9-163. Informationaboutthe four
lITA selections provided by ITA in 1876, is shown in
Table 1.

After their release from post-entry quarantine in PNG,
a preliminary unreplicated evaluation was conducted
at Aiyura by B. Siki. This was followed by two formal
experiments conducted by the author to assess yield,
eating quality and pestand disease incidence. These
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Evaluation of introduced Swest Potato cultivars

two experiments are reported here. Aiyurais situated
at a latitude of 6° 19' South and a longitude of 146°
Eastwithanaititude ranging from 1600to 1850 metres
above sealevel. The meanannual rainfallis 2200 mm.
Both the experiments were conducted atan altiude of
1630m. Trial 1 waslocated on adark brown clayloam
soil and Trial 2 on black loam. Similar tests have been
completed or are in progress at the Lowlands Agricul-
tural Experiment Station near Rabaul and Laloki Hor-
ticulture Research Station outside Port Moresby, both
inthe lowlands. Very poor yields were obtained when
the introduced cultivars were tried at Tambul at an

—altitude of 2320 m above sea leve! in the Western

Highlands Province.

MATERIALS AND METHODS

A randomized block designwas used with six replica-
tions of 1Slinesin plots 12 m x 3 m. In each plot there
were two rows of twelve mounds each measuring 1.5
mx 1.0 m. There wasaguard row aroundthe perimeter
of the trials, but none between plots.

The ground was mechanically culivated and mounds
hand-made with spades. Four plants each spaced
about 40 cm apartwere planted on each mound. This
planting arrangement gave a plant density of 27 000
plants per hectare. Weeding was done when it was
found necessary. There was no ferfilizer application

or pest and disease control.

The tridl included the different accessions of four
cultivars from Nigeria (See Table 1}, three from USA
andthreelocal cultivars. Thelocal cultivars were Milne
Bay (fromcoastal PNG), Serenta (PNG highlands)and
Merikan (thought to be an earlier introduction from
America but now widely growninthe PNG highlands)
{(AJ. Kimber, pers.comm.). Serenta and Merikan are
high yielding releases from Aiyura (Akus 1982). At
harvest the tubers (storage roots) were graded into
marketable and stockfeed yields. Marketable tubers
were those that weighed more than 100 grams and
considered acceptable for human consumption while
stockfeedwere thoseless than 100 grams and consid-
ered suitable only for animal feeding. Sweetness and
strength (softor firm when cooked) are two important
factors which determine acceptance or rejection of a
cultivar and sa tests were conducted to assess these
characteristics. Usually mostpeople prefersweetand
firm cultivars. Tuber samples of each cultivar were
givento different people to cook, eatand commenton
sweetness, strength and acceptability. Scores for
each characteristic were given for each sample, as
detailed in Table 2b.

Analysis of variance was carried outfor the total tuber
yieldfor eachtrial. The total rainfall during the growing
periods and dates of planting and harvesting are given
inTable 2a.

Table 1. Information on the four HTA selections.
Cultivar TIS 1499 TIS 1487 TIS2534 TIS 2525
Total tuberyield (tha) 36-35 25-30 3540 3040
Sweet potato '
weevil resistance Medium Mild High Mitd
to high
Virussusceptibility Medium Average Very resistant Resistant
' to high
Tubershape Fair to poor Good: Good: Good:
oblong very smooth
and smooth smooth
Storability Fair to . Fair Medium Average
medium
Saurce: A.K. Howland, lITA, Nigeria {pers.comm., 1976)
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RESULTS

Resultsof the preliminary evaluationare givenin Table
3. Results of Trials 1 and 2 are summarized in Table
4. Table 5 gives the mean yields of the IITA, USA and
PNG cultivars. Records of acceptability tests are given
in Table 2.

DISCUSSION

Accessions from the IITA release TIS 2525 were the
best tuber yielders in both trials with mean yields of
51.3 tha and 48.9 tha for the two accessions. The
mean tuber yields calculated over trals one and two
showed the two Nigerian cultivars, TIS 2525 and TIS

Table 2a. Total rainfall during the growing periods and planting and harvesting dates.

Trial Rainfallduring growing  Planting Harvesting Growing period
period (mm) date date (days)

1 1523 10" Oct. 79 8% Dec. 80 270

2 1508 25" Nov. 80 12™ Mar. 81 254

Table 2b. Scores of sweetness, strength and acceptability of introduced and local cultivers,
Cultivar and accession Sweetness Strength Acceptability
Merikan 28 3.7 3.5
Serenta 3.0 28 3.3
Milne Bay 2.8 2.2 2.7
TIS 2534 (NG 7570) 25 20 25
TIS 2525 (NG 7575) 25 20 23
LO-190(NG 7473) 22 23 22
TIS 1487 (NG 7571} 1.8 28 21
TIS 2525 (NG 7477) 20 3.0 20
TIS 1499 (NG 7479) 20 2.0 ' 20
L9-190(NG 7574) 23 1.8 20
TIS 1487 (NG 7475) 2.0 2.8 1.8
L9-163 (NG 7474) 1.8 1.7 1.7
L9-163{NG7472) 1.8 1.2 : 1.2
Centennial (NG 7572) 26 186 1.2
LE-163 (NG 7573) 17 1.7 1.0
Score scele

Score Sweeiness Strength Accoptability

1 . Not sweet Very soft Poor

2 Sweef Soft Fair

3 Quite sweet Strong Good

4 Very sweet Very strong Very good
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Table 3. Results of preliminary evaluation of | 2234tobesuperiortoMerikanwhichslightly outyielded
the introduced cultivars at Aiyura. another Nigerian cultivar TIS 1487. Milne Bay and TIS
: 1499ollowed Merikanwith equal performances. Two
. Americancultivars, Centennial and L3-163 outyielded
Cultivar ;‘;E' Itlj::; | Serentawhich was foliowed by L9-190 with a yield of
22.3tha(Table 4).
Eg ;ggi Emg ;g;g; ;gg InTrial 1, introduced cultivars onaverage were higher
TIS 2525 (NG 7575) 56.0 yielding than the PNG material. IITA cultivar_s with a
TIS 2525 (NG 7477) 55.1 meantuber yield of 43.1 thawere higher yielding than
IS 1487 (NG 7571) 47 1 Americanand PNGcultivars. InTrial 2, mean yifelds of
Centennial (NG 7572) 449 introduced gnd PNG f:ulﬁvars were very sur:rular al-
Meristem 22915 (NG 7474) 431 : though again lITA culiivars were hlgher yielding than
L9-163(NG 7573) 33.3 . 1ho§e from USAand PNG. f\verage yleIFIsof the_ three
L9-190(NG 7473) 332 culb\{ars groups over two trials were quite consls_tent.
L9-180(NG 7574) 307 Quality assgssmgnts showed the t.hree PNG cultivars
L9-163 (NG 7472) 285 were superior tointroduced material (Table 2).
TIS 1487 (NG 7479) 18.7 The ranking and yield levels of the various accessions
Source: B. Siki (pers.comm., 1978) and cultivars were similarin Trials 1 and 2. There was
T ' " also good agreement between results obtainedin the

Tabie 4. Total and mean tuber yields of Trials 1 and 2 (t/ha).

) Total Total Mean Mean
Cultivarand tuber tuber yield cultivar
accession . yield yield Trials 1~ yield

Trial 1 Trial 2 and2
TIS2525 (NG 7477) 488 537 513 50.1
TIS 2525 (NG 7575) 511 46.6 489 '
TIS 2534 (NG 7570) 453 52.2- 43.8 488
Menkan 409 426 418 41.8
TIS 1487 (NG 7571) 442 38.4 413 379
TIS 1487 (NG 7475) 37.2 318 346
TIS 1499 (NG 7479) 316 39.1 354 34
Milne Bay 36.1 346 354 354
Centennial (NG 7572) 34.2 350 348 348
L9- 163 (NG 7472) 3489 328 338
L9-183 (NG 7474) 33.0 26.1 206 303
L9-163 (NG 7573) 287 26.1 274
Serenta 155 3341 24.3 243
L9-190 (NG 7574) 225 258 242 222
L9- 190 (NG 7473) 17.7 2289 203
Level of significance 0.01 007
Least significant
difference (p = 0.05) 82 8.6
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Table 5. Mean tuber yield of lITA, USA and
PNG cultivars (t/ha). -

Trial | ITA | USA| Introduced | PNG

Icult. cult. | cult. cult.
1 416|276 358 30.0
2 426|285|359 " | 360

culf. = culfivars

two formaltrials andinthe preliminary screening. Yield
performance and quality assessments of different
accessions of the same cultivars were generally simi-
jar.

Observations made for known pests and diseases (in
the highlands} showed sweet potato weevil (Cylas
formicarius) to be presentin propagation material but
this was not seen again in the experiment blocks. The
loss due to taro heetle (Papuana spp.} was slight.
Sweet potatoleaf scab {Elsinoe batafas) was present.
Rats caused some slight tuber damage.

CONCLUSION

Most IITA selections were veryhigh yieldingand some
have good eating quality. Some of the United States
selections were higher yielding than Serenta, but both
Milne Bay and Merikan proved superior to them. A
mean tuber yield of 28 tha by USA cultivars is
considered a good experimental yield but quality
assessments indicated that they were unacceptable
to PNG tastes. [ITA cultivars TIS 2525 and TIS 2534
from Nigeria proved to behigher yielding than Merikan,
the best PNG material, but further tests are required
before their release to the farming community. Further
introduction of material from lITA in Nigeria is war-
ranted.
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DEVELOPMENT OF MODERN UPLAND RICE (Oryza sativa L.)
VARIETIES, WITH SUPERIOR MILLING AND PHYSICO-CHEMICAL
TRAITS, FOR PAPUA NEW GUINEA.

il

M.S. Sajjad !

~“ABSTRACT

To select suitable upland variefy(ies), the tailor made germplasm was imported from IRRI. After preliminary
evaluation, six genofypes were selected. in both the confirmatory trials, under severe drought, selections ADT
31, IAC 165, IR 47686-6-2-2-1, IRAT 104 and Niupela outyielded the rest of the selections. The Regional yield
irials on these promising varieties were conducted country wide during 1993, in comparison to either Niupela
or alocally grown variely in the respective area (Finschafen) or other genotypes we have developedsofar. IAC
165, ADT 31, IR 47686-6-2-2-1, IRAT 104 and Niupela provedtheir high yielding potentials inthese regional yield
trials. IAC 165 & ADT 31 are one month early maturing than the rest. The variefies IAC 165, IR 4768-6-2-2-
1, IRAT 104 & Niupela possess good miiling recovery and most of their physico-chemical traits are desirable.
IAC 165 has very low amylose contents, but cooks as soft as IRAT 104 & IR 47686-6-2-2-1. Therefore it may
be suitable as a glutinous varietly. The varieties IRAT 104 & IR 47686-6-2-2-1 seem to be good for upland

cultivation in the country.

Key words: Upland, germplasm, yield components, selection, adaptability trials, milling & physico-chemical

traits. -~

INTRODUCTION

Upland rice means a rice crop grown under scarce
maisture, either onflatbunded or undulated unbunded
fields. The fields are prepared and planted under dry
condition. The crop depends on natural precipitation.

Upland riceis cultivated in the poorest countries of the
world, in three continents viz. Asia, Latin Ameticaand
Africa. Grain yields are low and vary from 0.5 thain
Africa, 0.5t0 1.5thain Asiaand 1.010 4.0 thain Latin
America (De Datta 1975). Butthe area under upland
rice is so large that a small increase in yield substan-
tially affects the total upland rice production of the
world. Like some other upland rice growing countries,
PNG can also hecome self sufficient in rice, if she
harnesses the niche for rice production. .

' Rice Breeder Agronomist. Department of Agri'culture and
Livestock, Food Management Branch, Erap Research and
Development Centre, P.O. Box 1984, Lae, Papua New Guinea.

The last consultancy study to PNG (Sloan & King
1993)for, “Rice Sites development study” has empha-
sised thedevelopment of arice basedfarming system
(RBFS) approachtoachieve this goal. Inthe proposed
farming system, rice is one of the many crops, but not
the only crop. They have also suggested that rice
should be grown by partialirrigation, by harnessing the
sub soil water,

Butsincericeis entirely a new & labour-intensive ¢rop
in PNG, we strongly suggest that rice should be
promoted as a mono crop for at least next 10 years.
This will certainly develop expertise of local scientists
and rice farmers. RBFS will in fact at this stage of
Agricultural developmentwill opena Pandora box: and
both the scientists and farmers will be like rolling
stones; and will never gather masses.

However, the dream of developing many crops is
realizable, only if the proposed RBFS is technically
robust and economically viable; and farmers of the
countryarereadyto be recipients of the newapproach.

As a step towards making that ambitious dream
realizable, we have envisaged some of the constraints
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for rice production for lowland, upland high altitude
areas with cool climate and acid soil ecosystems of
PNG. These constraints are non availability of modern

High Yielding Varieties (HYV's) and lacuna in agro-

nomic information to make the rice cultivation cost
effective inthe country. Therefore to tackle these two
major problems for higher and sustainable yields of
rice, we initiated a project, during the last quarter of
1980 on, “Breeding of modern High Yielding Varieties
(HYV's) for lowland, upiand, high altitude areas with
cool climate & acid soils ecosystems and develop-
ment of Agranomic practices, for lowland and upland
ecosystems”.

The development of varieties for upland was given a
special emphasis and the progress on the area of
- research is reported in this paper. The progress of
development of modern HYV's for lowland, high alti-
tude areas with cool climate and acid soils will be
presented elsewhere After our preliminary evaluation
of the potential of Markham valley, during 1991 for
upland rice cultivation, semi mechanized-with medium
inputs comercial trials (Sajjad and Beko 1994) &
variety trials in the valley, we could successfully pin
pointan extremety promising variety for upland cultiva-
fion called Niupela (Wohuinangu & Sajjad 1992).
Chang et al. (1974)havereported that manytraditional
upland rice varieties produce fully filled panicles with
heavier grains, inspite of drought. We have also
observed such a capability in Niupela, while testing it
country wide for upland cultivation.

The variety posseses good agro-botanical traits, mill-
ing recovery & is being promoted by us, for the whole
country. Niupelais short grain variety and is easier to
harvest by hand, and has greater consumer accept-
ance {Fereday 1993). We had found the variety very
promising during 1992 and since then its seed was
multiplied on a top priority basis and has literally
spread to every nook and corner of the country.

But since we envisaged avoiding the narrow genetic
base for future upland varieties for the countryfromthe
very beginning, we are striving very hard to develop a
gene source o act as donors of drought tolerance to
developfuture varieties by hybridization. Therefore, we
tried to develop our gene bank by selecting more
droughttolerant varieties, possessing either avoidance
phenomenon i.e. early maturity or in possession of
such Agro botanical traits, enabling them to cope
effectivelywith drought.

it has been reported that the exotic germplasms of
wide geographic origin possess the genetic plasticity
to copewith adverse environments (Sajjad 1983, 1987).

This prompted the present study to select suitable
upland rice variety(ies) for PNG.

MATERIALS AND METHODS

The entries (53} of a set of high light entries of
International Rice Testing Programme (IRTP-1991),
were evaluated under ERDC conditions,incomparison
to Niupela as the local standard. The experiment was
planted on 19.10.1991 andwas harvestedon6.2.1992.
Each entry was planted on 2, 15 m - long rows per
replication. the experiment was conducted in
Randomized Complete Block Design (RCBD) with
threereplications. The cropreceived N P Katthe rate
of 150:75: 75Kg/harespectively. The dataonyieldand
yield componentswere recordedon 20 guarded plants
per entry per replication.

Two confirmatory trials were conducted, under very
severe drought condition, under upland fieid at ERDC
& Finschhafen, during 1992, The following six selec-
tions were tested, in comparison to Niupela.

ADT 31 (IR 8/Culture 340, from India).

|IAC 165 (from Brazil).

IR47686-6-2-2-1 (IRAT 104/Palawan, from IRRI).
'IR47686-8-2-B(IRAT 104/Palawan, fromIRRI).
IRAT 104 (IRAT 13Moroberekan, from lvory
Coast).
8. IRAT 13 (Mutant of 63-83, from Ivory Coast).

SRS L e

The crops were planted with a dibbling stick at planto
a row distances of 20 cm. The experiments were
conducted in RCBD, with four replications. Each entry
was planted on 9 m.sq. area per replication. Both the
crops received N P K at the rate of 100:50:50 Kg/ha
respectively.

The experimentswere plantedon 16.3. 1992 (ERDC) &
24.4. 1992 (at Ubegon SevenLally Youngpela didiman
Farm, Finschhafen). The crops were harvested on
17.7.1992 and 26.8.1992. The early maturing geno-

types ADT 31 & [AC 165 were harvested cne month

befare the rest of the lines, at both the sites. Torecord
the data on fresh paddy weight, a net area of 4 m.sq
{100hills area) per entry per replicationwas harvested.
The crop was threshed on the spot and data were
recorded. The data on fresh paddy weight was later
adjusted to 14% moisture contents. The data on vield
components were recorded on 15 plants per entry per
replication. The data were statistically analyzed by
using DMRT.The regional yield trials were planted at
Finschhafen, Bereinaand ERDC, during 1993todeter-
mine the yield potential and adaptability of the varie-
ties.
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Development of modem upfand rice varfﬁes.

Finschhafen. The comparative yield potential of
most promising newvarieties, and Niupelawere tested
in comparison to a variety (designated hereafter as
Fins. {Finschhafen 91) already underculivationin the
area. The experiment was planted on 11.2.1993, at
Walingai Yangpela Didiman Farm, near Sialum. The
three varieties were planted at plant to row distances
of 20cm. Each variety was planted on anarea of 9 m?
per replication. The experiment was conducted in
RCBD, with five replications. The crop received no
fertilizer.

The most early maturing variety |IAC 165 was har-

vested on 6.5.93, while the rest of the varieties were

harvested at their maturity. Torecord the dataonyield,
the plants from anetareaof 6 m. sq. (area of 150hilis)
per entry perreplication were harvested & threshed on
the spot; and the data on fresh paddy weight was
recorded. Fresh paddy weight was later adjusted to
14% moisture contents. The data on yield compo-
nents wererecorded on 15 plants per entry per replica-
tion. The data were statistically analyzed using
DMRT. ' '

Bereina, Central Province. Six genotypes namely
IR35366-62-1-2-2-3 (IRRI), S 8118-10-2(Korea), IAC
165 (Brazil), Luke-3 & RP 1515-221-3-3-1 {India) and
Niupela (standard)) were studied. The trial was con-
ductedin RCBD, with five replications. Each genotype
was planted on an area of 15 m? per replication. The
planting (on 24.3.1993) was accomplished with a
dibbling stick, at plant to row distances of 20cm. The
depth of sowing was keptuniform. The cropreceived
N,P K at the rate of 33:50:50 kg/ha respectively, only
as abasal application. The mostearly maturing variety

IAC 165 was harvested on 22.6.1893. The restof the
genotypes were harvested after about one month,
Fresh paddyweightwasrecordedafter harvestinganet
areaof 6 m2perenfry perreplication. The dataonfresh
paddy weightrecorded were adjusted to 14% moisture
contents. The data for yield components were re-
corded on 15 hills per entry per replication. The data
were statistically analyzed using DMRT.

ERDC. The most promising selections; ADT 31, IAC
165,IR47686-6-2-2-1,IR47686-9-2-B,IRAT 104, IRAT
13andaNepalese variety KK-15-36-C (IR 5657-33-2/
BKNER 1031), for the lowland were yield tested in

. comparison to Niupela as standard. The rice plants

were plantedon 1.12.1983, at plantto row distances of
20 cm using a dibbling stick. The experiment was
conducted in RCBD, with five replications. Each entry
was planted on an area of 15 m? per replication. The
crop received N,P K at the rate of 100:50:50 Kg ha™!
respectively. Weeding was done only once, due to .
less recources available for the work. The crop was
harvested on 7.4.1994. To record the dataon yield, a
net areaof 8m? per entryperreplicationwas harvested
ard fresh paddy weight recorded. The data on fresh
paddy weight were adjusted to 14% moisture con-
tents. Torecord the data on yield components, 15 hills
per entry perreplicationwere harvested separatelyand
stored in separate paper bags. The data on panicle
traits were recorded in the laboratory. The data were
statistically analyzed using DMRT.

EXPERIMENTAL RESULTS

The resuits of the preliminary evaluation of $3 entries
(IRTP-1991),in compartisonto Niupelaas local stand-

at ERCD, during 1992.

Table 1. Performance (yield and yield components) of most promising selections from the high
light entries for International Rice Testing Programme (IRTP) 1991, under upland field condition -

91a

Name Days to Plant Prod- Panicle Grains Spikelet Thou- Yield
50% height uctive length per fertility sand per
flowe- (cm) tillers (cm) panicle (%} grain hill
ring per hill weight(g) (9)

ADT 31 65b 722¢ 21.2a 19.4c 68.2d 79.2b 21.8c 22.8¢

IAC 165 - 65b 103.7b 12.7b 231a 120.8a 80.2a 34.1a 41.6a

IR 47686-6-2-2-1 91a 113.0a 12.4b 220ab 71.1d 820b 29.8b 24.4b

IR 47686-8-2-B  93a 111.8a 106b 23.7a 96.0b 71.8b 29.9b 22.5¢

{RAT 104 94a 1125a 86¢ 24.1a 119.5a 83.1b 31.2a 23.2¢

IRAT 13 93a 103.4b 106b 223a 798¢ 72.1b 33.8a 20.2d

Niupela 1045b 11.5b  20.1c 48.7¢ 456¢c 22.5c 12.%e

Figures followed by different letfers are significant af 5% level, accordfng fo DMRT.
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Table 2. Performance (yield and yield components) of selections from IRTP-1991 & a Standard

in a microplot yield trial at ERDC, during 1992. '

Genotypes Days Yield Plant Productive Panicle Grains Spikelet .  Thousand
m .
flowe- ttha height fillers/hill  length per fertility grain
ing {cm) (cm) panicle (%) weight (g)

ADT 31 "63b 286a 56.0d 12.0a 21.1¢ 65.8b 70.0¢ 19.5¢

IAC 165 60b 2.7a 73.4c 6.3c 16.9d 87.9a 71.5¢ 20.9d

IR 47686-6-2-2-1 S0a 25a 93.3a 4.6d 23.6a 50.3d 62.9d 128.9b

IR 47686-9-2-B 88a 1.9b 86.2b 6.3¢ 21.7b 60.1¢ 70.7¢ 27.0c

IRAT 104 g0a 25a 863b 4.1d 24 1a 58.9¢ 75.5b 33.5a

IRAT 13 88a - 1.5b 70.5¢c 4.1d 20.9¢ 51.7d §8.1¢c 29.4b

Niupela 90a 26a 988a 7.5b 23.7a 91.5a 80.0a 19.4c

f‘-’igures followed by different letters are significant af 5% level, according fo DMRT

ard indicated that lot of variability existed not only
among varieties, but also among the various plant
attributes studied. '

Based on the performance for yield and yield compo-
nents, phenotypic acceptability at maturity, ripening
colour, tolerances to insect pests and diseases and
various paddy charactetistics, 6 most promising geno-
types viz. IAC 165, IR 47686-6-2-2-1, [RAT 104, ADT
31, IR 47686-9-2-B and IRAT 13 were selected for
further studies. The characteristics ofthese promising
selections are presented in Table 1. ltis evident that
IAC 165& ADT 31 are the mostearly maturing; and IAC

165 the highest yielding. The tallest plant height were
of IR47686-6-2-2-1,IR47686-9-2-B &IRAT 104. ADT
31 produced the maximumnumber of productive tillers
per hilt, IAC 165,IR 47686-8-2-B, IRAT 104 & IRAT 13
the longest panicles, IAC 165 & IRAT 104 maximum
grains per panicle. The spikelet fertility was maximum
for IAC 165 and the heaviest grains were produced by
IAC 165, IRAT 104 & IRAT 13. N

The results (Table 2) of a confirmatory trial at ERDC
show that both ADT 31 and IAC 165 were the earliest
flowering. ADT 31, IAC 165, IR 47686-6-2-2-1, IRAT
104 (at par with each other) were the highest yielding.

upland field, during 1992.

Tabie 3. Performance {yield and yield components) of selections from IRTP-1991 & standard in
a micro plot yield trial at Finschhafen (Ubegon Seven Laly Youngpela Didiman Farm) under

3.0a

Designation Days to Yield plant Productive  Panicle Grains Spikelet Thousand —1

flower tha height tillers length  per fertility grain
(cm) perhill {cm) panicle (%) weight (g)

ADT 3t 67¢ 3.5a 61.2f 16.2a 228bc 110.2c 79.2ab 205

IAC 165 59d 3.6a 120.0¢ 14.9a 238%b 1259b 80.0a 30.7a

IR 47686-6-2-2-1 90b  3.ta 948d 7.9b 229bc 113.8¢c 780¢c 30.7a

IR 47686-9-2-B 88b 2.6b 90.4d 59c 2298bc 102.9d 71.9c 28.1c

IRAT 104 90b 3.2a 86.9d 8.0b 245b 101.8d 76.8d 285c .

IRAT 13 86b 1.8b 76.te  7.5b 23.0bc 104.7d 757e 29.1b

Niupela S0b 3.0a 145.0b 8.7b 24.50b 1504a 800%8a 27.9c

Finschhafen 91 118a 160.0a 14.5a - 25.8a 1354b 79.7ab 28.5¢

Figures followsd by different letters are significant at 5% level, according fo DMRT, -

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

1996, Vol. 38 No.1 -

pp 22-30



Table 4. Performance {yield & its components) of different varieties, under upland field condition
at Walingai Yangpela Didiman Farm, Finschhafen, during 1993.

Variety Days to Yield Plant Productive  Panicle Grains Spikelet Thousand
flower- {t/ha) height  ftillers/hill length  per fertility grain
ing (cm) {cm) spike (%) weight (g)
FINS. 91 145a 3.0b 163.7a 16.0b 267a 1409a 91.7a 30.0a
Niupela 125h 3.4a 151.1b  8.5¢ 25.4h 155.7a 91.0a 27.8b
IAC 165 85¢ 3.5a 123.8c 26.9a 240b 180.8a 925a 30.5a

Figures foﬂ_owéd by different letters are significant at 8% level, according to DMRT.

Niupela and IR 47686-6-2-2-1 were the tallest of all the
varieties under test and the tillering capacity was
maximum for ADT 31. The paniclelength of IR47686-
6-2-2-1, IRAT 104 & Niupela was maximum and the
highest no. of grains per panicle were produced by
Niupela and IAC 165. Spikelet fertility % was the
highestfor Niupelaand IRAT 104 produced the heavi-
est grains. However, due to dry months, the perform-
ance of all the entries for yield and yield components
was not good. This was largely due to the drougbht at
thetime of grainfilling stage inthe area. Butthis proved
apanaceafor our confirmatory investigationfor correct
assessment of relative drought tolerances of the
strains under test.

The results {Table 3) of another confirmatory trial at
Finschhafenindicated that varietiesIAC 165 & ADT 31
were the earliest flowering & the varieties ADT 31,1AC

165,IR 47686-6-2-2-1,IRAT 104, Niupela, and Fins. 81
(at par with each other) were the highest yielding. Fins.
91 was the tallest of all the varieties; and tillering
capacity was maximum for ADT 31, IAC 165, & Fins.
91 (at par with each other). Fins. 81 produced the
longest panicle, and Niupela produced the highest
number of grains per panicle. The spikeletfertility was
maximum for IAC 1685 & Niupela. The heaviestgrains
were produced by IAC 165 & IR 47686-6-2-2-1.

The results (Table 4) of a regional vield trial at
Finschhafen indicated that IAC 165 was the earliest
flowering; and, Niupelaand IAC 185 {at par with each
other) were the highest yielding, Fins. 91 was the
tallestof all the varieties undertest, followed by Niupela
and IAC 165. The tiltering capacity of IAC 1€5was the
highestfollowed by Fins. 91 and Niupela. The panicle
length of Fins. 91 wasthe maximum, while the traitwas

Table 5. Performance of different selections
in a Regional Yield Trial at Kivori Village,
Central Province, under upland field condi-
tion during 1993.

Designation/origin Yield {t’ha)
IR-35366-62~1-2-2-3 1.5b
Luke 3 2.5a
S 8188-10-2 1.2b
RP 1515-221-3-3-1 1.6b
IAC 165 2.5a
Niupela 2.9a

Figures followed by different letterers are significant
at 5% level, according to DMRT. '

Table 6. Comparative yield potentials of ve ry
promising selections for upland, in a Re-
gional yield trial, at ERDC, during 1993.

Name Yield {t'ha}
ADT31 2.5a
IAC 165 2.6a
IR 47686-6-2-2-1 2.3a
IR 47686-9-2-B 1.90
IRAT 104 2.4a
IRAT 13 1.5¢
Niupela 2.1b
Tai Chung Sen 10 1.9b
KK-15-36-C 1.3c

Figures followed by different letters are significant
at 5% level of significance according to DMRT.
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Table 7. Total milling recovery potentials of the
most promising selections (in advanced stage of
testing) standard varities for upland ecosystem of
PNG.

Variety Total milling recovery %
FINS.91 53
Niupela 58
ADT 31 53
IAC 165 59
IR 4768-6-2-2-1 57
IR 47686-9-2-3 55
IRATP 104 58
IRAT 13 56
IR 29725-117-2-3-3 57
IR 5040-57-2-2-3 57
IR 52287-15-2-3-2 53
BG 932 S8

Sanduangzhan No. 2 58
Tai Chung Sen 10 58
KK-15-36-C 59

at parwith each other for Niupela and IAC 165, Therest
of the attributes for the three varieties were at par with
each other, except thousand grain weight.

The results (Table 5} of the Regional yield trial at
Bereina indicated that yield of IAC 165, Niupela and
Luke-3 was the highest among all the genotypes
studied. Itis very interesting to note that Luke 3 was
developed for lowland cultivation, but has performed
equally wellfor upland growing conditions. The yield of
restof the entriesviz. IR35366-62-1-2-2-3, S8188-10-
2 and RP 1515-221-3-3-1 was statistically at par with
one another. '

The results (Table 6) of aRegional Yieldirial conducted.
at ERDC, indicate that the yield potential of ADT 31,
IAC 165, IR 47686-6-2-2-1, IRAT 104 (at par with one
another) was the highest of all the entries.

Milling studies. The milling studies for all the
genotypes tested in this investigation were accom-
plished with Satake laboratory huller and polisher. The
paddy was sundried consecutively for 4-5 days in the
clear sun, to bring down the moisture contents in the
vacinity of 11-12%. An equal amount of paddy was
weighed and milled. Both the broken and head rice
were weighedtogetherto calculate the totalling milling
recovery. The milling recoveries (Table 7}forlAC 165,
Niupela, IR 47686-2-2-1, IRAT 104 were the highest,
followed by restof the genotypes under study. Variety
ADT 31 performed very poorly for milling recovery.

Physico-chemcial traits. Some of the
physico_chemical traits {Table 8) provided by IRRI, for
some of the genotypes under study indicate that the
varietiesIRAT 104 &IR47686-6-2-2-1 have verydesir-
able physico-chemical traits. Both the varieties have
18% amylase contents, intermediate to high alkali
digestion and possess almost similar gel consisten-
cies. Theirgrainsarelongandarefree fromwhite belly
character. The variety ADT 31 posesses very chalky
grain & medium amylose contents (25%).

DISCUSSION

The results of the three regional yield trials clearly
indicate the more or less superiority of IRAT 104, IR
47686-6-2-2-1, 1AC 165, Niupela and ADT 31. The
discrepancyfor yield potentials of the varietiesat some
locations may be due to genotypes x environment
interaction caused by different times of planting, rain-
fall, soil types etc. Among the four highest yielding

Table 8. Some physico-chemicalcharacteristics of modern High Yielding Varieties for upland rice cultivation

inPNG.

Designation Nature of Brown Chalkiness of Alkali Amylose Gel consistency
brown rice rice endosperm digestion contents %
length shape

ADT 31 short round 9 * 25.2 95 (soft)

IAC 165 long slender - L 5.4 88 (soft}

IR 47686-6-2-2-1 long slender 1 Hil 18.0 90 (soft)

IR 47686-9-2-B  long slender 9 t 20.0 95 (soft)

IRAT 104 long ~ slender 5 HUI 17.6 100 (soft)
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varieties, ADT 31 does not possess the desirable
physico-chemical traits for the country, therefore the
variety has been rejected altogether.

Amongthe restof the highest yielding varieties, Niupela
was recommended by us for general cultivationas far
back as 1892. Atthe moment Niupelais popular with
the farmers, tharoughout the country.

Thetwonewvarietiesviz. IR47686-6-2-2-1 &1RAT 104
possess good agro-botanical traits, good milling recov-
ery and desirable physico-chemical traits. Therefore
boththe varieties are suitable for uplandnce cultivation

——in the country. The most recent consultancy team on.

the site development studies for rice production has
also emphasized the selection of IRAT varieties. For-
tunately two out of three new selections are either a
derivative (IR 47686-6-2-2-1) or a direct IRAT variety
(IRAT 104).

The third new variety IAC 185 is ninety days-matuning
and is suitable for progressive farmers, becauseithas
very early vegetative vigour and completesitslife cycle
(seed to seed) ane month earlier than the other
variéties. Consequently it requires a greater care by
the farmer for early topdressing, weeding and pest
scauting etc. In fact this variety is able to escape
drought by maturing before severe droughtdevelops.

At Maprik, we have also conducted an observational
micro plottrial (planted at Nala area) on JAC 165 and
other selections including Niupela. The planting ime
was mid-year 1993. The very severedroughtadversely
affected the growth of rest of the genotypes including
Niupela, atthe panicle initiation stage. While IAC 165
provedits potential by avoidingthe severe drought, we
could nothave any grain fromrestofthe genotypes. On
the contrary we had harvested a good crop of JAC 165
and have used the seed for the experiments conducted
during the first quarter of 1984 at ERDC. From this
observational trial, we deduced that the variety pos-
sesses the mechanism to avoid drought by maturing
one.month earlier. |n fact such a variety has been
envisaged mostuseful for PNG by a consultancy study
(Anonymous 1983). The vanety mayberecommended
forlate planting.

IAC 165 is really a marvelous plant, because it pos-
sesses most of the good attributes of an upland
variety. We are envisagingitas the future donor of early
maturity, drought tolerance, thick culm, deep and well
developed & profuse root system, high testweight etc.
It will be a good fit for growing 4 crops a year, under
lowland; and two crops a year, under upland fieid
conditions. The variety will also fitin very nicely inthe

sequential planting’s (or relay cropping) of following
rotations, for Markham Valleyin particular and PNGin
general:

Rice (90-days variety) - Rice (80-days variety),
NovDec Jan Jan Feb March

Rice (90 days variety) - Legume (60 days variety)
NovDecJan Feb Mar

UnfortunatelyIAC 165 like other traditional upland rice
varieties seems to possess less tllering capacity. But
this problem can be avercame by increasing the seed
rate. Regarding physico-chemical traits, it possesses
very low amylose contents (5%), but cooks as soft as
IR 47686-68-2-2-1 & IRAT 104. Therefore, the variety
may be recommended as a glutinous variety for the
country.

Alithe three new varieties have the traditional tall plant
posture, medium tillering capacity, droopy but very
long flag leaves, droopy butwell exserted (suitable for
hand harvesting) & fully filled panicles with heavier
grains. Their foliage remain green up to maturity, the
trait very vital for photosynthates translocation (from
source to sink) up to late maturity, resulting in the
higher yield.

The results of the yield trial at Bereina were very
interesting, because we tested Luke-3, a lowland
variety, under upland field in comparison to the rest of
the entries. The results of the yield trial have proved
that Luke-3 is equally good for upland field conditions.
Another variety KK 15-36-C (from Nepal) was ex-
tremely good for lowland, but from the yield trial
conducted at ERDC, itis evidentthatthe varietyis not
good for upland niche.

CONCLUSION

The varieties IRAT 104, IR 47686-6-2-2-1 & [AC 165

have exhibited their high vield potentials under upland
ecosystem, inthe yield trials conducted, country wide.
They have also surpassed for milling recoveries; and
possess verydesirable physico-chemical traits. There-
fore, it is concluded that the three varieties may be
releasedfor general cultivationinthe countryfor uptand
rice cultivation. |AC 165 has low amylose contents,
but cooks softlike those of IRAT 104 & IR 47686-6-2-
2-1. Therefore variety IAC 165 may specifically be
recommended as glutinous rice for the country.
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Development of modern uplandrice varities.

Appendix 1. Most promising selections, suitable for upland ecosystems of
' Papua New Guinea.

S.No. Code Experimental
name name

Designation/origin

1.1 Ready for release.

25 ER 25 RTP-19-91 IAC 165/Brazil
26 ER 26 IRTP-29-91 IR 47686-6-2-2-1/IRRI(IRAT 104/Palawan}IRR}
27 ER 27 IRTP-38-81

IRAT 104 (IRAT 13/Moroberekan)/lvory Coast

1.2 Advane stage material.

28 ER 28 IRDTN-1-91 Agulha/Brazl
- 29 ER 29 IRDTN-23-91 IRAT 170/lvory Coast
30 ER 30 IRDTN-79-91 235D-IRAT/IRAT
31 ER 31 IURON-2-91 BR 4285-5-2/Bengla Desh
32 ER 32 IURON-83-91 IR 55411-53/IRRI
33 ER 33 IURON-84-31 IR 55433-63/IRRI
34 ER 34 IURON-92-91 IR 43/IRRI
1.3 Elite selections.
35 ER 35 IURON-26-93 IR 47686-16-7-1/IRRI
36 ER 36 IURON-27-93 IR 47686-31-1-1/IRRI
37 ~ ERZ37 IURON-38-93 Kalaris/Hungary
38 ER 38 IURON-45-93 RP 2235-200-91-62/India
38 ER 39 IURON-53-93 Toxt 1889-4-102-3-2-1/1ITA/Nigeria
40 ER 40 IURON-54-93 Toxi 1889-6-102-1-1-2/liITA/Nigeria
41 ER 41 IURON-58-93 Satumpikit/Philippines
.42 ER 42 IURON-67-93 CT 8422-8-M-2-3-2-1/CIAT
43.  'ER 43 {URON-69-93 IRAT 136/lvory Coast
44 ER 44 IURON-77-93 ITA301/HTA, Nigeria
45 ER 45 IURON-83-93 - PR 36-1-4-1/Zaire
46 ER 46 IURON-85-83 PR 39-1-2/Zaire
47 ER 47 IURQON-90-93 Toxi 1791-15-B-4/lITA/Nigeria
48 ER 48 IURON-94-93 Wabis 844 \\VARDA
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WILD TARO (Colocasia esculenta(L.. )Schott ) POPULATIONS INPAPUANEW
GUINEA.

A. lvancic, A. Simin, E. Ososo and T. Okpul !

ABSTRACT

Wild taro (Colocasia esculenta (L.) Schoit.} populations were evaluated for breeding purposes in several
locations of Papua New Guinea. All evaluated populations were found to be susceptible fo taro feaf blight
(Phytophthora colocasiae) andthe Alomae-Bobone virus complex. Absence of taro leaf symptoms was mainly
due to isolation of the population {the pathogen did not reach the population). Flowering ability was relatively
high. Atleast afew plants were foundto be flowering in each population. The analysis of quantitative variafion
indicates that there was relatively high uniformity in ieaf dimensions and number of lamina veins within
populations. Relatively low variation of measuredquantitative characteristics and uniformity in qualitative traits
indicate that seed propagation may be extremely rare and that at least some PNG wild taro populations may
consist of a single clone. In breeding wildtaro genotypes can be used as sources of genes forthe improvement
offlowering ability, environmental adaptability (for swampy or dry land conditions), growth vigour and earliness.

Key words: Wild taro, Colocasia esculenta, variability, population characteristics.

INTRbDUCTlON

Taro, Colocasia esculenta (L.) Schott., belongsto the
monocotyledonous family Araceae, the aroids or the
Arum family. Itis believed to have originated from the
Indo-Malayan region (Plucknett 1984) and spread to
almost every tropical region.

People usually distinguish two groups of C. esculenta
taro: wild {naturally growing)and culfivated. Cultivated
tarois usually grown as a root and/or vegetable crop.
In the Pacific region, taro used to be a very important
crop. It played an important role in the peopie’s
customs and traditions. Nowadays, taro is being
replaced by other more adaptive crops {such as sweet
potato, cassava etc.) because of pests and disease
problems and taro's requirements for high soil fertility.

In Papua New Guinea (PNG), the main pestof tarois
taro beetle (Papuana spp) whichis considered as one
of the main limiting factors in taro production. Simi-
iarly, the mostimportanttaro diseasesinPNGaretaro
leaf blight(caused by Phyfophthora colocasiaeRacib.),

' Research Officers, Department of Agriculture and Livestock,
Bubia Agriculture Research Centre, P.O. Box 1639, Lase,
Papua New Guinea. '

Alomae-Bobone virus complex (ABVC)and the nema-
tode disease - Mitimiti (caused by Hirschmanniella
miticausa). Taroleaf blightis consideredas arelatively
newdiseasein PNG. Accordingto Packard(19753)and
Connell {1978),it appeared around the beginning of the
second world war. Similar situation is with Mitimiti,
which has recently been introduced to several new
places with soil and planting materials.

The diseases and pests of tarc in PNG are the main
reasons that a breeding programme is needed. The
local taro germplasm seems to be a good base for
breeding for yield and quality, but not sufficient for
breeding for resistance or tolerance against pests and
diseases.

The dynamics of the creation of new genetic variability
among cultivated taro is very limited because of con-
inuous vegetative propagation. Taro cannotrespond
fast to the dynamic changes in the environment. '

Wild taro is considered to be more dynamic. The
existing wild genotypes together with the structure of
their populations are predominantly the result of the-
natural selection under natural conditions while cult-
vated taros are mainly the result of arfificial selection.

In the past, wild taro was considered as a weed or as
an exofic planttype, Inmanycases, these plantswere

_undesired, especially when they penetrated into gar-
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denplots. Because of their environmental fitness and
long stolons, they could spread very fastinside rela-
tively clean and fertile areas. In some Pacific coun-
tries, wild taro is used as vegetable crop. Corms of
some special wild genotypescanalsobe used asfood.

There are not much data on wild taro germplasm in
PNG or elsewhere. A survey of wild together with
cultivated taro germplasm in PNG was reported by
Matthews {(1980). Another survey was done by Lebot
and Aradhya {(1891). The scientists involved in taro
research were much more interested in cultivated
genotypes,

PNG is considered to have high diversity of wild

Colocasia germplasm but little is known about this
diversity.

The aim of this study was: (i) to evaluate the variation
of wild taro populatons, (i) to determine the main
characteristics which are typical for wild genotypes,
(i) to determine the main factors of environmentatl
pressure onwildtaro populations and (iv) to determine
the value of the wild taro germplasmfor breeding (which
genetically controlled characteristics could be usedin
breeding programmes)

Characterfzétion of wild taro populations in
PNG.. . -

Systematic studies of wild taro populations in PNG
wereinitiated together with taro breeding programmein
November 1993 at Bubia Agiicultural Research Centre
(BARC). The main objective was toinvestigate varna-
tion and to estimate the value of wild germplasm for
breeding work.

Previous breeding experience and results indicated
that wild genotypes can be efficiently used as donors
of genesfor several specific characteristicsin breeding
programmes: resistance totaroleaf blight, resistance
to nematodes, tolerance to Alomae - Bobone virus
complex, specific environmental adaptability (swampy
or dryland conditions), earliness, flowering ability and
growth vigour.

General characteristics of wild taro populations
and communities :

Taro (Colocasia esculenta (L.) Schott} is traditionally
divided intotwo groups: cultivated and witd or naturally
growing taro. The cultivated taros are expressing
special characternistics as aresuit of long term artificial
and natural selection. [n this group, the ‘guided’ or
artificial selection is more important than the natural

one.

Cultivated genotypes express several characteristics
which are biologically negative such as reduced flow-
ering and larger corms. Wild taro populations are
under permanent pressure of natural selection. Geno-
types tend to reach the equilibrium structure of the
population which will insure the stability in space and
time. The dynamics of the environment has to be
followed by the dynamics of the population. In com-
parison with the cultivated group, wild taro populations
are much more dynamic. The main indicator of their
dynamics is flowering ability. Wild genotypes of PNG
are characterized by high level of fertility and seed set.

One may conclude that the existing flowering ability,
fertility, and protogyny together with cross-pollination
mechanisms are sufficient toinsure high dynamics of
wild taro poputations. The main limitation, however, is
the small chance of aseed togerminate andtodevelop
toamature plant. The seeds are verysmall andifthey
germinate, they do nothave much chance to develop
further because of ‘aggressive’ growth of stronger taro
plants developed from stolons and other competing
plant speciesin the community. [nnatural conditions,
seed multiplication of wild taro is probably of minor
importance incompatisonwith vegetaftive propagation.

Regarding single taro plants, it is relatively simple to
separate wild from cultivated individuals. The basic
characteristics of wild genotypes are small, elongated
corms with high concentration of calcium oxalate.
Another very typical characteristic is the production of
very long stolons. Stolon producing cultivars usually
have shorter runners.

Taro is considered to be a partly cross-fertilizing
species, propagated vegetatively. Permanent or pre-
dominant vegetative propagation of taro under heavy
selection pressure logically results in low variability,
especiallywhenallindividualsina population belang to
the same clone. In areas isolated from migration,
where flowering does not occur, the population can
consist of only one or few closely related genotypes
{mutations derived from the same ancestor). Such a
genotype (or a group of closely related genotypes)is

. characterized by a certain level of adaptability which

can sometimes be very low if there is no competition
among different taro genotypes and other species
present in the community.

When there is no genetic variability the selection
pressure is directed to the same genetic base. The
chance of each individual to survive depends only on
the specific position in the micro environment
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In areas where taro flowers, the genetic structure
depends on several factors such as level of cross-
fertilization, seed set, chances of a seed to germinate
and developtoamature plant, history of the population
(do all plants involved inintercrossings originate from
one seed or from several}, environmental pressure,
frequency of mutations and migrattons. Naturai taro
populations are very rarely in a stage of population
equilibrium of Hardy - Weinberg type. The populations
possess limited genetic variability. Genotypes in the
population are in special equilibrium with the natural
pressure. '

Propagation and dispersal

Generally, taro can be propagated by seeds orina
vegetative way. According to Pursegiove (1972},
flowering of cultivated tarois not frequent.

Vegetative propagation is obviously the most impor-
tant. The climatein most parts of PNGisfavourable for
taro. Frequent flowering and frequent seed set are
good indicators. The seeds, however have very little
chance for developing to mature individuals.

New taro genotypes in nature can be created by
genetic recombination (hybridization, self-pollination}
and mutations. Because of low frequencies, mita-
tions are usually considered less important, but in
some cases, they may play the key role in evolution,
Incontinuous vegetative propagation (continuous mito-
sis), mutations are the only source of variation within
certain clone.

Taro propagation is closely related 1o taro dispersal.
Wild tara can be dispersed through seeds or through
vegetative parts (for example stolons, suckers and
parts of corms) by water, animals, people or land-
slides. :

From an ecological pointof view, the mostinteresting
way of dispersal is by water. Taro plants or seeds
‘travel’ down stream untit they reach a certain barner.
if the placeis suitable, they start growing and multiply-
ing. Once the first ‘colony’ is established and stabi-
lized, spreadinside the micro-environmentcan be very
fast because of the efficient growth and spread of
stolons. If the colony is developed vegetatively from
one plant, thenthere will be no genetic variation. \When
mutations are neglected, there will be only one geno-
type.

One interesting peoint of the dispersal by rivers or
creeks is ‘travelling' to places which are already
inhabited by other wild taros or sometimes where both

cultivated and wild taros exist These places are
usually called ‘meeting sites’ and can be rich with
variation. If several genetically different individuals,
which appear to be on the same area, flower and
produce seeds, then the offspring generations will
show a variety of genotypes. The genetic segregation
takes place immediately in the first resulting offspring
generation because of predominantheterozygosity of
the parents. The individuals, which will be able to
develop and pass the selection pressure will be incor-
porated into the existing population structure. Such a
populationwill be characterized by overlapping genera-
tions.

People are also playing an important role in the
dispersal of wild taro. These plants are usually not
desired in garden plots because itis difficult to get rid
of them. They canresist even very strong herbicides.
if they are thrown out of the garden plot, they will
continue to grow and very scon they ‘return’ by long
stolons (sometimes more than two metres fong) back
tothe cleangardenarea. Forthisreason, farmersoften
throwthem further away orintosmall streams orrivers.

Classification of wild taro genotypes

Wild taro genotypes cannot always be clearly distin-
guished from cuitivated types. In some Pacific coun-
tries, such as the Solomon Islands, itis possible to find
wild taro as a crop (used as a vegetable or evenasa
rootcrop).

Wild genotypes have several advantageswhengrown
to provide green leaves, The growth is confinuous,
almost indeterminate, leafregenerationis fastand the
plants spread by themselves. The basic division of wild
taro germplasm based on the authors’ research and
experience includes four groups.

1. "True” wild taros: The plants are maximally
adapted to typical natural environmental conditions
with strong pressure of natural selection. The main

characteristics are: fastleaf regeneration, extremely——.__|

longstolons, small elongated corms, continuous growth
and predominantly high concentration of calcium
oxalate. '

2. Wild taro genofypes with some characteristics of
cuffivated types: The genotypes belonging to this
group can be characterized by larger and welf shaped
corms and determinate growth. Sometimes the con-
centration of oxalatesincormislow. Thisresultsinthe

‘possibility of using them as normal food. These

genotypes are also spreading by stolons, simitarly to
“true” wild types. '
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Wild Taro populations in PNG.

3. Wild genotypes with some of the genetic material
originating from culfivated germplasm. Because of
high |levei of cross-fertilization, hybrids between culti-
vated and wild genotypes occur frequentiyin all areas
where the majority of taros flower naturally. Thisisthe

main reason why taro breedersin PNG keep wildtaro .

germplasm stricly separated fromthe cultivated geno-
types.

Wild genotypes usually produce more polien, attract
moreinsects - vectors and polienis easily spread. The
offspring generationresults inimmediate segregation

“because of high level of heterozygosity of the parents. -

Theindividuals usually express several “wild” charac-
teristics.

The main problem for breeders is in fitness of the
individuals with some "wild” genes. They usually
germinate better, grow better and faster inside green-
house, are less affected by diseases and generally
have healthier appearance. The breeder can easily
reject the genotypes, which have high yield potential
but slow early growth, and select “semi-wild" types.

In natural conditions the hybrids {(wild x cultivated taro)
are exposed tothe selection pressure and the general
tendency is the return to the most suitable genotype
whichis wild. The majority of characteristics originat-
ing from cultivated genotypes will be eliminated but
some will remain. The plants will predominantly
express wild characters.

Altard (1992) came to a similar conclusion when
studying changes in barley germptasm. When
populations had been formed by bulking seeds pro-
duced by F, families which were advancedinto F, F,
and later generations under conditions of competition,
the wild alleles rapidly became predominant.

4. "Escapes” from cuftivation. Taro plantscanremain
for a long time in an abandoned field or garden.
Frequentlythey become stable members of a particu-
lar plant community. In the long term, genetically
based stability will possibly be achieved through ge-
netic recombination followed by natural selection. In
this way biclogically negative traits (large corm eic.)
wil! be eliminated and "wild” genes will become pre-
dominant. The resuitingindividuals canbe considered
as wild types with some genes originating from culti-
vated germplasm and not as “escapes”.

"Escapes” from cultivationremain genetically more or
less unchanged. The phenotypic changes are mainly
the result of the effects of the environment.

According to the environmental adaptability, wild taro
germplasm can be divided into:

- wetland or swampy types

- dryland or uplandtypes (theyusually rotin swampy
environment)

- intermediate or neutral types (adapted for wide
range of environments)

- genotypes tolerant to shade

- genotypes tolerant to salinity.

For taro breeders, the most useful systematization
includes data about resistance and/or tolerance to
pests and diseases. The majority of resistance genes
against Phyfophthora colocasiae (taro leaf blight)
Alomae - Bobone virus complex (ABVC) and nema-
tode infections caused by Hirschmanniella miticausa
in PNG and the Solomon Islands originate from wild
germplasm.

Another very useful approach in classification of wild
taro genotypes is according to the ploidy level which
includes three main groups: diploids (2n = 28),
triploids (3n = 42) and tetraploids (4n = $6).

MATERIALS AND METHODS

The studiesinclude wild taros growing: (a) out of their
original environment (44 collected sampies) and(b)in
their original or natural environment.

Wild taro studied out of its original environment in this
paper originated from Mt. Hagen area, Kuk, Dolsor,
swampyareas near Hati Agricultural College (Western
Highlands Province}; Barawaghi (Simbu Province);
Boana, Gaing, Wampit region, Omsis, Lake Wanum,
Gabensis, LabuButy, Lae area, Wapi, Bukaua, Situm,
Upper Markham Valley and Bubia (Morobe Province};
Bangkok (Thailand); Phillppines and Solomonl|slands.
The collected (wild taro) material was planted at the
agricultural research farm at Bubia Resesarch Centre
inside alleys of Giricidia sepium planted at a spacing
distance of 7 metres.

The first screening was conducted immediately after

‘the growth had been fully established. This screening

included mainly the resistance to TLB (taroleaf blight}
and tolerance to ABVC {Alomae - Bobone virus com-
plex). Unfortunately all genotypes were found to be
susceptible or theirievel of resistance (tolerance) was
too low.

Detaifed study of the collected germplasm took place
from March to July, 1894. Wild genotypes were
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analyzed for growth vigour, earliness, density toler-
ance, leaf position, leaf shape, flowering ability, self-
compatibility, fertility and corm characteristics. As a
result of this analysis, wild taros were classified into
four groups;

1. true wild taro,

2. ‘wild taro with some characteristics of cumvated
genofypes,

3. Wild taro with some of the genes originating
from cultivated genotypes via natural crossings,

4. escapes from cuftivation.

Plants with at least one desired characteristics {ex-
cluding flowering ability} were immediately used in
_hybridization. .

Wild populations in their original (natural) environment
were studied in 16 locations in Morobe and Madang
Provinces. In addition, the study included three artifi-
cially created, segregating populations and two
“populations” of cultivars {Numkowi, Ph-15}. The total

number of studied populations was 21 (Table 1).

The data (plant height, leaf length, leaf width, number
of leaves in function, number of veins, population
density, frequency of flowering plants, corm flesh
pigmentation, stolone number andlength, incidence of
TLB, incidence of ABVC) were collected during the
rainy season in July - August, 1994. Leaf measure-
ments were taken on maximally developed leaf.

RESULTS

Studies of wild taro populations out of their
original environments

The analysis of wild taro ‘populations’ out of their
original environments indicated that varation within
and between studied samples of these wild taro
poputations was nothigh. There was high uniformityin
leaf shape, lamina position, plant height, flowering
ability, corm shape and corm flesh pigmentation. The
most significant differences appeared in leaf petiole
pigmentation.

Table 1. List of taro populations studied in their original environments.
Location =
number Location/population name
1 Bubia Mountain (Morobe Province)
2 Brahman (Madang Province)
3 Labu 1, close to Markham River, near Lae {Morobe Province)
4 L.abu 2, nextto Labu 1
5 Omsis, road to Bulolo {Morobe Province)
6 Qpen pollinated population “N”, Bubia A.R.C. field (Morobe Provmce)
7 Ph-17 (semi-wild genotypes) Bubia A.R.C.
8 Numkowi (local cultivar), Bubia A.R.C.
9 Open pollinated population “P”, Bubia A.R.C.
10 Populationdeveloped from cross: wild genotype from Bangkok x genotype S-NK from
the Solomon Islands, Bubia A.R.C. _
1 Population from area between Gebensis and Wabit village (Morobe Province)
12 Population 1km away from location 11
13 Wampitarea, road Lae-Bulolo (Morobe Province)
14 Samsamyvillage,road Lae-Bulolo
15 Mumeng River {island), Morohe Province
16 - Labuplantation (Morobe Province}
17 Yong, road to Boana (Morobe Province)
18 Moimbung, road to Boana
19 Bema, road to Boana
20 Bema, 1km away from location 19
21 Boana{Morobe Province)
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Table 2. Variation of plant height measured {cm).
Location N Mean S. Dev C.V. Min. Max.
1 30 102.01 .14.52 14.23 77.8 131.8
2 4 12257 11.05 9.01 102.2 1495
3 20 85.57 8.63 10.08 71.2 1085
4 40 64.74 6.68 10.32 50.0 80.0
5 40 10561 13.64 12.91 79.8 149.2
6 50 60.83 967 15.90 413 85.3
7 0 87.03 7.14 . 8.20 745 106.8
8 30 7058 5.08 8.47 "61.0 825
__ 9 61 67.41 10.61 15.74 455 935
10 50 54.64 10.55 18.31 349 78.9 i
11 30 97.00 7.73 7.97 80.7 1122 : !
12 29 13325 16.39 12.30 95.7 165.8
13 20 10666 = 2687 25.19 333 150.0
14 .20 13947 15.66 11.23 104.4 165.7 .
15 21 57.41 12.71 22.14 400 85.6 i
16 30 87.20 15.04 17.25 615 121.5
17 25 9468 2273 24.01 575 129.0
18 26 10196 26.31 25.80 60.6 145.0
19 30 15071 24.00 15.92 89.0 230.0
20 27 13428 14.58 10.86 1035 180.3
21 51 106.70 16.34 15.31 75.6 133.0

Table 3. Variation of leaf length measured (cm}.

Locaton N Mean S. Dev. Cc.v. Min. Max.
1 30 4868 458 841 41.2 585
2 40 5138 3.39 6.60 45.0 58.5
3 20 41.80 4.82 1183 333 510
4 40 2708 3.56 13.15 14.4 342
5 40 4322 6.42 14.85 229 55.2
6 S0 36.58 6.46 17.66 254 50.4
7 30 3734 3.16 8.46 326 46.9
8 30 5395 4.07 7.54 448 63.5
9 61 4138 6.02 14.55 262 527

10 50  36.3t 6.42 17.68 227 58.1

1 30 2066 2.73 9.20 255 36.0

12 29 5838 7.43 12.73 434 733

13 20 37.07 287 7.74 31.6 422

14 20 5370 7.58 14.11 442 69.0

15 2t 3379 5.91 17.49 222 435

16 30 4175 5.45 13.05 3086 53.0

17 25 4728 9.48 20.05 333 66.1

18 26 4845 9.06 18.70 33.0 67.0

19 30 6422 7.36 11.46 495 825

20 27 6931 7.37 10.63 58.0 88.1

21 St 5040 11.07 21.96 295 83.5
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Figure 1. Taro plant and leaf lamina showing parts measured; H - plant height, L - leaf length,
w - leaf width, 1...9 « number of veins.
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The majority of the collected wild genotypes had green
leaveswith somered pigmentationon upper portion of
the leaf petiole. Only few accessions were character-
ized by other types of peticle pigmentation (purple or
purple-brown, dark red, lightred, light green or white-
green, green with purple or red stripes, red with green
stripes and greenwith lightwhite-greenstripes). Geno-
types with these (for wild taro) usual pigmentations
were considered to have some genes originating from
cultivated genotypes. Most of them produced both
runners and suckers.

Quantitative characteristics (plant height, leaf dimen-

—_..._sions etc.) could not be studied properly. The field

conditions at Bubia ARC were notnatural for wild taro.
Plants were more or less all seriously affected by
drought. For this reason it was decided to study
quantitative characteristicsinnaturally grownwild taro

populations, in their original environments.

Studies of naturaily grown wild taro populations

1. Population size and density

The majority of investigated naturally growing wild taro

-

populations were growing in optimal environments.
The micro-environments were usually not uniform.
Taroplants were forming associations or communities
with other plant species.

The size of populations depended on several factors
such as vigour of wild taro individuals, number and
vigour of stolons, presence of P. colocasiae - leaf
blight, density pressure of other plant species, in-
sects, shade, soil moisture etc. It was difficult to find
large population with uniform density. Populations
were often split into smaller sub-populations which
included from thirty to two hundred taro individuals.
The mostfrequentaverage densitieswithin populations
varied from 0.8 to 4 taro plants per square metre. The
typical (compact) taro populations however, were usu-
ally very dense {(overcrowded) with eight or more
individuals per square metre.

The largest series of populations were found in Brah-
man {Madang Province) with more than 15,000 taro
plants. The density was very high, varying from 6-10
plants per square metre. This extreme density was
probablythe resultof optimal, humid climate, rich soil,
low population pressure of other plant species and high

Table 4. Variation of leaf width measured {cm).

Location N Mean S. Dev. CcCV. Min. Max.
1 3 3879 434 11.80 297 46.2
2 40 3784 2.50 6.61 315 4286
3 20 31.02 4.06 13.09 236 393
4 40 1997 2.42 12.12 146 249
5 40 3147 4.06 12.80 2238 405
6 50 2509 486 19.37 16.2 376
7 0 2572 215 8.36 224 310
8 30 3741 3.18 8.50 31.2 434
9 61 2898 483 16.67 195 397

10 50 2476 5.49 2217 148 433

11 30 21.80 220 10.09 18.4 262

12 29 4293 5.47 12.74 33.2 857

13 20 2619 2.81 10.73 208 325

14 20 3988 578 14.49 31.8 516

15 21 2547 4865 18.26 16.0 326

18 30 3140 4.60 14.65 229 422

17 25 3103 6.64 21.40 21.2 443

18 26 31.36 6.72 21.43 207 471

19 30 4158 465 11.18 314 52.7

20 27 4559 5.80 12.72 33.2 602

21 51 3437 7.41 21.56 23.0 537
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Figure 2. Frequency distribution for number of veins iéounted on half of the leaf blade} and
leaf blade length estimated in a wild taro population in Boana (Morcohe Province).
distributions indicate the presence of two distinct sub-groups 'wlthin the population.
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Wild Taro populations in PNG.

Table 5. Variation of leaf width: leaft length ratio. .

Locaon N~ Mean S.Dev. _CV. Min. Max.
1 30 075 0.027 3.60 0.70 0.81
2 40 074 0.024 3.24 068 0.79
3 20 074 0.021 2.84 0.70 0.79
4 40 074 0.084 11.35 0.58 124
5 40 073 0.067 9.18 0.60 1.00
6 S0 068 0.050 7.35 057 0.90
7 30 06e 0.043 6.23 0.62 0.89
8 3 0869 0.033 478 0.61 0.76

- 9 61 070 0.062 8.86 055 0.93

10 50 068 0.097 14.26 0.47 1.24

11 30 073 0.027 3.70 0.68 0.82

12 2 074 0.071 9.59 0.66 - 1.07

13 20 on 0.073 10.28 0.62 0.91

14 20 075 0.069 9.20 0.52 0.84

15 21 075 0.024 3.20 0.71 0.81

16 0 075 0.032 427 0.70 036

17 25 066 0.042 6.36 0.52 0.71

18 26 065 0.058 8.92 0.49 0.74

19 30 0865 0.021 3.23 0.62 0.71

20 27 066 0.042 6.36 0.50 0.71

21 51 069 0118 17.10 0.59 1.49

pressure of Phyfophthoraleaf blight.

Continuous presence of P. colocasiae caused fast
dying of taroleaves. Plants were uniformly susceptible
and had only few youngerleavesinfunction (Table 7).
Thereduced number of leaves enabled more plantsto
growinthe samearea. Therelationship, P. colocasiae:
density of wild taro populationsis far from being simple.
This pathogen is continuously present. The heaviest
pressure of the pathogen takes place during rainy
season.

Wild taro population in Brahman will be studied in
future more systematically. For this reason, in Sep-
tember 1994, several wild and semi-cultivated taro
genotypeswith differentlevels of resistance tothe leaf
blight were inserted inside naturally growing sub-
populations.

2. Incidence of taro leaf blight and viruses

Allinvestigated wild taro populations wete found to be
susceptible totheleafblightand Alomae-Bobone virus
complex. Two populations on the road to Boana (the
altitude between 950 and 1050m)werefound tobe free

of Phytophthora symptoms. Later, the test of the
sampled plants at Bubia ARC showed that there was
no resistance. The populations were free of the
pathogen due to isolation or “escape”.

3. Leaf and corm pigmentation

Leaf laminas of wild taro plants in all locations were
more or less uniformly green. Leaf petioles were in
majority green with some red pigmentation on the
upper portion, next to the junction with the leaf
lamina.Corm flesh pigmentationwaswhite-yellowand
uniformin all populations,

4. Plant height

Plantheightwas highlyinfluenced by the environment.
Population in location 19 (road to Boana) showed
variationrange (min.-max.}of 141.0cm,C.V. 15.92%
{Table 2). The plants were growing on slope and the
tallest individuals were found on partly shaded spots
orin smali depressions which provided the taro plants
with more water. :

Populations growing on open, not shaded area were
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Table 6. Variation of number of veins (on one half of the leaf lamina).
Location N Mean S.Dev. C.V. Min. Max.
1 30 1003 0.41 408 ] 1
2 40 1117 0.59 5.28 0 - 12
3 20 7.95 0.59 7.42 7 9
4 40 955 0.70 7.33 8 11
5 - 40 1005 0.77 7.66 8 12
6 50 8.24 0.91 11.04 7 1
7 30 9.43 0.99 10.50 8 12
8 30 9.87 0.56 5.67 9 11
9 61 9.62 1.04 10.81 6 11
10 50 9.60 0.98 10.21 7 11
11 30 8.30 0.52 6.27 7 9
12 29 1059 0.85 8.03 9 12
13 20 1020 068 6.67 ] 12
14 20 1020 0.74 7.26 8 11
15 21 957 0.66 6.90 8 10
16 30 1083 0.78 7.20 = 12
17 25 8.92 0.93 1043 7 1"
18 26 923 1.12 12.13 7 1
19 30 9.93 0.44 4.43 9 11
20 27 1018 0.54 5.30 9 11
21 51 9.31 1.35 14.50 7 13

characterized with smaller and shorter plants. As an
exampleis the populationfrom Mumeng Riverisland -

location 15 (Table 2).

5. Leaf dimensions

Taroleaf length and width are highly correfated charac-
teristics (Table 9). The largest leaves were observed
generally on higher altitudes (> 1000 m} - location 19,
20,21,(Fig. 1),{Tables 3and 4).Leaf width: leaf length
- ratios (Table 5) indicate that the basic leaf shapes of
wild tarosin all studied populations were more or less
the same. The density tolerance depends strongly on
leaf shape. Long and narrow leaves are usually
assaciated with vertical position, which enables more
lightto penetrate. Narrow|eaves requiredfor breeding
for density folerance {(withw:l ratiolowerthan0.5) were
not found. )

6. Number of leaf lamina veins

The number of veins counted on one half of the leaf.
blade (Fig. 1, Table €) varied from 6 to 13 across
populations. Variation of this characteristic within
naturally grownwild taro populations was generally low

in comparison with other measured traits. Anexcep-
tion was the population from Boana (location 21).
Additional observation and analysis of variahility indi-
cated that the population consisted of two sub-groups
{Fig. 2, Table 8).

Separation of the population from Boanaintotwosub-
groups resulted with the decrease of coefficient of
variation (C.V.) for plant height, leaf length, leaf width
andthe number of veins (Table 8). Thissoundslogical
because theyare comrelated characteristics (Table 9).

7. Number of leaves per plant

The number of leavesin function, counted onthe main
stem, was generally low (Table 7). The main reason
was Phytophthora leaf blight or other factors associ-
ated with high density or presence of twisting plants.
Generally, higher number of leaves was observed in
artificially created populations {(number 6,8,9,10-Table
7).
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Table 7. Variation of number of taro leaves (counted on the main stem).
Location N Mean S.Dev. cV. Min. Max.
1 30 19 0.389 2053 1 3
2 440 315 0.42 13.33 2 4
3 20 315 0.36 11.43 3 4
4 40 217 0.67 3087 1 3
5 40 255 0.74 29.02 1 4
6 5 496 1.23 24.80 2 7
7 30 287 Q.76 26.48 2 5
.-} -8 30 433 0.74 17.09 3 6
9 61 454 (.88 19.38 - 3 7
10 5 406 1.01 2488 2 6
11 30 237 0.48 20.25 2 3
12 28 438 1.27 28.99 3 8
13 20 310 0.43 13.87 2 4
14 20 345 0.50 14.49 3 4
15 21 2.76 0.68 24.64 2 4
16 D 207 0.51 2464 1 3
17 25 292 0.89 30.48 2 5
18 26 308 0.47 15.26 2 5
18 30 34 0.61 17.84 2 5
20 27 292 0.46 15.75 2 4
21 51 3.02 0.67 22.18 2 5

Table 8. Variability of the population 21 (Boana) after separation into two sub-groups.

‘Group N Mean SDev. CV. = Min.  Max.
Plant height (cm) A 28 100.47 1499 1492 756 1295
| 3 23 11429 1530 1339 854 1330
Leaflength (cm) A 28 4269 548 1284 295 51.2
- : B 23 5079 893 1493 474 835
Leafwidth (cm) A 28 2856 479 1677 230 44.0
B 23 4021 582 1447 302 537
Number of veins A 28 839 068 810 7 10
B 23 1043 121 1180 9 13
j Numberof leaves A 28 286 052 1818 2 4
; B 23 322 079 2453 2 5
| Leafwidth:leaflength A 28 0701 0160 2282 059 1.49
| ratio B 23 0673 0026 386 064 0.72
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Table 8. Correlations between studied wild taro characteristics.
B 0.9715*
C 0.7565** 0.7694*
D 0.4328* 0.5188* 0.4369*
E 0.1930 0.1459 -0.14086 -0.121
F -0.4148 - 0.1936 -0.1694 0.1965 -0.3443

A B C _'D E
* P<0.05
x* P <0.01
AL Leaf length D ..... Number of veins

“B... Leaf width E ..... Numberof leaves

C.. Plant height F ..... Leaf width : leaf |ength ratio

8. Flowering ability

All studied taroe populations were found to have atleast
a few flowering plants. The frequency of flowering
plants varied from 3 to 100%. The highest frequency
of flowering plants were observed among artificially
created wild populations (populations grown outof their
natural environment).

Seed set was found to be very common, similarly to
flowering ability. '

Good flowering ability of wild taro has already been
efficiently used in PNG Taro Breeding Programme.
Wild taros were used in basic crosses {in cycle zero
of the recurrent selection). The offspring generations
were vigorously flowering but had several undesired

wild characteristics {low yield, low eating quality). The’

flowering ability was improving from cycle to cycle
automatically because, in absence of artificial treat-
mentwith flowering hormones, the non-floweting geno-
types were notable to contribute to the gene pool of the
next cycle {(generation).

DISCUSSION

Processes and structure of wild taro populations are
much differentfrom those describedinclassical popu-
fation studies. Wild tarois predominantly vegetatively
propagated. This does not mean that the genelic
recombination is not present. The flowering process
and seed setis very common butthe chances of seed

to germinate and develop to a mature individual are
extremely low.

It is difficult o say what is the important source of
genetic variations of wild tare: hybridization, self-
pollination or mutagenesis. Genetic changes in
vegetatively propagated individuals are subjected to
bud mutations. The frequencies of occurrence ofthese
mutations, according to Wright (1977) seem to be no
greater than the rates usually ascribed to gene muta-
tions. The mutation rate of an individual gene is very
iow, butwhen taking into account thousands of genes
and thousands of plants (with numerous buds)inlarge

taro populations, one can easily conclude that mu-

tants are always present.

Phenotypic uniformity of wild tarc populations is not
necessarily associated with genotypic uniformity.
Phenotypic unifarmity is mainly the result of a long
term evolution while genotypic uniformity originates
from continuous vegetative propagation.

The evolution of tarois probably siow due to predomi-
nantvegetative propagation. There are several factors
which are responsible for the evolution of wild taro
populations such as interspecific competition,
interaspecific competiion, environmental pressure
(climate, diseases, pests), frequency and efficiency of
genetic recombinations and frequency of mutations.

Intraspecific andinterspecific competition canbe often
characterized as a density pressure. Broad leaves of
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taro are not suitable for high densities, butthey can be
very efficient in control of the number other plant
individuals (belonging to other species) in a commu-
nity. Heavy density pressure andindividual differentia-
tion in wild taro communities usually results in certain
balanced density where no more individuals can be
accepted.

Balanced density is not equal to optimal density. It
provides certain level of stability in a plant (taro}
community. Optimal density of taro plants in a
community is usually much lower. Lower densities
enable other plant species present inside or around
particular community to spread, increase their number
andbecome dominant. The domination canaffecttaro
population seriously, especially if twisting plants and
climbers are involved. They usually do not eliminate
taros completely, but they can reduce their number
significantly. One of the typical species that taros in
PNG hardly resistis the giant Mimosa. Itis one of few
species which can destroy taro populations totally.

Stable wild taro communities in Papua New Guinea
and Solomon Islands are overcrowded. In such com-
munities taro plants are thin and the leaf number is
reduced. The process of self-thinning in 'wild taro
cammunities results in very uniform, compact, dense
and stable popuiations. Taroindividuals ina commu-
nity usually have very similar genetic structure, Fre-
quently they originate from the same plant and for this
rreason they are affected more or less equally.

Overcrowded communities can be found among sev-
eral vegetatively propagated perennial species, espe-
cially grasses. The structure, processes and regula-
tionmechanismsinsuch communitieswere described
by Yoda ef al (19263), Kays and Harper (1974) and
FMutchings (1979).

Very intensive processes can be observed on the
edges ofabalanced, stabie and overcrowded commu-
nity. The edge of acommunityis the place where two
communities meet. {tcan be characterizedas a place
of permanent “struggle” for dominance. Asan exam-

.ple are witd taro populations within plant communities

in Brahman.

The compettion on edges of wild taro communitiesin
Brahman was very strong. Interspecific competition
(competition between planis belonging to different
species) was much more important. Theincidence of
the leaf blight was lower and the plants were stronger.
They produced more and longer stolons, Theytriedto
expand to the area inhabited by other plants, mainly
grasses. Grasses too, were healthier and stronger on

the edge and tried to expand inside taro poputation.
The actual edge probably represented the equilibrium
betweenthe expansion of taros and the penetration of
grasses,

Based onlimited number of shortterm observations, it
is impossible to describe and characterize processes
in wild taro populations and communities. Vegetative
propagationrequires evenlonger period of time for their
investigation.

Allinvestigated PNG wild taro populations were found
to be susceptible to taro leaf blight (TLB)} and to
Alomae-Bohone virus complex (ABVC). Asaresultof
continuous presence of TLB, the average number of
matured functional leaves per plantappears to be very
lowinnumber. Lower number of eaves enables more .-
plants to grow per unit area.

For pioneer taro breeding, wild genotypes are ex-
tremely important source of genes for disease resist-
ance, flowering ability, seed productivity, specific en-
vironmental adaptability, earliness and growth vigour.

Papua New Guinea wild taro populations analyzed in
this paper are showing relatively high uniformity in
majority of the qualitative characteristics, plant pig-
mentation, corm shape, corm pigmentation, leaf shape,
and quantitaive characteristics; plant height, leaf di-
mensions, number of leaves, number of veins on leaf
surface.

The relatively low variationwithin populationsis mainly
the result of continucus vegetative propagation and
limited chances of aseed to germinate and developto
a mature plant.
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CONSUMER PREFERENCE OF SOME RICE VARIETIES GROWN

LOCALLY IN PAPUA NEW GUINEA.

B. Amoa’, R. Chris Dekuku? and R.Y. Nigo’

ABSTRACT

Consumer preference tests were conducted on three varieties of rice grown in Papua New Guinea and thelr
blends with Trukai rice, an imported variety. Significant differences were observedin consumer preference for
the differentrice varieties. Trukai was mostpreferredfoliowedby TaichungSen 10. The pure varieties of Niupela
and Wantok were found unacceptable by the consumers. However, blending them with Trukai at 25% level of

substitution greatly increased their acceptability.

Keywords: Papua New Guinea rice, Trukai, Wantok, Niupela, Taichung Sen 10, consumer preference.

INTRODUCTION

Rice (QOryza sativa L.} is a very important staple in
Papua New Guinea (PNG). It contributes 16-20% of
total energy and 14% of total protein in the diet of
Papua New Guineans (Juliano 1993). ltis the cheap-
est source of energy in the urban centers. Although
small amounts of rice have been growingin P.N.G. for
over 100 years, the country depends almost entirely on
importedrice, onanaverage 120-130,000tons/yearto
meetconsumers'demands (Sloan Cook & King 1993;
PPBD 1994). Research for vanieties which can growin
P.N.G.incommercial quantities has been going onfor
many years (Wohuinangtiand Kap 1282) and varieties:
Wantok, Niupela, E1, Senis, Tambuy, and Taichung
Sen 1Q(TCS 10)werereleased for cultivaton (unpub-
tished P.N.G.rice reports of Wohuinangu 1992/83 and
Lin 1993). While these breeding efforts have been
successful in preducing a number of high yielding
varnelies, systematic tests of the promising varieties
for consumer preference and acceptance have been
neglected, and some of these varieties are st} being
vigorously promoted without consideration for prefer-
wricd (Sajjad 1994). - o

Vaneties need evaluationfor their suitability for the end

! Department of Applied Sciences, University of Technology,
Private Mail Bag, Lae, Morobe Province.

2 Department of Agricutture & Livestock, ERAP, P O Box 1984, Lae,
Morcbe Province

uses and consumer preferences. Rice varieties have
specific milling, cooking, eating and processing
characteristicts and anagronomically superior cultivar
may be unacceptable for traditional cooking and
processing {Del Mundo 1979; Siaka and Bains 1993).
The importance of combining sensory quality with
physico-chemical quality in any rice breeding pro-
gramme has been stressed (Juliano and Pascual
1980).

This paperexamines consumer preference ofthe three
varieties currently cultivated on commercial basis in
P.N.G.: Varieties Wantok in Bereina area (Central
Province), Niupela in Maprick and Nuku (West and
EastSapik Provinces)and TC 510 {(Morohe Province).
It also evaluates their blends with Trukai, the rice
preferred by the majeority of Fapua New Guineans.

METHODOLGGY

Milled samples of Niupela and Wantok (Bereina rice)
vanejeswere obizined from e Deparimentof Agricul-

Toure and Livestock Researcn SEen, ERAF. fhlied

TCS 10 was supplied by the Taiwanese Research
Steticn at Bubiain Lae. Thesethreerice varieties were
subseguently referred to as “local rice”. Trukai nce
was bought from a supermarket in Lae. Cooking in
excess waterwas done following essengalty the method
by Myklestad et al. (1968). 0.1% brine solution was
used.

Cooking times were established in preliminary expen-
ments according to the excess water method of Perez
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Table 1. Mean consumer preference scores of rice varieties and blends.
% Trukai in Blend Niupela Wantok TCS10
100% 214a 237a 219a
95% 235a 267a 232ab
90% 217 a 257 a 229ab
85% 2.35a 223a 22%ab
75% 241a 267a 2.69ab
50% 293b 2.80ab 271ab
25% 317 b 3.33bc 281b
0% 3.17b 347 ¢ 277 ab
Note: 1. Basedon a scale of 1 -5, where 1=like .exfremefy (best score) and S5=dislike extremely (worst score).
2. In a column, treatments with the same letter are not significantly different from each other at p < 0.05
based on DMRT.

et al. (1993). After cooking for the settime,therice  samples comprising 100% Trukai, 100% local sam-
was drained in sieves and allowed to stand for 2 ples as well as blends of Trukai and the local samples
mins. Therice was keptwarmin covered contain-  at various levels of substitution {(100%, 95%, 85%,
ers untl it was ready to be served. Consumer 75%, 50%, 25%, 0% Trukai) were served warm to 30
preferencewas determined byindicationofdegree  random untrained panelists. One variety and all its
of likeness (1-5scale; 1-bestscore, S-worstscore)  various blends were served at the same sitiing.

as per Lamond (1977). Two separate evaluations

were conducted. In the first experiment, coded  Basedontheresults obtainedfromthe firstevaluation,

\
J
-

f

==t sCore

In

Mean sensury socore {1wvorst score 7

Figure 1. Some serscry gualily parameters of rice in Popua New Guinea
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Consumer preference of some nce varieties.

Table 2. Rice consumer preference evaluation, mean scores of adult and youth groups 1.

Treatment Youth Group Adult Group Weighted mean [Rank]
Trukai 100% (control) 265a 2.27ab 251a 2nd
Trukai 75%/TCS 10, 25% 3.14bc 221a 2.80h 4th
Wantok 100% 3.34cd 3.13d 3.26¢ 7th
Trukai 75%/Niupela 25% 247 a 2.37 abc 243a 1st
TCS 10, 100% 301a 2.57 be 2.84b Sth
Trukai 75%MVantok 25% 250a 254abec 251a 2nd
Niupela100% 3.45d 2.64a 3.17¢ &th

p <0.01 by DMRT.

Note; 1, Based on a sciae of 1-5, where T=like extremely and 5=dislike extremely
2. In a column, means followed by a common letter are not significantly different from each other at

Table 3. Summary of rice consumer preference evaluation indicators, based on all samples.
Variety/Blend Mean Score % Based on Best % Based on Like Mean Ranks (3)
[Rank] Score(1)[Rank] Score(2)[Rank]
Trukai 100% 2.51 [2nd] 21.8 [2nd] 56.5 [2nd] 2.00ab
Trukai 75%/TCS 10, 25% 2.80 [4thi 17.0 [4th] 45.4 [4th) 3.66 bed
Wantok 100% 3.26 [7th] 12.9 [6th] 28.8 [7th] 8600c
Trukai 75%/Miupela 25% 2.43 [isi] 255 [1st} 55.7 {3rd] 1.66a
TCS 10, 100% 294 [5ih) 18.1 [3rd) 43.9 [5th] 400cd
Trukai 75%ANVantok 25% 251 [2nd] 17.0 [4th] S9.8 {1sf 2.33abc
Niupela 100% 3.17 [&th] 12.9 [6th] 346 [6thj - 533dc
(1) - Based on the % of people giving the best score of 1=like extremely.
(2) - Based on the totaf % of people giving scores 1=jike extremely and 2=like very much.
(3) - Mean ranks followed by the same letter are not signfficantly different from each other of p < .05
by DMRT.

the 75% Trukai/25% local variety blends were selected
for further consumer testing. Two tests were con-
ducted using a total of 271 consumers representing a
cross-section of Papua New Guineans in the various
age and ethnic groups residing in Lae city. The first

© test involved 172 consumers frony & predomuantly -

youth group between 15-20 years of ags, while the
second test involved 99 predominantly adult group
between 25-50 years. The results were analysed by
analysis of variance and Duncan's Muliiple Range Test
{DMRT) using IRRISTAT 93 software.

RESULTS

The results of the first evaluationindicated, that there

were sigrificantdifferencesinconsumers’ preference
of some of the pure varietiesand theirblends {Table 1).
Based on the mean ceores, Trukai 100% and TCS10,
100% were equally liked. Niupela 100% and Wantok
100% were notsowelltiked. Their scoresborderedon
gigling, wiln Wanlok 100% receiving the worsiscores,
There were no significantdifferencesinthe preference
of the consumers for blends of Trukai 50-90%/carre-
sponding proportions of TCS and Wantok. Inthe case
of Niupeia, blend levels of only 75-95% Trukai could be
madewithout affecting consumer preference.

The second evaluation of ice consumer preference on
arelativelylarge scale using blends of Trukai 75% and
Local rice 25% confirmed the poor performance of
Niupeta 100% and Wantok 100% (Table 2). Thelarger
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consumergroups werehowever more discriminatingin
their preference for all the pure varieties except Trukai,
There were no significantdifferencesinthe preference
of both the youth and older consumer groups for Trukai

100%, Trukai 75%/Miupela 25% and Trukai. 75%/ .

Wantok 25% blends. The marked difference in the
preference for Trukai 75%/TCS10 25% blend by the
two consumer age groups could be due tothe different
taste preference of youth as compared to adults.

Ananalysis of the the results based onthe percentage
of people thatgave each samplea particutarscore, the
meanranks {Table 3)resulted in the following decreas-
ing order of preference: The most preferred were,
Trukai 75%/Miupela 25%>Trukai 100%>Trukai 75%/
Wantok 25%. Ofintermediate preference were Trukai
75%J/TCS10 25%>TCS10 100%. Wantok 100% and
Niupela 100% again were the least preferred.

DISCUSSION

People fromdifferentregions have different tastes and
preferences. What consumers consider good rice
depends partly on historical and sociocultural factors
(Kaosa-ard and Juliano 1980). Rice quality character-
istics, to a large extent, determine market price and
consumer acceptance. Next to yield, grain quality is
the mostimponant factor considered by plant breed-
ers. if consumers do not care for the taste, texture,
aroma, or appearance (sernsory characteristics) of a
newly developed rice variaty, any other oulstanding
characterisiic may be worthless.

Thers are bwo dominant varieties of rice onthe market,
all of which are imported. There is fie long grain with
50% head rice {rice has 10% broken), whichy seils ata
higher price and is maketed as Sunleng and the
medism gran with 80% head rice (rice has 20%
broken), japonicatype, which selis atalower price and
is marketed as Trukal. Partly because of the price
difference, the majorty of Papua New Guineans espe-
cigilythose inthesural areas have optedfor andidentfy
with Truka: rice. The results of the consumer prafer-
ence tests (Table 1-3) and those of alaboratory taste
panel tests reported elsewhaye (Fig, 1) confinm this
pattern. Trukal was consistently prefarred over the
othervarietiesinihe consumertests. intheisboratory
taste panzl teste, the texture and flavour of cooked
Trukai were scored higher than those for all the other
varielies tested including Suniong. Cansumers will
choose anew variety over the preferred and accepted
vaneaty onlyifithas superior quality charactetistics and
sellsatanaffordable price {Bhattacharya 1979). Trade
stores in Bereina Regionin the Central Province sella

ton of Wantok rice inthree weeks as againstone week
for aton of Trukai, eventhough Wantok sells atalower
price {Rice Industries-personal communicaton). A
similar trend is seen in Maprik.

The results indicated, that the quality characteristics
of Wantok and Niupela varieties will have to be im-
proved if they are {o succeed on their own on the
domestic market. The preference for TCS 10 is
intermediate (between that of Trukai and Wantok/
Niupela). ltisthereforeimperative thatrice breedersin
the country identify with the help of sensory and
chemical tests, those quality characteristics which
consumers find most pleasing and breed them into
newvarieties. ltmay meancrossingthesethreehigher
yielding local varieties with others having known desir-
able quality characteristics. This is a generally ac-
ceptable practice by breeders emphasising the signifi-
cance given to grain quality in modern rice improve-
ment programmes. Scientists have been successful
in producing high-yielding rices with good grain quality
and high acceptability (Bhattacharya 1979). ltisbyno
means an easy matter and it has to be looked atas a
long term strategy in Papua New Guinea's rice breed-
ing programme with breeders, biochemists, chemists,
food scientists, agronomists, engineers and ento-
mologists working together to produce acceptable
varieties. Quality cannot be ignored since the ultimate
testof the success of the programme is high consumer
preference andacceptance.

In the intenim it may be possible to market blends of
abovelocal varieties with Trukai as the resulis indicate.
The Trukai 75%MNiupala 25% was preferred as eguall
as Trukai 100%. The praclice of blending rice valieties
is not new. Traders in MHong Kong and Philippines
blend rice from different origins to achieve the desired
cooking and sensory quality (Kaosa-ard and Juliano
1260; Samiano, ERAP, personzi communicaion).
The fact that the blends peiformed as well as Trukal
100%, seems 1o indicate that blending wiil increase
the cansumer preference and market acceplability of
the local vasieties. Even though the high pelding
varisties tested here may not be accepted as the
principal cereal ontheir own, they may probably have
other characteristics that would make them ideal for
processing info some types of rice products (Del
Mundo 1879), and these should be investigated.

CONCLUSION

Among the pure varietes tested, Trukai was the most
preferred foliowed by TCS10. Wantok and Niupeia
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werethe least preferred. However blends of theselocal
rices with Trukai (75% Trukai) greatly improved their
consumer preference. These results underscore the
importance of incorporating sensory quality tests into
rice breeding programmesto helpidentifythe varieties
which will not only satisfy farmers in terms of yield but
also possess sensory qualities acceptable to con-
sumers.
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NEW SPECIES OF Allacta Saussure and Zehntner FROM PAPUA NEW
GUINEA, IRIAN JAYA AND SARAWAK (Blattaria, Blattellidae:

Pseudophyllodromiinae).

Louis M. Roth!

ABSTRACT

Ten new species of Allacta Saussure & Zehntner are described of which nine are from the isiand of New
Guinea, and one is from Sarawak. A key is presented fo distinguish the New Guinea males.

Key words: New Guinea, Sarawak, cockroaches, taxonomy, new Allacta spp., Blattellidae.

INTRODUCTION

The cockroach genus Allacta Saussure & Zehntner (=
Arubfatta Bruijning) consists of about 30 described
species and has been reviewed (Roth 1991, 1893).
More recently | received a collection of New Guinea
Allacta from the Bernice P. Bishop Museum (BPBM)
which included nine new species, belonging to the
funebris and polygrapha species groups. These are
desctibed beiow, asis one new taxon from Sarawak
belonging to the hamifera species group, in the
Zoologica!l Institute, Lund, Sweden (ZILS). Previously

" only basivittata Brulining, was known from New Guinea
(Inan Jaya)and Aroeisiand. Afewspecimensarefrom
the rope Entomdclogical Coliections, Oxford, England
{(HECO). Some BPBM specitnens have beenretained
iny the Museum of Comparafive Zootogy, Marvard Uni-
versity (MCZ}.

Symbois used

|
)
i
|
|
|
1
i

B = maie |
|
$ = female !

! Museum of Comparative Zoology, Harvard University, Cam.
pridae, MA 02138, U.5. A (Correspondence: 81 Brush Hill Road,
P.O. Box 540, Sherborn, MA 01770, U.S.A).

SYSTEMATIC SECTION

Genus Allacta Saussure & Zehntner
Allacta Saussure & Zehntner, 1895: 45; Roth 1991:
996 (synonymy and literature); 1993; 361. (Type spe-
des: Abrodiaeta modestaBrunner, by selection, Hebard
1922:326).

Diagnosis.: Tegmina and wings fully developed (Figs.
2A, C, E), or reduced in females (Figs. 7F, 8H),
tegmina with oblique discoidal sectors. Cubitus vein of
hind wing with three to sixcomplete and noincomplete
branches, apical triangie smal! or absent (Figs. 40,
70, SE). Front femur Type B; pulvilli present on fourth
proximal tarsoinere only, tarsal claws simple, sym-
metrical, arclia present (Fig. 10F). Male: abdeminal
terga unspecialized. Genitalia with four principal
rhaliomeres: hook on right side; meadian phallomerg
with or without lateral flange or extension; associated
medianphaliomere usuaily curves under medisn sclerita
and usualy terminatesin setose membrane (Fig. 3D),
or a few spines (Fig. 3E).

istribution.  This distnbution of the New Guinea

Alfacta s shown i Figure 1.

Rey to adult Allacta males from New
Guinea

1 Face entirely dark (Figs. 2G, J) or with the loway pant dark,
upper region kight (Figs. 2B, D, F) (funebris - species group}

......................................................................................... 2
Face with median dark fongiudinal siripe {Figs. 4A, BA, 6A,
8A, OA) (polygrapha - Species group) ... 8

2. Face with region above antennal sockets orange (Figs. 2B,
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New spacies of Aliacta

Figure 1. Distribution of Affacta spp. in New Guinea. Three of the species also occur elsewhere
as follows: basivittata on Aroe Island; bipunctata on Sulawesi; grandcolasi on New Ireland.
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D, F). Tegmina with maculae at the bases of anal fields
(Figs. 28, C, E) ..o 3
- Face entirely dark (Figs. 2G, J)

3. Tegmina without medial pale maculae (Fig. 2C) ..

bas:wtl‘a(a .

Tegmlna wr(h palr of medal pale maculae (Flgs 2A, E)

Medial maculae of tegmina very large (Fig. 2E) .................
megamaculata

5. Pronatum with broad lateral orange zones (Fig. 21) ...

straatmani

- Pronotum without orange zones (Fig. 2H). Tegmina anly with
oblique yeliowish maculae at bases of anal field (Fig. 2H).

grandcolasi
6. Interocular space 3.5 mm or less (Figs. 5A, 9A} . .7
- Interocular space morethan OS5 mm ... 8

7. Median genital phallomere with large lateral membrane on
distal half (Fig. 5C). Pronctum as in Fig. 5B .......... brossuti

- Median genital phallomere without lateral flange {Fig. 9C).
Pronotumas inFig. 98 ... ... srengi

8. Median genital phallomere without lateral flange (Fig. 7E). ...
.............................................................................................. 9
- Moedian genital phallomere with lateral flange (Flgs 4C, 6D}.

9. Dark pronotal macula almost completely solid (Fig. 7B). Apex
of median phallomere swollen (Fig. 7E} ........... persoonsi
Pronotal macula wilh mare pale areas (Fig. 6B). Apex of
median phatiomere nat swollen (Fig. 80) ........... nalepae

10. GenitaliaasinFig. 6D, Pronctumasin Fig. 6B. Interocularwidth
Q10 mm (Fig. Ay ... daleported
GenitaliaasinFig. 4C. PronctumasinFig. 48. Interocular widih

O7mm {Fig. 48} . . Gaufiond
funehris - species group

Diagnoesis: Very dark. Head entirely daik {(Figs. 26,
J} or with region akove anterngl sockeis orangish,
iower gorton dark {(Figs. 28, D, F). Pronstum entirely
dark or with lateral margine or posterolateral corners
narrowly yeillowish or yeliowish white (Figs, 2A,.C, €,
i}, or broad lateral borders orange (Fig. 21). Tegrmina
dark with yeltow, yeltowish white, or white macuae gt
base of anal Geld and with (Figs. 2A, &) orwithout(Figs.
2C H, I} pale maculas medially, sometimes without
- any-pale marks.

Species: basivittata (Bruijning), binunctata (Nalker);
grandcolasi spac. nov.; megamaculate spec. nov.;
straafmani spec. nov.

Allacty basivittata [Bruijning)
(Figs. 1; 2C, D: 38, C)

Arublatta basivittata Bruijning 1947:224, figs. 4a-d
(@ & $); Princis 1953:55; 1965:151 (synonymized
with bipunctata).

Alfacta basivittata (Bruijning): Roth 1991:101 0. fig.

.31 (redescribed @ & $ as bjpunctats)..

Material examined: Papua New Guinea. BPEM:
Oriomo river,6m, 1@ (terminaliaslide 510}, 21.ii. 1964,
lighttrap, 2$$ (one carrying an ocothecain the vertical
position), 14.ii.1964, H.C., Koitaki [9+$+23'S
147+3$+16°E], 1500 ft., 1@, xi.-xii. 1928, 13, x.xi. 1928,
Pemberton; “Ruka”, 8 m, 13, 9.viii. 1965, H. Clissold,
Kiunga, 35 m, 13 (carrying an ootheca in the vertical
position), viii. 1969, J. & M. Sedlacek; Kiunga, Fly River
[6+$+07'S 141+3$+17'E], 2@ @, 19, 23-25.vii. 1957,
18, 5-7.viii. 1957, 13, 26-30.vii. 1957, 1@, 4-5.ix. 1957,
W.W. Brandt. The following were collected by J.L. or
J.L. & M. Gressitt: W. District, Oriomo Gov't. Sta.,
2@@ (one on shelf fungus), 26-28.x.1960; Karimui
[6+3+32'S 144+$+47'E], south of Goroka [6+$+04'S
145+3+23'E], 1000 m, 1@, 4.vi. 1961, 1§, 3.vi.1961;
Karimui, 1$, 4.vi.1961. Irian Jaya. BPBM: Star Mts.,
Sibil Val. [5+$+00'S 141+3$+00' E] 1245 m, 19, 18.x.-
8.4.1961, L.W. Quate. The following werecollected by
J. Sedlacek: Nabire [3+$+22'S 135+$+29°E], 550 m,
1@, 25.viil.-2.ix. 1962; Nabire, S. Geelvink Bay, 10-40
m, 18, 1-4.ix.1962. Four specimens retained in the
MCZ.

Comments: Roth {(1881. 1010) redescribed this
speciesas Affacta bipunctata (\Walker){from Sulawesi)
with which it had baen synonymized by Princis {1965:
151; 1889 941). However, after examining Walker's
typeainmyrecentrevision of Afacta, {Roth 1853:3861)
decided to keep the o spacies disfinct, unélits male
{from the type locality) is desciibed, because the
males and females of basivitfata lack two small yeliow
spots in the middie of the tegmina which are foundin
bipunctata (Roth 19%23; 354). The tegmina of all the
sboveaspacimeng haveihe maculasatthe basesofthe
anal fisld and 1ack the yellowish macuiaz nezr (ha
middie (Fig. 2C). Tha pale marikingz onthe pronota end
tegming may vary in size and color {yellow, yellowizh
white or white); on the pronclum the yeliowish margin
may extend along the iateral edge (Fig. 2C) or inay be
reduced andrestrictedtothe rounded hindcorner. The
head alwaysisbiaolorous, theregionabovethes antennal
sackeis arange, the remainder blackish (Fig. 2D). The
subgenital plate, styii, and genitaliz are shovwnin Figs.
3B, C.

Measurements (mm) {$in parenthesses). Length, 7.6-
8.5 (8.0-9.7); pronotum length x width, 2.0-2.6 x 3.1-
4.1 (2.3-2.7 x 3.7-4.4); tegmen length, 8 0-10.0 (7.5-
9.1): interocular width, 0.7-0.8 (0.7-0.9).
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Figure 2. Aflacta spp., habitus and heads: A, B) = bipuntata {male from Olsobip, Papua New
Guinea). C, D) = basivittata (male from Kiunga, Papua New Guinea). E, F) = megamaculata
(E, male holotype, F, female paratype). G, H) = grandcolasi {male paratype). |, J} = stratmani
{(male holotype).

Aflacta bipunciata {Walker) Pseudophyficdromia biptnctaia (Walker). Shelford
(Figs. 1, 2A, B; 3A) 1908:17; Hanitsch 1933:134; Brujjning 1947:223,
Arublatta bipunctata (Walker): Princis 1965:151.
Blatta bipunctata Walker 1869:141 ($). Alfacta bipunciata (Walker): Roth 1891:1010, fig. 31
Pseudecfobiabipunctata (\Walker): Sheiford 1807:495, (redescribed basiviitata as the junior synonym of
pl. 30, fig. 3 bipunctata); 1993 (1982). 364, fig. 1) (redescribed
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the $ as distinct from basivittata).

Material examined: Papua New Guinea. BPBM: Fly
fiver, Olsobip [5+$+23'S 141+$+32'E], 400-600m, 1@

. {terminalia sfide 507), viii. 1969, 1@, 400 m, 23,viii. 1969, .

J. & M. Sediacek.

Description: Male. Interocular space slightly less
than distance between antennal sockets (Fig. 2B).
Pronotum subelliptical, widest near middle (Fig. 2A).
Tegmina and wings fully developed extending well
beyond end of abdomen, former with oblique discoidat
sectors. (Wings were not spread). Front femur Type
B,. with one to four stout proximal spines (some very
small); pulvillionfourth proximal! tarsomere of all legs,
tarsal ciaws simple, symmetrical, arolia small. Ab-
dominal tergaunspecialized. Supraanal plate strongly
transverse, very short, hind margin weakly convexly
rounded, paraprocts similar plates. Subgenital plate
with shallow medial excavation whichis visible inslide
preparation because pressure of coverslip exagger-
ates excision (Fig. 3A); in pinned specimen inner
excavated margins are contiguous forming keel-like
ridge between small styli (e.g., Fig. 3C). Genitalia as
in Fig. 3A: hook on right side with preapical incision;
median phallomere with broad, irregularly rounded
membrane distad; associated with median phallomere
is rodiike sclerite which has densely setose structure
distad; left phaillomere consisting of several simple
sclerites.

Cofoursation: Black. Head with orange region from
occiput to level of antennal seckets, remainder black
(Fig. 2B). Pronctum black with narrow yellowish white
margin fimited to rounded posterior corners (Fig, 2A).
Tegmen with iargs, rectangular, obligue, yollowish
white macuta stbase of anat field and verysmall yeliow
of whitish spot {(fnay be single or very narrowly un-
equally dividedinear migdle (Fig. ZA). Abdomen legs,
and cerct dlack.

Measurements (rmm) Length, &.7-2.2; pronotumiengih
X widih, 2.8-27 3 3.8-4.1, ‘agmnn fengih, 8.8-9.2.
interocular widih, 0.8,

Comments: The male's median and left gepital
phallomeres are similar to those of basivitfata, and
these two specimens may simply be 3 variant of that
spaces. However, themate of bipunciefa from Sulmwesl
{type locality} is still unknown and its genitalia shoudd
bz comparsd wilh the present Fapua New Guinea
matarial to be certainthe taxa are nol conapacific, The
principal difference betweenthe male markingsof the
two taxa are the presence of small whilish medial
macutas on the tegmina of bipunctafa {absent in
basiviltata)andthese are distinctiylargerinthe female

type from Sulawesi.,

Allacta megamaculata spec. nov.
(Figs. 1, 2E, F; 3D)

Materlal e-xa-m-Inéd.: Hofotype @ (iefminélié on

slide 506), New Guinea NE, Karimui [6+$+32'S
144+$+47E] [Papua New Guinea], 1080, 13.vii. 1963,
J. Sedlacek; in BPBM. Paratype: PapuaNew Guinea.
BPBM: same data as holotype, 1$.

Etymology: The specific name refers to the very
large maculae near the middle of the tegmina.

Rescription: Mals: Head slightly exposed,interocular
width slightly less than distance between antennal
sockets {(Fig. 2F). Pronotum transverse, subelliptical,
widest behind middle {Fig. 2E). Tegmina and wings
fully developed extending beyond end of abdomen,
former with oblique discoidal sectors (wings were
glued to abdomen and therefore not spread). Front
femur Type B, withone or twosmall stout spines about
length of piliform spinules; pulvilli only on fourth proxi-
mal tarsomere of all legs, tarsal claws symmefrical,
simple, aroliasmaill {only one frontlegintact). Abdomi-
nal terga unspecialized. Supraanal plate transverse,
hind margin convexlyrounded, paraproctssimilar plates,
Subgenital plate with medial excisionforming ridge or
keel between small similar syl (e.g., Fig. 3C}; inslide
preparation, excised region spreads apart and dis-
tance between styli is exaggerated (Fig. 3D). Genita-
lia as in Fig. 3D; hook on right side with preapical -
incision; median phallomere apically rounded, distzl
halfwithlargeirregulariightly sclerotized piate bearing
small group of sstae along margin, beiow median
phallomere is addiicnal scierite distally modified with
densely setose plate; leit phallemere consisting of
severs closely associated sclerites.

Fomata: Supraznal plate strongly Tansversa, hind
marginn convex with shallow V-shaped excavation
medially,

Colouration: Black. Head orange from occiputiolevel
of antennal sockets (Fig. 2F). Pronctuin black with
posterior rounded corners narrowly yeliowish white
{Fig. 2E}. Tegmenhiack withtwo large yellowish white
rraculaz one at base of anal fisld, other near middie
(Fig. 2E}. Abdomen and legs black, cerci black with
preapical segment white.

Measuremenis (mm) ($ in parentheses): 8.5 (8.7);
pronotum fength x width, 2.7 x 4.1 {2.7 x 4.3); tegmen
length, 8.5 (9.0}, interocular width, 0.8 (1.0).
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Figure 3. Allacta spp., males, subgenital plates and genitalia [A, B, D, E, G, are from slide
preparations {dorsal); only the hind margin of the subgenital plate is shown in A and B, and only
the distal half in E; C, F, H, are from pinned specimens (ventral)]: A) = bipuntata {from Fly River,
Olsobip, Papua New Guinea). B, C} = basivittata (B from Oriomo River and C from Kiunga, Fly
River, Papua New Guinea); D) = megamaculata (holotype; a = median phallomere; b = lateral
membrane; ¢ = associate median phallomere; d = right hooklike phallomere; e = left
phallomere). E, F) = straatmani {E from paratype, F from holotype). G,H) = grandcolasi (G from
holotype, H from paratype).

Comments: The male genitalia of this species shows Allacta grandcolasi spec. nov.

aclose relaionship to bipunctata and basivittata. The (Figs. 1, 2G, H; 3G, RH)

white maculae in the middle of the tegmina of

megamaculata are much larger than those found in  Material examined: Holotype: male, Hdllandia (=
bipunctata and the speciesis distincly larger thanthe  Jayapura) [Irian Jaya] [2+$+32'S 140+$+42'E], 0-300
other two related taxa. m., 19, 22.xi.1961-2i.1962, S. & L.Quate; BPBM.
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Ifnan Jaya. BPBM: Paratypes: same dataas holotype,
2@@ (1 with terminalia on slide 509}, 13%; Ifaar
[2+$+34'S 140+$+31'E], Cyclops Mts. [2+$+32'S
140+$+36'E], 300-500 m, 1 (abdomen missing), 23-

- 2571962, J.L. Gressitt; Ifaar, Cyclops Mts. 300-500.

m, 1$,23-2511.1962, J. Sedlacek. The following were
collected by T.C. Maa: Bodem[2+$+20'S 138+ $+55'E],
100 m, 11 km SE. of “Oeberfaren”, 1@, 7-17.vii. 1959,
Genyem [2+$+46'S 140+$+12'E], 40 km W. of
Hollandia, 100-200 m, 1@, 1-10.iii.1960; Hollandia,
1@, 13.iii.1960;|far, 400-550m, 1$,23.11.1959. Papua
New Guinea. BPBM: Torricelli Mts. [3+$+25'S
142+$+15'E], “Mobitei”, 750 m, 1@, 16-31.iii.1959,
W.W. Brandt. Newlreland. BPBM: New Ireland (SWV),
“Camp Bishop”, 12 km up Kait R, 240 m, 18,
15.vii. 1956, B.J. Ford Jr. Three specimens retained in
MCZ

Etymology: The species is dedicated to Dr. Philippe
Grandcolas, URA 373 CNRS, Laboratoire de
Primatologie, Station Biologigue de Paimpont, France,
forhisimportant contributions to cockroach taxonomy.

Description: Mafe: Head slightty exposed, interocular
space less than distance between antennal sockets
(Fig. 2G). Pronotum suboval, widest near middle (Fig.
2H). Tegmina and wings fully developed extending
beyond end of abdomen, former with obligue discoidai
sectors. Hind wing with simple radial and media veins,
cubitus vein with five complete and no incomplete
branches, apical tiangle small. Frontfemur Type B,,

" with two stout proyamal spines; pulvilii on fouirth prox-

maltarsoniere only, iarsat ciaws symmetrical, simple,
aroliasinall. Abdominailargaunspecialized. Suprazna
plate transverse, hind margin rounded, right and left
paraprocts similar simptle plates. Subgenital plate with
small similar styll, ohe oo each side of shallow medial
excision {Figs. 3G, H). Genitalia as in Fig. 3G: Hook
onvightside, with preapicalincizion; median phallomere
distelly enlarged with amall group of terminal setae;
crvedrod under median phallomere bendsinmiddie,
apical margin setose; left phallomere severa! closely
arranged sclerites,

Feraie: Tegmina and wings slightiyreduced. Supyaana
plate strongly transverse, hind mairgin convex with

- small medigl excavation.

Colourstion. Head very dark reddish brown io black:
vertex, clypeus, and labrum lighter, minute ocelizi
spots yellowish (Fig. 2G); maxiilary paip! dark reddish
browwnto black; antennae brownor brownish yellow, or
proximal antennomeres brownish yellow, remainder
brown. Prenotum very dark reddish brown, lateral
edges vellowor yellowish white, or pale edging limited

to posterior rounded corners only (Fig. 2H). Tegmina
dark reddish brown with narrow, oblique, yellowish or
yellowish white band at bases of anal fields (Fig. 2H).
Wings verydark, costal regionreddish, Abdomendark

-reddish brown. Cerci black with four terminal segments

yellowish white or white. Legs reddish brown to black,
tarsi lighter.

Measurements {mm)($in parentheses). Length, 7.4-
8.5 (7.9-9.8); pronotum length x width, 2.1-2.3 x 3,1-
3.6(2.3x3.6-3.7); tegmen length, 8.6-10.0(7.2-7.8);
interocular width, 0.6 (0.7).

Comments: This species is closely related to
straatmani because of their strongly similar median
genital phallomeres.

Allacta sp. A

Material examined: Papua New Guinea. BPBM:
Bulolo[7+$+12'S 146+3$+39'E], 650 m, 1$, 3.viii. 1968;
Ambunti [4+$+14'S 142+$+49'E], Sepik R, 50 m, 1%
(carrying ootheca in vertical position), 10.v.1963, R.
Straatman. Inan Jaya. BPBM: The following were
collected by T.C. Maa: Hollandia-Kotanica [2+$+36'S
140+$+39'E], 1%, 25-28.ii,1960; Waris [3+$+30'S
140+$+55’E], S. of Hollandia, 450-500 m, 1${carrying
aothecain vertical position), 27-30.vii. 1959,

Comments: These females are dark reddish brown.
Thehead andtegminaare completelydark; the pronotum
may or may niothave very narrow yellow lateral mar-
gins. The cerci are completely dark or the penultimate
segmentmay be pale. Exceptforthe absance of hasal
vellow markings on the tegmina, the species strongly
resembles and may be a color morph of grandcolasi
but males are needed to determine i thisis true orif it
is new, Both forms are sympatric.

Measwrements (mm}. Length, 2.2-10.0; pronotim
fengih x«width, 2.3-2.5 x 3.4-3.8; tegmen length. 8.1-
2.3; interocular width, 0.6-0.7.

Allacta straatmani spac, nov,
(Figs. 1, 21, J: 3E, ¥}

Material examined: Hololype: male, New Guinea
NE [PapuaNewGuinea], MayR. Fatro! Sta. [4+8428°S
141+ 3$+37'E], dry forest, 280 m, 3.vi.1663, R.
Straatman; BPBM. Paratypes: Fapua New Guines,
BPBM: New Guinea NE, Ambunti [4+43+14'S
142+3+49'E)], Sepik R, 50 m, 1@ (terminaia slide
508), 10.v. 1863, R. Straatman. iryan Jaya. HECO: The
following were collected by Dr. S.G. Burgers on The
Kaiser Augustafl. Exp. to D.N. Guinea: Hauplg. b.
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Malu, 1@,3.i.1813, 1@,6.ii.191 3;Lageram Rosensee,
1@, 15.ii.1913, 2$8$, 14.ii.1913; Standlager b. Malu,

" 19, iii-iv.1912; Maanderberg, 1$, 21-30.viii.1913. Two
specimens retained in the MCZ.

Etymology: The species is dedicated to Dr. R.
Straatman who collected the holotype.

Description: Male: Head slightly exposed,interocular
space slightly less than distance between minute
ocellar spots(Fig. 2J}). Pronotum suboval, widestnear
middie {Fig. 21}. Tegmina and wings fully developed
extending beyord end of abdomen, formerwith oblique
discoidal sectors. Hind wing with radial and media
veins straight, simple, cubitus vein with five complete
and one long incomplete branches, apical triangle
small. Front femur Type B,, with two to four large
proximal spines and long row of piliform spinules;
pulvillionfourthtarsomere only onall legs, tarsal claws
symmetrical, simple, arolia small. Abdominal terga
unspecialized. Supraanal plate transverse, hind mar-
gin convexty rounded, right and left paraprocts similar
simple plates. Subgenital plate with pair of small
similar styli one on each side of a shallow excision
(Figs. 3E, F). Genitalia as in Fig. 3E: hook on right
side, with preapical incision; median phallomere with
distal enlargementterminatingin group of small setae;
sclerotized rod bends stronglyin middle beiow median
sclefite, terminatingin group of sefae. Leftphallomere
consisting of several small sclerites.

Colouration: Head black ordark reddish brown, ocellar
spots yellowish {Fig. 2J). Pronotum black with wide
lateral orange zones{Fig. 2t). Tegmen black exceptfor
disfincinarrow (variable insize ) oblique yellow macula
at base of anal fisid (Fig. 21). Hind wing very dark.
Abdomen and cerci black. Legs dark reddish black.

Female: Similar to male. Supraanal plate transverse,
hind margin with shallow medial excision.

Measurements (mm) (3in parentheses): Length, 8.0-
9.3(2.0-10.7), pronoctum iengih x width, 2.5-2.7 x3.7-
4.0 {2.6-2.8 x 3.9-4.1); tegmen {ength, 2.5-2.8 {3.8-
D4} intgrocuiar widta, B2 (87 - - - - o e

Commients: The broad |ateral orange zones on the
. pronotum of sfraafinani are. distinctive.
futeomarginata (Hanitsch) from Singapore hasacom-
pletely dark head and its pronotum is blackish brown
with broad yellowish-hyaline lateral zones (Roth 1991
figs. 30A, B). The median and accessory median
phaliomeres (Roth 1991, fig. 30G) differ distinctly
betweenthe twotaxa. The male genitaliaof siraatmani
refates it more ciosely to grandcolasi than to othersin

Aflacta .

the species group.
polygrapha - species group

Diagnosis: Head with a medial longitudinal stripe
extending from occiput or vertex to clypeus (Figs. 4A,
8A,9A), orwith transverse facial markings (Roth 1991:
fig. 29A). Pronotal disk usually with large symmetrical
pattern of dark dots, lines, or blotches (Fig. 9B).
Tegmina usually checkered with dark cells between
veinlets, and with one or more larger blotches{Fig. 9D).
The tegminaand wingsof femalesin thisspecies group
(in New Guinea) are usually variably reduced. The
similarity between females of these species, and
variability in color pattern intraspecifically makes it
difficult to identify that sex in most species. This is
particularly true because of the paucity of topotypic
males and females so that the extent of vanation is
unknown. Also a number of species are sympatric
which makes matching some females with a particular
male equivocal. For this reason | have usually not
designated females as paratypes, unless their color
markings were verysimilar to males(e.g., A. persoonsi).

Species: brossuti spec. nov.; defeportei spec. nov.;
gatutieri spec. nov.; nalepae spec. NoV.; persoonsi
spec. hov.; srengi spec. hov.

Two females (Normanby, Wakaiuna |., Wakaiuna,
Sewa Bay, 21-30.6.1956 and 11-20.i.1956, leg.
W.W. Brandt} have almostcompletely darkheads (no
longitudinal facial band) buttheir pronotaand tegminal
markings are typical of the polygrapha group. Their
legs and abdomens are dark brownto black. They may
be a new species but males are needed to determine
this. itis possible thatthey are melanistc forms of one
of the dascribed taxa.

Allacta gautieri spec. nov,
{Figs. 1, 4A-H)

Material examined: Holotype. male (terminalia
slide 513), Mt. Missim {7+$+20'S 146+3+43"], New
Guinea {NE} [Papua Mew Guinea], Malzise trap.
7414886, G A, Sanueisen. Faralypes: Papua New
Guinea. BPBM: same localily as holotype, 1@
(terminaliaslide 512), 1500-2000m, 15-21.iv.1868, J.
& M. Sedlacek. Additional materdal - Papua New
Guinea. BPBM: Wau [7+$+20'S 146+ $+43'E], 1150-
1600m, 19, 9.i.1968, J. Sedlacek; Busu R. [6+3$+36'S
147+$+00'E], E. of Lae [6+$+43'S 147+$+00°E], 100
m, 18, 15.ix.1955, J.L. Gressitt. Karimui [6+$+32'S
144+3$+47°E], 1080 m, 18, 13.vii. 1963, J. D. Sedlacek.

Etymology: The species is dedicated to Dr. J.Y.
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Gautier, Université de Rennes, France, for his contri-
butions to our knowledge of cockroach biology and
taxonomy.

.Description: Male: Head slightly exposed,interocular

width less than space between antennal sockets (Fig.
4A). Pronctum subelliptical, widestat middle {Fig. 4B).

Tegmina and wings fully developed extending well
beyond end of abdomen, discoidal sectors of former
oblique, Frontfemur Type B, with three large proximal
spines; pulvilli only on fourth tarsomere of all legs,
tarsal claws simple, symmetrical, arolia well devel-
oped. Abdominal terga unspecialized; supraanal plate
strongly transverse, hind margin convex, entire, right

S

P s
@}leiﬂ-?"
Y

Figure 4. Allacta gautieri sp.n. A - C)=head; B = pronotum; c) =subgenital plate and genitalia
{dorsal); D-H)=females: D, E)=from Busu R, left hind wing, and cercus; F -H)=from Karimui:
F) = head; G) = subgenital plate (ventral); H) = habitus.
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and left paraprocts similar simple plates. Subgenital
plate with a pair of small similar styles separated by
shallowly excised margin (Fig. 4C). Genitalia asin Fig.
4C: hook on right side with preapical incision; median
phallomerewith large flange ondistal half, apical region
curved laterally and with some minute spicules along
edge; accessory median phallomere broad, becoming
narrow at apexwhereitis surrounded by large setose
membrane; left phallomere consisting of several sim-
ple sclerites.

Colouration: Yeliow and dark reddish brown. Head
yellow with broad dark reddish brown longitudinal
stripe from occiput to distal region of clypeus, labrum
dark (Fig. 4A); maxillary palpomeres three and four
pale, terminal segment darkerwith pale apex; proximal
antennomeres yellowish on upper surface, darker
below, remaining segments light brown. Pronctum
with symmetrical dark brown patternof blotches, lines,
and dots, few dark dots in pale lateral zones (Fig. 4B).
Tegmina mottled with yellowish white veins, cells
between veinletsdark with large reddish brown blotches.
Legs yellowish brown with black markings as follows:
front coxae black at base, mid and hind coxae black
basally and along outer margins; front femur dorsal
margin and anferior surface base and apex biack,
ventral margin posterior surface black; tibiae with dark
rings at base, apex, and middie; first tarsal segment
with dark rings at base and apex, second and third
tarsomeres dark. Abdominal terga dark brown later-

ally, middle zones mixture of lightand dark. Abdominal

stema with broad medial area light brown, remaining
lateral zones dark brown, distal half of subgenital plate
pale. Cerci with five dark proximal segments suc-
ceeded by three cercomeres parlly pale and dark
(along latera! margins) ihen dark segment and three
terminal pale segments.

Female: Head withinterocuiar space slightly less than
distance between antennal sockets (Fig. 4F); maxil-
lary palpomeres three and four pale, the fifth dark.
Pronotum subelliptical, widest behind middle (Fig.
44). Tegmiina end wings fully developedreaching fip of
abdomen, former with obligue disccidal sectors (Fig.

brainched third one from apex, distaily clubbed or
thickened; radial vein siraight, simple, media straight,
sitnple or forked apicaily, cubitus vein weakiy curved
with four or five complete (one may be forked) and no
incomplete branches, apical triangle ohsolete (Fig.
4D). Front femur Type B, with four large proximal
spines; pulvilli on fourth proximal tarsomere only,
tarsal claws simple, symmetrcal, arolia present.
Supraanal plate strongly transverse, hind margincon-
vex, apex arched.

Colouration: Head occiput with narfow, black or
reddish brown curved lateral stripe near each eye,
medially with pair of stripes that fuse on vertex, widen
longitudinally and extend to clypeus, labrum tighter,
background color yellow (Fig. 4F). Pronotum with
black or reddish brown symmetical pattern on pale
background, lateral zones semihyaline sprinkled with
white and dark dots (Fig. 4H). Tegminawith pair of dark
reddish brownblotchesinanal veinarea, andlarger pair
on distal half (Fig. 4H). Abdominal terga with yellow
and brown areas. Abdominal sterna dark brown to
blackish, sprinkled with yetlow spots; subgenital plate .
very dark with pair of small yeliow dots near anterior
marginand atapex of hind margin, medial region may
be tinged with reddish brown (Fig. 4G). Cerci with six
black basal segments succeeded by three pale, one
dark then two pale cercomeres, apex dark (Fig. 4E).
Legs with dark rings on femora, tibiae, and tarsi.

Measurements: (mm)($in parentheses): Length, 9.0-
10.0{8.0-10.0); pronotum length x width, 2.5-2.6x3.8-
4,0(2.1-2.5x3.8-4.3); tegmenlength, 13.5-14.0(7 4-
8.1); interocular width, 0.7 {0.8-1.0).

Comments: A male specimen from U. Watut, SW
[7+$+11'S 143+$+39'E], 1300-1600 m, 1@ (terminalia
slide519), 1.v.1963, J L. Gressitt, differs from the type
males of gautieri in having distinctly smaller tegmina
andwings thatreach toalittle beyond end of abdomen
and its habitus resembles that of a female. | provision-
ally labelled it Affacta sp., close to gautieri because
its genitalia come closest to this species.

Measurements (mm): Length, 9.0; pronotum length x
width, 2.5x 4.1; tegmeniength, 8.9; interocutar width,
0.7.

Allacta brossuti spec. nov.
{Figs. 1, 5A-C)

Material examined: Hololype: male (terminaiia
stide 517), New Guinea (NW) [Irian Jaya], SE. Biak|.
[1+3+00'S 136+$+C8'E], hght trap, 1.vi. 19862, J.L.
Gressitt & J. Sediacek; in BP8M.

Brossut of the Université de Bourgogne, Dijon, France,
for his contributions to our knowledge of cockreach
biology.

Description: Male: Head slightly exposed, eyes close
together, interocular width distinctly less than space
between antennal sockets (Fig. S5A). Pronotum
subelliptical, widest behind middle (Fig. SB). Tegmina
and wings fully developed extending well beyond end
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Figure 5. A -C)= Allacta brossuti sp. n.,male holotype: A)=head; B)=pronotum. C)=subgenital
plate and genitalia {dorsal); E, D) = Aflacta sp., female from Tsenga, habitus and head.

of abdormen, former with oblique discoidat sactors.
{Wings were siuckto the abdomenandtherefore were
not epread). Front femur Type B, with three large
provimal spines; pudvilli entyonfeurth proximal tarsomere
of aliiegs, tarsal claws symimetrical, simple, arclia well
developed. Abdominal terga unspedialized; supraanal
plate stronglytransverse, hind marginconvexdyrounded;
right and left paraprocts similar, simple scierotized
plates. Subgenital plate aimost symmetrical with pair

of emzh similar styli separated by shallowly excavated
margin (Fig. 5C). Genitalia asin Fig. 5C: hook onight
gige with preapical incision; median phaliemere with
membrane ondistal half, apically curved, hock-tike and
minutely spined; associatad median phallomere dark
broad red terminziing in membrans, setose at both
ends, left phallomere consisting of several simple
sclerites.
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Colouration; Head yellow with four small dark stripes
on occiput, one curved on each side next to eyes, two
median ones less distinct; black longitudinal stripe
extends from vertex to proximal half of clypeus, distal
half yellowish brown, labrum brownish (Fig. SA); max-
illarypalpi yeliow, base of fifth palpomere dark. Pronotum
yellow, disk with dark reddish brown symmetrical
pattern, few dark dots (Fig. SB). Tegmina with yellow

veins and large reddish brown maculae, small cells -

between veinlets dark giving checkered appearance,
anterior edge without dark spots. Abdominal terga
brownish mottied with lightand dark areas. Abdominal
sterna with distal segments pale medially, dark later-
ally. Cerciwith segments one to five dark brown, six to
ten whitish, 11 and 12 dark, cercomeres 13-15 white,
apex dark.

Female:Unknown.

Measurements (mm): Length, 9.8; pronotum {ength x
width, 2.4 x3.6; tegmenlength, 10.1; interocular width,
0.4,

Allactasp.B
(Figs. 5D, E)

Material examined: Papua New Guinea. BPBM:
Daulo Pass [5+$+55'E 145+3$+18'E], 2400 m, Asaro-
Chimbudiv., 15.vi.1955, 18, 12.vi.1955, J.L. Gressitt;
13 km SE. of Okapa [6+$+32'S 145+3+41'E], 18,
26.viii. 1964, J. & M. Sediacek.

Description: Female: Head slightly exposed, eyes
wide apart, interocular space slightly more than dis-
tance between antennal sockets (Fig. SE). Tegmina
and wings reduced, reaching to end ci abdemen (Fig.
5D} or only to about sixth tergum. Frontfemur Type B,
with one to three large proximal spines; pulvilli only on
fourth proximal tarsomere, tarsal claws simple, sym-
metrnical, arolia small. Supraanal piate transverse,
apex of hind margin shallowly concave.

Colouration: (based mainly on epecimen from naar
Okapa; female from Daulo Passis badly discotared).
vertex with fransverse yelicw siripe succeeded by
broad blackish longitudinal band extending to clypeus
{Fig. SE). Pronotal disk with large blackish brown
macuia with few pale markings, |ateral border zones
hyaline withfewdark dots (Fig. 5D). Tegminawith large
reddish brown maculae separated by yellowish vein
areas (Fig. 5SD). Abdominal terga black and yellow,
supraanai plate black with longitudinal mediai yellow
stripe. Subgenital plate dark reddish brown with yel-
lowish anterior border and pale diffuse medial zone,

remaining sterna mottied with small dark dots. Cerci
blackish, with couple of terminal segments pale on
dorsal surface. Legs with infuscated coxae, femora
with dark basal and apical bands, tibiae and tarsi with
darkincomplete rings.

Measurements {mm): Length, 8.1-9.2; pronctumlength
X Width, 2.2-2.3 x 3.7-3.8; tegmen length, 5.1-6.0;
interocular width, 1.2.

Comments: Oneof thefemalesfromDauloPasshas
the same collection data as the holotype male of
deleportei, butitand the secondfemale have a yellow-

_ish transverse band anterior to the antennal sockets,

which is absent in the male of that species. The
females of sp. B differ from the female which | have
determinedas deleporteiinlength oftegmina, interocular
width, and color pattern of head and pronotum.

Allacta deleportei spec. nov.
(Figs. 1, 6A-F)

Material examined: Holotype: male (terminalia tlide
515), New Guinea {NE) [Papua New Guinea], Daulo
Pass[5+$+55'E 145+ $+18'E], 2400 m, Asaro-Chimbu
div., 15.vi.1955, J.L. Gressitt; in BPBM. Parafype:
Papua NewGuinea. BPBM: New Guinea (NE), Purosa
[6+$+45'S 145+$+35'E), 20-26 km SE. of Okapa
[6+3%+32' 145+$+41°E), 1800-2020 m, 1@ (terminalia
slide 518), 28.viii. 1964, J. & M. Sedlacek. Additional

~ material.- Papua New Guinea. BPBM: New Guinea

(NE), 13-20km SE of Okapa [6+$+32'S 145+$+41'E],
1650-1770m, 19, 26.viii. 1964, J. & M. Sediacek: New
Guinea (NE), Tsenga [5+$+26'S 144+$+36°E], Upper
Jimmi V., 298, 15.vii. 1985 4.I.. Gressift.

Etymelogy: The species is dedicated to Dr. Pierre
Deleperte, University of Rennes, for his contributions
to our knowledge of cockroaches.

Description: Male: Head exposed, interocular
space about same or slightly less than distance
between antennal sockets (Fig. 6A). Pronotum
subellipiical, widest near middie (Fig. 68). Tegmina

. andwings fuliy develoned extending wet beyond end

of abdomen, forrmer with oblique discoidal sectors.
Front femur Type B,, with one large proximal spine;
putvilli on fourth proximal tarsomere, tarsal claws
symmetrical, simple, arolia present. Abdominal terga
unspecialized. Supraanal plate transverse, hind mar-
gin shallowly convex, right and left paraprocts similar
plates. Subgenital plate with patr of small, deflexed
similar styli, interstylar margin concave (Fig. 6D).
Genitalia as in Fig. 6D: hook on right side, with
preapical incision; median phallomere with apex
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Figure 6. Allacta teleportei sp. n., male holotype: A)= head; B) pronotum; C) = left tegmen;
D) = genitalia and hind margin of subgenital plate; E - F) = female from Daulo Pass Papua New
Guinea, head and habitus.

Q.5 mm
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curved and slightly enlarged, distal region with large
lateral membrane; accessory medianphallomere broad
throughout, apexrounded and with large setose mem-
brane; left phallomere consisting of several simple
sclerites.

Colouration: Mead yellowish, occiput with four broad
light reddish brown stripes that join darker reddish
brown band extending from vertex to clypeus, labrum
yellowish white {Fig. 6A); maxillary palpomeres three
and four pale, fifth segment dark. Pronotumwith large
symmetrical reddish brown pattern on white and yel-
lowish background, lateral zones with small hyaline
areas and opaque white with several small reddish
brown dots (Fig. 6B). Tegminawith large reddish brown
maculae and smailer dots, veins whitish (Fig. 6C).
Abdominal terga and sterna with small dark dots,
subgenital plate whitish. Frontcoxae with small basal
and apical brown marks, mid and hind coxae dark
(appear to be discolored); femora with dark basal and
apical maculae, tibiae and tarsi with dark rings. Inmale
paratype mid and hind coxae have small white basal
maculae and cerci are pale on both surfaces.

Female: Head slightly exposed, interocular width less
than distance between antennal sockets. Pronotum
subelliptical, widestnear hind margin (Fig. 6F). Tegmina
and wings well developed extending beyond end of
abdomen (Fig. 6F). Most legs missing. Supraanal
plate transverse, trigonal, apex weakly concave, not
quite reaching hind margin of subgenital plate.

Coloration: Head with blackish stripe from vertex to
basal haif of clypeus, background color on face and
occiput whitish, labrum pale (Fig. 6E);, maxillary
paipomeres three and four pale, terminal segment
weaklyinfuscated basad. Pronotum withreddish brown
pattern on yellowish and whilish background, bread
lateral borders hyatine with small dots. Tegmina with
large reddish brown maculae asin Fig. 6F.

Measurements (mm) ($in parentheses): Length, 8.5
{8.0-10.4); pronatum length xwidth, 2.1-2.2x3.3-3.%
(2.6-3.0x4.0-4.7), tegmaeniength, 12.0-12.5(8.5-8.4);

Comments: The color patterns on the pronotum and
tegmina are slightly different and darker in the male
paratype, but the genital phallomeres are almost
identical in both type specimens.

Allacta persoonsi spec. nov.
(Figs. 1, 7A-H)

Material examined: Holotype: male, New Guinea
(NE) [Papua New Guinea], Tsenga {S+$+26’S
144+$+36'E), Upper JimmiV., 14.1i.1955, J.L. Gressitt;
in BPBM. Paratypes.- Papua New Guinea. BPBM:
same data as holotype, 1@ (terminalia slide 511), 1$
{carrying cotheca), 1@, 13.vii, 1855. One retained in
MCZ.

Etymology: The species is dedicated to Dr. C.J..
Persoons of the Netherlands Organization for Applied

Scientific Research, who was the first to identify the

female sex pheromones of Periplaneta americana.

Description: Male: Head exposed, interocular space
slightly less than distance between antennal sockets
(Fig. 7A). Pronotum subelliptical, widest near middle
(Fig. 7B). Tegmina and wings fully developed extend-
ing well beyond end of abdomen, former with oblique
discoidal sectors. Hind wing with proximal seven
costal veins clubbed, radial vein simple, straight,
cubitus vein almost straight with five complete {two
bifurcate)and noincomplete branches, apical triangie
small (Fig. 7D). Front femur Type B, with three large
proximal spines; pulvilli only on fourth proximal
tarsomeres, tarsal claws symmetrical, simple, arolia
smalt. Abdominaltergaunspecialized. Supraanal plate
strongly transverse, hind margin shallowly convex,
entire, rightand left paraprocts similar simple sclerites.
Subgenital plate with pair of small similar styli sepa-
rated by weakly concave interstylar margin (Fig. 7E).
Genitalia as in Fig. 7E: hook on right side with
preapical incision; median phallomere distally swollen
and with large setose membrane lying above it; two
redlike sclerites curve under median phallomere, one -
very dark terminating in large dense group of setas,
other much more stender and unmodified distally; left
phatlomere consists of several small sclerites.

Colouration: Yellow and dark reddish brown. Head
yellowwitha wide longitudinal stripe between antennal
sockets exiending from vertex almostto distal margin

paipomeres three and four pale, segmentfive glightly
darker;, antennae yellow. Pronotal disk with large
reddish brown macuia that may be almost sciidiy dark
(Fig. 7B), or with variable amounts of dull yellowish
areas or small symmetrical dots and lines, broad
lateral and narrow anterior and posterior zones
subhyaline yellow. Tegmina hyaline, veins yellowish or
white, reddish brown between veins and veinlets, and
two or three small solidly dark areas (Fig. 7C). Wings
clear, veins yellowish, some infuscation for short
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Figure 7. Alfacta persoonsi sp.n. A -E)=males: A =head; B)=pronotum; C)} = left tegmen;
D) =left hind wing (apical triangle region damaged); E)=subgenital plate and genitalia (dorsal);
F -H) female: F}= habitus; G) =head; H)= Ootheca attached to the end of the subgenital plate

. (dorsal view of supraanal plate which is partly hidden by the apex of the left tegmen; the
ootheca is rotated to the left so that its flat bottom surface is visible). { A - D, from holotype, E
- H, from paratype, same locality as holotype).
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T
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3

disiance on margin postenor lo apical biangie. Akdo-
men dark reddish brown, supraanal and subgenital
piates yellowizh brown. Legs yeliowish brown with

-dark browin-bonds: coxag and fermnora dark brown in .

basal and distal regions, maiatarsi darily ringed af
base, apex, and middle, Cerci light browm.

Female: Shorler and stockier than male. interocular
epzce slightly less than distance between antennal
sockets {Fig. 7G). Pronotum subparabolic {Fig. 7).
Tegmina reduced reaching to end of abdomen {left
tegmen), right tegmen abnormal reaching ohly to

fourth abdominaitergurm (Fig. 7F). Hind wing vestigial,
iateral, reachingonly tofsrst abdominal tergum. Brown
areas much darker than male. Pronctal maculasolidly
dark (Fig. 7F). Abdominal tergadark with [aterai yellow
spots on segments two to five, sixth mostly yeilow,
segmentseven dark with two medial yeliowlongiucdi-
nal stripes, supraanal plate with narrow yeliow stiips
medially {Fig. 7F}). Abdomina! sterna with iarge dark
medial macula on proximat segments, lighter areas
with dark dots, subgenital plate blackish, anterior
margin yeltow.
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Moasurements (mm) ($in parentheses): Length, 8.0-
9.2 (7.0);pronotum length x width, 2.2 x3.4-3.5(2.2x
3.6);tegmenlength, 12.0-12.8 (5.5);interocularwidth,
0.7-0.8(1.2).

Qotheca: The ocotheca carried by the female is
attached to the tip of the subgenital plate by a small
piece of dried membrane and is rotated to the leftata
45° angle (Fig. 7H). This suggests that the egg case
was being rotated prior to its deposition, but that is
questionable since the Pseudophyllodromiinae nor-
mally do not rotate their oothecae. It is possible that
the egg case was being deposited in the vertical
position but accidentally assumed a 45° angle when
the female was collected. The ootheca is reddish
brown, bulbous, with a flat bottom that suggestsitis
probably cemented vertically toa surface (perhaps on
leaves) with its keel directed dorsad; the keel has 15
disfinct rounded serrations indicating the presence of
15 eggs; the outerwalls have manyfine curved parallel
ridges and no longitudinat egg cell demarcations are
visible.

Measuremenis (mm): Length, 3.5; width, 2.0; height,
1.5

The oothecaresembles the egg case of Chorisoneura
apolinari Hebard (Pseudophyllodrom-iinae) but that
species has considerably fewer parallel ridges in the
auter membranous covering (Roth 1968: fig. 68).

Allacta nalepae spec, nov,
(Figs. 1, 8A-H)

Material examined: Holotype: male (terminalia
glide 514}, New Guinzaa (NE) [Papua New Guingal,
Karimui [5+3+32'S 144+$+47'E), 3.vi. 1861, Jl.. & M.
Gressitt; BPFBM. Additional material.- Papua New
Guinea. BPBM: M. Karimui [6+5+32'S 144+3+47'E],
2100-2300 m, 1§, 16-20.iv.1977, J.L. Gressitt ef al.

Etymelogy: The speciesis dedicated {o Dr, Christine
A. Nalepa, North Carolina State University, for her
contributions to cur knovwdedge of Cryplccercius biol-
oY . oL
Dascription: Msle: Head with interocular space
about same as distance between antennal sockets

(Fig. BA). Pronctum subelliptical widest near middie

(Fig. 8B). Tegminaand wings fully deveioped extend-
ing beyond end of abdomen, discoidal sectors of
former oblique. Front femur Type B,, with one large
proximal spine; pulvilii on fourth proximal tarsomere
only, tarsal claws simple, symmetrical, arolia present.
Abdominaltergaunspecialized. Supraanal piatetrans-

verse, hind margin convexlyrounded, medially slightly
indented, rightand left paraprocts similar simple plates
(Fig. 8C). Subgenital plate with pair of smalt simitar
styli, interstylar margin concave (Fig. 8D). Genitalia as
in Fig. 8D: hook on right side with preapical incision;
median phallomere without [ateral membrane, distal
end scythe-like, apex not swollen; accessory median
phaillomere slender throughoutwith large apical setose
membrane.

Colouration: Head with four dark occipital baris, the
medial stripes fusing on vertex and extending as dark.
brown stripe to anteclypeus, labrum lighter, cheeks
yellowish white {Fig. 8A). Pronotal disk with reddish
brown pattern, broad lateral zones hyaline (Fig. 8B).
Tegminawith large reddish brown maculae and small
dots and patches, anterior costal region hyaline. Legs
brownish yellow, coxae dark brown proximally and
distally, femora with dark spots basad arxt near api-
ces. Cerci pale, apex dark.

Female: Head exposed, eyes wide apart, interocuiar
width greater than distance between antennal sockets
(Fig. 8F}. Pronotum subparabolic (Fig. 8H). Tegmina
and wings reduced, former with oblique discoidal
sectors, reaching onlyto sixth segment(Fig. 8H). Hind
wings slightly smaller reaching to segmentfive, cubitus
vein with five complete and no incomplete branches,
apical triangle absent (Fig. 8E). Front femur Type B,
with two large proximal spines; pulvilli on fourth prox-
mal tarsomere only, tarsal claws symmetrical, simple,
ardliasmall. Supraanal plate transverse, trigonal, apex,
shallowly concave (Fig. 8H).

Colouration: Head with occiputlight reddish brown and
thrae smasll yeilow spofs; broad dark reddish brown
stripe extends from vertex {o clypsus, labrum and -
cheeks yellow (Fig. 8F). Pronotum with very dark
reddish brown symmeirical pattern on yellow back-
ground, broadlateral zones opaque yellowwithnumer-
ous small reddizh brown dots (Fig. 8H). Tegmen with
large reddish brownmaculain anal veinareaand ons
large and twosmalier marks, restoftegmencheckered
with small dets (Fig. 8H). Abdomina! terga mostly

mostly raddish brown with nagrow yellow band &long
anterior border and partway down middle (Fig. 8G).
Coxae and femorawith darkareas basad and apically;

tibiae with dark rings basad, medizlly, and apically;

tarsi with dark apical rings.

Measurements (mm) {$ only): Length, 9.2; prenotum
lengthxwidth, 2.3x3.7; tegmenlength, 5.8;interocular
width, 1.2.
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Comments: The female was takeninthe same area  thefactthatfemales from Karimuihave colour patterns
as the male type of nalepae but theirt head color  similar to those of what| have determined as gautieri.
patternsdiffer. However,|am provisionally considering  More malesand females are needed todetermineif the
themtobeconspecific. The problemisexacerbatedby  sexeshave been properly matched.

Figure 8. Allacta nalapae sp.n. A -D)=male holotype: A} =head; B)=pronotum; C)= supraanal
plate and paraprocts {ventral); D) = distal part of subgenital plate, and genitalia {dorsal); E - H)
= female from locality as holotype: E) = hind wing; F) = head; G) = subgenital plate {ventral);
H) = habitus,
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Allacta srengl spec. nov.
(Figs. 1, 9A-E)

Material examined: Holofype: male (terminalia
slide 516), New Guinea (NE) [Papua New Guinea], 10
km N. of Angoram [4+$+04'S 144+$+03'E], 10-30m,
15.vii. 1969, J.L. Gressitt; in BPBM. Additional mate-
rial.- Papua New Guinea. BPBM: Star Mts., Sibil Val,
[5+$+00'S 141+$+00°E], 1245 m, 1@ (terminal ab-
dominal segments missing), 18.x.-8.d.1961, LW.
Quate.

Etymology: The species is dedicated to Dr. Leam
Sreng of the Centre National de la Recherche
Scientifique, Marseille, France, for his contributions to
our knowledge of cockroach pheromones.

Description: Male: Head with eyes close together,
interocular space distinctly less than distance be-
tween antennal sockets (Fig. 9A). Pronotum
subelliptical widestnear middle (Fig. 9B). Tegminaand
wings fully developed extending well beyond end of

abdomen, former with oblique discoidal sectors. Hind

Sibil Valley).

Figure 9. Allacta srengi sp.n., males: A) = head; B} = pronotum; C} = subgenital plate and
genitalia {dorsal); D)= left tegmen; E)} <= lefthind wing. (A - D, from holotype, E, Ffrom Star Mts.,
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wing with simple and one multiple branched clubbed
costal veins, radial and media veins simple straight,
cubitus vein straight with four complete (one branch
may be forked) and no incomplete branches, apical
triangle subobsolete (Fig. SE). Front femur Type B,
with three large proximal spines; pulvilli on fourth
proximal tarsomere only, tarsal claws simpte, sym-
metrical, aroliasmall. Abdominal terga unspecialized.
Supraanal plate transverse, hind margin shallowly
convexly rounded, right and left paraprocts similar
simple plates. Subgenital plate with two small similar
styli, interstylar margin weakly concave (Fig. 9C).

Genitalia as in Fig. 9C: hook on right side, with
preapical incision; median phallomere rodlike, un-
modified apically; accessory median phallomere a
simple slender rod; two patches of setae, one onright

 side,and smallerone near apexof median phallomere.

Colouration: Head whitish with pair of very close dark
brown longitudinal stripes thatfuse onvertex, broaden
and extend to about middle of pale clypeus, labrum
darker, mandibles whitish (Fig. 9A); maxillary
palpomeres pale, fifth segment weakly infuscated.
Pronotum with reddish brown pattern on sparsley

Figure 10, Allacta svensonoru sp. n., male holotype: A} = head; B) = pronotum; C}= genitalia
{dorsal); F)}= front leg (anterior surface, coxa not shown; arrow indicates pulvillus on fourth
tarsomere}.

1 wm
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speckled white background (Fig. 9B). Tegmina with
white veins, and three reddish brown blotches, some
veins and celis between veinlets reddish brown giving
checkered appearance (onelarge blotch occursinanal
veinareaandtwo smalleronesinremaining partof the
tegmen; Fig. 9D} (maculae larger on right tegmen).
Frontcoxae pale, others dark brown; femora pale with
dark brown basal and apical spots, tibiae and tarsi with
dark spots. The leg markings of the Star Mts. male are
more pronounced than those of the holotype.

Female: Unknown.

Measurements (mm}{the StarMt. @ islarger thanthe
holotype and is listed in brackets). Pronotum length x
width, 2.0 x 3.1 [2.2 x 3.6]; tegmen length, 8.1 [11.4];
interocular width 0.4 [0.5).

hamifera - species group

Allacta svensonorum spec. nov.
{Figs. 10A-F)

Material examined: Holotype: male (terminalia slide
427), Borneo, Sarawak, Bako National Park, 26-
31 xii.1978, Gardenfors, Hall, Hansson, Samueisson;
in ZILS.

Etyomology: The speciesis named after Dr. GSranK,
"Svensson, biophysicist, and his wife Ingela, good
friends and neighbors.

Description: Male: Head slightly exposed, eyesvery
close together, interocular space much less than
distance between antennal sockets (Fig. 10A).
Pronctum suboval, widest behind middle (Fig. 108).
Tegminaand vangs fully developed extending beyond
end of abdomen, formerwith oblique discoidal sectors.
Hind wing with radial and media veins straight, simple,
cubitus vein straight, with four complete (one forked)
and noincomplete branches, apicaltiangle small (Fig.
10D)}. Frontfemur Type B, withfive or sixlarge proximal
spines; pulvith only on fourth proximal tarsomere,
iarsal claws symmeirical, simple, arotiasmalt (Fig. 1GF).
Abdominal terga unspeciziized. Supraanal plate

- girangly ransvarse, hind margin sonvey; paraprocte

simple similar plates. Subgenitad plate hind margin
medially excised {(seen more clearly in slide prepara-
tion} with pair of small butbous styli, right one slightly
larger{Fig. 10E). Genitaliaasin Fig. 10C: hock enright
side,small, with preapicalincision, median phatlomere
with minutely spicular apex, and slender process
arising about near middle; slender, longitudinal, nar-
row, rodlike sclerite liesunder median phallomere; eft
phailomere with large setose membrane.

Colouration: Head with occiput and vertexdark brown,
remainder yellowish with somewaeakly dark areasnear
syes and oncheeks (Fig. 10A). Pronotum with yeliow-
ish macula surrounded by dark brown, anterior and
lateral regions yellowish, subhyaline (Fig. 10B).
Tegminareddish brown, hyaline, humeratfield yellow-
ish, distinct markings absent, Hind wing with costal
vein zone yellowish, anal field weakly infuscated.
Abdominal terga and stema brownish yellow, lateral
edges dark. Dorsal surface of cerci with three or four
dark basal segments, remaining cercomeres pale.
Legs brownish yellow.

Female: Unknown.

Measurements (mm): Length, 12.0; pronotum length x
width, 3.6 x4.9; tegmenlength, 13.0;interocular width,
0.2.

Comments: The pronotal markings of svensonorum
resemble those of Aflacta inferrupta (Hanitsch)
(Sarawak, Java) {Roth 1993: fig 4A), A. figurata
{(Walker) (India)(Roth 1993:fig. 5B), and A. maculicollis
{Hanitsch) (South Vietnam) (Roth 1991: fig. 33C).
Allacta svensonorum keys to couplet 11 in Roth
(1993: 363) where it can be separated from inferrupta
and figurata by differences in head and tegminal
markings.
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