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Swampland plays a critical function in agriculture, specifically in growing rice production.
The study aimed to determine the effects of cropping systems and varieties on the
rice growth and yield in acid sulfate soil of tidal swampland. The experiment was
conducted in a potential acid sulphate soils in Kapuas Regency, Central Kalimantan
Province. The experiment was arranged in a split plot design with three replications.
The main plot consisted of three HYV’s of rice, namely Inpara 8, Inpari 32, and Margasari.
The subplot consisted of five cropping systems, namely, Jarwo 2:1A, Jarwo 2:1B,
Jarwo 2:1C, Hazton, and Tegel. The plot size was 4 m x 5 m. The variables observed
included initial soil properties, plant growth, and yield components. The jajar legowo
cropping system in this study was not able to increase rice yields in acid sulphate
soil. There was an interaction effect of cropping systems and varieties on the plant
height and number of tillers at vegetative phase. At generative and pre-harvest
phases, there was significant single effect of variety and cropping system in the planting
height and number of tillers, respectively. Both cropping system and variety significantly
affected the number of panicles per hill, while panicle length, grain per panicle and
grain yield were only affected by variety. There was no significant effect of both factors
on the number of filled grains per panicle. Inpara 8 variety achieved the highest grain
yield, which was 6.78 ton.ha? or equivalent to 4.34 ton.ha of 14 % water content.
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INTRODUCTION

Swampland is important in increasing the
production of agricultural commodities, including
rice production. Tidal swampland is a huge land in
Indonesia of about 20.14 million ha, in which 20.1 %
or 6.70 million ha of it is acid sulphate soils. The tidal
swampland that has been used for new agricultural
extensification is 1.43 million ha (Haryono et al.,
2013). The potential tidal swampland area available
for lowland rice in Area for Other Land Use (APL),
Convertible Production Forests (HPK), and Production

Forests (HP) is around 2.07 million ha (Ritung et al.,
2014).

The development of acid sulfate soils in tidal
swampland to increase agricultural production has
encountered several obstacles, such as soil acidity,
high Fe, Al and Mn, and reduction of exchangeable
bases. This can lead to the stress on rice plants and/or
the emergence of iron toxicity problems. The analysis
of the potential production of tidal swampland
covering an area of 2.27 million ha, if land optimization
is carried out by increasing productivity, extensification,
and increasing planting intensity, resulted in a pro-
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duction delta of around 2.70 million ton grains per
year (Haryono et al., 2013).

In rice cultivation, several cropping systems are
known, such as tegel, jajar legowo, and Hazton
systems. The Hazton cropping system uses 25-30
days old seedlings after sowing with 20-30 seedlings
per clump or hole, in which all of them are parent
plants so that they can be harvested by about 10
days earlier (Balai Penelitian dan Pengembangan
Pertanian, 2015). Jajar legowo system has 30 %
more clumps per ha than the tegel cropping system.
For example, tegel cropping system of 25 cm x 25 cm
has a population of 160,000 clumps per ha, while
jajar legowo (jarwo) 2:1 system of to 25 cm to 50 cm
% 12.5 cm has a population of 213,333 clumps per ha.
The jajar legowo cropping system has one empty row
between two or more rows of rice plants. Karokaro
et al. (2014) reported that to achieve target of rice
production, Ministry of Agriculture had issued
several recommendations to be applied by farmers
corresponding to jajar legowo cropping system. The
jajar legowo cropping system can increase plant
population by applying proper plant spacing, as a
result of enlarged number of clumps per area unit
(Ikhwani et al., 2013).

Plant spacing is basically applied to give plants
possibility for growing well with narrow competition
of sunlight, water and nutrients. The proper spacing
is important in optimally utilizing sunlight for the
photosynthesis process. The jajar legowo cropping
system makes all plants or additional of them become
aspect plants. Side plants can get additional daylight
for higher air circulation, and plants will get more
nutrients than those in tegel cropping system.
Turmuktini et al. (2012) reported that yield differences
as affected by various spacing were not the same
for different varieties. The increase number of
clumps per area unit suggest the increase in the
number of panicles despite the decreasing number
of panicles per clump. This effort would be more
effective in increasing rice yields than increasing the
number of tillers per clump.

The use of one seedling per clump/planting hole
will reduce the competition between plants, but the
disadvantage is the need of replanting. Sauki et al.
(2014) added that the use of two or three seedlings
per planting hole did not require replanting if one
seedling plant died, but individual productivity was
low. One seedling per planting hole decreases the
number of seedlings needed and the cost of seeds
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purchase, as well as reducing competition between
plants per clump.

Several high yielding varieties of swamp rice
(Inpara) showed differences in response to the
cropping systems. The yield of rice cv. Inpara 1 and 4
in jarwo cropping system was higher than that in
tegel cropping system , the varieties of Air Tenggulang,
Banyuasin, Dendang, Inpara 2, Inpara 3, and Inpara
5 showed no significant differences in grain yield
when planted in tegel and jarwo cropping systems
(Ikhwani and Makarim, 2012). The research aimed
to determine of the effect of cropping systems and
varieties on the rice growth and yield in acid sulfate
soils of the tidal swamplands.

MATERIALS AND METHODS

The research was carried out in a potential acid
sulfate soils of the tidal swampland in Sidomulyo
Village, Tamban Catur Regency, Kapuas Regency,
Central Kalimantan Province (-3°10'32", 114°23'32")
in dry season of 2017. Soil sampling was carried out
at a depth of 0 cm to 20 cm to identify the soil
properties. The research was arranged in a Split Plot
Design consisting of three replications. Three high
yielding varieties, namely Inpara 8, Inpari 32, and
Margasari, were used as main plots, and five cropping
systems were used as subplots, including (1) Jajar
legowo (jarwo) 2:1A, with a plant spacing of 50 cm
X 25 cm x 12.5cm (213,333 clumps per ha), (2) Jajar
legowo (jarwo) 2:1B, with a plant spacing of 35 cm
x 20 cm x 12.5 cm (290,950 clumps per ha), (3) Jajar
legowo (jarwo) 2:1C, with a plant spacing of 35 cm
x 20 cm x 10 cm (363,636 clumps per ha), (4) Hazton
system, with a plant spacing of 30 cm X 30 cm and
20-25 seedlings (30-35 days old) per clump
(111,111 clumps per ha), and (5) Tegel system, with
a plant spacing of 20 cm x 20 cm and one young
seedling (10-12 days old) per clump (250,000
clumps per ha).

The size of each plot was 4 m x 5 m, resulting in
a total of 45 experimental units. The soil preparation
was done mechanically using a hand tractor until it
was ready for planting. Dolomite (1 ton.ha) was
applied to the land two weeks before transplanting.
The seeds were soaked for twenty-four hours before
sowing and incubated for twenty-four hours after
sowing. Nurseries were well maintained to get good
seedlings. Prior to planting, the condition of the
plots was made on a macro basis to facilitate the
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Table 1. Soil properties of the experimental site

Variables (Unit)

Texture (%): Sand

Silt
Clay
pH (H20)
pH (KCI)
EC (mS.cm™)
Corg (%)

Total N (%)

Kexe (cmol(+).kg?)

Naex: (cmol(+).kg?)
Caexc (cmol(+).kg?)
Mgex (cmol(+).kg?)
CEC (cmol(+).kg?)
Bases saturation (%)
Potential P (mg.100 g)
Potential K (mg.100 g%)
P Bray 1 (g.kg?)

Fe (g.kg™)

Value Remarks
3.08
25.28
71.64
5.35 Acid
5.22
0.050 Low
15.26 Very high
0.088 Very low
0.713 High
0.522 Medium
2.372 Low
7.356 High
46.59 Very high
23.51 Low
26.652 Medium
14.828 Low
67.260 Very high
416.10 High

planting of seedlings. In jajar legowo cropping
system, the seedlings were planted in plots with
three seedlings per clump at 21 days after sowing
(DAS). The transplanting system in this study was
used because it was better than other systems such
as direct seeding. According to Javaid et al. (2012),
the transplanting approach had the largest number
of tillers and panicles, largest number of spikelets
per panicle and highest grain yield in comparison to
direct seeding with the same unit area.

The plant spacing used was in accordance with
the treatments. The basal fertilizers given were N,
P, and K at a rate of 90 kg.ha* N, 60 P.0s kg.ha, 60
kg.ha K20, respectively. Phosphor and potassium
fertilizers were applied simultaneously when the
plants were seven days old after planting, while N
fertilizer was given twice, namely when the plants
were seven days and at 30 days after planting (DAP),
each half of N fertilizer. Replacement of the dead
plants was carried out by replanting spare seedlings
at 21 DAP. Pest and disease control was performed
according to the intensity of their attack by using
recommended insecticides, pesticides or fungicides.
The weed control was carried out at 21 and 49 DAP by
removing the growing weeds. Harvesting was carried
out at ripening stage, indicated with dry panicle and
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droopy panicles, un-hulled and unbreakable grains,
yellow upper leaves, and dry lower parts.

The variables observed included soil properties
before planting, plant growth, yield components
and grain yield. Observation of plant growth (plant
height and number of tillers) was made during the
vegetative (49 DAP), generative (84 DAP), and harvest
phases (100 DAP). Plant growth was observed in 10
clumps per plot. The yield components observed
included the number of panicles per clump, number
of spikelets per panicle, and filled number of grains
per panicle. The percentage of filled grains was
calculated by comparing the number of fertile
grains and total number of grains. Meanwhile, grain
yield in ton per ha was obtained from the grains
yield area in plots harvest (4 m x 5 m). The grain
yield per plot was fixed at a moisture content of 14 %,
which was then converted into ton per ha.

RESULTS AND DISCUSSION

Soil properties

The results of soil analysis are presented in Table
1, in which the soil pH is 5.35 considered acidic. Soil
organic C content is very high (15.26 %), with low
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EC (0.050 mS.cm™) and low base saturation (25.51 %).
The content of dissolved Fe in the soil using the
extractant NH4sOAc pH 4.8 is 416.1 ppm. Based on
these characteristics, soil in this area has a potential
for iron toxicity, which is associated with an excessive
of Fe?* in the soil. This can occur in many different
soil types, in which common characteristics of the
contaminated soils are high reduced Fe, low pH, low
CEC, low exchangeable K content (Ottow et al.,
1982), and possibly related to P and Zn deficiencies
and HaS toxicity (Kirk, 2004). Paddy rice soils has
periodically changed between oxic and anoxic con-
ditions. In water-saturated soils, oxygen is rapidly de-
pleted due to the respiration of soil microorganisms
and plant roots in wetlands (Prade et al., 1990). The
ferro concentrations of 300 mg.kg* to 400 mg.kg™
could cause toxicity of rice plants (lkehashi and
Ponnamperuma, 1978).

Plant growth performance

The height of the plant is one of the important
aspects of plant growth. Based on Table 2, there was
an interaction effect of the cropping systems and va-
rieties on the vegetative phase. The highest plant
height was observed in Margasari variety planted
with Hazton cropping system (61.4 cm). On the
other hand, the generative phase and before har-
vest were affected by varieties only. The cropping sys-
tem didn’t affect the plant height. Margasari
variety had the highest plant height at generative
phase and before harvest, which was 107.1 cm and
132.1 cm, respectively (Table 3 and Table 4). Sunlight
enters the planting area with a spacing that is not
too dense, which is beneficial for rice photosynthesis.
Sunlight is absorbed by plants for photosynthesis
and the formation of photosynthate for optimal
grain filling (Supriyanto et al., 2010). Plant populations
in one field produce higher plants (Aribawa, 2012)
as they try to find more sunlight. Plants that grow
well are able to absorb nutrients in large quantities.

Table 2. Plant height (cm) at vegetative phase (49 DAP) as affected by cropping systems

and varieties treatment

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1IA (50 cm x25cm x 12.5cm) 54.6ab 51.1ab 55.4ab 53.7
Jarwo 2:1B (35cm x20cm x12.5cm) 52.3ab 53.7ab 57.5ab 54.5
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 56.3ab 46.9b 57.5ab 53.6
Hazton (30 cm x 30 cm) 54.7ab 44.7c 61l.4a 53.6
Tegel (30 cm x 30 cm) 57.9ab 49.3ab 53.9ab 53.7
Average 55.1 49.2 57.1 (+)

Remarks: Means followed by the same letters are not significantly different according to LSD
o= 5 %, (+) sign indicate significantly different interaction effects between treatments,
DAP= Days after planting.

Table 3. Plant height (cm) in generative phase (84 DAP) as affected by cropping systems
and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5¢cm) 87.7 79.7 98.8 88.7 a
Jarwo 2:1B (35 cm x 20 cm x 12.5 cm) 98.4 83.6 109.0 97.0a
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 91.9 80.9 114.5 95.7 a
Hazton (30 cm x 30 cm) 91.1 77.1 114.3 94.2 a
Tegel (30 cm x 30 cm) 91.3 84.9 98.8 91.7 a
Average 92.1b 81.2c 107.1a (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD o= 5 %, (-) sign indicate no interaction between treatments,
DAP= Days after planting.
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Table 4. Plant height (cm) before harvest (120 DAP) as affected by cropping systems

and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5cm)  116.7 93.9 128.1 1129a
Jarwo 2:1B (35cm x20cm x12.5cm) 113.9 93.9 134.7 114.2 a
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 113.7 92.4 136.4 114.2 a
Hazton (30 cm x 30 cm) 109.4 89.9 138.1 112.5a
Tegel (30 cm x 30 cm) 113.1 92.3 123.1 109.5a
Average 113.4b 925c¢ 132.1a (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD a=5 %, (-) sign indicate no interaction between treatments,

DAP= Days after planting.

The increase in plant growth and productivity depends
on the availability of nutrients for photosynthesis in
the soil. Research by Nurshanti (2008) showed that
the growth of taller plants was faster at wider spacings
because they absorbed more sunlight. At high
densities, there will be competition for sunlight,
CO2, nutrients and water absorption. The decrease
in the quality of the light received is due to the
dense canopy, which leads to an increase in the
height of the plant (Muyasir, 2012).

In general, the use of sunlight can be optimized
for photosynthesis using jajar legowo cropping
system, which is an attempt to increase the yield of
rice through environmental impacts (Mulyaningsih
et al., 2008). According to a study by Ikhwani et al.
(2013), good plant growth depends on the plant
spacing, as it affects the absorption of sunlight,
nutrients, and water for photosynthesis.

There was an interaction effect of the cropping

systems and varieties on the number of tillers num-
ber at vegetative phase (Table 5). The largest num-
ber of tillers was observed in the combination
treatment of Hazton x Inpara 8, Hazton X Inpara 32,
and Hazton x Margasari, resulting in 26.1, 26.2, and
27.6 tillers, respectively. The same result was also
found in the generative phase and before harvest.
The result showed that the number of tillers was af-
fected by cropping system only. The largest number
of tiller was observed in Hazton cropping system in
both phases, producing 33.6 and 34.1 tillers (Table
6 and Table 7). Research by Yetti and Ardian (2010)
showed that maximal number of tillers were found
in good variety planted in favorable environmental
conditions. In addition, the spacing to absorb solar
radiation, nutrients, and water determines the
maximum number of tillers. The use of jarwo crop-
ping system help the plants in optimal absorption
of nutrients and water for photosynthesis. The pres-

Table 5. Number of tillers number per clump at vegetative phase (49 DAP) as affected

by cropping systems and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5cm)  10.4ab  11.7b 10.9 ab 11.0
Jarwo 2:1B(35cmx20cm x12.5cm) 10.1ab 11.3ab 11.6ab 11.0
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 10.3ab 12.4ab 11.6ab 11.4
Hazton (30 cm x 30 cm) 26.1a 26.2 a 27.6a 26.6
Tegel (30 cm x 30 cm) 8.9c 9.1ab 10.5ab 9.5
Average 13.2 14.1 14.5 (+)

Remarks: Means followed by the same letters are not significantly different according to LSD
o= 5 %, (+) sign indicate significantly different interaction effects between treatments,

DAP= Days after planting.
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Table 6. Number of tillers per clump at generative phase (84 DAP) as affected by cropping

systems and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5cm) 18.2 17.2 19.2 18.2 ¢

Jarwo 2:1B (35cmx20cm x 12.5cm)  18.1 17.2 18.8 18.0c

Jarwo 2:1C (35 cm x 20 cm x 10 ¢cm) 18.3 17.4 18.6 18.1¢

Hazton (30 cm x 30 cm) 33.9 31.7 35.3 33.6a

Tegel (30 cm x 30 cm) 22.1 22.1 24.2 22.8b

Average 22.1a 21.1a 23.2a (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD a=5 %, (-) sign indicate no interaction between treatments,

DAP= Days after planting.

Table 7. Number of tillers before harvest (120 DAP) of rice as affected by cropping

systems and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5cm) 18.9 17.5 19.2 18.5¢

Jarwo 2:1B (35cm x 20 cm x 12.5 cm) 18.4 17.3 19.1 183 ¢

Jarwo 2:1C (35 cm x 20 cm x 10 cm) 18.5 18.0 18.9 18.4 ¢

Hazton (30 cm x 30 cm) 34.2 32.0 35.9 34.1a

Tegel (30 cm x 30 cm) 22.2 22.4 24.7 23.1b

Average 224 a 214 a 23.6a (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD a=5 %, (-) sign indicate no interaction between treatments,

DAP= Days after planting.

ence of white space in the jarwo cropping system
will increase the plants’ ability to retain light and
COa.

The increase in the number of rice seedlings was
due to the fact that young seedlings had better
adaptability than the old ones (Hazton system) so
that plants could grow better. A more adequate
period of seedling adaptation to the new environment
is resulted by faster seedling transfer. In addition,
the formation of phyllochron is related to the number
of rice tillers. Phyllochron is a set of stems, leaves
and roots sprouting out of the stump and germinate.
The number of tillers formed increases as the older
seedlings are transferred to the field, and fewer
phyllochrones are formed. Meanwhile, when young
seedlings are transferred to the field, more phyllo-
chrones are formed (Sunadi, 2008).

Increased number of seedlings per clump leads
to the increased competition between plants grown
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in the same clump for sunlight, water and nutrients,
affecting rice growth and grain yield. According to
Syaiful et al. (2012), using a seedling per clump would
strengthen the roots because there was not too much
competition. Cropping system as a cultivation techno-
logy component affects yield and income of rice. The
spacing between plants in the field affects six impor-
tant processes, such as solar radiation and nutrients
uptake, plant water requirements, CO2 and Oz circu-
lation, free space, and canopy climate (Makarim et
al., 2005). The results of the study by Pratiwi et al.
(2010) showed that wide planting spacing provided
opportunities for plant varieties to demonstrate
their growth potential. Higher planting density results
in fewer number of tillers and long panicles per clump.
In small populations (wide spacing), the diversity of
the rice clump is great, but the grain area and yield
components are smaller compared to those with
narrower spacing.
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Sohel et al. (2009) stated that optimal spacing
helped the plant grow well. The number of tillers will
be maximal if the plants have good characteristics
accompanied with favorable environmental condi-
tions. According to Hatta (2011), maximum number
of tillers is determined by spacing, as it determines
solar radiation, nutrients, and plant growth. The
competition for sunlight and nutrients in wide spacing
was less compared to that in the narrow spacing.

Research by Rahimi et al. (2011) found that spacing
significantly affected the number of productive
tillers, reporting that a spacing of 30 cm x 30 cm
produced 15.53 productive tillers , while a spacing
of 20 cm % 20 cm produced 9.06 tillers. The efficient
use of nutrients and the sufficient amount of light
and water increase the number tillers in transplanted
crop (Awan et al., 2011). The maximum number of
tillers per unit area was negatively correlated with
plant density (Sasaki et al., 1999). Large number of
seeds probably results in a minimum number of tillers

Vol. 6 No. 3, December 2021

because plant cannot use the available resources
efficiently as a result of high competition during the
nutrient uptake. According to Hatta (2012), the
proper spacing will result in optimum growth, large
number of tillers and high yields, in addition to the
effect of spacing on the potential yield per hectare.

It is reported that the wide spacing between
plants does not affect the grain yield per unit area,
but improves the ability of the plant canopy to absorb
solar, thereby increasing the yield, soil volume, total
length of the roots, dry weight of the plant, and the
weight of the grains (Kurniasih et al., 2008; Lin et
al., 2009; Hatta, 2012). Rahimi (2011) stated that
the mean seed weight was largely determined by
the seeds shape and size.

Yield and yield component

The component of grain yield, including the
number of panicles per clump, number of spikelets
per panicle, and percentage of filled grains are pre-

Table 8. Number of panicles per clump as affected by cropping systems and varieties

Cropping system Varieties Average
Inpara 8 Inpari 32 Margasari

Jarwo 2:1A (50 cm x 25 cm x 12.5cm) 17.8 171 18.6 17.8 ¢
Jarwo 2:1B (35 cm x 20 cm x 12.5 cm) 17.9 17.2 19.0 18.0 bc
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 17.8 171 18.8 17.9 bc
Hazton (30 cm x 30 cm) 34.3 32.5 33.3 33.4a
Tegel (30 cm x 30 cm) 21.6 19.9 23.3 216b
Average 219b 20.8 b 22.6a (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD o= 5 %, (-) sign indicate no interaction between treatments,
DAP= Days after planting.

Table 9. Panicle length (cm) of rice as affected by cropping systems and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5cm) 23.4 21.1 22.5 22.3a
Jarwo 2:1B (35cm x20cm x 12.5cm)  22.2 21.9 22.2 22.1a
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 22.1 21.1 22.0 21.7 a
Hazton (30 cm x 30 cm) 22.5 20.9 20.7 21.4a
Tegel (30 cm x 30 cm) 22.5 22.1 21.5 22.0a
Average 22.5a 214b 21.8b (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD o= 5 %, (-) sign indicate no interaction between treatments,
DAP= Days after planting.
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sented in Table 8 to Table 12. Based on Table 8§,
there was no interaction effect of both factors on
the number of panicles. Hazton cropping system
and Margasari variety resulted in the highest number
of panicles per clump, which was 33.4 and 22.6, re-
spectively. According to Table 9, the panicle length

was affected by variety only, in which Inpara 8 vari-
ety gave the highest value (22.5 cm). The number
of spikelets was affected by variety but not affected
by cropping system, in which Inpara 8 had the
largest number of spikelets (144.5) (Table 10). On
the other hand, the percentage of filled grains was

Table 10. Number of spikelets per panicle as affected by cropping systems and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5cm) 147.7 142.7 125.9 138.8 a
Jarwo 2:1B (35cm x20cm x 12.5cm) 147.1 142.5 126.0 138.5a
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 148.1 142.6 126.2 139.0a
Hazton (30 cm x 30 cm) 128.1 139.3 91.2 119.5a
Tegel (30 cm x 30 cm) 151.4 144.6 128.4 141.5a
Average 144.5a 142.4ab 1195b (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD a=5 %, (-) sign indicate no interaction between treatments,

DAP= Days after planting.

Table 11. Filled grains percentage per panicle of rice as affected by cropping systems

and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5cm) 78.9 59.5 83.5 74.0a
Jarwo 2:1B (35cm x20cm x 12.5cm)  81.7 65.6 85.3 77.5a
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 88.1 63.9 87.4 79.8a
Hazton (30 cm x 30 cm) 68.5 59.8 83.2 70.5a
Tegel (30 cm x 30 cm) 79.2 68.9 84.5 77.6a
Average 79.3a 63.5a 84.8a (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD o= 5 %, (-) sign indicate no interaction between treatments,

DAP= Days after planting.

Table 12. Grain yield (ton.ha?) of rice as affected by cropping systems and varieties

. Varieties

Cropping system Inpara 8 Inpari 32 Margasari Average
Jarwo 2:1A (50 cm x 25 cm x 12.5cm) 6.02 5.22 4.13 5.12a
Jarwo 2:1B (35cm x20cm x12.5cm)  6.12 5.50 4.30 531a
Jarwo 2:1C (35 cm x 20 cm x 10 cm) 6.78 6.03 5.05 5.96 a
Hazton (30 cm x 30 ¢cm) 5.35 4.78 3.95 4.69a
Tegel (30 cm x 30 cm) 4.68 4.50 3.73 431a
Average 5.79a 521ab 4.23b (-)

Remarks: Means followed by the same letters in the same row or column are not significantly
different according to LSD a=5 %, (-) sign indicate no interaction between treatments,

DAP= Days after planting.
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not affected by cropping systems (70 % to 77 %) and
varieties (63 % to 84 %) (Table 11). This may be due
to the large number of seedlings, which are old, so
that the fertility of grains was not optimal.

High availability of nutrients has increased
the production of tillers per unit area, resulting a
maximum number of panicles (Aslam et al., 2008).
Fewer tillers result in fewer panicles because the
supply of nutrients to the tillers is the same due to
large space, sunlight and aeration. Moreover, less
competition between germinating seeds results in
the maximum number of panicles per unit area
(Baloch et al., 2000). A decrease in the number of
panicles per clump significantly increases the
number of panicles per m? (Mobasser et al., 2009).
Phenolic acid ranging from 260 ppm (IR64 variety)
to 777 ppm (Merning variety) have been tested on
10 varieties for their ability to inhibit plant growth
on solid seeding, including residues left for planting
(Rauf et al., 2005). This phenomenon occurs possibly
be because the transplanted rice plants utilize the
environmental conditions more efficiently than the
rice plants with direct seedling. Therefore, the pro-
duction of spikelets per panicle in transplanted rice
plants was better than that in direct seedling (Yang
et al., 1998). During the panicle growth period, the
best availability and utilization of nutrients was
found in transplanting plants that were replanted at
appropriate intervals (Awan et al., 2011). Direct
seeding was proven to produce smaller number of
spikelets per panicle (Hayashi et al., 2007).

Grain yields were affected by varieties only, in
which Inpara 8 variety had the highest yield, which
was 5.79 ton.ha* (Table 12). A wide spacing would
increase the capture of solar radiation by plant canopy,
thereby increasing the number of productive tillers,
volume and total root length, plant dry weight, and
grain weight per clump, but it had no effect on yield
per unit area (Kurniasih et al., 2008, Lin et al., 2009,
Hatta, 2012). On the other hand, a decrease in the
number of panicles per clump increased the
number of panicles per clump per m? (Mobasser et
al., 2009). The results of experiment by Kumalasari
et al. (2017) showed that the spacing of 30 cm x 30 cm
and one seed per hole produced 9.92 ton.ha? of
hybrid rice PP3 variety. Experiment by Muyassir
(2012) stated that the spacing had a significant
effect on the yield, and the best was 30 cm x 30 cm
with grain yields reaching 8.12 ton.ha™. Christanto
and Agung (2014) stated that the high rice yield
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plant area unity was not significantly supported by
plant vegetative growth such as the maximum
number of tillers and the number of productive
tillers. According to Pinem et al. (2013), that at
different spacing, the grain weight per panicle and
1,000 grain weight were not significantly different.
The other research by Paulina et al. (2020) showed
that there was not interaction effect of plant spac-
ing and jajar legowo cropping systems on the grain
yield in lowland rice.

Wu et al. (1999) add that the types of Javanica
rice and brown rice have high allelo chemical
compounds so that they are not suitable for dense
planting. At dense cropping system, including Jarwo
cropping system, there was intensive competition
for plant roots to absorb water and nutrients.
Therefore, rice varieties that are drought tolerant or
adaptive to soils with low fertility have the potential
to produce higher grain in the Jarwo planting method
compared to Tegel method. Rice varieties that are
relatively drought tolerant can be identified quickly
based on the root penetration test to the wax
layer. These varieties include Gajah Mungkur,
Towuti and IR64 (Lestari et al., 2005, Suardi and
Moeljopawiro, 1999). Jajar legowo (Jarwo) cropping
system has a higher chance of producing grain because
more photosynthesis occurs, and the plants are
more effective in absorbing sunlight and diffusion
of CO.. Lin et al. (2009) stated that a wide spacing
could improve the total light absorbed by plants,
thereby increasing the grain yield. The higher pop-
ulation in Jarwo cropping system provides an oppor-
tunity for high yields. Variety performance at wide
spacing of 40 cm x 40 cm is different compared to
dense spacing, especially in the number of panicles
(Suhartatik et al., 2011). The use of empty space in
the jajar legowo system leads to effective photosyn-
thesis process at generative phase, resulting in the
more photosynthates carried to seeds so that the
grain yield are higher (Irmayanti, 2011).

CONCLUSIONS

The jajar legowo cropping system in this study
was not able to increase rice yields in acid sulfate
soil. There was an interaction effect of the cropping
systems and varieties on the plant height and
number of tillers at vegetative phase. At generative
and near-harvest phases, there was only a single
variety effect on the plant height and cropping
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system effect on the number of tillers. There was
cropping system and varieties effect on the number
of panicles per clump, while panicle length, grain
per panicle and grain yield were only affected by
varieties. There was no interaction effect and/or
single factor effect on the number of filled grains
per panicle. Inpara 8 variety showed the highest
grain yield, which was 6.78 ton.ha or equivalent to
4.34 ton.ha? of 14 % water content.
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