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SELECTION OF RICE (ORVZA SAT/VA L) VARIETIES FOR LOWLANDS 

RAIN-FED CONDITIONS IN PAPUA NEW GUINEA. 

Stanis Malangen and Birte Komolong 

ABSTRACT 

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

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

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

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

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

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

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

yield performance and taste. 
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INTRODUCTION 

Rice (Oryza sativa L) has many advantages ove 
most of the trad1t1onal food crops of Papua New 
Guinea (P G) Rice I easy o store do 
pe·1sh dur n tran ortatI0 istant loc 
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Munum in the lower Mar ham vall 
of the tud1es were non con lu Ive due to lack of 
information for optimum planting dates for the 
sites, soil cond1t1ons, erratic rainfall, Rice bugs 

(Leptocorisa spp.) and unsuitab le varieties 
(Sumbak 1977). 
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MATERIALS AND METHOD 

Location and Methods 

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

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

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

Table 1. Experimental sites and their agro-ecological features 

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

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

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

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

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

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

~ rin 1 Mor i:;oo 2700 0 0 

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

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

ic vara i p 

To 

4 1 2 IRRI 
NA 9 1 2* NARl5 

R 11 2 
IRRI 

I NR 132 
IRRI 

I NR 142 
IRRI 

NR 15 14 IRRI 

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

'
2* TATM6 

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

IA 96 
Ayung 

BG 379-2 Sri Lan a 
N6-94 PNG 

IA 841 1-1-2 Philippines 

I IRAT 104 Ivory Coast 
IRAT 170 Ivory Coast 
Salumpiktt Philippines 

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

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

Short 
Medium 

Medium 

Short 
Short 
Tall 

Tall 
Tall 
Medium 
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Trial design and maintenance 

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

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

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

Data collection and Statistical Analysis 

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

Ta I 3. 

V r ty 

Mean 
%CV 

7.44 

719 
417 

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

e 

. 55 d 

6.48bc 
6.91 bed 

5 sob 
3.528 

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

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

RESULTS 

Third season (2004-2005). 

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

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

cros a s1 e (Ta le 

t 
-~ 

.Q C 

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

7 2be 3.4-c .9 cd 

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

3.218 2.098
b 5.56b ---

6.50 2.94 5.32 

23.7 22.3 24.8 

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

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

Site (S) 4 114. 19..wr 

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

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

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

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

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

IV ri ty 

NR 15 

NR 1 
NR 9 
NR 16 
NR 4 

TCS-10 
FB 91 

Mean 

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

2001-2002 
. 

6.298 

5.53d 
5.29cd 
5.Q5bcd 
4.74bc 

4.5Qab 

3.97a 

5.05 

~ 

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

. 
4.27ab 

4.45b 
3.92ab 

4.13ab 

4.67b 
3.73ab 

3.03a 

4.03 

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

Comparison of results across three seasons 

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

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

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

on in th 

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

. 
Ranking 

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

3 
3.54

3 7 
5.03 4.70 

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

DISCUSSION 

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

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

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

V le 

it 
for a . 

in 

ma 
nee e o niz d rvo h are h 

Ti bi 6. and 

1 b" 
838 

823 15 4cd 

05 1.88 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1000 

1100 

SOO 

40.0 

r-2005 

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

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

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

Location 
I 

pH Ca 
l ~e%) I 

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

Boana 4.3* 13.9 I 09 
I 

0.05 0.09 29.7 4.3 7.6 0.4 29 
Oagging I 58 

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

I 
0 87 014 23 

I 
20 2.54 0.2 21 

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

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

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

silt 

27 
39 
39 
30 
29 

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

I Nia NR 1 86.5 21.06 69.47 33.3 
I 

NR 4 84.1 17.08 74.15 32.5 
NR9 121.8 13.44 76.94 69.2 

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

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

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

Nia 
N/a 
Nia 
Nia 
Nia 

la 
la 

Nia. 
Nia 

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

clay 

44 
54 
25 
49 
40 
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