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ABSTRACT Rice is a major staple food in most Asian countries. In Malaysia, the self-sufficiency level is currently at 72%
that is, still 8% lower than the 80% target. One of the constraints in the industry is low rice production especially rice farms
in hilly areas. Hence, the objective of this study was to evaluate the phenotypic diversity and yield of selected upland rice
varieties under open field trial. The study was carried out from March to October 2017. Three upland rice varieties were
selected in this study, which was Bario, Tadong, and Kondoduvon. The varieties were sampled from Telupid and Ranau,
Sabah, Malaysia. The study was conducted at a 30 m X 10 m plot of Faculty of Sustainable Agriculture, Universiti Malaysia
Sabah, Malaysia (5°55'43.8"N 118°00'20.2"E) in a randomized complete block design (RCBD) with six replications.
Selected seeds were directly sown in beds of size 5 m X 1 mon 3¢ March 2017 with 3 seeds per hill. The spacing between
hills was 30 X 30 cm. Granular fertilizer, NPK green was manually applied ten days after sowing at 200 Kg/ha. Application
of 200 Kg/ha of NPK blue fertilizer was done at panicle initiation of each variety. Ultisols soil was used as a planting
medium. Bario showed the highest mean of the productive filler (26.83) and percentage of filled grain (61.5%). Tadong
showed the longest panicle length (28.47 ¢cm) and highest extrapolated yield (3.77 tons ha-') while Kondoduvon showed
the highest mean of 100-grain weight (3.39 g) and number of spikelets (159.67). In conclusion, Tadong is suggested to be
the most suitable candidate for future breeding of high yielding upland rice variety.
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INTRODUCTION

Rice present as a major staple food in most Asian countries. According to information by the
Malaysia Department of Agriculture (2016), the approximate planted area was 681,559 ha with a
total production of approximately 2,741,404 tonnes. Rice production in Malaysia has currently
reached 72% of the self-sufficiency level, still 8% short of the 80% target.

In 2017, the population in Malaysia is estimated at 32.0 million and are expected to increase to
41.5 million by 2040 (Department of Statistics Malaysia, 2016). The area under rice cultivation has
remained the same but the human population has become manifold. The options available are to
enhance the yield of rice on per unit area basis (Cassman et al., 2003) and development of rice
cultivars with the high yielding ability which can increase production (IRRI, 1993). Different
morphological traits play a very important role in the selection and breeding new plant type
characteristics associated with the plant yield (Yang et al., 2007; Yang & Hwa, 2008).

Generally, rice can be classified into four types of ecosystems which are; irrigated, rain-fed
lowland, deep-water, and rain-fed upland. These ecosystems are categorized based on water
regimes, drainage, temperature, soil type, topography, and location. Irrigated rice ecosystem
contributes to 1/3 of the world’s rice (Edirisinghe & Bambaradeniya, 2006). Upland rice ecosystem
ranges from low-lying valleys to undulating and sloping lands with high runoff and lateral water
movement. Upland rice constitutes less than 13% of the world’s rice planted area. The remaining rice
ecosystems are classified as flood-prone rice ecosystems.
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In Malaysia, upland rice cultivation is practiced mostly by the rural communities living
especially in Sabah and Sarawak. Upland rice farming is done mostly for home consumption and
sometimes the farmers sell their surplus to earn some money. Farmers plant upland rice for their
desirable characteristics, such as their fragrance, colours, sizes, and shapes. Health conscious
consumers often regard this rice as organic food (Hanafi ef al., 2009). Upland rice varieties have not
been largely commercialized due to their low grain yields. However, the low grain yields upland
rice is caused by the poor management of farmer during the cultivation period, weed infestation,
insect-pest attack, lack water availability and lack mineral supply (Zainal, 2015). There is also little
documentation done on the yield of upland rice in Sabah.

This study provides farmers the information on the grain yield of selected varieties. The
objective of this study was to evaluate the phenotypic diversity of upland rice based on yield
parameters.

METHODOLOGY

This study was carried out from March to October 2017. Three upland rice varieties were
studied namely, Bario, Tadong, and Kondoduvon. The seeds of the varieties were collected from
Telupid and Ranau, Sabah, Malaysia. The study was conducted at a 30 m X 10 m plot of Faculty of
Sustainable Agriculture, Universiti Malaysia Sabah, Malaysia (5°55'43.8"N 118°0020.2"E) in a
randomized complete block design (RCBD) with six replications. Selected seeds were directly sown
in beds of size 5 m X 1 m on 3 March 2017 with 3 seeds per hill. The spacing between hills was 30 X
30 cm. Granular fertilizer, NPK green was manually applied ten days after sowing at 200 Kg/ha.
Application of 200 kg/ha of NPK blue fertilizer was done at panicle initiation of each variety. Ultisols
soil was used as a planting medium.

Weeding was done manually whenever necessary. Watering was done on a daily basis until the
soil moisture is saturated. For pest management, the black thread netting was installed to control
bird pest.

Data Recording

At maturity, eight plants from each bed were sampled for morphological traits. Productive
tillers of each sample were counted. The number of productive tillers also indicates the total number
of panicles in each plant. The panicle length was measured starting from the base of the lowest
spikelet to the tip of the latest spikelet on the panicle, excluding awn. Right after harvesting, the
number of spikelet per panicle and number of fertile spikelet was counted. After drying the samples
in a 70°C oven for 3 days, the constant 100-grain weight was determined. In addition, the
extrapolated yield was also calculated (Patel et al., 2010).

Statistical Analysis

All the data were subjected to One-way Analysis of Variance (ANOVA) by using the Statistical
Analysis Software (SAS) Version 9.4 (SAS Institute Incorporation, 2002) software, to test the
significant difference between the varieties. Duncan’s Multiple Range test (DMRT) at 0.05 level of
probability was carried out if there are significant differences among the means.
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RESULTS AND DISCUSSION

Yield Components

Bario showed the highest mean of the productive tiller (Fig 1) and the percentage of filled grain
(Fig 5). Tadong showed the highest mean panicle length (Fig 3) and extrapolated yield (Fig 6) while
Kondoduvon showed the highest mean of 100-grain weight (Fig 2) and number of spikelets (Fig 4).
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Figure 1. Mean percentage of the productive
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Figure 5. Mean percentage of filled grain of
Kondoduvon, Tadong, and Bario
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Figure 2. Mean 100-grain weight of
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Figure 4. Mean number of the spikelets of
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Figure 6. Mean extrapolated yield of
Kondoduvon, Tadong, and Bario

There was a significant difference in the number of productive tillers per hill between the rice
(p<0.05). From Figure 1, it can be seen that Bario (26.83) achieved the highest productive tillers while
Tadong was the lowest (13.17). The difference between Bario and Tadong was 13.66.
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According to Kusutani et al. (2000) and Dutta et al. (2002), genotypes that produce the higher
number of productive tillers per hill and a higher number of grains per panicle also showed higher
grain yield in rice. The number of productive tillers also represents the number of panicles. The
number of panicles produced was the result of the number of tillers and the proportion of
productive tillers, which survived to produce panicle (Ashrafuzzaman et al., 2009). Even though
Bario produced the most number of productive tillers, the extrapolated yield of Bario was low (Fig
6) due to low grain weight as well as short panicle length. These findings are similar to those of
Gagandeep et al. (2016), where the variation in the number of productive tillers was due to the
genetic make-up of different paddy varieties.

100-Grain Weight

In Figure 2, the mean 100-grain weight was significantly different between the rice varieties
(p<0.05), where Kondoduvon was heaviest (3.39 g), followed by Tadong (2.21 g), and lastly, Bario
(1.73 g). The difference between Kondoduvon and Bario was 1.66 g. The results were in accordance
with those of Mondal et al. (2005) who reported a difference in 100-grain weight among 17 studied
varieties. The difference in the grain weight was probably due to the difference in grain size in
studied varieties.

Panicle Length

The mean panicle length was significantly different between rice varieties (p<0.05). From Figure
3, Tadong showed the highest mean panicle length of 28.47 cm, followed by Kondoduvon (27.03
cm), and Bario (22.72 cm). The difference between Tadong and Bario was 5.75 cm.

Morishima et al. (1962) reported that the average panicle length of 106 lines of O. sativa was 20.0
cm. All the studied rice varieties achieved above average on the panicle length. A study was done by
Sohrabi et al. (2012) on 50 upland rice varieties in Malaysia found that the highest mean panicle
length was 30.07 cm, which is higher than all the studied varieties in this study.

Longer panicle length is more favourable as yield is higher among those varieties with longer
panicle length (Salam et al., 1990). Panicle length is an important trait in the improvement of panicle
architecture and grain yield in rice (Liu et al., 2016).

Number of Spikelets

There was a significant difference in the mean of spikelet number between the studied rice
varieties (p<0.05). From Figure 4, the highest mean spikelet number was Kondoduvon (159.67),
followed by Bario (122.50), and Tadong (105.17). The difference in number of spikelet between
Kondoduvon and Tadong was 54.5. The difference in spikelet number can be attributed to the
genetic nature of different varieties (Hussain et al., 2014). Sohrabi et al., (2012) reported that the mean
spikelet number of 50 upland rice varieties in their study was 159.14, which is similar to that of the
Kondoduvon (159.67) in this study.

Percentage of Filled Grain

The mean percentage of filled grain was significantly different between the rice varieties
(p<0.05). From Figure 5, the highest mean percentage of filled grain was achieved by Bario (61.5%),
followed by Kondoduvon (22.5%) and lastly, Tadong (17.17%). Even though Kondoduvon recorded
a higher number of spikelet per panicle, but Bario has a higher percentage of filled grain.

During this study, insect pest was a problem. It was found that Leptocorisa sp. was infesting the
study site at the flowering stage and even though sprayed with insecticide, the damaged spikelets
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did not undergo filling stage properly. In addition, shorter rice photosynthesis time and higher
temperature at panicle initiation stage might also be the possible reasons for the fewer grain number
per panicle (Mo et al., 2017).

Extrapolated Yield

The mean extrapolated yield was significantly affected by the different rice varieties. From
Figure 6, Tadong has the highest mean extrapolated yield of 3.77 tons ha, followed by Kondoduvon
(2.46 tons ha') and lastly, Bario (1.93 tons ha'). Tadong has the highest extrapolated yield in
comparison with Bario and Kondoduvon, this might be because Tadong has heavier 100-grain
weight.

CONCLUSION

Although upland rice is gaining popularity among health-conscious consumers, there is little
known about the yield of upland rice varieties in Sabah. Based on this study, Tadong showed better
yielding ability in comparison with Bario and Kondoduvon. Further study needs to be conducted to
develop the Tadong variety as high yielding, drought tolerant upland rice.
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