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Abstract

Proper management of rice cultivation through the use of superior varieties and the application of
a planting system adapted to site-specific conditions are very important in increasing rice yields. The
purpose of this study was to determine and obtain the appropriate planting system to increase rice yield
of superior varieties. The experiment adopted a split plot arranged in a randomized complete block
design with two mainplot (planting systems) and three subplot (rice varieties) replicated four times.
The mainplot was the planting system consisting of tile 20 cm x 20 cm and legowo 4:1 (20 cm-40 cm)
x 10 cm, while the subplot was rice varieties consisting of Mira 1, Inpari 32, and Inpari 34. There was
an interaction effect between the planting system and the rice varieties on grain yields. Legowo 4:1
planting system showed higher grain yield than the tile planting system on the three varieties tested for
this experiment. The application of the legowo 4:1 planting system on Mira 1 obtained the highest
grain yield of 5.65 t ha-1 or increased by 5.6% compared to the tile planting system. The Mira 1 was
a superior rice variety that was suitable to be applied to the planting system of legowo 4:1 (20 cm—40
cm) x 10 cm to increase rice yield.
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Introduction million (BPS-Statistics Indonesia, 2013). The
Rice (Oryza sativa L.) is an important food large population in Indonesia and the high
crop commodity in Indonesia and most of the consumption of rice are a challenge for the
people (> 90%) consumes rice as the main government in sufficing the national rice needs.
staple food. The consumption of rice in 2018 The food development program has so far
reached 96.33 kg per capita per year with a focused on increasing production to achieve
population of around 267 million people, so self-sufficiency in several main foodstuffs, one
rice consumption is 25.72 million tons of which is rice. The policy to fulfill the
(Sabarella et al., 2019). The need for rice is community's staple food, which has so far
increasing in line with population growth. The relied on rice, has an impact on the
growth rate of the Indonesian population in development and diet of the community which
2020-2035 is projected to be approximately 1% was previously based on local food and
so that the population in 2025 will reach 285 switched to rice (Rachmat, 2015).
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Province, rice production in 2019 was 235,340
tons with a productivity of 4.35 t ha-1 (Prasetyo
et al., 2020). The rice productivity is low and
below the average national rice productivity.
The low productivity is caused by improper
planting methods and the lack of water
availability for rice, where water availability
depends on rainfall conditions. Merauke
Regency is the center of rice production in
Papua and has a high production potential to be
developed. Rice production in Merauke
Regency increases in line with the increase in
the land area through the expansion of new
integrated rice fields. During the 2015-2019
period, there was an addition of 8,915 ha of new
paddy fields. The efforts to increase rice
production can’t only be done by expanding the
land, but also by increasing productivity
(Azkaenza et al., 2019 and BPS-Statistics of
Merauke Regency, 2020).

The use of adaptive new varieties and
improvements of land management methods
such as the legowo planting system, soil
ameliorant  applications, and improved
fertilization management are efforts to increase
rice yields (Hafif, 2016). The planting system
is one of the components of farming that affects
rice yields and income. Planting systems with
suitable spacing and plant population
management will affect important processes in
capturing solar radiation by plants for
photosynthesis, absorption of nutrients by
roots, adequacy of plant water needs,
circulation of CO2 and 02 from
photosynthesis, availability of space that
determines weed populations, and
microclimate under the canopy which affects
the development of plant pests (Makarim et al.
2005). Wider plant spacing allows plant
varieties to express their growth potential
(Pratiwi et al., 2010). Wider plant spacing will
increase the capture of solar radiation by the
plant canopy so that plant growth will also
increase such as the number of productive
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tillers, volume and length of roots, plant dry
weight, and grain weight per hill (Hatta, 2012
and Lin et al., 2009). Instead, the dense plant
spacing with a high planting population will
cause a decrease in the number of tillers per
hill, but the number of panicles per m2 will
increase significantly (Mobasser et al., 2009).

Besides the planting system as one of
the important components in rice cultivation,
variety is also the technological component in
rice cultivation, which makes a major
contribution to increasing rice productivity
(Sutaryo and Widodo, 2018). Superior varieties
have a significant contribution of 56% in
increasing national rice production (ICRR,
2007; Syahri and Somantri, 2016). Superior
varieties are one of the dominant components
of technological innovation and are proven to
be able to increase rice production for rice
farmers. The use of local seed variety is the
major factor that affects the economic
efficiency and total factor productivity of rice
(Sadiq et al., 2018). Farmers' preferences are
also important in assembling new high yielding
varieties according to the characteristics that
local farmers are interested in and tolerant of
stress conditions at the site (Perdani et al.,
2020). In general, new superior varieties have
characteristics that stand out for yield potential,
have agronomic advantages, and are resistant to
certain pests.

Indonesian Agency for Agricultural
Research and Development (IAARD) has
produced various technological innovations
that have been able to increase the productivity
of food crops, including high yielding varieties
and cropping systems, some of which have
been cultivated and implemented by farmers
(Mulyandari et al., 2018). The rice planting
system commonly applied by farmers is the tile
planting system with a distance of 25 cm x 25
cm, 20 cm x 20 cm, and the legowo row
planting system, both legowo 2:1 and legowo
4:1. The tile planting system (square system) is
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a planting patterns with square spacing where
the distance between the rows are the same as
along the rows. The legowo planting system is
a method of planting lowland rice with a pattern
of several rows of plants interspersed with one
empty row. In legowo row planting system, the
planting pattern of legowo is carried out
alternating between two or more (generally two
or four) rows of plants and one free space row.
Rice planted in free space rows is moved and
inserted in rows (Abdulrachman et al., 2013;
Darmawan, 2016; Pratiwi et al., 2016; and
Susilastuti et al., 2018). If one empty row is
interspersed with two rows of plants, it is called
legowo 2:1, while if one empty row is
interspersed with four rows of plants, it is called
legowo 4:1. Arice planting system with legowo
4:1 (20 cm-40 cm) x 10 cm is one of the
superior technology produced by IAARD
(Tkwani et al., 2013). Farm management is an
important aspect to increase rice production
and productivity (Panuju, 2013). Good with
rice cultivation practices can be carried out by
applying the right planting system and using
superior varieties suitable for planting
following the specific conditions of the location
in the region. This study aimed at obtaining the
appropriate planting system that could increase
the growth and yield of superior rice varieties
in Papua, Indonesia.

Materials and Methods

This research was conducted from July to
October 2019 in rice fields in Kamangi Village,
Tanah Miring District, Merauke Regency,
Papua, Indonesia. The study site was
considered lowland at an altitude of £ 4-20 m
above sea level. Soil types in the study area
were classified as Inceptisols subgroup
Endoaquepts.

The experiment adopted a split plot
arranged in a randomized complete block
design with four replications on an area of £ 3
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ha. The mainplot was a planting system
consisting of tile with a plant spacing 20 cm x
20 cm and legowo 4:1 with a plant spacing (20
cm-40 cm) x 10 cm, while the subplot was rice
varieties consisting of Mira 1, Inpari 32, and
Inpari 34. The plant population in the planting
system of legowo 4:1 (20 cm—40 cm) x 10 cm
was higher than the tile 20 cm x 20 cm. The
plant population per hectare produced for the
tile 20 cm x 20 cm was * 250,000 plants, while
the legowo 4:1 (20 cm—40 cm) x 10 cm was *
400,000 plants.
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Figure 1. Treatment of the planting system (a)
tile 20 cm x 20 cm and (b) legowo 4:1 (20 cm—
40 cm) x 10 cm.

Rice seeds were soaked for 24 hours
until they germinated or radicle appeared. 25
days old rice seedlings were transplanted in
each treatment plot with an area of 50 m x 25
m for each plot. Inorganic and organic
fertilizers were applied in each plot with a dose
of 150 kg NPK Phonska (15% N, 15% P205,
15% K20), 50 kg urea (46% N), 100 kg SP-36
(36% P205), and 3 tons of organic fertilizer per
hectare. Organic fertilizer was applied 7 days
before rice transplanting. SP-36 was applied at
7 days after transplanting (DAT), while NPK
Phonska and urea were applied twice at 14 and
40 DAT with a dose of 50% for each
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application. During the cropping season, water
availability for crops depended on rainfall and
water supply for irrigation from canals that
stored water during the rainy season.

Data collection was carried out on the
variables of plant growth, straw weight, yield
components, and grain yield. Plant growth such
as plant height and number of tillers per hill
were observed at the time of 30, 60, and 90
DAT. Ten hills from each plot were randomly
selected to record plant height and number of
tillers per hill. Plant height was measured from
the base of the hills at the soil surface to the
highest end of the plant (leaf tips). The number
of tillers were recorded from the tillers that
appeared and grew for each hill. The panicle
length, number of filled grains per panicle,
number of unfilled grains per panicle, and total
number of grains per panicle were recorded
from 10 sample units from each plot. The grain
and straw yield were recorded from an area of
6.25 m2 (25 m x 2.5 m) and converted to
hectares.

Statistical analysis

The data were analyzed statistically using
analysis of variance (ANOVA) and then the
mean value comparison test was carried out by
Duncan's Multiple Range Test (DMRT) at level
a=5% (Gomez and Gomez, 1984). Correlation
analysis was performed to determine the
relationship among agronomic characters. The
data were processed using the Statistical Tool
for Agricultural Research (STAR) software
program version 2.01.

Results and Discussion
Climatic conditions:

The climatic conditions at the research
sites during the study were presented in Table
1 and Figure 2. The climatic conditions from
July to October 2019 occurred in the dry
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season, which was indicated by the average
rainfall per month was 22.4 mm and the
average rainy day per month was 9 days.
During the study, the average temperature was
25.5 °C per month with an average humidity of
79% per month. The average duration of
sunshine, wind velocity, and atmospheric
pressure per month were 175.1 hours, 5 knots,
and 1014 millibar, respectively. This low
rainfall condition caused rice plants to lack
water because the availability of water for
plants in this experiment depended on rainfall
and water supply from rainwater harvesting
canals.

Plant height:

There was no interaction effect between
the planting system and rice varieties on plant
height. Furthermore, the planting system also
did not affect plant height. The average plant
height at 30, 60, and 90 DAT on the treatment
of the tile planting system were 58, 99, and 101
cm respectively, while legowo 4:1 planting
system was 54, 94, and 97 cm (Figure3).

The rice varieties had a significant
effect on rice plant height. The Mira 1 rice
variety had the highest plant height at 30, 60,
and 90 DAT compared to other varieties in this
experiment with the average plant height
produced of 72, 114, and 119 cm, respectively.
At 30 DAT, the lowest plant height was found
in Inpari 32 with a plant height of 41.75 cm
compared to other varieties. At 60 and 90 DAT,
the varieties Inpari 32 and Inpari 34 had similar
plant height.

Rice tiller production:

The planting system did not affect the
number of tillers per hill at any growing stage,
while the varieties showed a significant effect
(Table 2). This showed that the influence of
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Table 1. Temperature, humidity, air pressure, duration of exposure, and wind speed from January to
December 2019 in Merauke Regency.

Temperature (°C) Humidity (%)
Month-Year _ _ AP DS WV
Max  Min  Mean Max  Min Mean
January 2019 31.1 24.4 27.5 99 60 84 1009.2 146.2 5
February 2019 321 252 284 96 55 81 1011.0 1762 6
March 2019 309 247 272 99 54 85 1010.7 1361 4
April 2019 31.1 24.8 274 98 53 84 1011.2 176.2 4
May 2019 32.4 235 26.9 97 52 84 1012.3 140.5 4
June 2019 30.8 21.8 25.7 95 47 83 1012.6 118.3 6
July 2019* 30.4 194 24.7 94 45 81 1014.2 166.0 5
August 20191 32.1 20.0 25.1 97 44 80 1014.1 143.1 5
September 2019  30.7 18.6 25.2 84 44 76 1015.1 171.7 5
October 2019* 33.9 20.5 26.8 95 42 78 1012.4  219.7 5
November 2019 34.2 21.9 27.9 97 40 75 10109  238.3 5
December 2019 35.0 24.0 29.1 98 41 75 1010.1  250.7 4

Data according to BPS-Statistics of Merauke Regency (2020), 1Time period of the study, AP: atmospheric
pressure (MB), DS: duration of sunshine (hours), WV: wind velocity (knot).
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Figure 1. The climatic condition of rainfall and rainy days from January to December 2019 in

Merauke Regency.

246



Purwanto et al., SVU-International Journal of Agricultural Sciences, 2 (2): 242-255, 2020

160

mTile
Legowo 4:1

140 ~
120 A
100 ~
80 A a a
60
40 A
20 A

160

Plant height (cm)
o

Mira 1
Inpari 32
Inpari 34

140 A
120 A
100 A
80 -

40 1
: %
30

60

Days after transplanting

Figure 2. Effect of planting system and rice varieties on the plant height at 30, 60, and 90 days after
transplanting. Mean values with the same letters above the column were not significantly
different according to DMRT at the level a = 5%.

genetic factors on the response of tillers
number in each variety was more dominant
than the modification of the growing
environment for plants through the application
of planting systems, both tile and legowo 4:1.
Environmental factors such as modification of
the growing environment for plants with the tile
and legowo row planting system were less
mayor in influencing the growth of tiller
number in this experiment and more influenced
by genetic factors, i.e. the use of rice varieties.
The average number of tillers per hill produced
reached 16-17 tillers at 90 DAT. The response
of the number of tillers per hill showed a
significant difference in the rice varieties
treatment. The results at 30, 60, and 90 DAT
showed that the Mira 1 variety had the highest
number of tillers per hill compared to other
varieties, while the least number of tillers per
hill was found on Inpari 34. The number of
tillers per hill decreased at the age of 90 DAT,
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compared with 60 DAT. Wang et al. (2014)
reported that the number of tillers per clump
tended to decline after the reproductive phase.
The average number of tillers per hill at 90
DAT on varieties of Mira 1, Inpari 32, and
Inpari 34 were 20, 17, and 13 tillers,
respectively.

Figure 4 showed the effect of the interaction
between planting systems and rice varieties on
the number of tillers per hill at the age of 60
DAT. The plant density on the tile planting
system (20 cm x 20 cm) was lower than the
legowo 4:1 (20 cm—40 cm) x 10 cm, which
resulted in less number of tillers per hill.
Mobasser et al. (2009) stated that the number of
tillers per plant was greatly influenced by
cultivated variety and plant density as well as
the interactions between them. The planting
system of the Mira 1 variety with the tile and
legowo 4:1 planting system resulted in a higher
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number of tillers per hill than other varieties,
but not significantly different from the
treatment of legowo 4:1 on the Inpari 32
variety. The variety Inpari 34 showed the least
number of tillers per hill in tile planting system.
Reza et al. (2012) stated that a planting system
with a reduction in planting density would
reduce the number of tillers and the number of
effective tillers per hill.
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Figure 4. Interactions between planting systems
and rice varieties on the number of tillers per
hill at 60 days after transplanting

Straw yield:

The interaction effect between planting
systems and rice varieties showed a significant
response to rice straw yields. Table 3 showed
that the application of different planting
systems affected the yield of the wet weight of
rice straw on rice variety used in this
experiment. This means that the use of various
rice varieties to be planted must consider the
suitable planting system for use and the site-
specific conditions for the plant because it
would affect plant growth, which could be
shown on the biomass of the vegetative
character.

The Mira 1 rice variety planted with the
legowo 4:1 planting system showed a higher
rice straw yield compared to the tile planting
system. Furthermore, the rice straw yield on the
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Mira 1 variety with legowo 4:1 planting system
also showed the highest yields compared to
Inpari 32 and Inpari 34 varieties, both with the
tile and legowo 4:1 planting system. The
weight of the harvested straw produced on the
Mira 1 variety with the legowo 4:1 planting
system reached 16.95 t ha-1 or about 4% higher
than the tile planting system which was only
16.28 t ha-1. The effect of the planting system
on the weight of rice straw produced on the
Inpari 34 variety also showed a significant
difference, while it was relatively not different
on Inpari 32. The weight of rice straw produced
by the tile planting system on Inpari 34
varieties showed higher yields than the legowo
4:1 planting system. The application of the tile
planting system on Inpari 34 produced a straw
yield of 15.95 t ha-1 or about 7.8% higher than
the legowo 4:1 which produced a straw weight
of 14.80 t ha-1. The response of rice straw
yields on Inpari 32 did not show a significant
difference. The average rice straw yield
produced by applying the legowo 4:1 or tile
planting system for Inpari 32 variety was 15.03
t ha-1. This result was not different from the
Inpari 34 variety which was planted with the
legowo 4:1 planting system.

This was following the results of the
correlation analysis between rice plant height
and straw weight, which was presented in Table
6. The relationship between plant height and
straw yield has a positive and very significant
correlation (r = 0.7575**). The straw yield
increased with increasing plant height. Rice
that had a higher plant height tended to have
greater biomass, which was characterized by an
increase in the straw weight. The higher plant
height and number of tillers have the potential
for high yield. A good photosynthetic process
would increase plant growth and dry weight
(Simanjuntak et al., 2015).

Yield component:
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The results of the analysis of variance
showed that there was no significant effect of
the planting system treatment on the rice yield
components in this experiment (Table 4). There
was a significant effect on the treatment of
using various rice varieties, while the
interaction between the planting system and the
rice varieties used in this experiment did not

result in any significant effect on the yield
component variables.

Mira 1 variety had a longer panicle structure
and the total number of grains per panicle
produced was also higher than the Inpari 32 and
Inpari 34 varieties. The number of unfilled
grains per panicle produced in the Mira 1
variety was also lower than that of the Inpari 34
variety, but it was not significantly

Table 1. Effect of planting system and rice varieties on the number of tillers per hill at 30, 60, and 90

days after transplanting.

Treatment

Number of tillers per hill

30 DAT 60 DAT 90 DAT
Planting system (P)
— Tile 16.92 17.08 16.50
— Legowo 2:1 15.67 18.00 17.25
F value® 1.99" 0.49™ 0.41"™
Rice varieties (V)
- Miral 23.50 at 21.00 a 20.38 a
— Inpari 32 14.13b 17.50 b 16.88 b
— Inpari 34 11.25b 1413 ¢c 13.38 ¢
F value® 38.50** 10.17** 9.94**
Interaction (P x V)
F value® 2.92" 4.74* 3.09™

TANOVA test, **: significant effect at the level a = 1%, *: significant effect at the level a = 5%, ns: not significant effect,

DAT: days after planting.

!Mean values followed by the different letters on the same column indicate statistical significant, according to DMRT at

the level o = 5%.

Table 3. Interactions between planting system and rice varieties on straw yield.

Rice straw yield (t ha)

Planting system . . . Mean?
Mira 1 Inpari 32 Inpari 34

Tile 16.28 bt 15.23 ¢ 15.95b 15.82a

Legowo 4:1 16.95a 14.83 ¢ 1480 c 15.53 b

Mean! 16.61a 15.03 ¢ 15.38 b

IMean values followed by the different letters indicate statistically significant, according to DMRT at the level o = 5%.
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different from the Inpari 32 variety. The
advantages of the Mira 1 variety in agronomic
characters such as panicle length, the total
number of grains per panicle, the number of
unfilled grains per panicle, and the percentage
of filled grains per panicle could be a
determining factor for obtaining high rice
yields. This was indicated by the relatively high

percentage of filled grains on the Mira 1 variety
(76.11%) compared to the Inpari 34 variety and
not significantly different from the Inpari 32
variety. The selection of cultivated variety
(cultivar) was an important factor to consider in
measuring the percentage of filled grains (Liu
etal., 2016).

Table 4. The effect of planting system and rice varieties on the rice yield component.

Yield component

Total number

Number of Filled grains

Treatment Panicle length . - : i

(cm) of grains per unfilled grains per panicle
panicle per panicle (%)

Planting system (P)

— Tile 21.61 135.00 40.08 70.46

— Legowo 4:1 21.74 124.92 39.00 69.42

F value® 0.03" 0.25™ 0.04" 0.05"

Rice varieties (V)

- Miral 24.34 al 146.13 a 36.13 b 76.11a

— Inpari 32 19.26 c 106.25 b 22.38Db 78.33 a

— Inpari 34 21.43Db 137.50 a 60.13 a 55.37Db

F value® 14.58** 6.07* 14.31** 11.25**

Interaction (P x V)

F value® 0.07™ 0.15"™ 2.23"™ 2.56™

TANOVA test, **: significant effect at the level a = 1%, *: significant effect at the level o = 5%, ns: not significant effect.
Mean values followed by the different letters in the same column indicate statistical significant, according to DMRT at

the level o = 5%.

The panicle length affected the total number of
grains produced. This was presented in Table 6
which showed the relationship between panicle
length and the total number of grains per
panicle. The results of the correlation analysis
showed that there was a positive and a
moderately strong correlation between panicle
length and the total number of grains per
panicle (r = 0.6719**). The correlation
coefficient (r) described the degree of a linear
relationship between the two variables and r
value of 0.6 up to 0.8 indicated that the strength
of the linear relationship was moderately strong
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(Chan, 2003). This meant that rice varieties that
had a longer panicle structure tended to
produce a higher total number of grains per
panicle. This result was consistent with the
study of Kajonphol et al. (2018) and Mohamed
(2012) which reported that the number of
grains per panicle had a positive correlation
with panicle length. However, a longer rice
panicle would have an impact on increasing the
number of unfilled grains per panicle. The
number of unfilled grains per panicle would be
related to the percentage of filled grains
produced. The results of the correlation
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analysis showed that there was a negative and
very strong correlation between the number of
unfilled grains per panicle and the percentage
of filled grains per panicle (r = -0.8790**). A
negative value on the correlation coefficient
meant that the two variables were inversely
related (Chan, 2003). This indicated that the
percentage of filled grains per panicle would
decrease with a large number of unfilled grains
per panicle produced. The high percentage of
filled grains per panicle were an important
component in increasing grain  yield.
Hairmansis et al. (2010) stated that the number
of filled grains per panicle was an agronomic
character that had a direct positive effect on
grain yield.

Grain yield:

The interaction effect between the
planting system and rice varieties showed
significant differences in rice yields. The
legowo 4:1 planting system resulted in higher
yields than

the tile planting system for each rice variety
used in this experiment (Table 5). The
application of legowo 4:1 planting system on
the Mira 1, Inpari 32, Inpari 34 varieties could
increase rice yields respectively by 5.61%,
6.27%, and 31.43% compared to the tile
planting system. The interaction between
legowo 4:1 planting system and Mira 1
varieties showed a lower rice yield increase of
5.61% compared to Inpari 32 and Inpari 34
varieties, but this treatment resulted in the
highest grain yield reached 5.65 t ha-1. The
lowest rice yields were found in the Inpari 34
variety with the tile planting system which
produced grain yields of 2.45 t ha-1. This
indicated that the Mira 1 variety had better
yield potential than the Inpari 32 and Inpari 34
varieties, both with the application of the tile
and legowo 4:1 planting system. Genetic and
environmental factors were important things
that must be considered in cultivating rice in a
particular land which was adapted to the site-
specific conditions in the region.

Table 5. Interactions between planting system and rice varieties on rice grain yield.

Grain yield (t ha)

Planting system . : . Mean?!
Mira 1 Inpari 32 Inpari 34

Tile 5.35 bct 5.10c 2.45¢€ 4.30b

Legowo 2:1 5.65a 5.42 ab 3.22d 4.77 a

Mean? 5.50 a 5.26b 2.84c¢

!Mean values followed by the different letters indicate statistically significant, according to DMRT at the level a = 5%.

Table 6 showed the relationship between the
agronomic characters that had the potential to
increase grain yield. The relationship among
these characters could be interpreted based on
the results of correlation analysis and Pearson's
correlation coefficient value in this experiment.
The correlation coefficient has been the
statistical method most often used for the
analysis of the relationship among traits
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(Bewick et al., 2003 and Kozak et al., 2012).
The results of the correlation analysis in this
experiment showed that several characters had
a positive correlation and significantly affect
rice yields. Some characters had a direct effect
on grain yield, i.e. the number of tillers per hill,
the number of unfilled grains per panicle, and
the percentage of filled grains per panicle. In
this experiment, the number of tillers per hill
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had a positive and moderately strong
correlation with grain yield (r = 0.6065**).
This indicated that the increase in grain yield
was in line with the number of tillers produced
so this character was an important factor that
must be considered in rice cultivation,
especially by increasing the number of
productive tillers per plant. The number of

productive tillers per hill had a direct positive
effect on grain yield (Hairmansis et al., 2010).
The efforts to increase the number of tillers
were through modification of the growing
environment for plants by setting the right
planting system or plant spacing and selecting
the appropriate varieties.

Table 2.Correlation analysis among agronomic character on three superior rice varieties.

Characters  PH NT SY PL TNG NUG PFG
NT 0.6182**

SY 0.7575**  0.2315™

PL 0.6759** 0.3586™  0.5251**

TNG 0.4714* 0.2916™  0.3186™  0.6719**

NUG 0.1244m -0.0937™ -0.0366™ 0.4352*  0.5219**

PFG 0.1137™ 0.2483"  0.2469™  -0.1449™ -0.1003"  -0.8790**

GY 0.3107™ 0.6065** 0.2387™  0.1285™  -0.1525™  -0.5882** 0.6221**

**: correlation was significant at the level a = 1%, *: correlation was significant at the level a = 5%, ns: not significant,
PH: plant height, NT: number of tillers per hill, SY: straw yield, PL: panicle length, TNG: total number of grains per
panicle, NUG: number of unfilled grains per panicle, PFG: percentage of filled grains, GY: grain yield.

The number of unfilled grains per panicle
directly affected the total number of grains per
panicle and grain yield. The results of the
correlation analysis showed that the number of
unfilled grains had a fair linear relationship
with the total number of grains per panicle (r =
0.5219**). The higher number of unfilled
grains per panicle would increase the total
number of grains per panicle, but the
production of a high number of unfilled grains
caused a decrease in grain yield. The results of
the correlation analysis showed that there was
a negative correlation between the number of
unfilled grains per panicle and grain yield (r =
-0.5882**). This meant that the increasing
number of unfilled grains per panicle tended to
decrease the grain yield. The rice yield would
increase in line with the decrease in the number
of unfilled grains per panicle so that the
increase in rice yield was carried out by
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increasing the percentage of filled grains per
panicle and reducing the number of unfilled
grains per panicle. Percentage of filled grains
per panicle had a positive and moderately
strong correlation with grain yield (r
0.6221**). This indicated that high grain yield
could be achieved by increasing the percentage
of filled grains per panicle.

Conclusions

The selection of high vyielding varieties
combined with the appropriate planting system
had an important influence to achieve high rice
yields. There was an interaction effect between
the application of the planting system and the
use of varieties on rice yields. The planting
system of legowo 4:1 (20 cm—40 cm) x 10 cm
obtained higher grain yield than the tile 20 cm
x 20 cm for the three varieties tested (Mira 1,
Inpari 32, and Inpari 34) in this study. The
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application of the legowo 4:1 (20 cm—40 cm) x
10 cm on the Mira 1 variety resulted in the
highest grain yield of 5.65 t ha-1 or an increase
of 5.6% compared to the tile 20 cm x 20 cm
planting system. The Mira 1 rice variety using
the planting system of legowo 4:1 (20 cm-40
cm) x 10 cm was the best technology
component for rice cultivation in this study.
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